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 1.  Breast cancer 
 
With 570,000 new cases in the world each year breast cancer (BC) or mammary carcinoma 
remains the most common malignancy in women and comprises 18% of all female cancers 
[1].  In North America breast cancer accounts for 27-28% of cancer in women and 18% of 
the female cancer deaths are due to breast cancer [2]. The United Kingdom has the highest 
standardized incidence and mortality in the world with more than 15,000 deaths each year. 
In The Netherlands and former USSR there were about 32 and 15 deaths, respectively per 
100,000 standard WHO women population per year [1].  
 The majority of breast cancer is suggested to be sporadic with no evidence of 
inheritance. Sporadic breast cancer seems to comprise about 80% [3]. The remaining 20% 
seems more or less inherited, because the patients belong to two or more affected first-
degree relatives within a pedigree. 
   It is important to distinguish between “familial” and “hereditary” breast cancer. 
According to accepted terminology “familial” can be applied to any aggregation of breast 
cancer (two or more affected first-degree relatives) within a pedigree [4-6]; this aggregation 
can be due to chance, to shared similar environmental exposures, or it could be the result of 
primary genetic factors such as germ line mutation. Only in one-fourth of familial cases 
breast cancer appears to be inherited as an autosomally dominant trait belonging, therefore 
to the hereditary BC [7]. 
  The presence of a predisposing germ line breast cancer mutation (in 2-10% of 
patients) can be suspected in the following situations [1]: 

1. Several related branches in a family have breast cancer.  
2. Early onset of breast cancer in affected relatives; not all genetically determined 

breast cancers present in young women, but the earlier the onset the greater the 
risk that it is genetic.  

3. The presence of multiple epithelial cancers in family members, including bilateral 
breast cancer or ovarian, colon, and prostate cancer. The combination of breast 
cancer and ovarian cancers is particularly common in families with a “cancer 
gene” such as BRCA1/2. 

  The natural history of breast cancer is characterized by long duration [8, 9]. Breast 
cancer is among the more slowly growing tumors, and the preclinical period before 
diagnosis and the clinical phases after diagnosis and even after the appearance of 
metastases are measured in years and decades [10]. Nevertheless, some patients have 
aggressive forms of the disease even among the early T1N0M0 stage and do poorly [11]. 
Other patients have such indolent forms of the disease that it is difficult to demonstrate that 
therapy has any effect on survival. During the long preclinical and clinical phases, there is 
ample opportunity for clonal mutations leading to evolution of the cancer. Individual 
patients may have multiple tumor clones (monoclonal or polyclonal in origin), each with its 
own growth rate, propensity to metastasize, and sensitivity to drugs [2]. Moreover, 
phenotypically diverse populations of breast cancer cells were characterized with various 
self-renewal capacities [12].  

All these breast cancers are believed to derive from epithelial cells that line the 
terminal duct lobular unit. Incipient breast lesions such as lobular and intraductal atypical 
hyperplasia are described in details in [13]. Cancers that remain limited by the basement 
membrane of the elements of the terminal duct lobular unit and the draining duct are 
classified as carcinoma in situ or non-invasive breast cancer. An invasive breast cancer 
grows through the basement membrane of the ducts and lobules into the surrounding 
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adjacent normal tissue. Many tumors show distinct patterns of growth and cellular 
morphology, and on this basis certain types of breast cancers can be identified.  
 Several pathologic classifications of mammary carcinomas are in use and 
generally include carcinoma in situ, infiltrating ductal and lobular carcinomas, medullary 
and tubular carcinomas, and inflammatory breast carcinomas [2]. Two main types of non - 
invasive cancer can be recognized based on the histological pattern of disease and cell type 
[4]. Ductal carcinoma is the most common type and is characterized by ducts and ductules 
consisting of large irregular cells with large irregular nuclei. In contrast, lobular carcinoma 
in situ is considered to be rare and presents as an expansion of the whole lobule by smaller 
regular cells with regular, round or oval nuclei. There has been however a lack of 
agreement among pathologists about whether small lesions should be considered as 
hyperplasia or carcinoma in situ [4].  
 
 
2. Clinical, histopathological, and genomic prognostic factors for breast cancer  
 
Survival in breast cancer correlates with the original size of the tumor, the age at clinical 
presentation, the extent of regional spread, and the histological features of the malignancy 
[14-16]. Alone, and in combination, these are clinically important prognostic variables. 
Well-differentiated invasive carcinomas, that are carcinomas in which the breast origin is 
clear on microscopical examination, have a much better prognosis than non-differentiated 
breast cancers [16]. However, it has been long known that breast cancer is a disease with 
extreme variability. From an actuarial standpoint, breast cancer survival curves, depending 
upon the stage of the disease and the form of treatment, take up to, reach a plateau in 10 
years, indicating variable rates of recurrence irrespective of the form of treatment. The 
survival curves for most other malignancies reach a plateau within two, and certainly five, 
years. Breast cancer is an exceptional disease amongst cancers. It has been thought that this 
variability results from important host factors independent of the grade of malignancy and 
the extent of local-regional invasion [17].  

Lymphocyte infiltrates are well known prognostic variables in female breast 
cancer [18-20]. But their role was evaluated diversely in available literature and therefore, 
remains obscure. From one side, lymphocyte infiltrates predicted recurrence-free survival 
in lymph node negative tumors but only in rapidly proliferating breast carcinomas [18]. 
Aaltomaa et al. [18] stressed, that if the tumors were not categorized according to 
proliferation rate, lymphoid infiltrates and outcome were not significantly related. From the 
other side, Stewart et al. summarized clinical-pathological evidence of a correlation 
between the intensity of lymphocytic infiltration into the breast tumor mass with poor 
prognosis. They stressed that immune response is not a host defense reaction and may even 
serve to facilitate cancer development [18]. However, recently the prevalence of infiltrating 
cytotoxic/suppressor T cells in medullary carcinoma was found that might represent host 
resistance against cancer, and the high grading of the T-cell infiltration could explain, in 
part, a key mechanism controlling the good prognosis for this type of tumor and solve the 
pathological paradox of medullary carcinoma of the breast [21]. 

The prognostic value of angiogenesis by Chalkley counting has been discovered in 
breast cancer patients [22]. Furthermore, increased focal tumor macrophage infiltration 
associated with increased angiogenesis and worsened relapse-free and overall survival in 
breast cancer [23]. 
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 Oncogene amplification in breast carcinoma with aneuploidy presented new 
possibilities for individual prognosis in breast cancer [24]. Modern genomic data 
contributed to this field providing combinations of clinical and genomic risk factors playing 
predictive roles [25]. Young age of a patient and positive family history predict for an 
increased risk of contralateral breast cancer, and older age predicted for an increased risk of 
non-breast cancer second malignancy [26]. 

The majority of clinical prognostic factors in BC, excluding the age at the 
diagnosis, are obtained from the tumor, whereas, for instance, for renal cell carcinoma 
patients there a few prognostic serum biochemical parameters were found of the patients 
that enable to predict their outcome before surgery [27]. These humoral factors from the 
hosts have superior prognostic value compared with molecular markers of tumor 
proliferation. In transplanted mouse mammary models routine clinical serum biochemical 
parameters measured after tumor inoculation were specifically connected with consecutive 
tumor stages [28].  

Taken together, these data compel to search for clinical laboratory parameters, 
which might be used as prognostic factors for breast cancer patient outcome. My research 
performed on this subject in transplanted BLRB mouse model is presented in Chapter 2.  
 
 
3.  Limited potential of conventional forms of systemic therapy  
 
Over half of the women with operable breast cancer who receive locoregional treatment 
alone (surgery with or without radiotherapy) will die from metastatic disease, indicating 
that in most women the cancer has already spread at the time of presentation. The only 
known way to improve survival of these women is to give effective systemic treatment 
[29]. 
  The most applied systemic treatment of breast cancer is treatment of estrogen-
receptor positive cancer with tamoxifen; this is a blocker of estrogen receptors; this 
prevents the stimulation of tumor growth by estrogens. Usually, these cancers become 
tamoxifen-resistant, probably because tamoxifen-sensitive cancer cells are killed, whereas 
the resistant cells can grow. Prophylactic mastectomy [30] is recommended for women at 
high risk of BC, and oophorectomy [31, 32] and hysterectomy [33] present other 
possibilities to inhibit hormonal stimulation of cancer growth. 
  Treatment with chemotherapy is not only very toxic and a burden to the patient, 
but up to now chemotherapy did not lead to convincing therapeutic effects [34, 35]. 
  So, over 50% of the women with operable breast cancer still need an effective 
systemic treatment. This need might be fulfilled by novel therapy modes, such as 
immunotherapy and/or target therapy. 
 
 
4.  Immunotherapy and a role of IL-2 therapy of breast cancer 
 
The idea to enhance or establish an effective immune response against tumor cells has a 
long history, as more than a hundred years ago bacterial components were used to develop 
anti-tumor reaction (reviewed in [36]). Later, a number of cytokines were discovered and 
used for anti-cancer therapy. 
 Interleukin-2 is a naturally occurring cytokine produced by T-cells. It was first 
identified as a growth promoter of activated T-lymphocytes [37]. IL-2 also amplifies the 
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immune response through activation or differentiation of other types of white blood cells 
including cytotoxic T-lymphocytes, B-lymphocytes, natural killer cells [38] and monocytes 
[39]. Furthermore, IL-2 is responsible for the induction of lymphokine-activated killer cells 
and it increases secretion of other active cytokines, including interferon gamma, IL-1, IL-
6, and tumor necrosis factor [40]. Initially, no direct effects of IL-2 on tumor cells have 
been reported [41, 42]. 
 Originally, IL-2 therapy of cancer patients has been introduced by Pizza et al. 
against bladder cancer [43] and by Rosenberg et al. against melanoma and other tumors 
[44]. At first Rosenberg et al. applied IL-2 systemically in very high doses [44]. This was 
very toxic and the therapeutic effect was limited; that is, objective responses are observed 
in about 20% of the patients with metastatic renal cell carcinoma or metastatic melanoma 
[45]. Nowadays this team investigates the clinical effect of both high (720,000 U/kg) and 
low (72,000 U/kg) IL-2 doses applied systemically in renal cell carcinoma patients [46]. 
Major tumor regressions, as well as complete responses, were seen with both regimens 
tested. The authors concluded that IL-2 was clinically more active at maximal doses, 
although this did not produce an overall survival benefit. However, immunological factors, 
which constrain the curative potential of IL-2 to only a small percentage of patients, need to 
be further elucidated [46]. 

In opposite, Bubenik et al. [47] and Den Otter et al. [48, 49] initially proposed 
local IL-2 application in relatively small doses. The efficacy of this mode was 
demonstrated in mice [49] and in veterinary [50, 51] and human patients [52, 53]. This 
treatment is virtually not toxic and usually far more effective than systemic treatment [54, 
55]. The difference was most pronounced when local [52] and systemic [56] IL-2 therapy 
were compared for the same tumor, i.e. advanced nasopharyngeal carcinoma [52]. Even 
cancer therapy with a single injection of interleukin-2 at the site of the tumor was effective 
[54]. 
 The kinetics of IL-2 induced lymphocyte growth differs between different 
lymphocyte subsets and is IL-2 concentration-dependent. High concentrations are required 
to stimulate resting T-cells and most NK-cells expressing only low or intermediated affinity 
IL-2 receptors, while antigen driven or otherwise activated T-cells express high affinity IL-2 
receptors and expand at much lower IL-2 concentrations. 
 Recently, a direct effect of IL-2 on human breast cancer carcinoma cells has been 
demonstrated in vitro [57] and in vivo [58]. Two adenocarcinoma cell lines were established 
from tumor tissue resected surgically from a patient with breast cancer [57]. Only one 
expressed interleukin-2 receptors (IL-2R) on the cell surface and the other did not. Cancer 
cells without the receptor did not proliferate after stimulation with IL-2, whereas IL-2 
significantly promoted proliferation of cancer cells that expressed IL-2R on their surface. In 
the primary carcinoma cell culture described by these authors, all responder clones 
expressed IL-2 mRNA, and IL-2 secretion was confirmed by radioimmunoassay. These 
findings suggest a role for IL-2 in autocrine support of at least some breast carcinoma cells 
[57]. So, IL-2 may play a role in the growth control of breast carcinoma cells. Metabolic 
labeling followed by immunoprecipitation and Western blot showed that IL-2 in carcinomas 
was identical to that in human lymphocytes. These observations suggest that similar to its 
role in lymphocytes, the IL-2/IL2-R pathway can be involved in the regulation of carcinoma 
cell proliferation. The data indicate that in human carcinomas endogenous IL-2 may 
promote growth and may protect tumor cells from apoptosis [58]. 
 These data show how broad and complicated the cellular response to IL-2 in vivo 
is. Presented data could be a rationale to evaluate the presence IL-2 receptors on the surface 
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of carcinoma cells in each patient before IL-2 therapy application. The data on IL-2 therapy 
of breast cancer is still incomplete and controversial both in animal models and in clinical 
trials (reviewed in [17]).  
 A large body of evidence indicates both local [19] and general immune 
dysfunctions in BC patients [59, 60]. This seems to be a rationale for local IL-2 treatment in 
selected patients. For instance, autologous tumor-reactive lymphocytes were shown in breast 
cancer patients [61]. Conversely, documented impaired immune response in BC patients 
treated with IL-2 alone [62] compel to combine IL-2 therapy with chemotherapy [63, 64], 
search for various immunotherapeutical combinations [65, 66], and use of genetically 
modified cell populations to produce IL-2 in BC patients (reviewed in [67, 68]).  
 However, evidence exists to consider that some prognostic aspects of the IL-2 
therapeutical potential against breast cancer have not still been evaluated in details. One 
possible explanation is that the selecting procedure that was proposed by Kedar and Klein 
[69] for patients who might benefit from immunotherapy has not still been developed far 
enough, although some data were published that present a rationale for limit IL-2 
application to selected BC patients [19].   
  Therefore, proper mouse models of human breast cancer might help to develop 
general principles of such a selection procedure and to reveal promising therapeutic effects 
of IL-2 against mammary cancer when applied properly to selected tumor-bearing mouse 
populations. Animal studies on local IL-2 therapy in several mouse models are described in 
chapters 3, 4 and 5.  
 
 
5.  Target therapies  
 
To minimize side effects of drugs it would be ideal to target them exclusively to the cells 
that require treatment. So, in contrast to conventional cytotoxic chemotherapy and radiation 
therapy, a new method of targeted cancer therapeutics is directed towards molecular 
pathways that underlie the malignant phenotype. These therapies target specific tumor cell 
receptors or signaling events that are critical to tumor progression while reducing toxicity to 
normal cells [70].  

Using these general principles, target therapy against BC might imply a 
chemotherapeutical agent that used in lipophilic form incorporated within liposomes and 
directly aimed to lectins on tumor cells by means of a specific carbohydrate carrier [71]. 
 An increasing number of studies on liposomal drug delivery have been performed 
over the last years [72]. A noticeable reduction in the general toxicity of agents 
encapsulated in liposomes is brought about by changes in their distribution between tissues 
and organs. In addition, it has been shown that liposomes of medium size (100–120 nm in 
diameter) accumulate in malignant tumors owing to their high vascular permeability [73, 
74].  Liposomes can be protected against from opsonization and from rapid clearance from 
the circulation by cells of the reticuloendothelial system. This can be done by grafting 
polyethyleneglycol chains onto the liposomal surfaces (Stealth® liposomes) or by the 
inclusion of phosphatidylinositol or gangliosides, thus producing a highly hydrated 
protective shell on the membrane surface [75].  
 A steric problem of the directed delivery of drug-loaded liposomes to malignant 
cells led to the equipment of liposomes with specific ligands (vectors). The most popular 
approach is the use of immunoliposomes with tumor-specific monoclonal antibodies [76]. 
Another approach based on the phenomenon of the lectin overexpression by mammalian 
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malignant cells and associated vascularity was developed by Bovin et al. that aims the 
cytotoxic construction to galectins and selectins [77] . These cellular lectins belong to a 
class of sugar-binding proteins that are distinct from both sugar-specific enzymes and 
antibodies. The natural ligands of lectins include the sugar moieties of cell glycoproteins, 
glycolipids, and proteoglycans [78].  

The selectins are a class of type I membrane-bound C-type lectins expressed in 
vascular endothelium and in circulating leukocytes. They are involved in selective cell 
adhesion. So far, only three selectins have been identified: L-selectin, expressed on 
leukocytes; E-selectin, expressed by cytokine-activated endothelial cells; and P-selectin, 
expressed constitutively in granules of platelets and on the surface of activated platelets or 
endothelial cells [79]. 

The S-type lectins, more recently termed galectins, represent a group of proteins 
that bind beta-galactosyl-containing glycoconjugates and share primary structural 
homology in their carbohydrate recognition domains. They are completely different from 
the C-type lectins in both structure and lack of requirement for divalent cations [79]. 
Initially, galectin-3 presence was demonstrated in fibrosarcoma cells [80]. Increased 
expression of galectins (especially galectin-1 and 3) has been associated with tumor 
progression. This association is thought to be due to interactions of galectins with 
polylactosamines on matrix proteins such as laminin; this would lead to cellular invasion 
[79]. Truncated galectin-3 inhibited tumor growth and metastasis in an orthotopic nude 
mouse model of human breast cancer showing direct application of galectins to anti-cancer 
therapy [81]. 

Placing emphasis on tissue lectins as targets of neoglycoconjugate-mediated drug 
delivery, Bovin et al. developed effective analytical and targeting devices, namely 
carbohydrate probes, later called “vectors” when they are used in a complex with cytotoxic 
liposomes [71]. The advantage of this approach is that these vectors are group reagents that 
are, therefore able to deliver cytotoxic liposomes to a few cell populations that share the 
similar overexpressed lectin.  

Cancer of the breast is a complex multi-factorial disorder that may commonly 
show abnormal angiogenesis [82]. E-, P-, and L-selectins are overexpressed on the surface 
of endothelial, platelet, and lymphoid cells, respectively; whereas galectins are 
overexpressed on the surface of carcinoma cells enhancing their metastatic potential [83].  

So, one of the aims of this thesis will be in vivo testing of carbohydrate-equipped 
liposomes loaded with the lipophilic prodrug of the well-known anti-cancer drug melphalan 
[84, 85] in a mouse mammary adenocarcinoma model and to demonstrate that this model is 
proper for human breast carcinoma as murine neoplastic cells exhibit the similar galectin 
overexpression profiles as was shown for human tumor cells. These studies will be 
described in chapters 6 and 7 of this thesis. 
 
 
6.  Mouse models for breast cancer 
 
There are many mouse models available for breast cancer research and to test drugs against 
breast cancer. Here we classify them according to their origin and present a few examples 
(Table 1).  
 Unfortunately, there is no clear understanding what kind of mouse models has to 
be chosen for a particular study subject as only a few comprehensive papers were 
published concerning in vivo pre-clinical study designs to investigate the activity of 
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experimental and established anti-cancer compounds, for instance [86-89]. First of all, one 
should keep in mind that models which are powerful tools to elucidate specific 
mechanisms of carcinogenesis (for instance, genetically engineered mice, GEM) have 
severe limitations as pre-clinical models for both anti-cancer therapies and prevention 
approaches [89]. Misunderstanding of the possibilities and limitations of research in mice 
often leads to false positive predictions regarding the efficacy of an anti-cancer drug in 
humans [90]. This is a reason for many clinicians not to believe in data obtained in animal 
research [91]. Nevertheless, in Europe some rules were recently made for selecting and 
using mouse models for anti-cancer drug testing in a proper way [92]. These rules were 
formulated in very general terms. For this reason Den Otter et al. proposed more detailed 
rules for the design and evaluation of experiments to test anti-cancer drugs in mice [93]. 
Yet, there is no clear concept how to meet the specific requirements of drug testing for 
breast cancer in mice. 
 
Table 1. Classification of mouse models according to their origin and relative relevance to 
a distinct human breast cancer set  

 
Breast Cancer Set  Mouse Models References 

A.  
Chemically induced mammary cancer in mice 

[99] 

B.  
Established murine cell lines with various metastatic 
potentials and mammary carcinoma cells taken directly from 
spontaneous mammary tumor are transplanted to 
immunocompetent syngeneic mice 

 
[76, 84, 85], 
[100-102] 

C.  
Human BC cell lines and ectopic and orthotopic implants 
from BC patients transplanted to immunodeficient "nude" or 
SCID mice 

[81], [86],  
[103-108] 

About 80% -Sporadic 
 
BC patients without familial history 
and known germ line mutations that 
were reported to predispose to BC 

D.  
Conditional genetically engineered mouse models (GEMM) 
show conditional inactivation of a suppressor gene and a 
somatic mutation in the mammary epithelial cells 

[109], 
discussed in 
[110, 111] 

About 20% - Familial 
 
BC patients with at least 2 direct 
relatives diagnosed with BC within a 
family 

E. 
Naturally arisen mammary carcinomas in mouse strains with 
MMTV participation; the mice are thought to have no germ 
line mutations predisposing to mammary cancer 
 

 
[87], 

[112-115] 

F. 
Conventional transgenic and knockout oncomice develop BC 
because of known germ line mutation is present in all cells of 
specific tissues 

[89], 
[116-120] 

 

About 2-8% - Hereditary within 
familial subset 
 
BC patients with known germ line 
mutation (for instance, BRCA1/2)   G.  

Conditional GEM  
[121] 

 
 

So, one aim of this research is to describe a few original approaches developed 
specifically to test new therapies against both transplanted (Chapters 2-4, and 6) and 
spontaneous (Chapters 5, 7, and 8) mammary cancer.  The original mouse model system 
[94, 95] that nowadays consists of 3 mouse strains with high incidences of naturally arisen 
mammary, ovarian, and uterine carcinomas sometimes associated with multiple 
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lymphomas was developed for this purpose [96, 97] and was proposed as proper mouse 
model for familial breast cancer [96-98].  
Tumor characteristics of all three strains as mouse model for familial breast cancer will be 
described in Chapter 8. 
 
 
7.  Aims and outline of this thesis:  
 
The aim of this thesis is to test two kinds of anti-breast cancer therapies using original 
approaches and novel mouse model system that mimics several aspects of human breast 
cancer. The key position in this model set belongs to three non-SPF mouse strains with high 
incidences of naturally arisen mammary, ovarian, and uterine carcinomas. The main focus 
is to demonstrate the need of prognosis of tumor parameters for each patient before any 
therapy application. Therefore, in this thesis we have studied: 
 

1) The importance of host factors for early or late visible onset of tumors after 
transplantation of mammary carcinoma cells to recipients (Chapter 2). 

2) The effect of low dose local IL-2 therapy in several mouse models 
distinguishing transplanted mammary carcinomas with early or late visible 
manifestation (Chapter 3);  

3) The prognostic value of routine laboratory hematological and serum 
biochemical parameters to predict the therapeutic effect of local IL-2 
application (Chapter 4). 

4) Beneficial and non-beneficial effects of local IL-2 therapy depending on a 
variety of factors: namely, speed of tumor growth before and after visible 
manifestation, tumor morphology, and characteristics of tumor infiltrate 
(Chapter 5).  

5) The anti-cancer effect of selectin-targeted cytotoxic liposomal formulations in 
a transplanted mouse model (Chapter 6). 

6) Galectin expression profiles on murine carcinoma cells in vitro and in vivo as 
a basis of a novel galectin aimed anti-breast cancer therapy (Chapter 7); 

7) Multiple spontaneous epithelial lesions and lymphomas in three original 
mouse strains (Chapter 8). Extensive histopathological research showed 
apparent similarities to multiple cancer cases in familial BC in women.  

 
The obtained data are used to elucidate: 
 

- why local IL-2 therapy seems to fail in human breast cancer clinics; 
- that IL-2 therapy could be successful if an appropriate selection of BC patients is 

made; 
- some  guidelines on the kind of selection criteria that are useful; 
- the perspectives of lectin target therapy; 
- the role of our new transplanted and spontaneous mouse model set in anti-breast 

cancer drug testing procedure (Chapter 9). 
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Abstract 
 
Breast carcinoma growth depends on complex interactions of tumour characteristics and 
host predisposition factors. However, both in clinical practice and in spontaneous mouse 
cancer possibilities to determine the role of host contribution are limited. Therefore, we 
employed intact BLRB males as recipients of syngeneic spontaneous mammary carcinoma 
to study individual differences among intact male recipients. 

Blood samples were collected from 64 males. Two weeks later animals were 
inoculated with carcinoma cells. Mice bearing tumours with earlier and later visible 
manifestation constituted two different groups. Thirty haematological and serum 
biochemical parameters were compared for these groups. Only borderline differences were 
found in total protein content and in some parameters related to erythrocyte count. 
However, covariate matrices for the early and late emerging tumour groups differed 
significantly. Based on these findings and using artificial neural network software 14 
informative parameters were selected as input to build a 4-layer perceptron architecture. 
Finally, mice belonging to early and late tumour emerging groups were recognized with a 
correct classification rate of 0.83 and AUC value of 0.99.  

Taken together, predisposition to a short or a long lag-period of carcinoma growth 
was present in the recipient hosts prior to tumour growth. Thus, routine laboratory clinical 
parameters, at least in mice, are somehow related to a complex hierarchy of intrinsic host 
predisposition factors. Taken together with reported precise predictive survival value of 
some laboratory parameters in renal cell carcinoma patients our findings provide a rationale 
to look for host related factors in the prognosis of breast cancer patients. 
 
Abbreviations: ANN: artificial neural network, AUC: area under Receiver Operating 
Characteristics curve, BC: breast cancer; HE: haematoxylin-eosin 
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Introduction 
 
Breast cancer (BC) behaves clinically and epidemiologically suggesting that host factors 
are important for outcome in addition to grade and stage of malignancy (rev. in [1]). 
Therefore, intrinsic host predisposition factors might explain the remarkable individual 
differences in subclinical and clinical breast cancer (BC) growth rates resulting in 
considerable differences in overall survival of BC patients [1, 2]. The personalized 
prognosis of BC growth remains an important problem despite clear achievements in this 
field [3]. Modern prognostic systems based on new (including genomic) markers and 
appropriate statistical design are needed [4]. The high accuracy over time and the good 
predictive performance of an artificial neural network (ANN) has been demonstrated that 
ANN is nowadays an important tool for BC patient survival prediction [5-8]. However, all 
published estimates are focused on clinical outcomes after breast cancer extirpation using 
prognostic factors related to the tumour, whereas an accurate estimation of the expected BC 
growth based on host predisposition characteristics of the patient would be preferable in 
clinical medicine [4]. So, new prognostic systems should be developed based on 
informative patient’s characteristics that are measured prior to surgery. This might be also 
feasible for BC clinic as a few routine laboratory parameters measured in renal cell 
carcinoma patients before surgery exhibited superior survival predictive value compared 
with molecular proliferation markers [9]. 

Inter-patient variability is extremely high in breast carcinoma and our original 
BLRB mouse model for anti-breast cancer drug testing reflects this characteristic of human 
BC [10-13]. Both spontaneous and transplanted BLRB mouse mammary carcinomas 
possess a high level of individual variability in morphological patterns and tumour growth 
rates resulting in significant differences in survival courses resembling both aggressive and 
indolent BC forms [14]. Similar to Emanuel and colleagues [15], we noticed that tumours 
of the first transplantation generation remind the spontaneous donor tumour 
histopathologically [14]. However, tumour growth kinetics varies remarkably in individual 
recipients as both early and late emerging mammary carcinomas might be found in 
individual hosts regardless whether a fast or a slowly growing spontaneous tumour was 
used for transplantation. Therefore, we hypothesized that (i) the observed differences in 
visible transplanted tumour appearance depend on some individual intrinsic characteristics 
of the host (for instance, predisposition to sufficient neoangiogenesis [16]), and (ii) that 
routine haematological and biochemical serum parameter measured in mice before tumour 
inoculation might somehow be connected with these unknown host factors.  

Despite their clinical importance, the underlying mechanisms of individual 
differences in early and late breast carcinoma manifestation and growth rates remain 
obscure. Similar to human BC, the influence of tumour related and host related factors 
cannot be clearly separated in tumour-bearing females. Therefore, we transplanted 
spontaneous mammary carcinoma cells to naive syngeneic males to employ a proper 
experimental model. 

Our approach was (i) to select males bearing early and late emerging transplanted 
mammary carcinomas; (ii) to compare laboratory haematological and biochemical serum 
parameters of these two groups of recipients, measured before tumour inoculation; (iii) to 
answer the question whether it is possible to predict prospectively the time of individual 
visible tumour appearance (lag-period) based on these routine laboratory parameters, and 
(iv) thus, to show that intrinsic host characteristics prior tumour inoculation are essential in 
tumour appearance time determining. 
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Materials and Methods 
 
Mice and blood sample collection 
 
Sixty four BLRB-Rb(8.17)1Iem male mice (hereafter called BLRB) from the laboratory 
animal department at Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry were used 
in this experiment. Their average age at day 0 was 13.2+3.2 months and the average weight 
was 25.9+2.6 g. Blood samples (0.2-0.7 ml per male) were collected from the retroorbital 
vein sinus under ether narcosis two weeks before tumour cell inoculation.  
 
Transplanted mammary carcinoma model  
 
At day 14 after blood sample collection, 107 mammary carcinoma cells taken from a 
syngeneic spontaneous fast growing mammary carcinoma were transplanted s.c. to right fat 
pads near axillaries of BLRB males according to [11] . Mice were inspected each day for 
survival and health monitoring, and once a week for tumour size measurement.  
The individual tumour growth was expressed as the mean tumour diameter dynamics using 
the formula (a+b+h)/3; where a is the maximal length, b is the maximal width, and h is the 
average height of the regularly shaped tumour as this approach was used to visualize the 
linear tumour growth phase [11]. 
 
Haematological parameters  
 
The individual values of the following seventeen haematological parameters were measured 
using the haematological analyzer “MICROS OT 18” (Roche, Switzerland):  RBC - red 
blood cell count, 1012/L; HCT- hematocrite, %; HGB - haemoglobin, g/L; MCV - mean 
corpuscular volume, fl; MCH - mean corpuscular haemoglobin, pg; MCHC – mean 
corpuscular haemoglobin concentration, g/L; RDW - red blood cells distribution width, %; 
PLT – platelet count, 109/L; PCT - trombocrite, %; MPV – median platelet volume, fl; 
PDW – platelets distribution width, %; WBC - white blood cell count, 109/L; LY - 
lymphocytes, %; MO - monocytes, %; EO – eosinophils, %; SN- segmented neutrophils, %; 
BN - band neutrophils, %. Leukocytes were distinguished by routine microscopic methods. 
 
Biochemical serum parameters 
 
The individual values of the following thirteen biochemical parameters were measured 
using the biochemical analyzer “COBAS FARA ” (Roche, Switzerland) with calibrator, 
control serum and reagents (“Human”, Germany) [17]: TP - total protein, g/L; ALB-
albumin, g/L; BIL - total bilirubin, µmol/L; CREA - creatinine, µmol/L; UREA – urea, 
mmol/L; ALT –alanine aminotransferase, IU/L; AST – aspartate aminotransferase, IU/L; 
AMYL - alpha- amylase, IU/L; ALP - alkaline phosphatase, IU/L; LDG – lactate 
dehydrogenase, IU/L; CPK -creatine phosphokinase, IU/L; CHOL - cholesterol, mmol/L; 
TG - triglycerides, mmol/L.  
 
Statistical Analysis 
 
The data were analyzed using Program “Statistics 5.5” and “Statistical Neural Networks 
4.0F”. Mean values of routine mouse blood parameters are presented as Mean ± SD. 



Chapter 2 
 

 22

Results 
 
Division of tumour bearing recipient males in two groups according to early and late 
visible tumour manifestation  
 
The first transplantation passage from a spontaneous mammary carcinoma in BLRB males 
was used. Tumour growth was always detected in syngeneic male recipients. Natural 
tumour regression was never observed [11, 13, 14]. However, the time to visible tumour 
appearance differed in various transplanted models depending on tumour growth rate of 
donor cells and the amount of transplanted cells. The individual lag-periods (time before 
visible tumour manifestation) varied more pronounced in the recipients if a slowly growing 
mammary carcinoma donor was used for transplantation resulting in outstanding 
differences among early and late emerging carcinomas (Moiseeva, in preparation).  

In the present study, a fast growing spontaneous mammary carcinoma donor was 
used with poor differentiated highly aggressive mammary carcinoma prevailed. Therefore, 
lag-periods for both earlier (n=18) and later (n=46) appearing tumour subsets were 
relatively short similarly to a case described in [11]. We used donor cells from fast growing 
carcinoma by purpose, trying to complicate the task of classification. 
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Figure 1. Tumour diameter (A) and survival curves (B) for 64 BLRB males bearing transplanted mammary 
carcinomas with early (cubes) and late (triangles) visible manifestation.  
 

Similar to spontaneous model (Chapter 5) visible tumour manifestation within two 
weeks as a criterion was applied to discriminate earlier and later emerging visible 
transplanted mammary cancers (Figure 1). Significant differences in average tumour 
growth curves were revealed for the two tumour groups from second until forth week of 
tumour growth (14-18th days), P<0.05 (Figure 1A). The growth kinetics of earlier emerging 
(y=0.539x - 1.449) and later emerging (y=0.510x – 4.497) tumours demonstrates an 
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accurate fit with a linear approximation to average tumour diameter (cubes, R2 = 0.99 and 
triangles, R2=0.997, respectively). The parameters of functions shows that lag-period for 
earlier emerging tumour subset was in average about 3 times shorter than for later emerging 
subset, and tumours grew in average with the similar speed. The animals bearing later 
appearing tumours survived significantly longer, P<0.003 (Figure 1B).  
 
Differences in laboratory parameter values measured in the BLRB males prior to tumour 
transplantation  
 
No significant correlations were found between the age of recipient males and the amount 
of individual blood sampling and tumour growth rate in recipients (data not shown). Then 
differences between the early and late emerging tumour groups were analysed with respect 
to their haematological and biochemical serum parameter values measured prior tumour 
cell transplantation using Students t-test (Table 1 and 2, respectively). The two groups 
differed significantly only in hematocrite (HCT, p<0.05). Statistically borderline 
differences were found in erythrocyte count (RBC, p<0.1), mean corpuscular haemoglobin 
concentration (MCHC, p<0.1), and in mean total protein count (TP, P<0.1). These results 
suggest that observed differences in tumour emerging time of two groups might be based 
on unknown intrinsic characteristics of the animals that were somehow connected with a 
few laboratory parameters measured before tumour cell inoculation. 
          

Parameter Early Late p-value 

RBC 8.9±0.6 8.5±0.7 0.051 

HCT 0.406±0.031 0.479±0.054 0.049 

HGB 132±7 129±9 0.183 
MCV 45.7±1.1 45.2±1.2 0.171 

MCH 14.8±0.6 15.2±1.0 0.165 

MCHC 325±13 336±26 0.075 

RDW 15.2±0.6 15.0±1.0 0.427 

PLT 316±144 343±169 0.543 

PCT 0.23±0.13 0.25±0.14 0.580 

MPV 7.23±1.29 7.14±1.24 0.804 
PDW 0.62±1.31 0.97±1.90 0.515 
WBC 10.3±2.9 10.7±3.3 0.689 

LY 40.4±13.1 36.8±13.0 0.306 

MO 9.0±3.1 9.5±5.4 0.708 

EO 0.16±0.38 0.23±0.52 0.596 

SN 47.3±11.8 49.6±12.9 0.512 

BN 3.89±2.11 3.86±2.32 0.968 

 
Parameter Early Late p-value 

TP 67.8±5.2 64.0±8.8 0.0863 

ALB 24.3±4.5 23.2±7.1 0.5389 

BIL 41.3±17.9 40.8±15.9 0.9111 
UREA 8.24±4.0 9.70±8.9 0.4926 

CREA 16.6±12.0 16.3±11.6 0.9245 
ALT 156.6±76.8 136.5±21.1 0.1083 
AST 173.5±53.3 170.1±38.8 0.7772 

LDG 1440±478 1602±878 0.4618 
AMYL 442±126 428±108 0.6725 
ALP 75.0±45.4 67.7±59.2 0.7151 

CPK 692±1042 501±432 0.2978 
CHOL 2.83±0.60 2.62±0.51 0.1606 
TG 0.86±0.46 0.96±0.55 0.4756  

 
Table 1.  
Haematological mean parameter values for 
early and late emerging mammary 
carcinoma groups 

 
Table 2.  
Biochemical serum mean parameter values 
for early and late emerging mammary 
carcinoma groups 
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Since the majority of routine mouse blood parameters are not consistent with 

normal (Gaussian) distribution [18-20], the significance of the Students t-test application is 
limited. So, for comparing of multivariate datasets comparative analysis of covariate 
matrices’ structure was performed using the “Structural Modelling” module in the program 
“Statistics 5.5”. As discriminating function the option “Generalized Least Squares” (GLS) 
of the program was chosen. The results (GLS Chi-Square value equal to 75.83 and 51 
degrees of freedom) showed that differences were significant at p-level equal to 0.014. This 
statistical analysis revealed significant differences in the two subsets of routine laboratory 
data, which seem to reflect the existence of various types of predisposition to different 
tumour growth rates in recipient mice.  
 
Individual classification of mice using artificial neural networks 
 
 Next, the prognostic value of the individual differences in laboratory data was investigated 
trying to identify mice that were predisposed to shorter or longer tumour lag-period. An 
attempt was made to construct a relevant mathematical model using discriminant, cluster, 
and multiple regression analyses but it was impossible to reach an appropriate rate of 
correct classification (data not shown). So, we concluded that relationships among 
parameters in our experimental model are not linear and classification could not be obtained 
using these statistical approaches. Therefore artificial neural networks (ANN) were applied 
as this modern powerful mathematical approach can unravel complex relationships among 
variables and is not so sensitive for sample size as the classical statistics methods 
mentioned above [5].  

For ANN architecture construction we have used “Statistical Neural Networks 
4.0F” software, which is a comprehensive, powerful multivariate data analysis package. 
First, a combination of the most informative variables was selected from the entire dataset 
(30 haematological and biochemical serum measurements) using the option “Search for 
Effective Subset of Variables”. The following 14 informative variables were selected: (i) 6 
haematological parameters: RBC, HCT, HGB, MCV, PCT, LY; and (ii) 8 biochemical 
serum parameters: TG, CHOL, CK, ALP, AMYL, AST, ALT, CREA. 

Then these 14 variables were entered as input in the network and the “Automatic 
Algorithm for Searching Optimal Structure of Neural Networks” option was used to find 
the optimal structure of the network. A four-layer perceptron with a structure 14-13-11-1 
was selected among other structures as the optimal architecture (principle perceptron 
structure is shown in Figure 2). As next step the “Back Propagation” training algorithm was 
used to test the behaviour of the investigated multilayer perceptron. All 64 mice were 
divided randomly into a training set of 41 and a verification set of 23 recipients (Table 3). 
When a neural network is used for classification, confidence levels determine how a 
network assigns an input case to classes (e.g. early and late emerging tumour subgroups). 
As it is clear from Table 3 two mice were wrongly classified within training subgroup (total 
41), the rate of false predictions was 2/41=0.049 and 4 mice were misclassified within 
verification subgroup (total 23), the rate of false predictions was 4/23=0.174. The area 
under Receiver Operating Characteristics curve (AUC) was used as a measure of accuracy 
of the prediction. This resulted in a relevant predictive performance with a correct 
classification rate of 0.83 and AUC value of 0.99.  

The last objective was to control these results by means of Monte Carlo modelling. 
By means of this approach random covariance matrices (50 generations) were generated 
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with the same distribution characteristics as in our experiment and some of them (5 
generations) were used for neural network analysis. The results showed that all these 
generations revealed significant differences between early and late emerging tumour 
subgroups. The ANN analysis for all investigated realizations of variable distributions gave 
results of correct classification rate between 0.75 and 0.85 (data not shown).  
 

           
 
Figure 2. General principle of four-layer perceptron. 
  

Train  Verify   
Results Early Late Early Late 
Total 13 28 5 18 

Correct 11 28 4 15 
Wrong 2 0 1 3 

 
Table 3. 
Classification results for two groups of BLRB mice 
with early and late visible mammary carcinoma 
manifestation 
 

 
 
Discussion 
 
Different tumour growth kinetics were thoroughly evaluated and mathematically described 
both for human BC [2] and for transplanted mouse mammary carcinoma [15, 21]. The lag-
period duration and growth rate of mouse tumours are important as the sensitivity of 
tumours to cytotoxic drugs correlates with the initial tumour size and the specific rate of 
tumour growth. In accordance with these findings initially faster growing, earlier emerging 
transplanted mammary carcinomas were more sensitive also to immunotherapy by local 
interleukin 2 than initially slower growing tumours [22].  

In this paper, we evaluated the prediction value of several parameters of naive 
hosts in order to determine whether they are related to intrinsic characteristics of hosts that 
can determine visible tumour manifestation. Limited information on mouse haematology 
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and clinical chemistry parameters is available [18-20]. However, it is well documented that 
a number of clinical laboratory parameters are changed in BC patient’s blood following 
tumour growth [23]. And significant differences of routine laboratory parameter values for 
both murine and human cancer patients occur at terminal stages of disease, although some 
evidence is present that distinct laboratory parameters might be changed as a metabolic 
response to a preclinical BC [24].  

Earlier we have applied cluster and discriminating methods analysing the 
dynamics of 12 routine mouse serum biochemistry parameters measured in the mouse 
females bearing transplanted mammary tumours [17]. We have successfully classified mice 
due to the time-specific stages of tumour growth in a mouse mammary carcinoma model 
based on these laboratory parameters. However, in clinical practice relationships between 
the dynamics of BC growth (stages) and other characteristics (e.g. survival) could hardly be 
established due to several reasons, for instance, poor statistical design [6] and problems to 
measure human BC as time specific function [2]. Moreover tumour presence would change 
host defence parameters. To circumvent these and female hormonal interferences, we 
collected blood samples from naive male mice prior to tumour transplantation. Using the 
initial tumour size larger than 4 mm in diameter two weeks after mammary carcinoma 
transplantation as a criterion, two groups of males bearing initially slowly and fast growing 
tumours (earlier and later, respectively, appeared as visible nodules) were distinguished. 
Both spontaneous and transplanted rapidly appearing (short lag- period) tumours exhibited 
histopathologically more aggressive solid carcinoma components with vascular and 
leukocyte infiltrate patterns in prominent stroma significantly earlier than later appearing as 
visible nodules mammary tumours (longer lag-period) that were mainly composed of less 
aggressive cystic carcinoma exhibiting adenoid structures and scanty stroma and 
vascularity.  

The importance of the initial tumour size and differentiation of tumour cells was 
also shown by several clinical observations. Poor survival of BC patients is associated with 
larger primary tumour size at original diagnosis and poor differentiation of tumour cells 
[25, 26]. The initial tumour size as prognostic factor is used in most statistical models to 
predict overall and disease-free survival, probability of BC recurrence, lymphatic node 
metastases etc. [5-7]. However, in an attempt to create a prognostic system for BC growth 
rate prior to surgery a variety of new genomic factors might be useful [27]. In this 
connection, clinic laboratory parameters of the BC patients might be also valuable [28, 29]. 
The superior prognostic value of some routine laboratory parameters compared with 
molecular proliferation markers was shown recently to predict long-term survival of 
patients with nonmetastatic renal cell carcinoma [9].  

In present study we measured a number of haematological and biochemical serum 
parameters in our males before tumour transplantation to highlight the role of host 
predisposition factors as all recipients obtained a standard tumour inoculum.  Mice that 
exhibited earlier visible tumour manifestation appear to have in average more erythrocytes, 
a lower hematocrite value and less amount of haemoglobin per cell, but higher total protein 
content in serum. The number of erythrocytes may relate to oxygen transport into the 
tumour tissue, a lower hematocrite to blood viscosity and the amount haemoglobin per cell 
to erythrocyte flexibility. Thus, the individual changes in these parameters may facilitate 
transplanted tumour cell growth. However, it is important to stress that only using ANN 
software we could classify mice individually in two groups with different predisposition to 
tumour growth, based on “informative” combination of 14 laboratory parameters from 30 
parameters measured before tumour inoculation. Remarkably enough, preoperative 
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erythrocyte and platelet related parameters along with ALP and LDG values were also 
found to be informative for disease-free and disease-specific survival prediction of renal 
cell carcinoma patients undergoing tumour nephrectomy [9].  Perceptron architecture 
demonstrating the basic principle of ANN seems to reflect properly the complexity of the 
biological nature of predisposition where every input characteristic (the first layer) is 
specifically connected with all mathematical characteristics (unknown host factors from 
biological point of view) from the next level that are more directly related to the tumour 
growth determination. Generally speaking, many-layer ANN architecture appears to show 
the complex hierarchy of interrelated host factors from indirect factors (first level as input) 
to factors that might be more directly connected with outcome, e.g. predisposition to fast or 
slow initial tumour growth, but the biological nature of these host factors remains obscure.  
New genomic markers (for instance, metagenes) are good candidates, as in combination 
with traditional clinical risk factors metagenes have been found to improve prediction 
accuracy at the individual patient level [3]. In addition, both immune and proangiogenic 
factors are widely discussed since clinically and epidemiologically it is clear that the host 
resistance is important for BC patient outcome [1], and extensive laboratory data suggest 
the essential role of neoangiogenesis in BC development [16, 30]. Some haematological 
parameters became informative, as they were associated with the generation and 
functioning of the new blood vessels.  

Indeed, our histological research showed that prominent vasculature in 
spontaneous BLRB mammary carcinoma model occurred within the areas of the first 
palpable steps of tumour growth suggesting that probably angiogenesis precedes 
transformation of mammary hyperplasia to malignancy (Chapter 5). In transplantable 
model, initial phases of palpable carcinoma growth were also associated with several newly 
appearing intratumoural blood vessels around aggressive solid carcinoma components 
within prominent stroma in animals with earlier appearing tumours that survived 
significantly shorter than animals bearing tumours with long lag-periods (Moiseeva, 
personal communication). These experimental data are consistent with clinical observations 
where tumour size, differentiation, and vessel invasion were demonstrated as the best 
prognostic factors for disease free survival in patients with stage I breast cancer [26].  

We conclude that intact mice with a predisposition to early or late visible tumour 
manifestation can be individually recognized prior to mammary carcinoma inoculation 
based on individual variations in their routine clinical blood and serum parameters. Thus, 
host related characteristics, probably associated with proangiogenic factors, determined 
mammary carcinoma growth rate. Keeping in mind the reported remarkable prognostic 
value of humoral host factors in renal cell carcinoma patients our data provide some 
evidence to search for informative predictive host characteristics in breast cancer patients.  
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ABSTRACT 
 
Interleukin-2 therapy is not clearly effective against breast cancer both in mouse models 
and in human patients. However, the study of IL-2 therapy of breast cancer remains 
important, as 3,700 women died from this malignancy in the Netherlands in 2000. 
Previously we have shown the therapeutical efficacy of a single peritumoural IL-2 
application in different experimental models and in veterinary patients. Here we apply this 
mode of IL-2 therapy to advanced mouse mammary carcinoma models, i.e., severe 
metastasised tumours in A/Sn mice and non-metastasised carcinomas in BALB/c mice.      
Mice with advanced transplanted mammary carcinomas were given a single peritumoural 
treatment with 2.5×106 IU IL-2 at days 10–14 after i.p. or s.c. inoculation of 106 carcinoma 
cells. Within each experiment it was always possible to distinguish relatively slowly and 
fast growing tumours which allows the therapeutical effect of IL-2 in tumours with 
different growth rates to be studied. A new approach to analyse results enabled us to show 
that survival of mice with transplanted, advanced metastasised breast cancer can be 
significantly improved after a single local treatment with IL-2. Advanced relatively fast i.p 
and s.c. growing mammary carcinomas seem to be more sensitive to a single IL-2 treatment 
than relatively slowly growing tumours. IL-2 was most effective against non-metastasised 
mouse breast cancer.  
 
Keywords: IL-2 - Breast cancer - Mouse - Peritumoural application  
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INTRODUCTION 
 
Breast cancer is the most frequent malignancy in women and comprises 18% of all cancers. 
It is the major cause of death among women aged 40–50, accounting for about one-fifth of 
all deaths in this group [18]. Although patients with advanced breast cancer usually die of 
the disease, the clinical course is extremely variable [13]. Current treatment has certainly 
improved survival, but the effectiveness of most treatments is limited [reviewed in 20], 
therefore, new therapeutic approaches are needed. Immunotherapy by means of local IL-2 
treatment might be valuable, as the efficacy of certain IL-2 therapeutical modalities has 
already been reported for distinct cohorts of patients with breast cancer [reviewed in 11] as 
well as in transplanted murine mammary carcinomas [10, 25]. Both in mice and human 
breast cancer patients, results were limited and the cause of these discouraging data was not 
revealed. Therefore new studies have to be undertaken using appropriate mouse models, 
suitable IL-2 therapeutical protocols, and proper techniques to analyse the results.  
Initially, our treatment of transplanted tumours in various mouse models and naturally 
arising tumours in cattle, consisted of successive local IL-2 injections on 5 or 10 days in 1 
and 2 weeks, respectively [1, 3, 4, 7, 10, 17]. In a clinical setting repeated intratumoural or 
peritumoural injections are often not feasible for pragmatic reasons. Single injection 
treatment may thus broaden the scope of this treatment, for instance during surgery or 
during a complex radiological investigation. For this reason we have embarked on studies 
with a single IL-2 injection at the site of the tumour. We found that a single 10 to 20-fold 
higher dose of IL-2 in mice with transplanted SL-2 lymphosarcoma led to equally good 
therapeutic effects as the lower doses given on 5 consecutive days [5].  

The major aim of this study was to investigate the effect of a locally applied single 
IL-2 injections on advanced i.p. and s.c. transplanted murine mammary carcinomas. We 
have paid special attention to the dependence of the therapeutic effect on tumour growth 
rate and metastases. For this purpose we used naturally arising mammary carcinomas in our 
own substrains of A/WySnJ and BALB/cJ mice, which have a low incidence of such 
tumours (<5% and <1%, respectively). In accordance with Hewitt's recommendations we 
transplanted these tumours in syngeneic hosts of the same colony, to avoid effects of small 
genetic differences that might exist between the donor and recipient mice maintained in 
different laboratories [12].  
 
MATERIAL AND METHODS  
 
Mice and tumours  
Mice from the breeding colony of our own substrains of A/WySnJCitMoise and 
BALB/cJCitMoise (thereafter called A/Sn and B/c, respectively) were used. The ancestors 
of these strains were received earlier from the Central Institute of Tuberculosis, Moscow 
[8], and then bred in our Mouse Breeding Department at the Shemyakin-Ovchinnikov 
Institute of Bioorganic Chemistry, Moscow, under carefully standardised conditions. 
Females in our colonies of A/Sn and B/c mice showed <5% and <1% naturally arising 
breast cancer, respectively and cell lines were developed from these tumours. They were 
histologically described and maintained by in vivo passages. Males or females were used in 
experiment and the mice were 4–6 months of age at the time of tumour transplantation.  
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All experiments were performed in accordance with the "Guide for the Care and Use of 
Laboratory Animals" (U.S. Department of Health and Human Services, National Institute 
of Health Publication No. 93–23, revised 1985).  
 
Mouse models  
Various kinds of transplantable mammary carcinoma models in two mouse strains were 
used. 
 
A/Sn transplantable tumour model 
An established cell line VMR-L was earlier developed from a naturally arising A/Sn 
mammary carcinoma and is characterised by its high metastatic ability to the liver after 
being transplanted in syngeneic mice [16]. The VMR-L cell line was obtained from the 
Institute of Gene Biology, Moscow, and maintained in the Shemyakin-Ovchinnikov 
Institute of Bioorganic Chemistry by in vivo i.p. and s.c. passages over 2 years. This 
transplanted tumour line has a higher metastatic ability to the liver, lungs, lymph nodes, 
spleen, and kidney than the original VMR-L cell line. This new highly metastatic mammary 
carcinoma cell line was designated MC-ASN and was maintained in vitro and in vivo.  
For this study two different sublines of MC-ASN were developed in vivo by i.p. 
transplantation of tumour cells with relatively fast and slow growth rate (Fig. 1A), using 
tumour cells from the ascitic fluid of male A/Sn donors with the shortest or the longest 
survival time, respectively, each time for the next i.p. transplantation. These sublines kept 
their distinct features during 3–4 transplantation generations.  
 
BALB/c transplantable tumour model 
The relatively fast growing mouse mammary carcinoma line, designated MC-BC, has been 
established from a naturally arising mammary carcinoma in an aged B/c virgin from our 
colony. This cell line was maintained in vivo by i.p. and s.c. passages. MC-BC is 
characterised by absence of metastasis after transplantation into a syngeneic host.  
 
S.c. mammary carcinoma models with relatively fast and slow tumour growth rate 
Animals were inoculated s.c. in the right flank with tumour cell suspensions prepared from 
syngeneic carcinomas (see above) as was described earlier [26]. Tumour growth was 
observed in all males and females with 106 grafted tumour cells. In mice of both sexes there 
was never a spontaneous tumour regression. However, the time of the palpable tumour 
appearance in individual mice differed significantly, both after transplantation of fast as 
well as the slowly growing s.c. mammary carcinomas. For this reason the tumour-bearing 
mice in each experiment were divided into relatively "slowly" and "fast" growing subsets 
[19] as defined in Results. These two subsets differed significantly in tumour growth rate 
and survival.  
 
Therapy experiments  
At day 0, mice were injected i.p. or s.c. in the right flank with 106 syngeneic carcinoma 
cells. At days 10, 11, or 14 the mice were treated peritumourally with 2.5×106 IU Chiron 
IL-2 suspended in 0.5 ml containing 0.9% NaCl and 0.1% bovine serum albumin (BSA). 
Control tumour-bearing mice were injected peritumorally with 0.5 ml 0.9% NaCl/0.1% 
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BSA. A single treatment with 2.5×106 IU IL-2 was chosen as this schedule led to optimal 
therapeutic effects in DBA/2 mice with transplanted metastasised SL2 lymphosarcomas [5].  
 
Tumour growth parameters  
As previously described [6, 26] two major parameters, such as tumour growth rate and 
survival, are needed for anticancer drug testing. Therefore each tumour-bearing animal had 
an individual mark that enabled us to follow the individual tumour growth kinetics during 
the whole survival period. Mice were examined daily for survival and twice a week for 
tumour appearance and tumour size. In the case of i.p. growing tumours, the volume of the 
ascitic fluid and total cell count were measured for each animal as soon as possible post-
mortem.  
The size of each s.c. tumour was measured with calipers to calculate the mean size of the 
tumour with the formula D=(a+b+h)/3 where D is the mean tumour diameter, a is the 
maximal length, b is the maximal width, and h is to the average height of a tumour. As 
described earlier [26], the mean tumour diameter is an adequate criterion to present tumour 
size differences among experimental groups.  
On the basis of this parameter the relative tumour diameter (RTD) value was calculated. 
The percentage RTD was used here as a measure of tumour growth rate as it shows the 
current tumour size increase in relation to its original size at the start of the treatment. This 
parameter value was calculated for individual tumours according to the formula:  
 

% RTD   =  
mean current diameter -  mean diameter at the start 

mean diameter at the start
x 100%  

 
Cytological and histopathological investigations  
In the case of i.p. growing tumours, ascitic fluid from each mouse was investigated as soon 
as possible post-mortem. Giemsa-stained smears were prepared to evaluate the cell 
composition of the ascites. Then, fragments of primary i.p. solid tumours with surrounding 
tissue and regional mesenteric lymph nodes (including jejunal, colic and ileocolic nodes), 
lungs, liver, spleen, and kidney were excised and fixed in phosphate-buffered 4% formalin 
for histopathological examination. In the case of s.c. tumours the same procedure was used 
for all organs after excision of the primary s.c. tumours with surrounding tissue and 
regional axillaris and ulnaris lymph nodes. Paraffin sections (5 µ) were prepared and 
stained with haematoxylin-eosin. All smears and histological sections were evaluated 
independently by three pathologists and a consensus was obtained in panel discussions. 
Mammary tumours and metastases in vitally important organs were classified according to 
Squartini and Pingitore [23] with slight modifications. Various types of mouse mammary 
carcinoma were found and the major types are given here.  
 
Pale stained solid mammary carcinoma type D 
Glandular elements are absent within type D of mammary carcinoma and an epidermoid 
structure often prevails. The cells are large, rich in acidophilic cytoplasm with large round 
pale staining nuclei; the presence of some small ovoid basophilic cells is characteristic.  
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Miscellaneous mammary tumour of the bizarre type E 
Mammary carcinoma type E resembles the anaplastic and displastic forms of D showing 
bizarre tumour cells. The cells are stained more intensively, the cell size varies greatly with 
little if any intercellular cohesion.  
 
Adenoacanthoma-like carcinoma 
Besides the D and E types of mammary carcinomas, an acanthoma-like tumour was found 
in the B/c mouse model which is a glandular tumour with extensive areas of squamous cell 
carcinoma. Cells lining the tumour glands often undergo squamous differentiation with 
keratinisation and frequent formation of laminated keratin pearls. The squamous component 
is reproduced after tumour transplantation. This tumour frequently occurs in BALB/c 
substrains of mice [23]. 
 
Statistical analysis  
All studies were performed with 7–11 animals in each control and treatment group in 
accordance with the guidelines for reducing the use of animals in research [9]. Each 
experiment was repeated twice and results from one were presented. The significance of 
differences in averages was determined with the parametric Student's t-test. Results are 
presented as means ± SEM. The Mann-Whitney U-test was used to compare tumour growth 
kinetics and survival dynamics.  
 
RESULTS  
 
Locally applied IL-2 to i.p. growing mammary carcinoma in the A/Sn model  
 
A/Sn females were inoculated i.p. at day 0 with 106 MC-ASN cells arising from relatively 
fast or slowly growing donor MC-ASN lines. The survival pattern is shown in Fig. 1A. All 
recipients with fast growing tumours were dead by day 26, whereas all recipients with 
slowly growing tumours were dead by day 44 (Fig. 1A). Females with fast growing 
tumours (Fig. 1B) were treated i.p. with a single dose of IL-2 on day 10 after tumour 
inoculation and at this day mice had visible ascites. Females with relatively slowly growing 
tumours (Fig. 1C) exhibited a marked ascites later, therefore they were treated with IL-2 on 
day 14 after transplantation. The survival pattern strongly suggests that a single local IL-2 
application is effective against the faster growing i.p. tumours (Fig. 1B shows significant 
improvement of survival of treated group, U-test, p<0.05) rather than against the more 
slowly growing i.p. tumours (Fig. 1C). It is of interest that improved survival of IL-2 
treated mice with fast growing tumours (Fig. 1B) is similar to the survival of untreated 
controls with slowly growing tumours (Fig. 1A).  

To study this in more detail we performed the next experiment with male A/Sn 
mice injected i.p. with 106 fast growing MC-ASN cells which display early metastatic 
spread to many organs. Therefore some animals (2% in this experiment) were already dead 
before the start of IL-2 treatment. At day 11 tumour-bearing mice were treated i.p. with 
2.5×106 IU Chiron IL-2. Survival dynamics in control and treated mice differed 
significantly (U-test, p<0.05), but none of the mice was cured (Fig. 2).  
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Figure 1  
Percent survival after single IL-2 treatment of fast and slowly i.p. growing mammary carcinomas in A/Sn females. 
Tumour cells (106 ) were injected i.p. at day 0. A. Percent survival of control females with fast and slowly i.p. 
growing mammary carcinomas. B. Fast growing tumours were treated with 2.5 x 106 IU IL-2 at day 10.  C. Slowly 
growing tumours were treated with IL-2 at day 14. 
 

For both IL-2 treated and control male recipients the survival curves showed two 
apparently distinct periods, namely before and after 19 days from MC-ASN inoculation. 
The differences between treated and control survival curves after day 19 were much greater 
than before this day as estimated by the non-parametric U-test (similar results were 
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obtained for females bearing the same tumour Fig. 1B). This was the reason for further 
analysis of tumour growth parameters for short term (19 days or less) and long term male 
survivors (more than 19 days) separately (Table 1). Of the control males (control "short 
survivors") 62% were already dead before the 19th day after treatment, whereas only 40% 
of the IL-2 treated group (treated "short survivors") died within the same period of time. In 
these short survivors IL-2 caused a statistically significant decrease of ascitic fluid volume 
as was measured post-mortem (see Table 1). This might explain the slightly improved 
survival dynamics (Fig. 2 before day 19). A therapeutic effect of IL-2 could therefore be 
detected even in treated short survivors with large i.p. growing solid tumours and ascites 
and numerous macroscopically visible metastases in liver, spleen, and lymph nodes at the 
moment of the single IL-2 application. But the effect of single IL-2 application was limited 
in these animals bearing the fastest growing i.p. carcinomas in extremely advanced forms 
(short survivors). 
 

 

Figure 2 
Therapeutic effect of IL-2 on A/Sn males 
with i.p. mammary carcinomas. Tumour 
cells (106 ) were injected i.p. at day 0. IL-
2 (2.5 x 106 IU) was injected i.p. at day 
11. 
 

 
Among animals bearing relatively slower growing tumours (long survivors) the 

IL-2 treated animals showed significantly better survival dynamics (Fig. 2, after day 19), 
although the average survival time of 25.3±2.1 days compared to 21.0±1.0 days in controls 
did not differ significantly (Table 1). However, treated long survivors had significantly less 
ascitic fluid (2.0±0.7 ml compared to 5.7±1.2 ml in controls) and a lower total number of 
cells in the ascites (180±100×106 cells compared to 670±150×106 cells in controls) at time 
of death.  

Two sets of additional experiments were performed subsequently to discover why 
a single IL-2 treatment of advanced i.p. mammary carcinoma with severe macroscopic 
metastases could lead to survival improvement but failed to result in complete cure of the 
IL-2 treated recipients.  
 
Cytology investigations in A/Sn males with i.p. tumours  
 
To investigate whether the cell composition of ascites correlated with the survival of the IL-
2 recipients, Giemsa-stained smears from ascitic fluid of each animal were prepared post-
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mortem. In both short and long survivors, leucocytes (macrophages, neutrophils and 
lymphocytes) were more numerous in the ascites of IL-2 treated animals than in controls, 
namely 20% versus 8% and 34% versus 18%, respectively (Table 1). These differences 
were not statistically significant probably because of the small number of animals used.  
 
TABLE 1.  Volume and cell composition in ascitic fluid of short and long survivors after a single i.p. IL-2 
treatment at day 11 after MC-ASN cell transplantation. 
 

Short survivors Long survivors  
Parameters Treated Control Treated Control 
% of dead males 40 62 60 38 
Survival time, day 16.0+0.2 a 25.3+2.1 21.0+1.0 
Ascitic volume, 
ml 

 
1.6+0.1** 

 
3.1+0.3 

 
2.0+0.7* 

 
5.7+1.2 

Total cell number, 
per male, x10 6 

 
400+130 

 
180+100* 

 
670+150 

% of leukocytes  
20 

 
8 

 
34 

 
18 

TC-dark : TC-light 
proportion 

 
4:1 

 
1:10 

 
1:1 

a Mean ± S.E. 
 Differences from control group:  
* - for P < 0.05; ** - for P < 0.01.  
 

Unexpectedly, we observed in the Giemsa-stained preparations of the ascitic fluid 
two morphologically different subsets of MC-ASN cells, i.e. tumour cells with very dark 
basophilic cytoplasm (TC-dark) and weak basophilic tumour cells (TC-light). TC-dark cells 
were relatively more polymorphic with compact intensively staining hyperchromatic nuclei 
as in a sarcomatous tumour. The morphology was that of a poorly differentiated tumour 
consisting of extremely polymorphic round cells with little cytoplasm and numerous 
mitoses. In contrast, TC-light cells were similar to common mammary carcinoma cells 
showing reddish reticulate nuclei with distinct nucleoli and a more differentiated 
appearance. TC-dark cells prevailed in control and IL-2 treated ascites from short survivors, 
as the average TC-dark/TC-light ratio was about 4:1 (Table 1). However, in ascites from 
long survivors this parameter value was lower: in the controls the average TC-dark/TC-
light ratio was about 1:1, whereas it was 1:10 in IL-2 treated ascites. This suggests that 
local IL-2 therapy suppresses more actively the rapidly growing dark staining sarcoma-like 
tumour cells than the TC-light carcinoma-like cells.  
 
Histological investigations in A/Sn males with i.p. tumours  
 
To further investigate the effect of a single local IL-2 treatment we have also studied the 
histology of i.p. solid tumours and the metastases in relation to the survival time of tumour-
bearing mice (data are summarised in Table 2).  
 
Short survivors 

Histological examination showed that i.p. solid MC-ASN in short survivors, both 
in control and IL-2 treated mice, predominantly consisted of pale adenocarcinoma type D. 
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Additionally, smaller areas with more aggressive carcinoma cells with a higher level of 
mitoses of type E were found in each animal. Both types of tumour displayed a necrotic and 
haemorraghic nature and were present in liver and lymph node metastases in each recipient. 
Moreover liver metastases often had a macroscopic character (visible foci of tumour 
growth). In some animals there were metastases in spleen and kidney (data not shown in 
Table 2). Both in control and IL-2 treated animals with short survival time, i.p. solid 
tumours and metastases in lymph nodes and liver had a high level of mitoses and a similar 
extent of necrotic and haemorraghic areas. There were no metastases in the lungs in short 
survivors.  
 
TABLE 2. Histology of primary growth and metastases after a single local IL-2 treatment in i.p. MC-ASN model. 
 

a- Pale mammary carcinoma, type D. Glandular elements are absent  and epidermoid structure often prevails. The 
cells are large, rich in acidophilic cytoplasm with large round pale staining nuclei.  
b- Miscellaneous mammary carcinoma, type E. Resembles D, but consists of more intensively stained cells, 
impressively varying in size with little if any cohesion. 
c- Level of mitosis was considered as high - more than 15 per field,  middle - 5-10 per field,  and low - less than 5 
per field. 
 
Treated long survivors 
The primary i.p. solid tumours in this group of males were completely necrotic and 
haemorraghic with leukocyte infiltrations with micrometastases only in the liver. Tumour 
tissue in the mesenteric lymphatic nodes was not completely destroyed after IL-2 treatment. 
There were no metastases in the lungs of IL-2 treated long survivors (Table 2).  
 
Control long survivors 
Control long survivors contained pale mammary carcinoma of type D with necrotic and 
haemorraghic areas and leukocyte infiltration in primary i.p. solid growth as well as in 
lymph nodes and liver metastases (Table 2). There were metastases in the spleen and 

Group Primary tumour Metastases in 
lymphatic nodes 

Metastases in liver Metastases 
in lung 

Short 
Survivors  

treated 
 and 
control    
(16+ 1 
days) 

D a+E b type 
tumour growth, 
necrotic, 
hemorraghic, 
high level of  
mitoses c 

Massive D+E type 
tumour growth, 
necrotic, 
hemorraghic, 
high level of  mitoses 

Massive D+E type 
tumour growth, 
necrotic, 
hemorraghic, 
high level of  mitoses 

No tumour 
growth 
 

treated 
 (25+ 2, 
days) 

No living tumour 
cells, only necrotic 
and hemorraghic 
areas with 
leukocyte 
infiltration  

 D type tumour 
growth, necrotic and 
hemorraghic areas 
with leukocyte 
infiltration, low level 
of  mitoses 
 

D type tumour 
micrometastases 

No tumour 
growth 
 

Long 
Survivors 
 

control 
 (21+ 1, 
days) 

D type tumour 
growth, necrotic, 
hemorraghic, with 
leukocyte 
infiltration, mean 
level of mitoses 

D type tumour 
growth with necrotic 
and hemorraghic 
areas, mean level of 
mitoses  

Massive D type 
tumour growth, 
necrotic, 
hemorraghic, 
mean  level of  
mitoses 

 D type 
tumour 
micro-
metastases 
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kidney in some animals (data not shown in Table 2). Additionally, micrometastases had 
arisen in the lungs of control males with longer survival.  
 

Two main conclusions could be drawn from the cytological and histological 
results:  

1. Longer survival time of a distinct cohort of control MC-ASN-bearing mice might 
first of all result from less aggressive mammary tumour cells repopulating both 
ascitic fluid (TC-light) and i.p. solid tumours (only type D of breast cancer). On 
the contrary, in short control survivors poorly differentiated TC-dark cells 
prevailed in ascitic fluid and sarcoma-like type E breast cancer additionally 
presented in primary i.p. solid tumours besides the prevailing type D pale 
carcinoma. 

2. A single local IL-2 treatment resulted in complete destruction of the i.p. growing 
primary MC-ASN tumours; both D and E type tumours were killed. This is 
probably the reason that even animals with advanced i.p. carcinoma and extensive 
macroscopic metastases in many organs survived significantly longer after IL-2 
application. However lymph node and liver metastases were only partly affected 
by this treatment. Therefore none of the IL-2 treated males was cured. 

 
Therapeutic effect of locally applied IL-2 on s.c. transplanted mammary carcinoma  
 
To corroborate these tentative conclusions, we studied the effect of IL-2 therapy on s.c. 
transplanted mammary tumours. 
 
A/Sn model (Fig. 3)  
Female A/Sn mice were injected s.c. with 106 cells of relatively fast growing MC-ASN at 
day 0. At day 10 the tumours were treated with a single peritumoural injection of 2.5×106 U 
IL-2. There were no statistically significant differences in average tumour diameter kinetics 
of control and IL-2 treated tumours (data not shown).  
To reveal possible therapeutic effects, a more sensitive parameter namely the relative 
tumour diameter (RTD), was used here as a measure of tumour growth rate. This parameter 
means here the current tumour size increase in relation to the initial size at day 10 (the start 
of IL-2 treatment). The average RTD of the IL-2 treated tumours (Fig. 3) was significantly 
smaller than in the controls (p<0.05). Indeed, control tumours reached a 50% relative 
increase of their size at day 13, whereas IL-2 treated tumours reached this increase only at 
day 18. So on average there was a significant tumour growth delay in the IL-2 treated 
group; nevertheless, Fig. 3B shows that survival dynamics of the whole IL-2 treated group 
of mice was very similar to survival dynamics of controls.  
Based on the results in the i.p. model, we conjectured that IL-2 might influence relatively 
fast and slowly s.c. growing individual tumours in different ways. To test this assumption 
we further analysed the data using a two-step sub-division of variables both in control and 
IL-2 treated groups. The first step of this procedure was to distinguish "fast" and "slowly" 
growing tumours in IL-2 treated and control mice: tumours smaller than 5 mm in size at 
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day 10 were regarded to be "slowly" growing, and tumours of 5 mm and more in size were 
regarded to be "fast" growing. Indeed the survival time of females with slowly growing 
tumours (4 out of 11, or 36% of all animals treated with IL-2 in this experiment) was not 
improved by IL-2 therapy, whereas treated females with fast growing tumours (7 out of 11, 
or 64% of all animals treated with IL-2 in this experiment) survived longer (data not 
shown).  
 

 
Figure 3  
Tumour growth rate and survival of A/Sn females with s.c. mammary carcinomas. Mammary carcinoma cells 
(106) were inoculated s.c. at day 0. At day 10 the mice were treated peritumourally with a single peritumoural 
injection with 2.5 x 106 IU IL-2, control females received control liquid. All females with mean tumour diameter 
of more than 5 mm at the start of the treatment were considered to have fast growing tumours. 
A. Average relative tumour diameter for all controls and IL-2 treated tumours. B. Survival courses for these 
groups. C. Average relative tumour diameter of only “fast” growing tumours in controls and IL-2 treated females. 
D. Survival of females with “fast” growing tumours in control and IL-2 treated groups.  
* =  significant difference with controls (p < 0.05) 
 

As the second step of this data analysis, we selected the "sensitive" subset from 
this fast growing IL-2 treated tumour subset. The selection criterion was based on the 
capability to react to IL-2 treatment with a significant tumour growth delay. This 
"sensitive" subset (4 out of 7 animals, or 57% of the fast growing subset) was characterised 
by a RTD value of less than 50% at day 19 (9th day after a single IL-2 injection), and  
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Figure 4 
Average tumour growth and survival of B/c females with s.c. mammary carcinomas. Mammary carcinoma cells 
(106) were inoculated s.c. at day 0. At day 15 females were treated peritumourally with 2.5 x 106 IU IL-2. Females 
with tumour diameter of more than 5 mm at the start of treatment were considered as having ”fast” growing 
tumour. A. Survival of all IL-2 treated females compared to controls.  B. Average tumour diameter of only "fast" 
growing tumours in control and IL-2 treated females.  C. Therapeutic effect of IL-2 on females bearing "fast" 
growing tumours. 
* =  significant difference with controls (p < 0.05) 
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included finally only 36% of treated animals in this experiment. The other tumours were 
considered as fast growing "non-sensitive" tumours (3 out of 7 animals, or 43% of fast 
growing subset). Figure 3C shows that the tumour growth kinetics of these fast growing 
"non-sensitive" tumours was similar to those of the fast growing control subgroup, but IL-2 
"sensitive" tumours showed a significant delay of growth compared to both "non-sensitive" 
IL-2 treated tumours and the control fast growing tumours (Fig. 3C).  

In conclusion, only A/Sn females with fast growing s.c. IL-2 sensitive mammary 
carcinomas (36% of the entire treated group) demonstrated a longer survival after a single 
IL-2 application (Fig. 3D).  
Histopathological results in these cases showed delay of growth of lung metastases (only 
micrometastases), whereas there was extensive tumour growth in lungs (macroscopically 
visible tumour foci) in fast growing IL-2 insensitive s.c. mammary carcinomas.  
 
B/c model (Fig. 4)  
Similar experiments were performed in B/c mice with s.c. transplanted relatively fast 
growing non-metastasised mammary carcinoma (MC-BC). Data on tumour growth and 
survival of animals are presented in Fig. 4. Mammary carcinoma cells (106) were inoculated 
s.c. at day 0. At day 15 females were treated peritumourally with 2.5×106 IU IL-2. MC-BC 
showed similar growth kinetics (Fig. 4A) to s.c. transplanted MC-ASN (compare with Fig. 
3B).  

Figure 4A shows that the survival dynamics of the whole group of the IL-2 treated 
B/c females were only slightly improved compared to the control group. As a next step of 
analysis we applied the approach developed earlier for the A/Sn s.c. model and selected 
females with a tumour diameter of more than 5 mm at the start of the IL-2 treatment in both 
control and IL-2 treated mice. These subgroups were considered as having "fast" growing 
tumours. Figure 4B shows a significant delay (p<0.05) in average tumour diameter for IL-2 
treated fast growing tumours (57% of the entire treated group) in comparison to control fast 
growing tumours. Figure 4C demonstrates the survival improvement for the whole 
subgroup of IL-2 treated females bearing these faster growing tumours.  

Histological examinations on s.c. transplanted MC-BC tumours showed three 
types of mammary carcinoma in both control and treated animals: namely well-
differentiated adenoacanthoma predominated in slowly growing tumours, whereas the less-
differentiated tumour types D and E additionally existed in faster growing tumours.  

In conclusion, B/c females with faster s.c. growing mammary carcinomas (57% of 
all treated animals in this experiment) survived longer after a single IL-2 application than 
untreated controls. Therefore, relatively more aggressive D and E types of mammary 
tumours (as compared to adenoacanthoma-like tumours) might be more sensitive to this 
mode of therapy. 
 
DISCUSSION 
 
Fast and slow tumour growth rate, role of metastases. The results obtained in the highly 
metastasised A/Sn model and in the non-metastasised B/c model, show that both i.p. and 
s.c. transplanted, faster growing mammary carcinomas are more sensitive to a locally 
applied single IL-2 treatment than slowly growing mammary carcinomas. This conclusion 
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seems to be in discordance with the conclusion of Vaage [25] and Fiszer-Maliszewska et al. 
[10], since they had the impression that the effectiveness of IL-2 treatment was reduced in 
cases of faster growing tumours. The discrepancy in our conclusions may be explained by 
differences in the experimental set-up and data analysis estimation design. Both Vaage and 
Fiszer-Maliszewska et al. treated breast carcinomas with multiple IL-2 applications starting 
as early as 1–3 days after tumour cell transplantation. In contrast, we applied a single IL-2 
dose to treat extremely advanced cancer, i.e. some mice of the group to be treated had 
already died before the start of treatment. Advanced breast cancer is usually characterised 
by severe metastases, so in this respect the transplantable A/Sn mouse model reflects the 
situation in the clinic [6]. The presence of metastases was the most important factor limiting 
the success of IL-2 therapy in the present study. In the severely metastasising A/Sn model, 
within the cohort of animals with faster growing s.c. carcinomas, usually only about half of 
the tumours were sensitive to a single IL-2 treatment (about 30% of the whole treated 
group), whereas in the non-metastasising B/c model the entire faster growing subset (about 
60% of the whole treated group) was sensitive to this mode of therapy (Fig. 3D and Fig. 
4C).  

The data of the present study are in agreement with the conclusions of Hewitt [12] 
and Kiessling et al. [15], i.e. beneficial effects of immunotherapeutical approaches were 
mainly shown in fast growing transplantable mouse tumours without metastases. Here we 
demonstrate that a single IL-2 application completely destroyed fast growing primary A/Sn 
mammary tumours, but lymph node and liver metastases survived. So, local IL-2 treatment 
of primary tumour is expected to be relatively ineffective in cases of slowly growing 
naturally arising severe metastasised murine and human breast cancers.  
 
Various stages of mammary carcinoma progression differing in immunological 
strength, and leukocyte infiltration 
The presence of two morphologically different subpopulations of tumour cells after murine 
mammary carcinoma transplantation has been known since about 1950, when Toolan et al. 
reported sarcomatoid growth resulting from mammary carcinoma [24]. In our A/Sn model 
we established that relatively fast and slowly growing carcinomas originating from the 
same MC-ASN tumour line have a different composition of tumour cells both in ascitic 
fluid and i.p. solid tumours. However we failed to establish TC-dark and TC-light lines 
through cultivation in vitro, since these two tumour subsets were always found 
simultaneously. This suggests that mammary carcinoma cells can become sarcoma-like in 
vitro as well as in vivo. Possible molecular mechanisms, which cause loss of epithelial 
polarity and trigger epithelial-fibroblastoid cell conversion, have been described [21]. 
Moreover, the existence of various mammary tumour subpopulations during progression of 
a carcinoma differing in histomorphological and immunological characteristics could also 
be explained in terms of the transdifferentiation phenomenon [22].  

As a consequence these various populations of breast carcinoma cells might have 
different immunogenicity and attract different leucocyte infiltrates. Both Vaage and Fiszer-
Maliszewska et al. [8, 25] stressed that there seems to exist a correlation of IL-2 therapeutic 
effect with tumour immunogenicity and leucocyte infiltrates. That is, transplantable 
mammary tumour lines in C3H mice with more peritumoural leukocyte infiltration were 
more sensitive to IL-2 treatment. This implies that some immune reactivity could already 
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exist before IL-2 treatment. So, IL-2 seems to enhance the immune response in those 
animals, whereas it was originally too weak to eliminate tumour cell growth.  

Tumour growth delays after local IL-2 therapy may therefore depend on several 
peculiarities of individual tumour growth, such as differences in tumour cell malignancy, 
and differences in tumour antigenicity resulting in different extents of leucocyte infiltration.  
An effective selection procedure for breast cancer candidates for immunotherapy  
The cytology and histology parallels showed the existence of different consecutive stages 
of transplanted murine mammary carcinomas that probably have different sensitivities to 
IL-2 treatment.  

Although the average results were not spectacular for the whole cohort of IL-2 
treated animals, we revealed a moderate individual therapeutical effect of a single IL-2 
treatment. An individual tumour diameter of more than 5 mm at the start of IL-2 therapy 
was a valid parameter associated with initial faster tumour growth rate and the presence of 
more aggressive less differentiated carcinoma types. Jubelirer et al. [13] reached a similar 
conclusion evaluating the time to recurrence for primary breast cancer. These authors have 
shown that for patients with metastatic breast cancer, poor survival, lung and bone marrow 
recurrence and poorly differentiated histology are associated with a primary tumour greater 
than 5 cm. Therefore we propose to use our approach to select recipients with relatively fast 
or slowly growing breast carcinomas before the application of therapy. These findings fulfil 
to some extent the requirements of Kedar and Klein [14], which imply that an effective 
selection procedure has to be elaborated for breast cancer candidates, for which 
immunotherapy can be expected to be effective. We intend to further develop such 
selection criteria using our mouse models and modern statistical approaches. Recently, we 
have already demonstrated that two different subsets of intact mice predisposed to fast or 
slow mammary carcinoma growth could be recognised before tumour transplantation by 
means of routine clinical blood parameters measuring and application of artificial network 
statistics [19].  
 
CONCLUSIONS 
Techniques were developed to show significant growth delay of primary mammary 
carcinoma and significant survival improvement of mice with transplanted extremely 
advanced, severe metastasised breast cancer after a single peritumoural IL-2 treatment. 
However, the metastases were hardly affected. It is noteworthy that in this tentative 
research IL-2 is more effective in relatively fast than in more slowly growing mammary 
carcinomas. In other words, tumours in the phase of relatively fast growth seem to be more 
sensitive to a single IL-2 treatment.  
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ABSTRACT 
 
Survival dynamics of non-SPF BLRB males with early emerging transplanted mammary 
cancer taken from naturally arisen female mammary carcinoma could be significantly 
improved by a single IL-2 treatment (2.5 x106 IU per mouse) applied locally two weeks 
after mammary carcinoma cell inoculation. However, the same IL-2 therapy mode applied 
to later emerging (initially slowly growing) tumors of the same average size of 5 mm as late 
as eight weeks after tumor cell inoculation notably shortened the survival of tumor-bearing 
mice. Earlier we have shown the prognostic value of some routine laboratory clinic 
parameters to determine early or late visible manifestation of tumor growth post 
transplantation. Therefore, 35 clinical hematological and biochemical parameters were 
prospectively measured in intact BLRB males before mammary carcinoma inoculation and 
IL-2 application. We found five hematological and four serum biochemical parameters that 
predicted short or long survival of tumor-bearing mice after IL-2 therapy application. 
However, in non-IL-2 treated recipients there were no differences in these laboratory 
parameter values between short and long survivors. A possible explanation is that a distinct 
proportion of intact BLRB males with leucopenia and anemia exhibited chronic hepatitis 
that might limit the IL-2 therapy potential. Finally, transplanted BLRB non-SPF mouse 
model seems to be useful to test new immunotherapy modes (i) reflecting properly situation 
with human breast cancer patients where viral hepatitis might also complicate therapy 
benefit; and (ii) enabling to reveal both advantages and limitations of the IL-2 therapy.  
 
Key words: breast cancer, mouse model, prognostic factors, immunotherapy, interleukin-2 

Abbreviations: BC, breast cancer, in women; MC, mammary carcinoma, in mice. 
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INTRODUCTION 
 
Numerous studies presented evidence that breast cancer (BC, in women) patients exhibit a 
T -cell mediated functional immunosuppression, which progresses during tumor growth, so 
that the early localized disease shows a low-grade defect and advanced disease shows a 
high-grade generalized immune dysfunction both in mice [1] and BC patients [2, 3]. IL-2 
deficiency is essential in this immune impairment. These data provided a rationale of the in 
vivo therapeutic administration of IL-2 in BC patients [4].  

However the therapeutic potential of IL-2 against BC is still not clear both in mice 
[5, 6] and human patients although distinct therapeutic benefit has been achieved in limited 
cohorts of patients (discussed in [2]).  Two major explanations exist: (i) IL-2 therapy is still 
applied to BC patients without selection procedure for patients that might benefit from this 
kind of immunotherapy [7], and (ii) the average tumor growth delay and disease-free and 
total survival are calculated and compared between the whole treated and untreated groups 
without distinction between benefit and non-benefit populations.  We hypothesized that a 
therapeutic IL-2 potential might be revealed evaluating therapy efficacy for short and long 
survivors separately, suggesting that both benefit and non-benefit subgroups exist in IL-2 
treated tumor-bearing mouse population. Previously we have shown that promising anti-
cancer potential of a single IL-2 treatment could be revealed in various transplanted 
mammary carcinoma (MC, in mice) models after therapy efficacy estimation in early and 
late emerging transplanted mammary carcinoma separately [5]. Furthermore, we have 
found prognostic factors among several laboratory hematological and biochemical 
parameters that predicted early or late manifestation of transplanted mammary carcinoma 
[8].  

In this paper we show that a few routine laboratory hematological and biochemical 
parameters measured in naive male mice before mammary carcinoma cell inoculation and 
IL-2 application predict short or long survival in IL2-treated animals. These findings clearly 
demonstrate that in our transplanted MC-BLRB mouse model host factors determine not 
only early or late visible tumor manifestation [8] but also predict benefit or non-benefit or 
even harm of IL-2 therapy for distinct mouse recipients with early or late emerging 
mammary carcinoma. Promising advantages of IL-2 therapy, namely significant tumor 
growth delay and survival improvement were found in 63% of tumor-bearing mice, 
whereas in 37% of animals IL-2 stimulated tumor growth. These data open new avenues to 
develop a selection procedure for BC patients who might benefit from local IL-2 therapy 
and contain the message that IL-2 therapy might be inconvenient to a distinct proportion of 
BC patients (probably, with viral hepatitis) for whom IL-2 therapy may fail and therefore 
other therapies should be recommended.  
 
 
MATERIALS AND METHODS 
 
Mice 
We used mice of our own strain of BLRB- Rb(8.17)1Iem (thereafter called BLRB) with 
high incidence of naturally arisen mammary carcinoma (MC) [9]. Animals were maintained 
in non-SPF, but thoroughly controlled, conditions at Mouse Breeding Department of the 
Institute of Bioorganic Chemistry, Moscow. Mice were fed according Institutional guidance 
and got water ad libitum. Each animal had its individual label and was followed through the 
whole lifespan.  
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Experimental design 
 
Experiment 1.  Single high dose IL-2 treatment applied to early and late emerging 
transplanted mammary carcinoma  
 
Twenty-six BLRB males were used for MC cell transplantation. The mice were relatively 
old (about 12 months of age) to mimic BC appearing in elderly women. Carcinoma cells 
were taken from naturally arisen female mammary carcinomas. At day 0, 107 cells from this 
suspension were injected in male mice s.c. near right fad pads with. IL-2 was applied as a 
single IL-2 therapy when the visible tumors were about 5 mm in size as described in [5]. At 
day 14 seven males with early emerging tumors of about 5 mm in diameter were treated 
peritumorally with 2.5 x 106 U Chiron IL-2 (thereafter called high dose) suspended in 0.5 
ml containing 0.9% NaCl and 0.1% Bovine Serum Albumin (BSA). Six control  mice with 
tumors of the similar size were injected in the same manner with 0.5 ml 0.9% NaCl/0.1% 
BSA at the same time. Six males with late emerging tumors of about 5 mm in diameter 
were treated by IL-2 in the same manner at day 51; seven control males with the tumors of 
the same size received control liquid. Then mice were inspected each day for survival and 
health monitoring. The mean tumor diameter was measured once a week as described in 
[5].   
 
Experiment 2.  Low dose IL-2 treatment applied twice to mammary carcinoma bearing 
BLRB males with known 35 hematological and serum biochemical parameters, measured 
before mammary carcinoma transplantation  
 
Blood sample collection  
 
At day 0 blood samples (0.3-0.5 ml per male) were collected from the retroorbital vein 
sinus under ether narcosis of 64 intact BLRB males two weeks before MC cell inoculation. 
35 routine clinical laboratory blood and serum parameters were measured. These parameter 
values were used to predict early or later mammary carcinoma manifestation (briefly 
published in [8] and presented here in Chapter 2). In this paper we show that these blood 
parameter values can also be used to predict the effect of local IL-2 therapy of cancer.  
 
Hematological parameters  
 
The individual values of the following seventeen hematological parameters were measured 
using the hematological analyzer “MICROS OT 18” (Roche, Switzerland) [8]:  RBC - red 
blood cell count, 1012/L; HCT- hematocrite, %; HGB - hemoglobin, g/L; MCV - mean 
corpuscular volume, fl; MCH - mean corpuscular hemoglobin, pg; MCHC – mean 
corpuscular hemoglobin concentration, g/L; RDW - red blood cells distribution width, %; 
PLT – platelet count, 109/L; PCT - thrombocrite, %; MPV – median platelet volume, fl; 
PDW – platelets distribution width, %; WBC - white blood cell count, 109/L; LY - 
lymphocytes, %; MO - monocytes, %; EO – eosinophils, %; SN- segmented neutrophils, %; 
BN - band neutrophils, %. Leukocytes were distinguished by routine microscopic methods. 
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Biochemical serum parameters  
 
The individual values of the following thirteen biochemical parameters were measured 
using the biochemical analyzer “COBAS FARA ” (Roche, Switzerland) with calibrator, 
control serum and reagents (“Human”, Germany) [8]: TP - total protein, g/L; ALB-albumin, 
g/L; BIL - total bilirubin, µmol/L; CREA - creatinine, µmol/L; UREA – urea, mmol/L; 
ALT –alanine aminotransferase, IU/L; AST – aspartate aminotransferase, IU/L; LDG – 
lactic dehydrogenase, IU/L; AMYL - alpha- amylase, IU/L; ALP - alkaline phosphatase, 
IU/L; CPK -creatine phosphokinase, IU/L; CHOL - cholesterol, mmol/L; TG - 
triglycerides, mmol/L.  
 
Mammary carcinoma cell transplantation, IL-2 treatment, and monitoring of tumor 
parameters 
 
At day 14 after blood sample collection, 107 mammary carcinoma cells taken from a 
syngeneic BLRB spontaneous mammary carcinoma were transplanted s.c. into right fat 
pads near the axillaries of 64 BLRB males according to [8]. At day 13 after MC inoculation 
nineteen males aged 12.1+0.7 months with early emerging MCs of 5.8+0.3 mm in size were 
selected for this experiment. Their weight was 26.5+0.5 g.  
Eight males with tumors of 6.3+0.5 mm in mean diameter were treated at day 13 and day 
22 by peritumoral injection of 2.5 x 105 U Chiron IL-2 (thereafter called low dose) 
suspended in 0.5 ml containing 0.9% NaCl and 0.1% Bovine Serum Albumin (BSA). 
Eleven mice with tumors of 5.4+0.4 mm in mean diameter were injected in the same 
manner with 0.5 ml 0.9% NaCl/0.1% BSA at the same time and constituted a control group.   
Mice were inspected each day for survival and health monitoring, and once a week for 
tumor size measurement. Tumor growth rate parameters, namely, mean tumor diameter 
(TD), and relative tumor diameter (RTD) were calculated according to [5].  
 
Statistical Analysis 
 
The different groups consisted of 6-11 animals.  The significance of differences in averages 
was determined by the parametric Student t-test. Results are presented as means + SEM. 
The Mann-Whitney non-parametric U-test was used to compare tumor growth kinetics and 
survival dynamics as was previously described [5]. 
 
 
RESULTS 
 
1. Opposite effect of locally applied single high dose IL-2 treatment against early 

and late emerging transplanted mammary carcinomas  
 
Early emerging MCs of average size of 5 mm were observed in 13 BLRB males at day 13 
after transplantation the MC cell suspension from fast and slowly growing syngeneic 
female mammary carcinomas. Seven males were treated by a single peritumoral (PT) IL-2 
treatment (2.5x106 IU). Six males treated by control liquid constituted a control group. No 
difference in average tumor diameter was found. However, the IL-2 treated males survived 
significantly longer (p<0.05, U-test) (Figure 1, white figures).  
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The other 13 males had late emerging slowly growing MCs. They reached the 
average size of about 5 mm at day 51 after MC inoculation. Six males were treated by a 
single PT IL-2 treatment (2.5x106 IU); seven males treated with the vehicle constituted the 
control group. The IL-2 treated males survived shorter than the controls. The survival 
dynamics differed significantly from day 35 until day 135 (p<0.05, U-test) (Figure 1, black 
figures). 

These data show that a single peritumoral high dose of IL-2 applied to early 
emerging MCs within second week after tumor cell transplantation prolonged the survival 
of tumor-bearing mice. However, delayed IL-2 application (7 weeks after MC cell 
inoculation) in the same schedule to late emerging MCs of the same average size resulted in 
reverse effect.   
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Figure 1.  Survival dynamics of control (cubes, dotted lines) and IL-2 treated (triangles) mice with early (white 
figures) and late (black figures) visible mammary carcinoma manifestation. Early emerging mammary carcinomas 
were treated with a single peritumoral 2.5x106 IL-2 injection at day 18 (white triangles) and late emerging 
mammary carcinomas were treated at day 51 (black triangles) after tumor cell inoculation. 
 
2. Two low peritumoral IL-2 doses  
 
As the second step, therapeutic efficacy of low IL-2 doses was tested in only early 
emerging MCs.  Eight males were treated twice with a peritumoral IL-2 treatment (2.5x105 

IU per mouse per injection) at days 13 and 22 after MC cell inoculation; eleven non-treated 
males constituted the control group. The average tumor diameter dynamics in control and 
treated groups did not differ significantly (data not shown). Then the relative tumor 
diameter (RTD) as a measure of tumor growth increase was calculated for both control and 
IL-2- treated tumors as this approach is very effective to reveal small differences in tumor 
growth rate was previously used [5]. The RTD was significantly smaller in the IL-2 treated 
group (Figure 2A) showing that IL-2 therapy caused delay of tumor growth. The survival of 
the whole IL-2 treated group was improved compared with the survival of controls before 
day 40 after MC inoculation, as 100% of the treated animals were alive versus only 73% in 
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control group (Figure 2B). The survival curves for both the IL-2 treated and control mice 
showed two distinct phases, namely before and after day 41 after MC cell inoculation. This 
was the reason for further search of blood parameters that can predict short term (died 
within 41 day after MC inoculation) and long term (died after day 41 after MC inoculation) 
survival (Figure 3A and 3B). 
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Figure 2. Two peritumoral 2.5x105 IL-2 treatments (arrows) were applied to early emerging mammary carcinomas 
at day 13 and day 21 after tumor cell inoculation. Average relative tumor diameter (A) and survival (B) for the 
whole control (gray columns, dotted line with cubes) and IL-2 treated (striped columns, triangles) groups.  
 
 
3. Tumor growth rates in short and long survivors 
 
The average survival time for short survivors in control and IL-2 treated group did not 
differ significantly (37±2 and 40±0.3 days, respectively). However short survivors 
comprised 6/11 or 54% of the control mice in versus only 3/8, or 37% of mice in IL-2 -
treated group. Two locoregional injections of IL-2 (PT, 2x105 IU per mouse per 
application) at days 13 and 22 resulted in tumor growth stimulation (Figure 3A) and 
significant tumor diameter increase was revealed at day 34 after MC inoculation (p<0.05).  

A

B
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The average survival time for long survivors in control and treated groups was similar, 
namely 46±1 and 47±1 days, respectively.  However, the proportion of long survivors in 
IL-2 treated group (5/8) was higher than in the controls (5/11), namely 63% versus 46%, 
respectively.  For these long survivors the same IL-2 therapy mode resulted in significant 
tumor growth delay (p<0.05) at the day 40 after MC inoculation (Figure 3B). 
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Figure 3. Average tumor diameter in control (cubes) and treated (triangles) males for short (A, black) and long (B, 
white) survivors after two peritumoral 2.5x105 IL-2 applications (arrows). *- p<0.005. 
 
 
No differences were observed in the average age and blood sampling for short and long 
survivors. Lung, spleen, and kidney weight tended to be elevated in long survivors 
compared with short survivors, and in IL-2 treated mice compared with controls (data not 
shown). Only liver weight was significantly increased in IL-2 treated long survivors 
(1450±103 mg) compared with control long survivors (1110±106 mg, p<0.05). Then we 
compared hematological and biochemical parameters within short and long survival 
subgroups measured in all mice prospectively before mammary carcinoma transplantation 
in an attempt to predict short or long survival of tumor-bearing mice after IL-2 treatment.  
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Figure 4.  
 
Hematological parameters for control (gray columns) 
and IL-2 treated (striped columns) short and long 
survivors. Significant differences in the parameter 
values were observed among treated short and long 
survivors. 

4. Prognostic factors among the hematological parameters measured in intact 
males before MC inoculation  

 
There were no statistically significant differences in seventeen hematological parameter 
values measured in control and IL-2-treated males prospectively before MC inoculation and 
IL-2 treatment (data not shown). Moreover, there were no statistically significant 
differences in average hematological parameter values measured in control short and 
control long survivors (Figure 4 A-E). However, to our surprise, 5 hematological 
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parameters differed significantly for short and long survivors within IL-2 treated group 
(Figure 4A-D). Both control and IL-2-treated short survivors exhibited noticeable higher 
leukocytosis than long survivors of both subgroups (data not shown). However, the 
proportion of segmented neutrophils was in average significantly elevated in IL-2 treated 
short survivors comparing with treated long survivors (Figure 4A, p<0.05) being at the 
similar average level in both short and long control survivors.  Furthermore, the proportion 
of lymphocytes was in average significantly decreased in blood of IL-2 treated short 
survivors compared with the proportion in treated long survivors (Figure 4B, p<0.01) being 
at the similar average level in both short and long control survivors. The average amount of 
RBC in blood of IL-2 treated short survivors was diminished comparing with the level of 
RBC in blood of treated long survivors (Figure 4C, p<0.05) being at the similar average 
level in both short and long control survivors. Average HGB and HCT levels were 
diminished in males that survived shortly after MC inoculation and two IL-2 applications 
(Figure 4D and 4E, p<0.05 and p<0.01, respectively) although control short survivors 
demonstrated the similar tendency.  

These data showed inflammation, anemia and leucopenia in IL-2-treated short 
survivors; whereas non-treated short survivors did not exhibit these disorders significantly 
more often than control long survivors.  
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Figure 5. Serum biochemical parameters for control (gray columns) and IL-2 treated (striped columns) short and 
long survivors. Significant differences in the parameter values were observed among treated short and long 
survivors. 
 

A B 

C D



Chapter 4 
 

 58

5. Prognostic factors among serum biochemical parameters measured in intact 
males before MC inoculation  

 
There were no statistically significant differences in average values of thirteen biochemical 
parameters measured in control and IL-2 treated males prospectively in intact males before 
MC inoculation (data not shown). The BIL level was in average significantly elevated in 
IL-2- treated short survivors compared with the level in long survivors (Figure 5A, p<0.01) 
being at the similar average level in short and long control survivors. Both ALT and AST 
levels were increased in average in males that survived shortly after MC inoculation and 
two IL-2 applications (Figure 5B and 5C) although AST was elevated more pronounced 
than ALT (p<0.05). One biochemical parameter, namely the amount of TG, was similarly 
elevated in both control and treated short survivors compared with control and treated long 
survivors (Figure 5D, p<0.05 for control short and long survivors). 
 
DICUSSION 
 
Early and late emerging transplanted mouse MC are always found in recipient mice 
receiving MC cells from the same donor tumor [5, 8, 10]. Also in the first experiment there 
were significant differences in visible manifestation time of emerging MC, suggesting 
distinct similarity to human BC where both aggressive and indolent forms occur [11]. The 
first data set shows that a single peritumoral IL-2 application against early emerging mouse 
MC near the second week post tumor transplantation resulted in significant survival 
improvement  in the BLRB mouse model, similarly to previously published data in A/Sn 
and BALB/c transplanted MCs [5]. However, tumor growth rates of MCs that reached the 
same size significantly later and consequently were treated considerably later (after 7 weeks 
post transplantation) were not inhibited, and tumor-bearing IL-2-treated mice survived 
shorter than controls. These findings remind of the data of Kiessling et al. about different 
effects of fast and slowly growing transplanted mouse cancer on the immune system 
causing local versus generalized tumor-associated immune suppression, respectively [1]. 
From this point of view immunotherapy with IL-2 might fail to prolong the survival in mice 
bearing late emerging, slowly growing mammary cancer due to generalized tumor-
associated immunodeficiency.  Similarly, retrospective research of Characiejus et al. 
demonstrated that immunotherapy by interferon increased overall survival only in the 
subgroup of renal cell carcinoma patients who had shorter survival, whereas for patients 
with longer survival immunotherapy tended to shorten the survival of treated patients [12].  
Taken together, these data (i) may demonstrate both benefit and damage of IL-2 therapy of 
murine mammary carcinoma and (ii) compel to find out prognostic factors that may predict 
the therapeutic effect of IL-2 therapy. These findings might facilitate to develop basic 
principles of a selection procedure for BC patients who may benefit from local IL-2 therapy 
as was proposed by Kedar and Klein [13].  

Therefore, as the second step several routine clinical hematological and 
biochemical parameters were measured in 64 intact BLRB males 2 weeks before MC 
inoculation. Two weeks after tumor cell inoculation an early emerging tumor subgroup (19 
males) was distinguished. Eight males were treated with IL-2, whereas 11 males bearing 
tumors of the same average size of about 5mm appearing at the same time constituted the 
control group. No significant differences in both tumor growth rate and survival were found 
in IL-2-treated males compared with controls. Analyzing individual data we proposed that 
for distinct recipients IL-2 therapy was helpful, whereas IL-2 stimulated tumor growth in 
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the rest. Therefore, short and long survivors were distinguished in both control and IL-2-
treated groups. We looked for a possible connection between blood/serum laboratory 
parameters measured in naive mice and further long or short survival time of tumor-bearing 
males with or without IL-2 therapy. We have expectedly found no differences in average 
naive laboratory parameter values between IL-2-treated and non-treated groups. Moreover, 
there were no significant differences in all laboratory parameter values between short and 
long survivors in non-treated groups (with one exception - TG level was significantly 
elevated in control short survivors comparing with control long survivors). Surprisingly, we 
have found significant differences in 5 hematological and 4 biochemical parameter levels 
among short and long survivors of the IL-2 treated mice. Possible interpretations of these 
altered biochemical parameters are presented here according to data in human pathology 
[14],  keeping in mind that non-SPF male mice were used in experiments. Direct and 
indirect forms of serum bilirubin are elevated in acute or chronic hepatitis (which is quite 
common for a distinct proportion of non-SPF animals). Both AST and ALT values are 
usually elevated (and AST is elevated more than ALT) in cirrhosis of the liver, and 
triglyceride values are elevated in the secondary nephrotic syndrome and biliary 
obstruction. 

This analysis shows that a few males with inflammation, leucopenia and anemia 
before mammary carcinoma transplantation (possibly due to chronic hepatitis, confirmed by 
histopathology) survived significantly shorter after tumor cell inoculation and IL-2 therapy 
than healthy animals inoculated with MC cells and treated by IL-2. This interpretation 
shows that weak physical condition of murine recipients might serve as limitation of IL-2 
application in used mode. These data are in agreement with the recommendation of Kedar 
and Klein to select only human cancer patients in good physical condition for 
immunotherapeutical regimens (e.g., with a Karnofsky performance status of more than 
70%) as patients with severe leucopenia, cardiovascular, respiratory, renal or liver disorders 
cannot receive certain types of treatment [13].  
Interestingly, in the untreated group the probability to survive shorter or longer after MC 
inoculation seems to be more or less similar for males with liver disorders and for healthy 
animals. This is compatible with the finding that all prognostic parameter values had the 
similar average level (SN, LY, RBC, BIL, ALT, and AST) or were only slightly different 
(HGB) in control-short and control-long survivors. Only one exception was observed, 
namely the level of triglycerides was elevated significantly in the serum of short survivors 
versus the average triglyceride level in long survivors of both control and treated groups.  
Key consequences of this analysis should be mentioned. First of all, these data suggest that 
chronic viral hepatitis (which is relatively common in non-SPF mice) might limit the IL-2 
therapy efficacy in MC bearing BLRB mice. This is important for human BC patients as 
about 10% of the Asian population has chronic hepatitis B virus infection, which may be 
reactivated during cytotoxic chemotherapy limiting therefore its efficacy [15]. Moreover, 
tamoxifen-induced hepatitis may occur in breast cancer patients as side-effect [16]. Second, 
using only SPF animals to test IL-2 therapy modes may lead to “false positive benefit” of 
immunotherapy in mouse model as only disease- free animals (low leukocytosis, high 
levels of LY, RBC, HGB, HCT in blood and low levels of BIL, ALT, AST, and TG in 
serum) showed significant delay of transplanted MC growth and survival prolongation after 
IL-2 application. 

Taken together, these considerations compel to develop a detailed selection 
procedure for BC patients who may benefit from the IL-2 therapy as it was proposed by 
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Kedar and Klein [13]. Finally, this task seems to be urgent as, up to now, local IL-2 
treatment did not lead to clinically promising outcomes in BC clinic [7, 17].  
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ABSTRACT 
 
The efficacy of local interleukin-2 (IL-2) therapy of breast cancer (BC) is not clear. 
Individual variations in tumor associated mononuclear cells (TA-MNC), which are the 
potential responders to local IL-2, may predetermine opposite effects on tumor growth. 
Besides, IL-2 can directly stimulate BC. Naturally arisen mouse mammary carcinomas 
(MCs) were used here to test IL-2 effects on MC cells in vitro and tumor growth in vivo. 
The location within tumor and phenotype of TA-MNCs were analyzed histopathologically 
and by flow cytometry, respectively. The results show that MC cells are likely to be 
unaffected by relatively low IL-2 dosages used in vivo. Significant individual variability in 
TA-MNCs amount/composition was found similarly to data in human BC. Profound tumor 
infiltrates with prevailing T/NK cells (11% of cases) were associated with slow tumor 
growth. In contrast, less prominent infiltrates without T/NK cells were associated with fast 
tumor growth.  

Non-treated control females bearing gradually emerging (lag+) tumors that 
exhibited well differentiated MCs survived on average longer than females with suddenly 
emerging (lag-) tumors. Lag- poorly differentiated MCs were more often associated with 
true infiltrative MNCs.  

Single peritumoral (PT) 2.5x106 IU IL-2 treatment resulted in tumor growth 
inhibition and better survival only of females with lag- tumors. However, the same therapy 
mode applied to these tumors too late resulted in significantly worse survival, especially for 
mice with MCs growing fast after visible tumor manifestation. 

Three PT 2.5x105 IU IL-2 treatments within 12 days after first tumor detection 
resulted in slow tumor growth after visible tumor manifestation in 82% of recipients versus 
35/46% in current/historical controls but shortened lag-periods of tumor growth if IL-2 was 
applied too early to palpable tumors.  

Single peri- and intra-tumoral (PIT) 105 IU doses IL-2 applied to lag- MCs within 
two weeks after visible tumor manifestation resulted in tumor growth inhibition and 
prolonged survival of thoroughly selected standard BLRB/BYRB virgins. Distinct 
similarity of these IL-2 “sensitive”, lag- anaplastic MCs often exhibiting true intra-tumor 
infiltrates to medullary breast carcinoma in women was revealed. This might serve as a 
rationale to look for patients who might benefit from low dose PIT IL-2 therapy among 
patients with this specific type of BC.  
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INTRODUCTION 
 
Initially the immune system is not compromised both in human breast cancer (BC) patients 
[1] and in transplanted tumor bearing mice [2, 3]. Stage-related individual variations in 
immune responses to autologous BC suggest that BC is immunogenic. Preinvasive BC 
seem to provoke a stronger cell-mediated immune response than advanced disease [4]. 
Mononuclear cells (MNCs) near the tumor site were less potent in synthesizing immune 
stimulating cytokines and mediate tumor cell toxicity in vitro than MNCs from different 
anatomical sites of BC patients [5, 6]. The IL-2 was shown to potentate the anti-cancer 
response of tumor associated mononuclear cells (TA-MNCs) obtained from breast 
carcinomas [7, 8]. Taken together this was a rationale to apply local IL-2 therapy to BC 
patients; however, this therapy has only been of limited use against BC as its results are 
unclear (reviewed in [9]). Several biological effects of cytokine might complicate 
successful local IL-2 therapy development, since the role of TA-MNCs might be 
controversial in various BC forms and during various consecutive stages of BC, and IL-2 
might also stimulate breast carcinoma cells directly [10, 11]. Thus, appropriate mouse 
models are required to evaluate the therapeutic potential of local IL-2 against BC and to 
develop the basic principles of a selection procedure for patients who might benefit from 
IL-2 therapy.  

Earlier, using several transplanted mouse models that mimic various aspects of 
human BC we have shown that the early emerging mammary carcinomas are generally 
more “sensitive” to IL-2 therapy than the late emerging tumors [12]. Furthermore, in the 
BLRB transplanted mouse model that is the first transplantation generation of a 
spontaneous mouse mammary carcinoma, subgroups could be distinguished with beneficial 
and non-beneficial effects of local IL-2 therapy ([13], Chapter 4). Survival of mice bearing 
early emerging mammary carcinomas and treated about second week post transplantation 
was improved, whereas survival of mice bearing late emerging tumors and treated about 
eighth week post transplantation was worsened comparing with survival of controls. Both 
tumors with early and late visible manifestation were of the same size at the moment of 
single IL-2 treatment. 

Importantly, there were no outstanding differences in tumor growth and survival 
time of the IL-2 treated and control mice of our strains when average tumor parameters and 
survival for the whole treated and control groups were compared [12, 13]. Therefore, short 
and long survivors were selected in both treated and control groups. Afterwards, analyzing 
the IL-2 effect within these subgroups separately, there was no significant tumor growth 
inhibition in long survivors (beneficial recipients) and tumor growth stimulation in treated 
short survivors (non-beneficial recipients).  

We speculate that the absence of clear therapeutic IL-2 effect against BC might be 
also explained by this opposite effects of a treatment on beneficial and non-beneficial BC 
patient populations. To test this hypothesis, we analyzed local IL-2 therapy effect in 
spontaneous mammary cancer in original mouse strains, namely BLRB, BYRB, and CBRB. 
This model system [14] has been shown as a proper mouse model for human BC [15] and 
has been successfully used for anti-cancer drug testing [16-19] and anti-cancer vaccination 
protocol testing [20]. In our previous experiments, we have used transplanted mouse 
models, but naturally arisen mouse mammary carcinomas (MCs) have important 
differences in tumor morphology and immune response to autologous MC cells [21], they 
proposed to be closer to human BC [22]. Therefore, only females with spontaneous MCs 
were used here to test therapeutical potential of local IL-2. The terms “spontaneous” and 
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“naturally arisen” are used in this paper as synonyms to stress that mammary carcinomas 
occurred in BLRB, BYRB, and CBRB females without special participation of researchers 
although MMTV involvement was supposed (Chapter 8).   

The purpose of this research was (i) to test IL-2 effect on mouse MC cells from 
primary cultures in vitro, (ii) to obtain TA-MNCs from spontaneous MCs for phenotyping 
by flow cytometry simultaneously providing histopathological analysis, and (iii) to reveal 
advantages and disadvantages if any of various IL-2 treatment regimens using two basic IL-
2 dosages, namely 106 IU (thereafter shortly called high dosage) and 105 IU (thereafter 
shortly called low dosage).  

Spontaneous mammary tumors represent an extremely heterogeneous population 
(Chapter 8). Therefore, firstly, various groups of spontaneous mammary carcinoma were 
distinguished: (i) lag-positive and lag-negative tumors due to the presence or absence 
respectively, of a notable palpable tumor growth step from the first detection point to 
visible tumor manifestation (called standard detection point, SDP for individual tumor), and 
(ii) tumors growing slowly or fast after SDP. This two step division procedure applied to 
both treated and control tumor sets allowed analyzing the IL-2 therapy efficacy within these 
more homogenous groups. And then the locoregional IL-2 therapy efficacy was tested in 
vivo. Finally, detailed recommendations were formulated for whom, when, and how used 
local low dose IL-2 therapy should be applied against spontaneous mammary cancer to get 
beneficial effects and/or cured recipients.  
 
 
MATERIALS AND METHODS 
 
Mice and mammary carcinomas 
 
Females of BLRB, BYRB, and CBRB strains were maintained in non-SPF, but thoroughly 
controlled conditions at the Mouse Breeding Department at the Shemyakin-Ovchinnikov 
Institute of Bioorganic Chemistry, Moscow. These strains are characterized by high 
incidence of naturally arising mammary carcinomas with possible MMTV involvement 
(Chapter 8 of the thesis).   
About 100-150 females of three strains with spontaneous mammary carcinomas were 
available per year. Visible mammary tumor incidence was about 90-95 and 80-85% for 
bred and virgin BLRB and BYRB females, respectively. Visible mammary tumor incidence 
in CBRB strain is significantly lower, especially in virgins, namely less than 50% for 
virgins and about 75% - for bred females. Tumor latency was about 9.5, 11, and 12.5 
months for BYRB, BLRB, and CBRB in “retired” extensively bred females, respectively 
(Chapter 8).   
             The pre-tumor female colony was inspected once a week to detect tumors 
manually. Subcutaneous tumors of about 4-5 mm in size that were visible upon the first 
detection were named “suddenly appearing” or lag-negative (lag-). Those that were first 
detected as invisible palpable tumors, and are not visible until at least two weeks or later 
(lag-period) were named “gradually appearing” or lag-positive (lag+). Historical data of 
non-treated MC bearing females of all three strains during 2 years before IL-2 therapy 
experiments have been recorded (total n=310). These data were used to classify mammary 
tumors and to reveal differences in tumor growth parameters and associated leukocyte 
infiltrate patterns between these two groups. Histopathological research was used to find 
out biological ground for this division.  
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Primary culture of mammary carcinomas 
 
Mammary carcinoma cells were obtained and cultured as was previously described [15]. 
Briefly, spontaneous tumors were isolated from tumor bearing females and then were 
manually disrupted by pressing cells through a stainless steal wire mesh with a syringe 
piston. Cell suspensions were washed twice in phosphate buffered saline (PBS), transferred 
to RPMI-1640 supplemented with 10% heat inactivated fetal calf serum (FCS), 2 mM of L-
glutamine and antibiotics (CM) and incubated in  5% CO2 at 37oC in 25 cm2 flasks to 
obtained and used to develop primary culture in vitro.  
 
Proliferation assay 
 
The proliferation assay was performed as described in [23]. Briefly, the cultured cells were 
added to each well in a constant volume of 500C and incubated with IL-2 at 370C, 5%CO2 
in RPMI-1640 supplemented with 7.5% heat inactivated fetal calf serum and 2.5% calf 
serum in flat-bottom 96-well microtiter plates (Nunc, Denmark) for 24 h. The tumor cell 
concentration ranged from 1.5x103 to 2x106 cells/ml. After the culture period 10µl MTT (3-
[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide, Sigma ) was added to each 
well. Plate was incubated at 370C for 4h. After formation of the formazan crystals plate was 
centrifuged for 5 min at 1200 rpm/min, the supernatant was removed, formazan crystals 
were dissolved in DMSO (100 µl/per well). The absorbance was recorded using a 
microplate spectrophotometer (Multiscan MCC 340, Bio-Rad, USA) using a test 
wavelength of 550 nm, a reference wavelength of 690 nm.   
 
Tumor associated mononuclear cell (TA-MNC) purification 
 
Spontaneous tumors were isolated from mammary tumor bearing females for identification 
of the composition of TA-MNCs. TA-MNCs were isolated from spontaneous mammary 
tumors by Ficoll gradient. Tumors were cut in small pieces, homogenized by pressing cells 
through a stainless steel wire mesh. Additionally cells were passed several times through a 
24g needle to produce a disaggregated cell suspension. Then cells were washed once with 
phosphate-buffered saline (PBS) and overlaid onto 5 ml of Ficoll-Paque solution in 10 ml 
of PBS. Tubes were centrifuged at 2000 rpm for 10 min and the inter-phase cells were 
collected. They were washed twice with BPS and further used for flow cytometry.  
 
Flow cytometry 
 
TA-MNCs were stained with labelled antibodies in PBS with 1% bovine serum albumin 
and 0.05% NaN3 (PBAN) for 1 hour, then washed in PBAN, fixed in 1% 
paraphormaldehyde in PBAN at room temperature for 1 hour. After final wash in PBAN 
TA-MNCs were transferred into FACS tubes in PBS with 1 mM EDTA. To identify 
different populations of TA-MNCs, labelled cells were analyzed by flow cytometry using 
FACScan (Becton Dickinson, USA) and CELLQuest software by WinMDI version 2.8 
program. Live MNCs were gated using two-dimensional display of a mixture of anti-CD3-
fluorescein isothiocyanate (FITC) and anti-B220-FITC antibody fluorescence vs. side 
scatter. The following Mabs were used for flow cytometry: anti-CD3-FITC, anti-CD11b-
FITC, anti-NK1.1-PE, and isotype control Abs (Caltag, San Francisco, Calif).  
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Local IL-2 therapy and monitoring of therapy results 
 
The mice were treated with IL-2 s.c. at the site of tumor growth (peritumoral injection, PT) 
or both peri-tumorally and intra-tumorally (PIT). IL-2 was obtained from Chiron 
(Amsterdam, The Netherlands) and suspended in 0.5 ml containing 0.9% NaCl and 0.1% 
Bovine Serum Albumin (BSA). Mice were examined daily for survival and weekly for 
tumor size measuring. 
 
Tumor diameter 
 
The individual tumor growth was expressed as the mean tumor diameter (TD) dynamics.  
Mean TD was calculated using the formula (a+b+h)/3; where a is the maximal length, b is 
the maximal width, and h is the average height of the a regularly shaped tumor. This 
approach was used to visualize the linear tumor growth phase [18]. 

However, mean tumor diameter (TD) estimation for irregularly shaped tumors and 
total TD estimation for spontaneous mammary tumors have some peculiarities since a 
distinct proportion of the females has more than one visible tumor localization (on average, 
non-treated females exhibited about 1.4 tumors per female; Chapter 8). For these cases the 
volume of each tumor was calculated according to the formula V = 1/6π a b h (Schreck, 
1936) and all volumes were totaled. The diameter of this resulting sphere was calculated 
and used as the total tumor diameter of all tumors for a female. In the case of a very 
irregularly shaped tumor, its size was calculated as the diameter of a resulting sphere. The 
volume of this resulting sphere was equal to the sum of the volumes of several more regular 
smaller constituent spheres.  
 
Histopathology 
 
All females bearing advanced tumors that lost more than 15% of their total body weight 
were sacrified by cervical dislocation. Post mortem examination and histopathological 
research were provided as previously described [15]. Briefly, tumors, regional lymph 
nodes, surrounding and adjacent tissues, and lungs were excised from females with 
spontaneous mammary cancer and fixed in phosphate-buffered 4% formalin; paraffin 
sections (5µm) were prepared and stained with hematoxylin-eosin (HE). Mammary tumors 
were classified according to [15].  
 
Statistical analysis 
 
The data were analyzed using the Excel Program. The significance of differences in 
average values was determined by the parametric Student t-test. Results are presented as 
means + SEM. The Mann-Whitney U-test was used to compare 2 groups in survival 
dynamics.  
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RESULTS 
 
 In vitro testing of IL-2 effect on mammary carcinoma cells  
 
Primary cultures from 5 different mammary carcinomas (MCs) were incubated with human 
IL-2 varying from 0.01 to 103 IU/ml. Proliferation and viability were analyzed by the MTT 
test. The results show that IL-2 did not influence MC cell proliferation in primary cultures.   
 
Tumor associated and tumor infiltrated mononuclear cells 
 
Tumor associated mononuclear cells (TA-MNCs) were obtained from 19 spontaneous 
mammary carcinomas (MCs) at four consecutive stages of growth (stages are marked with 
arrows on Figure 1A). We distinguished the following stages of mammary carcinoma (MC) 
growth: stage 0 - lag period, namely palpable MC before visible manifestation (before 4 
mm in size, 3 tumors), stage 1- early after visible emerging (from 4 to 10 mm in size, 7 
tumors), stage 2- advanced tumors (more than 10 mm but less than 20 mm in size, 6 
tumors), stage 3- late end-stage tumors (about 20 mm and larger, 3 tumors). The number of 
TA-MNCs was calculated for each individual tumor. For the comparison between tumors of 
different sizes the number of TA-MNCs was calculated per 100 mg of tumor. The 
proportion of total number of TA-MNCs in individual tumors varied from 0.002% to 
0.032%.  

Various proportions of TA-MNCs in individual tumors were found within each 
MC progression stage. In 63% of tumors CD3+ lymphocytes and NK cells prevailed 
although CD11b+ cells of macrophage lineage constituted a noticeable proportion, namely 
in 37% of the tumors (Figure 1A). 

The dynamics of the growth of tumors infiltrated with different composition and 
amount of lymphocytes are shown in Figures 1B (early 0-1 stages of MC progression) and 
1C (advanced stage 2 of MC growth). Prominent T-lymphocyte, NK cell, and macrophage 
tumor infiltrate among 10 tumors of the first stages tested was found only in a single tumor 
of 5 mm in size in a CBRB virgin at the fifth week after detection (Figure 1B, solid 
triangles). This lag- tumor showed very slow growth comparing with typical fast growing 
lag- tumors of 6.3 and 7.7 mm in size of BLRB females analyzed at the week 2 and 3 after 
tumor detection, respectively (Figure 1B, open circles and squares, respectively). The TA-
MNCs were mainly composed of macrophages (Figure 1A, tumors of 6.3 and 7.7 mm, 
respectively). In the tumor of 6 mm in size, which was analyzed at the third week after first 
tumor detection in a BYRB virgin, the infiltrate was also mainly composed of macrophages 
although T-lymphocytes and NK cells were present (Figure 1A, 6 mm). This tumor showed 
a two weeks lasting lag-period to visible tumor manifestation (Figure 1B, solid circles). The 
lag - tumor of 4 mm in size analyzed at the second week after detection in BLRB female 
grew steadily similarly to a tumor of 5 mm. Tumor infiltrate of this 4 mm tumor was 
composed of prominent number of MNCs with prevailing T/NK cells. Interestingly,  the 
tumor of 3 mm in size analyzed at the first week after tumor detection and showing 
prominent number of MNCs among other tumors of stage 0 was found as the second nodule 
in the same CBRB female with the slowly growing 5 mm tumor and outstanding number of 
MNCs (Figure 1A, 5 mm).  

The association between the rate of tumor growth and amount/composition of TA-
MNCs was also analyzed for tumors of the advanced stage 2 of MC (Figure 1C). 
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Figure 1. Mammary tumor associated mononuclear cells (TA-MNCs). 
A -Total number of CD3+, NK, and CD11b+ cells per 100 mg of mammary tumor that were measured in 19 
spontaneous MCs; between arrows are tumors of the consecutive stages 0-3 of MC growth;  B- Fast growing lag- 
MCs of 6.3 and 7.7 mm in size (from Fig. 1A) at the cytometry analysis (open circles and squares, respectively) 
exhibited no T and NK cells in tumor infiltrate while very slowly growing lag- MC of 5 mm (solid triangles) 
exhibited outstanding amount of T, NK cells, and macrophages in tumor infiltrate; in the lag+ MC of 6 mm at 

D E
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analysis (solid circles) macrophages prevailed; C - Fast growing lag- MC of 16 mm in size (from Fig. 1A) at the 
cytometry analysis (open squares) showed a poor infiltrate while very slowly growing lag- MC of 16.3 mm (solid 
triangles) exhibited prominent amounts of prevailed T and NK cells in the tumor infiltrate; in the lag+ MC of 19 
mm at the analysis (solid circles) a smaller infiltrate with a similar cell composition was present; D - True TI-
MNCs within fibrous stroma of the lag- mammary tumor mainly surrounding anaplastic solid cell carcinoma type 
(D, right bottom) in contrast to the less aggressive adenoid carcinoma type (AD, upper left), HE staining; E - 
Mainly macrophages were found among TA-MNCs located near the surface of advanced mammary tumor, PAS 
staining.   
 
Two tumors of similar size (Figure 1A, 16 and 16.3 mm) were analyzed at weeks 5 and 12 
after first tumor detection in the BYRB and BLRB females, respectively (Figure 1C, open 
squares and solid triangles, respectively). Only the very slowly growing lag- BLRB tumor 
showed prominent amount of TA-MNCs with prevailing T/NK cells. Second advanced 
tumor in the BYRB female of 19 mm in size with relatively high TA-MNCs (Figure 1A, 19 
mm) was analyzed at the week 6 after detection and was characterized with a prominent 3 
weeks lasting lag-period (Figure 1C, solid circles). 

Histopathological analysis revealed prominent true tumor infiltrating leukocytes in 
only one out of 8-10 tumor samples (Moiseeva, manuscript in preparation). True tumor 
infiltrating MNCs (TI-MNCs) were found within the first progression steps of suddenly 
emerging lag- mammary carcinoma (Figure 1D). On the contrary, tumor samples of the last 
progression stages showed mainly tumor leukocyte infiltrates located near the tumor 
surface (Figure 1E). PAS staining was used to reveal macrophages prevailing within an 
infiltrate according to [24]. 

These flow cytometry and histopathology data together show that (i) prominent 
leukocyte infiltrates (above 0.01% of all cells in the tumor) are relatively rarely found in 
mouse mammary cancer, (ii) both the amount of TA-MNCs and their phenotypes vary 
significantly in individual tumor samples even for tumors of the same stage of progression, 
and (iii) T-lymphocytes and NK cells prevail in the majority of samples. These data are 
similar to findings in human BC [5, 6]. Distinct associations were found among TA-MNC 
amount/composition and tumor growth characteristics, namely only very slowly growing 
lag- tumors (2 from 19 tumors tested) exhibited prominent tumor leukocyte infiltrates with 
T and NK cells prevailing. Less prominent but notable tumor infiltrates were found in MCs 
exhibited palpable steps of MC progression (namely, in lag+ tumors).  
 
Two step selection procedure of recipients for IL-2 therapy  
 
Spontaneous mouse MCs are extremely heterogeneous. They differ significantly in the 
kinetics of tumor growth and, consequently, survival of the host. Both fast growth and 
relatively indolent forms occur in mice, similarly to human BC. This complicates testing of 
local IL-2 therapy in spontaneous mouse models. Therefore, we developed a two step 
selection procedure and applied this to all spontaneous tumors to discriminate between 
tumor subsets with different growth parameters.  

Step 1: lag-positive (lag+) and lag-negative (lag-) MCs (Figure 2A, triangles and 
cubes, respectively) were distinguished by the presence or absence, respectively, of a 
palpable step within at least two weeks before visible tumor manifestation. The time of 
visible manifestation (tumor diameter about 4-5 mm) was called the standard detection 
point (SDP) for an individual tumor. This implies that the total tumor survival time of a lag+ 
tumor–bearing female consists of two distinct periods: namely, before the SDP (lag-period) 
and after the SDP (specific survival). This first division procedure allows comparing lag+ 
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and lag- tumors not only from the first detection point (Figure 3A) but also from the SDP 
(Figure 3B). This approach is useful for standardization and comparing of data from SDP.  

Step 2: two slower growing and two faster growing MC types (Figure 2 B, 
triangles and cubes, respectively) were distinguished after SDP according to their tumor 
growth kinetics after visible tumor manifestation.  
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Figure 2. Visualization of  two step division procedure to form homogeneous groups of spontaneous mouse 
mammary tumors. 
 A- Step 1. Tumors with a lag-period (lag+ tumors, triangles) before standard detection point (SPD) and without 
lag-period (lag- tumors, cubes) are distinguished. 
B- Step 2. Growth kinetics for fast (open cubes), normal (solid cubes), slow (open triangles), and very slow (solid 
triangles) growing tumors after SDP.  
 
Firstly, tumors with “normal” tumor growth rate were distinguished (Figure 2 B, solid 
cubes). Tumors with typical kinetics (about 5-7-9-11 mm at the weeks 1-2-3-4, respectively 
and diameter about 20 mm at week 8 after SDP) prevailed in each tumor set; therefore this 
pattern was called “normal” tumor growth rate. Females bearing these tumors survived on 
average for about 8 weeks after SDP. Tumors with faster speed (more than 13 mm in 
diameter at week 4 after SDP) exhibited fast growth rate (Figure 2 B, open cubes). Females 
bearing these tumors survived on average for about 6 weeks after SDP.  When small tumor 
sets were analyzed the two tumor groups were considered as the fast growing tumor set 
(experiment 3, see below). In contrast, slowly and very slowly growing tumors (Figure 2 B, 
solid and open triangles, respectively) had a diameter of less than 10 mm at the weeks 4 and 
8 after SDP, respectively. Females bearing these tumors survived on average for more than 
10 weeks after SDP. When small tumor sets were analyzed the two tumor groups were 
considered as the slowly growing tumor set (experiment 3, see below).  
 
Lag-positive and lag-negative mammary tumors  
 
In the bred and virgin BLRB females with spontaneous MCs (n=169) two types of visible 
tumor manifestation were distinguished: gradually (two weeks or longer before visible 
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manifestation, lag-positive) and suddenly emerging (about 5 mm in size at the first 
detection, lag-) mammary tumors. The average tumor diameter kinetics of 53 bred females 
and 116 virgin females are presented in Figure 3A, black and grey figures, respectively.  
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Figure 3. Differences in growth kinetics (A) and histopathological patterns (B, C) of lag- and lag+ mammary 
carcinomas. 
A- Significant differences in the mammary tumor growth kinetics of lag- (cubes) and lag+ (triangles) carcinomas. 
Average tumor diameter versus weeks after the first tumor detection is plotted for 53 bred BLRB (black) and 116 
virgin females (grey); B- Lag+ mammary carcinoma (AD + D) with mainly well-differentiated microacinar 
carcinoma constituents (AD) (upper left and right centre) and more aggressive poorly differentiated solid 
carcinoma component (D) (left bottom, left centre, and right bottom), HE staining; C- Details of aggressive D 
mammary carcinoma withpale nuclei and necrotic area (left bottom), blood vessels (top and bottom) and leukocyte 
infiltrate (upper left) within invading stroma, HE staining. 
 
If a retired mouse colony is inspected once a week by palpation, the suddenly emerging 
tumors are about 4-5 mm in mean diameter at the moment of the first detection. An 
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example of individual tumor growth kinetics is shown in Figure 2A, solid cubes). Average 
tumor growth curves for these tumors are presented in Figure 3A, cubes.  
On the other hand, the size of gradually emerging tumors is about 1-2 mm in mean diameter 
at the first detection by palpation and remains less than 4-5 mm in mean size during more 
than two weeks; so there is a lag- period to visible manifestation (individual and average 
tumor diameters are presented in Figures 2A and 3A, triangles, respectively).  

The average TD was used as a measure of tumor growth to visualize the linear step 
of mammary tumor growth. Indeed, the growth kinetics of lag- (up to eighth week) and lag+ 
tumors demonstrated an accurate fit with a linear approximation to the average tumor 
diameter (Figure 3A; cubes, R2 = 0.98 and triangles, R2=0.97, respectively), but with 
different growth rates. Double dotted black/grey pattern (Figure 3A) shows coincidence in 
mammary tumor growth within both gradually and suddenly emerging tumor subsets for 
the two different cohorts of females. This validates the reliability of presented selection 
procedure using a two-week lag-period to visible tumor manifestation as a criterion. 

The presence of a lag period relates to differences in survival, namely 78 ± 9 days 
versus 56 ± 3 days, for lag+ and lag- MCs, respectively (P<0.01). Histopathological analysis 
revealed extremely heterogeneous patterns in both gradually and suddenly emerging 
mammary tumors. We failed to find particular features for each tumor subset analyzing 
samples from the late stage 4 spontaneous mammary tumors. Both lag- and lag+ tumors had 
similar histopathological patterns in the advanced lumps, namely poorly differentiated 
anaplastic types of hemorrhagic and necrotic mammary carcinoma (data not shown). 
However, the presence of extra primary mammary tumors appearing later in the same 
BLRB, CBRB, and especially in BYRB females with advanced first lumps enabled to 
investigate first steps of mammary cancer progression. Incipient nodules of indolent type 
were mainly composed of well-differentiated mammary carcinoma with microacinar 
structures (A-AD types according to [15]) before they reached visible size of about 4-5 mm 
(Figure 2B, upper left). Poorly differentiated pale carcinoma (weakly stained anaplastic 
type D of the mammary carcinoma with characteristic pale nuclei, [15]) arose within these 
nodules later, resulting in the heterogeneous patterns (Figure 3B, left and right bottom). In 
contrast, suddenly appeared nodules were mainly composed of aggressive pale carcinoma 
constituent frequently invading stroma with prominent intratumoural vascularity (details are 
shown in Figure 3C). Necrotic areas may be found as early as one week after the first 
detection (details are similar to those depicted in Figure 3C, left bottom). Prominent 
leukocyte infiltrates (true TI-MNCs) were found within these tumors, not more often as 
one-two cases among 8-10 mammary tumor samples (Moiseeva et al., manuscript in 
preparation) surrounding anaplastic mammary carcinoma areas (Figure 3C, upper left).   
 
Single peritumoral high dose IL-2 effect on lag-negative and lag-positive tumors  
 
Experiment 1. Twenty three females of the three strains and of different ages and bred 
statuses with mammary tumors at different steps of progression were treated by a single PT 
2.5x106 IU IL-2 injection. Lag+ and lag- tumors were distinguished in both treated and non-
treated mice using a minimal lag- period of two weeks between first palpation and visible 
manifestation as criterion. The IL-2 therapeutical effect was evaluated for females bearing 
lag- (n=16) and lag+ (n=7) tumors separately. Untreated mice with lag- (total n=58) and lag+ 
tumors (n=7) were used as controls. Control group 1-2 (n=31) consisted of females that had 
lag- MCs before and after this experiment. Additional control group 3 (n=14) and group 4 
(n=13) got lag- MCs after this experiment. First steps of tumor growth in mice before IL-2 
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treatment from late treated females were also used as control tumor growth data. The data 
concerning weeks after tumor detection and tumor diameter at the therapy start were 
matched with averages of each control group for lag- tumor sets. IL-2 treated lag+ tumors 
were matched individually with controls regarding lag-period duration, weeks after first 
tumor detection and tumor diameter at the therapy start.  

Lag-negative tumors. Single IL-2 treatment resulted in significant  (p<0.01) 
average tumor growth suppression at weeks 5, 6, and 7 after tumor detection in females 
bearing lag- tumors (Figure 4A, black cubes) compared with control tumor growth (Figure 
4A, white cubes, dotted line). As a result, IL-2 treated females with lag- tumors survived 
longer (Figure 4B, black cubes) than various control groups (Figure 4B, white cubes, dotted 
lines).  
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Figure 4. Experiment 1. 
 
Tumor growth (A) and survival (B, C) after a single 
peritumoral 2.5x106 IU IL-2 dose. IL-2 treated 
(solid lines) females bearing lag- (A, B, cubes) and 
lag+ (A, C, triangles) tumors compared with 
untreated controls (dotted lines).  
 
** - p < 0.01. 
 

 
Lag-positive tumors. No significant effect of IL-2 on lag+ carcinomas was found 

(Figure 4A, black and white triangles).  The survival dynamics of IL-2 treated females was 
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similar to survival of individually matched females with lag+ tumors (Figure 4C, black and 
white triangles, respectively). 

Our conclusion was that MCs that were “sensitive” to IL-2 treatment by a single 
PT treatment with 2.5x106 IU IL-2 were often found within lag-negative MC set. Therefore, 
we continued our experiments with females bearing lag- mammary carcinomas.  
 
Single peritumoral high dose IL-2 effect on tumors growing fast or slow after standard 
detection point  
 

Experiment 2. At day 0 thirteen virgin and bred BLRB and BYRB females bearing 
lag- mammary carcinomas at various stages of tumor growth were treated by a single high 
PT dosage of IL-2. Females were on average of 13.5±1.1 months of age. Tumors of 9.1±0.9 
mm in average size were treated on average at about week 4 (3.9±0.5) after visible tumor 
manifestation. Time of the therapy start varied from week 2 until week 7 after SDP. The 
same historical controls with lag- tumors as for experiment 1 were used.  

The survival after IL-2 treatment was significantly worse than  survival of 
historical controls used in previous experiment (p<0.05), although one IL-2 treated BYRB 
virgin female survived especially long although bearing large MC, namely 20 weeks (Table 
1, female 10). This implied that beneficial and non-beneficial mouse recipients existed in 
treated group. Therefore, mice were divided in long (longer than average control survival,  
 
Table 1. Tumor parameters for short and long survivors in the experiment 2.  
 

Parameters at the therapy start 

Female 
identification 
number 

Strain: 
1-BLRB; 
2-BYRB 

Status: 
0-bred; 
1-virgin 

Survival 
 
 

Female age, 
Months 
 

Week after  
SDP 
 

Tumor 
diameter 
(mm) 

TGR** 
 after 
SDP 
 

1 2 0 short 7.5 2 5.0 NC*** 
2 2 1 short 12.0 5 12.7 2 
3 1 1 short 13.3 4 13.7 3 
4 2 1 short 16.4 5 13.7 2 
5 1 0 short 19.2 4 10.7 2 
6 1 0 long NC 2 6.3 2 
7 1 0 long 8.5 7 10.3 1 
8 2 0 long 9.0 2 5.0 1 
9 2 1 long 12,5 2 6.0 NC 
10 2 1 long* 14.7 3 5.1 1 
11 1 0 long 15.0 7 10.3 0 
12 2 1 long 16.8 3 7.3 1 
13 1 1 long 17.5 5 12.3 2 

 
*- a female surviving more than 20 weeks; 
**- TGR=0 for very slow tumor growth rate; TGR=1 for slow tumor growth rate; TGR=2 for normal tumor 
growth rate; TGR=3 for fast tumor growth rate (for definition of tumor growth rate after SDP, see Figure 2B); 
***- not clear.  
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n=8) and short (shorter than average control survival, n=5) survivors. Then correlations of 
survival time with tumor diameter  at the therapy start, and with tumor growth rates were 
estimated within these beneficial and non-beneficial groups, respectively. The data showed 
that IL-2 applied too late (tumor diameter more than 10 mm at about 4-5 weeks after tumor 
detection) to fast growing tumors (TGR is more or equal to 2) was not successful (Table 1, 
females 2-5). Average tumor growth rate was significantly faster in non-beneficial 
population than in the beneficial population, namely 2.25+0.25 versus 1.14+0.26, 
respectively, p<0.05. Notably, tumor diameter at the therapy start (r=-0.85) and tumor 
growth rate after SDP (r=-0.86) correlated inversely with survival only for virgins. 

As a result we concluded that late application (fourth week or later after SDP) of a 
single high dose IL-2 therapy to fast growing lag- tumors (tumor diameter more than 10 
mm) was on average not effective compared with the same therapy mode to advanced 
(stage 3) lag- slowly growing mammary carcinomas.  

Therefore in the next experiment the majority of mammary tumors were treated 
soon after their first detection.  

Three peritumoral low IL-2 doses applied within 12 days  
 

Experiment 3. All females of all three strains (n=33) with lag- visible tumors and 
lag+ palpable tumors were treated with PT 2.5x105 IU IL-2 injection at days 4, 8, and 12 
after tumor detection. Four females bearing large advanced MCs (stage 4, tumor diameter 
about 18 mm) were treated with the same IL-2 regimen. There were 2 groups of current 
controls: the first one contained 36 mice, and the second one contained 56 mice (using a 
somewhat larger period of observations). Also historical controls (non-treated mice with  
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Figure 5. Experiment 3.  
A- Survival of IL-2 treated females (cubes) and non-treated current controls (triangles); 
B- Proportion of tumors growing fast (striped columns) and slowly (grey columns) after SDP among IL-2 treated 
females and non-treated current and historical controls. 
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lag- MCs, died between experiment 1 and 2, n=58) were used. The controls were used to 
evaluate the proportion of MCs growing slowly and fast after visible manifestation, or 
standard detection point (SDP). 

First, we analyzed the survival of the whole treated group comparing with survival 
of current controls (Figure 5A, n=37 and n=36, respectively). The majority of the females 
(n=33) were treated within one week after the first tumor detection point. The survival data 
show that this therapy mode resulted in significant (p<0.05) survival dynamics improving 
(Figure 5A, cubes) compared with survival of non-treated current controls (Figure 5A, 
triangles). Only the four females treated near the end points of tumor growth did not show 
any advantage as tumor growth showed a plateau in this stage and IL-2 treatment did not 
result in any notable tumor growth inhibition. To further analyze these data we compared 
the survival of treated and control mice within specific tumor sets after two step selection 
procedure (typical examples were presented in Figure 2). However, the beginning of low 
IL-2 therapy in this experiment almost concurred with both the visible and palpable tumor 
first detection points. Therefore, it was unknown before IL-2 application whether lag+ or 
lag-, fast or slowly growing tumors were treated. Therefore, we applied our selection 
procedure to IL-2 treated tumors to estimate the proportions of fast/slow tumor growth after 
SDP within IL-2 treated tumors. Proportions of females that exhibited fast or slow growth 
after SDP (Figure 2B) were evaluated (Figure 5B). The vast majority of IL-2 treated 
recipients (82%) exhibited slow tumor growth rate after SDP while only 18% of IL-2 
treated females demonstrated fast growing tumors after SDP. The same procedure was 
applied to current control (n=56) and historical control (n=58) cohorts of females with 
spontaneous mammary carcinomas (Figure 5B). MCs growing fast after visible 
manifestation prevailed in both control cohorts, comprising 55- 64% of females. So, applied 
early this mode of IL-2 therapy seems to be able to turn a potentially fast to a slow tumor 
growth rate. As a consequence, specific survival (life span after SDP) was significantly 
prolonged in IL-2 treated females versus survival of non-treated mice. But total survival 
time of tumor-bearing females evaluated from the first tumor detection was the similar for 
treated females and controls. This implies that survival from the first tumor detection until 
visible manifestation, namely lag-periods were shortened for treated females.  

Conclusions: (i) females with advanced tumors near the end point of life span 
(stage 4) did not benefit from IL-2 treatment; (ii) low IL-2 dose applied three times to 
visible tumors near the time of visible manifestation resulted in significant tumor growth 
delay. This IL-2 therapy mode applied to palpable tumors early after first tumor detection 
led in average to prolongation of specific survival after SDP, but the duration of lag-periods 
appears to be shortened. So, these data showed that IL-2 therapy should not be applied too 
early (to palpable tumors). 
 
Local peri- and intratumoral low IL-2 dose applied once and three times  
 
Experiment 4. Only standardized BLRB/BYRB female populations, namely virgins of 15.4 
± 0.4 months of age were used in this experiment. Tumors of about 5-7 mm near the second 
week after visible tumor detection were treated PIT by a single small IL-2 dose (group 1, 
single therapy mode, n=6) or this treatment was applied at weeks 1, 2 and 4 after visible 
tumor detection, (group 2, supporting therapy mode, n=8). Seven BYRB virgins of similar 
age bearing spontaneous tumors with similar characteristics (being of about 5 mm within 
two weeks after visible tumor detection) at the same time as treated females were used as 
current controls.  
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The data obtained from experiments 1-3 compel to search for standardization of 
requirements for treated and control mice. The following points were standardized: 
1- Only virgin BLRB/BYRB females were selected for experiment 4 as experiment 2 
showed clear inverse correlations between the start of IL-2 therapy and survival only for 
virgins; 
2- All virgin females of 2 treated and one current control groups were of similar age (15.4 + 
0.4 months) at the moment of tumor detection;  
3-All recipients were treated at week 2 after standard detection point; 
4- Tumors were about 5-6 mm in size at the start of IL-2 therapy; 
5- Single PIT 105 IU IL-2 treatment was applied to the first treated group; 
6- PIT 2x105 IU IL-2 treatment was applied three times to the second treated group. 

Both therapy modes resulted in the same extent of significant tumor growth delay 
in treated mice (Figure 6A). But only survival of females treated once (Figure 6B, white 
column) was significantly prolonged comparing with survival of controls (Figure 6B, grey 
column, p<0.05). These data showed that single low PIT IL-2 treatment prolonged survival  
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Figure 6. Experiment 4. 
Tumor growth delay (A) and average survival time (B) for single low PIT IL-2 treatment (white figures) and the 
similar IL-2 dosages applied PIT three times (black figures) versus controls (grey figures).  
*- p < 0.05;   ** - p < 0.01. 
 
of selected BYRB virgins exhibiting visible tumors within one-two weeks after the first 
detection; however, no mice were cured. Histopathological analysis revealed fast growing 
anaplastic intensively stained type E mammary carcinoma that replaced the hemorrhagic 
slowly growing cystic adenocarcinoma, type A (Figure 7) in females with temporarily 
inhibited tumors. 

The survival of mice treated three times by the supporting therapy mode (Figure 6, 
black column) was on average significantly worse than the survival of recipients treated by 
single low dose IL-2 treatment (Figure 6B, white column, p<0.01). However, primary 
mammary carcinomas in 2 females were temporarily cured. In these cured animals the 
original spontaneous tumor disappeared and only the tissue scars remained. However, a 
new tumor appeared at the same site a few weeks later.  
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Figure 7.  
 
Histopathological patterns of mammary 
carcinoma growth after initial significant TGR 
delay, 4 weeks after three low dose IL-2 
injections.   
 
Fast growing anaplastic carcinoma type E (left 
bottom) replaces slowly growing cystic 
adenocarcinoma of type A-AD, which is full of 
hemorrhagic areas. 
 
 
 

 
In conclusion: optimal results of local IL-2 therapy against spontaneous mammary 
carcinoma were obtained when the following requirements were fulfilled: 
Who - BLRB/BYRB virgins of standard age (near 1.5 year, which is close to the average 
MC latency period for virgins) bearing lag-negative tumors of about 5-7 mm in size 
emerging within 2 weeks;  
How - single PIT 105 IU IL-2 treatment;  
When –within 2 weeks after SDP. 
However, to reach cures the supporting IL-2 therapy mode was used. Although a few mice 
were temporarily cured by this therapy mode, it caused survival shortening on average for 
the rest of the treated group. 
 
 
DISCUSSION 
 
The rationale to apply local IL-2 therapy in mice and humans is mainly based on two facts: 
(i) there is only locoregional immune deficiency in the first stages of the disease and (ii) 
cytotoxicity of tumor associated T and NK cells obtained from breast carcinoma specimens 
increases after IL-2 application in vitro. But the presence, morphology, and function of 
leukocyte infiltrates are controversially interpreted (discussed in [9]). Tumor associated 
mononuclear cells (TA-MNCs, MNCs around the tumor) and tumor infiltrating 
mononuclear cells (TI-MNCs; MNCs at the tumor surface or within tumor mass), seem to 
differ not only in amount and localization within tumor but also in cell composition. Mainly 
macrophages were found in TA-MNCs while T/NK cells prevailed in TI-MNCs. Distinct 
associations were found between amount/cell composition of tumor infiltrate and MC type 
and growth rate.  

Tumor infiltrates with prevailed T/NK cells were found within lag- mammary 
carcinomas with anaplastic morphology and necrotic areas early after first detection. 
Moreover, predominated T/NK cells were found within the most profound tumor infiltrates 
in very slowly growing lag- MCs.  

Less expressed tumor infiltrates with prevailed T/NK cells were found in lag+ MCs 
of both palpable (stage 0) and early and advanced visible steps (stages 1 and 2, 
respectively) although this type of tumor infiltrates might be obtained from fast growing 
tumor. So, TI-MNCs with prevailed T/NK cells appear to be able to control tumor growth 
or during palpable steps (sometimes resulting in significant lag-period of well differentiated 
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lag+ MCs) or in suddenly emerging anaplastic lag- MCs (rarely leading to very slow tumor 
growth rate).  

However, the presence of tumor infiltrate in lag+ advanced MCs growing fast at 
the moment of analysis seem to be in discordance with this general conclusion. Probably, 
the same situation is present in human BC. From one side, Aaltomaa at al. concluded that 
tumor infiltrates in BC specimens were of prognostic value [25]. However, Ogmundsdottir 
et al. did not find any prognostic value of tumor infiltrate presence in breast carcinoma and 
even found inverse correlations between presence of tumor infiltrate and patient outcome 
[26]. The data of  Schrinkant & Mescher  in the transplanted EL-4 lymphoma mouse model 
might help to find an explanation [27]. Schrinkant & Mescher have shown that immune 
system is able to control tumor growth demonstrating profound cytotoxic effect of CD8+ T-
lymphocytes on tumor cells early post transplantation. But later during tumor growth T-
lymphocytes became anergic and left tumor site being found afterwards in spleens of 
tumor-bearing mice. If T-lymphocytes do the same in mammary carcinoma, their 
functioning might be schematically presented as follows: Infiltrating Cytotoxic 

Anergic suggesting that histopathological and cytometry data may be not sufficient to 
draw conclusion about prognostic value of tumor infiltrate for recipient outcome. This 
might explain contradictory findings: TI-MNCs in fast growing advanced lag+ MC might be 
anergic at the moment of analysis while earlier tumor growth was controlled by MNCs of 
infiltrate providing palpable step of progression.  

Probably, our knowledge of TA/TI- MNC morphology without their functional 
properties in mouse mammary cancer is currently too limited to draw conclusions about the 
connection between tumor infiltrate amount/composition and the efficacy of IL-2 therapy. 
But flow cytometry, histopathology, and in vivo IL-2 testing together showed that females 
exhibiting mammary tumors of about 5-6 mm suddenly emerging within one-two weeks 
more often show pronounced TI-MNCs within the tumors and benefit from a single local 
IL-2 application. This might suggest that local IL-2 therapy might be not effective in 
recipients without prominent amounts of functioning TI-MNCs, as TA-MNCs probably fail 
to affect tumor growth mechanistically (being near the tumor surface) and functionally (as 
the cell composition in TA-MNCs appears to differ from true TI-MNCs). Furthermore, IL-2 
might augment undesirable functioning of TA-MNCs mainly composed of 
monocytes/macrophages during consecutive steps of MC progression when these cells form 
a barrier around tumor saving BC cells from cytotoxic anti-cancer approaches [28]. These 
data illustrate mechanistic and functional limitations of immunotherapy against BC. In 
addition, BC cells might express receptors to IL-2, therefore tumor cells can be directly 
stimulated by IL-2 [10, 11], although our findings of in vitro testing did not show a direct 
stimulation effect of IL-2 on carcinoma cells from a few tumors. This shows that IL-2 
effects on variable TA-MNCs, different in localization/number/composition and, therefore, 
functioning; this might complicate the development of a successful IL-2 therapy protocol 
(at least in mice) rather than direct stimulation of tumor cells by IL-2.  

But protocols for clinical trials are developed without proper selection of the 
patients; patients are selected mainly near the end point of the disease and treated with 
prolonged IL-2 courses. Such protocols are not very efficient for a few reasons. First, 
patients might hardly benefit from the IL-2 therapy when the tumor has induced systemic 
immunodeficiency. In addition, therapeutic benefit might be lost when IL-2 administration 
is prolonged [29]. This was a case in our experiment 4, when supportive therapy mode (3 
injections per 4 weeks) resulted in worse survival of the majority of mice compared with a 
single application at a proper time. However, a few mice were temporarily cured in a group, 
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which received the supportive therapy mode. Similarly, IL-2 application to BC patients 
appears to result in both beneficial and non-beneficial populations of patients. Furthermore, 
statistics impedes to reveal the effect of IL-2 therapy in heterogeneous groups of 
mice/patients as average effects from benefit and detriment sets will “neutralize” each other 
in average parameters. This is applicable to IL-2 therapy both in mouse models and in 
clinical trials. 

Using transplanted mouse models we have earlier shown that both beneficial and 
non-beneficial mouse recipients exist when IL-2 therapy is applied to mice at a proper time 
in case of early emerging carcinoma or too late in case of mice with late emerging 
carcinoma, respectively. Here, we generally confirm these conclusions in spontaneous 
mouse models of BC, demonstrating that mainly females bearing suddenly emerging lag- 

MCs treated early after their visible manifestation benefit from IL-2 treatment, especially 
this is right for recipients with tumors exhibiting normal growth rate after visible 
manifestation. Both tumors growing very fast and very slow after standard detection point 
(time of visible manifestation of a palpable tumor) appear to be less “sensitive” to local IL-
2 therapy. Both in transplanted and in spontaneous models beneficial and non-beneficial 
groups of mice exhibited morphologically different mammary carcinomas with different 
growth kinetics after visible manifestation. Moreover, beneficial mouse recipients can be 
distinguished even when the average therapeutic effect for the whole group was not 
outstanding (in transplanted models, [12, 13]), and even negative (in spontaneous models, 
experiment 2). This shows the importance of the development of a selection procedure and 
compels to search for host-depending prognostic factors.  

To speculate about application of these data to human BC, new data in 
spontaneous mouse models are needed. Classical papers of Vaage seem to investigate all 
details for an IL-2 therapy protocol and its effect in MMTV involved mammary tumors of 
C3H mice [30-33]. Moreover, MMTV involved mouse models are still in use to test 
immunotherapeutical approaches [21, 34, 35]. However, there were no naturally mammary 
carcinomas involved in IL-2 therapy testing in the majority of the studies even when the 
spontaneous origin of mouse carcinoma was stated by the publication title [34]. In contrast, 
in the present study, only spontaneous mammary carcinoma bearing females were used to 
test various IL-2 therapy modes due to the relevance of spontaneous mouse models to 
mimic natural tumor-host interrelations.     
 

Recipient population. BLRB/BYRB virgins with lag- mammary tumors were 
considered to be ideal recipients for IL-2 anti-cancer effect testing. The optimal age for 
tumor bearing mice is about 15-16 months. This age is close to the average tumor latency 
for these virgins (Chapter 8). Significantly younger or older tumor-bearing BLRB/BYRB 
virgins, BLRB/BYRB bred females, and females of CBRB strain were less useful as their 
individual tumor growth parameters were too variable. Possible explanations (i) for old 
BLRB/BYRB females lies in the steadily increasing associations with ovarian/uterurine 
cancers and multiple lymphoma in these females after 18 months of age, whilst (ii) CBRB 
virgins after 12 months of age showed mainly lag- MC (Chapter 8) that were found to be 
“less sensitive” to IL-2 therapy. 
 

Tumor morphology. Lag- and lag+ mammary carcinomas were affected by IL-2 
therapy in opposite ways. IL-2 suppressed lag- tumors, composed of aggressive anaplastic 
mammary carcinoma from the start of tumor growth, treated in proper time, whereas too 
late treatment resulted in shortened survival of the recipient especially when tumor grew 
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fast after visible tumor manifestation. The factors determining the different effect of IL-2 
on fast and slowly growing mammary carcinoma are not clear yet. They may include both 
tumor related (for instance, possibility to attract various amount of functionally different 
TA/TI-MNCs) and host related factors (the amount, localization, and composition of 
TA/TI-MNCs in response to tumor antigens, the extent of immune suppression and tumor 
vascularization).  
 

Tumor growth rate. The importance of distinguishing of different tumors based 
on their speed of growth before and after SDP is illustrated by following example. Vaage 
considered one IL-2 non-sensitive spontaneous mammary tumor growing from 1 to 3 mm 
in 2 weeks to be fast growing and concluded that fast growth limits the IL-2 therapeutic 
potential [30]. This conclusion seems to be in discordance with our data [12] showing that 
mainly fast growing MCs were sensitive to the local IL-2 therapy. According to our 
approach this tumor from Vaage paper being palpable during 2 weeks before visible 
manifestation belongs to the lag+ tumor set; therefore a female bearing this tumor will not 
benefit from IL-2 therapy (at least not in our studies). And in our research [12] tumors that 
appeared quickly after transplantation (lag-) were called “fast growing” in contrast to later 
visibly emerging “slowly” growing ones (lag+). As conclusion: slow growth before SDP 
and fast growth after SDP of spontaneous MCs may limit local low dose IL-2 therapy 
benefit.  

 
Proper timing of immunotherapy. Recipients with palpable (lag+) mammary 

tumors did not benefit from IL-2 therapy both if therapy was applied too early (lag periods 
were shortened) or later during visible tumor growth (survival after treatment was not 
prolonged). In contrast, Ames stated that therapeutical efficacy of immunotherapy by IL-2 
might be improved if it would be applied earlier to mammary carcinomas in C3H mice 
[35]. This possibly follows logic of Vaage, who presented the similar consideration using 
transplanted generations from only 2 (two) spontaneously arisen mammary tumors to test 
cytotoxic drug efficacy against MC [30]. As we show here, IL-2 therapy should not be 
applied too early or too late. There seems to be an appropriate time of IL-2 application in a 
mouse recipient. A few evidences support this idea. Both transplanted and spontaneous 
mammary tumors that were visible within two weeks have advantages for local IT therapy 
since leukocyte infiltrates exhibit more often a true infiltrating nature at this step of MC 
progression. Interestingly, the same timing schedule is useful for local IL-2 therapy in the 
SL2 transplantable mouse lymphosarcoma model [36]. This might suggest that time about 
10-14 days post tumor transplantation/tumor detection generally represents an appropriate 
step of tumor- host interrelations in some mouse models to augment anti-cancer response 
by IL-2 therapy. Following the logic of Kiessling early steps of fast appearing mouse 
tumors did not affect host immune system whereas steadily growing tumors demonstrated 
stage related immune deficiency [2]. Our findings in a spontaneous mouse model of human 
BC imply that for a given BC patient an appropriate tumor stage for IL-2 application also 
might be found and, apparently, it will never be a last step near the end point for BC 
patient. 

 
Therapy mode. The superior value of intratumoral IL-2 injections in similar 

mouse model of BC was shown by Ames [35] and in the SL2 lymphoma model by Jacobs 
et al. [37]. However, it should be stressed that in advanced spontaneous mammary tumors 
this approach is potentially dangerous as it might result in endless bleeding since 
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spontaneous tumors exhibit different vascularity mode than transplanted ones [21]. 
Interestingly, in our studies single peritumoral high dose and peri- and intratumoral low 
dose treatments showed similar therapeutic effects on the survival suggesting that (i) proper 
timing of immunotherapy in selected recipients and (ii) intratumoral injection might be 
more important than the amount of IL-2 per single treatment. Furthermore, different 
therapy modes were needed to reach benefit for the majority of recipients (single PIT low 
dose of IL-2) and cures in a few mice (supportive therapy mode). A single IL-2 dose 
applied in proper time to tumors of proper morphology and growth rate minimized the 
proportion of non-beneficial recipients. But this prolonged supportive therapy mode 
resulted in a few beneficial recipients while the average survival of the rest was shortened. 
These data remind the findings of Vaage who showed local therapeutic effects in the C3H 
transplanted model down to 12 x 300 IU of IL-2 , while cures of IL-2 treated  tumors were 
obtained with  12 x 1,000 IU of IL-2 [31]. Similarly to these findings, a few mice in our 
study were cured temporarily. This suggests that used here IL-2 therapy of MC failed to 
induce an effective systemic immune response against cancer cells.   

The tumors that are most sensitive to a single low PIT IL-2 treatment, namely 
suddenly emerging anaplastic carcinoma showing prominent leukocyte infiltrates with 
prevailed T/NK cells more often than other spontaneous mammary carcinomas resemble 
medullary carcinoma of the human breast. Therefore, our data might serve a rationale to 
test locally applied IL-2 therapy against medullary breast carcinoma of women.  
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 Abstract 
 
Overexpression of lectins by malignant cells as compared to normal ones can be used for 
targeting of drug-loaded liposomes to tumours by means of the specific carbohydrate 
ligands (vectors). Recently we have shown that liposomes bearing specific lipid-anchored 
glycoconjugates on polymeric matrix bind in vitro to human malignant cells more 
effectively and, being loaded with a lipophilic prodrug of merphalan, reveal higher 
cytotoxic activity as compared to unvectored liposomes [1]. In this study, carbohydrate-
equipped cytotoxic liposomes were tested in vivo on breast cancer mouse model, BLRB-Rb 
(8.17)1Iem strain with high incidence of spontaneous mammary adenocarcinoma (SMA). 
At the first stage, a cell line of the SMA was established; it was used to determine the 
specificity of tumour cell lectins. After screening of the lectin specificity of a number of 
fluorescent carbohydrate probes, SiaLeX was shown to be the most affine ligand, and a 
lipophilic vector bearing this saccharide was synthesized. Then different liposomal 
formulations of the synthetic merphalan lipid derivative and SiaLeX-vector were prepared 
and applied for the treatment of mice with grafted adenocarcinomas. The tumourigenesis 
data show evidently that therapeutic efficacy of merphalan increases sharply after its 
insertion as lipipophilic prodrug in the membrane of SiaLeX-vectored liposomes. 
 
Key words: antitumour activity, liposomes, merphalan, targeting, glycoconjugates, mouse 
mammary adenocarcinoma, SiaLeX  
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INTRODUCTION 
 
Liposomes as carriers for cytotoxic drugs continue to be under extensive studies [2,3]. A 
noticeable reduction of general toxicity of agents encapsulated in liposomes is brought 
about by changes of their distribution between tissues and organs. It has been shown also 
that liposomes of a medium size (100-120 nm in diameter) accumulate in malignant 
tumours owing to their high vascular permeability [4,5]. A new rise of studies on liposomal 
drug delivery is being observed for the last 5 years. In particular, it has been shown that 
liposomes can be protected against opsonization and following rapid clearance from 
circulation by cells of reticuloendothelial system. This can be done by grafting of 
polyethyleneglycol (PEG) chains on liposomal surfaces (Stealth® liposomes) or inclusion of 
phosphatidylinositol or gangliosides, thus producing highly hydrated protective shell on the 
membrane surface [6,7]. The superior therapeutic efficacy of doxorubicin included in the 
internal volume of PEG-protected liposomes was shown under clinical trials [8,9]. Also, 
sterical stabilization of liposomes as drug carriers can be achieved by coating of their 
surfaces with natural polysaccharides, after chemical modification of the latter with 
hydrophobic anchors (e.g., cholesterol) [10]. 

But a topical problem of the directed delivery of drug-loaded liposomes to 
malignant tumours remains; this implies equipping of liposomes with specific ligands 
(vectors). The most popular approach here is the use of immunoliposomes bearing tumor-
specific antibodies [11-13]. There also exists another approach, less expensive that allows 
to avoid the immune reaction to the antibodies. This is based on the phenomenon of 
overexpression of lectins (specific carbohydrate-binding proteins) by mammalian malignant 
cells as compared to normal ones [14,15]. Recently we suggested to target the cytotoxic 
liposomes at tumours by means of specific carbohydrate determinants (vectors), and 
showed that liposomes bearing lipid-anchored polymeric glycoconjugates bound in vitro to 
HL-60 and human lung adenocarcinoma cells more effectively and, being loaded with a 
merphalan lipid derivative, revealed higher cytotoxic activity than unvectored liposomes 
[1]. Earlier, Segawa et al. demonstrated that liposomes equipped with the lactose 
derivatized polysaccharide were taken up by the liver cancer cells in vitro more abundantly 
than lactose-free liposomes [16]. Loaded at internal aqueous volume with adriamycin, such 
liposomes restrained tumour growth of AH66 hepatoma in nude mice more effectively than 
liposomes without lactose [17]. 

Liposomes bearing a drug as a biodegradable lipid derivative (fatty acyl ester, 
diglyceride etc.) in the bilayer, possess some attractive features: the drug leakage in 
circulation presumably diminishes as well as losses on the stage of liposome-cell 
interaction, and preparation of such liposomes is simplified. In cells, lipid derivatives being 
split by endogenous enzymes release initial antitumour agents (as a rule, hydrophilic 
compounds per se). A number of synthetic lipophilic prodrugs is known, e.g. derivatives of 
5-fluorouridine [12], 1-β-arabinofuranosylcytosine (araC) [18], adriamycin [19]. Earlier, 
we synthesized a series of lipid derivatives of sarcolysine (DL-melphalan, merphalan), 
rubomycin (daunorubicin) and methotrexate [20,21], and applied them in liposomal 
formulations for the treatment of mice with experimental leukosis P-388 [22] and 
mammary adenocarcinoma [23]. Positive results were obtained, specifically, diglyceride 
derivative of merphalan applied as a liposomal formulation caused 2-times lifespan increase 
as compared to the treatment with intact drug [22]. 

Herein we report the results of in vivo testing of carbohydrate-equipped liposomes 
loaded with lipophilic prodrug of well-known antitumour agent merphalan in mouse 
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spontaneous mammary adenocarcinoma model, which is known to be adequate to human 
breast cancer. 
 
 
MATERIALS AND METHODS 
 
Reagents and chemicals 
 
Phosphatidylcholine (PC) from egg yolk and phosphatidylinositol (PI) from S. cerevisiae 
were obtained from Reakhim (Russia). 3-Aminopropyl glycosides of Sialyl-LewisX  
[SiaLeX, Neu5Acα2-3Galβ1-4(Fucα1-3)GlcNAcβ] and A-trisaccharide [Atri, GalNAcα1-
3(Fucα1-2)Galβ] were synthesized as decsribed earlier [24,25]. Fluorescent carbohydrate 
probes (34 specimens) in the form of glycosylated fluorescein-labeled polyacrylamide 
derivatives were a generous gift of Syntesome GmbH (Munich, Germany). SiaLeX-vector 
was synthesized from 3-aminopropyl glycoside and Lubrol PX (Sigma) as described for the 
other glycoconjugates [21]. Lipophilic derivative of DL-merphalan, octadecylmerphalan 
(C18Mrph), was synthesized from 1-octadecanol and merphalan as the corresponding 
dioleoylglycerol derivative [20]. 
 
Tumour cells and assay of their carbohydrate specificity 
 
A cell line was established by passaging of primary cultures produced from the tumours of 
BLRB-Rb (8.17)1Iem (hereafter called BLRB) mouse females (more than 95% incidence 
of spontaneous mammary adenocarcinomas with inevitable metastases in lungs) [26,23]. 
Tumour tissue was finely minced under sterile conditions, rinsed with Ca2+/Mg2+-free saline 
solution, and digested in a solution of 0.5% collagenase for 30 min at 37°C. Tumour cells 
were collected from the second digest, washed, and cultured overnight at 37°C in RPMI 
1640 medium in collagen covered 24-well plates. After 16 h, the cell adherent layer was 
washed extensively with RPMI medium, and fresh medium was added. Cells were detached 
from the plates using a solution of 0.25% trypsin in 0.2% EDTA and passaged. Cells were 
cultured at 37°C in 5% CO2 in RPMI 1640 medium supplemented with 10% fetal bovine 
serum, 2 mM L-glutamine, 0.1 mg/ml gentamycine and 50 µM 2-mercaptoethanol. 
For experiments, cells were washed twice with phosphate buffered saline, pH 7.0 (PBS), 
applied on a glass plate, dried and fixed with 10 % formaldehyde vapor for 3 min. A 
solution of fluorescent carbohydrate probe in PBS (0.3 mg/ml, 50-80 µl) was added, and 
cells were incubated for 1 h in humidified atmosphere at 20°C, then stain was washed with 
water and dried on the air. The binding of glycoconjugate to cells was visually estimated 
with a Leitz Orthoplan fluorescent microscope (Germany), the “fluorescein” filter set (495 
nm on exitation and 530 nm on emission) being used. Cells incubated with the PBS aliquot 
were taken as control. 
 
Preparation of liposomes 
 
Liposome samples had the same matrix lipids (PC−PI, 8:1, by mol); some formulations 
contained 10 mol % C18Mrph and/or 2 mol % SiaLeX-vector (or Atri-vector), and were 
prepared as follows: aliquots of the stock solutions of matrix lipids in chloroform–methanol 
(2:1, v/v), C18Mrph and/or carbohydrate vectors were co-evaporated in a round-bottomed 
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flask on a rotary evaporator at 37 C and then dried at 20 Pa for 2 h, resulting lipid films 
were dispersed under inert atmosphere (argon) in PBS to achieve the final matrix lipid 
concentration of 4.9 mg/ml by ultrasound bath treatment (30 min, 20°C), then suspensions 
were extruded five times through polycarbonate membrane filters (Nucleopore, USA) with 
a pore size of 400, 200 and 100 nm one after another. Liposomal average size was 120 nm 
as determined by a Coulter Model N4 MD Sub-Micron Particle Analyzer (Coulter 
Electronics, Hialeah, USA). C18Mrph final concentration (0.92 mM) was measured by the 
UV absorption at 260 nm, after 20-fold dilution of a liposome dispersion aliquot with 
ethanol. The inclusion of C18Mrph in liposomes was shown to be complete by gel filtration 
on a Sephadex G-50 column. The liposome samples were stored at 4°C and used within 24 
h. 
 
Mice, treatments and tumourigenesis parameters 
 
BLRB males (4.5 month old) were inoculated s.c. near right flank with the tumour cell 
suspensions, prepared from syngeneic spontaneous female breast adenocarcinomas 
according to the conventional procedure [23]. Tumour growth was always observed in 100 
% males with transplanted tumour cells. Mice of each group (10 animals) were given two 
intra tail vein injections (0.5 ml) of the following formulations on the third and seven days 
after tumour cell inoculation: 1, merphalan (0.92 mM, i.e. 140 µg per mouse, 
approximately 7 mg/kg); 2, liposomes consisting only of the matrix lipids; 3, liposomes 
with C18Mrph (0.92 mM); 4, liposomes with C18Mrph (0.92 mM) and SiaLeX-vector; 5, 
liposomes with SiaLeX-vector only; control − PBS. Mice were examined daily for tumour 
appearance and survival; and weekly three-dimensional size measurement of each tumour 
with callipers was performed to calculate median tumour diameter using the average of 
mutually perpendicular parameters: D = (a + b + h)/3 where a is maximal length, b is 
maximal width, and h equals to average height of a tumour. Median tumour diameter was 
found to be a proper criterion for the presentation of significant differences among 
experimental groups as being proportional to the tumour weight and more visual comparing 
with a volume. Average time of tumour appearance and average survival time (AvST) were 
calculated after the end of the experiment, with observation time being not limited. The 
data on relative average tumour growth (RAvTG) and relative average survival time 
(RAvST) were calculated according to: 
 
parameter in experiment – parameter in control 
–——————————————————— x 100%. 
parameter in control 
 
 
All animal experiments were performed in accordance with "Guide for the Care and Use of 
Laboratory Animals" (U.S. Department of Health and Human Services, National Health 
Publication No. 93-23, revised 1985). Each mouse had its individual mark and protocol 
listing for the whole life, and was considered as a patient. The significance of data obtained 
was determined by parametric Student t-test. 
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RESULTS 
 
Probing of carbohydrate specificity of tumour cells 
 
To find out an effective carbohydrate vector for cytotoxic liposomes designed for the 
treatment of BLRB males with transplanted mammary adenocarcinomas, we have produced 
primary cell culture from the tumour and established a cell line. Testing of 34 fluorescent 
carbohydrate probes for binding with the cells revealed tetrasaccharide SiaLeX as the most 
affine ligand. Two other probes bearing A-trisaccharide [GalNAcα1-3(Fucα1-2)Galβ] and 
B-trisaccharide [Galcα1-3(Fucα1-2)Galβ] also demonstrated high binding rate, but lesser 
than SiaLeX. The remaining probes containing the following structures displayed low or no 
binding: α-D-Glc, β-D-Glc, β-D-Gal, α-L-Fuc, α-L-Rha, α-D-Man, α-D-Man-6-phosphate, 
β-D-Gal-3-sulfate, α-GalNAc, β-GalNAc, β-GlcNAc, β-D-GlcNAc-6-sulfate, α-Neu5Ac, 
Galβ1-3GalNAcβ, GlcNAcβ1-4GlcNAc, Galα1-3GalNAcα, LacNAc-6-sulfate, 
GlcNAcα1-3Gal, Galα1-3Gal, Neu5Acα2-6GalNAcα, (Neu5Acα2-8)2, (Neu5Acα2-8)3, 
Fucα1-2Galβ1-3GlcNAc (H type 1), Neu5Acα2-3Galβ1-4Glc, Neu5Acα2-6Galβ1-4Glc, 
Fucα1-4(Galβ1-3)GlcNAc (Lea), Fucα1-3(Galβ1-4)GlcNAc (Lex), 3'HSO3Lea, 3'HSO3Lex, 
Fucα1-2Galβ1-4(Fucα1-3)GlcNAc (Ley), SiaLea. 
 
 

 
 
Figure 1. Molecular structures of SiaLeX-vector and C18Mrph prodrug. 
 
Preparation of vectored cytotoxic liposomes 
 
Recently we have developed a method for the synthesis of lipophilic glycoconjugates which 
are suitable for the incorporation in liposomal membrane, i.e. are vectors for liposomes 
[21]. SiaLeX- (Figure 1) and Atri-vectors as conjugates with PEG-containing detergent were 
synthesized for this work. Different liposome formulations on the basis of natural lipids, PC 
and PI, with lipophilic prodrug C18Mrph and carbohydrate vectors inserted in their bilayer 
were prepared (see "Materials and Methods"). Figure 2 shows a sketch of C18Mrph-loaded 
carbohydrate-vectored liposome. 
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Figure 2.  
 
Schematic structure of a drug-loaded carbohydrate-
vectored liposome. 

 
Antitumour activity 
 
Six groups of BLRB males with grafted adenocarcinomas were treated with different 
preparations under the same protocol in order to evaluate the contribution of each 
component of the formulation. Molar concentrations of the cytotoxic agent merphalan or its 
lipid derivative C18Mrph and SiaLeX-vector (if present) in different formulations were equal 
(Table 1), and of matrix lipids as well. Merphalan dose (7 mg/kg) and schedule of 
injections were adopted from previous studies [22,23]. The data on the dynamics of 
tumourigenesis parameters (the weekly average tumour diameter growth, percent of 
animals with no sign of tumour, RAvTG, RAvST, and the weekly survival dynamics) for 
different experimental groups of BLRB males are shown in Tables 1 and 2, and Figure 3.  

Merphalan per se (1st group) caused statistically significant decrease in tumour 
growth up to the 6th week (Tables 1 and 2), and one week delay in the average tumour rise 
time as related to control mice. These events led to pronounced improvement of survival 
dynamics (Figure 3) and average survival time (RAvST = +34%, Table 2). Empty 
liposomes (2nd group) revealed a weak and insignificant decrease of the tumour growth rate 
(RAvTG was approximately –15% from 4th to 8th week); and some improvement of 
survival course (RAvST = +16%) (Table 2). Mice treated with liposomal C18Mrph (3rd 
group) showed the significant delay in tumour appearance as related to controls (4.7 ± 0.8, 
and 1.7 ± 0.7 week, accordingly).  
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Table 1. Weekly dynamics of averaged median tumour diameter (mm), and percent of 
animals with absence of palpable tumours (in parentheses) for different experimental 
groupsa of BLRB malesb 
 

Week 1 group 2 group 3 group 4 group 5 group Control 
2 0.9+ ± 0.4 

(40) 
3.4 ± 0.7 
(10) 

0.12+ ± 0.1 
(90) 

0.3+ ± 0.3 
(90) 

2.1 ± 0.4 
(10) 

3.3 ± 1.0 
(10) 

3 2.8+ ± 0.7 
(20) 

6.4 ± 1.2 
(0) 

0.2 ± 0.2 
(90) 

0.32+ ± 0.2 
(90) 

4.3 ± 0.7 
(0) 

6.1 ± 1.2 
(0) 

4 7.52+ ± 1.1 
(0) 

10.9 ± 1.3 
(0) 

1.23+ ± 0.6 
(40) 

0.13+ ± 0.1 
(90) 

10.5 ± 1.3 
(0) 

13.0 ± 1.3 
(0) 

5 11.5+ ± 1.4 
(0) 

14.1 ± 1.2 
(0) 

4.33+ ± 0.8 
(30) 

0.9* ± 0.5 
(80) 

13.2 ± 1.4 
(0) 

16.7 ± 1.4 
(0) 

6 16.2 ± 1.5 
(0) 

17.7 ± 1.2 
(0) 

7.53+ ± 1.2 
(20) 

1.9* ± 1.3 
(80) 

18.2 ± 1.6 
(0) 

20.5 ± 1.5 
(0) 

7 18.5 ± 1.3 
(0) 

18.7 ± 1.5 
(0) 

10.73+ ± 2.0 
(10) 

3.0* ± 1.7 
(70) 

22.8 ± 1.3 
(0) 

22.0 ± 2.1 
(0) 

8 20.4 ± 1.2 
(0) 

21.0 ± 1.4 
(0) 

14.43+ ± 2.0 
(0) 

4.7* ± 2.3 
(50) 

25.1 ± 2.1 
(0) 

24.1 ± 2.3 
(0) 

9 21.3 ± 1.0 
(0) 

22.7 ± 1.1 
(0) 

16.2 ± 2.1 
(0) 

5.3* ± 3.0 
(50) 

 
⎯ 

 
⎯ 

10 21.0 ± 1.2 
(0) 

23.3 ± 0.9 
(0) 

18.0 ± 2.3 
(0) 

6.7* ± 3.3 
(50) 

 
⎯ 

 
⎯ 

 

a Mice of each group were given two i.v. injections of the following formulations on the 3rd and 7th days after 
tumour cell inoculation: 1, merphalan (7 mg/kg); 2, liposomes of matrix lipids only; 3, liposomes with C18Mrph (7 
mg/kg of merphalan); 4, the same liposomes with SiaLeX-vector; 5, liposomes with SiaLeX-vector only; control: 
PBS. 
b ± Standard error of the mean (SEM). Differences from control group: +, P < 0.05; 2+, P < 0.01; 3+, P < 0.001 by t-
test.  
* Differences from the 3rd group: P < 0.01 by t-test. ⎯   Less than four mice in a group. 
 
 
Table 2. Weekly dynamics of relative averaged median tumour diameter (%) and relative 
average survival time (%, in parentheses) for different experimental groups of BLRB males  

 
4 group 

Week 

 
1 group 

 
2 group 

 
3 group 

all “advanced 
subgroup” 

 
5 group 

2 – 73+ + 3 – 972+ – 91+ – 89 + – 36 
3 – 54+ + 6 – 972+ – 952+ – 97 + – 30 
4 – 422+ – 15 – 913+ – 993+ – 100* – 19 
5 – 31+ – 15 – 743+ – 95* – 100* – 21 
6 – 21 – 14 – 633+ – 91* – 100* – 11 
7 – 16 – 15 – 513+ – 86* – 100* + 4 
8 – 15 

(+34)+ 
– 12 
(+16) 

– 40 3+ 
(+ 66)2+ 

– 80* 
(+137)3+ 

– 100* 
(+198)* 

+ 4 
(+9) 

 

Differences from control group: +, P < 0.05; 2+, P < 0.01; 3+, P < 0.001 by t-test.  
* Differences from the 3rd group, P < 0.01 by t-test 
For group descriptions see Table 1. 
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Figure 3. Weekly survival dynamics for different experimental groups of BLRB males (see footnote to the 
Table 1). 
 
Mice of 3rd group showed statistically significant inhibition of the tumour growth rate; their 
survival was improved (RAvST = +66%), not only as related to control mice, but also 
comparing with the animals treated with merphalan itself (1 group) (Tables 1 and 2, Figure 
3). Further remarkable changes in the dynamics of all tumourigenesis parameters were 
observed for BLRB males of the 4th group which were treated with C18Mrph-loaded 
SiaLeX-vectored liposomes. These mice demonstrated the most impressive fall in the 
tumour rise terms and growth rate, with high statistically significance in relation both to the 
control ones and to the animals of the 3rd group being revealed (Tables 1 and 2). Average 
time of the palpable tumour rise in the 4th group exceeded twice the value of this parameter 
observed for mice of the 3rd group (10.1 ± 1.9 and 4.7 ± 0.8 weeks, accordingly). Moreover, 
a half of mice (hereafter called “advanced subgroup”) treated with vectored cytotoxic 
liposomes attained the average tumour rise time of 15.2 ± 1.7 weeks (P<0.001). The 
survival in the 4th group overcame drastically the courses of this parameter obtained for all 
other groups (Figure 3). AvST in the 4th group was 19.3 ± 2.2 weeks compared to 13.5 ±1.1 
weeks (P<0.05) for the 3rd group. Noteworthy is the AvST for mice of the advanced 
subgroup: 24.3 ± 2.6 weeks (P<0.01), while for another half of the 4th group this value was 
14.3 ± 1.5 weeks. RAvST in the whole group was almost twice higher than in the 3rd group, 
and in the advanced subgroup it tripled (Table 2). And finally, vectored liposomes without 
cytotoxic agent (5th group) as well as unvectored ones (2nd group) caused slight and 
statistically insignificant inhibition of the tumour growth (Tables 1 and 2). However, the 
survival courses in these groups were somewhat different (Figure 3), with a little change for 
the worse in the 5th group in respect to the 2nd group and, at the late period, to the control 
mice as well (Table 2).  

Atri-vectored C18Mrph-loaded liposomes did not show statistically significant 
improvement of therapeutic efficacy comparing to the unvectored cytotoxic liposomes (data 
not shown). 
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DISCUSSION 
 
Carbohydrate-assisted targeting of drug to tumours implies first of all revealing of the lectin 
specificity of tumour cells. Therefore, at the beginning of the study we had to establish a 
cell line produced from the BLRB spontaneous mouse mammary tumours. 

BLRB mouse strain with high incidence of spontaneous mammary 
adenocarcinomas in bred and virgin females, caused by the mouse mammary tumour virus 
similar to the well known strain C3H, was proposed for the testing of synthetic and natural 
agents with potential anticancer activity [23,27]. We consider this spontaneous breast 
cancer mouse model as an opposite to the conventional transplanted ones, where cells of 
standard mouse or human tumour lines are grafted into mice of the low tumour genotype 
strain or athymic nude mice, accordingly. In both cases, tumour antigens are recognizable 
by antitumour immune host cells. Instead of this, mice of high mammary tumour genotype 
(mammary tumours emerged as a result of a long chain of the organism/retrovirus relations) 
demonstrated strong unresponsiveness, and both thymic and peripheral deletions of the 
tumour-reactive T-cells [28,29]. We assume these spontaneous mammary tumour mouse 
models  reflect more adequately the situation with heredofamilial forms of breast cancer in 
women, and provide additional information for the creation of the whole picture concerning 
influence of the testing agent on the tumour bearing organism. Besides, we have overcome 
the common difficulties associated with experimental spontaneous tumours, by dealing with 
initial generations of tumours transplanted to syngeneic males. Such generations are well 
known to be the most close to spontaneous cancer.  

The next step of the investigation was revealing of the tumour lectin specificity. It 
is known that the highly affine carbohydrate/lectin interaction takes place only when both 
participants are multivalent [15]. This was a reason why we have used multivalent 
polyacrylamide-based fluorescent probes containing a few dozens of carbohydrate ligands 
per carrier molecule. Among a wide number of probes tested, SiaLeX was chosen as the 
most affine ligand, and the following step was the synthesis of a SiaLeX-bearing vector 
suitable for the insertion in liposomes. Liposome also provides the conditions for 
multivalent interactions due to the possibility for single-vector molecules to concentrate by 
lateral diffusion on its surface in the site of contact with receptor molecule of the target cell. 
Additionally, to enable contact with the receptor molecule, the ligands should be exposed at 
a sufficient distance over the liposome membrane [30]. Consequently, the molecule of 
liposomal carbohydrate vector should be designed as a conjugate of carbohydrate and 
lipophilic anchor tethered with a hydrophilic spacer. The latter in our case is a short PEG 
chain (Figure 1). Earlier Zalipsky et al. [31] synthesized SiaLeX conjugate containing 
distearoylphosphatidylethanolamine as a lipid anchor and a 2000 D-PEG spacer 
(approximately 6-fold longer, than our PEG chain). This conjugate was shown to 
incorporate well into preformed PEG-2000 stabilized (Stealth®) liposomes with positioning 
of SiaLeX ligand on the periphery of the outer surface-grafted polymeric "brush" [31]. 

Composition of the liposome matrix lipids was stipulated by the following 
reasons. Inexpensive egg phosphatidylcholine was chosen as the major lipid because it 
facilitated the preparation of different liposomes owing to its high fluidity. Liposomes 
bearing a polar drug in the water interior should be prepared from rigid lipids, e.g. 
distearoylphosphatidylcholine/cholesterol mixture, in order to prevent leakage of the drug 
in circulation (see, e.g., [13]). This is not needed in our case since lipophilic prodrug is a 
membrane component of liposome. Phosphatidylinositol presumably facilitates the 
incorporation of C18Mrph into the liposome bilayer due to their mutually matching 
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molecular structures, in terms of shape and charge. Moreover, polar headgroups of 
phosphatidylinositol on membrane surface, in the concentration being used (about 10 mol 
%), as already was shown, provide additional steric stabilization of bilayer; this prolongs 
the circulation time of liposomes and enhances their uptake by tumour [4,7]. 

Our results on testing of different liposomal formulations for treatment of mouse 
mammary adenocarcinoma show evidently that therapeutic efficacy of merphalan increases 
significantly after its insertion as C18Mrph in the liposomal lipid bilayer: the delay of 
visible tumour manifestation and reduction of tumour growth are observed (Tables 1 and 2, 
1st and 3rd groups), with the pronounced improvement of survival (Table 2, Figure 3). The 
contribution of empty liposomes to these effects should be negligible (compare with the 
data obtained for the 2nd group). The most expressed tumour growth inhibition and life span 
prolongation show mice treated with SiaLeX-vectored C18Mrph-loaded liposomes (the 
4th group). The survival in this group was rather high (Table 2, Figure 3), with 4 animals 
being alive for about 6 months. Noteworthy is good statistical significance of the difference 
in the dynamics of tumour growth between the 4th and 3rd groups (Table 1). These data, 
together with the absence of essential influence of glycoconjugate itself on the antitumour 
properties of liposomes (compare the 5th and 2nd groups), as we consider, make a strong 
argument to benefit of the targeting of cytotoxic liposomes with carbohydrate vectors. 

Another explanation for the enhanced antitumour activity of SiaLeX-vectored 
C18Mrph-loaded liposomes should also be considered. Tetrasaccharide moiety, as well as 
small PEG chains originated from Lubrol PX, could produce a hydrophilic steric shield on 
membrane surface and, therefore, stabilize cytotoxic liposomes and increase their 
circulation times, thus resulting in slow drug release or increased uptake of liposomes by 
the tumour. However, it was shown earlier [32] that to provide reliable surface hydrated 
barrier and prevent opsonization with such a short PEG chain (of approximate molecular 
weight 350) more than 10 mol % of oligomeric moieties should be grafted to the outer 
leaflet of the liposomal lipid bilayer, 2 mol % addition being ineffective. In distinction, in 
the case of long PEG-2000 chain this quantity decreased to 2 mol % [32]. So, it seems 
unlikely, that Lubrol PX hydrophilic spacer itself could provide surface stabilization in 
concentration being used in this study (2 mol %). Certainly, the addition of the 
oligosaccharide moiety (SiaLeX) to the molecular structure of membrane grafted chains 
enhances their hydration capacity, which might increase the stability of liposomes in 
circulation. Nevertheless, the equipment of cytotoxic liposomes with another carbohydrate 
determinant (A-trisaccharide), which is only by one monosaccharide unit shorter than 
SiaLeX, did not result in statistically reliable effect on tumourigenesis parameters as 
compared to unvectored liposomes (data not shown). This fact contradicts strongly to the 
assumption of nonspecific steric stabilization of carbohydrate-vectored liposomes as a 
cause of their increased antitumour activity. 

Tetrasaccharide SiaLeX  is low affine (Kdis ~ 1 mM) ligand for all three known 
selectins (E, P and L), being a component of glycoprotein receptors of these lectins [33]. 
Tumour cells are known to overexpress selectins, which are assumed to play a role in 
intercellular adhesion and, in particular, in metastasis formation (see, e.g., [14]). The results 
of present study show evidently that antitumour activity of cytotoxic liposomes increases 
significantly when they are vectored by SiaLeX, which has appeared to be the most affine 
ligand for the cells of mouse mammary adenocarcinomas. If this effect is a consequence of 
the direct interaction of liposomes with tumour cells, a question arises: why SiaLeX-
vectored liposomes are not intercepted by selectins of endothelial and blood cells on their 
route to a tumour? We can argue that the SiaLeX/selectin interaction mediates the very first 
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stage of intercellular interaction, rolling; the stage of the following attachment (arrest) 
requires switching to the next, integrin-mediated mechanisms [33]. Apparently, in the case 
of SiaLeX-liposomes rolling-like interaction with endothelial cells is possible, however, the 
further analogy with the intercellular processes is not the case. So, there are not serious 
reasons to suppose that SiaLeX-vector can deliver liposomes to normal cells; moreover, 
rolling-like interaction with the endothelial cells, which is realized along the gradient of 
selectin concentration, may be the second factor (together with the high affinity to the cells 
of adenocarcinoma) facilitating the uptake of vectored liposomes by tumour cells. This 
hypothesis is in conformity with the absence of statistically significant antitumour effect of 
another carbohydrate vector, A-trisaccharide, which has relatively high affinity to the 
tumour cells but can not mediate rolling. 

We can conclude that the results obtained testify the significance and prospects of 
further investigation of carbohydrate-assistant targeting of drug-loaded liposomes to 
tumours, with studies of metastasis formation, biodistribution etc. to be performed. 
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ABSTRACT  
 
Galectins, β-galactoside binding proteins, expressed selectively in human breast carcinoma 
are attractive targets to employ lectin-aimed therapeutics. We examined β-galactoside 
binding potency of neoplastic cells using fluorescein-labelled synthetic glycoconjugates as 
probes for flow cytometry. As a result, surface β-galactoside binding proteins/galectins 
were discovered on mouse mammary carcinoma cells in vitro and in vivo unlike non-
malignant cells from the several tissues; and asialo-GM1 ganglioside carbohydrate part –
containing probe was the most specific one. However, in liver and lung metastatic cells 
galectins seem to be expressed in cytoplasm and/or nuclei. Galectin expression correlated 
directly with aggressive tumour potential in the A/Sn transplantable model like in several 
human breast carcinoma cell lines. However, galectin expression was reduced during 
tumour progression in more aggressive forms of spontaneous BLRB mammary carcinomas 
like it was shown for human breast carcinoma specimens. Analysis of the histopathological 
data led, however, to the conclusion that galectin expression hardly might be a suitable 
marker of aggressiveness of heterogeneous mammary carcinomas as the observed level of 
galectin expression is influenced by the amount of the stroma in a tumour sample and/or 
probably, galectin expression inversely correlates with tumour aggressiveness during the 
initial and advanced steps of mammary tumour progression. We conclude that surface β-
galactoside binding proteins/galectins that are selectively expressed during mouse 
mammary carcinoma progression, similarly to human breast carcinomas, seem to be proper 
targets for asialo-GM1–vectored cytotoxics and our mouse model system might be a 
relevant instrument to further test novel modes of anti-breast cancer therapy. 
 

Key words:  breast cancer, galectins, glycoconjugates, metastases, mouse model, selectins 

Abbreviations: aGM1, Galβ1-3GalNAcβ1-4Galβ1-4Glcβ, asialo-GM1 ganglioside 
carbohydrate part; βGBP, β-galactoside binding protein; BC, breast cancer; BSA, bovine 
serum albumin; Glyc-PAA-fluo, polyacrylamide glycoconjugate probes labelled by 
fluorescein; LacNAc, Galβ1-4GlcNAcβ, lactosamine disaccharide; PAS, Periodic Acid -
Schiff staining; PBS, phosphate buffered saline; PBA, PBS containing 0.2% BSA; PI, 
proliferation index; SiaLex, Neu5Acβ2-3 Galβ1-4(Fucβ1-3)GlcNAc tetrasaccharide; Tββ, 
Galβ1-3GalNAcβ disaccharide; Versene solution, PBS containing 0.02% EDTA.  
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INTRODUCTION   
 
Breast cancer (BC) remains the most common malignancy in women [1-3]. It develops up 
to age 70 among 55 - 85% of women; in the Netherlands and former USSR there are about 
32 and 15 deaths, respectively per 100,000 women [4]. Currently used therapeutic 
approaches to improve survival of patients have limited success in breast cancer. 
Unfortunately, various novel techniques to treat breast cancer including cytokines and/or 
tumour vaccine application also have several restrictions [2,5]. Besides, there is a current 
lack of adequate preclinical rodent models. Taken together, these circumstances compel to 
search for new therapy modes using appropriate mouse models of breast cancer. 

Being interested in a rational design of carbohydrate-based lectin aimed 
therapeutics against BC we have developed synthetic glycoconjugates, firstly, as diagnostic 
tools to identify lectins [6] and, secondly, as constructs for targeted delivery of the 
therapeutics [7]. In particular, we developed cytotoxic merphalan bearing liposomes 
equipped with lipophilic tetrasaccharide SiaLex (synthetic selectin ligand) as a vector [8]. 
We demonstrated promising therapeutic effect of this drug formulation in the transplantable 
BLRB mouse mammary carcinoma model. However, cytotoxic liposomes aimed mainly to 
selectins that expressed in mammary tumours (probably on endothelial cells of the newly 
arisen intratumour vascularization) were not capable to reject mammary cancer completely 
in both transplantable [8] and spontaneous (manuscript is in preparation) BLRB mouse 
models of human BC.  

Other lectins, such as galectins (β-galactoside binding proteins, βGBPs) seem 
attractive targets for lectin aimed anti-BC therapy [reviewed in 9]. The invasive and 
metastatic behaviour of breast cancer might be associated with balance between 
glycosylation and galectin expression on the tumour cells; the molecular significance of 
this correlation is proposed to be the interactions of galectins with polylactosamines on 
matrix proteins such as laminin, aiding cellular invasion [reviewed in 10]. Moreover, 
galectins that recognize β-galactoside containing oligosaccharides have been implicated in 
multitude of cell processes including cell growth, adhesion, and apoptosis [reviewed in 9-
11]. Recently, expression of galectin-1, galectin-3, galectin-4, galectin-7, and galectin-8 on 
non-invasive and invasive breast carcinomas was confirmed by immunohistochemical 
methods or Cancer Genome Anatomy Project library analysis [12]. Galectins were 
identified both in the cytoplasm and the nucleus of breast cancer cells [13-18]. 

Several studies have demonstrated that galectins (mainly, galectin-1 and galectin-
3) could be down- or upregulated in breast carcinoma cells in models in vitro and in vivo 
[13,14], and in breast carcinoma specimens as well [15,16]. However, discrepancies have 
been observed in reported data that have hampered clear answers on two key questions (i) 
to what extent do galectin expression profiles differ for breast cancer cells and surrounding 
non-malignant host tissues, and (ii) does galectin overexpression directly or reversely 
correlate with aggressiveness of human breast carcinomas [reviewed in 16]. Several 
authors showed a direct correlation between galectin expression on breast carcinoma cells 
in vitro and their invasive potential in experimental mouse models in vivo [13,14]. On the 
other hand, the increase of the histological grade of breast carcinoma in a specimen leads to 
reduced expression of galectin-3 resulting in decrease of tumour cell adhesion to 
extracellular matrix and increase of cancer cell motility followed by metastatic spread 
[15,16]. This seems to be due to the ability of galectin-3 to arrest the cell cycle in G1 phase 
through inhibition of cell cycle regulators [17]. Galectin-1 may also interfere with cell 
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cycle regulation via direct interaction with oncogenic Ras antigen [18]. Besides, galectin-1 
as well as galectin-3 are expressed on the surface of endothelial cells which might be 
involved in adhesion of tumour cells to endothelial cells leading to enhanced angiogenesis 
[19]. 

These data presumes a major role of galectins in the biological behaviour of breast 
cancer cells during tumour progression, and therefore, galectins are attractive as a target in 
anti- breast cancer therapy. Detailed interrelationships between galectin level and 
invasiveness of BC remained unconvincing, and little is known about expression of 
galectins on metastatic cells from human BC specimens. We expected that natural 
expression of galectins on mammary carcinoma cells during tumour progression (similarly 
to human breast carcinoma cells) might be a proper model, which may explain current 
discrepancies in previously observed data and to provide elucidation of underlying 
mechanism(s) involved. There are, however difficulties to find a proper animal model. 

A few general characteristics of human BC are hardly reproducible in mouse 
models, which are in current use. First, the remarkable heterogeneity of human BC is such 
an attribute, as indolent and fast manifestations are both frequent in BC clinic. On the 
contrary, the majority of mouse models represent relatively homogenous cohorts of mice 
bearing tumours with similar characteristics. Second, the majority of naturally arising 
mouse mammary tumours metastasize through blood vessels to lungs, whereas human BC 
spreads also via lymphatics. Finally, the entire complex of inherent attributes of human BC 
is hardly reproduced in one mouse strain/model. Hence, we developed a system of mouse 
models with different characteristics and natural incidences of mammary cancer to 
reproduce various forms of human BC [20-22].  Recently, we have reported about our 
mouse models as appropriate tools to test alternative novel modes of anti-BC therapy 
[8,21,22]. Transplantable aggressive mouse mammary carcinoma in A/Sn mice 
demonstrated high metastatic spread to liver, spleen, kidney, and lymph nodes comparable 
with human BC [21]. In addition, we tested therapy efficacy in mice bearing mammary 
tumours with fast and slow growth rates separately. However, these transplantable mouse 
models do not reproduce the whole range of BC, which is usually a more chronic disease 
that arises by gradual transformation of cells and evolutionary expansion of cell populations 
in situ. Autochthonous murine tumours better reproduce many of the features of human BC 
but are experimentally more cumbersome (tumours arise in females of various age, range in 
sizes and tumour growth rates). However, tumour cells from spontaneous mammary 
carcinoma transplanted to syngeneic mice provide the first in vivo passage, which is 
generally considered to maintain histopathological and growth parameter values of the 
autochthonous precursor and avoids the above mentioned disadvantages of spontaneous 
tumour models. Therefore, transplantable mouse mammary tumours in A/Sn mice with 
various metastatic potentials might complement naturally arising BLRB mammary 
carcinomas (together with their first transplanted generations) to mimic a wide range of 
human malignancy as they imitate different groups of human BC: both fast growing poorly 
differentiated forms that are highly metastatic to lymph nodes, liver, kidney and/or lungs 
and slowly growing hardly metastasizing well-differentiated forms as well. Hence, the 
whole variety of our mouse models was involved in this research. The dynamics of galectin 
expression during mammary tumour progression might be an important characteristic of a 
mouse model per se. In addition, this information would be useful for the development of 
new therapeutic techniques including a lectin target therapy for breast cancer. 
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Therefore, the major aim of this work was to study the expression of the 
βGBPs/galectins on neoplastic mammary cells from different new mouse breast cancer 
models in vitro and in vivo.  

Earlier, using purified galectin-1 galectin-2 we have identified three oligo-
saccharides, namely LacNAc, Tββ, and aGM1 as the most specific ligands to these galectins 
[23 and unpublished data, manuscript in preparation]. Using the corresponding 
glycoconjugate probes (Glyc-PAA-Fluo) that were labeled by fluorescein for flow 
cytometry we focused on βGBP/galectin expression profiles as possible markers of 
aggressiveness of carcinomas. 

Various mouse mammary carcinoma cell lines which differed in invasiveness and 
metastatic ability in syngeneic murine hosts and mammary carcinoma cells from primary 
mouse spontaneous mammary tumours and their metastases were probed by means of these 
three glycoconjugates, whereas selectin ligand, namely SiaLex-containing glycoconjugate 
probe [24] was mainly used as negative control. To further clarify the relationship between 
the βGBP/galectin expression profiles and the aggressiveness of mammary tumours, 
histopathological research has been used. We found that carcinoma cells from all mouse 
models under investigation expressed various βGBP/galectin patterns on the cell surface. 
These findings hold promise as a novel target therapeutic strategy for breast cancer. 
 
 
MATERIALS AND METHODS  
 
Mouse models 
Mice from the breeding nuclei of A/WySnJCitMoise [21] and BLRB-Rb(8.17)1Iem/Moise 
[20] (thereafter called A/Sn and BLRB, respectively) were bred in our Mouse Breeding 
Department at the Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Moscow, 
under carefully standardised conditions. Females in our colonies of A/Sn and BLRB mice 
showed <5% and >95% naturally arising mammary cancer, respectively. Cell lines were 
developed from these tumours. They were histologically described and maintained by in 
vitro and in vivo passages.   Males were used in a transplantation series. The recipient mice 
were 4-6 months of age at the moment of tumour transplantation.  

All experiments were performed in accordance with the "Guide for the Care and Use 
of Laboratory Animals" (U.S. Department of Health and Human Services, National 
Institute of Health Publication No. 93-23, revised 1985).  
 
A) In vitro mouse models 
 
1. Established cell lines:   
VMR-O and VMR-L tumour cell lines were kindly provided by Dr. S.L. Kiselev  (Russia, 
Moscow).  VMR-O and VMR-L tumour cell lines were established from a single 
moderately metastatic spontaneous mouse mammary carcinoma in an old A/Sn virgin by in 
vivo and in vitro passaging of the primary tumour and metastatic foci to obtain low and 
highly metastatic tumour substrains, respectively.  These cell lines with long 
transplantation history produce tumours in syngeneic A/Sn mice with low (VMR-O) and 
high (VMR-L) metastatic potential to liver after being transplanted subcutaneously (s.c.) in 
mice [25]. 
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Cells were cultured in DULBECCO medium  (Invitrogen, UK) supplemented with 10% 
FCS and 2 mM glutamine (Invitrogen, UK) at 370 in an  atmosphere of 5% CO2.  
 
2. Short-term cell cultures 
Short-term cell cultures were obtained from various spontaneous mammary tumours of 
BLRB females as a few of naturally arising mammary carcinomas became available each 
week in our mouse colony. A cell suspension was prepared from tumour tissue, filtered 
under sterile conditions and cultured in RPMI 1640 medium  (Invitrogen, UK) 
supplemented with 10% FCS and 2 mM glutamine (Invitrogen , UK) at 370 in an 
atmosphere of 5% CO2. After a few days dead cells were removed while viable cancer cells 
adhered to the plastic flask.  
 
B)  In vivo mouse breast cancer models   
Various kinds of mammary carcinoma models in two mouse strains were used. 
 
1. A/Sn i.p. transplantable model: Syngeneic A/Sn males were inoculated intraperitonealy 
(i.p.) with 1x106 VMR-L mammary carcinoma cells.  Two weeks later ascites was 
collected, cells were cultivated in RPMI-1640 in vitro for a few days and subjected to 
cytology and flow cytometry analyses.  
 
2. Initial A/Sn s.c. transplantable model:Syngeneic A/Sn males were inoculated s.c. near 
the right flank with 1x106 VMR-L mammary carcinoma cells.  Three weeks later a tumour 
of about 10 mm in size and visible metastatic foci from liver were taken and representative 
tissue pieces were subjected to histological research. The rest was cut and cell suspensions 
were prepared by means of a Medicon machine (Dako, Denmark). The cells were used for 
the flow cytometry analysis. 
 
3. Secondary A/Sn s.c. transplantable model: The first A/Sn recipient was inoculated s.c. 
with VMR-L mammary carcinoma cells as described above.  Three weeks later primary 
tumours of about 10 mm in size and liver, spleen, and lymph nodes were taken from this 
mouse, cut and cell suspensions were prepared as mentioned above. These tumour cell 
suspensions were s.c. injected into secondary A/Sn hosts (1x106 viable cells per mouse). 
Three weeks later tumours derived from both primary tumour and metastatic foci were 
taken from secondary hosts, suspensions were prepared and flow cytometry analysis was 
performed. 
 
4. BLRB spontaneous mammary carcinoma model: BLRB females have about 95% 
incidence of spontaneous mammary carcinomas with almost 100% metastatic spread to 
lungs. About one third of the BLRB females got more than one primary tumour as 
mammary tissue is located in fat pads accompanying ten nipples of the female, and thoracic 
and abdominal localizations are the most frequent. Only females with two tumour nodules 
were used, namely a fast growing, first appearing thoracic tumour of about 11 mm in size 
and a later appearing second small abdominal nodule of about 3 mm in size. Both large and 
small tumours from the same female were collected for histopathological examination and 
galectin detection by flow cytometry. Cell suspensions from both primary tumours and 
lungs (as metastatic foci were hardly visible) from the same BLRB female were prepared as 
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described above and subjected to flow cytometric analysis. The rest of suspensions were 
inoculated to syngeneic hosts to create the transplantable model. 
 
5. BLRB s.c. transplantable model (the first passage): Syngeneic BLRB mice were 
injected s.c. with suspensions containing about 10x106 of viable cells as was previously 
described in [8]. Cells were taken from spontaneous large advanced and small later arisen 
mammary tumours and from lung (as metastatic prone tissue) from the same female to 
obtain the first transplantation generation from both primary tumours and from lung 
metastases. Five weeks later tumours of about 10 mm in size derived from primary tumours 
and from lung metastases were taken from the recipient mice. A representative part of the 
tumour was used for histopathological research; the rest was cut and cell suspensions were 
prepared as mentioned above and flow cytometric analysis was performed.  
 
Glycoconjugate probes  
We used synthetic glycoconjugates, Glyc-PAA-fluo, where PAA is 30 kDa soluble 
hydrophilic polymer (polyacrylamide), fluo is fluorescein, Glyc is oligosaccharide, i.e. 
LacNAc (lactosamine disaccharide), aGM1 (Galβ1-3GalNAcβ1-4Galβ1-4Glc 
tetrasaccharide), Tββ (Galβ1-3GalNAcβ disaccharide), or SiaLex (Neu5Acβ2-3 Galβ1-
4(Fucβ1-3)GlcNAc tetrasaccharide). All Glyc-PAA-fluo were obtained from Lectinity 
(Moscow, Russia). The aGM1-PAA-fluo was synthesized as described in [26]. The aGM1-
PAA-fluo, Tββ-PAA-fluo and LacNAc-PAA-fluo were used as galectin ligands, whereas 
SiaLex-PAA-fluo that is selectin ligand [23,24] was applied as a negative control.  
 
Flow cytometry analysis  
A cell suspension obtained from a tumour was rinsed with cold PBA and incubated with 
Glyc-PAA-fluo (100 µM) for 40 min at 40. After washing twice with cold PBA, 
fluorescence analysis was performed with a flow cytometer (Dako Galaxy, Denmark) using 
FlowMax 2.0 program. In the case of cell cultures, adherent cells (2x106/ml) were 
harvested with cold Versene solution that causes cells to detach. Obtained floating cells 
were washed three times in cold PBA and incubated with probes.  
Percentage increase of fluorescence intensity was calculated as [100Fi/Fo]-100%, where Fi 
– fluorescence intensity of cells preincubated with Glyc-PAA-fluo; Fo – fluorescence 
intensity of negative control cells that were not preincubated with Glyc-PAA-fluo.  
Representative data from one of the several independent experiments is shown in each 
figure. 
 
Permeabilization of cells  
Tumour cells (2x106/ml) were rinsed with PBS and incubated with 0.1% saponine (Merck, 
Germany) in PBS for 40 min at 370. Cells were washed with PBS and flow cytometric 
analysis was performed.  
 
Cell cycle analysis 
DNA staining for cell cycle analysis of tumour cells was performed as routine procedure 
according to [27] and DNA analysis was performed by means of flow cytometer (Dako 
Galaxy, Denmark). The FlowMax 2.0 and ModFit 3.0 programs for cell cycle analysis were 
used. Proliferation index (PI) was calculated as (S+G2M)/100. 
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Statistical analysis 
Statistical analyses were performed on the data sets using the non-parametric Wilcoxon-
Mann-Whitney U test.  
 
Cytological examination  
Cytology research on Giemsa-stained smears was performed as routine procedure 
according to [21]. 
 
Histopathological examination  
Briefly, fragments of primary s.c. tumours with surrounding tissue and regional lymph 
nodes were excised and fixed in phosphate-buffered 4% formalin solution for 
histopathological examination. The same procedure was used for other metastatic prone 
organs – such as lung, liver, spleen, and kidney. Paraffin sections (5µm) were prepared and 
stained with haematoxylin-eosin and/or PAS. Three pathologists evaluated all histological 
sections independently. In several panel discussions consensus was obtained.  
Mammary tumours and their metastases in vitally important organs were mainly classified 
according Squartini et al [28] with essential modifications [21] following the logic to 
describe each specific component of histologically heterogeneous mammary tumour as 
distinct tumour type. Using this approach no type B was presented in our classification 
scheme to avoid the confusion with previously reported classifications [28] where type B 
was widely used to illustrate a significantly heterogeneous histopathological pattern.  
Their main characteristics used for histopathological descriptions are:  
1. Mammary carcinoma, type A – adenocarcinoma with fine acinar structure is composed 

of small undifferentiated and mainly hyperchromatic epithelial cells that arranged in 
round cavities and elongate tubules; neoplastic cells rarely show mitotic figures. 
Intercellular cohesion is evident. The connective tissue is scanty. The vascular bed is 
thin; necrosis is not found. 

2. Mammary carcinoma, type AD –adenocarcinoma seems to be a result of type A 
mammary carcinoma progression and is therefore considered as intermediate type from 
A to D with more or less evident acinar structure similar to type A but composed of 
larger epithelial cells with pale polymorphic nuclei similar to type D; secretory activity 
is less evident. The level of loosing intercellular cohesion varies within the same 
section; mitotic figures are frequent. The amount of stroma varies notably. The vascu-
lar bed might be well developed in larger tumours. Necrosis is easily seen in 
compressed sheets from hemorrhagic areas. 

3. Pale mammary carcinoma, type D - carcinoma might be considered as an extreme case 
of an AD carcinoma with total loss of intercellular cohesion and secretory activity, 
composed of large neoplastic cells, rich in acidophilic cytoplasm with large round pale 
staining nuclei. So, glandular elements are absent within type D of mammary 
carcinoma and an epidermoid structure often prevails. The stroma component is thin. 
The arrangement of cells within the same section varies considerably: they form 
ductules, cords and/or bands. Neoplastic cells regularly show mitotic figures; necrosis 
is characteristic inside of these structures. The vascular bed is thin, so hemorrhagic 
areas may not be conspicuous. The connective tissue is scanty within D areas, but 
tubules composed of D carcinoma might be embedded in abundant stroma.  

4. Mammary carcinoma, type C–cystic carcinoma arises within other types, mainly, 
lobular AD type and form cysts filled initially with fluid (secretion) but later with 
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blood; therefore this tumour is often haemorrhagic.  In small tumours this areas might 
resemble the so-called cribriform pattern. In large tumours neoplastic cells form 
intracystic papillary projections, solid cords, sheets, nests or tubes with no sign of 
glandular differentiation. The amount of stroma varies; necrosis and haemorrhages are 
frequent.  

5. Mammary carcinoma of the bizarre type E – composed of intensely stained 
polymorphic cells; resembles anaplastic and displastic forms of D type carcinoma and 
frequently follows the latter in the projection of the same tumour.  Brightly basophilic 
extremely polymorphic neoplastic cells show nuclei of various bizarre shapes. The cell 
size varies greatly; there is little if any intercellular cohesion.  

6. Fibrous stroma compounds of type F – present well differentiated elongated or stellate 
cells, which resemble fibroblasts and are mainly found in stroma of the mammary 
carcinomas mentioned above. This might imply that stromal elements are commonly 
non malignant in naturally arisen mammary tumours. But in transplanted tumours with 
long transplantation history these components might vary significantly in mitotic 
activity, probably mimicking consequent stages of human breast lesions, namely from 
fibromatosis to malignant fibrosarcoma. 

7. Various patterns of spindle cells proliferation, or, type G – presents sarcomatous 
shaped, elongated or stellate cells, so called myoepithelial cells, which are brightly 
basophilic. They frequently outline tumours of other types, mainly AD and D type. 
Masses of these cells sometimes protrude into the stroma, compressing ductules and 
alveoli into thin cords.  

 
 
RESULTS 
 
Flow cytometric analysis of Glyc-PAA-fluo binding to VMR-O and VMR-L cells in vitro 
with opposite metastatic potencies in syngeneic hosts 
 
VMR-O and VMR-L cells from established cell lines were probed by fluorescein labelled 
glycoconjugates. Data from one of three independent experiments are presented in Fig. 1.   
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Figure 1. The VMR model, in vitro.  
 
Flow cytometric assay of the Glyc-PAA-fluo 
binding to VMR-O (white columns) and VMR- L 
cells (grey columns).  Representative data from one 
of the three independent experiments are shown.  
 
 

 
LacNAc-PAA-fluo and aGM1- PAA-fluo ligands exhibited remarkable binding to 

VMR-L cells that were morphologically large polymorphic carcinoma cells. This VMR-L 
cell line was characterized as potentially highly metastatic to the liver. However, VMR-0 
cells that morphologically resembled fibroblasts were clearly less potent in binding to 
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LacNAc-PAA-fluo and aGM1- PAA-fluo probes in vitro. This VMR-0 cell line was 
characterized as potentially non-metastatic to the liver [25].  Both cell lines demonstrated 
poor affinity to Tββ-PAA-fluo compared with aGM1-PAA-fluo, which represented the 
same terminal Tββ disaccharide. It might imply the importance of other structures, such as 
inner lactose core in aGM1-PAA-fluo for interaction with tumour cells rather than only the 
terminal disaccharide. 
To further confirm the morphology of VMR-0 and VMR-L cell lines with opposite 
metastatic potencies, these cells were transplanted s.c. to syngeneic A/Sn recipients and 
histopathological research was undertaken. VMR-0 originated tumours were characterized 
by initially slow tumour growth. However, histopathological analysis of final stages of 
VMR-0 tumour revealed abundant pleomorphic and hyperchromatic spindle-shaped cells 
arranged in fibrous tissue that was invasive to the skin. 
 

 
 
Figure 2. The VMR model, in vivo. Morphology of the VMR mammary tumours arisen from cell lines after their 
s.c. transplantation to syngeneic A/Sn females. 
A – VMR-0. Details of abundant loose fibrous malignant compound, F type (left) in metaplastic spindle cell 
carcinoma, G type (right) in the advanced necrotic tumour, HE staining; B – VMR-0. Haematogenous metastatic 
spread to lungs corresponding to both solid carcinomatoid compound of the G type (middle left) and sarcomatoid 
loose compound of the F type (top right) from the same A/Sn female with s.c. tumour as depicted in A, HE 
staining; C – VMR-L. Details of the solid compounds of the type D pale and polymorphic type E dark stained in 
s.c. tumour, HE staining; D – VMR-L. Details in one of the abundant liver metastases, from the same A/Sn female 
with the s.c. tumour as depicted in C, HE staining; E – VMR-L. Lymph node metastasis showing necrotic area 
(upper right), from the same A/Sn female as depicted in C, HE staining. 
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Advanced VMR-0 nodules were fast growing, highly necrotic tumours. Details of both 
solid and loose tumour components are presented in Fig. 2A, B. An average of 10 mitoses 
per high-power field was seen. No metastases were found in the liver, spleen, kidney and 
regional lymph nodes. Only small metastatic foci of solid carcinomatoid and loose 
sarcomatoid components in lungs within blood vessels (Fig. 2B) were found in one sample. 
This facilitated the diagnosis of metaplastic spindle cell carcinoma of the G type with 
abundant malignant fibromatosis of the stroma, F type for VMR-0 originated tumours.  

Histopathological data on initially fast s.c. growing VMR-L tumours revealed 
abundant metastases in all metastatic prone parenchymal organs, including liver, spleen, 
kidney, lungs and lymph nodes. Solid constituents of the type D pale and peculiar type E 
mammary carcinoma were detected in primary s.c. growing VMR-L tumour (Fig. 2C) and 
its metastases (Fig. 2D, E; liver and lymph node metastases). Livers of all recipients were 
full of metastases. Details from a liver metastatic focus are represented in Fig. 2D. 
Furthermore, large macroscopic metastatic foci in the livers of animals bearing advanced 
tumours were found. Advanced tumours and metastatic foci as well were extremely 
hemorrhagic and necrotic. Metastatic foci regularly contained more aggressive tumour cells 
as in average 8-10 mitoses per higher magnification field were scored in contrast to 5-6 
mitoses in primary tumours. 

We can conclude that (i) LacNAc- PAA-fluo and especially aGM1- PAA-fluo 
probes were effective in binding to the VMR-L cells in vitro and (ii) the VMR-0 cell line, 
as potentially less aggressive spindle cell carcinoma with poor metastatic pattern exhibited 
less surface βGBPs/galectins in vitro than the VMR-L line as potentially highly invasive 
poorly differentiated mammary carcinoma with an abundant metastatic pattern. 
 
I.p. A/Sn model. Flow cytometric analysis of Glyc-PAA-fluo binding to cells of the VMR-
L derived ascites  
 
Intraperitoneal (i.p.) transplantation of mammary carcinoma VMR-L cell line led to an 
individual ratio of leucocytes and tumour cells in the peritoneal fluid of each mouse 
recipient (Fig. 3A). Cell compositions of the ascites from eleven mice were analyzed and a 
range of ratios was obtained; flow cytometry assessments for all cases were performed. 
Flow cytometric data of ascites II and I from two mice were selected for presentation as 
they principally differed in cell composition. Ascites I (Fig. 3B, diagonally striated 
columns) represented almost only tumour cells, whereas ascites II (Fig. 3B, grey columns) 
contained equal amounts of tumour cells and leucocytes (lymphocytes, monocytes, and 
macrophages). Leucocytes from i.p. fluid of intact mouse were used as negative control 
(Fig. 3B, white columns). Flow cytometry analysis demonstrated that LacNac-PAA-fluo 
and aGM1-PAA-fluo ligands bound strongly to cells from the ascites I, whereas SiaLex-
PAA-fluo and Tββ-PAA-fluo probes showed poor binding (Fig. 3B). All the tested Glyc-
PAA-fluo probes exhibited significantly lower biding to cells of ascites II as compared to 
cells of ascites I. On the other hand, LacNAc-PAA-fluo and aGM1-PAA-fluo ligands 
demonstrated limited binding to cells from peritoneal cavity of intact mouse. This strongly 
suggests the overexpression of βGBPs/galectins on tumour cells from ascites.  

Lower binding ability of cells from ascites II can not be explained by means of 
simple dilution of tumour cells by leucocytes. To further find an explanation we suggested 
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Figure 3. A/Sn i.p. model.  
A - Leucocytes and two subpopulations of tumour VMR-L cells: TC-dark (1) sarcomatous cells and TC-light (2) 
carcinomatoid cells, ascitis, smear, Giemsa staining, original magnification x 400; B - Flow cytometric assay of the 
Glyc-PAA-fluo binding to cells obtained from i.p. fluid: ascitis II contained equal ratio of tumour cells/leucocytes 
(grey columns), ascitis I contained only tumour cells (striped columns), and leucocytes from peritoneal cavity of a 
normal mouse (white columns). Representative data from two of eleven independently tested ascites are shown.  
 
different properties of tumour cells from these ascites due to heterogeneity of tumour cell 
composition that might correlate with the lectin-binding pattern. Indeed, two 
morphologically different subsets of mammary carcinoma cells in ascites were found by 
analysing of Giemsa stained smears, i.e. tumour cells with very dark basophilic cytoplasm 
(TC-dark); Fig. 3A, 1 and weak basophilic tumour cells (TC-light); Fig. 3A, 2. The 
morphology of TC-dark cells was that of a poorly differentiated fast growing tumour 
consisting of extremely polymorphic round cells with compact hyperchromatic nuclei, little 
cytoplasm, and frequent mitoses. This type of apparently more aggressive cells prevailed in 
ascites I and contained almost exclusively tumour cells that exhibited a high level of 
affinity to both LacNAc-PAA-fluo and especially aGM1-PAA-fluo, this implies notable 
surface βGBPs/galectins overexpression.  In contrast, TC-light carcinoma like cells were 
similar to common mammary carcinoma cells showing reddish reticulate nuclei with 
distinct nucleoli and a more differentiated appearance. This type of less aggressive cells 
prevailed in ascites II that contained equal amounts of tumour cells and leucocytes and 
exhibited lower surface galectin level.   

Finally, we can conclude that (i) normal leucocytes hardly expressed surface 
βGBPs/galectins, and (ii) more aggressive poorly differentiated neoplastic component of 
the VMR-L derived ascites expressed more surface galectins. 
 
Initial A/Sn s.c. model. Flow cytometric analysis of Glyc-PAA-fluo binding to tumour 
cells obtained from the liver metastases  
 
VMR-L mammary tumour cells were s.c. transplanted to syngeneic A/Sn mice to create an 
initial in vivo model. Abundant metastatic pattern was characteristic in the livers of all 
recipients (Fig. 2D). Large macroscopically visible metastatic foci in the livers of animals 
bearing advanced tumours were found.  

Cells from the macroscopic liver metastatic focus were analysed by flow 
cytometry with all the three galectin ligands (Fig. 4). Neither cells from a normal liver (data 
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not shown) nor cells from the liver metastatic focus interacted with Glyc-PAA-fluo probes. 
However, after permeabilization of cells with saponine, strong binding of LacNAc-PAA-
fluo and aGM1-PAA-fluo to the metastatic cells was observed (Fig. 4). This implies that 
surface βGBPs/galectins are hardly expressed in normal liver cells and in metastatic cells as 
well, however carcinoma cells from the liver metastatic focus demonstrated high level of 
galectin expression within the cell (in cytoplasm and/or nucleus).  
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Figure 4. Liver metastases from initial A/Sn 
s.c. transplanted model. Flow cytometric 
analysis of the Glyc-PAA-fluo binding to liver 
metastatic cells before (white columns) and 
after (grey columns) permeabilization of cells 
with saponine. Representative data from one 
of two independent experiments are shown. 
 

 
Flow cytometric analysis of Glyc-PAA-fluo binding to tumour cells obtained from the 
secondary A/Sn s.c. model  
 
Cells from primary tumour and liver, spleen, and lymph node metastases from the initial 
A/Sn model were inoculated to secondary A/Sn hosts; tumours of about 10 mm from these 
recipients were analyzed histologically and by means of flow cytometry. Histopathological 
research revealed highly aggressive forms of types D and E mammary carcinomas in s.c. 
growing tumours similar to the pattern depicted in Fig. 2D; final stages of advanced 
tumours were extremely necrotic and hemorrhagic. The LacNAc-PAA-fluo and the aGM1-
PAA-fluo displayed strong affinity to cells from all s.c. growing tumours (Fig. 5), whereas  
Tββ – and SiaLex- containing probes were significantly less potent (data not shown).  
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Figure 5. Secondary A/Sn s.c. 
transplantable model. Flow 
cytometric assay of the Glyc-
PAA-fluo binding to cells from 
the s.c. tumour derived from the 
VMR-L primary tumour (white 
columns),  s.c. tumour derived 
from liver metastatic focus (grey 
columns), from the  spleen 
metastases (diagonally striped 
columns), and from lymph nodes 
metastases (vertically striped 
columns). Representative data 
from one of two independent 
experiments are shown. 
 

 
Cell cycle patterns for all tumours (data not shown) and the lectin binding potency of cells 
derived from initially primary tumour and metastatic foci were similar, and comparison of 
the two groups using a Wilcoxon-Mann-Whitney U-test showed no statistically significant 



Chapter 7 
 

 110

differences, although cells derived from spleen metastases demonstrated notable increase of 
affinity to both tested probes (Fig. 5).  

Remarkably, the binding levels of LacNAc-PAA-fluo and aGM1-PAA-fluo were 
in average twice-higher to cells from s.c. growing VMR-L derived tumours than to VMR-L 
cells growing in vitro or in ascites (compare Fig.5 with data depicted in Fig. 1, grey 
columns and 3B, diagonally striated columns). This implies higher surface βGBP/galectin 
level on tumour cells from s.c. A/Sn models.  
 
Flow cytometric analysis of Glyc-PAA-fluo binding to cells from short-term BLRB 
culture  
 
Cells obtained from primary BLRB spontaneous mammary tumour were cultured under 
standard conditions. Lectin expression was studied on cultured tumour cells after they 
formed a confluent layer. Mammary carcinoma cells in cultures were recognized using 
Giemsa staining (Fig. 6A). These cells were probed by Glyc-PAA-fluo (Fig. 6B). LacNAc-
PAA-fluo and especially aGM1-PAA-fluo bound to cultured tumour cells; whereas 
glycoconjugate probe bearing its terminal disaccharide fragment Tββ-PAA-fluo displayed 
poor binding.  The SiaLex-PAA-fluo (selectin ligand) also showed limited binding.  
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Figure 6. The BLRB model, in vitro.  
A - Morphology of the mammary carcinoma cells, primary short-
term culture obtained from a BLRB spontaneous mammary 
adenocarcinoma, Giemsa staining; B - Flow cytometry assay of the 
Glyc-PAA-fluo binding to tumour cells from the short-term BLRB 
culture, representative data from one of four independent 
experiments are shown; C - The A (1) and AD (2) types surrounded 
with the D type (3) of carcinoma originated from the BLRB short-
term primary culture depicted in A after i.p. transplantation of cells 
to a BLRB male, liver metastasis, PAS staining. 
 

 
To prove mammary carcinoma origin of cells that were maintained in vitro (Fig. 

6A) 104  cultured tumour cells were transplanted i.p. to a BLRB male host. Six month later 
this male was sacrified, and histopathological analysis revealed characteristic mammary 
carcinoma growth in the peritoneum and in the liver. Solids were composed mainly of the 
D carcinoma (data not shown); however, abundant liver metastases showed typical 
glandular structures surrounded by conspicuous solid pale carcinoma of the type D (Fig. 
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6C, 3). Adenocarcinoma components of the type A (Fig. 6C, 1) and type AD (Fig. 6C, 2) 
contained PAS-positive material.   

Finally, we can conclude that BLRB mammary carcinoma cells cultured in vitro 
expressed surface βGBPs/galectins rather than selectins. 
 
Spontaneous BLRB model. Flow cytometric analysis of Glyc-PAA-fluo binding to 
tumour cells obtained from large and small BLRB primary spontaneous tumours 
 
Two spontaneous mammary tumours from the same BLRB female with an initial advanced 
thoracic nodule and a later arisen small groin nodule were used to identify surface βGBP/ 
galectin expression; representative data from one of two independent experiments are 
described here (Fig. 7C). Larger tumour (L; 11 mm in diameter) was characterized by 
initial fast tumour growth (histopathological pattern of a representative section is depicted 
in Fig. 7A), whereas smaller tumour (S; 3mm in diameter) initially demonstrated a slow 
tumour growth rate (Fig. 7B). Cells obtained from the large L and small S primary BLRB 
spontaneous mammary tumours were probed by the LacNAc-PAA-fluo, the Tββ-PAA-fluo, 
and the aGM1-PAA-fluo probes (Fig. 7, bottom). 
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Figure 7. The BLRB spontaneous model, in vivo. 
A - Histopathological pattern of the advanced large 
tumour (L): prevailed solid D (1) including small E 
(2) types of carcinoma with large cysts invaded 
fibrous stroma surrounded with small areas 
composed of the AD (3) carcinoma, HE staining; B- 
Histopathological pattern of the small tumour (S): 
cystic adenocarcinoma of the A (4) and AD (3) types 
with delicate stroma, HE staining; C- Flow 
cytometric assay of the Glyc-PAA-fluo binding to 
tumour cells from the primary large (L, white 
columns) and small (S, grey columns) spontaneous 
mammary tumours from the same BLRB female. 
Representative data from one of two independent 
experiments are shown. 
 

 
Both the LacNac-PAA-fluo and the aGM1-PAA-fluo ligands were the more potent similar 
to the case of a short-term BLRB culture, whereas the Tββ-PAA-fluo ligand was 
considerably less active both in vitro and in vivo. Cells from the small S tumour interacted 
stronger with both the LacNAc-PAA-fluo and the aGM1-PAA-fluo probes than cells from 
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 the larger advanced tumour. This implies that βGBP/galectin expression was higher on the 
surface of tumour cells from the small nodule. 

To investigate whether galectin expression correlates with aggressiveness of used 
carcinomas histopathology research was undertaken. The large L tumour, which expressed 
less galectins was mainly composed of the more aggressive types D and E in addition to 
small areas of AD of carcinoma (Fig. 7A: 1, 2, and 3, respectively); whereas the small S 
tumour that expressed more galectins was mainly composed of less aggressive secretion 
positive A and AD types of adenocarcinoma (Fig. 7B: 3 and 4, respectively). So, this 
reverse correlation between galectin expression and carcinoma aggressiveness seems to be 
dissonant to data described above for the A/Sn model where more aggressive tumour 
samples exhibited more surface galectins. But taking into account that spontaneous 
tumours are composed of two components, namely carcinoma and fibrous non-malignant 
connective tissue stroma, and L tumour exhibited a broad amount of fibrous tissue (which 
is common for advanced murine mammary tumours), whereas S tumour contained scanty 
connective tissue we suggest that sample from L tumour had less aggressive tumour cell 
composition at the moment of galectin assessment and expressed less surface 
βGBPs/galectins. So, there was no discrepancy with previously described data. 

 
Spontaneous BLRB model. Flow cytometric analysis of Glyc-PAA-fluo binding to 
tumour cells obtained from lung metastases  
 
Lungs with tiny metastatic foci from the BLRB female with large and small spontaneous 
mammary carcinomas were subjected to histopathological research and flow cytometry. 
Cystic mammary carcinoma formed the metastatic foci in lungs (Fig. 8A). Detailed analysis 
revealed carcinomas of the AD and D types surrounded with the E type within a focus. The 
cells from lungs with metastatic foci were analysed by flow cytometry with the 
glycoconjugate probes containing LacNac, Tββ, and aGM1 oligosaccharides (Fig. 8B).  
Neither lung metastatic cells nor cells from normal lung (negative control; not shown) 
interacted with these probes (Fig. 8B, white columns). 
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Figure 8. Lung metastases from the BLRB spontaneous model.  
A - Histopathological pattern of lung metastatic focus composed of cystic mammary carcinoma; 
B - flow cytometry analysis of the Glyc-PAA-fluo binding to cells obtained from the lung with metastatic foci 
before (white columns) and after (grey columns) permeabilization of cells with saponine. Representative data from 
one of three independent experiments are shown.  

B



Galectins expression in mouse models 
 

 113

However, after permeabilization of cells with saponine strong binding of all three probes to 
cells from the metastatic foci was observed (Fig. 8B, grey columns). This implies that 
similarly to the case with liver metastatic foci in A/Sn model, surface βGBPs/ galectins are 
hardly expressed on normal cells (at least cells from the lung and the liver) and on 
metastatic cells as well. However, metastatic cells contained a high level of βGBPs/ 
galectins expressed within the cell (in cytoplasm and/or nucleus). 
 
Transplantable BLRB model. Flow cytometric analysis of Glyc-PAA-fluo binding to 
tumour cells obtained from the first in vivo passages derived from large and small BLRB 
primary spontaneous tumours and from lung metastases as well  
 
Flow cytometric analysis of tumour cells that were obtained from the first transplantation 
generation from the large (L1) and the small (S1) primary spontaneous mammary tumours, 
and lung metastases (M1) from the same BLRB female was undertaken. In addition, cell 
cycles were measured for analysed cell populations and histopathology analysis of tested 
mammary carcinomas was performed to find correlation between galectin expression, 
histopathological pattern, and tumour proliferative capacity.  Reproducible data from one 
of four independent experiments are depicted in Fig. 9D. The aGM1-PAA-fluo ligand 
interacted stronger with tumour cells obtained from L1, S1 and M1 tumours (Fig. 9D, grey 
columns) as comparing with LacNAc-PAA-fluo probe (Fig. 9D, white columns). The Tββ- 
and SiaLex- containing probes showed poor biding (data are not shown). The levels of 
aGM1-PAA-fluo and LacNAc-PAA-fluo binding were similar for all samples although the 
binding to S1 was noticeably higher than binding to L1, and the highest interaction was 
revealed for both ligands to M1 tumour cells. These three samples were characterized by 
low percentage of cells in S and G2M phases (PI was about 0.1-0.2). This indicated a lower 
proliferative capacity of tumours in the BLRB model as compared to the A/Sn model where 
PI was scored as about 0.50 and galectin overexpression was higher (Fig. 5). 
Histopathological analysis also revealed lower grade of mammary tumour aggressiveness 
in the BLRB model. First passages of all tested tumours resembled spontaneous precursors 
in great lines (compare L and L1, for example) with one important addition – there was 
much more fibrous stromal component shown in all transplanted tumours.  
Tumour L1 that derived from primary large spontaneous tumour was mainly composed of 
tubular solid carcinoma of both D and E types with small glandular areas and plenty of 
fibrous stroma (Fig. 9A).  Tumour S1 that derived from primary small spontaneous tumour 
was mainly composed of solid adenocarcinoma of AD type with small carcinoma D areas 
and scanty fibrous stroma (Fig. 9B).  However, tumour M1 that derived from lung 
metastases was obviously composed of the more malignant carcinoma component E 
prevailed; middle amount of stroma was found in M1 tumour (Fig. 9C). If we propose the 
absence of surface galectins in non-malignant stroma, then we can explain why higher 
aggressive sample L1 expressed less galectins than less aggressive sample S1. Taking into 
account that non-malignant stroma might simply dilute higher aggressive carcinoma 
component in the sample, we can conclude that in general the higher aggressive tissue 
showed higher βGBP/galectin expression.  
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Figure 9.  The BLRB transplantable model. 
Representative histopathological patterns of mammary 
carcinomas of the first transplantation generation 
derived: A- from Large, L1 and B – from small S1 
spontaneous BLRB mammary carcinomas; C - from 
lung metastases, M1.  
D - Flow cytometric analysis of the binding of the a-
GM1-PAA-fluo (grey columns) and LacNac-PAA-fluo 
(white columns) to tumour cells obtained from the first 
passage from large L1 primary spontaneous tumour, 
small S1 primary spontaneous tumour, and lung 
metastases, M1. In the box cell cycles are shown. 
Representative data from one of four independent 
experiments are shown. 
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DISCUSSION 
 
Based on a crucial role of galectins in human BC progression we studied the β-galactoside 
binding protein (βGBP)/galectin expression profiles in a variety of mouse models of human 
BC that compliment each other reproducing various human BC entities. A few peculiarities 
of our methodology should be mentioned as mostly specific antibodies are used for galectin 
detection, which allows identifying the protein but does not provide information about its 
functional potency, i.e. ability to bind carbohydrate ligand. On the contrary, we have 
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investigated surface βGBPs/galectins functionally measuring their potency to bind the 
corresponding carbohydrate ligands. In contrast to specific antibodies, the Glyc-PAA-fluo 
probes are group reagents, i.e. they provide identifying of galectins as a family of proteins 
independently of particular structure (galectin-1, galectin-2, etc.). In context of the current 
major aim (to identify lectins for target therapy) we consider this feature to be an advantage 
because we measured integral β-galactoside- binding potency. Thus, strong binding of used 
ligands, especially aGM1-PAA-fluo to mammary tumour cells might imply surface galectin 
expression (functioning) in all mouse models of human BC under investigation.  

Firstly, established cell lines VMR-0 and VMR-L with long transplantation 
history and low and high metastatic potential, respectively after being transplanted to 
syngeneic A/Sn mice were screened in vitro. The VMR-L tumour cell line as potentially 
fast growing aggressive carcinoma with high metastatic spread to liver, lymph nodes, 
kidney, lungs, and spleen displayed affinity to the LacNAc-PAA-fluo and the aGM1-PAA-
fluo ligands in vitro. On the contrary, VMR-0 tumour cell line, as potentially slowly 
growing polymorphic spindle cell carcinoma with abundant malignant fibrous stroma, 
hardly expressed surface galectins in vitro. Furthermore, data in the i.p. VMR-L model 
showed a direct correlation of surface galectins and the proportion of tumour cells in an 
ascites, whereas normal leucocytes from both tumour bearing and naive mice hardly 
expressed galectins. The VMR-L transplantable s.c. tumours in A/Sn mice were 
characterized by macroscopic metastatic foci in the liver. To our surprise, no surface 
galectins were detected on both metastatic liver cells and normal splenocytes (from intact 
mice). But galectin ligands bound strongly to only metastatic cells after permeabilization of 
cells with saponine. Hence, we proposed the intracellular localization of galectins in 
metastatic cells (in cytoplasm and /or nucleus). Cells from metastatic foci were more 
aggressive than tumour cells from the primary tumour and they retained these proliferative 
capacities during a next transplantation to a secondary A/Sn host. Tumour cells from 
transplanted spleen metastases exhibited faster proliferation in a secondary A/Sn host and 
demonstrated higher level of affinity to the LacNAc-PAA-fluo and the aGM1-PAA-fluo 
galectin ligands than tumour cells derived from the transplanted primary tumour. In 
conclusion, in all types of A/Sn mouse models the more aggressive cell populations seem 
to exhibit higher expression of βGBPs/galectins suggesting a direct correlation between 
galectin overexpression and mammary tumour aggressiveness. This conclusion is in 
agreement with the literature devoted to investigation of galectin-3 expression on human 
BC cell lines in vitro and their metastatic potency in experimental immunodeficient mouse 
models in vivo [13,14]. Highly metastatic human breast carcinoma cells (MDA-MB- 435) 
expressed a higher level of galectin-3 than their non-metastatic counterpart (MDA-MB- 
468) in vitro [13]. Galectin-3 enhanced directly the metastatic potential of human breast 
carcinoma BT549 in an experimental liver metastasis model in vivo [14]. Interestingly, the 
analogy in galectin expression profiles and metastatic potency to the liver of both human 
and murine VMR cell lines is apparent.  

Histopathological research highlighted several advantages of the A/Sn mouse 
models reproducing various forms of human BC. Murine VMR-0 originated spindle 
carcinoma resembles morphologically fibromatosis-like carcinoma of the human breast. 
Moreover, this murine tumour shows initially deceptively benign appearance with 
potentially aggressive behaviour at latest stages exactly like it was reported for this 
malignancy in women [29]. On the other hand, murine VMR-L originated tumours with 
characteristic lymph node metastatic patterns remind of medullary human breast carcinoma. 
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Distinct morphological and functional similarities between murine and human carcinomas 
validate the VMR-originated mouse models as proper tools to mimic certain aggressive 
forms of human BC.  

To reproduce the wider range of human malignancy, other mouse models were 
used, namely spontaneous mammary carcinomas in the BLRB mouse strain that might 
function as a model of familial BC [22].  Histopathological analysis showed that 
spontaneous BLRB mammary carcinomas are generally characterized by a lower grade of 
malignancy and haematogenous metastatic spread to lungs compared with highly invasive 
VMR-L originated tumours associated with lymph node metastases. The first stages of the 
BLRB mammary carcinoma progression (A + AD) resemble in some way lobular carcinoma 
in situ of the human breast, but the following stages (AD-> D-> E) of murine carcinoma 
progression are closer to pure medullary carcinoma of the human breast associated 
commonly with conspicuous lymphocyte infiltration. Interestingly, both mentioned human 
BC entities are relatively rare forms in sporadic BC and were found more frequently in 
patients with family history of BC [30]. This distinct morphological similarity between 
murine and human carcinomas is an argument to validate the BLRB strain as proper mouse 
model of familial BC. Furthermore, the presence of a distinct proportion of the BLRB 
females with a few primary nodules resembles multifocal BC and permits to study the 
histopathology and lectin expression during mammary tumour progression in one female. 
Small slowly growing tumours (2-3 mm for a few weeks) as representatives of the initial 
phase of mammary tumourigenesis (A + AD) expressed more surface βGBPs/galectins than 
large tumours that were used as representatives of consecutive invasive steps of mammary 
carcinoma (types D + E) in the same female. Both tumours represented histologically 
heterogeneous mammary carcinoma patterns. Moreover, in large advanced tumour non-
malignant fibrous stroma was conspicuous, which is a common characteristic of advanced 
tumours in the BLRB mouse strain. Hence, to prove galectin overexpression by the 
carcinoma component, short-term culture was established from the spontaneous BLRB 
mammary tumour and cells were tested by galectin ligands using flow cytometry. Both 
LacNAc-PAA-fluo and aGM1- PAA-fluo galectin ligands bound strongly to tumour cells 
from a culture; whereas selectin ligand (SiaLex –containing probe) demonstrated poor 
binding. This seems to be in disagreement with previously published data, where only 
selectin ligand bound to tumour cells from the BLRB short-term culture [8].  The obvious 
differences in the assessment of lectin expression (aGM1-PAA-Fluo probe was synthesized 
later) and in vitro technique here and used by Vodovozova et al. [8], might explain this 
discrepancy. 

To prove the reliability of our in vitro procedure and the mammary carcinoma 
origin of cultured tumour cells we transplanted these cells i.p. to a BLRB male. Indeed, 
tumour cells from the BLRB short-term culture formed typical mammary carcinoma 
(A+AD+D) in vivo. Surprisingly, these mammary carcinoma cells metastasized to liver: this 
is uncommon behaviour for spontaneous mammary carcinomas in the BLRB strain and 
usual attribute for the VMR-L originated tumours with long transplantation history in the 
A/Sn mice. This implies that the invasive potency of the BLRB carcinoma cells has already 
been increased after one in vitro passage. Interestingly, in both the BLRB and the A/Sn in 
vitro models βGBP/galectins were less expressed on tumour cells than on tumour cells 
from related s.c. growing tumours. This might support a function of galectins in cell 
adhesion to extracellular matrix in vivo. 
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Table 1. The higher potential of the aGM1-PAA-fluo binding compared with the LacNAc-PAA-fluo binding to 
tumour cells from various mouse models 
 

Figure-Model Columns Tested cells Ratio, a / b 
White  VMR-0 cell line  1.5 1-A/Sn, in vitro 
Grey  VMR-L cell line  1.9 
Diagonally striated  Ascites I  2.1 3B -VMR-L, i.p. 

transplantation Grey Ascites II   1.8 
4- A/Sn, liver 
metastasis from 
primary s.c. model 

Grey  After permeabilization 1.4 

White Tumours from primary 
tumour 

2.1 5- A/Sn, secondary s.c. 
model 

Diagonally striated  Tumours from spleen 
metastases 

2.1 

6B- BLRB,       in vitro Grey  Primary culture 3.6 
Grey  Small tumour S 1.1 7C- BLRB, primary 

spontaneous tumours White Large tumour L 1.2 
8B- BLRB, lung 
metastases 

Grey  After permeabilization 1.3 

Tumour L1 1.5 
Tumour S1 2.0 

9D- Transplanted 
BLRB model 

Grey versus white  

Tumour M1 1.3 
 

a – the level of aGM1-PAA-fluo binding to tumour cells; 
b – the level of LacNAc-PAA-fluo binding to tumour cells. 
 
The level of galectin ligand binding to tumour cells from the VMR-L originated s.c. 
tumours in the A/Sn mice was in average three times higher than in the generally less 
aggressive BLRB spontaneous mammary tumours (for both aGM1- and LacNAc-
containing probes). However, the aGM1-containing probe bound in average 1.5-2 times 
higher to tumour cells than LacNAc- containing probe in all models used (Table 1). 
However, the binding of the aGM1-containing probe was 3.5-7 and 4.5-20 times higher 
than the values for Tββ- and SiaLex-containing probes, respectively. 

As disadvantages of spontaneous mouse models are well known, we tested first 
s.c. transplanted passages of the BLRB mammary carcinomas that originated from both 
primary tumours and their lung metastases. All tumours expressed surface βGBP/galectins. 
However, it was difficult to conclude whether galectin expression and tumour 
aggressiveness directly or reversely correlated in the BLRB model, although the data were 
highly reproducible both in spontaneous and first transplantation passage models. Smaller 
less aggressive mammary tumours (and their first transplanted passages) always 
demonstrated higher galectin levels than large advanced tumours (and their first 
transplanted passages). Mammary tumours acquired more aggressive carcinoma 
components (D+E) due to tumour progression and simultaneously gradually attained 
abundant non-malignant fibrous stromal components. Estimating only the carcinoma 
component, one can conclude that surface galectin expression reversely correlated with 
aggressiveness of the carcinoma in the BLRB model. This is in accordance with conclusion 
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in human BC studies [15,16] that showed reduced expression of galectin-3 in more 
aggressive histopathological types of human BC, namely in invasive ductal carcinoma 
compared with carcinoma in situ. Notably, non-invasive forms of human BC also contain 
less stroma similarly to initial stages (A+AD) of the murine mammary carcinoma 
progression. In contrast, both highly invasive carcinomas of the human breast and 
aggressive consequent phases of spontaneous murine mammary carcinoma (D+E) induce 
abundant invading stroma. And first transplanted passages from both primary BLRB 
tumours and their lung metastases resembling histologically their spontaneous ancestors 
showed even more impressive stroma. Therefore, taking into account both the carcinoma 
and the stromal part of the tumours, one can suggest that in a sample from advanced 
aggressive mammary carcinoma lower galectin level was revealed as tumour cells were 
simply “diluted” with the non-malignant stromal components. Similar case was observed in 
the A/Sn i.p. model where individual ascites contained only half of tumour cells showed 
less galectins than the ascites composed of only the tumour cells. Moreover, lower average 
galectin expression in the transplanted BLRB tumours that apparently contained more 
fibrous stroma than their spontaneous ancestors seem to support this assumption. However, 
also another explanation is possible.  In the light of our findings and the literature data, we 
hypothesized that expression of galectins on the surface of neoplastic cells from naturally 
progressing mammary tumours might be enhanced through the initial phases and reduced 
during advanced stages of mammary carcinoma progression. Normal cells are characterized 
by nuclear galectin localization [16]. From the start of tumour growth surface galectin 
expression seems to be gradually augmented following the tumour progression due to 
interactions of galectins with polylactosamines expressed on matrix proteins and cancer 
mucins. These molecular interactions could mediate both heterotypic adhesion aiding 
cellular invasion and homotypic adhesion of carcinoma cells as well [10]. On the contrary, 
for the advanced invasive mammary carcinoma clones with metastasising phenotypes 
surface galectin expression seems to be gradually diminished that permit tumour cells to 
escape from the primary localization. So, tumour cells from the endpoint of mammary 
carcinoma progression might show no surface galectins at all. This was really the case in 
one experiment (data not shown), where a fast growing extremely necrotic and 
haemorrhagic, poorly differentiated BLRB transplanted mammary carcinoma from lung 
metastases with scanty stroma hardly expressed surface galectins. Furthermore, only 
tumour cells without measurable surface galectins seem to be capable to metastasise, as 
surface galectins were not detected in the A/Sn liver and in the BLRB lung metastatic foci 
as well. To the best of our knowledge selective galectin expression on the surface of 
tumour cells from the primary BLRB mammary carcinomas and the presence of galectins 
only within metastatic cells were described here for the first time in a spontaneous mouse 
model of human BC.  

Finally, we conclude that galectin overexpression hardly might be used as a 
marker of aggressiveness of both heterogeneous mouse and human breast cancer as (i) the 
measured galectin expression might be influenced by the amount of stromal component in a 
sample, and (ii) probably, galectins show inverse correlation with tumour aggressiveness 
during the initial and the advanced stages of mammary tumour progression. 

In conclusion, (i) galectin expression (functioning) profiles were observed on 
mammary tumour cells in all used mouse models unlike non-malignant cells from the 
several murine tissues (intraperitoneal leucocytes, splenocytes, and cells from lungs); (ii) 
generally, the surface galectin expression was diminished in the more aggressive forms of 
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the spontaneous BLRB mammary carcinoma being reduced during the progression 
similarly to galectin-3 expression in human BC [15,16]; (iii) finally, our experimental 
system of complementary mouse models that showed several morphological and functional 
similarities to the distinct human BC entities appears to be a suitable tool to test novel 
βGBP/galectin aimed cytotoxic therapeutics against human breast cancer. 
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ABSTRACT  
 
Multiple-cancer cases families show association of breast cancer (BC) with gastro-
intestinal, ovary, and uterus cancer; Non-Hodgkin’s lymphoma (NHL) is more frequent in 
BC patients than in the general population. A retroviral (MMTV–like) agent has been 
found in discrete populations of BC and NHL patients. MMTV involved mouse strains are 
well-documented models for human BC and lymphoma. Therefore we describe the tumor 
characteristics of 609 mouse females of the CBRB, BLRB and BYRB strains with high 
incidences of spontaneous mammary, ovarian and uterine lesions and lymphomas with 
particular emphasis to the histopathology of the lesions. The variety of individual patterns 
of epithelial lesions in the mammary gland in different primary sites of the same female 
enables to consider the entire complex of mammary tissue and regional lymph nodes as a 
model of multifocal benign or malignant lesions of the human breast. The incidence of 
grossly visible mammary cancer was lower and latency was significantly longer for virgins 
of all strains. The retired females without macroscopic mammary tumors exhibited 
preneoplastic/neoplastic lesions in multiple epithelial tissues (mammary gland, ovary, 
uterus, etc.), rarely associated with multiple lymphomas. Exogenous MMTV-related 
sequences were detected in lymphocyte DNA samples of all three mouse strains. 

Distinct similarities in morphology between murine and discrete sets of human 
BC, leukemic lymphoma presence, and parallels between murine and human multiple-
cancer cases would suggest a principal rationale (i) to search for retroviral agents within 
familial BC, and (ii) to use mouse strains described here as general models for familial BC 
even if the nature of the causal agent in humans might be different from the MMTV-related 
agent.  

 
 

Key words: breast cancer, ovary cancer, lymphoma, mouse model, metastases 
 
Abbreviations: BC: breast cancer in women; FH: family history; GEM: genetically 
engineered mice; GEMM: genetically engineered mouse models; LN: lymph node; LPS: 
lymphoproliferative syndrome; MC: mammary carcinoma in mice; MT: mammary tumor. 
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INTRODUCTION  

Breast cancer (BC) remains the leading malignancy in women with the incidence rate as 
high as one in every eight American women; in 2003 BC accounted for 16.7 and 27.8 
deaths in Russian Federation and the Netherlands, respectively per 100.000 standard WHO 
population [1]. About 80% of breast cancer is suggested to be sporadic without indications 
for inheritance. According to accepted terminology "familial" has been applied to the rest 
(about 20%) as aggregation of breast cancer (two or more affected first-degree relatives) 
within a pedigree, which could be due to chance, to common environmental exposures, or 
it could be the result of primary genetic factors; only about 5% of cases within familial BC 
is considered to be hereditary BC [2]. Numerous population-based studies revealed a 
distinct incidence of other malignancies in BC-affected families, mainly gynecological 
cancers (in the ovary, ovary duct and/or uterus). Of particular interest are data on non-
BRCA 1/2 carriers as this set comprises the majority of cases and the mode of inheritance 
is still not defined [3-5]. Besides gynecological cancers, the highest rate of association in 
BC families was found with non-Hodgkin lymphoma [6], gastric, lung and endometrial 
cancers and leukemia [7], and ovary, gastric, and pancreas cancer [8]. These data clearly 
demonstrate specific associations between BC and other malignancies within BC affected 
families whilst the mode of inheritance of the susceptibility to cancer at different sites is 
not defined for non-BRCA 1/2 carriers. Several candidate genes do not seem to occur at a 
significantly higher frequency in affected individuals from high-risk families than in the 
general population [4, 5, 8]. On the other hand, some evidence suggests specific 
associations between BC and other malignancies in the same patient (besides the hereditary 
BC syndromes). To elucidate the inheritance mode and/or the role of causative agent(s) in 
these cases special mouse models might be useful.  

Although during the last two decades a remarkable progress in the field of mouse 
models for human BC was achieved in genetically engineered mice (GEM), especially 
conditional models for hereditary [9] and sporadic [10] BC, there is currently a lack of 
proper preclinical murine models [11] as the limitations and disadvantages of these modern 
tools become evident now (poor metastatic spread for the vast majority of GEM, for 
instance[12]). There are growing evidence that tumor susceptibility genes by themselves 
are not sufficient to cause cancer in humans [13]. Indeed, GEM have been initially created 
to prove this statement almost two decades ago [14]. Both in mice and humans other factors 
(gene modifiers) that govern the susceptibility to BC were detected and examined. Using 
27 different mouse strains for crossing with conventional the MMTV-polioma middle T 
transgenic mice on the FVB/N background (all females and males develop mammary 
tumors shortly after birth), Lifsted et al. showed directly that both tumor latency and 
metastatic spread are controlled by genetic murine background in GEM [15]. So, from this 
point of view, GEM are attractive tools to study interactions between transgene/knock-
out(s) involved in a model and murine genetic background. However, lack to reproduce 
several intrinsic characteristics of human BC (for example, both fast and indolent 
manifestation, multistep process of metastatic disease, and/or multiple cancer cases) makes 
it currently problematic to use GEM as ultimate mouse models for familial BC. Most 
importantly, at present no specific germ line mutations have been found in the vast majority 
of BC families with multiple cancer cases whereas in GEM both males and females are 
carriers of specific germ line mutation(s). 
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Trying to find mouse models for familial BC, three original inbred strains with 
homozygous Rb(8.17)1Iem translocation on various genetic backgrounds attracted special 
attention. A number of Robertsonian translocations were transferred by Davisson to mice 
with standard inbred background, mainly C57BL/6J [16]. However CBRB and BLRB 
inbred strains with homozygous Rb(8.17)1Iem translocation, which originally was found in 
a C3HA mouse, were created using other genetic backgrounds [17] and used for 
developmental and brain research [18]. Chromosomal rearrangement within two different 
genetic backgrounds resulted in a high incidence of mammary tumorigenesis, which was 
about 90% in bred females of the BLRB strain versus about 50% in the CBRB strain [19]. 
The characteristics of these mouse strains (Rb strains), such as some biochemical markers, 
mammary tumor parameters, and sensitivity to different infectious agents, were briefly 
published [20, 21]. These strains of mice are mainly used to test anticancer drugs [22-24], 
especially to develop target anti-breast cancer therapy modes [25] and to test MUC-1 
vaccination protocols [26]. 
Later, the BYRB mouse strain has been developed; first as a substrain of the BLRB 
parental strain exhibiting grossly visible mammary cancer with almost 100% probability in 
bred BYRB females. However, a distinct proportion of aged females, mainly virgins of 
both related strains, did not develop grossly visible mammary tumors but got grossly 
visible ovary/uterus lesions and/or various haematopoietic disorders, including leukemic 
lymphomas [27]. From such a tumor a transplantable model of malignant lymphoma 
(formerly lymphosarcoma, BY-LS) has been established and used to study lectin 
involvement in macrophage-tumor cell interaction in vitro and in vivo [28].  
The co-occurrence of mammary/ovary/uterus lesions and lymphoma within the same 
mouse inbred strain demonstrates distinct similarity to multiple primary cancers incidences 
in familial BC [29]. And non-Hodgkin's lymphoma is significantly more prevalent in 
women with breast cancer than in the general population and this higher incidence is not 
associated with anti-breast cancer therapy [6].  

The hypothesized retroviral nature of human carcinoma of the breast has been 
discussed for a long time [30-32]. Recently, a hypothesis about the retroviral etiology of a 
subgroup of human breast cancers and lymphomas has been advanced [33] and Etkind et 
al. showed the various MMTV-related sequences in both breast carcinoma and non-
Hodgkin's lymphoma tissue of some patients [34]. In addition, new data confirming the 
presence of MMTV-like agents in discrete cohorts of human breast cancer patients [35-37] 
attract special attention to the MMTV involved mouse models. Moreover, mouse models 
became more useful for the study of human diseases as genomes of both species nowadays 
can be directly compared, and distinct gene clusters are conserved between the two species 
[30, 38, 39]. All these arguments enabled to consider MMTV involved mouse strains as a 
proper biomedical research tool [14] and use them as preclinical models [40].   
The major aim of this paper is to describe various mammary tumor characteristics of three 
original mouse strains with high natural frequency of mammary, ovarian and uterine 
lesions and lymphoma with particular emphasis on the histopathology of the lesions, and to 
show the presence of exogenous env-MMTV in DNA samples of blood lymphocytes of 
females of all three strains. Comparative histopathological research provides evidence of a 
principal similarity between various steps of mouse mammary carcinoma growth and 
distinct types of human breast carcinoma, which relatively rarely occur in sporadic BC but 
are regularly found in the familial subset of the disease [41].  Hematopoietic pathologies 
found in these mice (including multiple lymphomas, anemias, true malignant and reactive 
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non-malignant histiocytosis) will be described elsewhere (Moiseeva et al., manuscript in 
preparation). Histopathological analysis revealed malignant tumors in mammary glands, 
ovaries, oviducts and ligaments, and uteri of Rb females in association with typical and 
atypical epithelial hyperplasia. The entire hallmark of multiple incipient and malignant 
epithelial lesions in retired females of all three strains with or without grossly visible 
mammary cancer justifies considering these mouse strains as general models for multiple 
cancer cases within familial BC.  
 

MATERIALS AND METHODS  

Mice  
 
Mice from the breeding nuclei of our strains of CBRB-Rb(8.17)lIem, BLRB-Rb(8.17)lIem, 
and BYRB-Rb(8.17)lIem  (thereafter called CBRB, BLRB, and BYRB, respectively; all 
three strains collectively called Rb strains) are maintained in the Mouse Breeding 
Department at the Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Moscow, 
under carefully standardized conditions, but without a SPF barrier. 
Information about the origin and characteristics of mouse strains from different resources 
[20, 21] are presented here briefly in accordance with “Mouse Genome” rules: 
1. CBRB. F58. Agouti. Origin: Baranov et al. [18]. The spontaneous translocation 
Rb(8.17)Iem was originally found in C3HA/Iem mice [42] and the carrier was crossed to 
CBA/CaLacSto. After six backcrosses, mice were maintained by b x s mating and were 
sent by Korogodina (Institute of Medical Genetics, Moscow) to Moiseeva at F11, then 
named CBRB and maintained by Moiseeva. Genetic and reciprocal skin transplantation 
tests were made to confirm the CBA/CaLacSto background. Inbr N6+F11+F60. 
Characteristics: 
-about 50% of the virgins developed visible mammary tumors at an average age of 17.8 
months; their total lifespan was in average 18.4 months; 
-about 75% of shortly bred females (less than 5 litters per female) displayed visible 
mammary tumors at the age of 15.2 months; 
- about 90% of multiparous females (more than 5 litters per female) had got visible 
mammary tumors at the age of  10.6 months;  
-the susceptibility to Pseudomonas pseudomallei and Pseudomonas mallei was increased 
dramatically in comparison with the congenic strain CBA/CaLacSto;  

-the susceptibility to Mycobacterium tuberculosis (H37Rv) and  influenza virus Aichi/2/68 
(H3N2) was increased only slightly as compared to the congenic strain CBA/CaLacSto; 
-genetics: +, H-2k, Mup-1a, Hbbd, Trfa, Pre-l0, Pre-2b. 
2. BLRB. F50. Black. Origin: Moiseeva [17]. The Rb(8.17)Iem carrier was initially 
crossed by Baranov et al. [42] to black mice of an unknown black substrain. By means of 
chromosomal analysis in live animals homozygous male and female translocation carriers 
were selected by Moiseeva in this stock, and then maintained by b x s mating, Inbr F52. 
Characteristics: 
- about 75% of the virgins had visible mammary tumors at an average age of 14.1 months; 
their average total lifespan was 15.9 months; 
- about 95% of shortly bred and multiparous females developed visible mammary tumors at 
an average age of 12.3 and 8.4 months, respectively; 
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- size of the 1st litter was reduced to 3.6 sucklings and increased to 5.5 sucklings until the 
4th  litter, the suckling coefficient is about 60%; 
- males were at least two orders of magnitude more susceptible to Pseudomonas 
pseudomallei and Pseudomonas mallei than representatives of other tested mouse strains 
(including CBA/CaLacSto, C57BL/6JSto, C3H/Sto, and others); 
- males displayed the highest resistance to experimental tuberculosis compared to other 
mouse strains tested, which was even increased with age, and they lost this outstanding 
property only after 24 months of age; 
- males were relatively resistant to influenza virus Aichi/2/68; 
-genetics:  a, H-2bx, Mup-1x, Hbbd, Trfb, Pre-l0, Pre-2a. 
3. BYRB. F21. Black back and yellow belly. Origin: Moiseeva [10]. A mutant BLRB male 
carrying at was originally found at F27, and then crossed to a female littermate, followed by 
b x s mating during 8 inbreeding generations. This BLRB- at substrain was named BYRB 
and then was maintained by b x s mating. Inbr F27+F8+ F21. Characteristics: 
- more than 95% of visible mammary carcinomas in both bred females; lymphoma 
incidence is higher in the virgin females than in breeders; 

- males displayed the highest susceptibility to influenza virus Aichi/2/ compared with  
representatives of six other mouse strains (including CBA/CaLacSto, C57BL/6JSto, 
A/WhySnJCitMoise, BALB/cJCitMoise and others) we have tested. 
 
Documentation system 
 
The information about each bred and virgin female during the whole of their lifespan was 
collected and used: breeding journal and pedigree records, individual familial records for 
bred females and group records for the virgins, inspection lists for retired colonies before 
and after they get grossly visible tumors, and the post-mortem examination list. Each 
animal had an individual constant mark in accordance with the record number in the 
breeding journal. Taken together these collected records enable us to follow the whole 
individual survival period and to gain information about spontaneous lesions of each 
female. The data from all these resources were included in an overview in an Excel 
database. 
 
Detection of spontaneous tumors and lymph node status monitoring 
 
All bred females after the end of their breeding life and virgin females older than 6 months 
were placed in the retired colony. We observe the mice of this colony once a week for 
health monitoring, including examination of superficial subcutaneous lymph node (LN) 
status and inspection of newly arisen s.c. tumors. By visual inspection an experienced 
researcher can distinguish s.c. located axillary and inguinal lymph nodes from small 
mammary tumors of 1-2 mm diameter as small tumors often cause slight local erection of 
hair. The existence of such a small tumor should be confirmed at least twice (during 2 
weeks) by palpation, as it is “grain shaped” and can therefore be distinguished from local 
“bean shaped” lymph nodes. So, the sizes of mammary tumors and/or lymph nodes smaller 
than 4 mm in mean diameter were manually estimated, whereas larger tumors were 
measured in 3 perpendicular directions with a calliper. All animals with newly detected 
superficial, subcutaneous lymph node enlargement, s.c. tumors and/or i.p. abnormalities 
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were placed in the tumor colony and were inspected daily for survival and health 
monitoring.    

Tumor parameters  
 
We have used the mean tumor diameter (MTD) as a three-dimensional size parameter: 
MTD=(a+b+h)/3, where a is the maximal length, b is the maximal width, and h is the 
average height of a tumor. This approach to present the tumor size as diameter was used to 
visualize the linear phase of tumor growth [23, 43].  
Tumor latency (TL, the age of a female at the moment of first tumor detection), survival 
time of a tumor bearing female after tumor detection, and total lifespan were established for 
each female in days, but all parameters were presented here in months for better 
visualization.  
 
Control ovarian and uterine samples 
 
Sixteen BYRB females at the age of 3 months (8 mice) and 6 months (8 mice) were 
ovariectomized by the ventral approach under general anesthesia by means of isoflurane 
and constituted here the age-control groups for normal ovary/uterus morphology.  

Post mortem examination and histopathological research  
 
All tumor-bearing females that lost more than 15% of their total body weight were 
sacrificed by cervical dislocation. Post mortem examination and histopathological research 
were provided as previously described [25]. Briefly, paraffin sections (5µ) were prepared 
and stained with hematoxylin-eosin and/or PAS. Three pathologists evaluated all 
histological sections independently, in several panel discussions consensus was obtained. 
Epithelial lesions in the lung, gastro-intestinal tract, ovary, ovary duct, and uterus were 
classified according to [44]. Murine pathology was compared with human pathology as 
described in textbooks [45, 46]. Mammary tumors and their metastases in vitally important 
organs were classified according to ([25], Chapter 7). Our classification scheme follows 
logic to describe each specific constituent of a histologically heterogeneous mammary 
tumor as a distinct tumor type. Murine mammary gland pathology was compared with 
human pathology of the breast [47, 48]. 

 
Env-MMTV assay 
 
DNA for PCR was extracted from blood lymphocytes of the BLRB, BYRB, and CBRB 
females; DNA samples from BALB/cJCitMoise and A/WhySnJCitMoise (hereafter called 
BALB/c and A/Sn, respectively) females from our mouse collection [43] having no 
exogenous MMTV were used as negative controls. We BLAST searched the National 
Center for Biotechnology Information database for specific primer sequences for the env-
MMTV gp-52 coding area of exogenous MMTV C3H (AF228552). The PCR reaction was 
carried out with primers using the following conditions: first, 5 min DNA denaturation at 
94oC; then 30 cycles of 94oC for 40 sec; 55oC for 40 sec; 72oC for 1 min; after that, 5 min 
at 72oC for the chain elongation. The PCR mix consisted of the following components: 67 
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mM Tris-HCl (pH-8.3), 1 mM of each dNTP, 2.5 mM MgCl2, 16.6 mM (NH4)2SO4, 50 pM 
of each primer, Ampli-Taq-polymerase 2.5 U, 200 ng DNA as a template.  
Primers to the gp52 coding area of MMTV envelope proteins were used to detect 
exogenous env-MMTV sequences in the mouse genome as primary structural differences 
were reported between gp52's of the exogenous and endogenous viruses [49]. 

 

Statistical Analysis 

 
Statistical analyses were performed on the data using the Excel statistical tools. Data were 
expressed as the mean (M) and standard error of the mean (SEM). The two-sample Student 
t -test was used to compare two groups.   
 
 
RESULTS 
 
1. Gross mammary tumor appearance, diagnosis and primary sites of localization  
 
Grossly visible and palpable mammary tumors (MTs) in both bred and virgin females of all 
three strains could be detected at various ages of the animals as small s.c. nodules varying 
in numbers and in primary sites of localization (Table 1). First, grossly visible MTs were at 
the consideration. The highest proportions of females bearing 2 or more primary s.c. 
mammary tumors was observed in the BYRB strain, namely about one half of bred females 
and one third of virgins.  In contrast, the majority of the BLRB and CBRB females 
exhibited solitary mammary nodules. Presented data show that the amount of tumors per 
female is strain and breeding status dependent as both related BYRB and BLRB bred 
females got 1.5 times more tumors per female than virgins (Table 1). 
 

Proportion of 
females (%)  

related to 
number of nodules 

 
 

Strain 

 
Breeding 

 
status 

 
Tumors 

per 
female 

1     ≥2 
Bred  1.93 43 57 

Virgin 1.35 65 35 
 

BYRB 
Average 1.63 55 45 

Bred  1.59 70 30 
Virgin 1.06 94 6 

 
BLRB 

Average 1.38 80 20 
CBRB Average 1.36 85 15  

Table 1.  

Proportion of females 
related to number of 
grossly visible primary 
mammary tumors 

 

 
2. Mammary tumor parameters: incidence, latency, and overall survival time 
 
A) Females from breeding nuclei      
Pedigree fragments for 246 bred females of three strains are presented to demonstrate 
grossly visible mammary tumor (MT) incidence for all three strains and age at the 
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diagnosis for each female (tumor latency, TL) (Fig. 1 A,B,C, see color pages). Roughly, 
one half of the boxes in breeding map of the CBRB strain are empty as only 53% of bred 
females got grossly visible mammary tumors (Fig. 1C).  On the contrary, mammary tumor 
incidence is close to 100% for the BLRB and BYRB multiparous females. The BYRB 
multiparous females got tumors in average earlier than BLRB and CBRB females (Fig. 1D, 
p<0.05).  

1 2 .5

1 1 .0

9 .5

3 .1

1 .9

1 .7

0 2 4 6 8 10 12 14 16

C B R B , 5 3 %

B LR B , 9 9 %

B Y R B , 1 0 0 %

A ge , mo nths

 
Figure 1. Pedigree fragments (1A-1C) and mammary tumor latency for bred females (1D).  
Every box in the pedigree shows an individual littermate. Figures inside of the box display mammary tumor 
latency in months; smaller figures to the right outside of the box show female record number according to the 
breeding journal. Vertical joined boxes belong to one litter. An empty box means a dead female without a visible 
s.c. tumor; green and red staining visualize early and late mammary cancer onset (before and after one year of age, 
respectively). 1A (page 130) - BLRB breeding map (F34-F50); 1B (page 131) - BYRB breeding map (F1-F19); 1C 
(page 134) - CBRB breeding map (F49-F58); 1D-mammary tumor latency and survival time after diagnosis for 
bred females (n=246) of three Rb strains depicted in the pedigree fragments. 
 
Average survival of tumor bearing females after diagnosis was similar for the females of 
related BYRB and BLRB strains and differed significantly from this parameter value for 
females of the CBRB strain as in average the CBRB females survived with tumors longer 
(Fig. 1D, p<0.05).   

Proportions of females with early occurring MTs (before 12 months of age) were 
established within each strain (Table 2), whereas the rest demonstrated late onset.  Notably, 
the proportions of early onset in the BYRB and BLRB related strains were similar, but 
about twice higher as compared to the proportion in the CBRB strain (71% and 63%, 
respectively, opposed to 29%).  

Generally, the proportion of the early onset correlated with the incidence of MT as 
the highest 71% value was found in the BYRB strain, which is characterized by 100% 
incidence of MT in multiparous females and the lowest value of 29% is in the CBRB strain 
with 53% incidence of MTs.  
 

 
Strain 

Early onset 
(before 12 months of age) 

 

Total 
incidence, 

% 
 

Incidence, % Latency, 
months 

BYRB 100 71 9.52 ± 0.20 
BLRB 99 63 9.21 ± 0.22 
CBRB 53 29 9.18 ± 0.55  

Table 2.  
Incidence and latency for early 
grossly visible mammary tumor 
onset for multiparous females of 
three strains 
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F34 7.5 721/10 BLRB
F35 11.0 797/2

F36 7.0 843/2

F37 898/1

F38 9.6 951/2
6.7 951/1

F39 8.0 994/2 18.7 984/2

9.1 994/1 11.7 984/1

F40 11.3 19/1 16.2 12/2 10.8 13/2

14.4 19/2 5.7 12/1 16.5 13/3

8.6 13/1

F41 14.0 41/1 16.0 30/2 18.6 25/3 10.7 29/10 5.5 37/1

15.0 25/2

11.6 25/1

F42 13.1 58/2 14.3 56/1 8.3 42/1 7.5 47/1

11.5 58/3 9.9 56/2 17.9 42/2 13.7 47/2

14.9 58/4 14.1 56/3 8.1 47/3

8.7 58/1 15.1 56/4

F43 10.7 90/1 19.1 91/1 6.3 71/2 11.9 75/11 6.9 60/1

22.0 71/1 17.7 75/12 11.4 60/3

9.1 75/14 6.8 60/4

10.0 75/13

F44 11.7 121/2 14.3 111/1 14.1 97/1 13.2 98/1 7.6 99/10 11.6 119/1

14.9 97/3 17.0 98/2 5.9 99/11

7.6 99/2

F45 16.8 160/1 21.8 125/3 13.7 110/1 11.0 127/1 13.4 157/1

10.6 160/2 11.0 125/1 14.9 110/2 13.6 127/2 10.8 157/2

9.1 125/2

F46 9.2 186/1 7.2 153/1 11.8 154/1 10.0 156/2 10.0 185/1 6.0 187/1

10.7 154/2 9.3 156/1 17.2 187/3

10.3 154/3 11.6 156/3 6.7 187/2

F47 8.5 193/3 11.1 199/3 18.6 191/2

16.6 196/1 8.2 193/1 19.6 199/2 9.6 191/1

8.5 193/2 7.8 199/1

F48 8.9 209/2 17.3 206/1 15.0 211/1 16.5 224/3 16.2 203/1

8.6 209/3 5.4 206/2 13.0 224/2 9.0 203/2

9.3 209/4 15.5 203/3

20.4 209/1 15.6 203/4

F49 13.0 231/1 7.0 238/1

9.0 238/4

8.0 238/3

8.0 238/2

F50 9.6 251/1 11.6 256\1

11.3 256\2
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F1 10.0 854/2 BYRB

F2 12.0 1/1

F3 13.5 14/1

10.4 14/2

F4 10.1 47/1

F5 13.0 62/1

F6 9.7 65/3

12.1 65/2

F7 6.9 68/1 11.8 71/1

6.4 68/2 12.8 71/3

F8 9.2 73/1 12.0 82/1

13.1 73/2 10.1 82/2

10.8 73/4 12.1 82/3

13.5 73/3

F9 9.9 87/1 10.4 88/1 11.1 119/2

13.0 87/2 12.0 88/2 8.9 119/3
12.6 88/3 11.6 119/1

9.2 88/4

F10 14.4 105/1 7.0 120/1 11.0 111/1 8.5 133/1

9.0 111/2

F11 9.0 132/1 12.3 135/1

15.4 132/2

F12 7.4 154/1 13.2 152/1 8.7 153/1 8.6 147/1 7.2 157/1 6.3 149/1

13.3 152/2 11.1 153/2 11.7 157/2

11.7 153/3

F13 7.9 194 10.9 159/1 12.3 160/1 7.5 161/1 10.5 158/2

7.9 159/4 14.8 160/2 9.6 161/2

8.9 159/2 8.4 160/3

13.1 159/3

F14 11.0 205 12.2 195/1 17.3 189/1
9.6 195/2 13.4 189/2
9.7 195/3 6.6 189/3

10.9 189/4

F15 11.2 214/2 17.0 208/1 12.0 201/1 14.0 212 12.0 198/1 13.2 197/1

14.0 214/1 12.0 201/4 11.2 198/2 14.0 197/2

9.0 201/3

9.7 201/2

F16 16.3 229/1 14.6 234/2 7.4 226/3 11.0221/1 12.8 222/1 9.1 203/1 12.0 213/2 10.7 204/1

6.4 226/2 9.8 221/3

10.8 226/1 9.0 221/2

F17 10.6 242/1 13.0 245/1 8.3 239/1 6.8 248/1 8.8 247/1 10.0 256/1 6.3 227/2

11.8 247/3 14.1 227/3

F18 8.6 249/1 11.0 253/1 8.0 264/2 7.9 268/1 6.4 272/1 11.1 240/1 8.3 243/1 9.6 255/1

9.0 264/1

F19 7.7 265/1

 
 

1B 



Chapter 8 
 

 132

B) Virgin females  
MT free survival for several consecutive groups of the BLRB virgin retired colony (total 
number was 93) is presented in Fig. 2 by means of Kaplan-Meier curves; the BYRB retired 
virgins displayed similar survival characteristics (data not shown). Survival patterns were 
highly reproducible for four various representative subgroups of the BLRB retired virgins 
(n≥15), whereas the fifth group that contained only 9 females and showed other survival 
dynamic.  
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Figure 2. Kaplan- Meier curves for MC free survival of the BLRB virgins (n=93): black rhombuses-for the 
first group, n=25; white circles- for the second group, n=24; black triangles- for the third group, n=16; black 
cubes- for the fourth group, n=19; white cubes–for the fifth group, n=9. 
 
Total MT incidence and proportion of early onset within each subgroup for the same cohort 
of 93 BLRB virgins are presented in Table 3 to show the range of variation of these 
parameter values among different subgroups. Similar data were observed for the BYRB 
retired virgins (data not shown). 
 

 
Mammary tumor 

incidence, % 

 
Group 

Amount 
of 

females 
Total Early onset 

1 25 96% 12 

2 24 84% 25 
3 19 86% 5 
4 16 75% 6 
5 9 67% 0 

Total 93 82 + 5 10 + 4  

Table 3.   
Incidence of grossly visible mammary 
tumors for 5 groups of retired BLRB 
virgins 
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Total MT incidence varied from 96% for subgroup 1 (n=25) to 67% for subgroup 5 (n=9) 
depending on the number of observations (R=0.92) and showing no correlation with early 
onset (R=0.51). Average total MT incidence is 82% for virgins of the BLRB strain, and 
only 10% of these females exhibited in average early onset of MC. The data for the BLRB 
virgins (Table 3) differed dramatically from the 63% early onset incidence in bred BLRB 
females (Table 2).  
Within each subgroup of retired virgins a distinct proportion of the females died without 
visible s.c. tumors. These fractions varied from 4% within subgroup 1 (n=25) to 33% for 
subgroup 5 (n=9) (Table 3). Importantly, there was remarkable difference between the two 
subsets of females that died without visible signs of s.c. tumor. Females that died in 
average earlier (18.5 ± 1.7 months) exhibited lymphoproliferative syndrome (LPS, e.g. 
outstanding enlargement of spleen, mesentery LN, and/or liver). Rarely these symptoms 
were accompanied by enlargement of superficial LNs; malignant lymphomas were 
relatively often found in these females (Moiseeva, manuscript in preparation). Interestingly, 
the more virgins displayed MTs in a group the less females exhibited LPS signs, and 
consequently, malignant lymphoma (R= - 0.82). The rest of females (10%) died in average 
significantly later (28.5 ± 1.7 months) without visible signs of both MT and LPS. During 
last months of their life they dramatically lost weight. Grossly visible ovarian and/or 
uterine lesions sometimes associated with incipient lesions in mammary glands (Fig. 4) 
were found in these females.   
Similar data were found for the BYRB retired virgins (data not shown). However, the 
CBRB retired virgins exhibiting the similar survival dynamics had other specific tumor 
characteristics. They commonly did not show grossly visible mammary tumors  (about 
75%, Table 4). CBRB virgins (similarly to bred females) have never demonstrated signs of 
LPS and malignant lymphoma, consequently. Up to 12 months of age CBRB virgins 
showed 100% incidence of small palpable indolent nodules within mammary glands near 
inguinal LNs (Figure 4A). So, according to our terminology (Chapter 5) all CBRB virgins 
exhibited slowly appearing (lag-positive) mammary tumors. Only about 25% virgins 
developed later grossly visible mammary tumors (Table 4).   
 
C) The whole cohort of bred and virgin females of all three strains  
609 bred and virgin females of three strains from our breeding nuclei were followed during 
the whole of their lifespan. The following data from these cases observed in our animal 
department over the four last years were gathered in the Excel joined database and 
analyzed: breeding status and performance, s.c. lymph node and/or i.p. abnormalities, s.c. 
mammary tumor growth, data from the post-mortem examination, cytological and 
histopathological data. Different strains from our collection represented cases to this 
database unequally, namely 51% of the observations were obtained from the BLRB strain 
versus only 7% of representatives from the CBRB strain (Fig. 3A, page 136). Contributions 
of the related BYRB and BLRB strains to the database were similar with comparable 
proportions of virgin and bred females within each strain. The whole cohort of the BYRB 
females (n=232) got mammary tumors in average earlier as compared with females from 
the BLRB parental strain (n=283) namely at 14.95±0.31 versus16.54±0.36 months 
(P<0.01). Females from the CBRB strain (total number 39, mainly bred females) displayed 
in average shorter tumor latency due to the absence of a major contribution of CBRB 
virgins to the database. Both virgin and bred BLRB females displayed mammary tumors 
significantly later than the BYRB females (Fig. 3B, page 136).  
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F 4 9 9 6 7 /2 C B R B

F 5 0 8 .0 9 9 2 /2 9 9 3 \1

7 .5 9 9 3 \2

F5 1 9 9 8 /1 8 .0 2 \1

F 5 2 1 6 .5 6 \1 1 1 1 .3 1 1 \2

6 \1 2 8 .7 1 1 \1

F 5 3 1 4 .0 9 \1 1 1 1 .5 1 0 \1 7 .5 2 1 \1
9 \1 2 2 1 \2

F 5 4 5 .7 2 2 \2 2 4 \1
2 2 \1 2 4 \2

8 .4 2 4 \3

F 5 5 1 2 .9 3 2 \2 1 2 .0 2 5 \1 1 4 .4 2 8 /1
3 2 \3 2 1 .4 2 5 \2 1 7 .8 2 8 /2

2 5 \3
2 5 \4

F5 6 1 4 .3 5 4 \3 1 4 .3 5 3 /1 3 4 \1 1 5 .3 3 5 \1 1 1 .6 2 9 \1 1 3 .5 3 6 \1 3 7 \1
5 4 \2 3 4 \2 2 9 \2
5 4 \1

F5 7 1 3 .0 5 8 \1 1 3 .5 5 9 \1 5 6 \1

1 0 .4 5 8 \2 5 9 \2

F5 8 6 4 \2

8 .8 6 4 \1

 

  
Figure 4. Overview of palpable incipient mammary tumors in BLRB/BYRB (A) and CBRB (B) females.   
4A- Typical glandular pattern of incipient nodule of 1 mm in diameter in 13.3 months old BYRB virgin in 
inguinal LN vicinity, HE staining; 4B- Gross morphology of palpable indolent mammary nodule of 2 mm in size 
(left) near inguinal LN (right) in 12 months old CBRB female. 
  
Figure 5 (color page 135). Typical lobular-alveolar cystic adenoid patterns of advanced grossly visible 
mammary tumor and uncommon example of incipient palpable nodule near axillaries in BLRB virgin at 
the 14months of age, HE staining.   
5A- Incipient nodule near axillary LN (bottom) represents lobular hyperplasia (left, details are in B) and invasive 
lobular carcinoma (upper right, details are in C); 5B- Details of A show lobular hyperplasia; 5C- Details of A 
show rare pattern of scirrhous invasive lobular adenocarcinoma; 5D- Overview of advanced MC of the same 
female shows typical hemorrhagic cystic adenocarcinoma; cysts filled with fluid (right middle) and blood (right 
bottom). 
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Figure 3. Total survival time for bred and virgin females with mammary cancer of the whole database.  
A- Contribution of virgin and bred females of the BYRB, BLRB, and CBRB strains to database (554 cases); B- 
Total survival time according to strain and breeding status; C- Distribution of total survival time for bred females 
(in grey spotted, n=211) and virgins (in black spotted, n= 343).  
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Figure 3B shows that 94 bred BLRB females got tumors in average after more than one 
year of age whereas 88 bred BYRB females got tumors in average before one year of age, 
tumor latency was 13.36±0.53 versus 11.74±0.39 months, respectively (P<0.05). And 189 
BLRB virgins got tumors in average after 1.5 years of age whereas 144 BYRB virgins got 
tumors in average before 1.5 years of age, tumor latency was 18.12±0.42 versus 
16.92±0.35 months, respectively (P<0.05).  
Importantly, comparing both related strains the overall survival time for the bred females 
was about 5 months shorter than this parameter value for the virgins (Fig. 3B). As a 
consequence, 211 bred females of the whole database died with grossly visible MTs on 
average significantly earlier (P<0.001) compared with 343 virgins, overall survival time 
values were 12.71±0.31 versus 17.48±0.28 months, respectively. However, specific 
survival (time after diagnosis) was similar for both groups and was in average 74 ± 5 days 
for the whole cohort.  
To visualize the range of differences in total survival for virgin and bred females separately 
we present here distribution histograms for this parameter (Fig. 3C, page 136). Bred Rb 
mice show significant mortality incidences between 9-17 months resulting in deaths of the 
50% of all breeders up to 14 months of age, whereas only 15% of virgins died up to this 
time. The increase of mortality for virgins is about 5 to 7 months later (between 14-24 
months). Thus, although the time-points of deaths are partially overlapping, bred mice died 
on average significantly younger than virgin mice. 

 
3. Comparative histopathological research (Figures 4-11) 
 
A) Mammary tumors (Figures 4-7) 
 
Figure 6 (color pages 135, 138). Typical BYRB/BLRB cystic papillary mammary carcinoma appears to 
result from simultaneous lobular and ductal hyperplasia, HE staining. 
6A- Simultaneous lobular (right bottom) and ductal (top) hyperplasia near axillaries, 13.3 months old BLRB virgin 
with palpable incipient lesion depicted in Fig. 4A; 6B- Lobular carcinoma in situ: the acini are filled with 
homogeneous epithelial cells, BYRB virgin, 19.8 months of age; 6C- Possible next step of neoplasia shows 
glandular patterns (upper left) and ductal involvement (right bottom), 13 months old BLRB virgin; 6D- Details of 
C show invasion in the ductal wall; 6E- Overview of the advanced typical cystic papillary MC of the 19 months 
old BYRB female; 6F- Details of E show papillary ductal projections with frequent mitotic figures; 6G- Details of 
E show anaplastic MC with central necrosis (left top) and extensive leukocyte infiltrate (right); 6H- abundant lung 
metastatic foci reproducing the cystic papillary pattern of the primary tumor presented in E; 6I- Both lobular-
alveolar (left bottom) and cystic papillary (top) patterns are present in MC of 12.1 months old BLRB virgin. 
 
Figure 7 (color pages 138, 139). Various patterns of MC in CBRB females. 
7A- Transition from lactating adenoma (LA, bottom) to mammary adenocarcinoma (top) within small palpable 
nodule of 1 mm in size; bred female with typical massive LA, 4.3 months of age, HE staining; 7B- Transition from 
well differentiated adenocarcinoma (upper left) to poorly differentiated MC with frequent mitotic figures (right 
and bottom) within large advanced nodule of 15 mm in size; 13.8 months old bred female, PAS staining; 7C- 
Overview of variable patterns of grossly visible mammary tumor, showing typical lobular “monotonous” pattern of 
well differentiated adenocarcinoma (top and right) and invasive strands of solid carcinoma (bottom, details are in 
D), bred female, 12.8 months of age, HE staining; 7D- Details of D show rare pattern of solid strands of 
carcinoma; 7E- Details of the incipient nodule of the same female show squamous metaplasia, HE staining. 

Histopathological research showed that all grossly visible and palpable subcutaneous 
tumors in Rb females were mammary carcinomas.  Individual MTs exhibited extremely 
heterogeneous patterns.  
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Various MTs of different size arising in the same female commonly exhibited consecutive 
steps of mammary carcinoma (MC) initiation, promotion, and progression from atypical 
hyperplasia and adenoma to adenocarcinoma and invasive anaplastic solid MC. All Rb 
females, which died from advanced slowly growing MCs showed numerous macroscopic 
foci in the lungs whilst fast growing MC appeared to develop only microscopic foci; 
metastatic lesions in both cases reproduced patterns that were characteristic for the 
advanced invasive primary MC. All murine lesions were classified according to [44] with 
some essential modifications [50] and were compared with the rat [51] and human [47, 48] 
mammary tumor pathology. Then histopathological analysis was undertaken to find out 
typical patterns for mammary tumors of each Rb strain (Table 4; Fig. 4 - 7) and to show 
parallels of various epithelial lesions in mammary glands, ovary, and uterus (Fig. 8 -12), 
which sometimes were found in association with multiple lymphoma (Fig. 11).  

The glandular pattern of incipient s.c. mammary tumors, up to 1 mm in size, was 
commonly characteristic for both BLRB and BYRB females (Fig. 4A). This lesion (higher 
magnification) showed transition from atypical lobular hyperplasia to tubular adenoma 
(latter was similar to corresponding lesion of the human breast depicted in digital image 
http://www2.primed.helsinki.fi/webmicroscope/atlases/breast/ba_tubular_adenoma.asp 
[48]). Heterogeneous patterns of incipient palpable mammary nodule (Fig. 5A-C, page 
135) and typical lobular-alveolar cystic patterns of advanced grossly visible MTs composed 
of solid invasive lobular carcinoma in a BLRB female (ILC, Fig. 5D, page 135) are 
presented to show the variable manifestation of the lesions that were found in the mammary 
glands of the same female. Metastatic foci to the lung (similar to depicted in Fig. 8A, 
Chapter 7) reproduced the characteristic cystic patterns of the advanced MC. Small 
indolent tumor of this female appeared to represent consecutive steps of lobular neoplasia. 
The term LIN1 (former “atypical lobular hyperplasia”) of the human pathology refers to 
lesions with preserved lobular architecture (Fig. 5B, page 135 for murine lesion and digital 
image http://www2.primed.helsinki.fi/webmicroscope/atlases/breast/ba_LIN1.asp for cor-
responding lesion of the human pathology, [48]). The next step of lobular neoplasia in this 
BLRB female was consisted with the first steps of solid invasive lobular carcinoma (Fig. 
5C for murine lesion and image http://www2.primed.helsinki.fi/webmicroscope/atlases/bre
ast/ba_ILC.asp, [48] for the corresponding lesion of the human pathology, respectively).  

In the BLRB/BYRB females lobular hyperplasia was mainly found to be a 
precursor of characteristic cystic adenoid invasive MCs (Fig. 6A, page 135). Next steps 
after lobular hyperplasia (Fig. 6B, page 135) remind of lobular carcinoma in situ of the 
human breast, or LIN3  (digital image for the corresponding lesion of the human pathology 
http://www2.primed.helsinki.fi/webmicroscope/atlases/breast/ba_LIN3.asp, [48]). In this 
BYRB female LCIS occurred concurrently with common hyperplastic changes with both 
preserved (similar to Fig. 6A, page 135) and non-preserved (similar to Fig. 11A, middle 
and 11B, upper left, page 143) lobular structure.  

Characteristic cystic papillary advanced mammary carcinomas in BYRB/BLRB 
strains (Fig. 6E, 6I, page 138) appeared to result from simultaneous lobular and ductal 
hyperplasia (Fig. 6A, page 135), which was commonly found within mammary gland trees 
near axillary and inguinal LNs, and within nape of the neck areas. Consecutive steps of 
apparent ductal hyperplasia (Fig. 6A, top, page 135) and neoplasia (Fig. 6D, page 135 and  
6F, page 138) might result in anaplastic solid MC with characteristic cystic papillary 
patterns (Fig. 6E, I, page 138). Details of this type of murine MC showed regularly 
neoplastic growth with central necrosis, which reminds of comedocarcinoma of the human 
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breast (Fig. 6G, page 138). Metastatic foci to the lung (Fig. 6H, page 138) reproduced the 
characteristic patterns of the advanced MC. Commonly, tumors with both lobular and 
cystic papillary ductal patterns were found in the BYRB/BLRB females (Fig. 6I, page 138). 
As a rule, at least one from a few MTs of the same BYRB female showed this cystic 
papillary patterns whilst cystic adenoid patterns (similar to depicted in Fig. 5D, page 135) 
were typical for MCs of the BLRB females.  

In contrast, grossly visible MTs of the CBRB females have never exhibited these 
cystic papillary patterns. Grossly visible slowly growing mammary tumors of CBRB mice 
were mainly adenocarcinomas (Fig. 7B, page 138). Histopathological analysis showed 
clear distinction between well differentiated (Fig. 7B, upper left) and poorly differentiated 
(Fig. 7B, right and bottom) areas within a tumor. The uniform glandular phenotype of  
CBRB well differentiated adenocarcinomas was, therefore similar to the well-known 
“monotonous” pattern of adenocarcinomas in MMTV involved strains (including C3H and 
DBA/2). However, small incipient palpable s.c. nodules of the CBRB females and 
microscopic lesions within mammary glands exhibited extremely variable patterns. First of 
all, 100% of females without grossly visible MCs (both bred CBRB females and virgins) 
showed several small indolent nodules in mammary gland tree near inguinal LNs after 12 
months of age (gross morphology depicted in Fig. 4B, page 134). The majority of bred 
CBRB females demonstrated massive lactating adenomas (LAs), frequently comprising the 
whole mammary gland tree of the female (Fig. 7A, bottom, page 138). These CBRB lesions 
are similar to LA of the rat pathology [51] and remind of the corresponding lesions of the  
human pathology (http://www2.primed.helsinki.fi/webmicroscope/atlases/breast/ba_lactati
ng_adenoma.asp [48]). Small indolent tumors of 1-2 mm in size, which were found within 
LAs, were mainly composed of the first steps of mammary adenocarcinoma (Fig. 7A, top, 
page 138). Similarly, Saglam et al. reported about the possibility of an invasive carcinoma 
arising within a lactating adenoma of the human breast in a pregnant woman [52]. 
Sometimes  small mammary tumors in CBRB females showed one large central cyst 
(similar to depicted in Fig. 7C, bottom, page 138). Tumor cells of this cystic wall 
demonstrated relatively rare patterns of invasive solid carcinoma (Fig. 7D, page 139). 
Another indolent small nodule in the same CBRB female showed squamous metaplasia 
(Fig. 7E for the murine lesion and digital image http://www2.primed.helsinki.fi/webmicros
cope/atlases/breast/ba_squamous_cell_carcinoma.asp for the human lesion [48]).  
 
B) Ovary cancer (Figure 8, page 139 and 142) 
 
Figure 8. Mouse ovary: transition from epithelial cysts in ovary and ligaments (A-E) to cystadenoma (F) and 
carcinoma (G-H). 
8A- Overview of the ovary and paraovarian adipose tissues from ovariectomy sample: intra-ovarian cyst in the 
hilus vicinity and a few dilated mesonephric duct remnants (left bottom) contain PAS-positive material, 6 months 
old bred BYRB female, PAS staining, scale bar 100 µm, right bottom; 8B- Details of A show well differentiated, 
vital cuboidal epithelial layer in intra-ovarian epithelial cyst, HE staining, scale bar 20 µm, right bottom; 8C- 
Grossly visible intra-ovarian cysts in the hilus vicinity (rete ovarii, right bottom) of 11.8 months old bred CBRB 
female, HE staining; 8D- Details of C show epithelial layer with pycnotic nuclei in degenerated vacuolated 
epithelial cells, HE staining; 8E- Characteristic patterns of papillary hyperplasia in a few dilated mesonephric duct 
remnants (top) in the ovary of 27.5 months old bred BLRB female with highly anaplastic large cystic papillary MC 
(similar to depicted in Fig.6E); 8F- Transition from cystadenoma (upper left) to cystic papillary carcinoma, or 
papillary serous cystadenoma of borderline malignancy (central bottom); 19 months old bred BYRB female with 
visible MC, PAS staining; 8G- Typical details of thick-walled unilocular cyst representing invasive adeno-
carcinoma, 20 months old CBRB virgin with grossly visible MC diagnosed at 18.3 months of age, HE staining; 
8H- Advanced ovary carcinoma, 20 months aged virgin BYRB female without grossly visible MC, HE staining. 
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Ovaries and adjacent paraovarian (mesovarial) tissues of mice of various ages were 
examined to characterize cystic and proliferative epithelial lesions of the ovary and 
paraovarian tissues. Control samples from ovariectomy and partial hysterectomy were 
obtained from 7 virgin and 8 bred control BYRB females at 3 and 6 months of age, 
respectively. Samples from ovaries, oviducts, uteri and adjacent tissues were processed for 
light microscopy and step-sections (40-micron intervals) of the entire tissue were studied. 
No proliferative epithelial lesions or dilated epithelial structures were observed in tissues of 
females at 3 months of age (data not shown). However, in 2 bred BYRB females, at 6 
months of age, tubular structures in ovary and in paraovarian fat tissues were dilated 
forming intra-ovarian and paraovarian cysts, respectively (PAS stained intra-cystic contents 
visualize both type of cysts, Fig. 8A, page 139).  The epithelium of the cysts varied from 
low cuboidal to columnar (see details in Fig. 8B). Almost 100% of the CBRB females 
demonstrated grossly cystic ovaries after 12 months of age (similar to depicted in Fig. 8C).  
Epithelial cells of the walls showed some signs of the degeneration (Fig. 8D). Small 
papillary configurations of epithelium were occasionally present in ligaments (Fig. 8E). As 
Rb mice aged (18-24 months), dilation and cystic change and associated compression of 
ovarian tissue away from the ovarian hilus became common. Sometimes cysts contained 
foci of hyperplastic epithelium, and papillary projections of epithelium were occasionally 
found. Some of the latter lesions were consistent with a diagnosis of papillary cystadenoma 
(Fig. 8F, page 139), papillary serous cystadenoma of borderline malignancy, up to invasive 
carcinoma (Fig. 8G-H, page 142). Notably, typical patterns of ovarian carcinoma originated 
from the cystic ovarian wall in one CBRB bred female (Fig. 8F); this reminds of the similar 
patterns of invasive mammary carcinoma in another CBRB bred female (Fig. 7C, E). To 
date, 4 from 5 females with ovarian lesions (Fig. 8C, E, D, F) up to 20 months of age 
showed association with grossly visible MC similarly to women from multiple-cases BC 
families [8]. Only one 20 months old BYRB virgin presented here with a highly necrotic 
ovarian carcinoma (Fig. 8H) had no grossly visible MC.   
 
C) Fimbrial and non-fimbrial oviductal cancer (Figure 9, page 142) 
 
Figure 9. Mouse oviduct: from hyperplasia to neoplastic epithelial lesions. 
9A- Normal fimbriae, bred 12.8 month aged CBRB female with various lesions in mammary glands depicted in 
Fig. 7C-F, HE staining; 9B- Typical patterns of hyperplastic fimbriae, 14.5 month aged BYRB virgin with 
palpable MC, HE staining; 9C- Tumor appears to originate from fimbriae, growth in paraovarian tissues, 20 
months old bred CBRB female with MC and ovary carcinoma depicted in Fig. 8G, HE staining; 9D- Tumor 
appears to originate from fimbriae, growth in intra-ovarian cyst in the hilus vicinity (rete ovarii, central bottom), 
14.4 months old CBRB virgin indolent palpable MT similar to depicted in Fig. 4B, HE staining; 9E- Tumor 
between ovary (left) and uterus (right) appears to originate from oviduct wall: transition from cystic papillary 
hyperplasia (left cyst) to cystadenoma (right cyst); 13.5 months old BLRB virgin with advanced typical cystic 
papillary MC, PAS staining; 9F- Advanced carcinoma in the ovary/oviduct region appears to originate from 
oviduct showing the remnants of fimbriae (right bottom), 28 months aged BLRB virgin without visible MC, PAS 
staining.  
 
Similarly to human pathology [53], there were some difficulties to distinguish between 
ovary, ovarian ligaments, and oviduct origin of the advanced neoplasms. Both fimbrial 
(Fig. 9B-D, F) and non-fimbrial (Fig. 9E) tubal lesions were found in the Rb strains. 
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Hyperplastic fimbriae were relatively common (Fig. 9B). Tumors may originate from 
fimbriae (or the ovary) and may infiltrate into the surrounding paraovarian or ovarian tissue 
(Fig. 9C and D, respectively). To date, 3 from 5 females with tubal abnormalities (Fig. 9B, 
C, E) showed association with grossly visible MC.  
 
D) Endometrioid carcinoma of the endometrium (Figure 10, page 143) 
 
Figure 10. Mouse uterus: transition from simple atypical endometrial hyperplasia to well differentiated 
endometrioid carcinoma of the endometrium. 
10A- Simple hyperplasia without atypia, sample from the partial hysterectomy and ovariectomy at 6 months of 
age, BYRB bred female, HE staining, scale bar 100 µm, right bottom; 10B- Focal atypical endometrial hyperplasia 
(left bottom and top centre) compared with simple hyperplasia without atypia (right top), 13.3 months old BYRB 
virgin with large advanced MC and palpable incipient lesion depicted in Fig. 4A, HE staining; 10C- Details of the 
first steps to well-differentiated endometrioid carcinoma show focal invasion (left), same female as B; HE staining; 
10D- Advanced endometrial carcinoma with extensive necrosis (left), 23.3 months old BYRB virgin, PAS 
staining; 10E-  Microscopic metastatic focus in the lung (upper right), from the same female, PAS staining. 

Simple epithelial hyperplasia of the endometrial glands was normally found in Rb females 
aged about 12 months (Figure 10A). However, older females of all three strains displayed 
focal atypical endometrial hyperplasia relatively often (Figure 10B for BYRB virgin at the 
13.3 months of age) in association with grossly visible MC. Well-differentiated 
endometrioid endometrial carcinoma (EEC) was sometimes found within specimens with 
focal atypical hyperplasia suggesting its possible similarity to endometrioid carcinoma of 
the endometrium in Rb mice (Figure 10C, for the same female). The term EEC from human 
pathology [46] was used to describe these lesions as, similarly to corresponding lesion in 
women, (i) neoplasia was associated with atypical hyperplasia (Fig. 10B)  and (ii) tumor 
cells tended to reproduce the typical pattern of endometrial glands (Fig. 10C). Advanced 
endometrial carcinoma in the 23.3 months old BYRB female with prominent necrosis 
(Figure 10D) and metastases to the lung (Fig. 10E) was associated with advanced cystic 
adenoid MC (similar to depicted in Fig. 5D) and small indolent s.c. mammary nodules both 
near axillaries and near inguinal lymph nodes (similar depicted in Fig. 4A).  
 
E) Multiple mammary, ovarian and uterine epithelial lesions in BLRB/BYRB females 
rarely associated with multiple lymphomas (Figure 11, page 143) 
 
Figure 11. Multiple mammary and ovarian (similar to cystadenoma depicted in Fig. 8F) epithelial lesions in 
the 21.4 months old BLRB virgin in association with multiple lymphoma, HE staining. 
11A- Various lesions in the mammary gland tree near the inguinal LN (left bottom): hyperplasia (centre and 
middle left) and the first step of MC progression (upper right, details in B). Monotonous pattern of lymph node is 
indicative for lymphoma; 11B- Details of A show hyperplasia (upper left) and transition to adenocarcinoma 
(bottom right); 11C- Growth of lymphoma in the liver. 

Association between epithelial lesions in mammary glands and ovary/uterus has been 
already demonstrated above for females of all three Rb strains. Here we show that multiple 
epithelial lesions were rarely associated with multiple lymphomas in females of the related 
BLRB/BYRB strains (Fig. 11). The incidence of such cases was low similarly to reported 
frequency of multiple cancer cases in familial BC [54]. For instance, one BLRB virgin was 
diagnosed with a small mammary nodule near the inguinal LN (Fig. 11 A, B), mammary 
gland hyperplasia near the inguinal LN with lost architecture of lobular system (Fig. 11A, 
middle; 11B, left bottom), multiple lymphoma in the liver (Fig. 11C) and kidney (data not 
shown), and a grossly visible ovary lesion (similar to depicted in Fig. 8F), and metastatic 
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microscopic foci in the lung (data not shown). In contrast, lymphoma has been never found 
in the CBRB females.  
 
4. MMTV sequences detection 
 
The exogenous PCR products related to gp52 coding area of env -MMTV were observed in 
lymphocyte DNA obtained from blood samples of the females of all three strains of 
Robertsonian translocation - carriers with high incidences of s.c. mammary tumors, namely 
BLRB, BYRB, and CBRB. In the control blood DNA samples from the females of BALB/c 
and A/Sn strains with low natural incidences of mammary tumors there were no exogenous 
PCR products as related endogenous MMTV sequences of these well known mouse strains 
do not contain corresponding sequences. 
 
Table 4. Incidences of visible/incipient epithelial lesions in mammary gland, ovary, 
uterus, and multiple lymphomas: overview for all three strains 
 
Organ/Tissue/Lesion BYRB BLRB CBRB 

Visible MTs 
in b/v*, % 

About 95/85, 
 

About 90/80, 
 

About 75/25, 
 

Characteristic 
histopathology 

of MC 

Cystic papillary 
(Fig. 6C-H) 

Cystic adenoid 
(Fig. 5D) 

Tubular adenoid 
(Fig. 7A, 7C right) 

Tubular and 
lactating 
adenoma 

Microscopic lesions in association with 
grossly visible MTs 

(Fig. 5A, 5B) 

Palpable lesions, 
100% after 12 
months of age 
(Fig. 7A, bottom) 

M
am

m
ar

y 
 g

la
nd

 

Hyperplasia, 
100% after 12 

months 

Alveolar and ductal 
(Fig. 6A) 

Alveolar prevailed 
(Fig. 5A) 

Alveolar prevailed 
 

Grossly 
cystic after 
12 months 

10-20% 
 

20-40% 
 
 

Near 100% 
(Fig. 8C) 

O
va

ry
 

Cystadenoma 
and/or 

carcinoma 
 

1-2%, 
after 18 months 

(Fig. 8F, 8H) 

1-2%, 
after 18 months 

 

5-10%, 
after 12 months 

(Fig. 8G) 

Grossly 
cystic 

About 10%, 
after 14 months 

About 20%, 
after 14 months 

10-20%, 
after 12 months 

U
te

ru
s 

Carcinoma 
 

About 1%, 
after 18 months 

(Fig. 10C, 10D) 

About 1%, 
after 18 months 

2-5%, 
after 14 months 

 
Multiple lymphoma 

in b/v*, % 
About 1/5, (Fig. 11C) 

 
Never found 

 
b / v*- incidences in bred/virgin females, %;  
LA **- lactating adenoma. 
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DISCUSSION 
 
Mammary carcinomas in MMTV involved mouse strains have been proper models for 
human BC prior to the new era of genetically engineered mice [14, 30]. Later on these 
tumors have been considered as histopathologically monotonous (having limited 
phenotypes, [11]) versus the variable patterns of human BC, showing mostly lobular 
patterns versus predominating ductal patterns of cancer in humans [55].  Finally, non-
genetically engineered mouse mammary tumors were concluded not to mimic human BC at 
all [11]. In contrast, we describe here typical patterns of mammary, ovarian, and uterine 
precancerous and cancerous lesions and multiple lymphomas in MMTV-involved non-SPF 
Rb mouse strains that show the heterogeneity of murine lesions and their general similarity 
to corresponding human neoplasms.  
 
Grossly visible mammary tumors and palpable lesions in mammary glands of Rb 
mice. Extensive histopathological research revealed extremely heterogeneous individual 
patterns of MCs in Rb mice. General characteristics of grossly visible MCs were described 
according to (i) tumor growth rate before visible tumor manifestation (e.g. for slowly and 
suddenly appearing MCs, Chapter 5 of this thesis) and (ii) strain and breeding statuses of 
females. MCs in Rb mice exhibited mainly lobular patterns (CBRB, tubular MC), or a 
coexistence of lobular and ductal patterns simultaneously in the same nodule (BYRB, 
cystic papillary MC). BLRB tumors with prevailing lobular patterns (cystic adenoid MC) 
were in the middle. Well known monotonous adenocarcinoma was rarely found, only in a 
proportion of CBRB bred females with slowly growing MTs. Apparent similarities were 
found between distinct microscopic murine lesions and lobular neoplasia of the human 
breast, for instance, murine lobular carcinoma in situ (LCIS) and invasive lobular 
carcinoma were similar to corresponding human lesions. Moreover, some details of typical 
cystic papillary MCs mainly found in BYRB females appear to originate from dilated 
hyperplastic mammary ducts. These patterns of anaplastic MC occasionally show central 
necrosis and pronounced leukocyte infiltrates and so, they often remind of comedo 
carcinoma and medullary carcinoma of the human breast. However, advanced mouse 
mammary tumors did not show morphological similarities to human BC in agreement with 
previously reported data about MTs of well known MMTV involved mouse strains [44]. 
Importantly, human LCIS is generally also a microscopic lesion which is not palpable and 
usually not detected by mammography [56]. In conclusion, mainly early microscopic stages 
of mammary tumor progression showed similarity between murine MC and human BC. 
This implies that initial mechanism(s) of tumorigenesis might be generally similar in two 
species, but human carcinomas progress through and to other final steps (exhibiting 
prominent stroma and overwhelming ductal morphology).  

Grossly invisible (but sometimes palpable) indolent mammary lesions, including 
only microscopically detected hyperplasia, in Rb mice were found both in coexistence with 
grossly visible MTs (mainly, in BLRB/BYRB bred and young virgins) and without any 
visible MT (mainly, in CBRB strain and BLRB/BYRB old virgins). Remarkably, 100% of 
CBRB virgins exhibited palpable MTs of 1-2 mm in diameter after 12 months of age (lag-
positive MTs according to our terminology, see Chapter 5 of this thesis) and only about 
25% of them showed grossly visible MTs later during their life spans. This might imply 
specific tumor resistance mechanism(s) in CBRB virgins enabling to control tumor growth 
for a long time as only palpable indolent nodules were detected for a few months in a 
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female. In contrast, bred CBRB females mainly showed suddenly appearing (e.g. lag-
negative) MTs and survived with tumors on average longer than females of the related 
BLRB/BYRB strains. This suggests a mechanism(s) of tumor growth control after visible 
tumor manifestation in CBRB bred females. Thus, CBRB females can serve as a mouse 
model to study mechanisms of tumor resistance/control before (virgins) and after (bred 
females) grossly visible tumor manifestation. The existence of these mechanisms of tumor 
growth control might suggest a prolongation of overall survival of CBRB females. 
However, average overall survival of CBRB virgins dying with palpable lesions and signs 
of general weakness was not prolonged comparing with BLRB/BYRB virgins that 
frequently die with advanced mammary tumors. So, CBRB virgins might acquire systemic 
immunodeficiency suffering from indolent mammary tumors for a long time. This appears 
to reproduce a corresponding characteristic feature of human disease, namely systemic 
immunodeficiency in BC patients with advanced disease [57, 58]. New studies of immune 
status of CBRB virgins during their life spans are needed to provide further evidence for 
this hypothesis (Moiseeva, manuscript in preparation).  

Extensive palpable lesions in CBRB females with or without grossly visible 
mammary tumors were similar to lactating adenoma (LA) of the rat mammary gland [51] 
and human breast [59]. Similarly to data reported for women [52] mammary carcinoma was 
found in small indolent nodules within areas of massive LA.  

Interestingly, coexistence of a few mammary tumors of various sizes in the same 
Rb female frequently showed consecutive steps of progression exhibiting the same 
characteristic patterns. These data are in agreement with findings of Hemminki et al. in the 
human pathology where similar morphology was determined for a first tumour and a 
subsequent tumour detected in the contralateral breast [60]. Therefore, the entire variety of 
various precancerous to cancerous lesions of the same female but not one grossly visible 
murine mammary tumor should be considered as a model of human breast cancer.  
 
Ovary carcinoma (OC). Prophylactic oophorectomy in women is used to prevent breast 
and ovarian carcinoma in high-risk populations. These ovarian tissue specimens often show 
morphological abnormalities that are believed to be preneoplastic [61]. Most ovarian 
tumors in women are adenocarcinomas derived from the ovarian surface epithelium [46]. 
They are present in many morphological forms such as cystadenocarcinomas, with serous 
or mucinous secretions, or endometrioid tumors, with endometrial-like tubular gland 
structures.  Available data from comparative ovarian oncology indicated that epithelial 
ovarian tumors are extremely rare in non-primate mammals, including mice [62, 63]. In a 
study of more than 5000 control mice cystadenoma incidence was reported of 0.2%, 
0.13%, and 1.35% in BALB/c, C57BL/6, and C3H mouse strains, respectively [64].  

In contrast to these findings epithelial cysts and papillary serous cystadenomas of 
borderline malignancy were relatively common in Rb mice (after 18 months of age), 
especially in the CBRB strain (after 12 months of age). There may be three sources of 
epithelial proliferations in the ovary region of Rb mice: clear intra-ovarian epithelial cysts, 
cysts of the rete ovarii and dilated mesonephric tubules. Similar to the human pathology it 
was sometimes difficult to distinguish the origin of the lesion. The majority of murine 
epithelial ovarian lesions in Rb mice belonged to cystadenocarcinomas. Massive tumor 
growths in peritoneal cavities of females with advanced OCs were found commonly in 
association with inflammation. These characteristic features are similar to findings in the 
human pathology. This validates Rb mice as models for epithelial ovarian lesions of the 
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human pathology. Similarly to data of Long [65] in CD-1 mice, results of this study in Rb 
mice indicate that (i) epithelial cysts are common within the ovary, and (ii) remnant 
mesonephric tubular structures are frequent in the rete ovarii and adjacent to the ovaries. 
Both structures in Rb mice remind of epithelial inclusion cysts of the human ovary both in 
shape (small simple cysts, and irregularly shaped ones) [61]) and morphology of the 
epithelium. Long et al. considered these mesonephric duct remnants as a common source of 
both intra-ovarian and parovarian cysts and epithelial neoplasms of the ovary in mice. As 
mice age, these ducts become dilated and, in some, the epithelium becomes hyperplastic, 
rarely resulting in neoplastic lesions. These data warrant further investigations to study 
whether ovarian surface epithelium (OSE) or epithelium of mesonephric duct remnants 
contribute to intra-ovarian inclusion cysts and ovarian carcinoma in mice whilst in humans 
ovary cystadenocarcinomas are believed to originate from OSE [61].  
 
Fallopian tube (FT) carcinoma. Clear-cell adenoma of the fallopian tube is a rare tumor 
of the tubal mucosa in women [66]. Despite the rarity of fallopian tube carcinoma in the 
general population, BRCA1 and BRCA2 mutation carriers may be at increased risk for 
tubal cancers [67]. Preoperative diagnosis of fallopian tube carcinoma is difficult due to the 
rarity and silent course of this neoplasm [53]. Romagnolo et al. reported a case of a 
premenopausal woman with fallopian tube cancer and synchronous breast cancer [68]. 
Fallopian tube carcinoma should be considered as a clinical component of the hereditary 
breast-ovarian cancer syndrome [69]. 

The occurrence of fallopian tube tumors that arise in the fimbriae has received 
scanty attention in the literature. A fimbrial origin for the tumors is often overlooked 
initially. Carcinomas confined to the fimbriae cannot be adequately staged according to the 
current staging system of the International Federation of Gynecology and Obstetrics. It is 
proposed that they should be placed in a new category, Stage I(F), because the tumor cells 
are exposed directly to the peritoneal cavity even though they do not invade the tubal wall. 
Although experience is limited it appears that they may have a worse prognosis than Stage 
I tubal tumors that are non-fimbrial [70]. 

Specific features characteristic of human fimbrial and non-fimbrial tubal 
carcinoma seem to be present in murine carcinomas. Both similar pathological patterns and 
silent course of disease validate Rb females as proper models for fallopian tube carcinoma 
of the human pathology.   
 
Endometrioid endometrial carcinoma (EEC). Endometrial carcinoma is the most 
common malignant neoplasm of the woman genital tract [46].  According to the dualistic 
model of endometrial carcinogenesis atypical hyperplasia is recognized as the precursor for 
the endometrioid type of endometrial carcinoma. This type is typical for pre- and 
perimenopausal women and is associated with hypertrophic or hyperplastic non-neoplastic 
endometrium and superficial myometrial invasion; metastatic spread is not common. Thus, 
the endometrioid carcinomas that develop in patients with hypertrophy and (atypical) 
hyperplasia are relatively indolent and have favorable prognosis. Specific features of 
endometrioid carcinoma in women were also found in our mice enabling the conclusion 
that endometrioid endometrial carcinomas in non-SPF Rb mice are proper models for 
human neoplasm associated with preneoplastic lesions. 
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Data of  Eisinger [71] and Hemminki [72] show a strong familial coupling of breast, 
ovarian and endometrial cancers. The same associations were found in Rb mice. This 
underlines their relevance to multiple cancer cases within familial BC. 
MMTV participation. The existence of a MMTV- related retrovirus specifically 
associated with human BC has been suggested in the 70-80ies [32]. Recently, interest to 
this hypothesis was renewed and both enthusiastic [73] and skeptic [74] points of view 
were presented. The research data that contributed pro and contra this hypothesis are 
summarized in Table 5.  
 
Table 5. Exogenous MMTV-related sequences in human breast cancer and 
lymphoma: arguments pro and contra the MMTV-related retroviral hypothesis. 
 

BC* - Patients diagnosed with breast cancer; 
NHL** - non-Hodgkin’s lymphoma; 
+/- MMTV-related sequences were detected/not detected. 
 
Although MMTV-like env gene sequences were detected in a few populations of American 
[75], Argentine [35], and Australian [36] BC patients, these sequences were not detected in 
BC specimens of Austrian [76] and Italian [77] BC patients. Remarkably enough, the two 
last teams also failed to find these sequences in MCF-7 cells, from which three MMTV-like 
env genes have been cloned [78]. A possible explanation of the failure of the last two 
groups was presented by Stewart [79] who showed that those two teams used PCR products 
of inappropriate length. However, it should be noticed that not all human BC populations 
contain MMTV-like env gene sequences. Ford et al. found these MMTV related sequences 
in BC specimens from Caucasian- Australian BC patients and did not find these sequences 
in specimens from Vietnamese patients both from Australia and Vietnam [36]. These data 
might imply predisposition to various patterns in different populations of BC patients that 
have been demonstrated by the same authors. Moreover, Lawson et al. [37] demonstrated 
differences in proportion of MMTV-positive specimens among invasive ductal carcinoma 
(75%) and ductal carcinoma in situ (23%). A few more examples where viral infection was 

MMTV-related sequences  
BC patients / specimens Human specimens, % MCF-7 cell line, as 

positive control, +/- 

 
References 

American Caucasian 38.5 + 

Gestational BC* 62 + 

Rev. in [75] 

Argentine 31 + [35] 
Caucasian- Australian 42 + 

Vietnamese - Australian 0 + 
Vietnamese 1 + 

 
[36] 

Invasive ductal carcinomas 75 + 
Ductal carcinomas in situ 23 + 

[37] 

BC 37 + 
BC and NHL ** 57 + 

[34] 

Austrian 0 - [76] 
Italian 0 - [77] 
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documented before neoplasm detection support a causal association [73]. Recently, Etkind 
et al. [34] detected the presence of MMTV-like sequences in both the breast tumors and 
non-Hodgkin's lymphoma tissue of several BC patients who had been diagnosed 
simultaneously with both malignancies. Lubchenko et al. showed that MMTV-like 
sequences are found more frequently in familial BC than in a sporadic set [54].  Recent 
evidence has shown that (i) MMTV can infect human cells [80], (ii) MMTV RNA is 
transcribed in human cells [81], (iii) the immunoreceptor tyrosine-based activation motif 
(ITAM) of MMTV env can transform human cells [82], and  (iv) that MMTV env leader 
peptide is found in human lymphoma and breast cancer [83].  
Earlier, peripheral blood lymphocytes were shown to participate in the circulation of the 
supposed viral agent both in man and in mice [84]. Expression of exogenous DNA 
sequences related to MMTV env gene (coding for MMTV gp52 envelope antigen) has been 
reported in human peripheral blood lymphocytes, which was strictly specific for BC 
patients. These sequences in human T cells might play the key role in virus transmission 
and propagation [84]. Rb(8.17)1Iem translocation was originally found in the C3HA mouse 
strain, which is related to the well known C3H strain where both endogenous and 
exogenous MMTV are present. Quite expectedly, we have found the exogenous PCR 
products related to exogenous env -MMTV in lymphocyte DNA obtained from blood 
samples of the mouse females of all three Rb strains; this implies the integration of 
exogenous MMTV into DNA of blood lymphocytes of the females of our new strains. To 
prove MMTV involvement in tumorigenesis of these mouse strains one should further 
demonstrate MMTV integration sites in their mammary carcinoma cell DNA samples.  
However, for other MMTV sensitive strains both mechanisms of infection (vertical as 
endogenous provirus and horizontal milk-borne transmission) and mammary tumorigenesis 
(as a consequence of insertion mutagenesis) are well established [30]. The role of dendritic 
cells and both B and T lymphocytes was shown in establishing an infection-competent 
reservoir of lymphoid cells [85]. During puberty and pregnancy, mammary epithelial cells 
actively divide, and viral transmission occurs from the lymphocytes that migrate to the 
mammary gland. Thus, MMTV utilizes the immune system to establish infection while 
simultaneously avoiding immune responses [85]. MMTV induces somatic mutations as 
consequence of its integration into the host cellular genome. Consequent multiple 
insertions lead to activation of a variety of protooncogenes and new integration acts are 
responsible for consecutive steps of mammary tumor progression. This multi hit 
tumorigenesis in mice resembles BC progression in humans as later is characterized by 
extreme genomic instability [30, 31]. The tumorigenic capacity of MMTV is considered to 
be restricted to the mammary gland, whereas MMTV infection is found in a variety of cell 
types. Therefore, an unique relationship between MMTV and mouse mammary epithelium 
was proposed for the well-known MMTV sensitive mouse strains [86]. However, in Rb 
mouse strains parallel epithelial hyperplasia commonly exist in multiple sites probably 
suggesting novel mechanism(s) of interrelations between this causative agent and epithelial 
tissues. Additionally, lymphoma might co-occur in females of Rb strains, probably due to a 
mechanism described by Golovkina et al. [87]. They showed how a novel tumorigenic 
lymphotropic MMTV strain was generated by recombination between endogenous and 
exogenous viruses, as both mamma- and lymphotropic strains of MMTV persist in mice.  

Validation: general and particular mouse models. Modern pathologists have been 
challenged to "validate" mouse models of human disease. According to Cardiff [11] 
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validation requires matching of morphological attributes of the model to human cancer. 
This seems to be generally essential but is not a sufficient condition. A distinct similarity 
might be proposed between lobular-alveolar mouse MC progression in Rb mouse females 
and lobular neoplasia of human pathology. Lesions of lobular neoplasia in humans do not 
produce a palpable tumor mass; they are generally multifocal and frequently bilateral [46]. 
The latter feature is easily reproduced in Rb mouse models as more than one primary 
localization is often found in BLRB/BYRB females with MC surrounding the regional 
LNs. Moreover, mammary tumors that are mainly composed of aggressive carcinoma with 
central necrosis and often leukocytic infiltrates show apparent similarity to medullary 
carcinoma of women. Both kinds of human BC are more frequently found in familial BC 
[41]. However, histopathology of familial BC represents a kind of enigma as (i) generally, 
all histopathological types which are characteristic for BC patients with family history 
belong to rare types of BC, namely infiltrating lobular carcinoma 5-10%, medullary 5-7%, 
infiltrating comedo carcinoma 5-7%, papillary and tubular 1-2% [88], (ii) non-BRCA1/2 
breast cancers differ histologically from both BRCA1 and BRCA2 breast cancers and from 
non-familial breast cancers, but these differences may be attributable to various types of 
bias [3]. 

A lot of the current discussions are about similarities of mammary carcinomas in 
genetically engineered mice (GEM) and humans [11]. Generally, three categories of 
mammary lesions might be found in GEM: (i) similar to MMTV caused tumors; (ii) similar 
to human BC; and (iii) lesions that are specifically found only in GEM (resulting from 
interrelations between transgene and genomic background of a mouse strain [89]). For 
instance, high spontaneous incidence of mammary tumors was recently discovered in non-
GEM FVB/N mouse strain, which is widely used as background to generate GEM [89]. 
One of the evident limitations of GEM is a process of MT appearance: early in female life 
span (mostly before 12 months of age) and almost simultaneously in all females [90]. This 
apparent technical benefit seems to be a general disadvantage to mimic human BC where 
both suddenly appearing and indolent forms occur. First, local and then, finally, systemic 
immunodeficiency caused by cancer is detected in BC patients [58]. In contrast, no 
immunodeficiency caused by cancer was found in relatively fast growing mouse tumors 
[57].  From this point of view, Rb females (especially in CBRB strain ) appear to be closer 
to human BC demonstrating gradually emerging grossly visible tumors,. 

Comparing general similarities (multihit tumorigenesis, both quickly progressing 
and indolent forms, the entire hallmark of preneoplastic to neoplastic lesions, multiple 
cancer cases etc.) of Rb models to familial BC and specific histopathological similarities 
between several lesions in GEM and human BC in terms of advantages/disadvantages of 
different models leads us to conclude that both general and particular mouse models can be 
distinguished. General models (Rb mice), by definition, serve to reproduce human disease 
in great lines, whilst particular models (GEM) imitate only specific feature(s) but fail to 
reproduce human disease as a whole process. Both kinds are clearly needed for cancer 
research but should be used within frames of their relevance. 

In conclusion, our model system composed of three Rb inbred mouse strains with 
different genetic backgrounds correspond to familial BC reproducing the wide range of 
preneoplastic and neoplastic lesions of epithelial (in the mammary gland, ovary, oviduct, 
and uterus) and lymphoreticular tissue as well (multiple lymphoma and/or malignant 
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histiocytosis with preceding extremely reactive lymphoproliferations, Moiseeva, 
manuscript in preparation). Grossly visible MC prevailed in multiparous females of Rb 
strains with almost 100% occurrence in BYRB multiparous females, whereas malignant 
lymphoma (and/or reactive histiocytosis) might be found more frequently in aged virgin 
females, especially of the BLRB strain. Aged virgin/bred CBRB females without grossly 
visible MC presented the variety of cases with massive tubular/lactating adenoma and 
microscopic MC within incipient palpable nodules in mammary gland associated with 
macroscopic lesions in ovary/uterus.  
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The actuality of this thesis is clear as breast cancer (BC, in women) is one of the major 
causes of death in women population of industrialized countries [1]. The increasing number 
of patients is listed here for such large countries as USA, and Russian Federation, and small 
countries as the Netherlands and Lithuania. More than 180,000 women in USA are 
diagnosed with the disease every year [1]. BC incidence almost doubled in Lithuania, 
namely from 21 in 1978 to 39 in 1997 per 100,000 population [2]. In Russian Federation 
about 50,000 women are diagnosed with BC annually and about half of the patients die of 
the disease.  Death rates from breast cancer in Russian Federation and the Netherlands are 
16.7 and 27.8, respectively per 100,000 standard WHO population [1]. From the first 
glance BC incidence in Russia is not tremendous comparing with the incidence and 
mortality in the Netherlands, where 3,700 women died from this malignancy alone in 2000 
[3]. However, the epidemiologic situation in Russia becomes frightening taking into 
account that cancer diagnosis and register service is still inadequate in major regions 
(therefore cancer incidence is apparently underestimated, [4]) and, moreover, BC incidence 
exceeds the officially published data about 20 times in some industrial regions and 
especially in regions with have been contaminated with radiation [5]. 

BC is well recognized as exceptional disease among cancers: extremely divergent 
patient populations with aggressive fast progressing and indolent forms apparently need 
different therapy modes. Therefore, prognostic factors should be discovered as risk factors 
associated with female populations at higher risk, and also as predictive parameters for BC 
patient outcome after therapy. Variable hosts-related factors could be useful for both 
purposes while only tumor-related factors are mainly in current use for BC patient outcome 
prediction. The importance of host factors was demonstrated in transplanted BLRB mouse 
model of human BC (Chapter 2). New anti-BC therapies are needed as traditional 
therapeutical approaches seem to reach plateau in BC clinic. So, we described here the 
potential of two novel therapies, namely local IL-2 treatment as a kind of active 
immunotherapy (Chapters 3-5) and lectin-aimed cytotoxic therapy against mammary cancer 
in mice (Chapter 6).  Both anti-BC therapies were tested in a variety of mouse models (both 
in vitro and in vivo) mimicking various sides of human disease. Our mouse model system 
was validated as appropriate model to test various anti-BC therapeutic approaches (i) 
showing both advantages and disadvantages of immunotherapy by local IL-2 (Chapters 3-
5), (ii) having the similar galectin expression profiles in the consecutive progression stages 
of mammary carcinoma (MC, in mice) compared to human BC specimens (Chapter 7), and 
(iii) demonstrating general similarities in morphology of mammary, ovary, and uterus 
cancer with corresponding human neoplasms (Chapter 8). Finally, three new original mouse 
strains with high natural incidences of multiple epithelial lesions sometimes associated with 
lymphoma were described to show their relevance to multiple cancer cases in familial BC 
in humans (Chapter 8). Therefore, they were proposed as preclinical mouse models for anti-
BC therapy testing. 
 
Prediction of tumor growth rate and survival in mammary carcinoma recipients  
 
This is well known that host factors are important for cancer patient outcome. Prognostic 
factors can be used to stratify patients for various therapeutical mode application [6]. 
However, there were only a few papers published to illustrate this statement in BC clinic 
[7-9] although this was shown in melanoma patients for whom even spontaneous tumor 
regression might occur [10], for renal cell carcinoma patients [11], and in advanced non-
small-cell lung cancer patients [12].  
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Host depending prognostic factors, such as woman’s age at menarche, age at first delivery, 
family history of breast cancer, and body mass index (in post-menopausal women) are 
mainly used only as risk factors [13, 14]. But for BC patients mostly only the age at 
diagnosis has been used to predict patient’s outcome [6, 15-22]. Specific serum soluble 
parameters measured in BC patients prior therapeutic intervention (chemotherapy/-
surgery/irradiation) have been used, but no significant associations were found due to the 
limited amount of factors studied and inappropriate statistical methods used ([23, 24] as a 
few examples).  

Previously, significant prognostic value of some routine clinical hematological and 
biochemical parameters in transplanted mouse model of human BC have been used to 
classify tumor-bearing A/Sn females belonging to distinct tumor progression stages [25]. 
Chapter 2 of this thesis shows, using transplanted BLRB mouse model in syngeneic males 
that 14 routine clinical parameters among 35 measured prior to mammary carcinoma (MC) 
transplantation allowed predictive classification of recipients. The intact recipients were 
discriminated that would show early or late tumor manifestation,  and short or long 
survival, respectively after mammary carcinoma transplantation [26]. This research in 
mammary tumor-free BLRB males elegantly showed that several clinic laboratory 
parameters as host factors measured before tumor transplantation determined fast or slow 
tumor growth rate of transplanted mammary carcinoma. Thus host factors, not directly 
connected with MC can be prognostic.  

Then a question arises in what extent this conclusion is applicable to spontaneous 
(naturally occurred) mammary cancer in mouse females and, furthermore, to human BC. To 
answer this question, future investigations in both mice and humans are required. Together 
with literature data in renal call carcinoma patients [11] our findings in mouse model of BC 
(Chapter 2) could serve as a rationale to search for host-related prognostic factors measured 
before treatment application to predict individual BC patient tumor growth and survival. 
Current statistical methods (like artificial neural network based methods) in combination 
with a large number of host-related factors (both directly and non-directly connected with 
BC), and predictive rules constructed for each distinct BC patient population (like fast and 
slow tumor growth) might be sufficient powerful to show significant prognostic values for 
therapeutic outcome. 
 
Proper subgrouping of recipients using a criterion developed for the whole group 
 
A few basic explanations may be presented why host factors are not currently used to 
predict BC patient outcome in BC clinic. Poor statistical design of early studies and small 
amount of prognostic factors involved [7, 8] lead to the opinion in BC clinic that routine 
clinical blood and serum parameters cannot predict tumor growth rate and patient’s 
survival. I speculate that this conclusion might be wrong for biological reasons. The same 
factor could affect a process in one way within the first subgroup of patients and influence 
this process in opposite way in other distinct subgroup. These two opposite effects will 
“neutralize” each other influence on the whole group when average dependent parameter 
values are calculated and compared for the whole experimental group versus average 
parameter values in controls. Firstly, this situation could result in increased standard 
deviation in experimental group, which would limit the ability to detect significant 
differences between experimental and control groups. So, statistical analysis would result in 
the incorrect conclusion that this factor does not affect the investigated process. Adding 
extra data will not change this incorrect conclusion, since the effects on the not 
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discriminated subgroups counteract one other. Thus, proper grouping of mice (using the 
same criteria for all recipients, e.g. including experimental and control groups) was 
demonstrated as the most important approach to show that several routine laboratory 
clinical parameters were useful to predict tumor growth rate and survival of tumor-bearing 
mice (Chapter 2 and [26]), and the therapeutic outcome of IL-2 therapy (Chapter 3).  

Therefore, we speculated that the described situation avoid to reveal the IL-2 
therapy potential against BC in humans and MC in mice (as characteristics of beneficial 
and non-beneficial treated populations were not distinguished), and, furthermore, prevent to 
search for prognostic host-related factors to predict recipient’s outcome in general and after 
IL-2 application, in particular.  
 
Beneficial and non-beneficial subgroups were distinguished within the IL-2 treated 
mammary carcinoma bearing mice  
 
Significant increase in standard deviation of tumor growth rate in treated group compared 
to control group could suggest that opposite effects may occur in different subgroups of the 
experimental group. In this case, proper criteria should be developed to distinguish these 
subgroups. Our “proper subgrouping approach” enabled us to divide mice in two groups 
with distinct characteristics in each experiment: early of late MC manifestation post 
transplantation (Chapters 2, 3), short or long survival (Chapters 3-5), bearing lag-positive or 
lag-negative MC (Chapter 5). This subgrouping enabled to reveal the efficiency of local IL-
2 therapy, since subgroups could be distinguished were local IL-2 therapy could cause 
tumor growth delay and enhance survival prolongation. Similar data have been published 
about human cancer patients treated by immunotherapy, including various IL-2 therapy 
modes. 
 
Single peritumoral (PT) 106 IU IL-2 therapy tested in transplanted mouse models of 
BC 
 
Single PT 106 IU IL-2 therapy was clearly effective in SL-2 lymphoma mouse model [27]. 
Therefore, we tested the efficacy of this mode of IL-2 therapy in a variety of mouse models 
of BC (Chapters 3-4). Various kinds of transplantable mouse models were used due to the 
number of tumor transplantation generations and the extent of metastasis: (i) tumors with 
long transplantation history that were severely metastasized to liver, lymph nodes (LN), and 
spleen in A/Sn mice, (ii) non-metastasized carcinomas in BALB/c mice with relatively 
short transplantation history (Chapter 3), and (iii) tumors of the first transplantation 
generation from spontaneous BLRB mammary carcinoma that metastasized to the lung 
(Chapter 4).  

At day 10-14 after i.p. or s.c. inoculation of 106 carcinoma cells, mice with 
advanced transplanted mammary carcinomas were given a single peritumoral injection of 
2.5 x 106 IU IL-2. Within each experiment, tumors were distinguished that were relatively 
fast and slowly from the growing at the start, thus early and late visibly emerging. These 
two tumor subsets demonstrated differences in growth kinetics through the whole 
experiment time resulting in short and long survival of the recipients with earlier and later 
visibly emerging tumors, respectively (Chapter 2).  

So, our new approach to analyze results within early and late emerging tumor 
subsets separately enabled to show that survival of mice with transplanted, advanced, 
metastasized mammary cancer can be significantly improved after a single local IL-2 
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treatment. Advanced early emerging i.p. and s.c. growing mammary carcinomas 
transplanted in A/Sn mice seem to be more sensitive to a local IL-2 therapy than later 
visibly emerging tumors. IL-2 was most effective against primary non-metastasized MC in 
the BALB/c mouse model.  
 
Prediction of short or long survival in mammary carcinoma recipients after IL-2 
application  
 
Firstly, early and late emerging MCs were distinguished among the first transplantation 
generation from spontaneous MC and a single local IL-2 treatment (2.5 x106 IU per mouse) 
was applied PT to tumors about 5 mm in size: about second week post transplantation to 
early emerging tumors and about eighth week for late emerging MCs. 

In chapter 4, two modes of local IL-2 therapy were tested in the BLRB mice with 
transplanted MC. From the beginning, early and late emerging MCs were distinguished in 
the first tumor passage in BLRB males (MC cells were taken from fast and slow growing 
spontaneous tumors in syngeneic females). These tumors were treated with a single local 
IL-2 injection (2.5 x106 IU per mouse) peritumorally (PT), when they were about 5 mm in 
size. This was in about the second week post transplantation for early emerging tumors and 
about the eighth week for late emerging MCs. Survival dynamics of males with early 
emerging transplanted mammary was significantly improved compared to untreated 
controls with early emerging tumors. However, the same IL-2 therapy in late emerging 
tumors of the same size at the therapy start worsened the survival of IL-2 treated mice. So, 
our BLRB transplantable mouse model may resemble findings in BC that show the 
advantages of systemic IL-2 [28, 29] and limitations of systemic [30] and local [31] IL-2 
therapy against BC (Table 1). 

Next, the question arose whether it is possible to distinguish the subpopulations of 
recipients who would benefit from IL-2 therapy prior therapeutic intervention, and also 
prior tumor growth, thus, measuring laboratory clinical blood and serum parameters before 
MC transplantation. These data were used now (Chapter 4) to predict the outcome of 
therapeutic intervention in recipients with early emerging tumors as only mice with fast 
tumor growth rate were used for IL-2 therapy. For this purpose, 35 hematological and 
biochemical laboratory parameters were measured in intact males prior to mammary 
carcinoma transplantation and IL-2 application.  Elevated levels of SN, BIL, ALT, AST, 
TG and decreased levels of LY, RBC, HB, and HCT correlated with short survival of 
recipients after IL-2 therapy application. In humans, corresponding changes in laboratory 
parameters would be associated with chronic inflammation and hepatitis [32]. In contrast, 
in untreated control mice, no relation was found between these laboratory parameter values 
and survival of recipients. Viral hepatitis was common in non-SPF mice. Our 
histopathological research revealed the signs of the disease in a distinct proportion of intact 
and tumor-bearing mice (Moiseeva, unpublished data). Taken together, this enabled to 
conclude that distinct proportion of intact BLRB males with leucopenia and anemia 
exhibited chronic hepatitis prior to MC cell transplantation that might limit the IL-2 therapy 
potential. So, non-SPF transplanted BLRB mouse model appears to reflect properly the 
situation in breast cancer clinic where viral hepatitis might complicate therapeutic benefits 
[33]. Kedar and Klein emphasized the importance of patient’s physical condition before 
immunotherapy application [34].  Similarly to findings in BC clinic [35], we demonstrated 
here that compromised recipient’s physical condition might limit therapeutic potential of 
IL-2. However, another explanation of our findings could be that weak and healthy 
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recipients might benefit from local IL-2 therapy, but that therapy should be optimized for 
each subgroup of recipients. Finally, our conclusions emphasize the importance of a proper 
selection procedure development to distinguish between beneficial and non-beneficial 
recipients before IL-2 therapy application and apply the appropriate therapeutic mode to 
each given BC patient.  
 
Selection procedure for BC patients before immunotherapy application 
 
The need for the selection procedure for patients who may benefit from immunotherapy 
was stated by Kedar and Klein in 1992 [34] but it has not been developed yet. I think this 
has two causes: (i) absence of proper subgrouping among potential patients before 
immunotherapy start and after its application, namely short and long survivors without 
therapy in relation to benefit and non-benefit patient populations after therapy; and (ii) 
omission of host dependent factors that could predict fast/slow tumor growth rate in 
patients before therapeutic intervention and, thereby the therapeutic effect of local IL-2 
therapy. 

Firstly, we have determined the prognostic value of several routine laboratory 
parameters to predict fast/slow tumor growth rate and short/long survival of recipients, 
respectively (Chapter 2). Secondly, we have distinguished short and long survivors among 
control and IL-2 treated mice, both in transplanted and spontaneous mouse models of BC 
(Chapters 3-5). Taken together these two approaches enabled prediction of which mice with 
transplanted MCs would benefit from local IL-2 therapy and which not (Chapter 4). 
Similarly, Characiejus et al. distinguished short and long survivors for renal cell carcinoma 
patients before immunotherapy with interferon gamma, and revealed the prognostic value 
of amount of distinct lymphocyte population measured in patient before immunotherapy 
[36].  This showed that immunotherapy improved only the survival of predicted short 
survivors, while it decreased survival of predicted long survivors. Taken together, these 
data in human renal cell carcinoma and our findings in mouse models of BC might serve a 
rationale to develop a selection procedure of BC patients that might benefit from a certain 
regimen of immunotherapy.    
 
Tumor associated - and tumor infiltrating mononuclear cells (TA- and TI-MNCs, 
respectively) and their role as IL-2 responding cells 
 
Being interested to find out prognostic value if any of tumor leukocyte infiltrates in MC and 
outcome of tumor bearing host after IL-2 therapy we evaluated three types of TA-MNCs, 
CD3+ T lymphocytes, NK1.1+ NK cells, and CD11b+ macrophages by flow cytometry. 
Simultaneously histopathological analysis was performed for these MC samples to 
determine the location of the leukocyte infiltrate within MC. According to the logic of 
Hadden [37], we distinguished TA-MNCs from TI-MNCs by histopathology as latter 
infiltrates were mainly found near tumor surface in the advanced MC while TI-MNCs were 
mainly found within mammary tumor surrounding anaplastic pale type of mouse MC. We 
called cells obtained from MC for flow cytometry as tumor associated MNCs instead of 
widely used terms tumor infiltrating lymphocytes [38] or leukocytes [39] and considered 
this is a preferable term since we monitored both lymphocytes, NK cells, and cells of 
monocytes/macrophage lineage obtained from the spontaneous MC; and only 
histopathological research might confirm true infiltrating nature of infiltrate (Chapter 5). 
Similarly to human BC (discussed in [37]) there were relatively small proportions of TA-
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MNCs found in murine mammary carcinomas. To reveal further associations among tumor 
progression and TA-MNC amount/composition warrant further investigations. We can 
currently conclude that the individual variations in mouse MCs were extremely high within 
each step of MC progression, similarly to what has been found in human BC [32]. 
Following the logic of Black and Zachrau [9], we propose that this variability should be of 
prognostic value in mice. Indeed, true TI-MNCs presented in MCs strongly predicted 
tumor-free survival of a host after MC extirpation (Moiseeva et al., manuscript in 
preparation). However, in human BC the role of TA-MNCs was interpreted controversially 
(discussed in [37]). The absence of appropriate subgrouping of BC patients using 
histopathology and stage of the disease could explain the lack of association between BC 
patient survival and the extent and composition of TA-MNCs, found in [40]. Keeping in 
mind that TA-MNC infiltrate could be associated with immune response to tumor antigens, 
and that immune reaction is not a synonym of host defense [41]; we hypothesize that TA-
MNC response composed of different cells might be of benefit and of damage for distinct 
BC patients, also depending on different stage of the disease. In accordance with my  logic, 
Aaltomaa et al. did not find connections between infiltrates and BC patient outcome when 
the tumors were not categorized according to proliferation rate [39]. So, to reveal benefit of 
specific tumor infiltrate presence one should distinguish between different patient cohorts. 
Indeed, the presence of infiltrates predicted recurrence-free survival in rapidly proliferating 
tumors in lymph node negative BC patients [42]. Furthermore, the specific type of BC is 
also important in terms of infiltrate prognostic value. In agreement with my logic, Vitolo et 
al. showed that tumors expressing immunogenic antigens (e.g. mucin 1) contain many 
activated mononuclear cells (MNC), while other breast tumors either fail to activate or 
suppress functions of infiltrating MNC [43]. The infiltrating cytotoxic/suppressor T cells 
prevailed in medullary BC representing host resistance against cancer, and the high grading 
of the T-cell infiltration could explain, in part, a key mechanism controlling the good 
prognosis for this type of tumor and solve the pathological paradox of medullary MC [44]. 
Differences in the capacity of leukocytes from different anatomical sites of breast cancer 
patients to synthesize immunostimulatory cytokines and mediate tumor cell cytotoxicity 
have been demonstrated [38, 39, 43]. Such differences may reflect prognostically distinct 
subgroups of patients and might also provide a rationale for the development of IL-2 
immunotherapeutical approaches to therapy in selected patients [39]. Keeping in mind these 
data in human BC, we applied local IL-2 therapy to naturally arisen mammary tumors in 
BLRB, BYRB, and CBRB mice with high incidences of MCs ([45] and Chapter 8) and 
started from research devoted to tumor infiltrates in individual spontaneous MC being 
especially interested to found out morphological/functional ground for successful local IL-2 
treatment. 

Histopathological analysis revealed notable variation among individual TA-MNCs 
during consecutive steps of MC progression although the total proportion of TA-MNCs was 
extremely low. The highest proportion of TA-MNCs (about 0.032% of all cells in a tumor) 
was found in only two cases out of 19 studied. These data are similar to findings in human 
BC [38, 39]. True TI-MNCs with prevailing T/NK cells were mainly found within earlier 
steps of lag- tumors. Analysis of TA-MNC numbers and phenotypes by flow cytometry 
revealed pronounced individual differences even for the tumors of the same size. Further 
analyzing associations between TA-MNC numbers/composition and tumor growth rates of 
tumors of the similar size, we showed that these MCs demonstrated different growth rates 
and belonged to different stages in MC progression. Distinct correlations were revealed 
between tumor growth rate and TA-MNC amount/composition. Prominent tumor infiltrates 



General discussion 
 

 165

with prevailing T/NK cells were found in suddenly emerging tumors growing slowly after 
visible manifestation whereas less expressed infiltrates with predominating 
monocyte/macrophage cells were found in fast growing MCs. Less expressed infiltrates 
with all three TA-MNC lineages were found in MCs growing fast at the moment of 
analyzing, but demonstrated lag period (palpable step) before visible MC manifestation. 
Schrikant & Mesher have shown in i.p. EL-4 lymphoma model that CD8+ tumor infiltrative 
T-lymphocytes were first cytotoxic to tumor cells controlling tumor growth, but next 
became anergic, showing non-responsiveness to tumor cells and, finally, leaving the tumor 
site [46]. Based on these findings the functioning of TA-MNCs can be showed 
schematically as follows steps: tumor infiltrating -> tumor growth inhibition -> non-
responsiveness -> leaving tumor site. This scheme could explain seemingly contradictory 
findings that similar tumor infiltrates were present in MCs growing slowly and fast. From 
this point of view, the most prominent tumor infiltrates with prevailing T/NK cells in 
slowly growing lag- tumors could represent MNCs at the step of tumor growth rate 
inhibition by active anti-tumor immune response. Indeed, only two females (from 8 
studied) with this kind of infiltrates within lag-negative MCs had significant tumor free 
survival after initial MC extirpation (Moiseeva, manuscript in preparation). However, in 
lag-positive MCs less expressed tumor infiltrate of the similar cell composition might 
represent anergic step of TA-MNC functioning although tumor growth was under control 
during lag-period of palpable tumor.  

Taken together these data resemble of findings in human BC where numerous 
attempts were made to correlate TA-MNC presence with the prognosis for patients. The 
apparent similarity validates spontaneous mammary cancer in our mouse strains as proper 
models of human BC showing that various mouse MC forms characterized with different 
tumor growth rates and variable incidences of prominent TI/TA-MNCs different in cellular 
composition/function during individual MC progression.  
 
Dual nature of IL-2 treatment 
 
After some small successes in melanoma and renal cell carcinoma (RCC), high-dose 
systemic IL-2/LAK therapy has been applied to some small-sized cohorts of BC patients 
(Table 1). Sparano et al. reported about 12 patients [47]. Walters et al. found no objective 
response in 10 patients [48]. Punt et al. reported about 2 partial responses among few cases 
studied [49]. These data lead to conclusion that high-dose systemic IL-2 therapy was not 
effective against BC. A possible explanation is that non-specific immunity against cancer 
was shown to be superior to specific immunity (discussed in [50]). But almost no NK cells 
were found in tumor infiltrates from BC patients comparing with RCC patients [51]. In 
contrast, low-dose systemic and local IL-2 therapy was shown to be more effective 
(discussed in [37] [52]). However, literature clinical data are limited (Table 1). The 
majority of clinical trials recruited BC after previously used therapy failed and documented 
no objective response to systemic IL-2 therapy alone [30] or in combination with other 
cytokines [35, 53]. Clear positive results were presented for combination of systemic IL-2 
and beta-interferon to treat patients with endocrine-dependent breast cancer with distant 
metastases [28, 29]. Nicolini st al. described in both papers the same population of 29 BC 
patients with stable disease or responsive to first-line antiestrogens that were recruited for 
immunotherapy (29 from 85 total population, or 34%). The estimated median benefit and 
survivals were more than three times longer than previously shown in similar BC 
populations. Strange enough, authors clamed that not specially selected patients were 
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recruited.  
To elucidate biological ground of dual nature of IL-2 treatment the data in mouse 

models might be useful [46, 54]. Schrikant & Mescher showed in the EL-4 mouse 
lymphoma model that IL-2 might be only transiently effective controlling syngeneic tumor 
growth by activation of CD8+ T cells. But its efficacy is limited even when CTL response is 
present at earlier stage of tumor growth) by migration away from the tumor site and 
induction of non-responsiveness [46]. Thus, Schrikant & Mescher concluded  that use of 
IL-2 for immunotherapy is very much a double-edged sword and the data strongly suggest 
that optimization of time and dose regimens may substantially improve its clinical efficacy 
when it is used in conjunction with approaches that target CTL responses [55]. Everse et al. 
showed that local IL-2 augmented the response that predominated in a mouse model at the 
moment of the treatment [54]. Thus, both stimulation of tumor rejection and 
immunosuppression might be a result of local IL-2 therapy in a given mouse model at a 
certain time post transplantation. These data implies the importance of dose and timing 
schedule of local IL-2 therapy for each patient.   
 
Table 1. Systemic and local IL-2 against BC: literature data  
 
N IL-2 Patients N= Stable disease, 

% 
Conclusions References 

1 Systemic 
IL-2 and 
interferon-β 

29/85=34% with 
stable disease 
 

29 34%, 
8%-long term 
survival 

Survival was 
prolonged 3 times 

[28, 29] 

2 Systemic rIL-2 
and interferon 
alfa-2a 

No selection 
procedure, near 
end points 

40 19 Not effective [35] 

3 Systemic rIL-2 No selection 
procedure, near 
end points 

28, 
after 
BM 

ND* Not effective [30] 

4 High iv 
and low sc 
 IL-2 

No selection 
procedure, near 
end points 

21, 
after 
BM 

ND Not effective [53] 

5 Local AdCAIL-2 
into sc deposits 

Melanoma and 
BC 

23 24 
local 
incomplete 
rejections 

No conventional 
clinical responses 

[31] 
 

6 Systemic 
IL-2/LAK 

prior 
chemotherapy 
had failed 

12 ND  [47] 

7 Systemic rIL-2 
and interferon-α  

No selection 
procedure 

10 ND No objective 
response 

[48] 

8 Systemic rIL-2 RCC and BC A few ND 1 partial response [49] 
 
*ND - not determined 
 
Various modes of PT and PIT IL-2 therapy by means of relatively high (106 IU) and 
low (105 IU) basic doses tested in spontaneous mouse models 
 
Keeping in mind all these advantages/limitations of IL-2 therapy of BC, we have tested a 
few therapeutical modes using local IL-2 therapy as was proved to more effective than 
systemic IL-2 therapy [56]. 

Analysis of a single high dose local IL-2 injection in all tumor-bearing females of 
the three strains in experiment 1 showed no significant therapeutic effects compared to non-
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treated group  matched historical controls. Next, we determined the differential therapeutic 
effects for females with either suddenly visibly emerging mammary carcinomas (lag-
negative MCs) or gradually emerging from the palpable to visible tumor manifestation (lag-
positive MCs). Recipients with lag-negative tumors showed tumor growth inhibition and 
increased survival tune versus tumor parameters of several group matched non-treated 
historical control sets. In contrast, females with lag-positive tumors did not show survival 
improving on average although growth of their tumors tended to be temporarily suppressed. 
These data show different effect of single high IL-2 treatment on advanced lag-positive and 
lag-negative tumors. Also, the morphology was different between lag-negative and lag-
positive mouse MCs. Lag-negative tumors mainly exhibited anaplastic poor differentiated 
pale stained carcinoma type from the first tumor detection. These tumors were associated 
with prominent infiltrating MNCs with predominating T/NK cells in about 1-2 cases of 8-
10 samples studied (Chapter 5 and Moiseeva, manuscript in preparation). This pattern 
resembles human medullary breast carcinoma.  However, mainly well differentiated tubular 
and adenoid carcinoma types prevailed in lag-positive mammary tumors.  

In the second IL-2 experiment, only females with lag-negative tumors were 
included. Their survival was shortened on average comparing with survival of group 
matched historical controls. The efficacy of single high dosage IL-2 treatment was limited, 
especially in females with fast growing advanced MCs being applied too late (tumor 
diameter more than 10 mm at the treatment start). Interestingly, clear reverse correlation 
between tumor diameter at the treatment start and survival was revealed only for virgins of 
related BLRB/BYRB mouse females. Thus, these virgins were considered as standard 
recipient population to test IL-2 therapy efficacy.      

In the third experiment low dose local IL-2 treatment was applied three times 
(days 4, 8, and 12 after tumor detection) in females with spontaneous mammary tumors. 
This therapy mode and time schedule implied the absence of knowledge about important 
individual tumor growth characteristics before IL-2 application, namely the duration of 
palpable step (is lag-period) before visible manifestation (standard detection point for 
individual MC, SDP) and tumor growth rate after SDP. The used therapy mode led to slow 
tumor growth of the majority (82%) of treated carcinomas recorded after SDP versus 
35/45% of slow growth in current/historical control non-treated groups. But the total 
survival of the whole treated tumor-bearing group was not prolonged suggesting that the 
life spans of females with palpable steps of tumor growth were shortened. These data 
showed that used IL-2 therapy mode applied too early to palpable mammary tumors 
appeared to be not beneficial for these recipients. These data are in agreement with findings 
of Everse et al. in lymphoma and mastocytoma mouse models [54] 

To standardize experimental conditions basing on the data from the previous three 
experiments, controlled local IL-2 experiment was performed with only virgin populations 
of the similar age (15-16 months), having similar tumor size (5-7 mm), emerging within 2 
weeks. Females were treated with IL-2 at the same moment by single peri-intra tumoral 
(PIT) low IL-2 dosage (group 1) and the same dosage applied PIT 3 times within 4 weeks 
(group 2). Peri-intratumoral IL-2 therapy means that halve of the dose is injected inside of 
the tumor and halve of the dose is injected near the tumor. Current control group consisted 
of the similar aged virgins with the similar tumors demonstrating the similar size within 
two weeks after tumor detction. Tumor growth rates in both IL-2 treated groups were 
decreased, but only females treated once survived significantly longer comparing with 
current controls. However, a few cases of temporal cures were noticed in females treated 
PIT three times within 4 weeks (supportive therapy mode) although the average life span of 
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the rest of the group was shortened compared to survival of females treated PIT only once. 
These data suggest that different therapy modes should be applied (i) to maximize 
therapeutical effect for the whole recipients minimizing non- beneficial recipient population 
among treated females (single PIT low IL-2 dose did not cause cures) and (ii) f to reach 
maximal effect in a distinct proportion of recipients (prolonged supportive therapy mode 
caused temporal cures in a few recipients). The latter mode worsened survival of the rest 
recipients of the group for whom prolonged therapy mode was apparently non-benefit. 

Finally, we concluded that anaplastic mouse mammary carcinoma growing fast 
before visible manifestation (lag-negative MC) more often associated with prominent true 
TI-MNCs resembles medullary BC of the human pathology. Keeping in mind that profound 
CD8+ infiltrates were found in this relatively rare aggressive fast growing form of human 
BC, I would recommend clinical testing local IL-2 therapy in thoroughly selected patients 
with medullary BC 
 
Highlighting the potential of local IL-2 therapy of BC: a few recommendations 
 
Type 1 T helper cells (Th1) is associated with spontaneous rejection of melanoma in 
patients [57]. Thus induction of a Th1 response could be a putative therapeutic mechanism 
in anti-cancer response against breast cancer. However, in breast cancer patients Th2 
dependent IL-10 is detected, which  causes local immunosuppression within breast tumors 
[58]. Venetsanakos et al. proposed that the reduced function of tumor infiltrating 
lymphocytes may be related to IL-10, which has known inhibitory effects on T-cell 
activation [50]. 

IL-2 therapy is still applied to BC patients without precise knowledge about 
prognostic factors that would predict patient’s outcome after IL-2 treatment (Table 1). 
Factors that were important for effective anti-breast cancer immunotherapy in a 
transplantable mouse model of BC included mouse age, tumor size and growth rate, 
metastases, vascularization, gene expression levels of the tumor-associated antigens in 
primary breast tumors and metastases, and the presence of CD4+ and CD8+ T cells in the 
inguinal lymph nodes at the site of the tumor growth [59]. 

Taken together with literature data (Table 1), our experience in local IL-2 against 
transplanted and spontaneous murine MC enable a few recommendations how to highlight 
the therapeutical potential of local IL-2 therapy: 

- to select patients who may benefit from IL-2 therapy, using prognostic factors to 
predict tumor growth (Chapter 2) and therapy outcome (Chapters 4); 

- do not apply IL-2 therapy to end-stage cancer patients for whom any therapy was 
unsuccessful ([30, 35, 53] in BC clinic and Chapter 5 in mice); 

- do not apply systemic IL-2 therapy after cytotoxic drugs [60]; 
- do not apply IL-2 therapy in combination with other immunotherapeutical drugs 

(for instance, IFN-gamma [61]) before clear knowledge that they will synergize in 
a given patient as both cytokines might show opposing effects on tumor growth; 
for example, IFN-gamma can protect ovarian carcinoma cells from apoptosis 
caused by T-cells [61].  
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Lectin target therapy  
 
Immunotherapy of BC by local IL-2 shows disadvantages due to the dual nature of IL-2 
treatment (see above). So, also selective cytotoxic treatment of BC was tested: namely, 
lectin-targeted therapy (Chapters 6-7). This approach employs carbohydrate ligand attached 
to the outside of liposomes containing cytotoxic drug as a vector for selective delivery to 
cells that overexpress lectins. The approach is based on rational design and synthesis of 
these ligands [62], using proper cytotoxic drug and their liposome formulations [63],  and 
testing of anti-cancer potential of these complex drugs in our mouse models of breast 
cancer in vivo [64]. 

First, cytotoxic liposomes were aimed to selectins (mainly expressed on newly 
emerged tumor blood vessels) and systemic anti-cancer effect was tested in the BLRB 
transplantable model (Chapter 6, [65]). Next, we studied galectin expression on MC cells in 
a variety of mouse models to show potential of novel approach to direct cytotoxic 
formulations to MC cells (Chapter 7, [66]).  
 
Systemic therapeutic effect of cytotoxic liposomes aimed to selectins 
 
The main goal of this work is in vivo testing of anti-BC cancer effect of the carbohydrate 
vectored cytotoxic liposomes comparing with therapeutical effect of unvectored cytotoxic 
liposomes, and cytotoxic drug alone. Vectored cytotoxic liposomal formulations for 
targeted delivery to breast carcinoma cells might be a method for effective anti-breast 
cancer therapy that is specifically aimed to destroy tumor cells and tumor metastases, and 
thus might result in profound prolongation of survival.  
 

Endogenous lectins that belong to carbohydrate binding proteins play an important 
role in the breast cancer progression and metastasis [67]. Selectins, that are calcium-
dependent lectins [68], are expressed on blood and vascular cells mediate the adhesion of 
cancer cells [69]. β-galactoside lectins (galectins) are expressed on breast carcinoma cells 
[70], and affect tumor cell proliferation, metastasis, and apoptosis significantly [71].  
Recently it has been shown that SiaLex as vector increases cytotoxic effect of merphalan 
bearing liposomes against HL-60 cells in vitro [63]. Then, we used these liposome 
formulations and melphalan alone against transplanted MC in vivo using 2 i.v. injections of 
drug formulations on days 3 and 7 post transplantation. We observed significant delay of 
visible carcinoma manifestation and sharply expressed improvement of mouse survival in a 
group treated with SiaLex equipped vectors (group 4) comparing with mice treated with 
unvectored cytotoxic liposomes (group 3), vectored empty liposomes (group 5), or 
merphalan alone (group 2). This effect of prolongation of transplanted mouse mammary 
carcinoma growth was the greatest therapeutic effect, we have seen in our practice of anti-
cancer drug testing. At week ten after transplantation (when the majority of control mice 
had died) 50% of group 4 mice did not have any visible tumor. The rest of group 4 had 
tumors on average about 7 mm, versus 21 mm in control animals (group 1). The last male 
of group 4, had a visible MC, after one year post transplantation. This is an exceptionally 
long lag-period of tumor growth. In contrast to IL-2 therapy, no non-beneficial recipients 
were found with lectin-targeted therapy.   

The selectin target phenomenon was under consideration of our team. In a 
publication [72] we proposed direct delivery of vectored cytotoxic liposomes to MC cells. 
However, some evidence lead us to propose another mechanism(s) of cytotoxic effect: (i) 
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SiaLex as vector could aim cytotoxic drug to selectins overexpressed in newly arising blood 
vessels, providing simultaneous killing of dividing carcinoma cells as well as endothelial 
cells in so called “hot spots” of tumor progressing, and (ii) lymphocytes, monocytes, and 
platelets as TA-MNCs also expressing selectins (selectins L and P, respectively) might be 
involved in the indirect immune mechanism of tumor growth control. Transplanted 
mammary tumor appearance in male recipients after long lag-periods would suggest such a 
mechanism as tumor cells were not killed by vectored cytotoxic drug, but tumor growth 
was controlled for a long time. These data warrant further investigations to highlight the 
mechanisms involved. The anti-cancer effect of used formulations were tested also in 
spontaneous MC models and showed perspectives (Moiseeva et al., manuscript in 
preparation)  
 
Galectin expression on MC cells as a basis to test novel target therapies 
 
In the Chapter 7 we have demonstrated that (i) surface galectin expression was observed on 
mammary tumor cells in all mouse models tested, but not on non-malignant cells from the 
several murine tissues, (ii) asialoGM1 ligand was the most potent to reveal galectins, and 
(iii) the surface galectin level was diminished in the more aggressive forms of spontaneous 
mammary carcinoma and during the MC progression, similarly to data in human breast 
cancer [71]. This similarity in surface galectin expression profiles is another argument, next 
to several morphological and functional similarities with human breast cancer (Chapter 8) 
that underscore the relevance of our experimental system of complementary mouse models 
to human BC. I think that synthetic specific carbohydrate ligands are superior to 
monoclonal antibodies in both diagnostic and therapeutic purposes, because they are group 
reagents and, therefore being used as vectors on the surface of cytotoxic liposome can 
direct a drug formulation to a variety of tumor cells that overexpress different galectins 
(e.g. galectin-3, galectin-1, etc.). 

Some galectins are essential for breast cancer cell growth, thus anti-galectin 
therapy could be very effective [73]. Galectins are expressed on both tumor and endothelial 
cells, and can bind T- cells to mediate interactions between T-lymphocytes and both tumor 
and endothelial cells. Galectin-1 induces apoptosis in activated peripheral cells (discussed 
in [74]). Therefore, we expect that cytotoxic liposomes directed to galectin expressing cells 
in vivo may result in both direct anti-tumor and anti-vascular effects, and also mediate 
indirect immunoregulatory effect leading finally to T-cell anti-cancer response 
augmentation.  
 
Perspectives of lectin-aimed therapy  
 
The aim of our future work is to improve the therapeutical effect of vectored cytotoxic 
liposome formulations. We intend to increase the cytotoxic effect of liposomes by addition 
of asialoGM1 ligand as vector. We assume that two formulations of cytotoxic liposomes 
bearing SiaLex and asialoGM1 could be directed simultaneously to tumor cells and to the 
tumor microenvironment: this is expected to increase the cytotoxic effect of drug loaded 
liposomes. The efficacy of these galectin and selectin directed therapies, or their 
combination should be first tested in naturally arising mouse mammary carcinoma models, 
which were shown to be relevant for this purpose (Chapter 7).  
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Advantages and limitations of current mouse models of human BC: conception of a 
mouse model set to mimic human BC 
 
Table 1 (Chapter 1, from A to G) illustrates the rationale to use various mouse models to 
mimic different aspects of various subsets of the human BC. For instance, the individual 
variability of chemically induced MCs (subset A) is comparable with extremely variable 
characteristics of human BC. Moreover, application of DNA transfection techniques to 
chemically induced mammary epithelial cell lines resulted in a few cell lines syngeneic to 
129 mice with various rates of bone metastases [75]. To the best of author’s knowledge 
there was no genetically engineered mouse model (GEMM) imitating metastatic spread of 
human BC to bones. Therefore, transplantable murine MCs (subset B) with greatly different 
intensity of metastatic spread [76] or mimicking bone metastases [77] in BALB/c mice 
retains some advantages in the era of GEMMs as the shortest procedure in mouse 
modelling of human BC. However, transplantable mouse models possess well-known 
limitations. They do not really reproduce human BC, which is usually a more chronic 

disease that arises by gradual transformation of cells and evolutionary expansion of cell 
populations in situ [78]. Moreover, the major tumor characteristics of transplantable MCs 
(morphology, growth rate, metastatic spread) may be progressively changed through 
consecutive passages in vivo. In addition, the significant differences between the 
vasculature of transplanted and autochthonous murine tumors indicate that their 
susceptibility to anti-vascular therapy may differ substantially [78]. Recently, Namba et al. 
developed a transplantable GEM-based model (MC cells for syngeneic transplantation were 
taken from GEM) that appear to recapitulate human ductal carcinoma in situ at both 
histologic and molecular level [79]. Unfortunately, all limitations that were previously 
mentioned for transplanted mouse models have to be expressed in this “new old fashioned” 
model. A number of ectopic or orthotopic human cancer implants (discussed in [80, 81]) in 
athymic nude or SCID mice (subset C, Table 1, Chapter 1) presents some advantages, for 
instance, to study interactions between stromal and epithelial components of human origin 
in vivo [82]. However, the role of human tumor xenografts as predictive preclinical models 
for anticancer drug testing is currently debated as human tumor growth kinetics is 
significantly higher in mice leading to false positive results [83].  Moreover, the 
interactions between a xenograph tumor and immunocompromised host are not a good 
model for the normal interaction in tumor-bearing patients. Autochthonous murine tumors 

(subset E, Table 1, Chapter 1) better reproduce many of the features of human BC but are 
experimentally more cumbersome (tumors arise in females of various age, range in size and 
tumor growth rate). Recently, various kinds of conventional transgenic or knockout 
oncomice were proposed as a novel step in anti-cancer drug testing procedure [84]. A few 
reviews highlighted general advantages of GEMMs [85-87]. Especially conditional 
GEMMs (created using the Cre/loxP system) that seem to mimic both sporadic [88] and 
hereditary BC [89] are promising tools for BC research. But they also have some 
disadvantages. At present, even haematogenous metastases are commonly rare in 
conditional GEMMs (for instance, only 10% in [90]) whilst abundant metastatic spred 
through both blood vessels and lymphatics is the major problem in BC clinic. As a next 
step, a recently developed conditional GEM exhibiting conditionally somatic mutations of 
p53 in mouse mammary epithelial cells showed estrogen receptor alpha-positive and -
negative tumors and 50% rate of metastases to liver or lungs [88]. However, it is unclear at 
the moment, to what extent human BCs are generally in “addiction to oncogenes” as was 
shown for variety of conditional GEMMs (discussed in [91]). Complete regression of 
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invasive adenocarcinomas was found after deinduction of involved oncogene (for instance, 
c-Myc in [90]). Maybe it is too early to conclude whether these novel mouse models will be 
superior to naturally arisen MCs in mice [92].  

Finally, the entire complex of inherent attributes of human BC cannot be 
reproduced in one mouse strain/model. Hence, we developed a system of mouse models 
with different characteristics and natural incidences of mammary cancer to reproduce 
various forms of human BC [20-22].  This original model set comprised a number of 
transplanted and spontaneous mouse MCs that originated from 5 mouse strains and was 
used in this thesis to test the potential of two anti-breast cancer therapies (Table 2). We 
tested therapy efficacy in mice bearing mammary tumors with fast and slow growth rates 
separately as indolent and fast manifestations are both frequent in BC clinic and appear to 
respond to a given therapy to a different extent. Therefore, transplantable mouse mammary 
tumours in A/Sn mice with various metastatic potentials might complement naturally 
arising BLRB mammary carcinomas (together with their first transplanted generations) to 
mimic a wide range of human BC as they imitate different groups of human malignancy: 
both fast growing poorly differentiated forms that are highly metastatic to lymph nodes, 
liver, kidney and/or lungs and slowly growing hardly metastasizing well-differentiated 
forms as well. Hence, the whole variety of our mouse models was involved in this research. 
 
Table 2. Complementary characteristics of our set of original mouse models 
comparing with common features of the human BC 
 

MC in mouse models described in this thesis 

A/Sn, transplanted 
VMR-L VMR-0 

Rb 
Strains, 
naturally 
arisen 

 
BALB/c, 
transplanted 

 
 
 
Characteristics 

 
Hu-
man 
 
BC 

Chapter 3,7 Chapters 
5,7,8 

Chapter 3 

Ductal ++ ND* ND + - 
Lobular + ND ND ++ + 
LA + - - + - 
LCIS + - - + - 
ILC + - - + - 
Medullary + + - + - 

 
 
 
Morphology 

Spindle cell + - + - - 
Slow ++ + - + + Growth rate 
Fast + - + ++ ++ 
Blood vessels + + + + -  

Metastatic route 
trough: Lymphatics 

+ + ND ND - 

Lymph node + + ND ND - 
Lung + + + + - 
Liver + + - - - 
Spleen + + - - - 
Kidney + + - - - 
Bone + ND ND ND ND 

 
 
Main 
Metastatic 
Organs 

Brain + ND ND ND ND 
 
* ND-not determined 
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How our mouse models were used for anti-BC drug testing 
 
Different steps of a new approach to test anti-BC drugs are shown in this thesis. Complex 
system of complementary transplantable and spontaneous mouse models is a tool for this 
approach. The research is provided through 4 consecutive steps. Steps 0-2 were illustrated 
in this thesis using IL-2 testing as example (Chapters 3-5).  
In vitro testing, step 0. In vitro testing of the effects of new drugs on tumor cells using 
established MC cell lines and primary cultures from spontaneous tumors and immune cells 
from various sets (tumor infiltrating, from the lymph nodes, spleen, and blood) separated 
(Chapter 5). 
Preliminary testing, step 1. In vivo testing in transplanted mammary tumor models, 
including those with long transplantation history and variable metastatic potentials (Chapter 
3) and first in vivo passages of tumor cells, taken directly from spontaneous female 
mammary tumors (Chapter 4). 
Basic testing, step 2. Testing on females with visible spontaneous mammary carcinomas 
(Chapter 5). 
Advanced testing, step 3. Testing on pre-tumor females without visible spontaneous 
mammary carcinomas near the time of their visible manifestation. This step is proposed for 
more detailed investigation of some drugs, especially for those with expected immune-
modulating activity.  

The anti-breast cancer potential of SiaLex-equipped cytotoxic liposomes was 
tested (steps 0-1, Chapter 6). Preliminary data of step 2 testing of these liposomes showed 
promising results [93]. Advanced testing (step 3) of IL-2 and selectin targeted anticancer 
drugs are in progress.  
 
Short description of original collection of mammary tumor mouse models 
 
The central place in my original collection of five mouse strains belongs to three mouse 
models bearing the same Rb(8.17)1Iem translocation. The high natural incidences of 
epithelial lesions in mammary gland, ovary, and uterus are characteristic for these strains 
(for details see Chapter 8, Table 4). Additionally, I received from dr. Alexander Apt 
(Central Institute of Tuberculosis, Moscow) and maintain two well-known mouse strains 
with low incidences of mammary carcinoma, namely BALB/c and A/Sn strains as control 
mouse strains, e.g. mouse populations without exogenous MMTV and low natural 
incidences of MC. 
1. BLRB mice with about 90% of grossly visible MC incidence in bred and about 80% in 

virgin females. Cystadenoma/carcinoma in the ovary is about 1-2 % after and about 1% 
of endometrial carcinoma after 18 months of age. Multiple lymphomas are mainly 
found in old virgins (Chapter 8). A few syngeneic lymphoma cell lines are available 
(unpublished data).  

2. BYRB mice with about 95% of visible mammary tumor incidences in bred and about 
85% in virgin females. Incidences of ovary/uterurine lesions are close to those 
presented for the BLRB parental strain (Chapter 8). A few syngeneic lymphoma cell 
lines are available [94]. 

3. CBRB mice with about 75% of grossly visible MC incidence in bred females show 
100% incidence of palpable indolent MC in virgins after 12 months of age associated 
with grossly cystic ovary, the incidences of ovarian carcinoma and endometrial 
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carcinoma are about 5-10% after 12 months and 2-5% after 14 months of age, 
respectively (Chapter 8).  

4.  A/WySnJCitMoise mice with about 5% of spontaneous mammary tumor incidence. A 
few established syngeneic MC (Chapters 3,7) and lymphoma cell lines (unpublished 
data) are available.  

5. BALB/cJCitMoise mice with only about 1% spontaneous mammary tumor incidence. 
A few syngeneic transplanted tumor lines are available (Chapter 3 and [95]). 

These mouse strains have been used for all the in vivo experiments described in this thesis. 
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Breast cancer (BC) is a leading malignancy for women in Russia and the Netherlands. The 
impossibility to reproduce major characteristics of the human BC in one mouse model led 
to developing of a new model set composed of various complementary transplanted and 
spontaneous models in 5 strains of mice. Transplanted slowly and quickly growing MCs in 
BALB/c and A/Sn mice without extensive metastasis enable to test anti-cancer drugs as the 
first step. Highly aggressive fast growing established mammary carcinoma (MC) cell lines 
in A/Sn mice metastasizing to many visceral organs, including the lymph nodes, liver, and 
lung after transplantation in vivo allow to reproduce the metastasizing potential of the 
human BC. The variety of naturally arisen fast and slowly growing MCs in BLRB, BYRB, 
and CBRB original inbred strains with the Rb(8.17)1Iem translocation and metastasis to the 
lung present the assortment of individual patterns comparable to the human pathology, 
especially consecutive steps of lobular neoplasia. So, taken together, this model system 
composed of the complementary mouse models enables to study both aggressive and 
indolent human BC with various rate of metastasis. Therefore, all these mouse models were 
involved in a new mouse model system and were used in this thesis. 

The curative effect of traditional therapeutic approaches against BC seems to reach 
a plateau. This compels to search for new effective anti-BC therapies and to develop 
appropriate prognostic systems to predict BC patient outcome before therapy application. 
Therefore, first, we studied the prognostic value of several hematological and serum 
biochemical parameters to predict the mammary carcinoma growth rate in a mouse model 
(Chapter 2) and the effect of IL-2 therapy (Chapter 4). Then, two therapy modes were 
tested in original mouse models, namely immunotherapy by means of local IL-2 (Chapters 
3-5) and lectin aimed cytotoxic therapy (Chapters 6-7). This type of studies is hampered 
by the lack of proper mouse models for BC. Therefore, I developed an original system of 
mouse models. The central place in this model set belongs to three original Rb strains with 
various incidences of multiple mammary/ovary/uterine epithelial lesions and multiple 
lymphoma (Chapter 8). The characteristics for all three strains were presented (Chapter 8). 
Local immunodeficiency at the site of mammary carcinoma both in mice and humans, and 
the ability of IL-2 to stimulate NK and CD8+ T cell lysis of tumor targets serve as a ground 
to test local IL-2 therapy. Thus, IL-2 therapy is first of all aimed to augment the response of 
T lymphocytes and NK cells. However, in general NK cells and CD8+ T cells are not 
frequent among BC infiltrating mononuclear cells. Our data in mouse models were in 
general in accordance with these findings (Chapter 5) suggesting that only a distinct 
proportion of MC bearing recipients, namely those with tumors in which the T/NK cells 
prevailed within the tumor infiltrate, might benefit from immunotherapy. Indeed, using an 
original “proper subgrouping approach” both beneficial and non-beneficial recipient 
subgroups were found within IL-2 treated mice in transplanted mouse models with 
relatively long transplantation history (Chapter 3), in transplanted models presenting first 
generations from spontaneous mouse MC (Chapter 4), and in spontaneous mammary 
cancer (Chapter 5).  

Therefore, a specific aim of this dissertation was to show anti-cancer effect of IL-2 
against transplanted and spontaneous mouse mammary cancer to make obvious the need of 
a selection procedure for recipients who might benefit from this therapy rather than 
improvement of the therapy mode itself.  
We distinguished gradually and suddenly emerging spontaneous MCs. They are denoted as 
lag-positive and lag-negative, respectively. Lag-positive tumors are detected by palpation 
more than two weeks; later they become visible. Tumors that on first detection are already 
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visible are lag-negative tumors. The moment of the first visible detection is the standard 
detection point (SDP). We distinguished slowly and fast growing tumors after SDP. 

We mainly focused on locally applied single high (106 IU) or low (105 IU) IL-2 
therapy doses and showed in BLRB/BYRB spontaneous mouse models of BC: 
1-significant IL-2 therapeutical efficacy within distinct cohorts of treated mice although the 
whole treated group might not exhibit remarkable differences in tumor growth and/or 
survival;  
2-that lag-negative poorly differentiated anaplastic carcinomas (i) exhibited prominent 
tumor infiltrating mononuclear cells in which more often T/NK cells prevailed, and (ii) 
were more sensitive to IL-2 therapy than lag-positive well-differentiated primary 
carcinomas; 
3-that fast tumor growth rate after visible manifestation might limit therapeutical efficacy 
of a single peritumoral (PT) high dosage of IL-2 applied too late;   
4-that three PT low dosages of IL-2 treatments within 12 days after MC detection too early 
might shorten the duration of palpable step of MC progression (lag-period) but were clearly 
effective if  applied in proper time (within 2 weeks after SDP);   
5-that both single and prolonged “supportive” (3 peri-intra-tumoral injections per 4 weeks) 
IL-2 therapy started within 2 weeks after SDP and applied to standard BLRB/BYRB virgin 
population with proper tumor size (5-7 mm) were clearly effective to suppress tumor 
growth; 
6- single PT low dose IL-2 therapy resulted in better survival of the whole group of treated 
mice, whereas prolonged IL-2 therapy led to worse survival although a few mice were 
temporarily cured . 

Interestingly, we generally confirmed in spontaneous mouse models our data 
obtained in the transplanted models. This might validate our model system composed of 
several complementary models which mimic various aspects of BC.  

Being interested in a rational design of carbohydrate-based lectin aimed 
therapeutics against BC we have developed synthetic glycoconjugates as diagnostic tools to 
identify lectins and used them for targeted delivery of a therapeutic. In particular, we 
developed cytotoxic melphalan bearing liposomes equipped with lipophilic tetrasaccharide 
SiaLex (synthetic selectin ligand) as a vector and demonstrated a promising therapeutical 
effect of this drug formulation in the transplantable BLRB mouse mammary carcinoma 
model (Chapter 6).  

Endogenous lectins, including galectins, play an important role during progression 
and in metastasis of breast cancer cells. So, they are attractive targets for lectin aimed anti-
breast cancer therapy. Therefore, we studied galectin expression on MC cells from a variety 
of mouse models from our collection and showed that galectins are present on the MC cell 
surface of all mouse models tested (Chapter 7). Moreover, galectin expression profiles 
detected in various mouse models in vitro and during spontaneous MC progression in vivo 
were similar to findings in human BC lines and specimens. These data validate our mouse 
model systems as useful tools to test novel target cytotoxic therapeutical protocols to 
prevent MC growth (i) directly, aimed to galectins on MC cells and (ii) indirectly, aimed to 
selectins expressed on endothelial cells of newly arisen tumor vascularity, or (iii) using 
both approaches to target “hot spots” of MC growth.   
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Nederlandse samenvatting 
 
Borstkanker (BC; mens) is een van de belangrijkste kwaadaardige ziekten bij vrouwen in 
Rusland en in Nederland. Het is onmogelijk alle belangrijkste kenmerken van BC te 
reproduceren in één muizenmodel met mammacarcinoom (MC; muis).  Daarom heb ik een 
set modellen ontwikkeld in een set modellen ontwikkeld in 5 muizenstammen. Deze 
modellen hebben getransplanteerde of spontane mammacarcinomen met complementaire 
kenmerken van BC. Langzaam en snel groeiende getransplanteerde mammacarcinomen in 
BALB/c en A/Sn muizen zonder uitgebreide metastasering maken het mogelijk anti-kanker 
geneesmiddelen in een eerste stap te toetsen. Zeer agressieve snelgroeiende MC cellijnen in 
A/Sn muizen die wel naar lymfklieren, lever en long metastaseren na transplantatie, 
reproduceren de metastatische potentie van de humane BC's. De variatie tussen 
natuurlijk/spontaan ontstane, snel en langzaam groeiende en naar de longen metastaserende 
MC's in de nieuw ontwikkelde en ingeteelde BLRB, BYRB en CBRB muizenstammen met 
de Rb(8,17)1Iem translocatie reproduceren de variatie die ook voorkomt bij vrouwen. 
Vooral de opeenvolgende stappen in de lobulaire neoplasie bij vrouwen komen op 
overeenkomende wijze voor bij deze muizen. Samenvattend kan gezegd worden dat deze 
set van complementaire tumormodellen bij muizen ons in staat stelt zowel agressieve als 
langzaam groeiende tumoren met verschillend metastaseringsgedrag te bestuderen. Daarom 
werden al deze muismodellen opgenomen in een nieuwe set van muizenmodellen en in dit 
proefschrift gebruikt. 

De ontwikkeling van gangbare therapeutische behandelingen van borstkanker (bij 
vrouwen) boekt geen grote vooruitgang meer. Het is dus noodzakelijk om te zoeken naar 
nieuwe effectievere vormen van therapie. Het is ook noodzakelijk om prognostische 
systemen te ontwikkelen waarmee het effect van een therapie al voor de behandeling 
voorspeld kan worden. Daarom hebben wij allereerst de prognostische waarde van 
verschillende hematologische en biochemische parameters in serum onderzocht voor de 
groeisnelheid van mammacarcinoom in een muizenmodel (Hoofdstuk 2) en voor het effect 
van lokale Interleukine 2 (IL-2) therapie (Hoofdstuk 4). Daarna werden twee therapie-
modaliteiten getest in orginele muismodellen; de onderzochte therapievormen waren lokale 
(in de tumor of om de tumor) behandeling met IL-2 (Hoofdstukken 3-5) en, via lectines op 
het buitenoppervlak van een cel, gerichte cytotoxische therapie (Hoofdstuk 6-7). Dit type 
onderzoek wordt gehinderd door het gebrek aan goede muizenmodellen (mamma-
carcinomen) voor BC bij vrouwen. Daarom hebben wij de bovengenoemde set muis-
modellen (BLRB, BYRB en CBRB) ontwikkeld met verschillende incidenties van 
multipele mamma-, ovarium- en uterus-carcinomen en lymfomen (Hoofdstuk 8). De 
karakteristieke eigenschappen van deze muizen zijn beschreven in hoofdstuk 8. 

De rationale voor het uittesten van lokale IL-2 therapie is dat mammacarcinoom 
bij muizen en borstkanker bij vrouwen in en om de tumor immuundeficientie induceert; IL-
2 stimuleert IL-2 gemedieerde lysis van tumorcellen door NK-cellen en CD8+ T cellen. IL-2 
therapie is dus in de eerste plaats gericht op stimulatie van de activiteit van T cellen en NK 
cellen. Echter, meestal infiltreren maar weinig van deze cellen borstkanker weefsel. Dit was 
over het algemeen ook zo in onze muizenmodellen (Hoofdstuk 5); dit suggereert dat alleen 
muizen met een belangrijk infiltraat van T/NK cellen baat zullen hebben bij lokale IL-2 
therapie. Inderdaad was het mogelijk groepen muizen te vormen die wel of geen baat 
hadden bij lokale IL-2 therapie; dit was mogelijk bij tumoren die reeds geruime tijd worden 
getransplanteerd (Hoofdstuk 3), bij tumoren die ontstaan uit tumorcellen uit recente 
spontane mamma carcinomen (Hoofdstuk 4), en bij spontane tumoren (Hoofdstuk 5). 
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Daarom was het een specifiek doel van dit proefschrift om aan te tonen dat een thera-
peutisch effect van IL-2 tegen spontaan en getransplanteerd mammacarcinoom mogelijk is 
wanneer men gebruik maakt van een adequate selectie procedure van tumor dragende 
muizen die behandeld gaan worden met IL-2; het was niet de bedoeling de lokale IL-2 
therapie zelf te verbeteren. 

Wij onderscheidden geleidelijke en plotseling zich ontwikkelende spontane 
mammacarcinomen. Deze noemen wij resp. lag-positieve (met vertraging) en lag-negatieve 
(zonder vertraging) tumoren. Lag-positieve tumoren kunnen al minstens 2 weken gepal-
peerd worden voordat zij zichtbaar worden. Lag-negatieve tumoren zijn al zichtbaar 
wanneer zij voor het eerst geconstateerd worden. Het moment van de eerste zichtbare 
detectie heet het standaard detectie punt (SDP). Na het SDP kunnen tumoren langzaam of 
snel groeien. 

Wij hielden ons vooral bezig met een eenmalige, lokaal toegepaste IL-2 
behandeling met een hoge (106 IU) of een lage (105 IU) dosis. In BLRB/BYRB muizen met 
spontaan mammacarcinoom toonden wij aan:  

1. dat een significant therapeutisch effect in bepaalde groepen muizen optreedt, 
hoewel de totale behandelde groep geen opmerkelijke invloeden te zien gaf in 
tumorgroei en/of overleving; 

2. dat lag-negatieve, weinig gedifferentieerde anaplastische carcinomen (i) duidelijk 
geïnfiltreerd werden, vaak met vooral T/NK cellen, en (ii) gevoeliger waren voor 
IL-2 therapie dan lag-positieve goed-gedifferentieerde primaire carcinomen; 

3. dat snelle tumorgroei na SDP het therapeutische effect van IL-2 kan beperken, 
wanneer IL-2 te laat wordt gegeven; 

4. dat 3 lage doses IL-2 binnen 12 dagen na detectie door palpatie te vroeg kan zijn 
(het verkort de lag-periode); deze 3 doses waren echter wel effectief wanneer zij 
gegeven worden binnen 2 weken na het SDP; 

5. dat zowel een enkelvoudige als een onderhoudstherapie (drie IL-2 behandelingen 
in vier weken) duidelijk tumorgroei onderdrukken, indien de behandeling start 
binnen twee weken na SDP, wordt toegepast bij BLRB/BYRB maagden en 
tumoren van 5-7 mm; 

6. dat een eenmalige lokaal toegediende dosis IL-2 een betere overleving te zien gaf 
van de hele groep behandelde muizen dan de onderhoudstherapie, terwijl 
langdurige IL-2 onderhoudstherapie leidde tot slechtere overleving, hoewel een 
paar muizen tijdelijk 'genazen' na de onderhoudstherapie. 
In het algemeen werden de gegevens die met spontane tumormodellen waren 

verkregen, bevestigd door de gegevens van getransplanteerde tumoren. Dit zou opgevat 
kunnen worden als een validatie van onze set van complementaire tumormodellen die 
verschillende aspecten van borstkanker nabootsen. 

Vanuit een rationeel ontwerp voor een op lectine gerichte therapie tegen 
borstkanker, hebben we synthetische glycoconjugaten gebruikt om lectines te identificeren 
en te gebruiken als diagnostische middelen en voor doelgerichte levering van medicijnen. 
Wij hebben ons vooral bezig gehouden met liposomen die gevuld zijn met het toxische 
melphalan, en waaraan het synthetische lipofiele tetrasaccharide SiaLex gebonden is, dat op 
zijn beurt weer bindt met selectine. Dit therapeuticum gaf een veel belovend therapeutisch 
effect in het BLRB model met getransplanteerde mammacarcinomen (Hoofdstuk 6). 
 Endogene lectines (onder andere galectines) spelen een belangrijke rol tijdens 
tumor progressie en bij metastasering van borstkanker. Zij vormen dus een attractief 
doelwit voor therapie. Daarom hebben wij de galectine expressie bestudeerd in 
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mammacarcinoom cellen van verschillende muizenmodellen uit onze set modellen. 
Galectines bleken voor te komen op de buitenwand van mammacarcinomen van alle geteste 
modellen (Hoofdstuk 7). Bovendien leek de galectine expressie op tumorcellen zowel van 
verschillende modellen in vitro als gedurende de progressie van spontane 
mammacarcinomen, op de galectine expressie op borstcarcinoomcellen bij de mens. Deze 
data bevestigen dat onze set van modellen bruikbaar zijn voor het testen van nieuwe 
protocollen voor cytotoxische stoffen (i) die direct gestuurd worden naar galectines op 
mammacarcinoomcellen en (ii) die indirect werken omdat zij gericht zijn op selectines op 
endotheelcellen van nieuwe bloedvaten in tumoren of (iii) gebruikmaken van beide 
methodes om plaatsen met sterke mammacarcinoomcelgroei te bereiken.  
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collection has originated. Susceptibility to various infectious agents was tested in all three 
strains. 
 

During these years the Soviet System in Russia has been crashed… So, stable life 
finished not only for the people in the post-soviet area but also for Moiseeva’s collection of 
mice. Fortunately, she has been invited to lay the foundation of Department of Mouse 
Breeding at the famous Shemyakin and Ovchinnikov Institute of Bioorganic Chemistry, 
Russian Academy of Sciences, Moscow. She got a position as Research Fellow at 
Laboratory of Biotechnology in 1993. As she got space to maintain retired females it 
became clear that all three strains are characterized by high but different incidences of 
grossly visible spontaneous mammary carcinoma. So, anti-breast cancer drug testing using 
these females became a purpose of author’s life and a resource for living for the whole 
collection.   
 

Three visits to prof. Den Otter at the Department of Cell Biology and Histology, 
Utrecht University, the Netherlands during 2000-2001 (through the exchange program 
between the Russian and Dutch Academies of Sciences) initiated the start of scientific 
Russian-Dutch co-operation. A few more years of co-operation without any funds and 
numerous visits first to the Department of Cell Biology and then to the Department of 
Pathobiology, finally resulted in a PhD student position with guidance by prof. dr. Willem 
Den Otter at Utrecht University in 2004.  
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