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Interleukin Therapy of Cancer 
 
Oncotherapy for veterinary patients must be easy to use, readily available, reliable and cheap. 
The current options such as surgery, irradiation or chemotherapy are either not as effective as 
the animal owner would like or incur too much animal suffering and cost for the owners to bear. 
Successful alternative methods in animals could easily be applied to human cancer patients.  
Methods for enhancing an animal’s or human being’s immune system to help make tumours 
regress have been used since the 19th century (Hall, 1997). The best documented clinical studies 
in this field were carried out by the New York physician William B Coley. He treated cancer 
patients with bacterial extracts known as “Coley’s toxins”. The studies were anecdotal cases but 
considering the medical knowledge of the day the success of Coley’s treatments was most 
remarkable (Fiers, 1995). Stimulating the immune system as a method for oncotherapy has been 
used in veterinary patients. Spradbrow et al (1977) successfully induced tumour regression by a 
single intramuscular injection of the aqueous phase of a saline-phenol extract prepared from 
ocular squamous cell carcinomas collected from cattle, and they showed that the regression was 
associated with a cell- mediated immune reaction. Other groups have confirmed this finding 
(Hoffman et. 1981; Kainer et al. 1984), and other studies have shown that peri- or intra- 
tumoural injections of bacillus Calmette-Guerin (BCG) can cause BOSCC to regress 
(Kleinschuster et al. 1977, 1981, 1983; Klein et al. 1982, 1986, 1991; Rutten et al. 1991a). 
Cytokine therapy of cancer is an increasingly used method of treatment. Cytokines are 
physiologically active in minute concentrations. Cytokines in low concentrations are far less 
cytotoxic than chemotherapy and therefore result in fewer adverse side effects.  
Generally systemic treatment is used in human cancer patients with some systemic toxic effects. 
Rosenberg et al. combined high systemic doses of IL-2 with the systemic infusion of 
lymphokine – activated killer cells (LAK cells) for the treatment of human cancer patients. This 
treatment mode resulted in high levels of adverse side effects and only up to 10% of patients 
showing a complete remission (Rosenberg et al. 1987, 1990). 
In comparison Den Otter and numerous other researchers and groups have performed numerous 
studies on the positive effect of local IL2 and IL12 therapy of cancers in various animal models, 
veterinary tumours and human tumours, with minimal side effects and much higher remission 
rates (Den Otter et al. 1991, 1995a, 1998, 1999; Forni et al. 1986; Kaplan et al. 2000; Maas et 
al. 1991; Masztalerz et al. 2003; Roth et al. 1989; Rutten et al 1989, 1991b; Spoormakers et al. 
2003; Tubaro et al 1995). This thesis is a continuation of those studies.  
Bovine ocular squamous cell carcinomas (BOSCC) and Bovine vulval papilloma carcinoma 
complex (BVPCC) are two spontaneously occurring tumour models that due to their growth 
sites are amenable to local IL2 and IL12 therapy trials. Both tumours are highly prevalent in 
Bos taurus breeds of cattle found on dairy and beef farms in Zimbabwe, including Holstein 
Friesian, Hereford and Simmental cattle as well as their crosses. BOSCC and BVPCC are 
economically important as they can both result in life threatening carcinomas, metastases and 
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loss of valuable cattle, milk, calves and slaughter carcasses. They are important as a model for 
potential cytokine therapy of human cancer as they are spontaneously occurring and other 
modalities of therapy are available for comparison of efficacy. In addition progression of both 
diseases is well documented. 
Other reasons for selecting these tumours for this thesis were: the clinical diagnosis is reliable 
and the outcome of untreated tumours is highly predictable; the lesions can be closely 
monitored, reliably and easily; biopsies can be taken relatively easily; they are the most 
common tumours in cattle, and in Zimbabwe there are large numbers of affected cattle available 
for study. 
 
Bovine Ocular Squamous Cell Carcinoma 
Bovine Ocular Squamous Cell Carcinoma (BOSCC) is one of the most common disease 
conditions of eyes of cattle around the world (Cordy 1990).  It is probably the most common 
cancer of cattle (Bastianello 1992; Cordy 1990; Hamir and Parry 1980; Heeney and Valli 1985) 
. It is very common in white-faced breeds of cattle or cattle with unpigmented skin around the 
face and in particular the eyes. It most commonly affects Hereford, Simmental, Holstein 
Friesian and Ayrshire breeds of cattle as well as their crosses (Cordy 1990; Den Otter et al. 
1995b; Heeney and Valli 1985; Russell at al. 1976; Sloss et al. 1986). Increased prevalence of 
BOSCC is associated with increased annual hours of sunshine, increased altitude, and decreased 
latitude. Anderson et al (1991) found that the average ages of affected cattle tended to be lower 
at high radiation levels than at low levels.  
Susceptibility to BOSCC is known to be heritable in Hereford cattle. Heritability estimates vary 
widely, but range from 17 to 66 percent (Cordy 1990; Russell et al 1976; Sloss et al 1986). The 
peak age for BOSCC is between 7 and 8 years of age, although the condition has been reported 
to occur in cattle under the age of 3 years (Cordy 1990; Den Otter et al 1995b).  
Other factors associated with BOSCC have been examined. A relationship between a high level 
of nutrition and an increase in BOSCC has been demonstrated in Hereford cows. Viruses have 
also been associated with the disease but not proven to be a cause. Infectious bovine 
keratoconjunctivitis (pink eye) has not been shown to be involved. The tumours occur at an 
equal rate in males and females, although an artificially higher rate is reported in females, as 
they are kept in larger numbers and for longer in breeding herds (Cordy 1990). 
BOSCC can occur on a number of different sites of the bovine eye. According to some 
literature the most common site (83 percent) is the limbus, which is the junction of the cornea 
and the sclera. Sixty-seven percent occur on the lateral limbus and 16 percent on the medial 
limbus. The remaining 17 percent occur on the eyelids, including the third eyelid (Cordy 1990). 
Other authors state that the most common site is the third eyelid, followed by the limbus, lower 
eyelid and canthus (Den Otter et al. 1995b; Klein et al 1986; Stewart et al 2006). Nonpigmented 
regions of the eye are more predisposed to BOSCC because of reduced protection from 
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ultraviolet sunlight (Cordy 1990; Anderson et al 1991). Growths on the cornea are less prone to 
metastasize than tumours on the sclera (Cordy 1990).  
There are four stages of development for BOSCC. These include plaques (stage 1); keratoma, 
or keratoacanthomas (stage 2); papillomas (stage 3); and carcinomas (stage 4). Plaques appear 
as small, white, elevated areas. Keratomas occur more frequently on the lower eyelid. They are 
skin growths coated with eye secretions and debris. Papillomas may have a wart-like 
appearance. Carcinomas are more irregular and nodular and may have a pink colour due to an 
increased blood supply (Cordy 1990; Den Otter et al 1995b). Plaques, keratomas, and 
papillomas (stages 1, 2, and 3) are benign. Carcinomas (stage 4) are malignant (Cordy 1990).  
There are a number of treatment options available for BOSCC. The most common treatment 
method is surgery which involves either removal of just the tumour or enucleation (removal of 
the affected eye). In herds where large numbers of animals are affected this is not a feasible 
option so large numbers of animals are culled due to the tumour. Local injection of interleukin 2 
and/ or 12 is a more feasible option, especially since some studies have now found that a single 
injection is equally as effective as multiple injections (Den Otter et al 1999) 
 
Bovine Vulval Papilloma Carcinoma Complex 
BVPCC is a common disease in exotic breeds of cattle kept at high altitude in Africa, with 
authors finding prevalences ranging from 4% to 30% (Burdin 1964; Hill et al 1994; Stewart 
personal findings). Histopathological staging of BVPCC has been described by Burdin (1964) 
and adapted by Hill et al. (1994) for clinical staging as follows: 
Stage 1: generalized thickening, corrugation and roughening of unpigmented vulval skin. 
Stage 2: papilloma precursor – slightly protruding smooth white hyperplastic foci (up to 6 x 3 
mm). 
Stage 3: small size papillomas (3 – 6 mm at the base and up to 3 mm in length) showing some 
keratinization. 
Stage 4: large size papillomas (3 – 15 mm at the base and a length of up to 100 mm including 
the keratinized terminal portion). 
Stage 5: carcinomas; ulcerating masses with haemorrhagic surfaces with a diameter of up to 50 
mm. 
Stage 6: most of tumour deep and fistulated; vulval outline obliterated; Stages 1, 2, 3 and 4 
frequently interspersed. 
I have mostly seen BVPCC in Holstein Friesian cattle kept for dairying purposes in Zimbabwe. 
In these cattle neither, one or both vulval lips are pigmented or partly pigmented. I saw BVPCC 
lesions only on the unpigmented parts of the vulval lip even when parts of the same vulval lip 
are pigmented. I have never observed lesions on pigmented vulval lips or parts of vulval lips. 
This would suggest that part of the pathogenesis of BVPCC is related to exposure to UV 
radiation. Little information is available on BVPCC. However I have seen very high prevalence 
of BVPCC in cattle in Zimbabwe with up to 30 % of some herds affected. This may either be 
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due to the popular theory of a virus being involved in the pathogenesis or maybe to do with the 
genetics of vulval pigmentation in certain herds. Normally lesions are stage 3 or 4; however 
cows with severe life threatening carcinomas can be seen. This can lead to difficulty with 
calving and possibly death of the cow. 
At present there are no treatment options available for BVPCC. Generally farmers keep the 
cows until the tumour interferes with the reproductive ability of the cows and then they cull 
them. Therefore an easily applicable treatment method that could prolong the reproductive life 
and ease the suffering of the animal would be welcomed. 
 
Aim of this Study 
The aim of this study is to determine the efficacy of various IL-2 and IL-12 therapy protocols in 
the treatment of BOSCC and BVPCC and to study the histology of the response to local IL- 2 
and IL-12 therapy. We investigated: 

• Efficacy of various therapeutic protocols for local application of IL2 and/ or IL12 in 
the treatment of BOSCC. (Chapter 2 and 3) 

• Efficacy of various therapeutic protocols for local application of IL2 and/ or IL12 in 
the treatment of BVPCC. (Chapter 4) 

• Histological studies of response to local application of IL2 and/ or IL12 therapy of 
both BOSCC and BVPCC post treatment. (Chapter 5) 
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Summary 
In total 174 bovine ocular squamous cell carcinomas of varying sizes (20 to 2800 mm2  in area) 
were treated daily with peritumoural injections of solvent, 5 000, 20 000, 200 000, 500 000, 1 
million or 2 million U of interleukin-2 (IL-2 Chiron) for 10days. The tumours were measured 
and clinically staged before treatment and at one, three, four, nine and twenty months after 
treatment. After 20 months, 14 percent of the tumours treated with the solvent had regressed 
completely, a significantly smaller proportion than the 52 per cent of tumours treated with 2 
million U IL-2, 69 per cent of tumours treated with 1 million, 50 per cent treated with 500 000 
U, 58 per cent treated with 200 000 U, 52 percent treated with 20 000 U and the 55 per cent 
treated with 5000 U. The tumours on the third eyelid and limbus were the most responsive. 
 
Introduction 
Methods for enhancing an animal’s or human being’s immune system to help make tumours 
regress have been used since the 19th century (Hall, 1997), and some have been applied to 
ocular squamous cell carcinomas in cattle. Spradbrow et al. (1977) successfully induced such 
tumours to regress by a single intramuscular injection of the aqueous phase of a saline-phenol 
extract prepared from ocular squamous cell carcinomas collected from cattle, and they showed 
that the regression was associated with a cell- mediated immune reaction. Other groups have 
confirmed this finding (Hoffmann et al. 1981; Kainer, 1984), and other studies have shown that 
peri- or intra- tumoural injections of bacillus Calmette-Guerin (BCG) can cause these tumours 
to regress ( Kleinschuster et al. 1977; Kleinschuster et al. 1981; Klein et al. 1982; Kleinschuster 
et al. 1983; Kainer, 1984; Klein et al. 1986; Rutten et al. 1991b; Klein et al. 1991).  
It is therefore possible that treatment with interleukin-2 (IL-2) might improve an animal’s 
immune response to an ocular squamous cell carcinoma and help in the rejection of the tumour.  
The precise mechanism of IL-2 therapy is not known, but recent studies have suggested that it 
causes the tumour to regress by initially inducing oedema, then angiogenesis, after which a 
granuloma is formed and the tumour regresses (Baselmans et al. 2002). Interleukin-2 has innate 
effects such as vascular leakage and the stimulation of neutrophils and macrophages, in addition 
to immune stimulating effects such as antigen presentation and T- cell proliferation (Janeway et 
al. 1999). Some of the innate effects of IL-12 are vascular killing and interferon (IFN)-gamma 
effects on macrophages and it mediates the immune system through its Th1 skewing (Janeway 
et al. 1999). Rutten et al. (1989) successfully treated ocular squamous cell carcinomas in five 
cows by local treatment with IL-2. Other studies in cattle, other animals and human beings have 
shown that the peri- or intra- tumoural injection of low doses of IL-2 is far more successful than 
high dose systemic IL-2 (Rutten et al. 1989, 1991a; Den Otter et al. 1991, 1998, 1999; Kaplan 
and Moy 2000; Roth and Kirkwood 1989; Spoormakers et al. 2003; Tubaro et al. 1995). Local 
IL-2 therapy causes minimal side-effects, with some local swelling and oedema at the tumour 
site, but no adverse systemic effects. In contrast, when Rosenberg et al. (1987) used high 
systemic doses of IL-2 combined with systemic infusions of lymphokine – activated killer cells 
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(LAK cells) for the treatment of human cancer patients, there were high levels of adverse side-
effects and in only about  10 per cent of the patients did the tumour regress completely 
(Rosenberg et al. 1987; Rosenberg, 1990).  
The optimal dose of IL-2 for local treatment is unknown, and the objectives of this study were 
to determine an optimal dose, and to gain some insight into the mechanisms of tumour 
regression with IL-2 therapy.  
In Zimbabwe ocular squamous cell carcinomas are frequently observed in European breeds of 
cattle and their crosses, particularly those with unpigmented skin on the face. Usually the 
affected animals have been kept at high altitude and exposed to intense solar radiation for long 
periods (Den Otter et al. 1995a ; 1995b). The peak incidence occurs at between seven and eight 
years of age,  although some animals less than three years old have been reported to have the 
tumour (Den Otter et al. 1995a). The tumour  can occur at different sites on the eye; according 
to the literature the most common site (75 percent) is the limbus, or the junction of the cornea 
and the sclera, and the other 25 percent occur on the eyelids, including the third eyelid (Cordy, 
1990). These figures include all four stages in the development of the tumour, that is plaques 
(stage 1), keratoma, or keratoacanthomas (stage 2), papillomas (stage 3); and carcinomas (stage 
4). Plaques appear as small, white, raised areas; keratomas occur more frequently on the lower 
eyelid, and are skin growths coated with eye secretions and debris; papillomas may have a wart-
like appearance, and carcinomas are more irregular and nodular and may be pink owing to an 
increased blood supply (Den Otter et al. 1995b). Plaques, keratomas, and papillomas (stages 1, 
2, and 3) are benign although they can progress to carcinomas. Carcinomas (stage 4) are 
malignant and all tumours over 2 cm in diameter are carcinomatous (Cordy, 1990; Den Otter et 
al. 1995b). The tumour may metastasise to the regional lymph nodes and the lungs (Den Otter 
et al. 1995b).  
The reasons for selecting this type of tumour for this trial were fivefold: the clinical diagnosis is 
reliable and the outcome of untreated tumours is highly predictable; the lesions can be closely 
monitored, reliably and easily; biopsies can be taken relatively easily; it is economically 
important because it is the most common tumour in cattle, and in Zimbabwe there are large 
numbers of affected cattle available for study. 
 
Materials and Methods 
The trial involved 174 BOSCC tumours of different sizes in cattle kept on farms around 
Zimbabwe. The tumours were measured in two dimensions and clinically staged before 
treatment and at one, three, four, nine and twenty months after treatment; the two dimensions 
were multiplied to give a tumour area. Before treatment 70 of the tumours were less than 100 
mm2 in area,  71 were between 100 and 200 mm2, 25 were 201 to 800 mm2 and eight were over 
1000 mm2 in area; 64 of the tumours (37 per cent) were on the third eyelid, 44 (25 per cent) 
were on the ocular limbus, 41 (23.5 per cent) were on the lower eyelid (23.5%), 24 (14 per cent) 
were on the canthus of the eye and one involved the whole eye. Where possible the clinical 
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diagnosis was confirmed histologically, including 70 tumours described by Den Otter and 
others (Den Otter et al. 1995a).  The results obtained with those 70 tumours suggested that 
further work was needed to define the optimal dose for local therapy with IL-2. Extra tumours 
were added to each of the previous treatment groups and new tumours were treated with higher 
doses. 
Recombinant human IL-2 (rhIL-2) with a specific activity of 18 x 106 IU/mg) was a gift from 
Chiron. The rhIL-2 was reconstituted to 1 mg/ ml with distilled water, and further dilutions 
were made with phosphate-buffered saline (PBS) supplemented with 0.1% bovine serum 
albumin, fraction V (BSA; Sigma Chemical Co., MO, USA). Control animals were treated with 
the solvent. 
The cattle were randomly allocated to different treatment groups. The affected eye was locally 
anaesthetised with 4 per cent lignocaine drops, and the tumours were treated daily with 
injections of 1ml of solvent, or 1ml containing 5000, 20 000, 200 000, 500 000, 1 million or 2 
million iu of rhIL-2 for 10 days, that is from Monday to Friday in two consecutive weeks; the 
dose was injected at or as close to the base of the tumour as possible.  
The data were entered into Microsoft Excel 2000 (version 9) a spreadsheets within which the 
statistical analyses were made. 
The response to treatment was assessed in two ways.  
In the first, they were categorised according to the following definitions: complete regression, 
that is, there was no detectable tumour; partial regression, that is, there was a   50 to 100 per 
cent reduction in size of the tumour; stable disease, that is, the tumour was 50 to 150 percent of 
its size before treatment; progressive disease, that is, the tumour had increased to more than 150 
per cent of its size before the treatment, or the animal had died or been culled as a result of the 
tumour. The percentages of animals in each category were determined for each treatment group. 
In the second method the relative rate of growth of the tumours was determined. At each stage 
the area of the tumour was measured and expressed as a fraction or multiple of its original size, 
so that tumours of different sizes could be easily compared in terms of their relative response to 
the treatment and for ease of statistical and data analyses. 
Statistical Analyses 
Student T- tests were used to determine statistical significance of the differences between the 
responses of the treatment groups. The data was also analysed to determine whether tumours at 
different positions on the eye responded differently to the treatment. 
 
Results 
Of the 174 treated tumours, 145 were recorded at the nine month follow-up date, and 148 were 
followed for 20 months or until the animal died or was culled because of the tumour.  
The side effects observed after the 10-day course of injections were oedema and swelling of the 
tumours. In some cases these changes were painful, with blepaharospasm and lachrimation 
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being observed. However, by the three-month follow-up these side effects had disappeared and 
the farmers observed that they were generally only present for a few weeks. 
Nine months after treatment, the daily doses of 5 000, 20 000, 200 000, 500 000, 1 million and 
2 million rhIL-2 had induced the tumours to regress completely in 82, 81, 56, 15, 44 and 35 per 
cent of the animals respectively. The tumours had regressed completely in only 14 per cent of 
the control animals. After 20 months the comparable figures were 55, 52, 58, 50, 69 and 52 per 
cent respectively and there had been no change in the control group (Fig. 1).  
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Figure 1: Percentages of the tumours that had regressed completely nine months (light) and 20 
months (dark) after treatment with different doses of interleukin-2 (IL-2) 

 
In the cattle treated with 500 000, 1 million and 2 million units of IL-2 none of the tumours 
progressed between nine and 20 months, but 36 per cent, 25 per cent and 19 per cent 
respectively of them regressed during this period. In contrast in the same period, 48 per cent, 46 
per cent, 38 percent and 19 per cent respectively of the tumours in the control cattle and the 
cattle treated with 5000, 20 000, and 200 000 units grew to some extent and only between 0 per 
cent and 11 per cent regressed to any extent (Fig. 2). 
The combined results show that after 20 months 56 per cent of the IL-2 treated tumours had 
regressed completely, compared with only 14 per cent in the control group. Similarly, only 
24per cent of the IL-2 treated tumours showed progressive disease after 20 months compared 
with 76 per cent of the tumours in the control group. 
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All the doses of IL-2 resulted in a statistically significant (p <0.05) improvement in clinical 
outcome compared with the control group, but there was no significant differences between the 
results obtained with the different doses of IL-2.  
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Figure 2: Percentages of the tumours which regressed (vertical lines), stayed the same size 
(horizontal lines) or grew (black) between nine and 20 months after treatment with different 
doses of interleukin-2 (IL-2) 
 

The relative growths of the tumours treated with the different doses of IL-2 are shown in Fig 3. 
All the treated tumours had a significantly (p<0.05) lower relative tumour growth than the 
tumours of the control group, but there was no significant differences between the relative 
growths of the tumours treated with different doses of IL-2. 
When the data were analysed by tumour type it was found that after 20 months the tumours on 
the third eyelid had, on average, the highest relative tumour growth in the control group, 
followed by tumours of the canthus, the lower lid, and the limbus (Fig 4). The tumours were 
grouped according to these findings to determine whether the tumours growth rates affected 
their response to treatment.  The clinical responses of the treated limbal and third eyelid 
tumours (Table 1) were significantly different (P<0.05) from the responses of the control group 
and from the responses of the treated canthus and lower eyelid tumours (Table 2). There was no 
significant difference between the responses of the control and the treated canthus and lower 
eyelid tumours. 
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Figure 3: Relative growth of the control tumours and the tumours treated with 0 (white squares) 
5000 (light grey squares), 20 000 (light grey diamonds), 200 000 (dark grey squares), 500 000 
(dark grey diamonds), 1 million (black squares) or 2 million units (black diamonds) of 
interleukin-2. 
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Figure 4: Relative rates of growth of the untreated tumours on the canthus, lower eyelid, limbus 
and third eyelid  
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There was a difference in relative tumour growth and response to treatment dependent on their 
position. On average the untreated tumours grew to 3.4 to 8.8 times their original size, with the 
limbal tumours showing the lowest relative growth rate and third eyelid tumours significantly 
the highest (p<0.05). On average, the treated limbal and third eyelid tumours decreased to 
slightly more than half their original size, but the treated canthus and lower eyelid tumours 
grew on average to nearly twice their original size (Table 3).  
 

Table 1: Clinical outcome at 20-month follow up point for Limbus and Third Eyelid 
tumours 
 
Dose CR% PR% SD% PD% 
Control 13 0 14 73 
5 000 61 0 11 28 
20 000 50 6 25 19 
200 000 74 11 10 5 
500 000 43 0 14 43 
1 million 80 0 10 10 
2 million 50 12.5 25 12.5 
 
Complete Regression (CR): no detectable tumour; Partial Regression (PR): 50 – 100% 
reduction in tumour size was observed; Stable disease (SD): tumour size after treatment was 50 
– 150% of the size before treatment; Progressive Disease (PD): tumour size increased to more 
than 150% compared to size at the beginning of the treatment. If the animal died or was culled 
as a result of the tumour this was also classified as PD. 
 
 
Table 2: Clinical Outcome at 20-month follow up point for Canthus and Lower Eyelid 
Tumours 
 
Dose CR% PR% SD% PD% 
Control 17 0 0 83 
5 000 25 0 0 75 
20 000 60 0 20 20 
200 000 31 8 15 46 
500 000 57 0 14 29 
1 million 50 0 33 17 
2 million 54 0 23 23 
 
Complete Regression (CR): no detectable tumour; Partial Regression (PR): 50 – 100% 
reduction in tumour size was observed; Stable disease (SD): tumour size after treatment was 50 
– 150% of the size before treatment; Progressive Disease (PD): tumour size increased to more 
than 150% compared to size at the beginning of the treatment. If the animal died or was culled 
as a result of the tumour this was also classified as PD. 
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Table 3: Relative Tumour growth over 20 months for tumours at different positions on the 
eye.  
 Control IL- 2 groups combined 
Canthus 5.7 1.9 
Lower Eyelid 4.7 1.9 
Limbus 3.4 0.6 
Third Eyelid 8.8 0.6 
 

There was a significant reduction (p<0.05) in the relative growth rate of the limbal and third 
eyelid tumours treated with IL-2 compared with the control tumours of the same type, but there 
were no significant differences between the growth rates of the tumours treated with different 
doses. There was no significant difference between the relative growth rate of the canthus and 
lower eyelid tumours treated with IL-2 and the control tumours of the same type, possibly 
because there were only small numbers of tumours at these sites. 

 
Discussion 
Of the 174 tumours 64 (37 per cent) were on the third eyelid, 44 (25 per cent) were on the 
limbus, 41 (23.5 per cent) were on the lower eyelid, 24 (14 per cent) were on the canthus and 
one tumour involved the whole eye. This distribution is different from the findings of some 
authors (Spradbrow et al. 1977; Rutten et al. 1991b) but similar to the findings of Klein et al. 
(1982) and Cordy (1990). There are three possible reasons for the differences; first only 
tumours over 1 cm in diameter were included, and the small plaques that frequently occur on 
the limbus and often regress by themselves were therefore not included; secondly, this study 
dealt with live cattle whereas some of the others were dealing with slaughtered animals, 
examined at abattoirs, from which third eyelid tumours may have been removed before an 
animal is sent for slaughter; and thirdly it is possible that ocular squamous cell carcinomas may 
have different predilection sites for Zimbabwean cattle, as a result of genetic differences, or 
different causes. 
The results show that low peritumoural doses of IL-2 were useful in the treatment of the 
tumours. The doses between 5 000 and 200 000 U IL-2 produced excellent responses at nine 
months, but these responses were not maintained. The responses at nine months to the doses 
between 500 000 and 2 million U IL-2 was not as great. But these responses were maintained or 
improved, with no further growth between nine and 20 months. There was some degree of 
tumour regression in all the treatment groups between nine and 20 months including the control 
group, but the higher doses induced more extensive tumour regression. 
A new finding in this study was that tumours at different positions on the eye responded 
differently to IL-2 therapy even though they are all classified as squamous cell carcinomas. It 
would appear that the most rapidly growing tumours had the best response; in the control group 
the tumours on the third eyelid grew significantly faster than the other types of tumour, but after 
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treatment with IL-2 they had the lowest growth rate and best clinical response. In mice, 
Moiseeva et al. (2003) similarly found that the most rapidly growing mammary tumours 
responded better to IL-2 therapy than the slower growing tumours. Recent studies suggest that 
IL-2 causes tumour regression by initially inducing oedema, followed by angiogenesis and the 
formation of a granuloma, and the tumour then regresses (Baselmans et al. 2002). The results of 
this study show that this process may require up to 20 months in some cases of ocular squamous 
cell carcinoma.  The highly vascular, more rapidly growing tumours may be more responsive to 
IL-2 because of this mechanism. This complex and lengthy process may explain why in the 
initial months after treatment some of our tumours grew in size, but had regressed completely 
by the next follow up point. The tumour involving the whole eye was treated with a dose of 200 
000 U IL-2 and had completely resolved by 3 months and was still completely resolved at 20 
months. 
In countries with a high incidence of ocular squamous cell carcinomas in cattle, treatment with 
IL-2 may be preferable to standard treatments such as surgery, because it can be used to treat 
large numbers of animals in a short space of time, especially since slow release forms of IL-2 
have been developed. It requires minor inputs and it is relatively cheap (approximately $1 US 
per treatment). In addition IL-2 is an immunotherapy so that there is no risk to the handlers if 
they inject themselves, and the small doses used would have no effect on milk or meat. No 
withdrawal periods are required for the IL-2. 
More studies are required to investigate why the tumours at different positions on the eye differ 
in response, and to determine how to maintain the excellent results obtained at nine months 
with the lower doses. 
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Abstract 
Interleukin-2 and interleukin-12 have been used independently to successfully treat the induced 
and the spontaneous tumours in animals. This trial was done to determine if a combination of 
IL-2 and IL-12 in the treatment of spontaneous bovine ocular squamous cell carcinomas 
(BOSCC) would be more successful than IL-2 or IL-12 therapy by themselves.  
For this trial, we selected 25 BOSCC tumours seen on Holstein Friesian cows in Beatrice, 
Zimbabwe. The cows were randomly assigned to a treatment group of 5 days of IL-2 
(200,000 U/day), 5 days of IL-12 (0.5 µg/day) or 5 days of IL-2 (200,000 U/day) and IL-12 
(0.5 µg/day).  
At 20 months after treatment, the IL-2 therapy group had 63% complete regressions; the 
combination group had 38% complete regressions, which were significantly higher than the IL-
12 group, which had 0% complete regressions at 20 months, despite having 29% complete 
regressions at 6 months. These results show that IL-2 therapy by itself and in combination with 
IL-12 is more successful than IL-12 by itself. However, combination therapy does not improve 
the outcome in comparison to IL-2 as a single therapy. It also proves that IL-2 is consistently 
successful in the therapy of BOSCC with over 60% complete regression, which corresponds to 
a number of other studies we have done on IL-2 therapy of BOSCC [Rutten, V.P.M.G., Klein, 
W.R., De Jong, W.A., Misdorp, W., Den Otter, W., Steerenberg, P.A., De Jong, W.H., 
Ruitenberg, E.J., 1989. Local interleukin-2 therapy in bovine ocular squamous cell carcinoma. 
A pilot study. Cancer Immunol. Immunother. 30, 165–169; Stewart, R.J.E., Hill, F.W.G., 
Masztalerz, A., Jacobs, J.J.L., Koten, J.W., Den Otter, W., 2003. Local low dose interleukin-2 
therapy of bovine ocular squamous cell carcinomas in cattle in Zimbabwe, submitted for 
publication; Den Otter, W., Hill, F.W.G., Klein, W.R., Koten, J.W., Steerenberg, P.A., De 
Mulder, P.H.M., Rutten, V.P.M.G., Ruitenberg, E.J., 1993. Low doses of interleukin-2 can cure 
large bovine ocular squamous cell carcinoma. Anticancer Res. 13, 2453–2455; Den Otter, W., 
Hill, F.W.G., Klein, W.R., Koten, J.W., Steerenberg, P.A., De Mulder, P.H., Rhode, C., 
Stewart, R., Faber, J.A., Ruitenberg, E.J., 1995. Therapy of bovine ocular squamous cell 
carcinoma with local doses of interleukin-2: 67% complete regressions after 20 months of 
follow-up. Cancer Immunol. Immunother. 41, 10–14].  
Keywords: Bovine ocular squamous cell carcinoma (BOSCC); Cattle; Combination therapy; 
Eye; Interleukins; Tumours  
Abbreviations: BOSCC, Bovine ocular squamous cell carcinoma; BVPCC, bovine vulval 
papilloma carcinoma complex; rh, recombinant human; CR, complete regression; PR, partial 
regression; SD, stable disease; PD, progressive disease; SL2, Sutton lymphoma 2 
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Introduction 
In previous studies, we have shown that local interleukin-2 (IL-2) therapy can be successfully 
used to treat the bovine ocular squamous cell carcinoma (BOSCC) with up to 69% complete 
regressions 20 months after therapy (Den Otter et al., 1993, Den Otter et al., 1995, Rutten et al., 
1989 and Stewart et al., 2003).  
A number of trials in human cancer patients (Jacobs et al., 2003 and Den Otter et al., 1998), 
veterinary cancer patients (Spoormakers et al., 2003 and Balemans et al., 1994) and mice 
(Bernsen et al., 1998, Balemans et al., 1994, Various, 1999, Everse et al., 1997, Jürgenliemk-
Schulz et al., 1997 and Chakrabarty et al., 1994) have shown that combining IL-2 with other 
traditional cancer therapies has resulted in excellent responses to therapy. For instance, 
Spoormakers et al. (2003) found that combination therapy of IL-2 and cisplatin for the 
treatment of sarcoids in horses induced 53% complete regressions as opposed to 14% complete 
regressions with IL-2 alone. Other studies have had similar findings with IL-2 combined with 
cisplatin, radiation, and cyclosporine, among others, with various types of tumours (Bernsen et 
al., 1998, Various, 1999, Atzpodien et al., 1993, Balemans et al., 1994, Brune and Hellstrand, 
1996, Chakrabarty et al., 1994, Everse et al., 1997, Jürgenliemk-Schulz et al., 1997, Simova et 
al., 1992 and Wada et al., 1991).  
In addition, numerous studies have looked at the combinations of IL-2 with various 
immunotherapeutic agents with similar positive results (Vagliani et al., 1996, Various, 1999, 
Thikkurissy et al., 2001, Sargent and Williams, 1992, Pappo et al., 1995, Kiremidjian-
Schumacher and Roy, 2001, Kirchner et al., 1990, Ikemoto et al., 1991, Hamada et al., 2002, 
Bergmann et al., 1993, Belardelli et al., 1989 and Vondrys et al., 1997). The studies involving 
the combined immunotherapies are more enticing than the combination with traditional cancer 
therapies, as at low doses, success rates are high and there are fewer toxic side effects.  
Some studies have already indicated that a combination of IL-2 and IL-12 may provide 
effective anticancer therapy (Vagliani et al., 1996, Masztalerz et al., 2003a, Masztalerz et al., 
2003b, Wigginton et al., 2001 and Pappo et al., 1995). We performed this trial to determine if a 
combination therapy of local injection with IL-2 and IL-12 would provide an improvement in 
response to therapy in comparison to IL-2 or IL-12 therapies alone in the treatment of BOSCC.  
The reasons for selecting BOSCC for this trial were five-fold: the clinical diagnosis is reliable 
and the outcome of untreated tumours is highly predictable; the lesions can be closely 
monitored, reliably and easily; it is economically important as it is the most common neoplasia 
seen in cattle; in Zimbabwe large numbers of affected cattle are available for study; and 
previous studies have shown the effectiveness of IL-2 in treatment of BOSCC, which can be 
used for comparison of combined effects.  
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Materials and methods 
Reagents 
Recombinant human IL-2 (rhIL-2; specific activity 18 × 106 IU/mg) was a gift from Chiron 
(Amsterdam, The Netherlands). Recombinant human IL-2 was reconstituted to 1 mg/ml with 
distilled water. Further dilutions were made with phosphate buffered saline (PBS) 
supplemented with 0.1% bovine serum albumin, fraction V (BSA; Sigma Chemical Co., MO, 
USA). Recombinant human IL-12 (rhIL-12), a gift from U-CyTech (Utrecht, The Netherlands), 
was diluted in PBS supplemented with 0.1% BSA.  
BOSCC tumours and cytokine therapy 
We selected 25 BOSCC observed on Holstein Friesian dairy cows at a farm in Beatrice, 
Zimbabwe. The tumours were measured in two dimensions and clinically staged before the 
treatment and at 3, 6, 12, and 20 months after treatment. The two dimensions were multiplied to 
give a tumour area. Tumours varied in size from 25 to 1600 mm2. Fourteen tumours (56%) 
were 100 mm2 or less, 9 tumours (36%) were between 101 and 1000 mm2 and 2 (8%) were over 
1000 mm2. Sixteen (64%) of the tumours were located on the third eyelid, 8 (32%) on the lower 
eyelid and 1 (4%) on the canthus. Tumours were randomly assigned to one of the three 
treatment groups being: IL-2 alone (8 tumours), IL-12 alone (9 tumours) and combination 
therapy with IL-2 and IL-12 (8 tumours). Tumours were treated for 5 days with daily injections 
of IL-2 (200,000 U), IL-12 (0.5 µg), or a combination of IL-2 (200,000 U/day) and IL-12 
(0.5 µg/day). Controls were 25 cows from a concurrent trial treated with the solvent PBS 
supplemented with 0.1% BSA.  
Assessment of response to therapy 
Responses were categorized according to the following definitions: complete regression (CR): 
no detectable tumour; partial regression (PR): 50–100% reduction in tumour size was observed; 
stable disease (SD): tumour size after the treatment was 50–150% of the size before the 
treatment; progressive disease (PD): tumour size increased to more than 150% as compared to 
the size at the beginning of the treatment. If the animal died or was culled as a result of the 
tumour, this was also classified as PD. Percentages of animals showing each end point were 
determined for each treatment group. This was to determine the clinical response to therapy. 
For statistical analysis numerical values were assigned to the clinical results. The values were 0 
for CR, 1 for PR, 2 for SD and 3 for PD.  
The second method was to determine the relative tumour growth rate. For this, each tumours 
area at the start of therapy was standardized as one and then a macro was created to relate the 
subsequent tumour progression back to original size and give it as a product of the standardized 
size of 1. This was done so that the tumours of different sizes could be easily compared for 
determination of relative tumour progression over the months and for ease of statistical and data 
analyses.  
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Statistical analyses 
All data from this trial were entered into Microsoft Excel 2000a spreadsheets and all statistical 
analyses and data manipulation were done by utilizing this computer program.  
Statistical analyses were performed on the data using the Microsoft Excel statistical tools. 
Student's t-tests were performed to determine the statistical significance for response to 
treatment between the groups. Data were also compared to controls from a concurrent study on 
IL-2 therapy of BOSCC (Stewart et al., 2003). Significance was determined as p < 0.05.  
 
Results and discussion 
Data on CR percentages are shown in Fig. 1. At 6 months, the IL-2 group showed 50% CR, the 
IL-2 and the IL-12 combination group showed 37.5% CR and the IL-12 group showed 28% CR. 
These results were not significantly different from each other but all were significantly better 
than the PBS controls from the concurrent study. The clinical responses at 12 and 20 months 
were the same for each group. The IL-2 group showed 63% CR and no PD. The IL-2/IL-12 
combination group showed 37.5% CR, 12.5% PR and 37.5% PD, whilst the IL-12 group 
showed 0% CR and 50% PD (Fig. 1 and Fig. 2). No figures are shown for the percentage of 
tumours showing the progressive disease at 6 months, as no tumours showed progressive 
disease at this stage, except the PBS group from the concurrent trial.  
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Figure 1: Percentage Complete Regressions for Different Treatment Groups at 6-Months (light) 
and 20-Months (dark) Follow Up Dates. PBS n = 25; IL-2: n = 8; IL-12: n = 9; IL-2/IL-12: 
n = 8. 
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Figure 2: Percentage Stable Disease for Different Treatment Groups at 6-Months (light) and 20-
Months (dark) Follow Up Dates. 

 
There was no difference in response to therapy based on initial size of tumour; large tumours 
were equally as responsive as small tumours. Data on SD percentages are shown in Fig. 3. All 
treatment groups had high levels of stable disease at all follow-up points in comparison to the 
PBS group from the concurrent trial. The IL-12 group had the highest level of SD at each 
follow-up point, but it also had the high levels of progressive disease and no CR at 20 months.  
The clinical response in the IL-2 group was significantly better than that in the IL-12 group and 
the PBS controls, but statistically not different from the IL-2/IL-12 group. The combination 
group was only marginally statistically not different from the IL-12 group (p = 0.06) but was 
statistically better than the PBS controls (p = 0.03).  
By 3 months 50% of the tumours in the IL-2 group had completely regressed and did not 
regrow during the follow-up period, 50% in the IL-2/IL-12 group showed CR but 1 (12.5%) 
regrew and 22% of the IL-12 group showed CR but all of these regrew.  
It has been shown that vaccination and other forms of immunotherapy are successful in the 
therapy of BOSCC (Spradbrow et al., 1977, Rutten et al., 1991a, Rutten et al., 1991b and 
Nelson et al., 1987). It is possible, therefore, that IL-2 therapy improves the animal's immune 
response to BOSCC and aids in rejection of tumour.  
The sensitivity of tumours to cytokine therapy is dependent on their sensitivity to the various 
innate effects of the cytokines and the effect of the cytokines on immunity.  
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Figure 3: Percentage Progressive Disease for Different Treatment Groups at 6-and 20- Months 
Follow Up Date. 

 
Although the precise mechanism of IL-2 therapy is not known, the recent studies suggest that 
IL-2 causes tumour regression by induction of oedema initially after treatment, then 
angiogenesis, a granuloma is formed and then tumour regression occurs (Baselmans et al., 
2002). Interleukin-2 has innate effects such as vascular leakage and stimulation of neutrophils 
and macrophages, as well as immune-stimulating effects such as antigen presentation and T-cell 
proliferation (Janeway et al., 1999). Some of the innate effects of IL-12 are IFN-gamma effects 
on macrophages and it mediates the immune system through its Th1 skewing (Janeway et al., 
1999). Interleukin-2 and IL-12 can interact synergistically to enhance T- and/or NK-cell 
proliferation, cytokine production and cytolytic activity. IL-2 and IL-12 can synergistically 
enhance the cytolytic activity of infiltrating lymphocytes against tumour cells (Masztalerz, 
2003).  
In this trial, we have shown that 1 million U IL-2 is consistently successful in the therapy of 
BOSCC with a 63% CR rate 20 months after therapy, which was significantly better than the 
IL-12 group and the PBS controls, but not different from the IL-2/IL-12 group or the IL-2 
controls from the concurrent trial. These findings are comparable to other trials we have 
performed (Stewart et al., 2003, Den Otter et al., 1993, Den Otter et al., 1995 and Rutten et al., 
1989).  
An interesting finding in this trial was that by 3 months 50% of the tumours in the IL-2 group 
had completely regressed and did not regrow. This seems to be a more rapid regression than we 
have observed before and is possibly due to the high number of third eyelid tumours in this 
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trial. We have previously shown that third eyelid tumours are more sensitive to IL-2 therapy 
than the tumours found at other positions on the eye (Stewart et al., 2003).  
In our study, we found that IL-12 was weakly effective against BOSCC resulting in temporary 
regression of tumour, at 3 and 6 months, and 50% of tumours showed the stable disease at 20 
months; this is similar to the findings of a number of other studies (Bajetta et al., 1998, Hurteau 
et al., 2001 and Gollob et al., 2000). Apparently IL-12 does not enable the complete rejection of 
BOSCC.  
We have shown in this trial that the combination therapy of BOSCC with IL-2 and IL-12 does 
not improve the response to the therapy in comparison to IL-2 alone. This is in contrast to a trial 
we performed on bovine vulval papilloma carcinoma complex (BVPCC) that appeared to show 
an improvement in outcome with IL-2/IL-12 therapy as compared to single therapy (Masztalerz 
et al., 2003a). A number of trials done in mice also showed that IL-2/IL-12 therapy was more 
beneficial than each single therapy (Masztalerz et al., 2003a and Masztalerz et al., 2003b). 
There are a number of possible reasons for this. First of all, BOSCC may be relatively 
insensitive to IL-12, so adding IL-12 has no effect on therapy. There is evidence, however, 
shown by the level of stabilization of disease that it has some effects. The other explanation is 
that IL-12 has some effects similar to those of IL-2 on BOSCC; however, the IL-12 effects do 
not lead to the complete regression. Adding IL-12 to IL-2 would, therefore, not improve the 
level of complete regression seen with IL-2 alone. In addition, the doses we used were optimal 
doses for both cytokines, and as they might have similar effects on BOSCC, using them 
together did not improve response to therapy. In the SL-2 model and the BVPCC, IL-12 appears 
to add to or to potentiate the effects of IL-2, possibly because these models are sensitive to the 
effects of IL-12 that differ from the effects of IL-2.  
Further studies are required on what similarities and differences certain tumours have that 
would make them more or less sensitive to the IL-2/IL-12 therapy.  
Further studies are required on the use of other therapies in combination with IL-2 in the 
treatment of BOSCC.  
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Abstract  
Local low dose IL-2 therapy can be effective in cancer treatment. Not all types of tumours, 
however, respond well to IL-2 therapy. For example after IL-2 treatment of Bovine Vulval 
Papilloma Carcinoma Complex (BVPCC) only temporary regressions (3-4 months) have been 
observed. Now, we have tested whether addition of IL-12 to IL-2 might improve the efficacy of 
IL-2 treatment of BVPCC. We injected IL-2 and/or IL-12 peritumourally in 58 cows bearing 
BVPCC and compared them to 30 cows bearing BVPCC, which were not treated with cytokine. 
Only 17 per cent of the stage 3 BVPCC of cows treated with IL-2 and IL-12 progressed within 
the 12-month period following the treatment. We even observed partial remissions in one 
animal treated with IL-12 and one treated with IL-2 and IL-12. These results are impressive as 
67 per cent of the stage 3 and 16.67% of the stage 4 untreated BVPCC progressed during the 
12-month period. No partial remissions were seen in the untreated BVPCC. 
 
Keywords: cancer, immunotherapy, BVPCC, IL-2, IL-12 

 
 
Introduction 
In previous studies we have shown that local IL- 2 therapy can be successfully used to treat 
bovine ocular squamous cell carcinoma (BOSCC) with up to 67% complete regressions 20 
months after therapy (Den Otter et al 1993, 1995; Rutten et al 1989; Stewart et al 2006).  
A number of trials in human cancer patients, veterinary cancer patients, mice and guinea pigs 
have shown that IL-2 alone and with other traditional cancer therapies like cisplatin, radiation, 
and cyclosporine, amongst others, with various types of tumours has resulted in excellent 
responses to therapy (Atzpodien et al 1993; Balemans et al 1994; Bernsen et al 1998; Brune et 
al 1996; Chakrabarty et al 1994; Den Otter et al 1998; Everse et al 1997; Jacobs et al 2005; 
Jürgenliemk-Schulz et al 1997; Simova et al 1992; Spoormakers et al 2003; The 1st Symposium 
on Local Cytokine Therapy of Cancer ,Various authors, 1999; Wada et al 1991).  
For instance, Spoormakers et al. (2003) found that combination therapy of IL-2 and cisplatin for 
the treatment of sarcoids in horses induced 53% complete regressions as opposed to 14% 
complete regressions with IL-2 alone.  
In addition numerous studies have looked at combinations of IL-2 with various 
immunotherapeutic agents with similar positive results (Belardelli et al 1989; Bergmann et al 
1993; Hamada et al 2002; Ikemoto et al 1991; Kirchner et al 1990; Kiremidjian-Schumaker et al 
2001; Pappo et al 1995; Sargent et al 1992; Thikkurissy et al 2001; Vagliani et al 1996; Various 
authors 1999; Vondrys et al 1997). The studies involving combined immunotherapies are more 
enticing than combination with traditional cancer therapies, as at low doses success rates are 
high and there are fewer toxic side effects.  
Some studies have already indicated that a combination of IL-2 and IL-12 may provide 
effective anticancer therapy (Masztalerz et al 2004; Pappo et al 1995; Vagliani et al 1996; 
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Wigginton et al 2001). We performed this trial to determine if a combination therapy of local 
injection with IL-2 and IL-12 would provide an improvement in response to therapy in 
comparison to IL-2 or IL-12 therapies alone in the treatment of BVPCC. 
BVPCC is a common disease in Bos taurus breeds of cattle kept at high altitude in Africa 
(Burdin 1964; Hill et al 1994; Nielsen et al 1990). It has been reported to occur in other 
countries and continents with high levels of solar radiation including Australia, Asia, the USA 
and Israel, where breeds of cows with little or no vulval pigmentation are predisposed to this 
neoplasm (Jennings et al 1979; Meyers et al 1990; Nielsen et al 1990; Omara-Opyene et al 
1985; Samuel 1989; Wettimuny 1974; Yeruham et al 1999).  
Burdin (1964) originally described the pathogenesis of this neoplasm. Hill et al (1994) adapted 
this description to develop a useful system for clinical staging of the tumours:  
Stage 1: generalized thickening, corrugation and roughening of unpigmented vulval skin. 
Stage 2: papilloma precursor – slightly protruding smooth white hyperplastic foci (up to 6 x 3 
mm). 
Stage 3: small size papillomas (3 – 6 mm at the base and up to 3 mm in length) showing some 
keratinization. 
Stage 4: large size papillomas (3 – 15 mm at the base and a length of up to 100 mm including 
the keratinized terminal portion). 
Stage 5: carcinomas, ulcerating masses with haemorrhagic surfaces with a diameter of up to 50 
mm. 
Stage 6: most of tumour deep and fistulated; vulval outline obliterated; Stages 1, 2, 3 and 4 
frequently interspersed. 
Most of the cases we have seen have been in Holstein Friesian cattle kept for dairying purposes 
in Zimbabwe. In these cattle neither, one or both vulval lips are pigmented or partly pigmented. 
It has been our observation that BVPCC lesions only occur on the unpigmented parts of the 
vulval lip even when parts of the same vulval lip are pigmented. We have never observed 
lesions on pigmented vulval lips or parts of vulval lips. Other authors state that the neoplasm 
occurs almost always in unpigmented parts of the vulva, some develop in partly pigmented 
skin, but rarely in completely pigmented vulvas (Nielsen et al 1990). This would suggest that 
part of the pathogenesis of BVPCC is related to exposure to UV radiation. Little information is 
available on BVPCC. However, we have seen very high prevalence of BVPCC in cattle in 
Zimbabwe with up to 30% of a herd affected depending on the number of cows with 
unpigmented areas on their vulva. Normally lesions are stage 3 or 4. Although the BVPCC in 
early stages does not affect the fertility of the cow the tumour normally progresses with time 
and cows with severe life threatening carcinomas can be seen; this can lead to difficulty with 
calving and possibly death of the cow. 
The objective of this study was to determine whether IL-2 treatment of BVPCC might be 
improved by addition of IL-12. We tested the therapeutic potency of IL-2 and/or IL-12 by 
peritumoural injections given on 5 consecutive days. 
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IL-2 and/or IL-12 inhibited tumour progression in up to 83% of the 3-4 stage cases. These 
results indicate that IL-2 and IL-12 are promising agents in BVPCC treatment, as 43 % of the 
non-treated BVPCCs showed no progression during the 12 months and 57% had progressive 
disease. This was statistically different for all treatments combined (p 0.033) compared to the 
non treated group. 
 
Materials and Methods 
Reagents 
Recombinant human IL-2 (rhIL-2; specific activity 18 x 106 IU/mg) was a gift from Chiron 
(Amsterdam, The Netherlands). Recombinant human IL-2 was reconstituted to 1 mg/ ml with 
distilled water. Further dilutions were made with phosphate buffered saline (PBS) 
supplemented with 0.1% bovine serum albumin, fraction V (BSA; Sigma Chemical Co., MO, 
USA). Recombinant human IL 12 (rhIL-12), a gift from U-CyTech (Utrecht, The Netherlands), 
was diluted in PBS supplemented with 0.1% BSA. 
BVPCC  
The treatment trial involved 58 cows, with varying numbers and severity of tumours. A control 
group of 30 cows was also selected with varying stages of BVPCC; these animals were not 
treated but observed for progression of disease at the same time intervals as the treated cows. 
The cows were selected from 4 Holstein Friesian dairy herds in Zimbabwe. 
 For clinical staging of the tumours, we used the criteria described by Hill et al. (1994). The 
tumours in this study were stage 3-5. The clinical diagnoses from before treatment were 
confirmed histologically.  
Cytokine Therapy IL-2 and IL-12 
Cows were randomly assigned to one of three treatment groups being: IL-2 alone, IL-12 alone 
and combination therapy with IL-2 and IL-12.  Tumours were treated for 5 days with daily 
injections of IL-2 (200 000 U); IL –12 (0.5 µg); or with a combination of IL – 2 (200 000 
U/day) and IL-12 (0.5µg/day). BVPCC can involve large areas of the vulva therefore, 5 
injections of 2 mls of cytokine were given in various sites on the infected vulvas each day. The 
tumours were clinically staged before treatment and at 3, 6 and 12 months after treatment.  
Assessment of response to therapy 
Responses were categorized according to the following definitions: 
Complete Regression (CR) - no detectable tumour 
Partial Regression (PR) - reduction in the tumour stage was observed 
Stable Disease (SD) - tumour stage did not change in comparison to the stage at the beginning 
of the treatment 
Progressive Disease (PD) - tumour stage increased in comparison to the beginning of the study. 
Histopathology 
After local infiltration with lignocaine 2%, biopsies of affected tissue were taken with a large 
size surgical biopsy punch. Biopsies were fixed in 10% buffered formalin and embedded in 
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paraffin. Five µm sections were prepared and stained with haematoxylin and eosin. Biopsies 
were taken before treatment and at varying intervals after treatment from randomly selected 
animals. We focused on assessing the degree of dysplasia, inflammation, glandular hyperplasia, 
and oedema 
Statistical Analysis 
Statistical analyses were performed on the data using the Microsoft Excel statistical tools. T 
tests were performed to determine statistical significance for response to treatment between 
groups. 
 
Results 
Treatment of BVPCC  
Results of the therapy are summarized in Table 1. Forty-three cows bearing stage 3 tumours 
were treated; 14 with IL-2; 15 with IL-12, and 14 with IL-2/IL-12. After 12 months, no 
complete or partial regressions were observed. However disease of 8/11 (73%) cows treated 
with IL-2, 9/14 (64 %) cows treated with IL-12, and 10/12 cows (83%) treated with IL-2/IL-12 
did not progress after the treatment. The rest of the tumours progressed. 
 

Table 1 Effects of treatment of BVPCC after 12 months of follow-up. 
 
Tumour Stagea Treatment b Cows c C d CR e PR f SD g PD h 
 3 IL-2 14 3 0 0 8 3 
 5 IL-2 2 1 0 0 1 0 
 3 IL-12 15 1 0 0 9 5 
 4 IL-12 4 1 0 1 1 1 
 3 IL-2/IL-12 14 2 0 0 10 2 
 4 IL-2/IL-12 4 1 0 0 3 0 
 5 IL-2/IL-12 5 4 0 1 0 0 
 3 Control 24 0 0 0 8 16 
 4 Control 6 0 0 0 5 1 
 
a Cows bearing BVPCC tumours with different stages of disease progression were treated. b 

Treatment consisted of injections of 200 kU IL-2, 0.5 µg IL-12, or 200 kU IL-2 and 0.5 µg IL-12 
on 5 consecutive days. c Total number of cows. d Number of censored cows. e Number of tumours 
which regressed completely. f Number of tumours which regressed partially. g Number of tumours 
of which size and stage did not change after the treatment. h Number of tumours which progress 

 
In the control group, 24 cows had BVPCC of stage 3. After 12 months 8 of these showed no 
progression (33%) and 16 (67%) had progressed to stage 4. This is a new finding as Hill et al 
found that there was always progression of disease. 
Eight cows bearing stage 4 tumours were treated, 4 with IL-12 and 4 with IL-2/IL-12. One 
tumour from a cow treated with IL-12 and 3 from cows treated with IL-2/IL-12 remained 
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unchanged after 12 months. One partial regression was observed in a cow in the IL-12 
treatment group. This cow was bearing multiple small and medium papillomas before 
treatment; after treatment only small papillomas were observed.   
In the control group 5 cows had BVPCC of stage 4. After 12 months, 4 of these showed no 
progression and 1 had progressed to stage 5. 
Seven cows bearing stage 5 tumours were treated, 2 with IL-2 and 5 with IL-2/IL-12. BVPCC 
from a cow treated with IL-2/IL-12 partially regressed and from a cow treated with IL-2 
remained unchanged. The lesion that we consider to have partially regressed consisted of 
numerous medium papillomas and one carcinoma before treatment. After treatment the 
carcinoma completely regressed, and the papillomas remained unchanged.  
The rest of the cows were excluded from the study (censored) due to reasons not associated 
with the treatment or the tumour.  
Treatment with cytokines did not result in any noticeable adverse side effects.  
Statistical analysis revealed no significant differences between each of the treatment groups 
compared to the control group. This was possibly due to the small groups as the percentage 
differences are quite large. So we combined the treatment groups and did find that there was a 
significant difference between all immunotherapy groups and the control group (p 0.033). This 
effect is seen as increasing the number of SD tumours from 31% in the control group to 65% in 
all immunotherapy groups pooled.  
Pathological examination of BVPCC tumours  
Tumour samples were collected before treatment and at 6 and 12 months after treatment. The 
diagnosis and staging of the BVPCC tumours based on clinical findings were confirmed by 
histology. The usual BVPCC lesion consisted of a fibrous tissue core showing a patchy chronic 
lymphocytic infiltrate with occasional plasma cells. The lymphocytes were mostly 
perivascularly located, but they were also present as aggregates in the subepithelial zone. 
Furthermore, gland hyperplasia and various degrees of oedema were present. The epithelial 
lining showed moderate dysplasia, rate ridges and saw tooth formation, indicating tentative 
invasion. Finally there were varying degrees of acanthosis, often marked with hyperkeratosis. If 
the lesion persists, epithelial elements may invade the subcutis, leading to typical squamous cell 
carcinoma.  
Examination of sections from biopsies collected before treatment revealed that tumour 
progression was accompanied by increased acanthosis, keratinization, and sweat gland 
hyperplasia. Varying degrees of oedema and leukocyte influx were observed in tumours of all 
stages. The presence of many leukocytes or much oedema in tumours before treatment did not 
predispose to a favorable clinical outcome (data not shown).  
Relative to biopsies taken prior to treatment, there were no differences in leukocyte number, 
degree of oedema, keratinization and sweat gland hyperplasia in biopsies of tumours at 6 
months or at 12 months after treatment from cows with stable disease. Furthermore, no 
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differences in treatment groups were observed. Follow-up sections of tumours from cows 
experiencing partial regression were not available.  
 
Discussion 
Burdin first described BVPCC in 1964. It is a common disease in Bos taurus breeds of cattle 
kept at high altitude in Africa. BVPCC is an actinically induced pathological process, which 
leads to a marked inflammatory response i.e. a patchy lymphocytic infiltrate (usually located 
perivascularly) and to actinic damage of the covering epithelium. In particular the mucosa layer 
is vulnerable to actinic damage as was first described by Koten et al. (1967) in humans. This 
epithelial damage renders the affected tissue vulnerable to viral infections i.e. with papilloma 
virus. This complex pathological process, in which viral infection possibly plays a role, leads to 
growth of local tissue. Hence, a papilloma emerges which eventually will evolve into a 
malignancy.  
Hill et al. (1994) conducted a clinical trial with a 10 days' course of a total of 25-50 kU IL-2 
injected peritumourally.  The number of tumours decreased, and 60% (12/20) of the tumours 
regressed to a lower BVPCC-stage for 3-4 months, after which tumor progression recurred. 
None of the placebo treated cows experienced tumour regression; moreover their disease 
progressed during 329 days of follow-up.  
We tested whether better therapeutic results can be obtained with combined Il-2/ IL-12 
treatment. We used higher IL-2 dosages than Hill et al (1994) (5 times 200 kU) for a period of 
five days, and a low dose of IL-12 (5 times 0.5 µg). Contrary to the results of Hill, we found 
that IL-2 alone did not result in tumour regressions.  We however did observe stable disease for 
a prolonged period (at least 12 months) in 73% (8/11) of the cows treated with IL-2 alone. We 
observed two partial regressions in cows treated with IL-12 or IL-2/IL-12. More importantly we 
noted that 60% (9/15) of the cows treated with IL-12 and 83% of the cows (10/12) treated with 
IL-2/IL-12 did not progress during the 12 months following treatment. In contrast to Hill who 
found that all placebo treated tumours progressed we found that although the tumour did 
progress in 57% of untreated animals it remained stable in the other 43%. No regression of 
disease was observed in the untreated animals.  
We did not observe any extensive histological changes comparing biopsies taken before 
treatment and follow-up biopsies taken from cows with stable disease. All pathological 
parameters, such as acanthosis, keratinization, and gland hyperplasia, used to record tumour 
progression remained unchanged. In addition, the extent of leukocyte influx remained largely 
unaffected. The latter can be explained by the fact that follow-up biopsies were collected 6 or 
12 months after treatment and leukocyte influx can be expected shortly after cytokine 
administration (Carlos 2001). There were also no striking differences in biopsies from animals 
from different treatment groups. Mechanisms of inhibition of BVPCC tumour progression after 
cytokine treatment are still not fully understood. We assume that IL-2 and/or IL-12 may 
interfere with the cell growth induced by the actinic damage, as we observed similar inhibition 
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of tumour cell proliferation following IL-2/IL-12 therapy in a murine lymphoma model 
(Masztalerz et al 2004). IL-2 induces vascular leakage resulting in oedema, which may lead to 
stasis or inhibition of fluid circulation resulting in a lack of nutrients and oxygen flow to the 
tumour cells, which would result in tumour cell death. An additional therapeutic factor may be 
that the local IL-2/IL-12 treatment may boost the immunological reaction against the viral  and 
other tumour associated antigens which may be present on the cell wall of the tumour cells.  
 
Conclusion 
Thus we conclude that IL-12 is an interesting supplement to IL-2 therapy of tumours resulting 
in 83% SD for more than 12 months, as well as being an interesting immunotherapeutic agent in 
its own right with 60% stable disease for more than 12 months.  Our results suggest that IL-12 
treatment should be further investigated, and other, more efficient protocols should be designed. 
For example longer and repeated treatment might lead to more favourable outcome. The current 
costs of the combined therapies is quite high and time consuming so ways of reducing cost and 
length of time for treatment such as the development of slow release formulations of IL-2 and 
IL-12 could be looked at.  Longer follow ups could also be done to see how long the effect of 
the treatment lasts. 
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Abstract 
Why is local tumour treatment with IL-2 far more successful in Bovine Ocular Squamous Cell 
Carcinoma (BOSCC) than in the Bovine Vulval Papilloma and Carcinoma Complex (BVPCC)? 
This question was studied by comparison of histopathological sections of pre- and post treatment 
tumours. BOSCC shows dense inflammatory infiltrates in and around the tumour. In BVPCC 
however the inflammation is almost lacking and mainly located in the papillomatous connective 
tissue, hardly affecting the epithelial lining, except in malignant and premalignant tumour parts.  
Following local IL-2 application, BOSCC and BVPCC showed a comparable histological pattern. 
One month post treatment the major findings were oedema and massive mixed inflammatory 
infiltrates. In biopsies of BOSCC taken at one month post treatment most tumour cells had 
disappeared and the tumour at that time consisted of slowly regressing connective tissue left after 
most tumour cells had died. Three months after treatment biopsies showed pronounced 
angiogenesis surrounded by an inflammatory infiltrate mainly consisting of round cells including 
numerous plasma cells. Such a tumour regression was not observed in most cases of BVPCC. The 
major difference between BOSCC and BVPCC was that in case of BOSCC the injected IL-2 was 
deposited in a heavy pre-existing inflammatory infiltrate, whereas in BVPCC such a pre-existing 
infiltrate hardly existed, except in the areas of pre-malignant and malignant transformation. This 
may explain the difference in reactivity to local IL-2 treatment.  
In conclusion: This study suggests that a pre-treatment close contact between inflammatory cells 
and tumour epithelial cells is essential to obtain a therapeutic effect of IL-2. 
Key words: local IL-2 therapy; immunotherapy; Bovine Ocular Squamous Cell Carcinoma; Bovine 
Vulval Papilloma and Carcinoma Complex 

.  
 

Introduction 
Epidemiology and Gross Morphology of BOSCC 
In Zimbabwe BOSCC is frequently observed in Bos taurus breeds of cattle and their crosses, 
particularly those with unpigmented skin on the face. Usually the affected animals have been 
kept at high altitude and exposed to intense solar radiation for prolonged periods (Den Otter et 
al. 1995a; Den Otter et al. 1995b). Peak incidence is between 7 and 8 years of age although 
animals under 3 years may have this tumour (Den Otter et al. 1995b). BOSCC can occur at 
different sites on the bovine eye. According to Cordy (1990) the most common site (83 percent) 
is the limbus (the junction of the cornea and the sclera). The remaining 17 percent occur on the 
eyelids, including the third eyelid. Other authors state that the most common site is the third 
eyelid, followed by the limbus, lower eyelid and canthus (Den Otter et al. 1995a; Klein et al. 
1982; Stewart et al. 2006). Non-pigmented regions of the eye are more predisposed to BOSCC 
probably because of reduced protection from ultraviolet sunlight (Den Otter et al. 1995a; 
Anderson and Badzioch 1991). Tumours on the cornea are less prone to metastasize than 
tumours on the sclera (Cordy 1990).  
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There are four stages of development for BOSCC. These include plaques (stage 1); keratoma or 
keratoacanthomas (stage 2); papillomas (stage 3); and carcinomas (stage 4). Plaques appear as 
small, white, elevated areas. Keratomas occur more frequently on the lower eyelid. They are 
skin growths coated with eye secretions and debris. Papillomas may have a wart-like 
appearance. Carcinomas are more irregular and nodular and may have a pink colour due to 
increased blood supply (Den Otter et al. 1995a). 
Plaques, keratomas, and papillomas (stages 1, 2, and 3) are benign although they can progress 
to carcinomas. Carcinomas (stage 4) are malignant and all tumours over 2 cm in diameter are 
carcinomatous (1, 6). Metastasis, though rare, occurs to the regional lymph nodes and the lungs 
(Den Otter et al. 1995a).  
Histological Features of BOSCC 
The histological features of BOSCC have been described by a number of authors (Cordy 1990; 
Blodi and Ramsey 1967; Ford et al. 1982; Rutten 1992).  
A plaque, histologically, is an area of hyperplastic conjunctival epithelium. It involves any or 
all layers of the epithelium; however the stratum spinosum is principally involved. As the 
epithelial cell hyperplasia develops, the underlying connective tissue proliferates and becomes 
vascularized. It forms projections into the overlying epithelium and the plaque becomes a 
papilloma. Keratomas histologically look similar to plaques but may have debris and secretions 
on the surface.  
The papilloma has multiple, spinelike projections of variable size invading the overlying 
epithelium and a connective tissue core. When fully developed it consists of multiple papillary 
projections covered by proliferative epithelium and supported by vascular connective tissue 
stalks. The epithelium shows hyperkeratosis.  
Microscopically the non-invasive carcinoma shows malignant transformation of the epithelial 
cells in the basal layer and sometimes the stratum spinosum. These cells have hyperchromatic 
nuclei, increased numbers of mitotic figures, pleomorphism and loss of polarity. Subepithelial 
infiltrations of mononuclear cells are common. 
The invasive carcinoma form can either be well differentiated and exhibit keratin pearl 
formation or it is highly anaplastic and consists of small, hyperchromatic cells that have no 
keratinization. The tumour can invade the tissues of the eye and its own connective tissue 
stroma. 
Epidemiology and Gross Morphology of BVPCC 
BVPCC is a common disease in Bos taurus breeds of cattle kept at high altitude in Africa 
(Burdin 1964; Hill et al. 1994; Nielsen and Kennedy 1990) although it has been reported in 
many parts of the world including Australia, Asia, the USA and Israel (Nielsen and Kennedy 
1990; Wettimuny 1974; Samuel 1989; Jennings et al. 1979; Omara-Opyene et al. 1985; Meyers 
and Read 1990; Yeruham et al. 1999). It is usually seen in older cows but as with BOSCC it has 
been observed in younger cows. 
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Most of the cases seen by our group have been in Holstein Friesian cattle kept for dairying in 
Zimbabwe. In these cattle neither, one or both vulval lips are pigmented or partly pigmented. It 
has been our observation that BVPCC lesions only occur on the unpigmented parts of the vulval 
lip even when parts of the same vulval lip are pigmented. We have never observed lesions on 
pigmented vulval lips or pigmented parts of vulval lips. Other authors state that the neoplasm 
occurs almost always in unpigmented parts of the vulva, some develop in partly pigmented 
skin, but rarely in completely pigmented vulvas (Nielsen and Kennedy 1990). This would 
suggest that part of the pathogenesis of BVPCC is related to exposure to UV radiation.  
We have seen very high prevelance of BVPCC in cattle in Zimbabwe with up to 30% of a herd 
affected depending on the number of cows with unpigmented areas on their vulva.  
Burdin (1964) described the pathogenesis of this neoplasm. Hill et al. (1994) adapted this 
description to develop a useful system for clinical staging of the tumours:  
Stage 1: generalized thickening, corrugation and roughening of unpigmented vulval skin. 
Stage 2: papilloma precursor – slightly protruding smooth white hyperplastic foci (up to 6 x 3 
mm). 
Stage 3: small size papillomas (3 – 6 mm at the base and up to 3 mm in length) showing some 
keratinization. 
Stage 4: large size papillomas (3 – 15 mm at the base and a length of up to 100 mm including 
the keratinized terminal portion). 
Stage 5: carcinomas; ulcerating masses with haemorrhagic surfaces with a diameter of up to 50 
mm. 
Stage 6: most of tumour deep and fistulated; vulval outline obliterated; Stages 1, 2, 3 and 4 
frequently interspersed. 
Usually we have seen cows affected with lesions that are stage 3 or 4; however cows with 
severe life threatening carcinomas can be seen. This can lead to difficulty with calving and 
possibly death of the cow. 
Metastasis, though rare, occurs to the regional lymph nodes and lungs (Nielsen and Kennedy 
1990). 
Histological features of BVPCC 
Burdin (1964) and Nielsen and Kennedy (1990) have described the histological features of 
BVPCC. The complex progresses from acanthosis to papilloma to carcinoma. In the early 
stages the vulval skin has focal areas of thickened stratum corneum, less stratum granulosum 
than normal and a thickened stratum spinosum. The rete pegs (epithelial invasions of the 
underlying connective tissue) become longer and are more pointed than normal. The connective 
tissue is more vascular than normal and there is a mild infiltration of eosinophils and 
lymphocytes. The sebaceous glands are larger and more active than normal. 
The acanthotic stage shows moderate hyperkeratosis and a hyperplasia of the stratum spinosum. 
These hyperplastic cells become larger and more irregular in shape, with nuclear 
hyperchromasia and paler cytoplasm. The basal cells are arranged irregularly in palisade 
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fashion and the nuclei are rounded. The rete pegs are elongated and irregular and there is 
increased vascularization of the underlying connective tissue. There is infiltration of eosinophils 
and lymphocytes in the dermis, mainly located in perivascular or perifollicular areas. The 
sebaceous glands are large and active; some are cystic. 
The third stage of tumour growth resembles papilloma as it appears elsewhere in the skin. 
In the fourth stage early carcinoma develops within the acanthotic and papillomatous areas. It 
first appears as focal areas of large round or oval cells with pale cytoplasm, indistinct margins 
and nuclei of varying sizes. Eventually all distinction between basal and stratum spinosum cells 
is lost in the buds of the epithelium extending out from the rete pegs. Individual keratinized 
cells appear more often and foci are formed with eccentrically placed inner cores of keratinized 
epithelial pearls. 
The final stage is the squamous cell carcinoma (SCC) which has the characteristic morphology 
of SCC found elsewhere in the skin and epithelium. There is always a deep seated fibrous 
stromal reaction and dermal infiltration of lymphocytes. 
 
Materials and Methods 
IL-2 treatment in BOSCC 
In the trial involving BOSCC, 174 tumours were treated with various doses of IL-2. 
Recombinant human IL-2 (IL-2) with a specific activity of 18 x 106 IU/mg) was a gift from 
Chiron. The IL-2 was reconstituted to 1 mg/ ml with distilled water, and further dilutions were 
made with phosphate-buffered saline (PBS) supplemented with 0.1% bovine serum albumin, 
fraction V (BSA; Sigma Chemical Co., MO, USA). Control animals were treated with the 
solvent. 
The cattle were randomly allocated to different treatment groups. The affected eye was locally 
anaesthetised with 4 per cent lignocaine drops, and the tumours were treated daily with 
injections of 1ml of solvent, or 1ml containing 5000, 20 000, 200 000, 500 000, 1 million or 2 
million IU of IL-2 for 10 days, that is from Monday to Friday in two consecutive weeks; the 
dose was injected at or as close to the base of the tumour as possible. 
Histopathology of BOSCC 
Biopsies of affected tissue were taken where possible, after local anaesthesia with lignocaine 
eye drops. Biopsies were fixed in 10% buffered formalin and embedded in paraffin. Five µm 
sections were prepared and stained with haematoxylin and eosin. Biopsies were taken before 
treatment and at 1, 3, 6 and 12 months after treatment from selected animals. Thirty tumours 
were biopsied before and after treatment. Sections were viewed with a standard microscope. 
IL-2 treatment of BVPCC 
This treatment trial involved 58 cows, with varying numbers and severity of tumours.  Tumours 
were treated for five days with daily injections of IL-2 (200 000 U); IL –12 (0.5 µg); or with a 
combination of IL – 2 (200 000 U/day) and IL-12 (0.5µg/day). BVPCC can involve large areas 
of the vulva; therefore 5 injections of 2 mls of cytokine were given in various sites on the 
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affected vulvas each day. The tumours were clinically staged before treatment and at 3, 6 and 
12 months after treatment.  
Histopathology of BVPCC 
Biopsies of affected tissue were taken, after local anaesthesia with lignocaine 2%, with a large 
size surgical biopsy punch. Biopsies were fixed in 10% buffered formalin and embedded in 
paraffin. Five µm sections were prepared and stained with haematoxylin and eosin. Biopsies 
were taken before treatment and at 3, 6 and 12 months after treatment from randomly selected 
animals. Ten BVPCC were biopsied before and after treatment. 
Sections were viewed under a standard microscope. Sections were independently studied and 
graded by two pathologists. 
Assessment of response to therapy 
Responses were categorized according to the following definitions: 
Complete Regression (CR) - no detectable tumour 
Partial Regression (PR) - reduction in the tumour stage  
Stable Disease (SD) - tumour stage did not change in comparison to the stage at the beginning 
of the treatment 
Progressive Disease (PD) - tumour stage increased in comparison to the beginning of the study. 
 
Results 
Therapeutic effects 
Recently we found in a large study containing 174 BOSCC cases that local IL-2 application leads 
to 50-82 % CR at 9 and 20 months after local IL-2 application (Stewart et al. 2006) (Table 1). On 
the other hand we found very different results with local IL-2 therapy in BVPCC (Hill et al. 1994). 
Table 2 shows that local IL-2 therapy in BVPCC is very effective as there is hardly any progressive 
disease after local IL-2 application. On the other hand, the percentage of CR in BVPCC (14%) is 
much lower than in BOSCC (50-82%).  
The present trial with BVPCC was performed to test whether better therapeutic results could be 
obtained with another treatment protocol. In this study tumours were treated for 5 days with 2 x 105 

U IL-2/day (previous study 2500 or 5000 U per day during 10 consecutive working days). To 
expose all tumour tissue to IL-2 5 injections of 2 ml of IL-2 were given (total of 10 ml) in various 
sites of the affected vulvas (previous study 1 ml was injected in a few papillomas/carcinomas). In 
23 papillomas and carcinomas of BVPCC we observed 19 Partial Regressions; that is 80% PR. 
There were no Complete Regressions (Table 3). This is very similar to the results in a previous 
study where we found 14% CR and 68% PR adding to a tumour reduction in 82% of the treated 
BVPCC cases (Hill et al. 1994) (Table 2). So next we concentrated on the question why the success 
rate of local IL-2 application was lower in BVPCC than in BOSCC (Stewart et al. 2006). 
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Table 1. Therapeutic effect of local IL-2 therapy in BOSCC (n = 174)  
(Data derived from Stewart et al. 2006) 
U IL-2 / day*  CR (%) 
 9 months  20 months 

5 x 103 82  55 
2 x 104 81  52 
2 x 105  56  58 
5 x 105 15  50 
106 44  69 
2 x 106 35  52 
Control 14  14 

* for 10 days. CR= complete regression 
 
 
Table 2. Therapeutic effect of local IL-2 therapy in BVPCC, 104 days after treatment (n= 22) 
(Data derived from Hill et al. 1994) 

 CR PR SD PD 
________________________________________________________________________________ 
IL-2 treated    14% (3/22) 68% (15/22)  14% (3/22) 4% (1/22) 
 
Controls - 10%* (3/29) 31% (9/29) 59% (17/29) 

*Apparently these (transient) PRs were induced by biopsy 
CR = complete regression, PR= partial regression, SD= stable disease, PD= progressive disease 

 
 

Table 3. Effects of treatment of BVPCC after 12 months of follow-up 
_____________________________________________________________________________ 
Tumour Stage Treatment  Cows  C  CR  PR  SD  PD  
 3 IL-2 14 3 0 0 8 3 
 5 IL-2 2 1 0 0 1 0 
 3 IL-12 15 1 0 0 9 5 
 4 IL-12 4 1 0 1 1 1 
 3 IL-2/IL-12 14 2 0 0 10 2 
 4 IL-2/IL-12 4 1 0 0 3 0 
 5 IL-2/IL-12 5 4 0 1 0 0 
 3 Control 24 0 0 0 8 16 
 4 Control 6 0 0 0 5 1 
_____________________________________________________________________________ 
C= culled for reasons other than tumour, CR= complete regression, PR= partial regression, 
SD= stable disease, PD= progressive disease 
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Histopathology 
The histopathological findings of BOSCC and BVPCC before treatment were typical of those 
described earlier as summarized in the introduction. Figure 1 shows a typical BOSCC and Figure 2 
a typical BVPCC. The difference is striking: In BOSCC there is an inflammatory infiltrate 
approaching the epithelial tumour, whereas there are hardly any infiltrating cells in the BVPCC. 
In the sections taken from BOSCC at one month post treatment we found massive mixed infiltrates 
including many monocytes and only occasional plasma cells. In two BOSCC cases this infiltrate 
appeared to have almost replaced the tumour (Figure 3). There was also significant oedema (Figure 
3). Tumour cells in BOSCC engulfed by this infiltrate did show degeneration (Figure 4). There 
were focal areas of necrotic tumour tissue in some of the biopsies (Figure 3). These findings did not 
subjectively differ with the dose of IL-2 given (data not shown). 
More biopsies were taken at varying time intervals up to 12 months post treatment in both BOSCC 
and BVPCC. These follow up biopsies showed similar findings in both diseases independent of the 
time period. There was evidence of angiogenesis (Figure 5). Oedema was still present but to a 
lesser degree than in the one month follow ups (Figure 8). There was still significant inflammatory 
infiltrate (Figures 6, 7, 8); however the character of the infiltrate had changed to mostly 
macrophages, some lymphocytes, many plasma cells with  only occasional eosinophils (Figures 5, 
6, and 7). Tumour cells were generally present but showed varying degrees of necrosis (Figure 8).  
Remarkably, in BVPCC, there was a typical IL-2 reaction present in the papilloma stroma. This 
reaction did not extend to the epithelial lining of the papillomas, but remained more or less limited 
to the stromal tissue. However, in papillomas with marked dysplasia, or (pre-) malignant changes in 
the epithelial areas there was massive lymphocyte infiltration.  
 
Discussion 
The histological response to local IL-2 treatment in BOSCC and BVPCC appears initially 
comparable: a vascular response with capillary leaking followed by angiogenesis and macrophage 
and lymphocyte infiltration. However the ultimate clinical response to treatment is different in 
BOSCC and BVPCC: In BOSCC complete regressions can be obtained in 80-90% of the cases, 
whereas in BVPCC there was mainly Partial Regression during the follow-up period of 12 months. 
So, although IL-2 always generates the same sequence of histological responses in both tumours, 
this does not lead to the same positive clinical effect in BOSCC and BVPCC. This phenomenon 
must be related to the tumour structure, the locally induced immune response to the tumour, and the 
effect of IL-2 on this tumour immune response.  
Most BOSCC cases show impressive inflammation, a marked increase in vascularity as indicated 
by the redness especially of the third eyelid lesions. There were tumour cell degeneration and even 
focal areas of necrosis. With local IL-2 treatment the inflammation increased especially in BOSCC; 
this was accompanied with tumour cell degeneration, tumour necrosis and regression.  
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It is known that IL-2 induces vascular leakage. In the case of local IL-2 application, this causes 
oedema in and around the tumour. We found this in our biopsies of BOSCC and BVPCC post 
treatment. In local IL-2 treatment this may be the primary function of IL-2. Oedema exerts pressure 
that causes stagnation of the blood flow and stagnation of the lymph drainage. Even in untreated 
tumours the interstitial fluid pressure is higher in the centre of the tumour mass than in surrounding  
 
 

 
Figure 1.  Typical invasive BOSCC. 
Note invading tumour cells (arrows) 

 
 
 

 
Figure 3. BOSCC one month post treatment.  
In the center small islets. With degenerated 
tumour cells surrounded by a massive inflammatory 
infiltrate consisting of plasma cells (arrows), 
lymphocytes and macrophages invading the tumour 
remnants 
 

 

 
Figure 2. Typical BVPCC. 
Surface epithelium of vulval papilloma. In the 
papilloma is a small blood vessel with moderate 
inflammatory changes 
 

 
Figure 4. BOSCC one month post treatment. 
Massive mixed infiltrate (right side) invading a 
layer of tumour tissue (arrow). Tumour shows 
features of degeneration, apoptosis of tumour cells 
and loss of tinctorial quality 
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Figure 5. BOSCC 3 months post treatment.  
The tumour has disappeared and is replaced by a 
keloid-like lesion with a considerable proliferation 
of endothelial cells forming capillaries (arrows) 
 
 
 
 

 
Figure 7. BVPCC 6 months post IL-2 treatment. 
Perivascular sleeves of inflammatory cells, mainly 
plasma cells (arrows) and eosinophils are still 
present 
 

 

 
Figure 6. BVPCC 3 months post treatment.  
This is a malignant vulval papilloma. The section 
shows a "rete ridge" with atypical malignant cells 
(white arrows) and a small island of tumour tissue 
(black arrow). Note that the tumour tissue is 
surrounded by a dense lymphocytic cell infiltrate 
invading the tumour tissue  
 

 
Figure 8.  BOSCC 3 months after treatment.  
Tumour tissue has disappeared almost completely. 
Only vague remnants of tumour tissue are still 
present. Note the massive infiltrate of plasma cells 
(arrows) 

 

 
tissue areas due to vessel leakage (Wiig 1982). IL-2 treatment increases vascular leakage, causing 
further increase of interstitial pressure. This pressure will cause vascular compression, particularly 
of the post capillary venules. This leads to stagnation of the blood flow and vascular distension of 
the prestenotic vessels and sometimes thrombosis in smaller blood vessels. Furthermore, tumour 
vessels usually have poor collateral blood supply (Denekamp 1984). Stagnation of blood causes 



Chapter 5 

64 

necrosis, in particular of the tumour centre. The remaining peripheral rim of vital tumour tissue 
survives as it is just outside the area of deficient blood circulation. In later phases there is marked 
invasion in this area by macrophages and other round cells, clearing the semi-necrotic tumour 
debris. Furthermore, IL-2 attracts macrophages and so enhances phagocytosis of necrotic or 
seminecrotic tumour cells; this leads to an immunological response.  
Our findings were consistent with this in the case of BOSCC. The necrotic tumour mass was 
invaded and phagocytosed by macrophages. Obviously, this leads to the presentation of tumour 
associated antigens to T cells. This tumour necrosis was accompanied by marked angiogenesis. 
Adjacent to many of the newly formed smaller blood vessels there was a cuff of proliferating 
macrophages, which ultimately move into the necrotic debris. As different tumours differ in tumour 
associated antigen make-up, they will induce different types of immune reactions, dominated by 
macrophages, eosinophilic cells, T cells or plasma cells. Noteworthy were a large amount of 
plasma cells in the later phases. This indicates that apart of cellular immunity there was also a 
humoral immunological component induced. This humoral response probably mediates an 
Antibody Dependent Cellular Cytotoxicity (ADCC) reaction (Haisma et al. 1986).  
This cellular and humoral response can take 6 - 20 months (Den Otter et al. 1995a). Slow tumour 
regression also occurs in sarcoids in horses (Spoormakers et al. 2003), and transplanted murine 
colon carcinoma (Kusnierczyk et al. 2004).  
An important point in BOSCC is that this tumour contains only about 50% tumour cells; the other 
50% is stroma. When a BOSCC is reduced by 50%, then usually hardly any or no tumour cells are 
left; the remaining 50% is stroma. After regression of the tumour cells, the final restoration of the 
stroma requires several additional months.  
IL-2 induces mainly complete tumour regressions in BOSCC and mainly stable disease in BVPCC. 
We have tried to find an explanation of this difference. Untreated BOSCC seems quite antigenic as 
there are impressive leukocyte infiltrates and untreated BOSCC regressed spontaneously in 14% of 
the cases in our study. BVPCCs have less infiltrates and never showed complete regression without 
treatment. We assume that the pre-existing immunological resistance is enhanced by IL-2. This is 
possible in BOSCC, as there is a leukocyte infiltrate in untreated BOSCC. This contrasts with 
BVPCC. In BVPCC before treatment there is little inflammation and the epithelial lining is intact 
with moderate papillomatosis and acanthosis and some dysplasia. Though IL-2 induces tissue 
oedema in the stroma of the papilloma, some angiogenesis and again marked (notably perivascular) 
inflammation is induced, there is scanty necrosis and the mainly perivascular inflammation does 
not affect the epithelial lining. There is a noteworthy exception, viz. when the epithelium shows 
pre-malignant or even malignant degeneration. Then this part of the pathological epithelium often 
shows marked inflammation and even degeneration of invading tumour cells. In such more 
advanced tumours temporary partial regressions have been observed.  
So, in BVPCC IL-2 therapy mainly leads to Stable Disease in the non-malignant papillomas and to 
Partial Regressions in the pre-malignant and malignant tumour (Table 3). This is an impressive 
therapeutic result as without treatment growth always progresses. 
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In conclusion we found that the histopathological sequence of events after IL-2 (and IL-12) therapy 
in BOSCC and BVPCC is similar. We hypothesize that the difference in the ultimate clinical 
response of BOSCC and BVPCC may be due to the fact that BOSCC is a more antigenic tumour; 
this leads to a stronger immune response; this response can be enhanced by IL-2. On the other hand 
the main tumour mass of a papilloma of BVPCC consists of connective tissue stroma lined by a 
moderately pathological epithelial lining; this epithelium hardly induces any leukocyte infiltration; 
consequently IL-2 cannot exert its immune stimulating effect (for instance induction of CTLs). In 
premalignant and malignant cases, however, the sub-epithelial tissue usually shows a moderate to 
severe inflammatory reaction that can be stimulated by IL-2. This explains why early stage 
papillomas are IL-2 resistant, whereas late stage papillomas and cancer is IL-2 sensitive. 
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Bovine ocular squamous cell carcinoma (BOSCC) and bovine vulval papilloma and carcinoma 
complex (BVPCC) are tumours that affect about 3% of cattle in Zimbabwe. They cause a 
significant loss of productivity due to early slaughter of cattle, loss of slaughter carcasses and 
loss of full potential of milk and calf production.  
BOSCC is mainly treated by surgery, considering the large numbers of cattle affected in 
Zimbabwe this is not always feasible. There is no effective treatment for BVPCC. 
The aims of this dissertation were to determine the efficacy of various IL-2 and IL-12 therapy 
protocols in the treatment of BOSCC and BVPCC and to study the histology of the response to 
local IL-2 and IL-12 therapy in these spontaneous tumours. 
 
Efficacy of IL-2 in BOSCC 
The efficacy of local IL-2 in oncotherapy has been shown in numerous studies in laboratory 
animals with transplanted tumours (Balemans et al. 1994; Baselmans et al. 2002; Belardelli et 
al. 1994; Bubenik et al. 1983, 1985, 1986; Den Otter et al. 1999, 2002; Everse et al. 1996; Maas 
et al. 1991). This study was performed to determine if local IL-2 therapy would be effective in 
spontaneous tumours in animals, using BOSCC in cattle in Zimbabwe. (Chapter 2). 
We found this therapy was highly effective in BOSCC with complete regressions at 20 months 
post treatment ranging from 50 to 69% using 10 daily peritumoral injections of doses ranging 
from 5000 to 2 million U of IL-2. (Chapter 2 Figure 1).  An interesting finding in this study was 
that tumours at different positions on the eye responded differently to IL-2 therapy even though 
they are all classified as squamous cell carcinomas. It would appear that the most rapidly 
growing tumours had the best response; in the control group the tumours on the third eyelid 
grew significantly faster than tumours at other sites on the eye, but after treatment with IL-2 
they had the lowest growth rate and best clinical response. (Chapter 2 Table 3). This agrees 
with the findings of Moiseeva et al (2003) that highly vascular, rapidly growing tumors appear 
to be the most responsive to IL-2 therapy. 
These therapeutic results are economically important as successful treatment of BOSCC means 
that the cattle will live several years longer enabling them to have more calves and give more 
milk. 
 
Efficacy of IL-2 and IL-12 in BOSCC 
IL-2 and IL-12 have been used independently to successfully treat transplanted and spontaneous 
tumours in animals (Masztalerz et al. 2003; Pappo et al. 1995; Vagliani et al. 1996; Wiggington 
et al. 2001). IL-2 and IL-12 can interact synergistically to enhance T- and/or NK-cell 
proliferation, cytokine production and cytolytic activity. IL-2 and IL-12 can synergistically 
enhance the cytolytic activity of infiltrating lymphocytes against tumour cells (Masztalerz 
2003). For these reasons we decided to test if the addition of IL-12 to IL-2 would improve the 
therapeutic outcome of treatment of BOSCC. 
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 For this trial, we selected 25 BOSCC tumours on Holstein Friesian cows on a farm in the town 
of Beatrice, Zimbabwe. The cows were randomly assigned to a treatment group of 5 days of IL-
2 (200,000 U/day), 5 days of IL-12 (0.5 µg/day) or 5 days of IL-2 (200,000 U/day) and IL-12 
(0.5 µg/day).  
At 20 months after treatment, the IL-2 therapy group had 63% complete regressions; the 
combination group had 38% complete regressions, which were significantly higher than the IL-
12 group, which had 0% complete regressions at 20 months, despite having 29% complete 
regressions at 6 months (Chapter 3 Figure 1). These results showed that IL-2 therapy by itself 
and in combination with IL-12 is more successful than IL-12 by itself. However, combination 
therapy does not improve the outcome in comparison to IL-2 as a single therapy. It also proved 
that IL-2 is consistently successful in the therapy of BOSCC with 63% complete regression.  
An interesting finding in this trial was that by 3 months 50% of the tumours in the IL-2 group 
had completely regressed and did not regrow during a follow up period of 20 months. This was 
a more rapid regression than we had observed before and was possibly due to the high number 
of third eyelid tumours in this trial.  
 
Efficacy of IL-2 and IL-12 in BVPCC 
Considering the successful therapy trials with IL-2 in BOSCC we decided to determine if it 
would be effective in BVPCC which is another common tumour in cattle for which no 
successful treatment modalities are available. An initial trial with IL-2 in BVPCC was only 
mildly successful (Hill et al. 1994). We therefore decided to try a combination IL-2 and IL-12 
trial on BVPCC.  
We applied locally IL-2 and/or IL-12 in 58 cows bearing BVPCC and compared them to 30 
cows bearing BVPCC, which were not treated with cytokine. Only 17 per cent of the stage 3 
BVPCC of cows treated with IL-2 and IL-12 progressed within the 12-month period following 
the treatment. We even observed partial remissions in one animal treated with IL-12 and one 
treated with IL-2 and IL-12. These results are impressive as 67 per cent of the stage 3 and 1out 
of 6 of the stage 4 untreated BVPCC progressed during the 12-month period. No partial 
remissions were seen in the untreated BVPCC. (Chapter 4).  
The differences between therapeutic effects of all treatment groups combined and control cases 
in this trial were statistically significant (P 0.033). However the individual treatment groups did 
not show statistical significance. Therefore further studies combining IL-2 and IL-12 with other 
immune stimulants may be useful in finding a successful therapy for this relatively insensitive 
tumour. 
These therapeutic results are economically important as suppression of progression of the 
BVPCC for a prolonged period of time means that the cattle will live several years longer 
enabling them to have more calves and give more milk. 
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Histopathology of response to IL-2 and IL-12 in BOSCC and BVPCC 
The exact mechanisms of tumour regression with IL-2 and/ or IL-12 are still not fully 
elucidated. In addition the reasons why certain types of tumours are responsive to cytokine 
therapy and others are not is unclear. Therefore we have taken biopsies of untreated and treated 
BOSCC and BVPCC from the trials described in Chapters 2 to 4. These biopsies were 
evaluated histogically to see if the findings could shed light on these uncertainties.  
The histological findings pre-treatment for BOSCC and BVPCC were typical of the histology 
described previously by other authors (Cordy 1990, Den Otter 1995). One month post treatment 
the major findings were significant oedema as well as massive inflammatory infiltrates of 
polymorphonuclear (PMNs) cells and monocytes. In two biopsies of BOSCC taken at one 
month post treatment the inflammatory infiltrate was mostly what was seen; very few tumour 
cells were visible. Follow up biopsies taken at 3, 6, and 12 months after treatment showed 
oedema, angiogenesis, inflammatory infiltrate that consisted mostly of plasma cells but 
included also some PMNs and monocytes. Most biopsies contained some tumour cells at these 
stages a few did not. The amount of oedema, inflammatory infiltrate and angiogenesis appeared 
not to vary between those tumours that eventually completely regressed and those that did not, 
with either BOSCC or BVPCC. It also did not vary between IL-2, IL-12 and IL-2/ IL-12 
treatment regimes. Therefore it would seem that IL-2 and IL-12 produce a consistent 
histological response in all tumours treated. The difference in clinical response between 
BOSCC and BVPCC maybe linked to other factors that still need to be determined. These 
factors might be differences in tumour antigenicity and consequently differences in the strength 
and character of the immune response. Another possibility is the difference in the sensitivity of 
BOSCC and BVPCC to immune attack. In BOSCC regressions with no treatment do occur (up 
to 14% in our study) however regressions never occur in BVPCC (Chapter 5) 
 
Conclusion 
We have shown that local IL-2 therapy is highly effective in the treatment of BOSCC in cattle 
in Zimbabwe with up to 69% complete regressions 20 months after treatment. This is a very 
important result as BOSCC is the most common cancer in cattle in the world and is very 
common in white faced Bos taurus breeds of cattle in Zimbabwe where we have seen 70 
animals in a single herd affected with the tumour. Given the number of animals affected in a 
herd, the current modalities of therapy, e.g. surgery, are not applicable on this large a scale. I 
believe that the success of the IL-2 therapy in the treatment of BOSCC is a huge step forward in 
veterinary oncotherapy. It means that we now have an easy to use, reliable, relatively cheap and 
highly effective treatment for BOSCC. In addition it causes minimal side effects and discomfort 
to the animal. Hopefully our findings will be applicable to other cancers in animals and humans. 
More work needs to be done on combining IL-2 with other therapies to see if an improvement 
can be achieved in the treatment of BVPCC. Our initial findings when we combined IL-2 with 
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IL-12 were encouraging but not significant. Further studies with IL-2 and IL-12 as well as other 
immune stimulants need to be done. 
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Plaveiselcelcarcinoom van het oog bij runderen (BOSCC) en het vulva papilloma en carcinoma 
complex bij runderen (BVPCC) zijn tumoren die voorkomen bij ongeveer 3% van de runderen 
in Zimbabwe. Deze ziekten veroorzaken een aanzienlijk verlies van productiviteit aangezien 
dieren te vroeg geslacht moeten worden, de karkassen gaan verloren en de dieren produceren 
minder melk en minder kalveren. BOSCC wordt vooral operatief behandeld. Maar dit is in 
Zimbabwe niet altijd uitvoerbaar, gezien de grote aantallen dieren met deze tumoren. Voor 
BVPCC bestaat geen effectieve behandeling. 
De doelstellingen van dit proefschrift waren het bepalen van de effectiviteit van verschillende 
protocollen voor de lokale behandeling van BOSCC en BVPCC met IL-2 en IL-12 en de 
bestudering van de histopathologie van de respons op lokaal toegediend IL-2 en IL-12 in deze 
spontane tumoren. 
 
Effectiviteit van IL-2 tegen BOSCC 
De effectiviteit van lokaal toegediend IL-2 bij kankertherapie is aangetoond in talloze studies in 
laboratorium dieren met getransplanteerde tumoren (Balemans e.a. 1994; Baselmans e.a. 2002; 
Belardelli e.a. 1994; Bubenik e.a. 1983, 1985, 1986; Den Otter e.a. 1999, 2002; Everse e.a. 
1996; Maas e.a. 1991). Deze proefschrift-studie is uitgevoerd om te bepalen of lokale IL-2 
therapie effectief zou zijn tegen spontane tumoren in dieren; deze studie werd uitgevoerd in 
runderen met BOSCC in Zimbabwe (Hoofdstuk 2). 
Wij hebben gevonden dat deze therapie zeer effectief was in BOSCC: Tien dagelijkse 
peritumorale injecties van IL-2 werden gegeven. Twintig maanden na behandeling van tumoren 
met verschillende doses IL-2 (5000 tot 2 miljoen U) waren er 50-69% complete tumor 
regressies (Hoofdstuk 2 Figuur 1). Een interessante vondst was dat tumoren die gelokaliseerd 
waren op verschillende plaatsen van het oog verschillend reageerden op IL-2 therapie, hoewel 
zij allen gediagnostiseerd waren als plaveiselcelcarcinoom. Het lijkt dat de snelst groeiende 
tumoren het beste reageerden; in de controle groep groeiden de tumoren van het derde ooglid 
significant sneller dan tumoren op andere plaatsen van het oog, maar na lokale IL-2 therapie 
groeien zij het langzaamst en vertoonden de beste klinische respons (Hoofdstuk 2 Tabel 3). Dit 
komt overeen met de bevinding van Moiseeva e.a. (2003) dat zeer goed gevasculariseerde, snel 
groeiende tumoren het meest gevoelig zijn voor lokale IL-2 therapie. 
Deze resultaten zijn economisch belangrijk aangezien een effectieve behandeling van BOSCC 
betekent dat deze dieren enkele jaren langer leven, waardoor zij meer kalveren kunnen krijgen 
en meer melk kunnen leveren. 
 
Effectiviteit van IL-2 en IL-12 tegen BOSCC 
IL-2 en IL-12 kunnen ieder op zich gebruikt worden om met succes geïnduceerde en spontane 
tumoren te behandelen (Masztalerz e.a. 2003; Pappo e.a. 1995; Vagliani e.a. 1996; Wiggington 
e.a. 2001). IL-2 en IL-12 kunnen synergistische verhoging geven van T- en/of NK-cel 
proliferatie, cytokine productie en cytolytische aktiviteit van infiltrerende lymfocyten tegen 
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tumorcellen (Masztalerz 2003).Daarom besloten wij om te testen of toevoeging van IL-12 aan 
IL-2 de behandeling van BOSCC zou verbeteren. 
Voor deze trial selecteerden wij 25 runderen met BOSCC bij Holstein Friesian runderen op een 
boerderij bij de stad Beatrice in Zimbabwe. De runderen werden gerandomiseerd voor 
behandeling gedurende 5 dagen met IL-2 (200,000 U/dag), 5 dagen IL-2 (0.5 µg/dag) of 5 
dagen IL-2 en IL-12. Na 20 maanden waren er in de IL-2 groep 63% complete regressies, de 
IL-2-IL-12 groep had 38% complete regressies; dit was significant hoger dan de IL-12 groep, 
waarin na 20 maanden 0% complete regressies waren, ondanks 29% complete regressies na 6 
maanden (Hoofdstuk 3 Figuur 1). Deze resultaten laten zien dat IL-2 therapie alleen en in 
combinatie met IL-12 effectiever is dan IL-12 alleen. Evenwel, de combinatie IL-2/IL-12 is 
geen verbetering vergeleken met IL-2 alleen. De resultaten bewijzen bovendien dat lokale 
behandeling met IL-2 met 63% complete regressies effectief is, zoals wij eerder vonden. 
Een interessante vondst in deze trial was dat na 3 maanden 50% van de tumoren in de IL-2 
groep compleet in regressie was en gedurende de hele follow-up periode van 20 maanden niet 
terug kwam. Deze regressie ging sneller dan wij in eerdere trials waargenomen hadden. Dit zou 
kunnen komen doordat er in deze trial veel tumoren waren van het derde ooglid. 
 
Effectiviteit van IL-2 en IL-12 in BVPCC 
Gezien de effectieve therapie trials met IL-2 in BOSCC besloten wij te onderzoeken of lokale 
IL-2 toediening effectief is in BVPCC; dit is een andere veel voorkomende tumor in vee; er is 
geen effectieve behandeling beschikbaar voor deze vorm van kanker. De eerdere trial met IL-2 
in BVPCC leverde slechts een matig succes op (Hill e.a. 1994). Daarom besloten wij een 
combinatie van IL-2 en IL-12 te testen tegen BVPCC. 
Wij hebben IL-2 en/of IL-12 lokaal toegediend aan BVPCC in 58 runderen en vergeleken de 
resultaten met BVPCC in 30 runderen die niet behandeld waren. Slechts 17% van de stadium 3 
BVPCC tumoren die behandeld waren met IL-2 en IL-12 gingen binnen 12 maanden naar een 
hoger stadium van maligniteit. Er waren zelfs partiёle regressies in een dier dat behandeld was 
met IL-12 en in een dier behandeld met IL-2 en IL-12. Deze resultaten zijn indrukwekkend 
aangezien bij onbehandelde tumoren 67% van stadium 3 en 1/6 van stadium 4 gedurende deze 
12 maanden naar een hogere tumorgraad gingen. Er was geen enkele partiёle regressie in 
onbehandelde BVPCC (Hoofdstuk 4). De verschillen van de therapeutische effecten tussen 
behandelde tumoren en onbehandelde controles waren niet statistisch significant maar vertonen 
een trend tot significantie (P 0.09). Dit suggereert dat verdere therapie studies waarbij IL-2 
wordt gecombineerd met een andere immuun stimulator wel eens zouden kunnen leiden tot de 
ontwikkeling van een effectieve therapie tegen deze nogal therapie resistente tumor. 
Deze therapeutische effecten bij BVPCC zijn economisch belangrijk aangezien onderdrukking 
van de tumor progressie gedurende een aanzienlijke periode betekent dat deze runderen enkele 
jaren langer leven, zodat zij meer kalveren kunnen krijgen en meer melk kunnen geven. 
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Histopathologie van de effecten van IL-2 en IL-12 in BOSCC en BVPCC 
Het mechanisme van de tumor regressie die door IL-2 en /of IL-12 wordt geïnduceerd is nog 
steeds niet geheel duidelijk. Ook is niet duidelijk waarom sommige tumoren gevoelig zijn voor 
cytokine-therapie en andere tumoren en type tumoren niet. Daarom hebben wij biopten 
genomen van de onbehandelde en de behandelde BOSCC en BVPCC in de trials die werden 
beschreven in de Hoofdstukken 2 - 4. Deze biopten werden histologisch bekeken om te zien of 
de histologische beelden meer duidelijkheid kunnen verschaffen over het mechanisme van de 
tumorregressie. 
De histologische beelden van de onbehandelde tumoren kwamen overeen met eerdere 
beschrijvingen van BOSCC en BVPCC in de literatuur. Een maand na de behandeling met 
cytokines waren de belangrijkste histologische waarnemingen: veel oedeem, massale 
ontstekingsinfiltraten met polymorfonucleaire cellen (PMNs) en mononcyten. In twee biopten 
genomen een maand na behandeling was er voornamelijk een ontstekingsinfiltraat; bovendien 
waren er nog enkele tumorcellen. In biopten die genomen werden 3, 6, en 12 maanden na 
behandeling was er oedeem, angiogenese, en ontstekingsinfiltraat van voornamelijk plasma 
cellen en enkele PMNs en monocyten. In de meeste biopten waren enkele tumorcellen 
aanwezig, maar in sommige biopten waren geen tumorcellen zichtbaar. Zowel voor BOSCC als 
voor BVPCC gold dat de hoeveelheid oedeem, ontstekingsinfiltraat en angiogenese niet 
verschilde in tumoren die uiteindelijk compleet in regressie gingen en tumoren die bleven. Er 
waren ook geen histologische verschillen tussen IL-2, IL-12 en IL-2/IL-12 therapie. Het lijkt er 
dus op dat IL-2 en IL-12 altijd tot dezelfde histologische reactie leiden. Het verschil in klinische 
respons is mogelijk afhankelijk van andere factoren die nog gevonden moeten worden. Daarbij 
kunnen wij denken aan verschillen in tumor antigeniciteit en dientengevolge verschillen in 
sterkte en karakter van de immuun respons. Een andere mogelijkheid is verschil in gevoeligheid 
van BOSCC en BVPCC voor een immuun respons: Bij BOSCC vonden wij tot 14% regressie 
van onbehandelde tumoren; maar bij BVPCC zagen wij nooit spontane regressies (Hoofdstuk 
5). 

 
Conclusie 
Wij hebben aangetoond dat lokale IL-2 therapie zeer effectief is voor de behandeling van 
BOSCC bij runderen in Zimbabwe: er waren tot 69% complete regressies 20 maanden na de 
behandeling. Dit is een heel belangrijk resultaat omdat BOSCC de meest voorkomende kanker 
is bij runderen in de hele wereld en erg veel voorkomt in Bos taurus met witte koppen in 
Zimbabwe; we hebben zelfs een kudde gezien met 70 dieren met BOSCC. Gezien het grote 
aantal dieren met BOSCC dat voorkomt kunnen gangbare therapievormen zoals chirurgie niet 
op deze grote schaal toegepast worden. Ik ben van mening dat het succes van lokale IL-2 
therapie bij de behandeling van BOSCC een grote stap vooruit is bij de veterinaire kanker-
behandeling. Het betekent dat wij nu kunnen beschikken over een gemakkelijk toepasbare, 
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betrouwbare, betrekkelijk goedkope en zeer effectieve behandeling van BOSCC. Bovendien 
zijn er nauwelijks bijwerkingen en ongemakken voor het dier. Ik hoop dat deze resultaten ook 
toepasbaar zullen zijn bij andere vormen van kanker bij dieren en mensen. 
Meer onderzoek is nodig naar de combinatie van lokale IL-2 therapie met andere vormen van 
therapie voor de ontwikkeling van een betere behandeling van BVPCC. Onze eerste 
bevindingen met de combinatie van IL-2 met IL-12 waren bemoedigend, maar niet significant. 
Nadere studies met IL-2 en IL-12, evenals met andere immuun stimulerende middelen, zijn 
nodig. 
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