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Summary

Sepsis is a complex syndrome related to an infection-induced exaggerated inflammatory
response, which is associated with a high mortality. Granzymes (Gzm) are proteases
mainly found in cytotoxic lymphocytes that not only have a role in target cell death, but
also as mediators of infection and inflammation. In this study we sought to analyse the
intracellular expression of GzmA, B, M and K by flow cytometry in diverse blood lym-
phocyte populations from 22 sepsis patients, 12 non-infected intensive care unit (ICU)
patients and 32 healthy controls. Additionally, we measured GzmA and B plasma levels.
Both groups of patients presented decreased percentage of natural killer (NK) cells ex-
pressing GzmA, B and M relative to healthy controls, while sepsis patients showed an in-
creased proportion of CD8" T cells expressing GzmB compared to controls. Expression
of GzmK remained relatively unaltered between groups. Extracellular levels of GzmB
were increased in non-infected ICU patients relative to sepsis patients and healthy con-
trols. Our results show differential alterations in intracellular expression of Gzm in sepsis
patients and non-infected critically ill patients compared to healthy individuals depend-

ing on the lymphocyte population and on the Gzm.
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INTRODUCTION

Sepsis is a life-threatening organ dysfunction caused by a
dysregulated host response to infection (1). It is a major
public health problem, associated with many hospital ad-
missions and mortality worldwide (1-3). Cells of both the
innate and adaptive immune systems play a crucial role in
the pathophysiology of sepsis. Besides excessive inflam-
mation, sepsis can be associated with a marked lymphope-
nia, involving CD4* and CD8" T cells and natural killer
(NK) cells (4). Apoptosis has been indicated as the cause
of this depletion, although migration from peripheral
blood to sites of infection has been also proposed for NK
cells (5).

Granzymes (Gzm) are a family of serine proteases orig-
inally identified in granules of cytotoxic lymphocytes (6).
Five different Gzm have been identified in humans (A, B,
H, K and M) (7). Gzm are constitutively expressed in sev-
eral cell types. GzmA, B and M are mainly found in CD8"*
T and NK cells, but also in NK T, CD4" T and v T cell
receptor (TCR) cells (7-10), and even in non-lymphoid
cells (6,7,11-13). GzmK is mainly expressed by CD8" T
cells (9,14). The role of Gzm, particularly GzmB, in elim-
inating infected, neoplasic or foreign cells via induction
of cell death has been widely reported (7,15). However,
Gzm have also been proved to play a role in inflamma-
tion. Elevated levels of extracellular GzmA, B, K and M
have been observed in patients with inflammatory con-
ditions, including several parasitic, viral and bacterial
diseases (16—19), chronic inflammatory diseases (17,20)
and endotoxemia induced in healthy individuals (21,22).
Studies in mouse models have shown that mice deficient
in GzmA, B and/or M are relatively protected against en-
dotoxemia (17,23), and that GzmM-deficient mice pres-
ent lower plasma levels of cytokines than wild-type mice
after administration of lipopolysaccharide (LPS) (17). In
addition, various extracellular Gzm substrates have been
identified (11,24), and the capacity of Gzm to trigger
cytokine release and activation has been reported (6).
Taking all these studies into account, a role for Gzm in
infection and the accompanying inflammatory response
seems clear.

Several studies have addressed the expression of Gzm
in sepsis patients. Patients with sepsis demonstrate elevated
plasma levels of GzmA and B (25) and GzmM (26), as well
as increased intracellular GzmA and B levels in cytotoxic T
lymphocytes (27). Plasma levels of GzmK have been pro-
posed as a diagnostic marker to stage sepsis (28). In the pres-
ent study, we aimed to analyse the intracellular expression of
GzmA, B, M and K by distinct lymphocyte populations, as
well as the extracellular levels of GzmA and B, in patients

with sepsis compared to healthy individuals and patients with
non-infectious critical illness.

MATERIALS AND METHODS
Patients and controls

Data and samples were prospectively collected as part
of the Molecular Diagnosis and Risk Stratification of
Sepsis (MARS) project (ClinicalTrials.gov identifier
NCT01905033) (29). Between February and November
2013, patients aged > 18 years admitted to the intensive care
unit (ICU) of the Academic Medical Center (Amsterdam,
the Netherlands) were evaluated for inclusion. Patients were
eligible when they had at least two systemic inflammatory
response syndrome (SIRS) criteria on the day of admission
to the ICU (body temperature < 36°C or > 38°C, tachy-
cardia > 90/min, tachypnea > 20/min or pCO, < 4.3 kPA,
leukocyte count < 4 X 10°/1 or > 12 x 10°/1). The pres-
ence of infection was established for every affected organ
or site using Center for Disease criteria and International
Sepsis Forum consensus definitions as described (29).
Organ failure was defined as a score of 3 or greater on the
sequential organ failure assessment (SOFA) score, except
for cardiovascular failure, for which a score of 1 or more
was used (30). Shock was defined as the use of vasopres-
sors (noradrenaline) for hypotension in a dose of 0.1 pg/kg/
min during at least 50% of the ICU day. Healthy individu-
als were included as controls. The study was approved by
the Medical Ethics Committee of the Academic Medical
Center, University of Amsterdam, and written informed
consent was obtained from all patients (or legal representa-
tive) and healthy subjects.

Flow cytometry

Blood was collected at 9 a.m. on the first morning after
ICU admission in tubes with ethylenediamine tetraacetic
acid (EDTA) anti-coagulant; erythrocytes were lysed with
ice-cold isotonic NH,Cl solution (155 mM NH,CI, 10 mM
KHCO;, 0.1 mM EDTA, pH 7.4) and the remaining cells
were washed and counted using a hemocytometer. One mil-
lion cells/well were stained extracellularly by incubation with
monoclonal antibodies against CD3-AF700, CD4-peridinin
chlorophyll-cyanin  (PerCP-Cy)5.5, CDS56-phycoerythrin
(PE)-Cy7, y8TCR-PE-Cy7 (all from BD Pharmingen,
San Diego, CA, USA) and CD8-allophycocyanin (APC)
(eBioscience, San Diego, CA, USA) at 4°C for 25 min in
the dark. For the intracellular staining, cells were fixed
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and permeabilized for 20 min in Cytofix/Cytoperm (BD
Bioscience) at 4°C in the dark and then washed with Perm/
Wash buffer. Subsequently, cells were resuspended in Perm/
Wash buffer containing antibodies against GzmA (PE; BD
Pharmingen), GzmB (PE-CF594; BD Horizon, San Diego,
CA, USA), GzmK [fluorescein isothiocyanate (FITC); Santa
Cruz Biotechnology, Dallas, TX, USA] and GzmM (AF488;
generated as described previously (31)) and incubated at 4°C
for 25 min in the dark. GzmK staining was not performed for
four healthy controls and seven sepsis patients; GzmM stain-
ing was not performed in three healthy controls. Samples
were analysed by flow cytometry with a FACSCanto (BD
Bioscience). FlowJo software (Tree Star Inc, Ashland, OR,
USA) and FACSDiva software (BD Bioscience) were used
to analyse the data. Lymphocytes were gated in the forward-
versus side-scatter dot-plots. Within that gate, cells were
selected as CD3*CD4" (CD4* T cells), CD3*CD8* (CD8*
T), CD3*y8TCR* (y8 T), CD3"CD56* (CD56™ T cells) and
CD37CD56" (NK cells), and expression of Gzm was ana-
lysed in these populations. NK cells were also subdivided
into NK™€" and NK%™ based on the relative expression of
CD56. The results are expressed as a percentage of cells of
the specific population expressing the corresponding Gzm.
Alternatively, cells were selected as positive for each Gzm
and the percentages of the above-mentioned lymphocyte
populations were analysed within the Gzm™ lymphocytes.

Assays

Plasma EDTA samples were obtained from all sepsis pa-
tients, 10 non-infected ICU patients and 36 healthy sub-
jects. Plasma was kept at —80°C until use. GzmA and
GzmB were measured by enzyme-linked immunosorbent
assay (ELISA) using reagents from Sanquin (Amsterdam,
the Netherlands) as previously described (32). The limits
of detection of the assays were 18 pg/ml for GzmA and
22 pg/ml for GzmB.

Statistical analysis

Data in the Figures are expressed as box-and-whiskers show-
ing the smallest observation, lower quartile, median, upper
quartile and largest observation. Categorical data are pre-
sented as numbers (percentage) and comparisons were per-
formed by the use of y* or Fisher’s exact tests when needed.
Continuous parametric data are presented as means with
standard deviations, while continuous nonparametric data
are expressed as medians with quartiles 1 and 3 (Q1-Q3),
and comparisons between groups were performed using the
Mann—Whitney U-test. Correlations were calculated using
the Spearman’s rho test. Analyses were performed using

GraphPad Prism version 5.0 (San Diego, CA, USA) and
SPSS version 15.0 (Chicago, IL, USA). Statistical signifi-
cance was defined as p value < 0.05.

RESULTS
Patients and lymphocyte subsets

We performed flow cytometry on blood samples obtained
from 22 sepsis patients and 12 non-infected ICU patients
within 24 h after admission to the ICU, as well as on blood
from 32 healthy controls (46.5 + 14.2 years, 62.5% male).
While enrollment of patients was based on the presence of
at least two SIRS criteria, all sepsis patients in retrospect
fulfilled the sepsis-3 criteria (1). Table 1 shows the main
demographic and clinical characteristics of patient groups.
Sepsis patients were older than non-infected ICU patients
(»p = 0.006) and healthy controls (p = 0.0002). The most
common site of infection among sepsis patients was the lung
(50%). No significant differences were found between both
groups of patients regarding disease severity or outcome
(Table 1). Sepsis and non-infected ICU patients showed re-
duced absolute numbers of all lymphocyte subsets analysed
(CD4* T, CD8" T, CD56 T, NK and yOT cells) when com-
pared with healthy controls (Table 2; for gating strategy see
Supporting information, Figure S1). This was largely due
to a marked reduction in total lymphocyte numbers relative
to healthy individuals; the proportions of CD4* T, CD8" T,
CD56" T and y8T cells did not differ significantly between
groups, while sepsis and non-infected ICU patients presented
lower percentages of NK cells when compared to healthy
controls.

Intracellular expression of GzmA, B, K and M

Both groups of patients showed reduced absolute numbers
of lymphocytes positive for each Gzm when compared
with healthy individuals (Table 2; for gating strategy see
Supporting information, Figure S2). Sepsis patients pre-
sented lower proportions of GzmA™ lymphocytes when
compared with healthy controls (Table 2). Non-infected
ICU patients showed lower percentages of lympho-
cytes expressing GzmA, K and M than healthy controls.
Differences between the two groups of patients were not
significant.

We then determined which lymphocyte subsets expressed
each Gzm (Figure 1; Supporting information, Figure S2
shows the gating strategy). NK and CD8* T cells were the
main source of GzmA, B and M in both patients and healthy
controls. When compared with health, sepsis and non-
infectious critical illness were associated with increases in
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TABLE 1 Demographic and clinical characteristics of patients

Non-infected

Sepsis n = 22 n=12
Demographics
Age (years) 62.2 +13.5 479 +15.6°
Gender (male) 11 (50.0) 8 (66.7)
Race (white) 20 (90.9) 9 (75.0)
Charlson Index 1.0 (0-3.0) 0.5 (0-2.0)
Charlson Index 4.0 (2.8-6.0) 2.0(0.3-5.5)
age-adjusted
Severity of disease
Shock 5(22.7) 3(25.0)
APACHE 1V score 77.0 (57.8-98.8) 65.0 (55.5-98.3)
SOFA score 8.0 (6.0-12.0) 7.5(6.3-11.3)
Organs failing 1.0 (1.0-3.0) 2.0 (1.0-2.8)
Mechanical 13 (59.1) 11 (91.7)
ventilation
Site of infection
Pulmonary 11 (50.0) n.a.
Abdominal 4(18.2) n.a.
Urinary 3(13.6) n.a.
Other 209.1) n.a.
Co-infection 209.1) n.a.
Pathogen
Gram-positive 5(22.7) n.a
Gram-negative 4 (18.2) n.a
Gram-positive and 3(13.6) n.a.
-negative
Virus 29.1) n.a.
Unknown 8 (36.4) n.a.
Admission diagnosis
Cardiac arrest n.a 4(33.3)
Trauma n.a 2 (16.7)
Other n.a 6 (50.0)
Outcome of disease
ICU stay (days) 6.0 (3.0-8.8) 3.5(3.0-8.8)
ICU mortality 3(13.6) 3(25.0)
90-day mortality 7 (31.8) 4(33.3)

Note: Values are number of individuals (%) except for age, which are
mean =+ standard deviation, and Charlson Comorbidity Index, APACHE IV
score, SOFA score, number of damaged organs and days of stay in ICU, which

are medians (Q1-Q3).

Abbreviations: APACHE, acute physiology and chronic health evaluation;
n.a., not applicable; ICU, intensive care unit; SOFA, sequential organ failure

assessment.

*p < 0.01 versus sepsis patients by Mann—Whitney U-test.

the relative contribution of CD8" T cells and decreases in
the relative contribution of NK cells to intracellular GzmA,
B and M expression. Sepsis patients also showed a modest
increase in the contribution of CD4* T cells to intracellular

GzmA and B expression. GzmK was primarily expressed by
CD8™ T cells and did not differ between patients and healthy
controls.

Next, we analysed the percentage of Gzm™ cells within
each lymphocyte subset (Figure 2; see Supporting informa-
tion, Figure S1 for gating strategy). Patients with sepsis and
non-infectious critical illness showed clear decreases in the
percentage of NK cells expressing GzmA, B and M relative
to healthy controls. Both NK”#" and NK%™ cells presented
this diminution (data not shown). A lower percentage of
CD56" T cells GzmA™ were also observed in patients than
in healthy individuals. Conversely, the proportion of CD8*
T and y8T cells expressing GzmB was increased in sepsis
patients compared to healthy controls.

Additionally, we analysed co-expression of GzmA, B and
M (due to limitations in antibody availability, the four Gzm
could not be analysed simultaneously). A high proportion of
cells positive for GzmA, B or M co-expressed the three Gzm
(Figure 2). Very high positive correlations were found between
the percentage of each lymphocyte population expressing
GzmA, B or M in patients and healthy controls (Supporting in-
formation, Table S1). Lower positive, absent or even low neg-
ative correlations were found between expression of GzmA, B
or M versus K (Supporting information, Table S1).

Intracellular expression of any of the four Gzm did not
correlate with disease severity variables such as the presence
of septic shock, SOFA or APACHE IV scores (Supporting
information, Table S2).

Plasma levels of granzymes A and B

We measured plasma levels of GzmA and B in healthy con-
trols and both groups of patients (Table 3). There were no
significant differences between groups regarding GzmA
concentration. Plasma levels of GzmB were increased in
non-infected ICU patients compared to healthy controls and
sepsis patients, and non-infected ICU patients presented
a higher percentage of samples with GzmB concentrations
above the detection limit than sepsis patients (Table 3).
Only minor correlations were found between plasma lev-
els of GzmA or B and their respective intracellular expres-
sion in either patients or controls, and also when taking into
account each lymphocyte population (data not shown).

DISCUSSION

Our study aimed to investigate the intracellular expression of
GzmA, B, M and K in different lymphocyte subpopulations
in patients with sepsis compared to non-infected patients with
critical illness and healthy individuals. To our knowledge,
this is the first study describing the intracellular expression
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TABLE 2 Proportion of lymphocyte populations and granzyme positive cells in patients and controls

Controls n = 32*

Sepsis n = 22%

Non-infected
n=12

Lymphocytes
Cells x 10°/ml
%

CD4™ T cells
Cells x 10*/ml
%

CD8™ T cells
Cells x 10%ml
%

CD56" T cells
Cells x 10*/ml
%

NK cells

Cells x 10*/ml
%

v T cells
Cells x 10*ml
%

GzmA™ cells
Cells x 10*/ml
%

GzmB* cells
Cells x 10*/ml
%

GzmK™ cells
Cells x 10%ml
%

GzmM™ cells
Cells x 10*/ml
%

17.9 (13.9-25.0)
19.8 (15.9-21.9)

84.4 (53.8-106.3)
43.5 (36.4-48.8)

37.9 (28.4-66.3)
21.5 (18.7-26.8)

4.7 (1.9-6.0)
2.1(1.3-3.0)

23.6 (16.3-39.1)
12.7 (10.7-20.8)

3.8(1.5-5.2)
2.1 (1.1-4.3)

61.3 (38.4-114.4)
32.6 (24.0-42.1)

40.4 (29.7-75.3)
24.3 (15.7-30.3)

20.9 (11.7-45.8)
14.1 (11.4-15.7)

47.8 (30.9-84.8)
27.2(21.7-37.6)

3.6 (2.2-6.3)%*x
2.5 (1.7-4.5)%

15.3 (7.6-24.6)**#5
37.0 (22.6-48.0)

5.6 (2.7-13.8)* %
15.8 (10.9-28.2)

0.6 (0.2-1.6)***
1.5(0.9-2.4)

4.3 (2.0-7. 4w
11.6 (5.8-14.8)*

0.6 (0.2-3.1)%
1.5 (0.8-2.6)

6.6 (4.2-19.8)****
23.9 (15.4-37.2)*

6.2 (4.2-17.6)%5%
20.8 (13.6-31.3)

3.3 (1.8-6.5)**
11.7 (3.6-13.7)

7.8 (3.8-19.6)***
23.5(13.8-35.4)

9.5 (5.1-15.8)*™
6.9 (4.2-9.1)#skst#

36.0 (22.0-74.4)"
46.8 (30.9-56.6)

22.1 (6.1-38.9)"
223 (12.0-32.9)

1.9 (0.7-3.0)*"
1.4 (1.3-1.8)

6.2 (3.5-13.5)%*
5.3 (4.0-10.7)%*

0.8 (0.4-3.2)*
1.1 (0.6-2.3)

15.7 (9.0-25.6)**
16.2 (11.7-34.5)*

12.6 (6.0-23.3)%*
13.5 (7.4-33.0)

9.1 (3.4-13.9)%
8.1 (5.3-12.5)%

14.5 (7.9-22.6)**
12.8 (8.7-34.7)*

Note: Percentages were calculated from total lymphocytes, except for lymphocytes that were calculated from total leukocytes. Values are presented as medians

(Q1-Q3).

Abbreviations: NK: CD3"CD56™; Gzm, granzyme; NK = natural killer.

“White blood cell counts for values of cells/ml were available in a subgroup of 13 control individuals and 20 sepsis patients.

*p < 0.05, #¥p < 0.01, #**p < 0.001 and ****p < 0.0001 when compared to controls; and #p < 0.05, "p < 0.01 and *p < 0.001 when comparing sepsis versus non-
infected critically ill patients, determined by Mann—Whitney U-test.

of GzmM in sepsis patients. We show decreased intracellular
expression of GzmA, B and M in NK cells from patients, as
well as increased expression of GzmB in CD8" T cells in
sepsis patients. Only minor differences between groups were
found for GzmK. Secondarily, we measured plasma levels of
GzmA and B in the same groups of individuals. We observed
increased extracellular levels of GzmB in non-infected ICU
patients relative to sepsis patients and to healthy controls.

Sepsis is often associated with lymphocytopenia (4). In
agreement, we observed diminished total lymphocyte counts
in sepsis patients, including a marked decrease in CD8* T
and NK cell numbers. Within blood lymphocytes, NK cells
and, secondly, CD8* T cells, were the main source of intra-
cellular GzmA and B, which is consistent with earlier reports
(8,10,19). Compared to healthy controls, a higher percentage
of CD8* T lymphocytes expressed GzmA and B in patients,
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FIGURE 1 Lymphocyte source of intracellular granzymes A, B, K and M in patients and controls. Distribution of Gzm-positive cells among

the different lymphocyte populations, expressed as percentage of the total number of lymphocytes positive for that granzyme. Natural killer
(NK) = CD3°CD56™; Gzm = granzyme; n = 32 healthy controls (HC), 22 sepsis and 12 non-infected intensive care unit (NI ICU) patients, except
for GzmK (sepsis n = 15, HC n = 28) and GzmM (HC n = 29). Data are box-and-whisker diagrams depicting the smallest observation, lower

quartile, median, upper quartile and largest observation. *p < 0.05 and **p < 0.01 determined by Mann—Whitney U-test

although this was only significant for GzmB, while a signifi-
cantly lower percentage of NK cells expressed these Gzm,
suggesting differential responses of the two main cellular
Gzm sources. Consistently, the relative contribution of the
CDS8" T cells to GzmA and B expression was increased rela-
tive to healthy controls, whereas the relative contribution of
NK cells was decreased. In the group of non-infected ICU
patients, in which CD8" T cells were not significantly de-
creased, the relevance of this lymphocyte subset as the source
of Gzm, to the detriment of NK cells, was even higher.
When compared to controls, patients presented decreased
percentages of NK cells positive for GzmA or B, which may
indicate that at the time of blood sampling of patients, NK cells
have already released their Gzm content and/or have migrated
from blood to the site of infection. Indeed, in response to dif-
ferent activating signals, NK cells become activated (5), and
animal studies have suggested that these cells rapidly migrate
to sites of infection (5). In this context, investigations on Gzm
expression in lymphocyte subsets in infected tissues would be of
interest. Studies analyzing samples obtained before sepsis diag-
nosis and of the activation state of blood NK cells would also be

of interest. A study comparing the gene expression profiles of
blood leukocytes between sepsis patients with and without HIV
infection (33) showed that the genes GZMA and GZMB were
under-expressed in HIV™ sepsis patients compared to HIV*
sepsis patients and controls; however, this study did not differ-
entiate expression according to the lymphocyte subpopulation.
To the best of our knowledge, the current study is the first
to report on the intracellular expression of GzmM in lym-
phocyte subpopulations in blood showing that, akin to GzmA
and B, NK and CD8* T cells are the main GzmM produc-
ers. Similar results to those observed for GzmA and B were
found for GzmM: in patients (relative to healthy controls) a
significantly lower percentage of NK cells expressed GzmM
and an increased contribution of CD8" T cells, to the detri-
ment of NK cells, as the lymphocyte source of GzmM, was
observed. A previous study (22) reported that the percentage
of GzmM™ cells did not change in different lymphocyte sub-
populations, including NK cells, in human peripheral blood
mononuclear cells stimulated with LPS. The difference with
our results could be due to the divergences between an in-
vitro assay with LPS and an infection with different type of
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FIGURE 2 Granzymes A, B, K and M expression in lymphocyte populations from patients and controls. Percentage of intracellular expression

of the granzymes in each lymphocyte population. Natural killer (NK) = CD3"CD56%; Gzm = granzyme; n = 32 healthy controls (HC), 22 sepsis
and 12 non-infected ICU (NI ICU) patients, except for GzmK (sepsis n = 15, HC n = 28) and GzmM (HC n = 29). ABM indicates cells co-
expressing GzmA, B and M. Data are box-and-whisker diagrams depicting the smallest observation, lower quartile, median, upper quartile and
largest observation. *p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001 determined by Mann—Whitney U-test

live pathogens in humans in vivo. In addition, in-vitro exper-
iments cannot capture possible migration of cells to the sites
of infection. Intracellular expression of GzmK was especially
observed in CD8™" T cells, which is in accordance with previ-
ous studies (14,19); CD8* T cell GzmK expression was rela-
tively unaltered in patients when compared to controls.
Plasma levels of GzmA and B did not differ between sep-
sis patients and controls. A previous study (25) demonstrated

increased plasma levels of GzmA, but not GzmB, in patients
with severe sepsis compared to healthy controls. A transient
rise in plasma GzmA and B levels was measured after LPS
injection into healthy humans (21), and elevated serum or
plasma levels of GzmA and/or GzmB were reported in pa-
tients with bacteremic melioidiosis (21), typhoid fever (18),
tuberculosis (19), malaria (32) or viral infections, such as by
Epstein—Barr virus (EBV) or HIV-1 (34). The disparity with
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TABLE 3 Plasma levels of GzmA and B in patients and controls

Healthy controls (n = 36)

Sepsis (n = 22)*

Non-infected (n = 10)

GzmA GzmB GzmA GzmB GzmA GzmB
Median (Q1-Q3) 33.6 (28.0-40.0)  27.8* 35.7 23.0%* 20.0 (11.5-42.6) 83.4
(11.0-53.5) (24.8-46.3) (11.0-38.1) (45.9-266.0)
Samples above DL 33 (91.7) 25(69.4) 19 (86.4) 11 (57.9)% 7(70.0) 9 (90.0)
(%)

Note: Values are median of granzyme (Gzm) plasma levels (Q1-Q3) or number of samples with values above the detection limit (%). Detection limit (DL) of the
assays: 18 pg/ml for GzmA and 22 pg/ml for GzmB. In individuals with Gzm concentration lower than the DL, a value of DL/2 was assigned.

*For GzmB, n = 19. *p < 0.05 and **p < 0.01 versus non-infected critically ill patients, determined by Mann—Whitney U-test. p < 0.05 versus non-infected critically

ill patients, determined by Fisher’s exact test.

our present data is uncertain, but may be related to differences
in causative pathogens; for example, infections associated
with elevated GzmA and B plasma levels are caused mainly by
Gram™ bacteria, parasites or virus, which only represent half
of our sepsis patients with positive culture. Plasma GzmB lev-
els were elevated in the non-infected ICU patients relative to
both sepsis patients and healthy controls. Extracellular levels
of Gzm have been also found in other non-infectious diseases,
including rheumatoid arthritis, chronic allergic asthma and
Behget’s disease, in samples such as plasma, synovial fluid or
bronchial lavage fluid (16), indicating that Gzm release can
be triggered by a variety of stimuli.

Earlier studies have indicated the involvement of Gzm
in the pathophysiology of sepsis (35). GzmA, B, K and M
can stimulate the production, release and/or processing of
several cytokines (6). Gzm can trigger intracellular signal-
ing through cell—cell interaction leading to target cell kill-
ing and/or stimulation of cytokine release. Moreover, Gzm
have been implicated in several host response aberrations
involved in sepsis, including coagulation activation, platelet
function, endothelial barrier and integrity (35). The effect
of Gzm (especially GzmB) on extracellular matrix proteins
and other cell surface proteins suggest a role in altering cell
migration and in tissue remodeling (16,36). We have pre-
viously shown role for GzmA and B in limiting bacterial
growth in mouse models of pulmonary and abdominal sepsis
(37,38). The current investigation does not provide insight
into the role of Gzm in critical illness. Nonetheless, it shows
that, while the percentage of NK cells expressing GzmA,
B and M is decreased in patients relative to controls, only
the percentage of those CD8" T cells expressing GzmB is
increased, and there are no relevant differences related to
GzmK. This could reflect differential roles of these four
Gzm in critical illness.

We acknowledge some limitations to our study. The num-
ber of patients included was relatively low, precluding sub-
analyses by origin of the infection or causative pathogen.
We did not measure extracellular levels of Gzm M and K.
Wensink et al. (22) reported a transient increase in plasma

GzmM and, to a lesser extent, GzmK levels after injection of
LPS into healthy humans (22).

In summary, the present study shows a marked decrease
in intracellular expression of GzmA, B and M by NK cells in
both sepsis and non-infected ICU patients and an increased
intracellular expression of GzmB by CD8" T cells in sep-
sis patients, compared to healthy controls. Further studies
in sepsis patients are warranted to provide insight into intra-
and extracellular Gzm expression in different body compart-
ments, including the primary site of infection.
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