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Abstract: Objective: This study aims to elucidate the roles of PD-1, Tim-3 and CTLA-4 in sepsis. Methods: Sepsis
patients (n = 182) were selected as sepsis group and divided into three subgroups: mild sepsis group, severe sepsis
group and septic shock group; 185 healthy volunteers were enrolled as control group. Flow cytometry and blood rou-
tine examination were performed for T lymphocytes and surface co-stimulatory molecules expressions. Pearson cor-
relation test was applied for the correlation of co-stimulatory molecules expressions on T lymphocytes with critical
iliness in sepsis. Logistic regression analysis was conducted for risk factors in sepsis. Results: Heart rate and WBC
in subgroups were higher than control group (P < 0.05). The differences in APACHE Il, SAP Il and SOFA score among
subgroups were statistically significant (P < 0.05). Compared with control group, lymphocyte ratio and percentage
of CD4* T cells reduced in subgroups (P < 0.05). The differences in expression levels of CD4*PD-1*, CD8*PD-1*, and
CD8*CTLA-4* showed statistical significances (P < 0.05). Apparently, expression levels of CD4*TIM-3*, CD8*TIM-3*,
CD4*PD-1*, CD8+PD-1*, and CD4*CTLA-4* were positively correlated with APACHE Il score (all P < 0.05). Logistic
regression analysis showed that heart rate and expression level of CD4*PD-1* might be risk factors while the per-
centage of CD4* T cells might be a protective factor for sepsis (P < 0.05). Conclusion: PD-1 aggravates immune
responses consistent with promotion of T cell exhaustion in sepsis. Expression level of CD4*PD-1* and heart rate are
potential risk factors while percentage of CD4* T cells is a possible protective factor for sepsis.
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Introduction immune response triggered by an infection,
most commonly by bacteria, common locations
for which include lungs, blood, brain, urinary
tract, skin, and abdominal organs [5]. En-
vironmental risk factors include young or old
age, a weakened immune system from condi-

tions, such as cancer or diabetes, and major

Sepsis, a whole-body inflammation, is the first
leading cause of mortality in most intensive
care units (ICU) [1]. In the developed world,
approximately 0.2-3 per 1000 people are diag-
nosed with sepsis annually and about a million

cases of sepsis per year in the United States [2,
3]. Common signs and symptoms of sepsis
involve fever, increased heart rate, increased
respiratory rate, confusion, a cough with pneu-
monia or painful urination, and a kidney infec-
tion [4]. Severe sepsis causes poor organ func-
tion or insufficient blood flow that may be evi-
denced by low blood pressure, high blood lac-
tate, or low urine output; septic shock is sep-
sis-induced low blood pressure that does not
be improved after given reasonable amounts of
intravenous fluids [3]. The cause of sepsis is an

trauma or burns [6]. On the other hand, numer-
ous researches revealed that programmed
death 1 (PD-1) and cytotoxic T lymphocyte-
associated antigen-4 (CTLA-4) might be associ-
ated with sepsis by regulating the regulatory T
cells[1, 7, 8].

PD-1, as a member of the B7-CD28 superfamily,
functions to be a co-inhibitory receptor, the
expression of which can be induced primarily
on the cell surface of activated CD4 and CD8 T
cells [9]. PD-1 and its two main ligands includ-
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ing PD-L1 (B7-H1) and PD-L2 (B7-DC) are able
to inhibit the setting of persistent antigenic
stimulation through the regulation of the bal-
ance of activation, tolerance, and immunopa-
thology in T cells [10]. Studies recently propose
a critical role of PD-1/PD-L1 pathway in the
interaction between host and pathogenic
microbes, which evolved to resist immune
responses, such as, allergy, immune privilege,
autoimmunity, tumor immunity, ischemia/re-
perfusion injury, and transplantation immunity
[11, 12]. T cell immunoglobulin-and mucin-
domain-containing molecule 3 (Tim-3) is a neg-
ative regulator of IFN-y-secreting CD4* T helper
1 and CD8" T cytotoxic 1 cells identified nearly
10 years ago [13]. Engagement of Tim-3 by its
ligand (galectin-9) has a great effect on induc-
ing the tolerance in T cell in both mouse models
and human experiments [14]. Tim-3 has been
highlighted recently as a crucial player in the
CD8* T cell exhaustion, which occurs in chronic
immune conditions, for instance, chronic viral
infection [15, 16]. CTLA-4 is a protein which is
expressed on the surface of activated T cells
subsequent to the engagement of T-cell recep-
tor and CD28 [17]. By interacting with two
ligands, CD80 (B7-1) and CD86 (B7-2), on anti-
gen-presenting cells, CTLA-4 can potently inhib-
it the T cell immune responses [18]. Multiple
molecular mechanisms are suggested for the
way in which CTLA-4 exerts an inhibitory effect
on T-cell activation, relating to successful com-
petition with CD28 for ligand binding or ligand
removal by transendocytosis [19, 20]. It has
been documented that immuno-adjuvant thera-
py with anti-PD-1, anti-CTLA-4 and anti-Tim-3
antibodies is able to reverse sepsis-induced
immunosuppression and improve survival in
sepsis patients [1, 21].

In our present study, the purpose is to elucidate
the roles of PD-1, Tim-3, and CTLA-4 in sepsis.
In addition, our study aimed to explore the
potential mechanisms underlying the putative
beneficial effects of PD-L, Tim-3 and CTLA-4
antagonism in patients with sepsis.

Materials and methods
Ethnic statement

This study was approved by the Ethical
Committee of the First Affiliated Hospital of
Dalian Medical University. All study participants
or their family members provided written
informed consent.
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Study subjects

All subjects were divided into sepsis group and
control group. Between September 2013 and
December 2014, 182 sepsis patients (male,
105; female, 77; age range, 19-88 years; mean
age, 53.51 + 14.51 years) in the ICU were
selected from the First Affiliated Hospital of
Dalian Medical University as the sepsis group.
Sepsis was diagnosed based on the diagnostic
criteria proposed by 2001 Society of Critical
Care Medicine (SCCM)/European Society of
Intensive Care Medicine (ESICM)/American
College of Chest Physicians (ACCP)/American
Thoracic Society (ATS)/Surgical Infection So-
ciety (SIS) International Sepsis Definitions
Conference [22]. According to these diagnosis
criteria, all patients with sepsis were divided
into three subgroups: mild sepsis group (n =
54; male, 32; female, 22; mean age, 54.2 +
14.3 years), severe sepsis group (n = 46; male,
29; female, 17; mean age, 58.5 + 13.2 years),
and septic shock group (n = 82; male, 50;
female, 32; mean age, 56.5 + 14.8 years).
During the corresponding period, another 185
healthy volunteers (male, 111; female, 74; age
range, 26-79 years; mean age, 56.2 + 12.3
years), undergoing a physical examination in
the outpatient department, were enrolled as
the control group. No statistical difference in
age was detected between the four groups (all
P> 0.05).

Inclusion criteria of sepsis patients were: (1)
body temperature > 38°C or < 36°C; (2) heart
rate > 90 times/min; (3) respiratory rate > 20
times/min; (4) peripheral blood white blood cell
count (WBC) > 12 x 10° [23]. Sepsis patients
met any above 3 of 4 inclusion criteria were
enrolled in the sepsis group. Exclusion criteria
were: (1) patients with severe trauma, immuno-
deficiency virus (HIV) or hematologic diseases;
(2) patients with tumor or chronic diarrhea;
(3) patients received an organ transplant; (4)
patients with chronic hepatic and renal insu-
fficiency; (5) patients during pregnancy or
lactation.

Flow cytometry for T lymphocytes and surface
co-stimulatory molecules expressions

Briefly, 2-3 mL peripheral venous blood sam-
ples were collected and anticoagulated with
ethylenediaminetetraacetic acid (EDTA; PER-
LONG, Beijing, China). After mixed well, 100 uL
of each whole blood sample was sucked into 5
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Table 1. Clinical characteristics of patients with mild sepsis, severe sepsis and septic shock and

healthy controls

Groups Control group

Mild sepsis group  Severe sepsis group  Septic shock group

(n=185) (n=54) (n=46) (n=82)
Age (year) 56.2 +12.3 54.2 + 14.3 58.5+13.2 56.5 + 14.8
Male/Female (case) 111/74 29/17 50/32
Body temperature (°C) 36.9+3.8 38.7+3.9 38.8+4.6 39.5+4.4°
Heart rate (times/min) 95.27 £+ 9.36 102.95 + 8.072 104.71 + 9.072 105.11 + 9.07°
Respiratory rate 18.49 + 5.30 20.08 + 3.89 21.27 £ 3.43° 22.21 + 4.01°"
WBC (x 10°%/L) 9.45 + 3.23 11.67 £ 4.05° 14.62 + 3.012" 14.98 + 5.122°
APACHE Il score - 16.26 + 4.32 22.34 +5.12° 25.26 + 6.28"°
SAPS Il score - 2351 +11.21 39.26 + 9.30° 42.20 + 10.95°
SOFA score - 725+ 1.27 8.12 +1.26° 10.59 + 1.53¢¢

Note: WBC, white blood cell; APACHE, acute physiology and chronic health evaluation; SAPS, simplified acute physiology; SOFA,
sequential organ failure assessment; 2compared with the control group, P < 0.05; °"compared with themild sepsis group, P <

0.05; ‘compared with the severe sepsis group, P < 0.05.

different test tubes. Monoclonal antibodies (20
uL) against CD4 and CD8 were added into the
first test tube, monoclonal antibodies (20 uL)
against CD4, CD8 and CTLA-4 into the second
test tube, monoclonal antibodies (20 uL)
against CD4, CD8 and PD-1 into the third test
tube, monoclonal antibodies (20 ulL) against
CD4, CD8 and Tim-3 into the fourth test tube,
IgG-FITC, IgG-PE and IgG-APC into the fifth test
tube as homotype control. After being mixed
well, all test tubes were cultured under dark for
30 min at room temperature, and then added
with 0.5 mL fresh hemolytic agent (hemolysin:
distilled water = 1:9; PERLONG, Beijing, China),
and cultured under dark for 12 min after being
mixed well. Subsequently, all test tubes were
centrifuged at 300 x g for 5 min, and washed
with phosphate buffer solution (PBS) 3 times.
Supernatant was discarded, PBS (0.3 mL) was
added into each test tube and stored at 4°C
after being mixed well, for detection within 24
h. Lymphocyte counts, lymphocyte ratio, per-
centage of CD4* cells, percentage of CD8*
cells, and the expression rates of CTLA-4, PD-1
and Tim-3 on CD4* and CD8"* cells were deter-
mined, respectively.

General clinical parameters detection and
blood routine examination

Age and gender of all study subjects were
recorded. Vital signs, including body tempera-
ture, heart rate, respiratory rate and WBC of
all patients were monitored. Automatic blood
cell analyzer (Beckman Coulter) was used to
detectthe absolute value of lymphocyle (x
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10°%/L). The expression of CTLA-4, PD-1 and
Tim-3 (x 108/L) = the absolute value of lympho-
cyte x the expression rate of CTLA-4, PD-1 and
Tim-3. Acute physiology and chronic health
evaluation (APACHE) Il score, simplified acute
physiology (SAPA) Il score and sequential organ
failure assessment (SOFA) score of all patients
were calculated [24].

Statistical analysis

The statistic software SPSS19.0 was used to
carry out all the statistical analysis. The mea-
surement data were expressed by mean + stan-
dard deviation (SD). The single factor analysis
of variance was used for the comparisons
among multiple groups, and the least signifi-
cant difference t (LSD-t) test was used for the
comparisons between groups. Comparisons of
enumeration data were carried out utilizing the
chi-square test. Correlation analysis was con-
ducted by using the Pearson correlation test.
All P values were bilateral and a value of P <
0.05 was considered statistically significant.

Results
Clinical characteristics

There was no statistically significant difference
in age or gender between the control group and
those three subgroups (all P > 0.05). In the sub-
groups, both heart rate and WBC were higher
than the control group (all P < 0.05). The WBC
in the septic shock group and the severe sepsis
group were also higher than the mild sepsis
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Table 2. Comparisons of lymphocytes between the sepsis groups (mild sepsis group, severe sepsis
group and septic shock group) and the control group (X )

Control group

Mild sepsis group  Severe sepsis group  Septic shock group

Groups (n = 185) (n = 54) (n = 46) (n=82)
Lymphocyte ratio (%) 29.67 + 6.87 16.18 + 5.16° 15.83 + 5.36° 16.54 + 5.35
Lymphocyte count (%) 1.64 + 0.58 1.54 + 0.46 1.36 + 0.42° 1.21 + 0.482°
CD4* T (%) 59.27 + 7.23 34.99 + 8.68° 34.71 + 8.80° 35.98 + 9.69°0¢
CD8* T (%) 33.14 + 7.63 32.31+8.07 31.24 + 7.08 30.85 + 8.06

Note: 2compared with the control group, P < 0.05; "compared with the mild sepsis group, P < 0.05; ‘compared with the severe

sepsis group, P < 0.05.

Table 3. Comparisons of co-stimulatory molecules on T lymphocytes
between the sepsis groups (mild sepsis group, severe sepsis group
and septic shock group) and the control group (X *'s, x 106/L)

count in the severe sepsis
group and the septic shock
group were lower than the

Control group  Mild sepsis Severe sepsis

control group (both P <

Groups (n=185) group (n=54) group (n = 46)
CD4'TIM-3* 62.3+5.7  61.0+6.2

CD8'TIM-3* 4.3+ 1.2 46+1.3 46+ 17
CD4'PD-1*  21.8+3.0  23.9+2.1°

CD8'PD-1*  3.4+0.7 3.6 +0.7°

CD4'CTLA-4* 1168+ 141 117.8+16.0 116.6+12.8
CD8'CTLA-4* 37.6+6.9  40.7+7.8°

60.4+6.4

243 + 3.6°
3.8+1.1°

42.4 +5.2°

Septic shock
group (n = 82) 0.05). Compared with the
62.5 + 6.0 mild sepsis group, lympho-

4.7 +1.6 cyte count in the septic
shock group was lower (P

246 +3.3°

304160 < 0.05) (Table 2).
1209121 Comparisons of co-stim-

43.7 £ 7.1°

ulatory molecules on T

Note: 2compared with the control group, P < 0.05.

group (both P < 0.05). The respiratory rate of
the severe sepsis group and the septic shock
group were higher than that of the control group
(both P < 0.05); in addition, the respiratory rate
of the septic shock group was also higher than
that of the mild sepsis group (P < 0.05). The dif-
ferences in APACHE Il score, SAP Il score
and SOFA score between the subgroups were
statistically significant (all P < 0.05). APACHE I
score, SAP Il score and SOFA score in the septic
shock group were higher than those in the mild
septic group; additionally, APACHE Il score and
SOFA score in the septic shock group were
higher than those in the severe septic group
(all P < 0.05) (Table 1).

Comparisons of peripheral blood T lymphocyte
subsets

Compared with the control group, both lympho-
cyte ratio and percentage of CD4* T cells in
peripheral blood reduced in all subgroups (all
P < 0.05). Lymphocyte ratio and percentage of
CD4* T cells in peripheral blood of the severe
sepsis group and septic shock group were also
lower in comparison with those of the mild sep-
sis group (all P < 0.05). The percentage of CD4*
T cells in the septic shock group was lower than
the severe sepsis group (P < 0.05). Lymphocyte
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lymphocytes

As seen in Table 3, there were no statistically
significant differences in CD4'TIM-3*, CD8*
TIM-3* and CD4*CTLA-4* expression levels
between all groups (all P > 0.05); the differenc-
es in the expression levels of other co-stimula-
tory molecules (CD4*PD-1*, CD8*PD-1*, CD8*
CTLA-4") between groups did show statistical
significance (all P < 0.05). Compared with
the control group, the expression levels of
CD4*CTLA-4*, CD4*PD-1* and CD8*PD-1* in all
subgroups were higher (all P < 0.05) (as seen
in Table 3 and Figure 1).

Correlations ofco-stimulatory molecules ex-
pressionson T lymphocytes withthe critical
illnessin sepsis

Correlation analysis showed that no correlation
between the expression levels of co-stimulato-
ry molecules on T lymphocytes and SAPS I
score was found. Apparently, the expression
levels of CD4*TIM-3*, CD8*TIM-3*, CD4*PD-1*,
CD8*PD-1*, and CD4*CTLA-4* were positively
correlated with APACHE Il score (all P < 0.05).
In addition, certain positive correlations were
detected to exist between the expression le-
vels of CD4*TIM-3*, CD8'TIM-3*, CD4*PD-1*,
CD8*PD-1*, and CD4*CTLA-4* and SOFA score
(all P < 0.05) (Table 4).
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Table 4. Correlation analysis for critical illness
score and expression levels of co-stimulatory
molecules on T lymphocytes

Groups APACHE Il SAPS II SOFA

score score score
CD4*TIM-3* 0.728" 0.017 0.651"
CD8'TIM-3* 0.827" 0.003 0.679"
CD4*PD-1* 0.861" 0.059 0.731"
CD8'PD-1* 0.867" 0.017 0.732"
CD4*CTLA-4* 0.728" 0.067 0.651"
CD8'CTLA-4* 0.103 0.155" 0.133

Note: figures in the table were correlation coefficients;
“P < 0.05; APACHE, acute physiology and chronic health
evaluation; SAPS, simplified acute physiology; SOFA,
sequential organ failure assessment.
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Figure 1. Flow cytometry analysis of the expression
levels of co-stimulatory molecules on T lymphocytes
in sepsis patients and healthy controls.

Logistic regression analysis

The multivariate non-conditioned logistic
regression analysis was conducted with sepsis
as a dependent variable, and heart rate, WBC,
lymphocyte ratio, percentage of CD4* T cells,
CD4*PD-1*, CD8*PD-1* and CD8*CTLA-4*, which
were proven to be risk factors with statistical
significances by above analysis, as indepen-
dent variables. The results showed that heart
rate (P = 0.022, EXP (B) = 1.200, 95% CI =
1.027-1.401), expression level of CD4*PD-1* (P
= 0.003, EXP (B) = 1.530, 95% CI = 1.159-
2.018), and expression level of CD8*CTLA-4*
(P < 0.001, EXP (B) = 1.305, 95% CI = 1.133-
1.503) might be risk factors for sepsis, while
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Table 5. Logistic regression analysis of the risk factors for sepsis

Regression coef-

Variables ficient Standard error Wald value P EXP (B) 95% ClI

Heart rate 0.182 0.079 5.267 0.022 1.200 1.027 1.401
WBC -0.428 0.236 3.299 0.069 0.652 0.410 1.035
Lymphocyte ratio 0.134 0.143 0.877 0.349 1.144 0.865 1.515
Percentage of CD4* T cells -0.556 0.121 21.269 <0.001 0.574 0.453 0.726
CD4*PD-1* 0.425 0.141 9.040 0.003 1.530 1.159 2.018
CD8*PD-1* 1.133 0.795 2.030 0.154 3.106 0.653 14.762
CD4*CTLA-4* 0.266 0.072 13.647 <0.001 1.305 1.133 1.503

Note: WBC, white blood cell; EXP (B), exponential (B); 95% Cl, 95% confidence interval.

the percentage of CD4* T cells (P < 0.001, EXP
(B) = 0.574, 95% CI = 0.453-0.726) might be a
protective factor for sepsis (Table 5).

Discussion

Our present results demonstrated that high
expression level of CD4*PD-1" and heart rate
are potential risk factors for sepsis; while high
percentage of CD4* T cells is a possible protec-
tive factor for sepsis. The findings of flow cyt-
ometry in our present study showed that the
expression level of CD4*PD-4* in the patients
with mild sepsis, severe sepsis or septic shock
were higher as compared with healthy controls,
suggesting that high expression level of PD-1
may serve as a pathophysiologic hallmark of
sepsis. These in vitro outcomings strengthen
the proposal that PD-1 pathway supplies a
promising novel approach in the administration
of sepsis. In addition, our results demonstrated
that the percentage of CD4* T cells in peripher-
al blood of the patients with septic shock was
the lowest, and patients with severe sepsis,
patients with mild sepsis, healthy controls, suc-
cessively, further revealing that the PD-1 path-
way may be critical in sepsis by regulating T cell
co-stimulatory signal. However, no obvious
correlations were observed between Tim-3 and
CTLA-4 expressions and the progression of
sepsis in our present study.

During the inflammatory response, T lympho-
cytes play an important role in suppression
of immuneresponse, as demonstrated by the
increase in number and functional enhance-
ment following the onset of severe sepsis or
septic shock [25]. A possible strategy for the
improvement of host immunologic defenses is
the application of agents that up-regulate adap-
tive immunity through the blockage of inhibitory
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receptors that are expressed on T lymphocytes,
which has presented efficacy in many infec-
tious models [10]. The activation of T cell is
controlled by the expression of positive and
negative co-stimulatory molecules preventing
excessive function of T cell [26]. During inflam-
matory states, the expression of PD-1 is highly
up-regulated causing inhibition of many T cell
functions, such as proliferation, cytotoxic activ-
ity and cytokine production, and leading to T
cell “exhaustion” [27, 28]. These “exhausted” T
cells are non-functional, prone to apoptosis,
and are incapable of participating in effective
immune responses, thus resulting in the chron-
ic nature of viral infections [28]. Therefore,
blocking PD-1 by using inhibitory antibodies
has been demonstrated to restore the func-
tion of T cells, enhance antiviral responses in T
cells, and decrease viral load in sepsis [29]. In
line with our results, recent studies displayed
that the over-expression of PD-1 on circulating
T cells in sepsis patients is related to reduced
proliferative capacity in T cells, and enhanced
secondary nosocomial infections and mortality
[1, 30].

The results in our study also showed that heart
rate in patients with mild sepsis, severe sepsis
or septic shock were higher than that in the
healthy controls, suggesting high heart rate
may also serve as a pathophysiologic hallmark
of sepsis. The monitoring of heart rate for early
detecting sepsis, which applied mathematical
methods to report the fold-increase in sepsis
risk, provides independent information to labo-
ratory tests and clinical findings, and reduced
the mortality of very low birth weight infants
with sepsis, in a large randomized trial, in neo-
natal intensive care unit (NICU) [31]. In addi-
tion, Douglas et al. have systematically ass-
essed the application of heart rate for the
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screening of premature sepsis infants, docu-
menting that the monitoring of heart rate char-
acteristics is a validated risk marker for sepsis
in the NICU [32]. Furthermore, Brown et al. have
reported that increased variability of heart rate
measured at 30-second intervals was associ-
ated with increased probability of successful
early resuscitation of severe sepsis and septic
shock after controlling for covariates [33].

In conclusion, PD-1 aggravates key immune
responses consistent with promotion of T
cell exhaustion in peripheral venous blood of
patients with sepsis. High expression level of
CD4*PD-1* and heart rate are potential risk fac-
tors for sepsis; while high percentage of CD4* T
cells is a possible protective factor for sepsis.
Consequently, the present results suggest that
T cell exhaustion is a major etiology of immune
dysfunction in sepsis, and the reversal of puta-
tive T cell exhaustion by utilizing anti-PD-1 pro-
vides promise in the treatment of sepsis.
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