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Purpose: Immune dysfunction plays a pivotal role in sepsis pathogenesis. Previous studies have revealed the crucial role of T cells
and human leukocyte antigen-DR (HLA-DR) in sepsis. However, the function of natural killer (NK) cells remains unclear. This study
aimed to investigate whether NK cells are associated with sepsis prognosis. In addition, we aimed to explore the interrelation and
influence between NK and other immunological features in patients with sepsis.

Patients and Methods: This retrospective, observational study included patients with sepsis from two hospitals in mainland China.
The clinical characteristics and immune results during the early phase were collected. Patients were classified according to the level of
immune cells to analyze the relationship between immunological features and 28-day mortality.

Results: A total of 984 patients were included in this study. Non-survivors were older and had lower levels of lymphocytes,
monocytes, NK cells, HLA-DR, and T cells. Patients were classified into eight groups according to their levels of NK cells, HLA-
DR, and T cells. Only patients with decreased NK and T cell counts showed a significant increase in 28-day mortality. An increase in
CDB8+ T cells was correlated with the alleviation of 28-day mortality only among patients with high NK cell levels.

Conclusion: This study provides novel insights into the association between NK cells and 28-day mortality as well as the interrelation
between NK cells and other immune cells in sepsis. The relationship between CD8+ T cells and 28-day mortality in sepsis is dependent
on NK cell count.
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Introduction

Sepsis is a life-threatening organ dysfunction caused by dysregulated host responses to infection.' It is estimated that
48.9 million people present with sepsis and 11.0 million people die due to sepsis per year worldwide.? Recent study
carried out in mainland China reported an incidence of 328.25 (95% CI 315.41-341.09), 359.26 (95% CI 345.4-373.12)
and 421.85 (95% CI 406.65-437.05) sepsis cases per million people in 2017, 2018 and 2019 respectively.> A previous
study revealed a 20.6% prevalence of sepsis and a 90-day mortality rate of 35.5% in patients admitted to intensive care
units (ICUs) in mainland China.*

Immune dysfunction is a pivotal pathophysiological feature of sepsis that involves different types of immune cells.
This alarming case fatality has led to intense research efforts, but with no exciting results.””’ Immune cell apoptosis is
commonly observed in sepsis, especially in T cells, B cells, natural killer (NK) cells, and dendritic cells.® The number of
T cells, B cells, and NK cells decreased over time in patients with sepsis. Moreover, a decrease in T cells, especially
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CD8+ T cells, is closely associated with the severity and mortality of sepsis patients.®'° Diminished expression of
human leukocyte antigen-DR (HLA-DR) in blood monocytes is a well-established marker of immunosuppression in
sepsis and correlates with poor outcome.'' Patients with delayed or no improvement in HLA-DR or a decline in HLA-DR
expression had a higher risk of 28-day mortality.'> A multicenter study illustrated that the combination of regulatory
T cells, HLA-DR, and CD88 had a stronger correlation with mortality in patients with sepsis than with each marker
alone.'® Though much attention on T cells and HLA-DR, less is about the role innate immune cells play in sepsis, which
is the first line of defense against infection. NK cells are distinctive components of the innate immune system. It is
a cytotoxic lymphocyte of the innate immune system that is capable of killing targeted cells directly.'*'> However, the
relationship between NK cells and sepsis outcome remains unclear. In this study, we combined NK cells, HLA-DR, and
T cells, which are components of innate immunity, antigen presentation, and adaptive immunity, respectively, to represent
different immunological features. Our aim was to investigate the relationship between NK cell levels and 28-day
mortality in sepsis, as well as the interrelation and influence between NK and other immunological features in sepsis

patients.

Materials and Methods

Patients
This retrospective study was conducted at two tertiary teaching hospitals in China (Zhongda Hospital affiliated with
Southeast University and Drum Tower Hospital in Nanjing) between December 2016 and December 2021. Patients
diagnosed with sepsis according to Sepsis-3 criteria were included.! Exclusion criteria included patients aged less than 18
years or > 85 years, readmitted to the ICU, pregnant, diagnosed with immune disorders, cancer, agranulocytosis or AIDS,
taking immunosuppressant drugs, long-term or high-dose steroid use, or lack of immune cell testing.

The study was conducted in accordance with the Declaration of Helsinki and was approved by the Institutional
Review Board of Zhongda Hospital, Southeast University.

Data Collection

Clinical characteristics, including age, sex, sequential organ failure assessment (SOFA) score, Acute Physiology and
Chronic Health Evaluation (APACHE 1I) score, and 28-day mortality, were retrospectively collected from medical
records. The first laboratory test recorded during hospitalization included CD3+ T cells, CD4+ T cells, CD8+ T cells,
neutrophils, lymphocytes, monocytes, natural killer (NK) cells, and human leukocyte antigen (HLA)- DR.

Statistical Analysis

Variables were presented as mean values and standard deviations or median and interquartile range (IQR), depending on
their normality. Categorical variables were presented as percentages. Normality distribution for quantitative variables was
tested using the Kolmogorov—Smirnov test (P > 0.10).

The receiver operating characteristic curve and Youden index were used to determine the cutoff values for immune
cells. Immune cell levels were then classified using cutoff values. We categorized patients into eight groups according to
the level of immune cells as follows: group I, high levels of NK cells, HLA-DR, and T cells; group II, high NK cells,
high HLA-DR, and low T cells; group III, high NK cells, low HLA-DR, and high T cells; group IV, high NK cells, low
HLA-DR, and low T cells; group V, low NK cells, high HLA-DR, and high T cells; group VI, low NK cells, high HLA-
DR, and low T cells; group VII, low NK cells, low HLA-DR, and high T cells; and group VIII, low levels of NK cells,
HLA-DR, and T cells (Figure 1). Groups were compared using the Student’s ¢-test, rank-sum test, or one-way analysis of
variance, as appropriate. Kaplan-Meier curves, Log rank tests, and univariate and multivariate Cox regression analyses
were used for survival analysis. All tests were two-sided, and statistical significance was set at P <0.05. Statistical
analyses were performed using the Stata 15.0 software (version 15.0; StataCorp, College Station, TX, USA). Graphs
were prepared using GraphPad Prism (version 7.0; GraphPad Software, La Jolla, CA, USA).
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Figure | Classification of patients according to the level of immune cells.
Abbreviations: NK cell, natural killer cell; HLA-DR, human leukocyte antigen-DR.

Results
Baseline Characteristics

A total of 984 patients between December 2016 and December 2021 were included in the analysis. The median age of the
patients was 64 (52, 75) years, and 322 (32.9%) were female. The median SOFA score was 9 (6, 12) and the median
APACHE II score was 19 (14, 25). The numbers of lymphocytes, monocytes, natural killer cells, HLA-DR, total T cells,
CDA4+T cells, and CD8+T cells were lower in non-survivors than in survivors (P < 0.001). In total, 225 patients (22.9%)

died within 28 days (Table 1).

The Level of NK Cells Was Associated with 28-Day Mortality

The patients were divided into two groups according to their NK cell levels. Compared to patients exhibiting high levels

of NK cells, those with low levels of NK cells showed significantly higher 28-day mortality (Figure S1). After adjusting

for age, sex, and SOFA score, this association remained statistically significant (Table S1).

Table I Comparisons of Clinical and Biochemical Variables According to Clinical Outcome

Variables Total (n = 984) Survivors (n = 759) Non-Survivors (n = 225) P value
Demographic data
Age (years, median [IQR]) 64 (52, 75) 63 (50, 74) 69 (57, 77) <0.001
Female (n [%]) 322 (32.9%) 247 (32.6%) 75 (33.6%) 0.78
SOFA score (median [IQR]) 9 (6, 12) 8 (5 I) 12 (8, 15) <0.001
APACHE Il score (median [IQR]) 19 (14, 25) 17 (13, 23) 235 (18, 29) <0.001
Biochemical data
Neutrophil counts (median [IQR]) 9.6 (6.4, 13.7) 9.6 (6.6, 13.5) 9.5 (6.1, 14.0) 0.76
Lymphocyte counts (median [IQR]) 0.7 (0.5, 1.1) 0.7 (0.5, 1.1) 0.6 (0.4, 1.0) <0.001
Monocyte counts (median [IQR]) 0.5 (0.3,0.7) 0.5 (0.3,0.7) 0.4 (0.2, 0.7) <0.001
NK cell counts (median [IQR]) 75.7 (38.7, 148.1) 83.3 (44.0, 153.6) 57.4 (28.6, 122.7) <0.001
HLA-DR (%, median [IQR]) 70.9 (42.7, 89.6) 73.4 (46.6,91.2) 57.6 (31.3, 85.5) <0.001
T cell counts (median [IQR]) 446.5 (273.6, 702.1) 467.9 (297.6, 719.0) 337.9 (199.0, 597.2) <0.001
CD4+T cell counts (median [IQR]) 261.2 (161.3, 425.2) 284.1 (172.8, 436.7) 215.5 (118.0, 385.2) <0.001
CD8+T cell counts (median [IQR]) 145.0 (81.6, 245.6) 159.3 (90.0, 248.2) 105.5 (55.6, 209.0) <0.001
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Different Immune Feature Was Associated with 28-Day Mortality

The baseline clinical and biochemical characteristics of each group, stratified by NK cell count, HLA-DR, and T cells, are
presented in Table S2. SOFA and APACHE II scores were significantly higher in group VIII than in the other groups. The
impact of different immune features on the 28-day mortality is shown in Figure 2 and Table 2. Group I had the lowest
mortality rate, whereas group VIII had the highest mortality rate during the 28-day follow-up period. In the unadjusted
Cox regression model, all groups exhibited higher mortality rates than group I, except for group V (P < 0.001). After

Table 2 Independent Predictors of 28-Day Mortality by Cox Regression Analysis

Variables Unadjusted Model Adjusted Model
HR (95% CI) P value | HR (95% CI) P value
Groups
| Reference Reference
1l 1.95 (1.25, 3.05) 0.003 1.36 (0.86, 2.15) 0.19
1]l 1.92 (1.20, 3.06) 0.006 1.55 (0.96, 2.49) 0.07
v 2.59 (1.54, 4.37) <0.001 1.66 (0.97, 2.84) 0.06
\ 1.17 (0.57, 2.42) 0.67 1.03 (0.50, 2.14) 0.93
Vi 2.88 (1.80, 4.59) <0.001 231 (143, 3.71) 0.001
Vil 2.38 (1.29, 4.39) 0.005 1.65 (0.88, 3.07) 0.12
Vil 5.26 (3.37, 8.20) <0.001 331 (2.07, 5.29) <0.001
Age 1.02 (1.01, 1.03) <0.001 1.02 (1.01, 1.03) <0.001
Female (vs male) 1.04 (0.78, 1.37) 0.81 1.06 (0.80, 1.41) 0.67
SOFA score .15 (1.12, 1.19) <0.001 1.13 (1.09, 1.16) <0.001
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Table 3 Cox Regression Analysis for 28-Day Mortality According to Level of CD8+ T Cells
in Patients with High NK Cells Counts

Variables Unadjusted Model Adjusted Model
HR (95% CI) P value HR (95% CI) P value

Groups

Low level of CD8+T cells Reference Reference

High level of CD8+T cells 0.44 (0.30, 0.63) <0.001 0.62 (0.42, 0.92) 0.016
Age 1.03 (1.02, 1.04) <0.001 1.02 (1.01, 1.04) 0.001
Female (vs male) 1.16 (0.80, 1.66) 0.44 1.19 (0.83, 1.72) 0.35
SOFA score 1,17 (1.13, 1.22) <0.001 117 (1.12, 1.22) <0.001

adjusting for age, sex, and SOFA score, only groups VI (HR 2.31; 95% CI 1.43 to 3.71, P = 0.001) and VIII (HR 3.31;
95% CI 2.07 to 5.29, P < 0.001) showed higher 28-day mortality than group I.

The Level of NK Cell Impacts the Association of T Cells with 28-Day Mortality

The patients were classified into low- and high-NK cell groups. As shown in Figure S2 and Table 3, in the high NK cell
group, an increase in CD8+ T cells was associated with significantly lower mortality after adjusting for age, sex, and
SOFA score (HR, 0.62; 95% CI 0.42 to 0.92; P = 0.016). However, in the low NK cell group, the association did not
reach statistical significance after adjustment (HR, 0.68; 95% CI 0.45 to 1.03, P = 0.07; Figure S3 and Table S3).
Interestingly, the increase in CD4+ T cells was not related to 28-day mortality in either the high or low NK cell group
(Figure S4, Figure S5, Table S4, and Table S5).

Discussion

This study used a multiparametric immunophenotype to determine immune dysfunction in patients with sepsis. Through
this study, we confirmed the relationship between NK cells and 28-day mortality, as well as the interrelation and influence
between NK cells and other immunological features in patients with sepsis. Although each marker alone was related to
28-day mortality of sepsis, the combination of the three markers showed a more interesting immunological feature
associated with sepsis. Impairment of any of the three markers alone did not affect the outcome of sepsis. Only when
dysfunction of NK cells and T cells occurred concurrently (with or without a decrease in HLA-DR) would the 28-day
mortality show a statistically significant increase. Moreover, NK cells can influence the relationship between CD8+T
cells but not CD4+T cells and the outcome of sepsis.

Compared with survivors, non-survivors of sepsis presented with an immunosuppressive phenotype. In addition to
older age and higher severity scores, non-survivors had significantly lower levels of lymphocytes, monocytes, NK cells,
HLA-DR, total T cells, CD4+T cells, and CD8+T cells. Many immune cells undergo apoptosis during sepsis, except
neutrophils, which display delayed apoptosis.'® Our results showed no significant difference in neutrophil counts between
survivors and non-survivors. This is consistent with previous studies that showed that neutrophils were higher in sepsis
patients than in healthy volunteers but exhibited no difference between survivors and non-survivors.'”'® During sepsis,
T-cells exhibit elevated levels of apoptosis and exhaustion. The apoptosis rate of T cells shows an obvious increase in
sepsis, and inhibition of apoptosis alleviates the severity of sepsis.'®?® The exhaustion of T cells is also closely related to
the mortality of sepsis patients.'®?"*> HLA-DR is a class II major histocompatibility complex (MHC) protein that
mediates antigen-specific recognition by CD4+ helper T lymphocytes.”* Decrease of HLA-DR lead to diminished antigen
presentation and reduced adaptive immune activation, leading to immunosuppression and poor outcome.”>*> NK cells
were discovered in the early 1970s as a group of cytotoxic lymphocytes that regulate both innate and adaptive
immunity.”*?” Some studies have reported the beneficial effects of NK cells in sepsis, and inhibition of these effects
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increase mortality.®*? Other studies have shown that NK cells act as a risk factor for sepsis.>* % Another study reported
no differences between non-survivors and survivors.'” This difference may be explained by the heterogeneity of patients,
including the infection site, course of disease, and organism of infection.

Diverse immunological features have been associated with different clinical outcomes. In our study, patients were
divided into several groups according to their levels of NK cells, HLA-DR, and T cells. Although each marker alone had
a predictive ability, in combination they showed a more interesting phenomenon. Compared with patients with no
deficiency in NK cells, HLA-DR, or T cells, only a decrease in both NK cells and T cells (with or without a decrease in
HLA-DR) was an independent risk factor for 28-day mortality. Many studies have established the pivotal role of T cells
and HLA-DR in the prognosis of sepsis.”'""'***% Monocytic HLA-DR has been used for risk stratification in clinical
trials (NCT 02361528). However, our study showed that, as long as there was no deficiency in NK cells, neither
a decrease in T cells nor HLA-DR was associated with 28-day mortality in patients with sepsis. Our findings indicate that
the relationship between T cells or HLA-DR and mortality from sepsis is influenced by NK cells and that innate immune
cells also play a crucial role in sepsis.

To gain further knowledge about the impact of NK cells on T cells, we analyzed the correlation between CD4+
T cells, CD8+ T cells, and the prognosis of sepsis. Interestingly, an increase in CD8+ T cells was significantly associated
with a decrease in 28-day mortality only when NK cell counts were high. This phenomenon was not observed in the
CD4+ T cells. In defense against tumors, NK cells have been shown to enhance the function of CD8+ T cells through
a T-bet/Eomes-dependent pathway.>* Further studies are required to verify this phenomenon and its specific mechanism
of action.

This study provides novel insights into the role of immune cells and their interactions in sepsis. But there are still
some limitations. First, as this was a retrospective study, statistical bias was inevitable and causality could not be
assessed. The patients were recruited from two hospitals in China; therefore, our results may not be applicable to other
regions of the world. Second, tests were performed in peripheral blood samples, which may differ from the results
obtained in tissues. In addition, we focused on patients aged between 18 and 85 years; therefore, the results do not reflect
the phenomenon occurring in children and older adults. Besides, parameters including source of infection, pathogenesis,
mechanical ventilation, presence of shock and use of vasoactive drugs was lacking in our study, which may influence the
prognosis. Furthermore, the study collected laboratory results during the early phase of sepsis, which could be different
from those during the late phase. Lastly, we did not analyze the dynamic results of this study. It would be meaningful to
investigate dynamic immune markers in the future.

Conclusion

In conclusion, our study confirmed an association between different immunological features and 28-day mortality in
patients with sepsis. The combination of immune cells allows for a more nuanced assessment of mortality due to sepsis,
with important implications for supporting future immunomodulatory therapies in patients. As innate cytotoxic lympho-
cytes, NK cell is closely related to the prognosis of sepsis. In addition, the level of NK cells correlates with the
relationship between CD8+ T cells and sepsis prognosis.

Abbreviations
ICU, intensive care unit; NK cell, natural killer cell; HLA-DR, human leukocyte antigen-DR; SOFA, sequential organ
failure assessment; APACHE, Acute Physiology and Chronic Health Evaluation.
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