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Abstract N\
Major surgery due to traumatic injury can activate early systemic postoperative pro-inflammatory responses and postoperative |
immunosuppression. However, the interaction between them is complex and not entirely clear. This study was performed in
postoperative patients admitted to the intensive care unit (ICU) to elucidate the correlation between the systemic cellular immunity
function and circulating cytokines levels in the early postoperative period.

Twenty-four cases of postoperative patients admitted to the ICU were enrolled in this study. Twelve hours after admission, blood
routine examination and measurement of circulating cytokines (interleukin-2 [IL-2], IL-4, IL-6, IL-10, IL-17A, interferon-y, tumor
necrosis factor-alpha [TNF-a], TNF-B, granulocyte-colony stimulating factor [G-CSF], and granulocyte-macrophage colony-
stimulating factor [GM-CSF]) were performed. The correlation analysis between cytokines levels and absolute peripheral blood
lymphocyte count or lymphocytes/neutrophils ratio was analyzed.

The cytokines (IL-2, IL-4, IL-6, IL-10, IL-17A, TNF-«, G-CSF, and GM-CSF) levels were increased above the normal upper limit at
12hours after surgery. The number of leukocytes and neutrophils were markedly increased. In contrast, the absolute count and
relative ratio of lymphocytes decreased below the lower normal limit. Spearman correlation analysis showed a moderate negative
correlation between absolute peripheral blood lymphocyte count and IL-2 or IL-4 level. A low-negative correlation between absolute
peripheral blood lymphocyte count and GM-CSF levels was detected. We also found that lymphocytes/neutrophils ratio was also
negatively correlated with plasma IL-2, IL-4, or GM-CSF level.

In ICU patients with compromised immune function in the early postoperative period, the elevated levels of IL-2, IL-4, and GM-CSF
may be the compensatory responses to systemic immunosuppression.

Abbreviations: DCs = dendritic cells, G-CSF = granulocyte-colony stimulating factor, GM-CSF = granulocyte-macrophage

colony-stimulating factor, ICU = intensive care unit, IL = interleukin, TNF-a = tumor necrosis factor-a.
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1. Introduction

Surgical trauma due to major surgery can activate early systemic
pro-inflammatory responses, characterized by excessive produc-
tion of proinflammatory cytokines, neutrophil activation and
microvascular adherence, microcirculatory disturbance, in-
creased vascular permeability, and cell-mediated immune
dysfunction.”"! The proinflammatory response could induce a
systemic anti-inflammatory response that in turn results in
surgical trauma-induced immunosuppression, which makes
individuals susceptible to postoperative infections.>! The
severity of the surgical trauma is shown to be positively
associated with the degree of postoperative immunosuppression
and the duration of immunosuppression.””® Evidences have
demonstrated that the absolute count of peripheral blood
lymphocytes can serve as a biomarker for immunosuppres-
sion.” 1% Postoperative lymphopenia could reach a nadir from 2
hours to 2 days after surgery and is associated with compromised
immune function and increased risk of postoperative pneumo-
nia.”! However, the interaction between postoperative proin-
flammatory responses and postoperative immunosuppression is
complex, and the correlation between the absolute peripheral
blood lymphocyte count and cytokines levels in patients with
early postoperative immune dysfunction remains unclear.

In this study, we collected blood samples from patients who
had undergone elective surgery at 12hours after surgery to
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measure the circulating cytokines levels, and the absolute count
and percentage of blood lymphocytes. We further analyzed the
correlation between cytokines levels and absolute peripheral blood
lymphocyte count or lymphocytes/neutrophils ratio. This study
could help us understand the relationship between postoperative
proinflammatory responses and postoperative immunosuppres-
sion, and could provide a theoretical basis for immunomodulatory
therapy for postoperative immunosuppression.

2. Methods
2.1. Patients

Postoperative patients admitted to the comprehensive intensive
care unit (ICU) were enrolled between June 2018 and January
2019 in Union Hospital, Tongji Medical College, Huazhong
University of Science and Technology. Eligibility criteria for
inclusion were described as follows: patients aged between 18
and 80 years; patients transferred directly to ICU after surgery;
the absolute counts of peripheral blood lymphocytes <1.1 x 10°
cells/L at 12 hours after surgery. The lower limit of normal for the
absolute peripheral blood lymphocyte count is 1.1 x 10° cells/L,
measured in the laboratory of the Wuhan Union Hospital.
Patients with chronic renal insufficiency treated with intermittent
dialysis, patients with acute renal failure or pregnant, and
lactating women were excluded. A total of 24 patients met these
criteria and were included (Fig. 1). The protocol and study
procedures were approved by the Medical Ethics Committee,
Tongji Medical College, Huazhong University of Science and
Technology (#2018/S255). Before the study, written informed
consent was obtained from each subject.

2.2. Sample collection and processing

Venous blood samples were collected from the patients at 12
hours after surgery for blood routine examination and measure-
ment of plasma cytokines. All samples were processed within the
first 4 hours after collection.
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2.3. Blood routine examination

Venous blood samples were sent to Clinical Laboratory
Department of Union Hospital for leukocyte counts, neutrophil
count and percentage, lymphocyte count and percentage,
monocyte count and percentage, and platelet counts detection
using standard biochemical techniques.

2.4. Cytokine Assays

Plasma samples were analyzed using AimPlex assay kits
(QuantoBio, Beijing, China) according to manufacturer instruc-
tion to measure the plasma levels of cytokines, including
interleukin-2 (IL-2), IL-4, IL-6, IL-10, IL-17A, interferon-y
(IFN-y), tumor necrosis factor-alpha (TNF-a), TNF-B, granulo-
cyte-colony stimulating factor (G-CSF), and granulocyte-macro-
phage colony stimulating factor (GM-CSF).

2.5, Statistical analysis

The data collected were analyzed using SPSS version 20.0
software (SPSS, Tokyo, Japan). Data were expressed according to
their scaling as arithmetic mean+standard deviation (SD),
median (25%, 75% quartiles), or frequencies (%). Spearman
rank correlation test was used to assess the relationship between
the absolute peripheral blood lymphocyte count and cytokines
levels. P <.05 was considered statistically significant.

3. Results

3.1. Study population

During June 2018 and January 2019, 102 postoperative critical
patients were admitted to ICU, of whom 78 patients were
considered ineligible, including 57 patients who were enrolled in
this study >12hours after surgery, 20 patients whose absolute
peripheral blood lymphocyte count >1.1x 10 cells/L, and 1
patient who had chronic renal insufficiency treated with

102 postoperative critical patients admitted to the ICU

57 excluded

hours after surgery

57 enrolled in the study >12

45 postoperative critical patients enrolled within 12 hours
after surgery

21 excluded

20 lymphocytes >1.1 X 10°/L
1 had chronic renal insufficiency

24 postoperative critical patients were included in the study

Figure 1. Study flow diagram. ICU = intensive care unit.
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Patient characteristics.
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Blood routine parameters at 12hours after surgery.

N=24 Median (IQR) Normal range
Sex, male/female (n) 9/15 Leukocyte count, x 10° cells/L 11.75 (6.98-16.85) 3.5-95
Age, y 64 (54-71) Neutrophil, < 10° cells/L 10.38 (6.54-14.75) 1.8-6.3
Body Mass Index, kg/m? 23.29+3.46 Neutrophil percentage, % 89.9 (83.0-93.8) 40-75
Procalcitonin, p.g/L 15.11+31.04 Lymphocyte, x 10° cells/L 0.57 (0.40-0.91) 1.1-3.2
hsCRP, mg/L 119.06 +84.09 Lymphocyte percentage, % 4.8 (2.6-9.6) 20-50
Smokers/nonsmokers (n) 3/21 Monocyte, x 10° cells/L 0.42 (0.22-0.75) 0.1-0.6
Diabetes/nondiabetes (n) 519 Monocyte percentage, % 4.3 (2.6-6.1) 3-10
Hypertension/nonhypertension (n) 9/15 Platelet, x 10° cells/L 171 (128-320) 125-350
Average body temperature within 12 hours (°C) 37.7+1.0

Surgical time, min
Type of surgery (n)
Ankle mass resection
Partial lung resection
Gastrectomy
Liver tumor resection + cholecystectomy
Small intestine rupture repair
Abdominal mass resection
Adrenal tumor resection
Ureteral tumor resection/open stone removal
Internal fixation of the fracture
(scapula, femur, lumbar vertebrae)
Hip replacement
Knee joint repair
Left leg amputation
Other
The reasons for entering the ICU (n)
Awakening delay
Difficulty in immediate extubation
Respiratory obstruction after extubation
Old age with diabetes, hypertension
Intraoperative persistent hypertension
Atrial fibrillation with hypertension
0Old age combined with heart disease
Abdominal aortic aneurysm with frequent
multiple source ventricular premature
Other 3

115 (85-160)
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Continuous quantities in median (25%—75% percentiles), frequencies with n (%). hsCRP =
hypersensitive C-reactive protein; ICU = intensive care unit.

intermittent dialysis. Twenty-four patients met these criteria and
were included (Fig. 1).

Basic patient characteristics, the types of surgery, and the
reasons for ICU admission are summarized in Table 1.

Plasma levels of cytokines at 12hours after surgery.

Mean + SD, pg/mL Normal range, pg/mL

IL-2 14.06+45.70 1.07-1.43
IL-4 2.79+2.82 1.13-1.71
IL-6 385.91+576.08 2.16-12.75
IL-10 7.18+4.16 1.48-2.16
IL-17A 49.77+21.43 5.06-10.06
IFN-y 3.64+0.12 2.55-4.37
TNF-a 2.22+1.17 1.05-1.95
TNF-B 5.28+0.22 0.23-3.39
G-CSF 56.32+37.14 0.78-9.48
GM-CSF 6.20+1.56 0.41-4.19

G-CSF = granulocyte-colony stimulating factor, GM-CSF = granulocyte-macrophage colony stimulat-
ing factor, IFN-y=Interferon-y, IL=interleukin, SD=standard deviation, TNF=tumor necrosis
factor.

IQR=interquartile range.

3.2. Leukocyte count and subtypes and plasma cytokine
levels

The plasma levels of IL-2, IL-4, IL-6, IL-10, IL-17A, TNF-a, G-
CSF, and GM-CSF were all increased above the normal upper
limit at 12 hours after surgery (Table 2). The levels of IL-2 and IL-
6 were markedly increased >10 times, and the levels of IL-17A
and G-CSF were increased >4 times upper normal limit (Table 2).

The absolute count of leukocytes and neutrophils were
markedly increased above the normal upper limit at 12 hours
after surgery (Table 3). In contrast, the count and percentage of
lymphocytes were decreased below the lower normal limit
(Table 3). However, the absolute count of monocytes and
platelets showed no changes (Table 3).

3.3. The correlation between plasma cytokines and
lymphocytes

The correlation between plasma cytokines and the absolute
peripheral blood lymphocyte count in patients at 12 hours after
surgery was shown in Table 4. The analysis of spearman rank
correlation showed that IL-2, IL-4, and GM-CSF were negatively
correlated with the absolute peripheral blood lymphocyte count.
We found a moderate negative correlation between absolute
peripheral blood lymphocyte count and the levels of IL-2 (r=—
0.718, P<.001) or IL-4 (r=—0.617, P=.001). A low negative
correlation between absolute peripheral blood lymphocyte count
and GM-CSF levels was detected (r=-0.414, P=.019).
However, we found a nonsignificant correlation between
absolute peripheral blood lymphocyte count and the levels of

Correlation between plasma cytokines and absolute peripheral
blood lymphocyte count at 12hours after surgery.

Correlation coefficient (r) P
IL-2 —0.718 <.001
IL-4 -0.617 .001
IL-6 0.263 214
IL-10 —0.397 .055
IL-17A 0.192 .368
IFN-y —0.432 .035
TNF-ar —0.313 137
TNF-B —0.397 .055
G-CSF —0.303 150
GM-CSF —0.474 019

G-CSF=granulocyte-colony stimulating factor, GM-CSF = granulocyte-macrophage colony stimulat-
ing factor, IFN-y=Interferon-vy, IL=interleukin, TNF=tumor necrosis factor.
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Correlation between plasma cytokines and leukocytes/neutrophils
ratio at 12hours after surgery.

Correlation coefficient (r) P
IL-2 —0.499 013
IL-4 —0.554 .005
IL-6 0.195 .362
IL-10 —0.538 .007
IL-17A 0.271 200
IFN-y -0.329 17
TNF-at —0.142 509
TNF-B8 —0.198 354
G-CSF —0.350 .093
GM-CSF —0.439 032

G-CSF = granulocyte-colony stimulating factor, GM-CSF = granulocyte-macrophage colony-stimulat-
ing factor, IFN-y=Interferon-y, IL=interleukin, TNF=tumor necrosis factor.

other cytokines, including IL-6 (r=0.263, P=.214), IL-10 (r=—
0.397, P=.055), IL-17A (r=0.192, P=.368), TNF-a (r=—
0.313, P=.137), or G-CSF (r=-0.303, P=.150).

3.4. The correlation between plasma cytokines and
lymphocytes/neutrophils ratio

Table 5 showed the correlation between plasma cytokines and
lymphocytes/neutrophils ratio in patients at 12hours after
surgery. We found that lymphocytes/neutrophils ratio was
negatively correlated with plasma IL-2 (r=-0.499, P=.013),
IL-4 (r=-0.554, P=.005), IL-10 (r=—0.538, P=.007), or GM-
CSF (r=-0.439, P=.032) level.

4. Discussion

Our present study confirmed that postoperative patients admitted
to the ICU in the early postoperative period suffered from both
systemic proinflammatory responses and immunosuppression.
IL-2, IL-4, and GM-CSF were negatively correlated with the
absolute peripheral blood lymphocyte count. The plasma IL-2,
IL-4, or GM-CSF level was also negatively correlated with
lymphocytes/neutrophils ratio.

Studies have reported that neutrophils, a first line of defense in
innate immunity, increase in number after surgery.*! Consis-
tently, our data showed that the absolute neutrophil count was
markedly increased above the normal upper limit in the early
postoperative period. The absolute peripheral blood lymphocyte
count can serve as a biomarker for immunosuppression.'”!°! In
our present study, the absolute peripheral blood lymphocyte
count was decreased below the lower normal limit, indicating the
existence of postoperative immunosuppression in the very early
postoperative period.

Postoperative immunosuppression, particularly a loss of cell-
mediated immunity, is common and is associated with a variety of
complications, such as delayed wound healing, infection, sepsis,
cancer recurrence and multiple organ dysfunction.3-¢1112]
Interestingly, among the cytokines with elevated plasma levels,
IL-2, IL-4, and GM-CSF were negatively correlated with the
absolute peripheral blood lymphocyte count or lymphocytes/
neutrophils ratio.

IL-2, also known as “T cell growth factor,” is produced
primarily by activated CD4+T cells following exposure to
antigen. IL-2 could orchestrate the differentiation of T helper
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(TH) 1 cells and the production of type 1 cytokines like interferon-
gamma (IFN-y)."37171IL-2 is also shown to be able to activate
macrophages, induce the differentiation of various killer cells
(cytotoxic T cells and natural killer [NK] cells), and enhance the
ability of the body to clear infection."®! Recombinant human IL-
2 protein has been approved for the treatment of kidney cancer
and melanoma as early as 1992 and 1998, respectively.''” IL-4
can promote the polarization of antigen-stimulated naive TH cells
into TH2 cells and propagates TH2 responses as opposed to TH1
responses, which plays an important role in the secretion of TH2
cytokines such as IL-4 itself and IL-10 and thus suppresses the
proinflammatory milieu.*”! Hyperinflammation is negatively
associated with systemic immune function.*"?*! Therefore, the
increase in IL-4 level after surgery might exert an important role
in the recovery of immunosuppression through downregulating
hyperinflammation. Similar to the immunomodulatory effects of
IL-2, IL-4 can enhance the release of GM-CSF or G-CSF from T-
lymphocytes, and contribute to the proliferation and differentia-
tion of hematopoietic progenitors directly and indirectly.**! In
addition, IL-4/IL-13 signaling could direct early thymic progen-
itors to mature toward dendritic cells (DCs).**! GM-CSF, an
important hematopoietic growth factor and immune modulator,
can stimulate the proliferation and differentiation of myeloid
stem cells into granulocytes and macrophages, and GM-CSF is
also critical for the development and maturation of DCs.[*>2¢!
Recombinant GM-CSF protein has been widely used in the
treatment of clinical diseases, and plays an important role in the
immune regulation of various diseases such as sepsis, autoim-
mune diseases and tumors.'*”"?*! IL-4 combined with GM-CSF
can inhibit the function of myeloid derived suppressor cells
(MDSCs) by shifting them into mature DCs.*%! DCs, the most
potent antigen presenting cells in the peripheral immune system,
can trigger the activation of T lymphocytes and play an essential
role in T cell-dependent adaptive immune response against
infectious agents, such as virus.*'*! GM-CSF and IL-4 can
induce the differentiation of DCs.*®! Human IL-4/GM-CSF
could stimulate induction of CD209* DCs and effective CD4* T
cell priming in humanized mice.”**! Monocyte-derived dendritic
cells (Mo-DCs) can promote Tr1 and CD8* T cell responses.!®”!
Monocyte-derived DCs induced by IL-4/GM-CSF from patients
with rheumatoid arthritis could increase the differentiation of
Tu17 cells through releasing high levels of IL-6 and IL-23.%! In
our present study, IL-2, IL-4, and GM-CSF were negatively
correlated with the absolute peripheral blood lymphocyte
count or lymphocytes/neutrophils ratio. The increase in the
plasma IL-2, IL-4, and GM-CSF may be the compensatory
response to the increased cytokines-induced immunosuppres-
sion. Previous study found that during severe postoperative
immunosuppression, postoperative alterations of innate immune
cells could recover on day 2 to 5 after surgery; however, the
alterations of acquired immune cells (lymphocytes, T cells, Th
cells, and cytotoxic T cells) recover later than innate immuni-
ty.1’1 We speculate that the inadequate compensatory response
of increase in IL-2, IL-4, and GM-CSF in the early postoperative
period may contribute to the sustained immunosuppression.
Elevation of IL-2, IL-4, and GM-CSF by their respective
recombinant proteins in the early postoperative period may be
a good therapeutic strategy for the treatment of sustained
immunosuppression.

There were some notable limitations in our study. First, it was a
single-center study with a small sample size. Future prospective
studies with a large sample size are needed to validate the results.
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Second, the correlation between blood cytokines and lympho-
cytes in patients before major surgery was not studied.

In the future, we will furtherly investigate the correlation
between absolute peripheral blood lymphocyte count and plasma
cytokines (IL-2, IL-4, and GM-CSF) in severe postoperative
immunosuppression or severe sepsis-induced immunosuppres-
sion to confirm the important roles of adequate compensatory
elevation of IL-2, IL-4, and GM-CSF in the recovery of
immunosuppression.

5. Conclusion

In the early postoperative period, the absolute count and relative
ratio of lymphocytes decreased below the lower normal limit.
Plasma cytokines (IL-2, IL-4, and GM-CSF) were negatively
correlated with the absolute peripheral blood lymphocyte count
or lymphocytes/neutrophils ratio, indicating a possible compen-
satory response to the increased cytokines-induced immunosup-
pression.
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