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Abstract: Background: Immune function is an important indicator for assessing postoperative recov-
ery and long-term survival in patients with malignancy, and laparoscopic surgery is thought to have
a less suppressive effect on the immune response than open surgery. This study aimed to investigate
this effect in a retrospective clinical study. Methods: In this retrospective clinical study, we enrolled 63
patients with colorectal cancer in the Department of General Surgery of the First Affiliated Hospital of
Soochow University and assessed the changes in their postoperative immune function by measuring
CD3*T, CD4*T, CD8*T lymphocytes, and CD4* /CD8* ratio. Results: Compared with open surgery,
laparoscopic colorectal surgery was effective in improving the postoperative decline in immune
function. We determined that the number of CD4*, CD8*T lymphocytes, and the CD4* /CD8" ratio
was not significantly reduced in the laparoscopic group. Conclusion: Laparoscopic-assisted colorectal
resection can reduce the inhibition of immune functions compared with conventional open surgery.

Keywords: laparoscopic operation; colorectal cancer; immune function; surgical trauma; T-lymphocyte
subsets

1. Introduction

Colorectal cancer is one of the most common malignancies worldwide and the leading
cause of cancer-related mortality [1]. In recent years, it has been determined that the
occurrence of malignant tumors is related to the tumor microenvironment [2,3]. T cell
infiltration, activation, and effector functions are inhibited by tumors when immune evasion
occurs, which causes the body to increase immune tolerance, leading to ineffective immune
response and tumor progression [4,5]. T cells can be divided into two subpopulations,
CD3*CD4* and CD3*CD8* T cells, according to different surface antigens, and the balance
between them is an important insurance for maintaining normal immune system work, and
the ratio of the two is an important indicator to assess immune function [6,7]. In a recent
study, CD3* T lymphocytes and CD4* /CD8* ratio levels on the second postoperative day
were determined to be higher in patients who underwent laparoscopic-assisted natural
orifice specimen extraction than in the conventional laparoscopic-assisted radical resection
group, thus confirming the early safety after laparoscopic-assisted natural orifice specimen
extraction [8]; Gang Wang et al. showed that fast-track surgery had better protection
of patients” immune function postoperatively compared to laparoscopic surgery, with
less impact on CD3*,CD4*T lymphocytes, CD4*/CD8* ratio and fewer perioperative
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complications [9]. Hence, detecting changes in T-lymphocyte subsets in peripheral blood
and using them to assess immune response have aroused the people’s interests.

With the continuous development of minimally invasive surgery, more surgeons prefer
laparoscopic surgery. It has been proven that laparoscopic surgery has the advantages of
less trauma potential, faster postoperative recovery, and fewer complications [10]. Patients
with poor basal immune status have more postoperative complications and more extended
hospital stays [11]. Maintaining and improving patients’ immune status is important
in perioperative management, yet relatively few reports have been published on the
relationship between surgical approach and changes in patient immune status. Therefore,
we considered 63 cases of patients with colorectal cancer admitted to the First Affiliated
Hospital of Soochow University as the study subjects and analyzed the effect of different
surgical procedures on the patients’ postoperative immune function.

2. Materials and Methods
2.1. Patient Data

We conducted this study by the Declaration of Helsinki and obtained informed consent
from all patients. This study was approved by the Ethics Committee of the First Affiliated
Hospital of Soochow University (No. 421). The study population included 63 patients who
were 18 years or older, had a body mass index (BMI) of 30 or less, had histologically proven
colorectal adenocarcinoma with clinical stage II and III at the First Affiliated Hospital of
Soochow University between 1 October 2021 and 31 December 2022 (Figure 1). These
patients were prospectively included and had their peripheral blood levels of cellular
immunity checked during treatment, and all patients had their disease diagnosed by
colonoscopy and postoperative pathological biopsy. We excluded patients with a history
of other malignant tumors such as cervical, uterine, or bladder; a medical history of
Familial Adenomatosis Polyposis Coli, active Crohn’s disease, active ulcerative colitis;
recent chemotherapy, radiotherapy, or endocrine therapy; the combination of distant
metastases such as liver, lung, and bone; the complication of severe heart, lung, and kidney
or due to hematologic disorders thus making them intolerant to surgery; psychiatric or
addictive disorders that affected compliance to the protocol; conditions that would limit
the success of laparoscopic resection such as multiple previous laparotomies or severe
adhesions. After discussing the advantages and disadvantages of various surgical options
with the surgeon, the patient chose laparoscopic surgery or open surgery. The patient
was admitted to the hospital, the relevant tests were completed, and the patient was
prepared for surgery. General anesthesia with tracheal intubation and routine urinary
catheterization was used. Postoperative antibacterial drugs were routinely administered to
prevent infection.

2.2. Immunological Index Acquisition

The general surgery nurse drew 5 mL of venous blood (15% Ethylene diamine
tetraacetic acid tripotassium salt dihydrate anticoagulation) from a fasted, admitted pa-
tient at 7 am. Ethylene diamine tetraacetic acid anticoagulated blood was collected in
2 mL tubes. A total of 100 pL of anticoagulated whole blood was collected, 20 pL of
CD45" /CD3*/CD4* /CD8* cells was added, vortexed and mixed, incubated at room tem-
perature and protected from light for 15 min. Then, 500 pL of cell lysate was added to each
tube, vortexed and mixed, protected from light at room temperature for 10 min. Afterward,
2 mL of phosphate buffered saline was added to each tube, mixed, and detected by direct
immunofluorescence labeling technique using flow cytometry for CD4* T lymphocytes
and CD8* T lymphocytes to be detected by direct immunofluorescence labeling technique
using flow cytometry; the percentages of CD4* T cells and CD8* T cells were recorded and
the CD4* /CD8" ratio was calculated.
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Figure 1. Filtering process of patient data from the initial inclusion of patients.

2.3. Statistical Analysis

All statistical analyses were performed by SPSS software (version 26.0). Measurement
data are expressed as X + S. Comparisons between groups were made using independent
samples t-test, within-group comparisons before and after treatment were made using
paired t-test and Pearson’s chi-square test, and p values less than 0.05 were considered
significant. Logistic regression was used to eliminate the cofounders. R custom scripts
(version 3.5.3) were used to generate all the figures and conducted the power analysis.

3. Results
3.1. Clinical Characteristics

In the Department of General Surgery of the First Affiliated Hospital of Soochow
University, we enrolled 63 patients who underwent radical colorectal tumor surgery. All
patients were treated according to the standard perioperative care protocol (a total of
31 patients underwent open surgery and 32 patients underwent laparoscopic surgery).
Compared with the open group, patients in the laparoscopic group had significantly longer
operative time (p < 0.05). There was no statistically significant difference in gender, age,
BMI, blood type, hospitalization days, degree of tumor differentiation, tumor diameter,
N stage, and tumor stage between the laparoscopic group and the open group (p > 0.05)
(Table 1).
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Table 1. General material comparison in perioperative period of the open and laparoscopic groups
(x £ ).

Open Grou Laparoscopic Grou
Items P(n =31) ? i @ =psz) i r
Gender 0.677+
Male 20 19
Female 11 13
Age (years) 68.58 + 9.135 64.97 + 8.102 0.102
BMI (kg/mz) 22.17 +£2.43 2249 +5.14 0.746
Operation times (min) 156.32 + 48.10 188.78 + 65.10 0.028
Postoperative hospital stay (days) 12.46 + 2.41 12.50 + 3.99 0.753
Tumor differentiation 0.892+
Well or Moderate 14 15
Poorly 17 17
Maximal tumor diameter (cm) 0.246+
<5cm 19 24
>5 cm 12 8
N stage 0.267+
0 18 14
1 6 12
2 7 6
Tumor stage 0.378+
I 18 15
I 13 17
Blood Type 0.742+
A 10 10
B 9 12
(@] 7 6
AB 5 4
Tumor Location 0.367+
Right colon cancer 7 11
Left colon cancer 10 9
Rectal cancer 14 12

p-values were estimated by t-test; + p-values were estimated by Pearson’s chi-square test; p < 0.05 are highlighted
in bold italic.

3.2. Difference of Immunological Indexes

Compared with the preoperative level, the postoperative number of CD3™ cells in the
open group was not significantly different from that of the preoperative level, whereas the
number of CD4*, CD8", and CD4" /CD8" ratio was significantly lower compared with the
preoperative level; the postoperative number of CD3* cells in the laparoscopic group was
significantly higher compared with the preoperative level, whereas the number of CD4*
and CD8" and the CD4* /CD8" ratio were not significantly different compared with that of
the preoperative level (Table 2).

Table 2. Changes in number of immune cells in open and laparoscopic groups at different time point
in pre- and post-surgery (x &£ s).

Group CD3*T (%) CD4*T (%) CDS8*T (%) CD4*T/CD8*T
Open group
The day before operation 66.59 £ 11.05 42.35+£9.21 23.08 £ 8.40 2.04 £0.78
The third day after operation 63.56 £9.72 % 32.86 4 9.02 *# 20.21 £ 5.80 *# 1.73 £0.71 *#
Laparoscopic group
The day before operation 69.10 £ 10.70 43.76 £+ 9.64 2452 £8.13 2.06 £1.17
The third day after operation 71.87 £10.89 # 42.75+8.70 25.08 +7.20 2.01 +0.85

* The comparison in laparoscopic group at the same time point, p < 0. 05. # The comparison in the same group on
the day before operation, p < 0. 05.
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The number of CD3*, CD4", CD8" cells and the CD4*/CD8" ratio in the laparoscopic
group were not significantly different preoperatively compared to the open group, while
they were significantly higher postoperatively compared to the open group (Table 2 and

Figure 2).
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Figure 2. Changes in number of immune cells in open and laparoscopic groups at time point in

post-surgery.

The number of CD3*, CD4*, CD8" cells and the CD4* /CD8" ratio in the laparoscopic
group were not significantly different from those in the open group before operation. In
order to confirm that this is not the false negative caused by the low power, we conducted a
power analysis, and calculated that the post hoc power of the number of CD3*, CD4*, CD8*
cells and the CD4*/CD8" ratio were 80.46%, 80.12%, 87.89%, and 81.12%, respectively,
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which were greater than 80%. Based on this, we could confirm that the number of CD3 +,
CD4*, CD8" cells and the CD4*/CD8" ratio in the laparoscopic group did not differ from
those of the open group before operation.

We also calculated that the post hoc power of the number of CD3*, CD4*, CD8" cells
and the CD4" /CD8" ratio in the two groups of patients after surgery were 83.74%, 89.70%,
87.59%, and 40.82%, respectively. Although the post hoc power of the CD4*/CD8* ratio
was lower than 80%, our independent sample ¢-test still detected that there was a significant
difference in the CD4" /CD8" ratio between the two groups of patients after operation.

3.3. Analysis of Influencing Factors

The results of univariate logistic regression analysis showed that the effects of age, tu-
mor location, and types of surgery on patients’ postoperative CD3™ T cells were statistically
significant. Then, the effect of age and tumor location was excluded by multivariate logistic
regression analysis, and it was determined that the effect of types of surgery on patients’
postoperative CD3* T cells remained statistically significant (Table 3). Laparoscopic-assisted
surgery can reduce the inhibition of immune functions compared with open surgery.

Table 3. Logistic regression analysis of the patient’s postoperative CD3*T.

Postoperative CD3*T

Items Univariate Analysis Multivariate Analysis
OR (95%CI) 4 OR (95%CI) p
Gender (male/female) 1.379 (0.497~3.825) 0.537
Age (years, <65/>65) 0.930 (0.873~0.991) 0.025 0.933 (0.870~1.001) 0.052
BMI (kg/m?, <18.5/>18.5) 1.027 (0.906~1.165) 0.676
Operation times (min, <150/>150) 1.003 (0.994~1.011) 0.544
Tumor differentiation (Well or
Moderate,/Poor) 1.071 (0.398~2.887) 0.891
Maximal tumor diameter (<5 cm/>5 cm) 1.406 (0.484~4.079) 0.531
Tumor stage (II/1II) 0.941 (0.350~2.531) 0.904
Blood type
AB 1
A 2.321 (0.467~11.545) 0.303
B 0.769 (0.158~3.744) 0.745
@) 1.458 (0.264~8.048) 0.665
Tumor location
Rectal cancer 1
Right colon cancer 4911 (1.325~18.205) 0.017 5.349 (1.250~22.898) 0.024
Left colon cancer 2.099 (0.626~7.037) 0.230
Types of surgery (open/laparoscopic) 4.620 (1.599~13.349) 0.005 3.908 (1.225~12.468) 0.021

Similarly, after excluding the effect of operation time, tumor stage as well as tumor
location by multivariate logistic regression analysis, the effect of types of surgery on patients’
postoperative CD4*T and CD8*T remained statistically significant (Tables 4 and 5). These
findings suggested that laparoscopic-assisted surgery can reduce the inhibition of immune
functions compared with open surgery. However, the results of both univariate logistic
regression and multivariate logistic regression analysis showed that the surgical approach
of patients had no statistically significant influence on the CD4*T/CD8*T ratio of patients
after surgery (Table 6).
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Table 4. Logistic regression analysis of the patient’s postoperative CD4*T.

Postoperative CD4*T

Items Univariate Analysis Multivariate Analysis
OR (95%CI) 4 OR (95%CI) p
Gender (male/female) 0.612 (0.219~1.710) 0.349
Age (years, <65/>65) 0.959 (0.903~1.017) 0.161
BMI (kg/m?, <18.5/>18.5) 0.897 (0.771~1.042) 0.155
Operation times (min, <150/>150) 1.012 (1.002~1.023) 0.021 1.012 (0.999~1.024) 0.064
Tumor differentiation (Well or Moderate /Poor) 0.830 (0.308~2.237) 0.712
Maximal tumor diameter (<5 cm/>5 cm) 1.895 (0.645~5.569) 0.245
Tumor stage (II/1II) 0.376 (0.136~1.043) 0.060
Blood type
AB 1
A 0.533 (0.109~2.616) 0.438
B 1.067 (0.221~5.145) 0.936
@) 0.933 (0.169~5.151) 0.937
Tumor location
Rectal cancer 1
Right colon cancer 7.875 (1.964~31.574) 0.004 10.384 0.004
(2.076~51.936)
Left colon cancer 2.5(0.733~8.524) 0.143
Types of surgery (open/laparoscopic) 6.247 (2.093~18.641) 0.001 5.656 (1.602~19.982) 0.007

Table 5. Logistic regression analysis of the patient’s postoperative CD8*T.

Items

Postoperative CD8*T

Univariate Analysis

Multivariate Analysis

OR (95%CI) r OR (95%CI) 4
Gender (male/female) 1.379 (0.497~3.825) 0.537
Age (years, <65/>65) 0.998 (0.942~1.056) 0.934
BMI (kg/m?, <18.5/>18.5) 1.012 (0.894~1.146) 0.848
Operation times (min, <150/>150) 0.997 (0.988~1.005) 0.423
Tumor differentiation (Well or Moderate/Poor) 2.338 (0.848~6.447) 0.101
Maximal tumor diameter (<5 cm/>5 cm) 0.711 (0.245~2.065) 0.531
Tumor stage (II/1II) 1.775 (0.654~4.819) 0.260
Blood type
AB 1
A 1.250 (0.257~6.070) 0.782
B 2.031 (0.417~9.886) 0.380
@) 0.781 (0.139~4.387) 0.779
Tumor location
Rectal cancer 1
Right colon cancer 0.500 (0.144~1.737) 0.275 0.353 (0.090~1.389) 0.136
Left colon cancer 2.167 (0.630~7.454) 0.220
Types of surgery (open/laparoscopic) 3.471 (1.232~9.782) 0.019 4.780 (1.495~15.280) 0.008
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Table 6. Logistic regression analysis of the patient’s postoperative CD4*T/CD8*T.
Postoperative CD4*T/CD8*T
Items Univariate Analysis Multivariate Analysis
OR (95%CI) p OR (95%CI) 4
Gender (male/female) 1.379 (0.497~3.825) 0.537
Age (years, <65/>65) 0.968 (0.913~1.026) 0.275
BMI (kg/m?, <18.5/>18.5) 1.006 (0.889~1.139) 0.921
Operation times (time, <150/>150) 1.017 (1.005~1.028) 0.005 1.016 (1.004~1.028) 0.009
Tumor differentiation (Well or Moderate/Poorly) 1.071 (0.398~2.887) 0.891
Maximal tumor diameter (<5 cm/>5 cm) 0.711 (0.245~2.065) 0.531
Tumor stage (II/1II) 1.214 (0.451~3.269) 0.701
Blood type
AB 1
A 0.269 (0.051~1.420) 0.122
B 0.813 (0.157~4.197) 0.804
@) 0.429 (0.073~2.500) 0.346
Tumor location
Rectal cancer 1
Right colon cancer 3.545 (0.974~12.905) 0.055
Left colon cancer 0.992 (0.299~3.285) 0.989
Types of surgery (open/laparoscopic) 2.024 (0.742~5.519) 0.168 1.360 (0.451~4.102) 0.586

4. Discussion

It is well known that the stress response induced by surgical trauma affects the
immune system and postoperative immunosuppression; it can also make CD3* and CD4*
cell counts and CD4"/CD8* ratios decrease [9]. The main immune mechanism against
tumors is cellular immunity, which directly reflects anti-tumor activity. Therefore, avoiding
suppression of cellular immunity plays an important role in prognosis of colon cancer
surgery [12]. Surgery, whether laparoscopic or open, is a controlled trauma that can
trigger changes in inflammation, neuroendocrine and immune function. With the advent
of laparoscopic surgery, the ability to enter the patient’s abdominal cavity through small
openings, carefully segment and repair tissue and reduce the risk of bleeding has been
greatly enhanced. Laparoscopic radical colorectal cancer surgery is a safe and effective
surgical method, and its advantages include the following: (1) the surgical field of view is
wide and has a magnifying effect, which can determine the intra-abdominal tissues and
lesions; (2) the operation is delicate and gentle, and the interference with the internal organs
of the abdominal cavity is small; (3) the operation is less invasive, causes less bleeding,
pain, implies less adhesive intestinal obstruction, and fewer postoperative complications
and faster recovery [10]; (4) less stress on the patient’s organism and less impact on cell-
mediated immunity [13].

Konstantinos E. and colleagues reportedly studied the acute phase response after
open and laparoscopic surgery. Their seminal report compared interleukin- 6 (IL-6), tumor
necrosis factor-«, c-reactive protein (CRP), Toll-like receptors-2 and Toll-like receptors-4
levels. They concluded that the inflammatory response and resulting stress response after
laparoscopic surgery were significantly lower than in patients undergoing open surgery,
which has a clear short-term clinical benefit for patients [14]. Mauro P. reviewed the
early postoperative and oncological outcomes after laparoscopic colectomy for T4 cancer
compared with open surgery, determining that laparoscopic colectomy for T4 colonic
cancer is safe and is associated with better clinical outcomes than open surgery and similar
oncological outcomes. Mauro’ s research demonstrates that in regard to long-term clinical
benefits, laparoscopic surgery is better for patients than open surgery [15].

The development of malignant tumors is closely related to the immune function,
affected by the factors such as surgery, trauma, and infection. The immune system mainly
includes cell-mediated immunity and humoral immunity. It is believed that cell-mediated
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immunity is the mainstay of anti-tumor immunity, while humoral immunity only plays
a synergistic role in some cases, and some cytokines are also involved in the body’s
immune response [16]. T-lymphocyte-mediated cell-mediated immunity is involved in
the postoperative immune response. CD3* T-cells are the main marker of mature T-
lymphocytes in peripheral blood, representing the overall level of cell-mediated immunity.
Human mature T-lymphocytes are divided into CD4* and CD8"* T-cells depending on
their phenotypes. CD4* T-cells are helper T-cells, which have helper functions and are
co-receptors for T cell receptor signaling, and upon activation can release a large number
of cytokines, enhancing the antitumor effect. Apart from producing cytokines, different
subsets of CD4" T cell has been identified, including cytotoxic CD4* T cells, which possess
cytotoxic programs and can directly kill cancer cells [17].CD8* T cells are cytotoxic and
suppressive T cells that are involved in the maturation and positive selection of restrictive
cytotoxic T lymphocyte for major histocompatibility complex-I [18]. In recent studies,
multiple subsets of CD8" T cells have been detected in tumor microenvironments, called Tc
subsets, each with distinct effector functions and cytotoxic potential, possibly influencing
the antitumor response and patient outcomes [19]. The CD4* /CD8* ratio is approximately
1.2-2.0, which is an important indicator of the body’s immune homeostasis. Decrease in
this ratio often indicates immune dysfunction, and a significant reduction or inversion is
often used as an indicator of severe disease and poor prognosis [20].

Previously, studies on the effects of laparoscopic and open surgery on the immune
system have focused on IL-6 and CRP [21]. The IL-6 promotes tumor angiogenesis and
reduces inter-tumor cell adherence; it inhibits the body’s anti-tumor immunity; it also has
anti-apoptotic effects, thus promoting tumorigenesis. IL-6 plays an important role in the
metastasis and progression of colorectal cancer [9]. CRP is a more sensitive inflammatory
response protein produced by hepatocytes induced by IL-6, and its expression level in-
creases when the body is exposed to trauma or infection [22]. Surgery remains the mainstay
of treatment for colorectal cancer; however, it also leads to transient immunosuppression
and diminished tumor resistance. Experimental animal studies have shown that immunity
is better preserved after laparoscopic colorectal surgery, and open surgery is associated
with accelerated tumor growth compared to laparoscopic surgery [23].

The application of pneumoperitoneum requires the introduction of large amounts of
CO, gas into the abdominal cavity, and studies have shown that CO, pneumoperitoneum
may produce hypercapnia and have immunological effects on the body [24]. Kim I. and
his colleague reported that low intra-abdominal pressure during laparoscopic colorectal
surgery, which means less CO;, preserved innated immune homeostasis and formed a
valuable addition to future enhanced recovery [25]. This issue has been controversial;
however, from the present study, even though pneumoperitoneum affects the immune
function of the organism, its effect is less compared to an open abdominal injury. In general,
laparoscopic surgery causes less loss of immune function of the organism compared to
open surgery, for better short-term postoperative benefit.

To conclude, we conducted studies on immune function parameters and the results
showed that the number of CD3* cells in the open group, compared with the preoperative
level, was not significantly different from that before surgery, while the number of CD4*
and CD8* cells and the CD4" /CD8" ratio was significantly lower. The number of CD3*
cells in the laparoscopic group was significantly higher than that before surgery, while
the number of CD4*, CD8" cells and CD4*/CD8* ratio was not significantly different
from those before surgery. Compared with the open group, there was no significant
difference in the number of CD3*, CD4*, CD8* cells and the ratio of CD4" /CD8?* in the
laparoscopic group before surgery, but the number was significantly higher than in the
open group after surgery. In Gang Wang's study, it was suggested that laparoscopic colon
surgery effectively protected postoperative cellular immunity, and the decrease in the
number of CD3" and CD4* cells and the CD4*/CD8" ratio was significantly attenuated
compared with open surgery patients. This is consistent with our findings [9]. However,
Wichmann and Tang reported no difference in the number of CD3* and CD4" cells after
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laparoscopic surgery compared with open surgery, and only a small difference in the
number of compliments, but the difference may exist due to the significantly longer surgery
time in the laparoscopic group compared with the open group, thus weakening the function
of laparoscopic surgery in reducing immunosuppression because of the excessive surgery
time [21,26]. In the surgical treatment of lung cancer, Lian-Bin Zhang et al. determined
that the postoperative T-lymphocyte subpopulation cell count was significantly higher
in patients in the video-assisted thoracic surgery group compared to the traditional open
surgery group, suggesting that the video-assisted thoracic surgery lowers the postoperative
acute phase response and reduces immune suppression [27]. Li-Wen Zhou et al. detected
higher postoperative CD4* and CD8* cell counts in patients on tramadol compared to
those operated on without tramadol, which may be due to the perioperative patient’s
pain-mediated immunosuppression and consequent decrease in immune cell counts, which
is also consistent with our findings [28]. Laparoscopic surgery has been shown to have a
lower incidence of postoperative pain than open surgery [29], and thus patients undergoing
laparoscopic surgery may benefit in terms of immune function.

This study is one of the few reports in which CD4* and CD8* cell counts were de-
tected in peripheral blood after many recent studies investigating the relationship between
T lymphocyte subsets in tumor microenvironment and tumor development as well as
prognosis [30]. However, there are several drawbacks, and although we detected signif-
icantly higher numbers of CD4" and CD8" cells in the laparoscopic group than in the
open group, the reasons for this occurrence cannot be well explained because laparoscopic
surgery requires filling the peritoneal cavity with a large amount of CO, gas, and West
studied cytokine production in peritoneal macrophages incubated in CO,. Macrophage
tumor necrosis factor and interleukin-1 responses to bacterial endotoxin were lower in
macrophages incubated in CO, than in macrophages incubated in air or helium. West hy-
pothesized that impairment of peritoneal macrophage cytokine production may contribute
to the apparent lack of inflammatory systemic response during laparoscopic surgery [31].
We speculate that this may also apply to explain the changes in CD4* and CD8* cell
numbers during laparoscopic surgery.

Our study has a few limitations. Firstly, we had a relatively small number of patients
previously tested for T lymphocytes and the numerous exclusion criteria, and we have
now made the detection of T lymphocyte counts in colorectal cancer patients a routine test.
We will collect more patient data in the near future to draw more convincing conclusions.
Secondly, the blood biomarkers analyzed in this study were nonspecific and may be
influenced by various physiological or pathological factors. In addition, there are many
blood indicators that can reflect the changes in immune status of patients. IL-6, CRP, reactive
oxygen species, superoxide dismutase, etc., have been reported in the literature and are
also closely related to the immune function of patients [32-34]. Thus, we subsequently
plan to increase the tests in collaboration with clinical laboratory and also to verify them
at the tissue level to support our conclusions. In addition, we employed the statistical
technique of power analysis, but this power is no longer important because the results
have been obtained. Post hoc power calculations were based on the observed effect entirely,
but the lack of statistical power may substantially affect the size and even the direction of
the observed effect. Finally, because of the lack of long-term prognostic data, we cannot
yet determine the impact of the reduction in immunosuppression by laparoscopy on the
long-term prognosis of patients, but studies have shown that this advantage of laparoscopy
is valuable for the long-term survival of patients [35], and we will continue to follow up
this cohort of patients to study the long-term impact of this surgical approach.

There is no doubt that the clinical efficacy of laparoscopic surgery has been estab-
lished [36] and that the systemic immune impact of laparoscopic surgery may be even
lesser [37]. With increased research at the cellular and molecular levels, the systemic,
metabolic, and immune effects of laparoscopic surgery will be better understood and
patients will hopefully benefit from it.
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In conclusion, this study determined that laparoscopic-assisted surgery can reduce the
inhibition of immune functions compared with open surgery. It is clear that laparoscopic
surgery is known to provide an immunological advantage, but whether it provides a
survival advantage needs further study.

Author Contributions: Conceptualization, B.S., Q.T., ].C. and S.H.; Data curation, B.S., Q.T., J.C.,
XM, ].S., G.Z. and W.G.; Formal analysis, B.S. and S.H.; Investigation, B.S., Q.T,, ].C., X.S. and
G.C.; Methodology, B.S. and S.H.; Supervision, S.H.; Writing—original draft, B.S., Q.T., J.C. and
H.Y.; Writing—review and editing, B.S., Q.T., J.C. and S.H. All authors have read and agreed to the
published version of the manuscript.

Funding: This work was supported by the Key Laboratory Project of the Clinical Pharmacy of Jiangsu
Province of China XZSYSKF2020027 (G. Z.), the Gusu Medical Key Talent Project of Suzhou City of
China GSWS2020005 (S. H.), the New Pharmaceutics and Medical Apparatuses Project of Suzhou
City of China SLJ2021007 (S. H.), the Science and Technology Development Plan Project of Suzhou
City of China SYS2019007 (G. Z.), and the Clinical Medical Expert Team Project of Suzhou City of
China CSYJTD202101 (J. S.).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of the First Affiliated Hospital of Soochow
University (protocol code No. 421 and date of approval 27 October 2022).

Informed Consent Statement: Written informed consent was obtained from all patients.

Data Availability Statement: The data supporting the findings of this study are available from the
corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Siegel, R.L.; Miller, K.D.; Goding Sauer, A.; Fedewa, S.A.; Butterly, L.F; Anderson, J.C.; Cercek, A.; Smith, R.A,; Jemal, A.
Colorectal cancer statistics, 2020. CA Cancer . Clin. 2020, 70, 145-164. [CrossRef]

2. Buhrmann, C.; Kraehe, P; Lueders, C.; Shayan, P.; Goel, A.; Shakibaei, M. Curcumin suppresses crosstalk between colon cancer
stem cells and stromal fibroblasts in the tumor microenvironment: Potential role of EMT. PLoS ONE 2014, 9, e107514. [CrossRef]

3. Maiorino, L.; Da8ler-Plenker, J.; Sun, L.; Egeblad, M. Innate Imnmunity and Cancer Pathophysiology. Annu. Rev. Pathol. 2022, 17,
425-457. [CrossRef]

4. Scharping, N.E.; Menk, A.V,; Moreci, R.S.; Whetstone, R.D.; Dadey, R.E.; Watkins, S.C.; Ferris, R.L.; Delgoffe, G.M. The
Tumor Microenvironment Represses T Cell Mitochondrial Biogenesis to Drive Intratumoral T Cell Metabolic Insufficiency and
Dysfunction. Immunity 2016, 45, 374-388. [CrossRef]

5. Saleh, R.; Elkord, E. Acquired resistance to cancer immunotherapy: Role of tumor-mediated immunosuppression. Semin. Cancer
Biol. 2020, 65, 13-27. [CrossRef]

6.  Mkrtichyan, M.; Najjar, Y.G.; Raulfs, E.C.; Liu, L.; Langerman, S.; Guittard, G.; Ozbun, L.; Khleif, S.N. B7-DC-Ig enhances vaccine
effect by a novel mechanism dependent on PD-1 expression level on T cell subsets. . Immunol. 2012, 189, 2338-2347. [CrossRef]
[PubMed]

7. Varanasi, S.K.; Kumar, S.V.; Rouse, B.T. Determinants of Tissue-Specific Metabolic Adaptation of T Cells. Cell Metab. 2020, 32,
908-919. [CrossRef]

8.  Liu, G;; Shi, L.; Wu, Z. Is Natural Orifice Specimen Extraction Surgery Really Safe in Radical Surgery for Colorectal Cancer? Front.
Endocrinol. 2022, 13, 837902. [CrossRef] [PubMed]

9. Wang, G.; Jiang, Z.; Zhao, K,; Li, G.; Liu, F; Pan, H.; Li, ]. Inmunologic response after laparoscopic colon cancer operation within
an enhanced recovery program. J. Gastrointest. Surg. Off. ]. Soc. Surg. Aliment. Tract 2012, 16, 1379-1388. [CrossRef] [PubMed]

10. Michelucci, A.; Cordes, T.; Ghelfi, ].; Pailot, A.; Reiling, N.; Goldmann, O.; Binz, T.; Wegner, A.; Tallam, A.; Rausell, A.; et al.
Immune-responsive gene 1 protein links metabolism to immunity by catalyzing itaconic acid production. Proc. Natl. Acad. Sci.
USA 2013, 110, 7820-7825. [CrossRef]

11.  Kobashi, Y.; Shimizu, H.; Ohue, Y.; Mouri, K.; Obase, Y.; Miyashita, N.; Oka, M. Comparison of T-cell interferon-gamma release
assays for Mycobacterium tuberculosis-specific antigens in patients with active and latent tuberculosis. Lung 2010, 188, 283-287.
[CrossRef] [PubMed]

12. Ma, R;; Yuan, D.; Guo, Y.; Yan, R.; Li, K. Immune Effects of v6 T Cells in Colorectal Cancer: A Review. Front. Immunol. 2020, 11,
1600. [CrossRef] [PubMed]

13. Degrandi, D.; Hoffmann, R.; Beuter-Gunia, C.; Pfeffer, K. The proinflammatory cytokine-induced IRG1 protein associates with

mitochondria. J. Interferon Cytokine Res. Off. |. Int. Soc. Interferon Cytokine Res. 2009, 29, 55-67. [CrossRef] [PubMed]


http://doi.org/10.3322/caac.21601
http://doi.org/10.1371/journal.pone.0107514
http://doi.org/10.1146/annurev-pathmechdis-032221-115501
http://doi.org/10.1016/j.immuni.2016.07.009
http://doi.org/10.1016/j.semcancer.2019.07.017
http://doi.org/10.4049/jimmunol.1103085
http://www.ncbi.nlm.nih.gov/pubmed/22837483
http://doi.org/10.1016/j.cmet.2020.10.013
http://doi.org/10.3389/fendo.2022.837902
http://www.ncbi.nlm.nih.gov/pubmed/35265042
http://doi.org/10.1007/s11605-012-1880-z
http://www.ncbi.nlm.nih.gov/pubmed/22585532
http://doi.org/10.1073/pnas.1218599110
http://doi.org/10.1007/s00408-010-9238-3
http://www.ncbi.nlm.nih.gov/pubmed/20422203
http://doi.org/10.3389/fimmu.2020.01600
http://www.ncbi.nlm.nih.gov/pubmed/33013819
http://doi.org/10.1089/jir.2008.0013
http://www.ncbi.nlm.nih.gov/pubmed/19014335

J. Clin. Med. 2023, 12, 2320 12 0of 12

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Tsimogiannis, K.E.; Tellis, C.C.; Tselepis, A.D.; Pappas-Gogos, G.K.; Tsimoyiannis, E.C.; Basdanis, G. Toll-like receptors in the
inflammatory response during open and laparoscopic colectomy for colorectal cancer. Surg. Endosc. 2012, 26, 330-336. [CrossRef]
Podda, M.; Pisanu, A.; Morello, A.; Segalini, E.; Jayant, K.; Gallo, G.; Sartelli, M.; Coccolini, F.; Catena, F.; Di Saverio, S.
Laparoscopic versus open colectomy for locally advanced T4 colonic cancer: Meta-analysis of clinical and oncological outcomes.
Br. J. Surg. 2022, 109, 319-331. [CrossRef] [PubMed]

Milasiene, V.; Stratilatovas, E.; Norkiene, V. The importance of T-lymphocyte subsets on overall survival of colorectal and gastric
cancer patients. Medicina 2007, 43, 548-554. [CrossRef]

Oh, D.Y;; Fong, L. Cytotoxic CD4+ T cells in cancer: Expanding the immune effector toolbox. Immunity 2021, 54, 2701-2711.
[CrossRef]

Wu, Z.; Zheng, Y.; Sheng, J.; Han, Y.; Yang, Y.; Pan, H.; Yao, J]. CD3(+)CD4(-)CD8(-) (Double-Negative) T Cells in Inflammation,
Immune Disorders and Cancer. Front. Immunol. 2022, 13, 816005. [CrossRef]

St Paul, M.; Ohashi, P.S. The Roles of CD8+ T Cell Subsets in Antitumor Immunity. Trends Cell Biol. 2020, 30, 695-704. [CrossRef]
Xia, X.J.; Liu, B.C.; Su, J.S.; Pei, H.; Chen, H.; Li, L.; Liu, Y.E. Preoperative CD4 count or CD4/CDS8 ratio as a useful indicator for
postoperative sepsis in HIV-infected patients undergoing abdominal operations. J. Surg. Res. 2012, 174, e25-e30. [CrossRef]
Wichmann, M.W.; Hiittl, T.P; Winter, H.; Spelsberg, F.; Angele, M.K.; Heiss, M.M.; Jauch, K-W. Immunological effects of
laparoscopic vs open colorectal surgery: A prospective clinical study. Arch. Surg. 2005, 140, 692—697. [CrossRef]

Molkanen, T.; Rostila, A.; Ruotsalainen, E.; Alanne, M.; Perola, M.; Jarvinen, A. Genetic polymorphism of the C-reactive protein
(CRP) gene and a deep infection focus determine maximal serum CRP level in Staphylococcus aureus bacteremia. Eur. J. Clin.
Microbiol. Infect. Dis. Off. Publ. Eur. Soc. Clin. Microbiol. 2010, 29, 1131-1137. [CrossRef]

Vittimberga, EJ., Jr.; Foley, D.P.; Meyers, W.C.; Callery, M.P. Laparoscopic surgery and the systemic immune response. Ann. Surg.
1998, 227, 326-334. [CrossRef]

Strowitzki, M.].; Nelson, R.; Garcia, M.P,; Tuffs, C.; Bleul, M.B.; Fitzsimons, S.; Navas, J.; Uzieliene, L.; Ritter, A.S.; Phelan, D.;
et al. Carbon Dioxide Sensing by Immune Cells Occurs through Carbonic Anhydrase 2-Dependent Changes in Intracellular pH.
J. Immunol. 2022, 208, 2363-2375. [CrossRef] [PubMed]

Albers, K.I.; Polat, F; Helder, L.; Panhuizen, L.E; Snoeck, M.M.].; Polle, S.B.W.; de Vries, H.; Dias, E.M.; Slooter, G.D.; de Boer, H.D.;
et al. Quality of Recovery and Innate Immune Homeostasis in Patients Undergoing Low-pressure Versus Standard-pressure
Pneumoperitoneum During Laparoscopic Colorectal Surgery (RECOVER): A Randomized Controlled Trial. Ann. Surg. 2022, 276,
e664—e673. [CrossRef] [PubMed]

Tang, C.L.; Eu, KW.; Tai, B.C.; Soh, J.G.; MacHin, D.; Seow-Choen, F. Randomized clinical trial of the effect of open versus
laparoscopically assisted colectomy on systemic immunity in patients with colorectal cancer. Br. J. Surg. 2001, 88, 801-807.
[CrossRef] [PubMed]

Zhang, L.B.; Wang, B.; Wang, X.Y.; Zhang, L. Influence of video-assisted thoracoscopic lobectomy on immunological functions in
non-small cell lung cancer patients. Med. Oncol. 2015, 32, 201. [CrossRef]

Zhou, LW,; Ding, H.L; Li, M.Q,; Jin, S.; Wang, X.S.; Ji, L.]. Effect of tramadol on perioperative immune function in patients
undergoing gastric cancer surgeries. Anesth. Essays Res. 2013, 7, 54-57.

Préfontaine, L.; Hélie, P.; Vachon, P. Postoperative pain in Sprague Dawley rats after liver biopsy by laparotomy versus laparoscopy.
Lab Anim. 2015, 44, 174-178. [CrossRef] [PubMed]

Toor, S.M.; Murshed, K.; Al-Dhaheri, M.; Khawar, M.; Abu Nada, M.; Elkord, E. Inmune Checkpoints in Circulating and
Tumor-Infiltrating CD4(+) T Cell Subsets in Colorectal Cancer Patients. Front. Immunol. 2019, 10, 2936. [CrossRef]

West, M.A; Baker, J.; Bellingham, J. Kinetics of decreased LPS-stimulated cytokine release by macrophages exposed to CO,.
J. Surg. Res. 1996, 63, 269-274. [CrossRef]

Zawadzki, M.; Krzystek-Korpacka, M.; Gamian, A.; Witkiewicz, W. Comparison of inflammatory responses following robotic and
open colorectal surgery: A prospective study. Int. J. Colorectal Dis. 2017, 32, 399-407. [CrossRef] [PubMed]

Chen, Y.; Zhou, Z.; Min, W. Mitochondria, Oxidative Stress and Innate Immunity. Front. Physiol. 2018, 9, 1487. [CrossRef]
[PubMed]

Al-Kuraishy, HM.; Al-Gareeb, A.I. Eustress and Malondialdehyde (MDA): Role of Panax Ginseng: Randomized Placebo
Controlled Study. Iran. J. Psychiatry 2017, 12, 194-200. [PubMed]

Galon, J.; Fridman, W.H.; Pages, F. The adaptive immunologic microenvironment in colorectal cancer: A novel perspective. Cancer
Res. 2007, 67, 1883-1886. [CrossRef]

Braga, M.; Pecorelli, N.; Frasson, M.; Vignali, A.; Zuliani, W.; Carlo, V.D. Long-term outcomes after laparoscopic colectomy. World
J. Gastrointest. Oncol. 2011, 3, 43-48. [CrossRef] [PubMed]

Karanika, S.; Karantanos, T.; Theodoropoulos, G.E. Immune response after laparoscopic colectomy for cancer: A review.
Gastroenterol. Rep. 2013, 1, 85-94. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1007/s00464-011-1871-2
http://doi.org/10.1093/bjs/znab464
http://www.ncbi.nlm.nih.gov/pubmed/35259211
http://doi.org/10.3390/medicina43070069
http://doi.org/10.1016/j.immuni.2021.11.015
http://doi.org/10.3389/fimmu.2022.816005
http://doi.org/10.1016/j.tcb.2020.06.003
http://doi.org/10.1016/j.jss.2011.10.006
http://doi.org/10.1001/archsurg.140.7.692
http://doi.org/10.1007/s10096-010-0978-z
http://doi.org/10.1097/00000658-199803000-00003
http://doi.org/10.4049/jimmunol.2100665
http://www.ncbi.nlm.nih.gov/pubmed/35477686
http://doi.org/10.1097/SLA.0000000000005491
http://www.ncbi.nlm.nih.gov/pubmed/35822730
http://doi.org/10.1046/j.1365-2168.2001.01781.x
http://www.ncbi.nlm.nih.gov/pubmed/11412248
http://doi.org/10.1007/s12032-015-0639-2
http://doi.org/10.1038/laban.731
http://www.ncbi.nlm.nih.gov/pubmed/25897938
http://doi.org/10.3389/fimmu.2019.02936
http://doi.org/10.1006/jsre.1996.0259
http://doi.org/10.1007/s00384-016-2697-0
http://www.ncbi.nlm.nih.gov/pubmed/27815698
http://doi.org/10.3389/fphys.2018.01487
http://www.ncbi.nlm.nih.gov/pubmed/30405440
http://www.ncbi.nlm.nih.gov/pubmed/29062371
http://doi.org/10.1158/0008-5472.CAN-06-4806
http://doi.org/10.4251/wjgo.v3.i3.43
http://www.ncbi.nlm.nih.gov/pubmed/21461168
http://doi.org/10.1093/gastro/got014

	Introduction 
	Materials and Methods 
	Patient Data 
	Immunological Index Acquisition 
	Statistical Analysis 

	Results 
	Clinical Characteristics 
	Difference of Immunological Indexes 
	Analysis of Influencing Factors 

	Discussion 
	References

