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Background: It is very important for breast cancer patients undergoing surgery to choose an 
opioid that has little effect on the immune system. The aim of this study is to compare the 
effects of dezocine or sufentanil on postoperative pain and Th1/Th2 balance in patients 
undergoing breast cancer surgery.
Methods: Data from 92 breast cancer patients from January 2019 to July 2020 at Foshan 
Second People’s Hospital (Guangdong, China) were analyzed. Sufentanil (SF) was used in 
group SF (n = 44) and dezocine (DE) in group DE (n = 48). The Visual Analog Scale (VAS) 
scores were assessed, and the percentages of Th1 cells and Th2 cells in peripheral blood were 
detected before anesthesia and at 2, 12, 24, and 48 hours after surgery.
Results: There was no significant difference in the VAS scores between the two groups at 2, 24, 
and 48 hours after surgery (P > 0.05). The VAS scores at 12 hours after surgery in group DE 
were significantly lower than those in group SF with a statistically significant difference (P < 
0.05). The percentage of Th1 cells in group DE at 2, 12, 24, and 48 hours after surgery was 
significantly lower than that in group SF (P < 0.05). The percentage of Th2 cells in group DE at 
2, 12, 24, and 48 hours after surgery was significantly lower than that in group SF (P < 0.05). 
The Th1/Th2 ratio at 2, 12, 24, and 48 hours after surgery was significantly higher in group DE 
than that in group SF (P < 0.05).
Conclusion: Dezocine for anesthesia induction and postoperative analgesia can maintain the 
balance of Th1/Th2 more stable than, with the same analgesia efficacy as, sufentanil during 
the early postoperative period in breast cancer patients undergoing surgery.
Keywords: dezocine, sufentanil, VAS, Th1/Th2 balance, breast cancer

Introduction
Breast cancer is the most common malignant tumor in women, and its global 
morbidity has recently increased at a rate of over 2 million per year.1,2 Surgery is 
the main treatment for breast cancer, but postoperative recurrence and metastasis 
are still the leading causes of death in breast cancer patients, though neoadjuvant 
therapy improves the tumor-free survival and overall survival in patients with breast 
cancer.2,3 The immunity of cancer patients, especially cellular immunity, plays 
a vital role in the body’s antitumor defense mechanisms.4–6 The stress response 
caused by surgery and postoperative pain may induce the release of certain hor-
mones and cytokines that are mediated by the sympathetic nervous system and the 
hypothalamic–pituitary–adrenal axis.4–6 which may cause immunosuppression in 
which the Th1/Th2 balance shifts toward the Th2 phenotype.7,8 Furthermore, 
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nociceptive stimuli such as pain are also involved in 
immune regulation through the signaling pathways in the 
central nervous system. Therefore, opioids should be used 
perioperatively in anesthesia and analgesia to reduce the 
stress response and alleviate pain, and, especially for can-
cer patients, to maintain normal immunity.4–7 But the well- 
known side effects of opioids, suppression of the immune 
system has been increasingly reported, and the concern 
that their immunological effects during and after surgery 
may impact disease processes, especially cancer, has 
increased proportionally.4,5

T helper cell (Th cell) is the key regulator of host in 
anti-tumour immunity and its specialized subsets are gen-
erated following activation through lineage-specifying 
cytokines and transcriptional programs, such as T-bet and 
GATA38,9 in which differentiation of Th1 cells is pro-
moted by the cytokine IL-12, while IL-4 drives Th2 cell 
differentiation. These cytokines influence each other, in 
which the balance of Th1/Th2 was maintained stable and 
the body immunity is in normal.6,7 Th1 cells and Th2 cells 
were first resigned by Mosmann in 1986,9 and other Th 
cells such as T regulatory cells (Treg), Th17 cells, 
T follicular helper (Tfh cells), Th9 cells and Th22 cell, 
with fewer expression, were described one after another 
after 30 years.10,11 However, the expression of Th1 cells 
and Th2 cells and the balance of Th1/Th2 play a very 
important role in antitumor immunity and are usually used 
as an indicator for the immunity status of cancer 
patients.7,8 Optimally, the Th1/Th2 balance would be 
Th1 predominant in the case of cancer. Th1 cells have 
been shown to have strong anticancer properties by 
increasing the activity of NK cells and CD8+ cells. In 
comparison, Th2 cells inhibit immune function and avoid 
autoimmune diseases caused by excessive immune 
function12. The balance of Th1/Th2 and must be main-
tained stable and predominantly shifted to Th1 and is an 
important indicator of cellular immune function in patients 
with breast cancer.9,13,14 Moreover, the perioperative 
changes of Th1 cells and T2 cells are associated with the 
size of tumors, pathological parameters, clinical stages and 
tumor-free survival outcomes,14 and the deviation of Th1/ 
Th2 balance to Th2 style was positively related to the 
metastasis and recurrence and the prognosis of breast 
cancer patients.9,14–16 Study also found that an increase 
in the Th1/Th2 ratio could suppress the growth and pro-
liferation of breast cancer in rats and in mice.18,19

Opioids such as morphine, fentanyl, sufentanil and 
dezocine were usually used for anesthesia induction and 

postoperative analgesia in clinical practice.16,17,20 

However, clinical studies on opioids usually involve with 
one opioid such as fentanyl or sufentanil for anesthesia 
induction and other opioids such as morphine or dezocine 
for postoperative analgesia16,17,20.

Morphine can inhibit Th cells from differentiating into 
Th1 cells, resulting in the reduction of the ratio of Th1/ 
Th2 through NF-κB, PI3K/AKT, T-bet and GATA3 and 
up-regulating IL-2 and IFN-γ expression and down- 
regulating IL-4 and IL-5 expression.21–24 Though 
Messmer et al found that morphine enhanced the T cell 
activation and increased IL-12 secretion, indicating posi-
tive effects on immune function.25 Most studies available 
on the immunological properties of opioids refer to mor-
phine. Although morphine remains a standard opioid for 
analgesia in clinical practice and for study on the immune 
function, other semisynthetic and synthetic opioids such as 
sufentanil and dezocine are frequently used in the anesthe-
sia and postoperative analgesia in cancer patients under-
going surgery. Although most data are derived from 
preclinical studies, it is emerging that different opioids 
have different effects on the body immune function.4

Sufentanil, a selective μ opioid-receptor agonist, can 
rapidly spread to various tissues and penetrate the blood– 
brain barrier to reach an effective concentration to be of 
analgesic intensity, long duration, low toxicity, and wide 
safety range, as well as side effects similar to other 
opioids, including immune-suppression.26 It was also 
found that, with the same analgesic effect, sufentanil had 
a stronger effect than fentanyl on the increase of Treg cells 
in vitro.27 Moreover, sufentanil may decrease the CD4+/ 
CD8+ ratio and increase the frequency of Treg cells.28,29 

Treg cells in the breast cancer were positively associated 
with disease progression, and the CD8+/Treg ratio was 
associated with lymph node metastasis and tumor 
staging.31 Treg cells are considered immuno-suppressive 
cells, similar to Th2 cells.31 Also, studies found that 
patients with breast cancer had the proportion of CD4+ 

and CD8+T cells in the sentinel lymph node reversed, 
meaning metastasis of breast cancer and significantly asso-
ciated with both relapse-free survival and overall 
survival.30,31

Dezocine is widely used in perioperative anesthesia 
and postoperative analgesia in China due to its effective 
analgesic efficacy and fewer adverse events.16,17 Dezocine 
is a partial μ receptor agonist and partial κ receptor ago-
nist, which can inhibit the uptake of serotonin and epi-
nephrine, similar to tramadol, and may have a similar 
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protective effect on immunity.32,33 Studies have found that 
dezocine can up-regulate the level of IL-12 and down- 
regulate the level of IL-10 in human umbilical cord 
blood dendritic cells,34 improve the proliferation and cyto-
toxicity of CD8+ cells, promote the maturation of BMDC, 
and inhibit tumor metastasis in rats.35,36

Wang et al found that the postoperative analgesic effect 
for breast cancer patients is slightly better with sufentanil 
than with dezocine. However, dezocine can reduce the 
inhibition of NK cell and CD4+ cell activity and maintain 
the balance of CD4+/CD8+, which is more conducive to 
the recovery of immune function.20 However, the effects 
of dezocine and sufentanil on Th cell differentiation 
remain unknown at present. This study aims to investigate 
the effects of dezocine and sufentanil on the Th1/Th2 
balance in patients undergoing breast cancer surgery and 
provide a clinical basis for the selection of opioids with 
little negative impact on the immunity in breast cancer 
patients undergoing surgery.

Materials and Methods
Study Subjects
Data from 92 patients with breast cancer at the Second 
People’s Hospital of Foshan (Guangdong, China) from 
January 2019 to July 2020 were analyzed. Ethical approval 
was provided by the Ethics Committee of the hospital on 
November 1, 2018 (Approval document No: 2018-1105). 
Prior to the collection of the data, written informed con-
sent was obtained from all participants. Patients with 
American Society of Anesthesiologist (ASA) status I to 
III, aged from 25 to 85 years, and scheduled for selective 
surgery were eligible.37 Exclusion criteria were refusal to 
participate in the study; allergy to the drugs used in the 
study; a history of autoimmune, endocrine, or metabolic 
disease; administration of opioids, steroids, or immuno-
suppressants; or cognitive impairment (unable to under-
stand the VAS pain scale). All patients were treated with 
patient-controlled intravenous analgesia (PCIA). Modified 
radical mastectomy (MRM) or breast-conserving surgery 
(BCS) or simple mastectomy (SM) was performed on all 
patients with an axillary lymph node dissection or 
a sentinel lymph node biopsy, if necessary. Forty-four 
cases were treated with sufentanil as group SF and 48 
cases were treated with dezocine as group DE. The general 
data of the two groups had no statistical differences 
(P > 0.05) and were comparable.

Anesthesia Method
All patients fasted for 6–8 hours before surgery. 
Noninvasive blood pressure (NBP), electrocardiogram 
(ECG), heart rate (HR), pulse blood oxygen saturation 
(SPO2), and Bispectral Index (BIS) were monitored with 
a vital sign monitor (PHILIPS MX50, Philips China 
Medical Devices Co. Ltd., China). An indwelling venous 
catheter was inserted into the elbow vein to establish 
venous access, and sodium lactate solution was infused 
at a rate of 6–8 mL/kg/min. Before the induction of 
anesthesia, sufentanil 0.4 μg/kg (Yichang Humanwell 
Pharmaceutical Co. Ltd., China) and dezocine 0.2 mg/kg 
(Jiangsu Yangzijiang Pharmaceutical Co. Ltd., China) was 
injected intravenously into group SF and group DE, 
respectively. The anesthesia was then induced with propo-
fol TCI set at 4 μg/mL of the plasma concentration. 
Muscle relaxation was facilitated by the administration of 
cisatracurium. The anesthesia was maintained with an 
inhalation concentration of 2–3% sevoflurane in 70% oxy-
gen with a fresh gas flow of 2 mL/min and balanced with 
propofol TCI set at a plasma concentration of 1.5–2 ug/ 
mL. The BIS was kept between 40 and 60 by adjusting 
both the inhalation concentration of sevoflurane and the 
plasma concentration of propofol. An additional bolus of 
5–10 μg of sufentanil in group SF or 2.5–5.0 mg of 
dezocine in group DE was administered if significant 
tachycardia (above 20% from baseline) or hypertension 
(above 20% from baseline) occurred that was judged to 
be caused by a lack of analgesia. Mechanical ventilation 
was targeted to maintain an end-tidal PCO2 at 35–45 
mmHg during surgery. The patients were transferred to 
the post-anesthesia care unit (PACU) after the surgery 
was completed. Muscle relaxation was antagonized with 
neostigmine and atropine before the tracheal catheter was 
pulled out. Patients were observed in PACU and trans-
ferred back to the ward when the Edward score matched 
the discharge criterion.

Postoperative Analgesia
Patients in both groups received PCIA for 48 hours after 
surgery. A disposable, mechanical analgesia pump was 
used (Zhuhai Fornia Medical Equipment Co. Ltd., 
China). The pump was filled with dezocine 0.8 mg/kg or 
sufentanil 1.5 μg/kg diluted in 100 mL of normal saline for 
group DE and group SF, respectively. Dezocine 5 mg in 
group DE or sufentanil 10 μg in group SF was adminis-
tered intravenously for pre-charge of the analgesia and 
citrate tropisetron 2 mg was administered intravenously 
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for the prevention of postoperative nausea and vomiting 
(PONV), 30 min before the operation concluded. The 
analgesia pump parameters were set to a background infu-
sion of 2 mL/h, a PCIA dose of 1 mL, and a locking time 
of 15 min.

It was found that using different opioids in combination 
may have uncertain agonist/antagonist effects on the opioid 
receptor, resulting in uncertain pharmacological effects 
including analgesia, unwanted adverse effects and immune 
regulation.38–40 Therefore the results of such studies are not 
reflective of the pharmacological effects of a certain opioids 
in an accurate manner. A clinical study in which only one 
opioids involved in both anesthesia induction and postopera-
tive analgesia should be made for a precise understanding of 
the pharmacodynamics of opioids.

We selected dezocine or sufentanil, as an opiate for 
anesthesia and analgesia options for breast cancer patients, 
respectively, with the regimen and the dosage used according 
to the references or guidelines and the Chinese expert 
consensus.41,42

Th1 Cells and Th2 Cells Measurement
A 2 mL peripheral blood sample was collected from the elbow 
vein before surgery and 2, 12, 24, and 48 hours after surgery in 
an anticoagulant tube containing sodium heparin.

A 100 μll blood sample and 1 μL of mixed stimulants 
(ION/PMA/MON) (Hangzhou Lianke Biotech Co. Ltd., 
China) were mixed in a flow tube containing RPMI 1640 
culture fluid (Gibco Biotechnology Co. Ltd., USA) 
100 μL. The instructions were strictly followed when 
adding the dosage of all reagents. The flow tube with the 
specimen was placed in an incubator (Heraeus Scientific 
Co. Ltd., China) containing 5% CO2 for 4 to 6 hours after 
blending, then the serum was taken out. Anti-CD3 anti-
body (PERCP Mouse Anti-Human CD3, 340456, BD 
Biotechnology Co. Ltd., USA) 20 ul and anti-CD8 anti-
body (APC Mouse Anti-Human CD8, 347344, BD 
Biotechnology Co. Ltd., USA) 5μL were added to the 
flow tube and incubated for 15 min at room temperature 
in the dark. Lysing solution (BD Biotechnology Co. Ltd., 
USA) 2 mL diluted to 1× was added to the tube, which 
was similarly incubated for 10–15 min. PBS 2 mL was 
added to the flow tube, which was centrifuged at 1500 rpm 
for 5 min. Next, permeabilization wash buffer (BioLegend, 
Biotechnology Co. Ltd., USA) 2 mL diluted to 1× was 
added to the tube, which was incubated in the dark at room 
temperature for 25 min. The flow tube was centrifuged at 
1500 rpm for 5 min after PBS 2 mL was added. Next, anti- 

IFN-γ/IL-4 antibody (FAST IMMUNE Anti-IFN-γ FITC/ 
IL-4 PE, 340584, BD Biotechnology Co. Ltd., USA) 20 ul 
was added to the flow tube, which was incubated in the 
dark at room temperature for 20 min. The flow tube was 
centrifuged again at 1500 rpm for 5 min after another 
addition of PBS 2 mL, and the culture supernatant was 
discarded. At the end, PBS 400 ul was added to the flow 
tube, which was set to the flow cytometry (BD 
FACSCantoTM, USA) (SN: V33896001912) for Th cell 
detection. In this study, CD3 and CD8 gates were used to 
detect the CD3+CD8− cells represented as CD3+CD4+ 

cells, and the expression level of Th1/Th2 cells was ana-
lyzed according to the positive expression rates of IFN-γ 
and IL-4 in CD3+CD8− cells. Th1 cells were identified by 
CD3+CD8−IFN-γ+ and Th2 cells were identified by 
CD3+CD8−IL-4+ (Figure 1). FACSDiva version 6.1.3 
was used for the cell detection analysis.

Observation Index
General data: The ASA status, patient’s age and body mass 
index (BMI), intravenous infusion volume and blood loss 
volume during surgery, the operation time, PCIA bolus 
times, clinicopathological stage of breast cancer, and sur-
gical procedure were analyzed.

VAS scores: The VAS scores were assessed by a fixed 
anesthesiologist without prior knowledge of the patients’ 
grouping at 2, 12, 24, and 48 hours after surgery. The VAS 
scores ranged from 0 to 10, and the higher the score the 
higher the patient’s pain index. The VAS is the most 
widely used tool for estimating both severity of pain and 
to judge the extent of pain relief. Healthcare workers ask 
the patient to select a point on a line drawn between the 
two ends to express how intense he/she perceives pain. In 
our study, VAS is a continuous scale comprised of 
a horizontal line, with 100 mm long, anchored by two 
verbal descriptors (ie, “no pain” and “worst imaginable 
pain”. Patients are asked to rate “current” pain intensity or 
pain intensity “in the last 24 hour”. The VAS is an easy-to- 
use instrument that does not warrant using a sophisticated 
device. It is also highly sensitive in detecting treatment 
effects, and its results can be analysed by parametric 
tests.43 So, the VAS score was used in our study.

Th1 cells, Th2 cells, and Th1/Th2 ratio: The percen-
tages of Th1 cells and Th2 cells in peripheral blood were 
detected before anesthesia and at 2, 12, 24, and 48 hours 
after surgery by flow cytometry in all patients. The Th1/ 
Th2 ratio was calculated with the percentages of Th1 cells 
and Th2 cells, ie, Th1% divided by Th2%.
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Statistical Analysis
SPSS 23 (IBM SPSS, Armonk, NY, USA) was used for the 
data analysis. Test of normality using the Quantile-Quantile 
(Q-Q) plot on the continuous data was done. The normally 
distributed continuous data were described as mean ± stan-
dard deviation (�x� s) and tested using the t-test. Two-way 
ANOVA was used to compare VAS scores at different time 
points between groups. LSD test was used for the post-hoc 
analysis followed by the two-way ANOVA. Enumerated 
data were expressed as a percentage and differences between 
the two groups were analyzed by the Chi-square test. The 
grade data were analyzed using the Wilcoxon test. P < 0.05 
was considered statistically significant.

Results
General Data
There was no statistical difference between the two groups in 
the general data of age, BMI, intra-operative intravenous infu-
sion volume, intra-operative blood loss volume, operation 

time, PCIA bolus times, ASA status, clinicopathological 
stage of breast cancer, and surgical procedure (P=0.766, 
0.313, 0.864, 0.152, 0.891, 0.168, 0.434, 0.224, 0.355, P > 
0.05), as shown in Table 1.

VAS Scores
Tables 2–4 show comparison of postoperative VAS scores in 
the two groups (Table 2), between time-points in Group SF 
(Table 3) and between time-points in Group DE (Table 4), 
and the indications are p-value and t value in the column 
comparing between the readings in the two groups in indivi-
dual; F value and p-value in the column comparing between 
the readings of the two groups in the whole (Table 2); F value 
and p-value in the row comparing between the readings of the 
different time-points in the whole in each group; p-value in 
the column comparing between the readings of the different 
time-points of each other in each group (Table 3, Table 4).

There was no significant difference in the VAS score 
between the two groups at 2, 24, and 48 hours after surgery 

Figure 1 Detection chart of flow cytometry. (A) is the lymphocyte portal and P0 is the lymphocytes in the whole blood sample; (B) is the T cell portal and P1 is the CD3+ 

T cells; (C) is the CD3+ T cell portal and P is the mixture of the CD3+ T cells and the CD8− T cells; (D) is the mixture of the CD3+ T cells and the CD8− T cells portal and 
P2 is the CD3+ CD8− T cells (T helper cells); (E) is the further analysis of the P2 portal and TH1 in the left upper quarter is the Th1 cells; (F) is the further analysis of the P2 
portal and TH2 in the left upper quarter is the Th2 cells. 
Notes: In the figure, the black scattered points are lymphocytes; Green ones are CD4 + T cells; Red ones are CD8 + T cells.
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(P = 0.763, 0.082, 0.088, P > 0.05). The VAS scores at 12 
hours after surgery in group DE were significantly lower 
than that in group SF, with a significantly statistical differ-
ence (t = 2.62, P = 0.010, P < 0.05). But when the Two-way 
ANONA analysis is used between the two groups, F = 
1.035, P = 0.3097, P > 0.05. It is suggested that the VAS 
score during the analgesia period in Group DE and Group 
SF has no significantly statistical difference. The results 
indicate that dezocine has the same analgesic efficacy as 
sufentanil, as shown in Table 2, Figure 2.

There was no significant difference in the VAS scores 
at 2, 12, and 24 hours after surgery in group SF (P = 0.598, 
0.451, 0.756, P > 0.05), and the VAS score at 48 hours 
after surgery was significantly lower than those at 12 hours 
after surgery (P = 0.047, P < 0.05). Table 3, Figure 2.

Table 1 Comparison of General Conditions of Patients in the Two Groups (x ± S)

Group Group SF (n=44) Group DE (n=48) Statistics Value P-value

Age (years) 57.02±13.39 57.83±12.61 t=0.30 0.766
BMI (kg/m2) 27.07±7.67 25.73±4.29 t=1.017 0.313

Intravenous infusion volume (mL) 700.34±120.63 696.97±59.71 t=1.72 0.864

Blood loss volume (mL) 76.97±8.72 74.45±8.08 t=1.44 0.152
Operation time (min) 128.91±28.00 126.86±38.94 t=0.135 0.891

PCA bolus times 4.27±0.0.79 4.62±1.50 t=1.36 0.168

ASA status I/II/III(case) 14/24/6 19/24/5 Z=0.78 0.434

Stage of breast cancer I/IIA/IIB/IIIA (case) 14/20/6/4 12/22/12/2 Z=1.22 0.224

Type of operation SM(case) 8 5 χ2=2.07 0.355
BCS(case) 10 8

MRM(case) 26 35

Table 2 Comparison of Postoperative VAS Scores in the Two 
Groups

Time-Point Group SF 

(n=44)

Group DE 

(n=48)

t value P-value

T1; 2 h After surgery 2.34±1.10 2.27±1.25 3.02 0.763

T2; 12 h After surgery 2.77±0.83 2.31±0.85▲ 2.62 0.010

T3; 24h After surgery 2.52±0.82 2.23±0.78 1.76 0.082

T4; 48 h After surgery 2.14±0.85 1.85±0.71 1.72 0.088

Two way ANOVA analysis in the two groups F=1.035 0.3097

Note: ▲P<0.05 compared with Group SF.

Table 3 Comparison of Postoperative VAS Scores Between 
Time-Points in Group SF

Time-Point Group SF (n=44) LSD P-value

T1; 2 h After surgery 2.34±1.10 /

T2;12 h After surgery 2.77±0.83 vs T1 0.598

T3; 24h After surgery 2.52±0.82 vs T1, T2 0.451;0.756

T4; 48 h After surgery 2.14±0.85d vs T1, 2, T3 0.315; 0.068; 0.047

F value 1.610 / /

P-value 0.189 / /

Note: dP<0.05 compared with 24 h after surgery.

Table 4 Comparison of Postoperative VAS Scores Between 
Time-Point in Group DE

Time-Point Group DE (n=48) LSD P-value

T1; 2 h After surgery 2.27±1.25 / /

T2; 12 h After surgery 2.31±0.85 vs T1 0.817

T3; 24h After surgery 2.23±0.78 vs T1, T2 0.817; 0.644

T4; 48 h After surgery 1.85±0.71bcd vs T1, 2, T3 0.022; 0.012; 0.039

F value 2.749 / /

P-value 0.044 / /

Notes: bP<0.05 compared with 2 h after surgery; cP<0.05 compared with 12 h after 
surgery; dP<0.05 compared with 24 h after surgery.

Figure 2 Comparison of VAS scores at 2, 12, and 24 hours after surgery between 
the two groups. bP<0.05 compared with 2 h after surgery; cP<0.05 compared with 
12 h after surgery; dP<0.05 compared with 24 h after surgery. ▲P<0.05 compared 
with Group SF.
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There was no significant difference in the VAS scores 
at 2, 12, and 24 hours after surgery in group DE (P = 
0.817, 0.817, 0.644, P > 0.05), and the VAS score at 48 
hours after surgery was significantly lower than those at 2, 
12, and 24 hours after surgery (P = 0.022, 0.012, 0.039, 
P < 0.05). Table 4, Figure 2.

Th1 Cell Percentage Changes
Research has shown that detecting the expression of internal 
factors (FN-γ/IL-4) in Th cells (CD4+ cells) by flow cyto-
metry accurately reflects the Th1 and Th2 cell levels. The 
CD3 and CD4 gate was used for the detection of Th cells 
(CD4+ cells), and Th1 and Th2 cells were determined by 
CD4+/IFN-γ+ and CD4+/IL-4+, respectively.44,45 But during 
detection, the CD4+ molecule endocytosis occurs after 
PMA/Ionomycin stimulation, and then few CD4+ molecules 
can be detected. So, the CD3+/CD8− reverse gate can be 
used for Th cell (CD4+ cells) detection because CD3+ cells 
consist mainly of CD4+ and CD8+ cells. This method sug-
gested by Yang et al was used in our study.46,47

Tables 5–7 show comparison of Th1% in the two 
groups (Table 5), between time-points in Group SF 
(Table 6) and between time-points in Group DE 
(Table 7), and the indications are p-value and t value in 
the column comparing between the readings in the two 
groups in individual; p-value and t value in the column 
comparing between the readings in the two groups in 
individual (Table 5); F value and p-value in the row 
comparing between the readings of the different time- 
points in the whole in each group; p-value in the column 
comparing between the readings of the different time- 
points of each other in each group (Table 6, Table 7).

There was no significant difference in the percentage of 
Th1 cells between the two groups before surgery 
(P = 0.487, P > 0.05), but the percentage of Th1 cells at 
2, 12, 24, and 48 hours after surgery in group DE was 
significantly higher than those in group SF, with 

statistically significant differences (P = 0.015, 0.002, 
0.034, 0.002, P < 0.05), as shown in Table 5, Figure 3 
(0.000; 0.321, 0.000; 0.043, 0.015; 0.271).

The percentage of Th1 cells at 2, 12, and 24 hours after 
surgery in group SF was significantly lower than that before 
surgery, with statistically significant differences (P = 0.000, 
0.000, 0.000, P < 0.05). The percentage of Th1 cells at 24 
hours after surgery was significantly higher than that at 2 
hours after surgery, with a statistically significant difference 
(P = 0.043, P < 0.05). The percentage of Th1 cells at 48 
hours after surgery was significantly higher than those at 2 
and 12 hours after surgery, with statistically significant 
differences (P = 0.043; 0.003, P < 0.05). There was no 
significant difference in the percentage of Th1 cells before 
surgery and 48 hours after surgery (P = 0.015, P > 0.05). 
These results indicate that the percentage of Th1 cells at 48 
hours after surgery had not returned to the preoperative 
levels in group SF (14.05±5.58, vs 16.12±4.50), as shown 
in Table 6, Figure 3.

The percentage of Th1 cells at 2, 12, 24, and 48 hours 
after surgery in group DE was significantly lower than that 
before surgery, with statistically significant differences 
(P = 0.001, 0.000, 0.020, P < 0.05).

There was no significant difference in the percentage of 
Th1 cells between 2, 12, and 24 hours after surgery (P = 0.607, 
0.365, 0.165, P > 0.05). The percentage of Th1 cells at 48 hours 
after surgery was significantly higher than that at 2, 12 hours 
after surgery, with statistically significant differences (P = 
0.005, 0.001, P < 0.05). There was no significant difference 
in the percentage of Th1 cells between before surgery and 48 
hours after surgery (16.47±2.88 vs 16.77±4.34, P = 0.697 > 
0.05). These results indicate that the percentage of Th1 cells at 
48 hours after surgery had returned to the preoperative levels in 
group DE, as shown in Table 7, Figure 3.

Table 5 Comparison of Th1% in the Two Groups

Time-Point Group SF 

(n=44)

Group DE 

(n=48)

t value P-value

T0; Before Surgery 16.12±4.50 16.77±4.34 0.7 0.487

T1; 2 h After surgery 12.34±3.29 14.25±4.02▲ 2.48 0.015

T2; 12 h After surgery 11.51±3.87 13.86±3.22▲ 3.18 0.002

T3; 24h After surgery 13.13±3.90 14.95±4.21▲ 2.16 0.034

T4; 48 h After surgery 14.05±5.58 16.47±2.88▲ 3.24 0.002

Note: ▲P<0.05 compared with Group SF.

Table 6 Comparison of Th1% Between Time-Points in Group SF

Time-Point Group SF 

(n=44)

LSD P-value

T0; Before Surgery 16.12±4.50 / /

T1; 2 h After surgery 12.34±3.29a vs T0, T1 0.000

T2; 12 h After surgery 11.51±3.87a vs T0, T1 0.000; 0.321

T3; 24h After surgery 13.13±3.90ab vs T0, T1, T2 0.000; 0.043

T4; 48 h After surgery 14.05±5.58abc vs T0, T1, T2, T3 0.015; 0.043; 

0.003; 0.271

F value 8.902 / /

P-value <0.001 / /

Notes: aP<0.05 compared with before surgery; bP<0.05 compared with 2 h after 
surgery; cP<0.05 compared with 12 h after surgery.
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Th2 Cell Percentage Changes
Tables 8–10 show comparison of Th2% in the two groups 
(Table 8), between time-points in Group SF (Table 9) 
between time-points in Group DE (Table 10) and the 
indications are p-value and t value in the column compar-
ing between the readings in the two groups of individuals 
(Table 8); F value and p-value in the row comparing 
between the readings of the different time-points in the 
whole of each group; p-value in the column comparing 
between the readings of the different time-points of each 
other in each group (Table 9, Table 10).

There was no significant difference in the percentage of 
Th2 cells between the two groups before surgery (P = 
0.297, P > 0.05), and the percentage of Th2 cells at 2, 
12, 24, and 48 hours after surgery in group DE was 
significantly lower than those in group SF, with statisti-
cally significant differences (P = 0.024.0.0001, 0.023, 
0.013, P < 0.05), as shown in Table 8, Figure 4.

The percentage of Th2 cells at 2, 12, and 24 hours after 
surgery in group SF was significantly higher than that 
before surgery, with statistically significant differences 
(All P = 0.000, P < 0.05). The percentage of Th2 cells at 
48 hours after surgery was significantly lower than those 
at 2 and 12 hours after surgery, with a statistically sig-
nificant difference (P = 0.000, 0.002, P < 0.05). There was 
no significant difference in the percentage of Th2 cells 
between 2, 12, 24 hours after surgery (P = 0.524, 0.051, 
0.186, P > 0.05). The percentage of Th2 cells at 48 hours 
after surgery in group SF was significantly higher than that 
before surgery, with a statistically significant difference 
(4.11±1.06 vs 3.25±1.12, P = 0.064, P > 0.05,). These 
results indicate that the percentage of Th2 cells at 48 
hours after surgery had not returned to the preoperative 
levels in group SF, as shown in Table 9, Figure 4.

The percentage of Th2 cells at 2, 12, 24, and 48 hours 
after surgery in group DE was significantly higher than those 
before surgery, with statistically significant differences 
(P = 0.000, 0.006, 0.015, P < 0.05). The percentage of Th2 
cells at 48 hours after surgery was significantly higher than 
that at 2, 12 and 24 hours after surgery, with statistically 
significant differences (P = 0.000, 0.015, 0.031, P < 0.05). 
The percentage of Th2 cells at 24 hours after surgery was 
significantly higher than that at 2 hours after surgery, with 
a statistically significant difference (P = 0.024, P < 0.05). 
There was no significant difference in the percentage of Th2 
cells before surgery and 48 hours after surgery (3.56±0.97 vs 
3.51±1.20, P = 0.773, P > 0.05). These results indicate that 
the percentage of Th2 cells at 48 hours after surgery had 
returned to the preoperative levels in group DE, as shown in 
Table 10, Figure 4.

Th1/Th2 Ratio Changes
Tables 11–13 show comparison of Th1/Th2 between the 
two groups (Table 11), between time-points in Group SF 

Table 7 Comparison of Th1% Between Time-Points in Group DE

Time-Point Group DE (n=48) LSD P-value

T0 Before Surgery 16.77±4.34 /
T1 2 h After surgery 14.25±4.02a vs T0, T1 0.001

T2 12 h After surgery 13.86±3.22a vs T0, T1 0.000; 0.607

T3 24 h After surgery 14.95±4.21a vs T0, T1, T2 0.020; 0.365; 0.165
T4 48 h After surgery 16.47±2.88bc vs T0, T1, T2, T3 0.697; 0.005; 0.001; 0.051

F value 5.711 /

P-value <0.001 /

Notes: aP<0.05 compared with before surgery; bP<0.05 compared with 2 h after surgery; cP<0.05 compared with 12 h after surgery.

Figure 3 Comparison of the percentage of Th1 cells before and after surgery 
between the two groups. aP<0.05 compared with before surgery, bP<0.05 com-
pared with 2 h after surgery; cP<0.05 compared with 12 h after surgery. ▲P<0.05 
compared with Group SF.
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(Table 12) between time-points in Group DE (Table 13) 
and the indications are p-value and t value in the column 
comparing between the readings of the two groups of 
individuals (Table 11), and F value and p-value in the 
row comparing between the readings of the different time- 
points in the whole in each group; p-value in the column 
comparing between the readings of the different time- 
points of each other in each group Table 12, Table 13).

There was no significant difference in the Th1/Th2 
ratio before surgery between the two groups (P = 0.078, 
P > 0.05), but the Th1/Th2 ratio at 2, 12, 24, and 48 hours 
after surgery in group DE was significantly higher than 
that in group SF, with statistically significant differences 

(P = 0.000, 0.000, 0.001, P < 0.05), as shown in Table 11, 
Figure 5.

The Th1/Th2 ratio at 2, 12, and 24 hours after surgery 
in group SF was significantly lower than that before sur-
gery, with statistically significant differences (All P = 
0.000, P < 0.05). The Th1/Th2 ratio at 48 hours after 
surgery was significantly lower than that at 2 and 12 
hours after surgery, with statistically significant differences 
(P = 0.000, 0.012, P < 0.05). There was no significant 
difference in the Th1/Th2 ratio between at 24 and 
48 hours (P = 0082, P > 0.05). The Th1/Th2 ratio at 48 
hours after surgery was significantly lower than that before 
surgery, with a statistically significant difference (3.67 

Table 8 Comparison of Th2% in the Two Groups

Time-Point Group SF (n=44) Group DE (n=48) t value P-value

T0; Before Surgery 3.25±.1.12 3.51±1.20 1.05 0.297
T1; 2 h After surgery 5.00±1.54 4.48±1.02▲ 2.3 0.024

T2; 12 h After surgery 4.86±0.97 4.08±0.88▲ 4.04 0.0001

T3; 24h After surgery 4.54±1.20 4.01±0.98▲ 2.31 0.023
T4; 48 h After surgery 4.11±1.06 3.56±0.97▲ 2.55 0.013

P-value <0.0001 <0.0001

Note: ▲P<0.05 compared with Group SF.

Table 9 Comparison of Th2% Between Time-Points in Group SF

Time-Point Group SF (n=44) LSD P-value

T0; Before Surgery 3.25±.1.12 /

T1; 2 h After surgery 5.00±1.54a vs T0, T1 0.000

T2; 12 h After surgery 4.86±0.97a vs T0, T1 0.000; 0.524
T3; 24h After surgery 4.54±1.20a vs T0, T1, T2 0.000; 0.051; 0.186

T4; 48 h After surgery 4.11±1.06abc vs T0, T1, T2, T3 0.000; 0.000; 0.002; 0.064

F value 17.99 /
P-value <0.0001 /

Notes: aP<0.05 compared with before surgery; bP<0.05 compared with 2 h after surgery; cP<0.05 compared with 12 h after surgery.

Table 10 Comparison of Th2% Between Time-Points in Group DE

Time-Point Group DE (n=48) LSD P-value

T0; Before Surgery 3.51±1.20 /

T1; 2 h After surgery 4.48±1.02a vs T0, T1 0.000

T2; 12 h After surgery 4.08±0.88a vs T0, T1 0.006; 0.050
T3; 24h After surgery 4.01±0.98ab vs T0, T1, T2 0.015; 0024; 0.771

T4; 48 h After surgery 3.56±0.97bcd vs T0, T1, T2, T3 0.773; 0.000; 0.015; 0.031

F value 7.551 /
P-value <0.0001 /

Notes: aP<0.05 compared with before surgery; bP<0.05 compared with 2 h after surgery; cP<0.05 compared with 12 h after surgery; dP<0.05 compared with 24 h after 
surgery.
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±1.15 vs 4.07±0.96, P=0.009, P < 0.05). These results 
indicate that the Th1/Th2 ratio at 48 hours after surgery 
had returned to the preoperative levels in group SF but is 
still low, as shown in Table 12, Figure 5.

The Th1/Th2 ratio at 2 and 12 hours after surgery in 
group DE was significantly lower than that before surgery, 
with statistically significant differences (P = 0.279, 0.164, 
P < 0.05). The Th1/Th2 ratio at 24 and 48 hours after 
surgery was significantly lower than that at 2 hours after 
surgery, with statistically significant differences (P = 
0.014, 0.001, P < 0.05). The Th1/Th2 ratio at 48 hours 
after surgery was significantly lower than that at 12 hours 
after surgery, with a statistically significant difference (P = 
0.032, P < 0.05). There was no significant difference in the 
Th1/Th2 ratio before surgery and 24 and 48 hours after 
surgery (P = 0.264, 0.714, 0.447, P > 0.05). These results 
indicate that Th1/Th2 ratio at 24 and 48 hours after sur-
gery had returned to the preoperative levels in group DE, 
as shown in Table 13, Figure 5.

Discussion
There is reasonable evidence that opioids themselves can 
inhibit the immune function, mediating the balance of 
Th1/Th2 by activating the opioid receptors and beyond 
them.46–48 Research has shown that morphine can facil-
itate the differentiation of Th cells into Th2 cells and 
decrease the Th1/Th2 ratio. This effect can be reversed 
by naloxone21,25 and can be concealed in rats with the μ 

receptor gene being knocked out.21,22,48 These results indi-
cate that the μ opioid receptor may, in part, mediate 
immunosuppression, by binding to μ opioid receptors 
expressed by T cells.4,10,49 Another study found that the 
treatment of human T lymphocytes with opioids resulted 
in a strong induction or reduction of the cytokine IL-448 

which is mainly involved in Th cell differentiation.47,48 

Opioids also affect the immune system through other non- 
opioid receptor mechanisms, such as the sympathetic ner-
vous system, the central nervous system, and the hypotha-
lamic–pituitary–adrenal axis.5,50–52 Furthermore, the effect 
of tramadol on NK cell cytotoxicity following surgery 
might be the stimulation of NK activity, due to 5-HT 
reuptake and it can be inhibited by the 5-HT receptor 
antagonist metergoline.10,53 These results indicate that 
the 5-HT receptors also involve the immune regulation.

In our study, the decreased expression of Th1 cells and 
increased expression of Th2 cells resulted in a significantly 
decreased Th1/Th2 ratio after surgery at 2, 12 and 24 
hours in both groups, indicating that Th cells can differ-
entiate to Th2 cells under the influence of surgical stress 
and postoperative pain. These results are confirmed by 
previous studies.6–9 Our study also found that the percen-
tages of Th1 and Th2 and the Th1/Th2 ratio were all 
restored to the preoperative levels at 48 hours after surgery 
in patients treated with dezocine, but in the patients treated 
with sufentanil, there was some in difference. Although 
there was no significant difference in the ratio of Th1/Th2 

Figure 4 Comparison of the percentage of Th2 cells before and after surgery between the two groups. aP<0.05 compared with before surgery, bP<0.05 compared with 2 
h after surgery; cP<0.05 compared with 12 h after surgery. ▲P<0.05 compared with Group SF.
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between 48 hours after surgery and before surgery 
(P = 0.82), the ratio of Th1/Th2 at 48 hours after surgery 
was still lower than that before surgery (3.67 ±1.15 vs 
4.07 ±0.96).

Furthermore, the percentage of Th1 cells at 2, 12, 24, and 
48 hours after surgery in patients treated with dezocine were 
significantly higher than those with sufentanil accompanied 
with the percentage of Th2 cells in reverse, resulting in 
higher Th1/Th2 ratio in the dezocine group at 2, 12, 24, 
and 48 hours after surgery than those with sufentanil. These 
results suggest that dezocine can inhibit the shift of the Th1/ 
Th2 balance to Th2 phenotype in the early postoperative 
period, whereas sufentanil has the weaker effect, and this 
immune protective effect may be beneficial to the recovery of 
cancer patients after surgery. These results can be explained 

as follows: First, as described above, opioid immunomodu-
latory effects are mediated, in part, by μ opioid receptors.4– 

6,48 Sufentanil, similar to morphine, is a μ receptor agonist, 
can suppress the expression of s, IL-2, IFN-γ, and IL-12. The 
down-regulation of these cytokines inhibits Th cell differen-
tiation in Th1 cells.48,49 However, dezocine, a partial κ ago-
nist, can prompt Th cell differentiation to Th1 cells by 
increasing the level of IL-12, decreasing the level of IL-10, 
and improving the activity of CD4+T cells.34,35 IL-12 is a key 
cytokine in mediating cellular immunity, especially in indu-
cing Th1 differentiation both in vivo and in vitro.25,27 In 
contrast to IL-12, IL-10 is a suppressive factor acting on 
antigen-presenting cells to inhibit cytokine secretion by 
Th1 cells.48,55 Second, studies have shown that tramadol, as 
a weak agonist of μ receptors, can reduce the differentiation 

Table 11 Comparison of Th1/Th2 in the Two Groups

Time-Point (n=44) (n=48) t value P-value

T0; Before Surgery 4.07±0.96 4.14±1.13 0.36 0.078
T1; 2 h After surgery 2.76±0.69 3.45±0.79▲ 4.45 0

T2;12 hAfter surgery 3.01±0.79 3.66±0.67▲ 4.2 0

T3;24h After surgery 3.18±0.81 3.93±.0.97▲ 3.42 0.001
T4;48 hAfter surgery 3.67±1.15 4.07±1.09▲ 2.37 0.02

Note: ▲P<0.05 compared with Group SF.

Table 12 Comparison of Th1/Th2 Between Time-Points in Group SF

Time-Point Group SF (n=44) LSD P-value

T0; Before Surgery 4.07±0.96 / /

T1; 2 h After surgery 2.76±0.69a vs T0, T1 0.000

T2;12 hAfter surgery 3.01±0.79a vs T0, T1 0000; 0.203
T3;24h After surgery 3.18±0.81ab vs T0, T1, T2 0.000; 0.041; 0.434

T4;48 hAfter surgery 3.67±1.15 abc vs T0, T1, T2, T3 0.009; 0.000; 0.012; 0.082

F value 12.478 / /
P-value <0.001 / /

Notes: aP<0.05 compared with before surgery; bP<0.05 compared with 2 h after surgery; cP<0.05 compared with 12 h after surgery.

Table 13 Comparison of Th1/Th2 Between Time-Points in Group DE

Time-Point Group DE (n=48) LSD P-value

T0; Before Surgery 4.14±1.13 / /

T1; 2 h After surgery 3.45±0.79a vs T0, T1 0.000

T2;12 hAfter surgery 3.66±0.67a vs T0, T1 0.012; 0.279
T3;24h After surgery 3.93±.0.97b vs T0, T1, T2 0.264; 0.014; 0.164

T4;48 hAfter surgery 4.07±1.09bc vs T0, T1, T2, T3 0.714;0.001; 0.032; 0.447

F value 4.586 / /
P-value 0.01 / /

Notes: aP<0.05 compared with before surgery; bP<0.05 compared with 2 h after surgery; cP<0.05 compared with 12 h after surgery.

Drug Design, Development and Therapy 2021:15                                                                             https://doi.org/10.2147/DDDT.S326891                                                                                                                                                                                                                       

DovePress                                                                                                                       
4935

Dovepress                                                                                                                                                               Hu et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


of Th cells into Th2 types.52–54 Dezocine, with similar phar-
macological characteristics to tramadol, such as partial acti-
vation on μ receptors and inhibiting noradrenaline and 
serotonin reuptake17,32,33 may have an immune-stimulating 
effect. Previous studies have confirmed that serotonin (5-HT) 
may mediate the Th1 transition.56 Finally, we found that the 
analgesic efficacy of dezocine is the same as that of sufenta-
nil in the whole but is better at 12 hours after surgery, and the 
decrease in pain may be beneficial to the immunity.53,57 All 
these mechanisms resulted in a slight decrease in the percen-
tage of Th1 and the Th1/Th2 ratio in the early postoperative 
period and fast recovery in breast cancer patients undergoing 
surgery.

There are some limitations to this study. First, the study is 
retrospective and the results need to be confirmed by 
a randomized controlled blind study. Second, the changes in 
Th cells were only observed for 48 hours after surgery and the 
long-term immune response after surgery was not involved in 
this study. Finally, this study did not involve clinical out-
comes such as postoperative recurrence and survival.

Conclusion
In conclusion, dezocine or sufentanil, used for anesthesia 
induction and postoperative analgesia, can achieve the same 
analgesic efficacy and dezocine can maintain the balance of 
Th1/Th2 more stable than sufentanil during the early post-
operative periods and protect the body’s antitumor immunity 
in breast cancer patients undergoing surgery.
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