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Effects of dexmedetomidine on immune response in patients
undergoing radical and reconstructive surgery for oral cancer
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Abstract. Oral cancer is one of the most common malignan-
cies in the world. The present study aimed to investigate the
effects of dexmedetomidine on immune response in patients
undergoing radical and reconstructive surgery for oral cancer.
Patients were randomly divided into the dexmedetomidine
and control groups. Within 15 min before anesthesia induc-
tion, dexmedetomidine was infused with a 0.5 ug-kg"' loading
dose followed by a maintenance dose of 0.4 ug-kg'-h™' to the
end of operation in the dexmedetomidine group, whereas
the same volume of saline was administered in the control
group. Blood samples were obtained at five time-points:
30 min Before induction (T,), 1 h after induction (T),), end of
the operation (T,) and 24 (T;) and 48 h (T,) after the opera-
tion. The T lymphocyte subsets (including CD3*, CD4* and
CD8* cells) and CD4*/CD8* ratio, B lymphocytes, dendritic
cells and myeloid-derived suppressor cells (MDSCs) were
analyzed by flow cytometry. All immunological indicators,
except CD8* cells, significantly decreased between the two
groups at T, ; compared with T, (P<0.05). The percentages of
CD3*, CD4*, dendritic cells and the CD4*/CD8"* ratios were
significantly higher at T, , and the percentages of MDSCs
were significantly lower at T,_, in the dexmedetomidine group
compared with the control group (all P<0.05). These findings
suggested that dexmedetomidine can attenuate immunosup-
pression in patients undergoing radical and reconstructive
surgery for oral cancer.

Introduction

Oral cancer is one of the most common tumors with the
5-year survival rate that has remained at 50% in the last few
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decades (1). Oral cancer is primarily caused by habits of betel
quid chewing, smoking and alcohol consumption in Southeast
Asia (1). Though it is typically regarded as a disease of the
elderly, it has been reported that the numbers of young patients
have been increasing worldwide in recent years (2). Radical
resection and immediate reconstruction are the mainstays
of treatment for oral cancer. However, the surgical stress
response is considered to directly induce immunosuppression
by activating the hypothalamus-pituitary-adrenal axis and
sympathetic nervous system (3), and residual tumor cells after
surgery are likely to metastasize due to decreased immunity (4).
Meanwhile, some anesthetics have direct suppressive impacts
on innate and adaptive immunity (5-8). Therefore, selection
of suitable anesthetics is important during the perioperative
period. Dexmedetomidine is an a2-adrenergic receptor agonist
with analgesic, sedative, anxiolytic and anti-sympatholytic
properties (9,10). Several studies have indicated that dexme-
detomidine can regulate perioperative immune response in
radical surgeries of breast, colon and gastric cancer (11-13).
Nevertheless, the influence of dexmedetomidine on immune
response in patients with oral malignant tumors during
operation remains unclear.

The present study aimed to observe the level of immune
cells through flow cytometry and to evaluate the effects of
dexmedetomidine on immune response in patients undergoing
radical operation and immediate reconstruction with forearm
flap for oral cancer.

Materials and methods

Patients and grouping. The study was carried out at the
School and Hospital of Stomatology of Wuhan University
and conducted accordance with the Declaration of Helsinki
between September 2018 and January 2019. It was approved by
The Ethics Committee of School and Hospital of Stomatology,
Wuhan University (Wuhan, China; approval no. IRB-2018B23)
and registered in the Chinese Clinical Trial Registry
(ChiCTR-1800018367). Written informed consent was
provided by all participants before the trial. Patients classi-
fied as American Society of Anesthesiologist (ASA) physical
status I to II (14) and aged 30-70 years were enrolled. All
patients were scheduled for radical operation and immediate
reconstruction with forearm flap under general anesthesia.
None had a history of endocrine, immune or circulatory
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system diseases. Other exclusion criteria included recent or
concurrent chemotherapy and a requirement for perioperative
blood transfusion or perioperative treatment with immuno-
modulatory agents. Patients who developed severe surgical
complications including infection or secondary surgery, were
also excluded from study. Patients were randomly allocated
to two groups using a computer-generated randomization list,
the procedure of details was following: Before the patients
were allocated into group, random numbers were generated
by computer. Patients who were enrolled in this study were
allocated in the order of random numbers, the even numbers
were divided into control group and the odd numbers were
divided into experimental group (15).

Methods of anesthesia. All patients were premedicated with
anintramuscular injection of 0.01 mg-kg' atropine at 30 min
before anesthesia. In the operating room, the right subclavian
vein was cannulated for central venous pressure monitoring
and the radial artery was cannulated for real-time blood
pressure monitoring. The electrocardiography, blood oxygen
saturation (Sa0,), end-tidal carbon dioxide (P, CO,), and
cerebral state index were continuously monitored during the
operation. Within 15 min before anesthesia induction, dexme-
detomidine (lot no. 180604BP; Jiangsu Hengrui Medicine Co.
Ltd.) was infused with a 0.5 ugkg"' loading dose followed by
a maintenance dose of 0.4 ug-kg*h! to the end of operation in
the dexmedetomidine group. According to its clinical phar-
macokinetics and pharmacodynamics (10), dexmedetomidine
was actually discontinued 30 min before the surgery. But in
the present study research, it was difficult to determine 30 min
before the operation is completed. Therefore, in order to
reduce deviation, the dexmedetomidine infusion was stopped
immediately after the surgery with the opinion of making
the baseline of every patient the same. The same volume of
normal saline was administered to the patients in the control
group. Anesthesia induction was performed by intravenous
injection of propofol 1.5-2.0 mg-kg’, sufentanil 0.4 ug-kg" and
cisatracurium 0.2 mg-kg! to facilitate nasal tracheal intuba-
tion. Anesthesia maintenance included sevoflurane 2-3%,
remifentanil 0.2-0.3 pg-kgmin’! and intermittent injec-
tion of cisatracurium 0.1 mg-kg'. Mechanical ventilation
was performed to maintain the P, CO, at 35-40 mmHg and
Sa0,>98%.Blood pressure and heartrate were fluctuated within
+120% of baseline values. The depth of anesthesia was moni-
tored to maintain the cerebral state index between 40 and 60.
Sufentanil 0.1 ug-kg' was administered as a loading dose for
postoperative analgesia in each patient 30 min before the end
of surgery, and patients received the same intravenous anal-
gesia for postoperative pain therapy.

Peripheral blood mononuclear cell separation. Saphenous
vein blood (2 ml) was obtained at five time-points: 30 min
before induction (T,),1h after induction (T,), end of the
operation (T,) and 24 (T;) and 48 h (T,) after the operation.
Peripheral blood mononuclear cells (PBMC) were isolated by
centrifugation at 800 x g for 20 min at room temperature using
Lymphoprep™ (Stemcell Technologies, Inc.).

Flow cytometry. The PBMCs were stained by the following
antibodies at 4°C for 30 min: APC-eFluor 780-conjugated

anti-CD45 (clone: HI30; 1:100), Alexa Fluor 700-conju-
gated anti-CD3 (clone: UCHTI; 1:50), FITC-conjugated
anti-CD4 (clone: RPA-T4; 1:200), PE-Cy7-conjugated
anti-CD8 (clone: SK1; 1:200), PC5.5-conjugated anti-CDI19
(clone: SJ25C1; 1:50), APC-conjugated anti-HLA-DR
(clone: LN3; 1:50), PC5.5-conjugated anti-CDI14
(clone: 61D3; 1:50), PE-conjugated anti-CD15 (clone: HI9S;
1:50) and BV421-conjugated anti-CD11C (clone: 3.9; 1:50).
PE-conjugated anti-CD15 were obtained from Becton,
Dickinson and Company; BV421-conjugated anti-CD11C
were obtained from BioLegend, Inc; APC-eFluor 780-conju-
gated anti-CD45, Alexa Fluor 700-conjugated anti-CD3,
FITC-conjugated anti-CD4, PE-Cy7-conjugated anti-CDS,
PC5.5-conjugated anti-CD19, PC5.5-conjugated anti-CD14
and APC-conjugated anti-HLA-DR were obtained from
eBioscience; Thermo Fisher Scientific, Inc. Isotype-matched
IgG controls (cat. no. 56-0038-41) were purchased from
eBioscience; Thermo Fisher Scientific, Inc., and were incu-
bated at 4°C for 30 min. Dead cells were excluded using
staining with Fixable Viability Dye eFluor™ 506 at 4°C
(eBioscience; Thermo Fisher Scientific, Inc.). Flow cytom-
etry detection were performed on CytoFLEX flow cytometer
(Beckman Coulter). The data were analyzed using FlowJo
version 10 (Tree Star, Inc.) and gated by the side scatter and
forward scatter filters.

Observational index. The levels of T lymphocyte subsets,
B lymphocytes, dendritic cells and myeloid-derived suppressor
cells (MDSCs) of the patients in the two groups were observed
by flow cytometry. The level of agitation during emergence
was assessed using the Richmond Agitation-Sedation Scale
(RASS), which is defined as RASS score =+2 (16). The inci-
dence of emergence agitation, hypotension and bradycardia
during surgery were also recorded.

Statistical analysis. According to the percentages of CD3*cells
at T,between two groups from our preliminary experiment,
using Chinese High Intellectualized Statistical Software, with
a type-I error of 5% and a power of 80%, 29 patients were
needed in each group. Anticipating a 10% dropout rate, a total
of 70 patients were recruited. All statistical analyses were
performed using GraphPad Prism 7 (GraphPad Software,
Inc.). Data are expressed as mean + standard deviation or
value. Differences in sex, ASA status and stage of tumor
were compared using ? tests and Fisher's exact test as appro-
priate. Student's unpaired t-tests were performed to compare
age, body mass index (BMI), duration of surgery, blood loss
and liquid infusion volume. The differences in percentages
of immune cells between time-points and the two groups
are compared using two-way ANOVA and Bonferroni's
correction. P<0.05 was considered to indicate a statistically
significant difference.

Results

Comparison of general data between two groups. A total of
70 patients were recruited, two refused to consent and two
patients from each group were excluded due to blood transfu-
sions. Therefore, 32 patients were left in each group (Fig. 1).
The demographics and surgical profiles of the patients were
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Table I. Demographics and surgical profiles of the patients.

Variables Group D Group C P-value
Age, years 49+10 5111 0.454
Sex, male/female 25/7 24/8 0.768
BMI, kg/m? 229435 21.81+£2.7 0.159
ASA status, I/IT 22/10 23/9 0.784
Stage of tumor 0.963
T\ NoM, 12 11

T,NoM, 15 16

T5N,M, 5 5

Duration of surgery, h 6.6+0.5 6.4+0.6 0.108
Blood loss, ml 302+53 280+54 0.080
Liquid infusion volume, ml 3006+320 3072+295 0.336

BMI, Body Mass Index; ASA, American Society of Anesthesiologists; D, dexmedetomidine, C, control.

Assessed for eligibility
(n=70)

Enroliment

Excluded (n=2)
Refused to consent

——

Randomization (n=68)

Randomly assigned to
Group D (n=34)

)

Analyzed (n=32)
Excluded from analysis
(2 received intra-operative
blood transfusions)

Randomly assigned to
Group C (n=34)

!

Analyzed (n=32)
Excluded from analysis

(2 received intra-operative
blood transfusions)

Allocation

Follow-up

Figure 1. Consolidated Standards of Reporting Trials flow diagram of the
patients included in the study. D, dexmedetomidine; C, control.

similar in the two groups. The patients in the two groups
showed no significant differences in age, sex, BMI, ASA, stage
of tumor, duration of surgery, blood loss or liquid infusion
volume (all P>0.05; Table I).

Comparison of T lymphocyte subsets between the two
groups. No significant differences in the percentages of
CD3* and CD4" cells and the CD4*/CD8" ratios were
observed between the two groups before anesthesia induc-
tion (P>0.05). The percentages of CD3* and CD4* cells,
and the CD4*/CD8" ratios significantly decreased at T, , in
the two groups compared with the baseline value at T, and
significantly increased at T, , in the dexmedetomidine group
compared with the control group (all P<0.05). No significant
difference in the percentage of CD8* cells was found between
the two groups at T, (P>0.05) (Fig. 2 and Fig. S1). These
results indicated that cellular immunity was suppressed in
the two groups after anesthesia and dexmedetomidine may

be associated with less impairment of cellular immunity in
these patients.

Comparison of B lymphocytes between the two groups. The
percentages of B lymphocytes at T, , were significantly lower
compared with those at T, in the two groups (all P<0.05), but
no statistically significant differences were found between the
two groups at the same time-points (P>0.05) (Fig. 3). These
results implied that dexmedetomidine exerts minimal effect
on the humoral immune response of patients undergoing
radical and reconstructive surgery for oral cancer.

Comparison of dendritic cells between the two groups. The
percentages of dendritic cells were significantly decreased at
T,., in the two groups compared with the baseline value at
T,, and they were significantly higher at T, , in the dexme-
detomidine group compared with the respective control group
(0.5£0.2% vs. 0.3£0.2% at T,, 0.5£0.1% vs. 0.4+0.2% at
T;, 0.6£0.2% vs. 0.5£0.3% at T,; all P<0.05; Fig. 4). These
results suggested that dexmedetomidine may attenuate the
inhibition of immune response and may be beneficial to
antitumor therapy.

Comparison of MDSCs between the two groups. The
percentages of MDSCs significantly decreased at T, ; in the
two groups compared with the respective baseline value at
T,, and they were significantly lower at T, , in the dexme-
detomidine group compared with the respective control group
(2.6+1.4% vs.3.4+1.4% at T,,3.2+1.1% vs. 4.0+1.1% at T, and
4.2+1.1% vs. 4.7+1.% at T,; all P<0.05; Fig. 5). These results
suggested that dexmedetomidine may decrease the percent-
ages of MDSCs and improve the immunosuppressive state of
patients.

Comparison of the incidence of emergence agitation, hypoten-
sion and bradycardia between the two groups. The incidence of
emergence agitation was lower in the dexmedetomidine group
compared with the control group (31.2 vs. 59.4%; P=0.044).
However, the incidence of hypotension and bradycardia during
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Figure 2. Comparison of T lymphocyte subsets at different time-points between the two groups. (A) T lymphocyte subsets including CD3*, CD4* and CD8* cells
were analyzed by flow cytometry. Percentages of CD3* and CD4* cells, and the CD4*/CD8" ratios significantly decreased at T, , in the two groups compared
with the baseline value at T, and significantly increased at T, in the dexmedetomidine group compared with the control group. "P<0.05 vs. TO, #P<0.05 vs.
group C. (B) Representative flow cytometry contour plots of CD3* T cells in CD45* cells of group C and group D at T _,. D, dexmedetomidine; C, control; T,
30 min before induction; T, 1 h after induction; T,, end of the operation; T;, 24 h after operation; T,, 48 h after operation.

surgery were significantly higher in the dexmedetomidine
group compared with in the control group (P<0.05) (Table II).

Discussion

The present results showed that dexmedetomidine alleviated
the decrease in the percentages of CD3*, CD4* and dendritic
cells as well as the CD4*/CD8" ratios and reduced the
percentages of MDSCs, indicating that dexmedetomidine can
attenuate immunosuppression in patients undergoing radical
and reconstructive surgery for oral cancer.

Oral cancer is a major life-threatening disease with a
high incidence in Southeast Asian countries (1), and radical

operation and immediate reconstruction are the common
treatment for patients. The surgical stress response is consid-
ered to directly induce immunosuppression by activating
the hypothalamus-pituitary-adrenal axis and sympathetic
nervous system, which results in the increased production of
glucocorticoids and catecholamines (3). Glucocorticoids are
known to decrease the number and activity of natural killer
cells and reduce T cell proliferation in a dose-dependent
manner (17). Catecholamines can also inhibit T cell prolifera-
tion by decreasing IL-2 expression and secretion and reduce
natural killer cell activity (3). Meanwhile, it is reported that
some anesthetics have direct suppressive impacts on innate
and adaptive immunity (5-8). Sevoflurane is a popular inhaled
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Figure 3. Comparison of B lymphocytes at different time-points between the two groups. (A) B lymphocytes were analyzed using flow cytometry. No signifi-
cant differences were found between the two groups at the same time-points. "P<0.05 vs. T,. (B) Representative flow cytometry contour plots of B lymphocytes
in CD45* cells of group C and group D. D, dexmedetomidine; C, control; T, 30 min before induction; T}, 1 h after induction; T,, end of the operation; T;,24 h

after operation; T,, 48 h after operation.
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Figure 4. Comparison of dendritic cells at different time-points between the
two groups. Percentages of dendritic cells were significantly higher at T,_, in
the group D compared with the group C. "P<0.05 vs. T,, “P<0.05 vs. group C.
D, dexmedetomidine; C, control; T, 30 min before induction; T,, 1 h after
induction; T,, end of the operation; T, 24 h after operation; T,, 48 h after
operation.
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Figure 5. Comparison of MDSCs at different time-points between the two
groups. MDSCs were analyzed using flow cytometry. Percentages of MDSCs
significantly decreased at T1-3 in the two groups compared with the baseline
value at TO, and they were significantly lower at T2-4 in the dexmedeto-
midine group compared with the control group. “P<0.05 vs. TO, “P<0.05 vs.
group C. MDSCs, myeloid-derived suppressor cells; D, dexmedetomidine;
C, control; TO, 30 min before induction; T1, 1 h after induction; T2, end of the
operation; T3, 24 h after operation; T4, 48 h after operation.
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Table II. Incidence of emergence agitation, hypotension and bradycardia between the D (n=32) and C (n=32) groups.

Variable Group D, n (%) Group C, n (%) P-value
Emergence agitation 10 (31.2) 19 (59.4) 0.044
Hypotension in OR 14 (43.8) 5(15.6) 0.027
Bradycardia in OR 12 (37.5) 3094) 0.016

D, dexmedetomidine, C, control; OR, operating room.

anesthetic that can inhibit the activity of natural killer cells and
induce the apoptosis of T and B lymphocytes (8). Opioids are
commonly used analgesic agents in surgery and have immu-
nosuppressive effects by suppressing the activity of natural
killer cells, neutrophils and macrophages and the proliferation
of T lymphocytes (7). Surgery and anesthesia-induced immu-
nosuppression have been implicated in the development of
post-operative septic complications and tumor metastasis (3,4).

Considering that surgery is necessary in cancer treat-
ment, extensive research has been conducted to determine
the effect of anesthetics on immune cell population (5-8).
Dexmedetomidine is ahighly selectivea,-adrenoceptor agonist
with sedative, anxiolytic, analgesic and anti-sympatholytic
properties (9,10). Ebert et al (18) reported that dexmedeto-
midine reduces the concentration of circulating plasma
catecholamines by 60-80% in a dose-dependent manner, and
this reduction is consistent with long-lasting anti-sympathetic
effect. Other studies have indicated that dexmedetomidine
exerts anti-inflammatory effects and organ-protective effects
against ischemic and hypoxic injury, which can also regulate
immune response (10,13,19).

Cellular immunity is closely associated with antitumor
effects and cancer metastasis surveillance (6,20). Improving
perioperative cellular immune status contributes to attenu-
ation of immunosuppression and resistance to metastasis.
T lymphocytes are important in cellular immunity (20). All
mature peripheral T lymphocytes, labeled by CD3*, comprise
of CD4* and CD8". The former represents cellular immune
function, whereas the latter recognizes and kills tumor cells.
The reduction of CD4*/CD8* ratio implies that the cellular
immune function is downregulated (6). The present study
showed that the percentages of CD3* and CD4* cells and the
CD4*/ CD8" ratios significantly decreased from T, to T, in the
two groups and significantly decreased in the control group.
This result implied that cellular immunity was suppressed in
the two groups after anesthesia and dexmedetomidine may
be associated with less impairment of cellular immunity in
these patients. These results are aligned with previous reports.
For example, Yang et al (11) found a significant difference in
lymphocyte count after anesthesia between the dexmedeto-
midine and control groups in radical mastectomy. A recent
clinical trial on 141 patients receiving radical operation of
colon carcinoma has revealed that dexmedetomidine can
decrease the inhibition of T lymphocyte subsets and reduce
the secretion of inflammatory factors (12). Another study
by Wang et al (13) indicated that dexmedetomidine can
preserve the balance of T helper (h)1/Th2 ratio 24 h after
surgery and attributed this result to the increased response

of Thl in patients undergoing radical gastrectomy. The
decrease in Th1/Th2 ratio after surgery suggests a suppressed
cell-mediated immunity (13).

B lymphocytes producing antibodies mediate humoral
immunity (6). Surgery-induced immunosuppression is mainly
caused by the effect on the cellular immune system, and
T lymphocytes are most affected with B lymphocytes numbers
changing little (3). In the present study, the percentage of
B lymphocytes was slightly decreased in the two groups after
anesthesia, and there was no significant difference between the
two groups at T,,. The results suggested that dexmedetomi-
dine exerts minimal effect on the humoral immune response
of patients undergoing radical and reconstructive surgery for
oral cancer. Further studies are needed to find the influence of
dexmedetomidine on the humoral immunity of patients with
malignant tumors during operation.

Dendritic cells, first identified by Steinman in 1973, are
antigen-presenting cells that are considered a critical factor
in anti-tumor immunity (21). As an immune surveillance
cell, dendritic cells can efficiently cluster and activate T cells
inhibiting the occurrence and development of tumors (22).
Clinical studies on dendritic cells have focused on thera-
peutic vaccination against cancer, immunotherapy applying
ex vivo-generated and tumor antigen-loaded dendritic cells
has been successfully introduced in clinical vaccination
protocols and has proven to be feasible and effective (23). The
present study demonstrated that the percentages of dendritic
cells were significantly higher in the dexmedetomidine group
compared within the control group from T,to T,. This result
suggested that dexmedetomidine may attenuate the inhibi-
tion of immune response and may be beneficial to antitumor
therapy.

MDSC:s are a subset of immune cells that have a myeloid
origin with immunosuppressive abilities (24). Studies have
reported that MDSCs suppress CD8* T cells and IFN-y and
IL-2 production by T cells (24,25). In addition, MDSCs inhibit
B cell proliferation and antibody production (25) and the expan-
sion of MDSC:s is associated with tumor progression (26). The
present study showed that the percentages of MDSCs signifi-
cantly decreased from T, to T; in the two groups, indicating
that surgical resection of the tumor has an anti-tumor effect.
Meanwhile, the percentages of MDSCs in the dexmedetomi-
dine group significantly decreased at T, to T,, suggesting that
dexmedetomidine may decrease the percentages of MDSCs
and improve the immunosuppressive state of patients.

The level of agitation during emergence was assessed
using RASS scores (16). The incidence of emergence agita-
tion was lower in the dexmedetomidine group compared
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within the control group. This result may be associated with
the sedation and analgesia effects of dexmedetomidine.
Thus, patients are likely to tolerate tracheal catheter and
other discomfort during the recovery period. However, the
incidence of hypotension and bradycardia was higher in the
dexmedetomidine group compared within the control. This
result is in accordance with previous research and the reason
is related to the inhibitory effect of dexmedetomidine on the
sympathetic system (27,28).

The present study has some limitations. The clinical
outcomes and cancer-free survival time were not measured.
In addition, the specific mechanisms of immunosuppressive
effects of dexmedetomidine were not explored. Therefore,
cellular and molecular level studies are also needed to resolve
these underlying mechanisms. Immune cells could be analyzed
to detect mRNA expression levels of transcription factors and
chemokines.

In conclusion, dexmedetomidine alleviated the decrease in
the percentages of CD3*, CD4* and dendritic cells as well as
the CD4*/CD8" ratios and reduced the percentages of MDSCs.
Thus, dexmedetomidine can attenuate immunosuppression in
patients undergoing radical and reconstructive surgery for oral
cancer.
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