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	 Background:	 The aim of this study was to explore the effect of dexmedetomidine (DEX)-mediated insulin-like growth factor 
2 (IGF2) signal pathway on immune function and cancer cell invasion and migration in rats with ovarian cancer.

	 Material/Methods:	 Forty rats with ovarian cancer were divided into 4 groups: model group, and low dose (0.2 μg/kg/hour DEX), 
medium dose (1.0 μg/kg/hour DEX), and high dose (5.0 μg/kg/hour DEX) DEX groups. In addition, 10 Fischer344 
rats were selected as a normal group. Human NUTU-19 poorly differentiated epithelial ovarian cancer cell line 
cells were divided into 4 groups: a blank group and low dose, medium dose, and high dose DEX NUTU-19 
groups.

	 Results:	 Compared with the normal group, in the other groups the serum interleukin (IL)-2 and interferon gamma (INF-g) 
levels, CD4+ and CD8+ percentages, CD4+/CD8+ ratio, and transformation rate of splenic lymphocytes were de-
creased, and the serum tumor necrosis factor alpha (TNF-a) level, IGF2, insulin-like growth factor 1 receptor 
(IGF1R), insulin receptor substrate 1 (IRS1) mRNA, and protein expressions in ovarian tissue were increased (all 
P<0.05). Results in the DEX groups compared with model group were the opposite of those in the other groups 
compared with normal group (all P<0.05). Compared with the blank group, in the other groups the prolifer-
ation, invasion, and migration of ovarian cancer cells were reduced significantly (all P<0.05). Compared with 
the low dose DEX NUTU-19 group, in the high dose DEX NUTU-19 group the invasion and migration of ovari-
an cancer cells weakened significantly (both P<0.05).

	 Conclusions:	 A certain dose of DEX can effectively inhibit IGF2 signal pathway activation to improve the immune function 
of rats with ovarian cancer, inhibiting the invasion and migration of ovarian cancer cells.

	 MeSH Keywords:	 Dexmedetomidine • Neoplasm Invasiveness • Ovarian Neoplasms

	 Full-text PDF:	 https://www.medscimonit.com/abstract/index/idArt/915503

Authors’ Contribution: 
Study Design  A

 Data Collection  B
 Statistical Analysis  C
Data Interpretation  D

 Manuscript Preparation  E
 Literature Search  F
Funds Collection  G

1 Department of Anesthesiology, Guangzhou Women and Children’s Medical 
Center, Guangzhou Medical University, Guangzhou, Guangdong, P.R. China

2 Department of Anesthesiology, Shanxi Provincial Cancer Hospital, Taiyuan, 
Shanxi, P.R. China;

3 Department of Pediatric Emergency, Guangzhou Women and Children’s Medical 
Center, Guangzhou Medical University, Guangzhou, Guangdong, P.R. China

e-ISSN 1643-3750
© Med Sci Monit, 2019; 25: 4655-4664

DOI: 10.12659/MSM.915503

4655
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

ANIMAL STUDY

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Background

Ovarian cancer is a common gynecological malignant tumor, 
with an incidence rate lower than uterine cancer and cervi-
cal cancer [1,2]. Because of the imperfection of early screen-
ing methods, most patients have been in an advanced stage 
when they are diagnosed with ovarian cancer, resulting in a 
high mortality rate [3]. Surgery and chemotherapy are the im-
portant means of clinical treatment for ovarian cancer at pres-
ent [4]. Previous studies have confirmed that the immune sys-
tem function in patients with ovarian cancer is significantly 
inhibited at the onset, and immune activity factors and cell 
function are significantly reduced, which further aggravates 
the growth and migration of tumor cells [5–7].

Dexmedetomidine (DEX) is currently a widely used drug for 
sedation in intensive care units and used in clinical anesthe-
sia [8]. As a highly selective a2 adrenergic receptor agonist, DEX 
can combine with a2 receptors in the spinal cord and brain-
stem nucleus ceruleus to play the role of analgesia and anti-
anxiety [9]. Compared with sedative drugs, such as propofol 
and fentanyl, the advantage of DEX is that it does not cause 
respiratory depression in patients [10]. At present, there are 
many studies on DEX in anesthesia, sedation, and organ pro-
tection, and few studies in tumor treatment.

The insulin-like growth factor 2 (IGF2) signal pathway is an im-
portant pathway in the course of cancer [11]. Lau et al. found 
that the IGF2 signal pathway and its key proteins play a ma-
jor role in cisplatin-resistant ovarian cancer [12]. However, it 
is unclear whether the IGF2 signal pathway is affected by re-
lated drugs and whether it affects the biological characteris-
tics of tumors.

Based on the molecular mechanism of pharmacotherapy, this 
study explored the effect of DEX-mediated IGF2 signal path-
way on immune function and the invasion and migration of 
cancer cells in rats with ovarian cancer.

Material and Methods

Materials

Fifty adult female Fischer344 rats of clean grade (provided by 
the Beijing Vital River Laboratory Animal Technology Co., Ltd., 
China) with the weight of 140±10 g were used in this exper-
iment after 1-week acclimating feeding. This study was ap-
proved by the Ethics Committee of Guangzhou Women and 
Children’s Medical Center, Guangzhou Medical University (pro-
tocol number 2016050213, approved May 2, 2016).

Establishment and grouping of ovarian cancer rat models

Ten Fischer344 rats were selected as the normal group, and 
the remaining 40 rats were used to construct the ovarian can-
cer rat model. The concentration of NUTU-19 poorly differen-
tiated epithelial ovarian cancer cells in the logarithmic growth 
phase (purchased from the Shanghai Qiaodu Biotechnology 
Co., Ltd., China) was adjusted to 2×107 cells/mL, and 0.5 mL cell 
suspension was inoculated subcutaneously in the right arm-
pit of each rat. The criterion of a successful model is that the 
rat has dry hair, significantly reduced weight and decreased 
physical activity. Rats were divided into 4 groups when the tu-
mor in the right armpit grew to 0.4×0.4 cm2: a model group, 
a low dose DEX group (0.2 μg/kg/hour DEX), a medium dose 
DEX group (1.0 μg/kg/hour DEX), and a high dose DEX group 
(5.0 μg/kg/hour DEX). The rats were administrated DEX (pur-
chased from the Cisen Pharmaceutical Co., Ltd., China) by intra-
peritoneal injection once a day for 15 days. Rats in the normal 
group and model group were injected with the same amount 
of normal saline [13].

Determination of levels of serum interleukin (IL)-2, 
interferon gamma (INF-g), and tumor necrosis factor alpha 
(TNF-a) by enzyme-linked immunosorbent assay (ELISA)

The rats were anesthetized on the twenty-fifth day of this 
experiment and then extracted 5.0 mL aortic blood from the 
abdomen. The blood was placed in the centrifuge tube for 2 
hours, and centrifuged with 3000 rpm at 4°C for 15 minutes. 
The serum was separated into 1.5 mL Eppendorf tubes and 
stored in a refrigerator at -20°C. The levels of interleukin (IL)-2, 
interferon gamma (INF-g), and tumor necrosis factor alpha 
(TNF-a) in serum of rats were determined by ELISA kits (IL-2: 
ab223588, Abcam, UK; INF-g: 1009251, Shanghai Westang Bio-
Tech Co., Ltd., China; TNF-a: ab208348, Abcam, UK) according 
to the kit instruction.

Detection of distributions of serum T lymphocyte subsets 
(CD4+ and CD8+) by flow cytometry

The rats were anesthetized on the twenty-fifth day of this ex-
periment and then we extracted 5 μL aortic blood from the 
rat abdomen. The blood was placed in flow tubes and then we 
added anticoagulant. Subsequently, 5 μL FITC-CD4 (ab218745, 
Abcam, UK) and PE-CD8 (ab37928, Abcam, UK) were added 
to the flow tubes. The blood was incubated for 15 minutes 
in a dark place. Then the blood was well mixed with 500 μL 
red blood cells lysis buffer and placed in a dark place for 15 
minutes. Centrifugation was performed at 2000 rpm for 15 
minutes. The supernatant was discarded. The sediment was 
washed twice with 500 μL phosphate-buffered saline (PBS). 
Finally, 500 μL PBS was added as a solvent to mix the sedi-
ment. The percentages of CD4+ and CD8+ were measured by 
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flow cytometry (Cytomics FC 500, Beckman, Germany), and 
the CD4+/CD8+ ratio was calculated [14].

Detection of transformation rate of splenic lymphocytes 
by MTT assay

Rats were put to death by cervical dislocation on the twenty-fifth 
day of this experiment. Rats were soaked with 0.5% povidone 
iodine for 5 minutes. Then the spleens of the rats were removed 
and shredded under aseptic conditions and placed in sterile 
PBS. After grinding, the solution was filtered through a mesh 
size of 200 to prepare single cell suspensions. Centrifugation 
was performed at 1500 rpm for 10 minutes. The supernatant 
was discarded. Sediment was added to 10 mL NH4Cl and incu-
bation in a water bath was performed at 37°C for 10 minutes. 
The sediment was then washed with 500 μL PBS, 3 times. Cells 
were suspended in 2 mL medium, and the concentration was 
adjusted to 2×106/mL. The prepared cell suspension was add-
ed to a 96-well culture plate at 100 μL per well, and the blank 
group was set up. The culture plate was placed in an incuba-
tor containing 5% CO2 at 37°C for 48 hours. The supernatant 
was discarded 4 hours before the end of the cell culture peri-
od. And 20 μL MTT solutions of 5 mg/mL were added to each 
well, and the mixture was further cultured for 4 hours. After 
the cell culture period, 100 μL dimethyl sulfoxide was added 
to each well, and the mixture was shaken, mixed, and placed 
in an incubator at 37°C for 30 minutes. Optical density (OD) 
value at a wavelength of 490 nm was measured by ELISA. The 
transformation rate of splenic lymphocytes in each group was 
reflected by stimulation index (SI=OD average value of experi-
mental well/OD average value of control well) [15].

Detection of IGF2, IGF1R, and IRS1 mRNA expressions in 
ovarian tissue by quantitative real-time polymerase chain 
reaction (qRT-PCR)

Ovarian tissues from each group were stored at –80°C. After 
stirring with an electric homogenate machine, the tissues were 
placed in precooled lysis buffer (Beijing Aviva Systems Biology, 
China) for lysis on ice. Centrifugation was performed at 1200 
rpm for 30 minutes. The supernatant was collected. Total RNA 
in the lysed tissues was extracted according to the instruc-
tion of TRIzol manufacturer (Invitrogen Corporation, USA), and 
the procedure was carried out according to the instruction of 
SYBRGreenRT-PCR reagent supplier. The primer sequences of 
IGF2, insulin-like growth factor 1 receptor (IGF1R), and insu-
lin receptor substrate 1 (IRS1) are shown in Table 1. GAPDH 
was used as an internal reference. And 50 ng total RNA was 
synthesized from RNA to cDNA through reverse transcriptase. 
Then the PCR reaction was performed. The reaction system 
contained a total of 50 μL, including 25 μL SYBR® Premix Ex 
Taq™ II (2×), 2 μL forward primer of PCR, 2 μL reverse primer 
of PCR, l μL ROX Reference Dye (50×), 4 μL DNA templates, and 

16 μL ddH2O. Real-time fluorescence quantitative PCR was per-
formed through ABI PRISM 7300 system (Applied Biosystems, 
USA). Reaction conditions were as follows: pre-denaturation 
at 95°C for 30 seconds, denaturation at 95°C for 5 seconds, 
renaturation at 58°C for 30 seconds, and extension at 72°C for 
15 seconds, with 40 cycles. The target gene expression level 
was calculated by 2–DDCt.

Detection of IGF2, IGF1R, p-IGF1R, IRS1, and p-IRS1 protein 
expressions in ovarian tissue by western blot

Ovarian tissues from each group were washed twice with PBS 
for 3 minutes. The tissues were ground in liquid nitrogen, and 
then were ground into homogenate with the addition of ly-
sis buffer. Centrifugation was performed at 12 000 rpm at 4°C 
for 30 minutes. The supernatant was collected. Total protein 
concentration was determined by BCA kit (Shanghai Beyotime 
Biotechnology, China). Then 50 μg protein were added to 2×SDS 
loading buffer and boiled at 100°C for 5 minutes. Gel electro-
phoresis was performed by 10% SDS-PAGE. The protein was 
transferred to a PVDF membrane by wetting transfer. Then 5% 
nonfat dried milk was added and then membrane was sealed 
at room temperature for 1 hour, and incubated with the ad-
dition of rabbit anti-mouse primary antibodies IGF2 (1: 500, 
ab170304, Abcam, UK), IGF1R (1: 500, ab39675, Abcam, UK), 
p-IGF1R (1: 500, ab39398, Abcam, UK), IRS1 (1: 500, ab52167, 
Abcam, UK), p-IRS1 (1: 250, ab1194, Abcam, UK), GAPDH 
(1: 2500, ab9485, Abcam, UK). After rinsing 3 times with TBST, 
goat anti-rabbit second antibody (1: 2,000, ab6721, Abcam, 
UK) was added to incubate for 1 hour. Then rinsing with TBST, 
color development with ECL, x-ray exposure, and photograph-
ing were performed. The OD of each band was analyzed by a 
gel imaging analysis system. The relative content of sample 
protein=average OD of sample/average OD of the correspond-
ing internal reference. The experiment was repeated 3 times.

Item Sequence

IGF2
Forward primer: 5’-GTGGCATCGTTGAGGAGTG-3’

Reverse primer: 5’-CACCTCCCTCTCGGACTTG-3’

IGF1R
Forward primer: 5’-ATGCTGACCTCTGTTACCTCT-3’

Reverse primer: 5’-CGCTTATTCCCCACAATGTAGTT-3’

IRS1
Forward primer: 5’-TATGCCAGCATCAGTTTCCA 3’

Reverse primer: 5’-GGATTTGCTGAGGTCATTAGG-3’

GAPDH
Forward primer: 5’-TCTCTACTGGGCATTAGGG -3’

Reverse primer: 5’-GTGTCCGAGGAAGATACTTG-3’

Table 1. Primer sequences of qRT-PCR.

IGF2 – insulin-like growth factor 2; IGF1R – insulin-like growth 
factor 1 receptor; IRS1 – insulin receptor substrate 1.
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Ovarian cancer cell culture

NUTU-19 poorly differentiated epithelial ovarian cancer cells 
were cultured in RPMI 1640 medium containing 10% fetal bo-
vine serum (FBS) and placed in an incubator containing 5% 
CO2 and 100% humidity at 37°C. The medium was replaced 
every 24 hours. A cell passage was performed every 2 days 
depending on cell growth.

Detection of invasion of ovarian cancer cells by Transwell

A total of 200 μL Matrigel were added to 200 μL serum-free 
medium (YB356234, Shanghai Yubo Biological Technology Co., 
Ltd., China) at 4°C and mixed well. Then 50 μL Matrigel was 
added to Transwell chamber and incubated in an incubator 
for 2 to 3 hours. After cells were digested and counted, the 
cell suspension was prepared with 2% serum-containing me-
dium. Then 200 μL cell suspension was added to the Transwell 
chamber of each well. DEX was added to the culture plates 
with the final concentration of 1 ng/mL, 10 ng/mL, and 100 
ng/mL respectively, in the low dose DEX group, the medium 
dose DEX group, and the high dose DEX group. And 800 μL 
conditioned medium containing 20% FBS was added to the 
culture plate for the blank group. The Transwell plates were in-
cubated at 37°C for 24 hours, then rinsed with PBS for 3 min-
utes, immersed in formaldehyde for 10 minutes, and washed 
3 times with water for 3 minutes each time. Then 0.1% crys-
tal violet staining was performed. After placing at room tem-
perature for 1 hour, the Transwell plates were rinsed with PBS 
twice, and the cells were wiped off with cotton balls. Transwell 
plates were air-dried and observed under an inverted micro-
scope (Leica, Germany). Five fields were randomly selected, 
and the average was calculated [16].

Detection of migration of ovarian cancer cells by scratch 
adhesion test

A horizontal line was drawn every 0.5 cm behind the 12-well 
plate by a marker to ensure that at least 5 lines crossed each 
well. About 5×105 cells were added to ensure that the plate 
was overspread overnight. The next day, the scratch adhesin 
test was performed with the assistance of a ruler to ensure 
to the greatest extent that the pipette tips were perpendic-
ular to the back of the plate to scratch test, avoiding inclin-
ing the plate. Rinsing with PBS was performed 3 times, for 1 
minute each time. The crossed cells were removed. DEX was 
added with the final concentration of 1 ng/mL, 10 ng/mL, and 
100 ng/mL respectively, for the low dose DEX group, the me-
dium dose DEX group, and the high dose DEX group. Normal 
saline was added in the blank group. Cells in each group were 
cultured in an incubator containing 5% CO2 at 37°C. Samples 
were taken at 0 hours and 48 hours. The scratch width was 
photographed and analyzed to assess cell migration.

Statistical analysis

SPSS 21.0 statistical software was used to analyze data. All 
data were expressed as mean ± standard deviation. The com-
parison between 2 groups in accordance with normal distribu-
tion was analyzed by t-test, and the comparison among groups 
was analyzed by one-way analysis of variance (ANOVA). There 
was a significant difference at P<0.05.

Results

Levels of serum IL-2, INF-g, and TNF-a

Levels of serum IL-2, INF-g, and TNF-a of rats in each group was 
detected by ELISA (Figure 1). Compared with the normal group, 
in the other groups the levels of serum IL-2 and INF-g were sig-
nificantly decreased, and the TNF-a level was significantly in-
creased (all P<0.05). Compared with the model group, in the low 
dose DEX group, the medium dose DEX group and the high dose 
DEX group the levels of serum IL-2 and INF-g were significant-
ly increased, and the TNF-a level was significantly decreased 
(all P<0.05). There was no significant difference between the 
low dose DEX group and the medium dose DEX group (P>0.05). 
Compared with the low dose DEX group, in the high dose DEX 
group the levels of serum IL-2 and INF-g were significantly in-
creased, and the TNF-a level was significantly decreased (P<0.05).

Distributions of serum T lymphocyte subsets (CD4+ and 
CD8+)

Serum T lymphocyte subsets (CD4+ and CD8+) in each group were 
detected by flow cytometry (Figure 2). Compared with the normal 
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Figure 1. �Levels of serum IL-2, INF-g and TNF-a in each group. 
Compared with the normal group, * P<0.05; compared 
with the model group, # P<0.05 compared with the low 
dose DEX group, & P<0.05. DEX – dexmedetomidine; 
IL – interleukin; INF – interferon gamma; TNF – tumor 
necrosis factor.
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group, in the other groups the percentages of CD4+ and CD8+ and 
the CD4+/CD8+ ratios were significantly decreased (all P<0.05). 
Compared with the model group, in the low dose DEX group, the 
medium dose DEX group, and the high dose DEX group, the per-
centages of CD4+ and CD8+ and the CD4+/CD8+ ratios were sig-
nificantly increased (all P<0.05). There was no significant differ-
ence between the low dose DEX group and the medium dose 
DEX group (all P>0.05). Compared with the low dose DEX group, 
in the high dose DEX group the percentages of CD4+ and CD8+ 
and the CD4+/CD8+ ratios were significantly increased (all P<0.05).

Transformation rate of splenic lymphocytes

Transformation rate of splenic lymphocytes in each group was 
detected by MTT assay (Figure 3). Compared with the normal 
group, in the other groups the transformation rates of splenic 
lymphocytes were significantly decreased (all P<0.05). Compared 

with the model group, in the low dose DEX group, the medium 
dose DEX group, and the high dose DEX group the transforma-
tion rate of splenic lymphocytes was significantly increased (all 
P<0.05). There was no significant difference between the low 
dose DEX group and the medium dose DEX group (all P>0.05). 
Compared with the low dose DEX group, in the high dose DEX 
group the transformation rate of splenic lymphocytes was sig-
nificantly increased (all P<0.05).

Expressions of IGF2, IGF1R, and IRS1 mRNA in ovarian 
tissues

The results of qRT-PCR are shown in Figure 4. Compared with 
the normal group, in the other groups the IGF2, IGF1R, and 
IRS1 mRNA expressions in ovarian tissues were significant-
ly increased (all P<0.05). Compared with the model group, in 
the low dose DEX group, the medium dose DEX group, and 
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the high dose DEX group, expression levels of IGF2, IGF1R, and 
IRS1 mRNA in ovarian tissues were significantly decreased (all 
P<0.05). There was no significant difference between the low 
dose DEX group and the medium dose DEX group (all P>0.05). 
Compared with the low dose DEX group, in the high dose DEX 
group, the expression levels of IGF2, IGF1R, and IRS1 mRNA 
in ovarian tissues were significantly decreased (all P<0.05).

IGF2, IGF1R, p-IGF1R, IRS1, and p-IRS1 protein expressions 
in ovarian tissues

The results of western blot are shown in Figure 5. Compared 
with the normal group, in the other groups IGF2, IGF1R, p-IG-
F1R, IRS1, and p-IRS1 protein expressions in ovarian tissues 
were significantly increased (all P<0.05). Compared with the 
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Figure 3. �Transformation rate of splenic lymphocytes in each 
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Figure 5. �IGF2, IGF1R, p-IGF1R, IRS1, and p-IRS1 protein expressions in ovarian tissues: (A) electrophoretogram of IGF2, IGF1R, p-IGF1R, 
IRS1, and p-IRS1 protein in ovarian tissues in each group; (B) histogram of IGF2, IGF1R, p-IGF1R, IRS1, and p-IRS1 protein 
expressions in ovarian tissues in each group. Compared with the normal group, (* P<0.05; compared with the model group, 
# P<0.05; compared with the low dose DEX group, & P<0.05. IGF2 – insulin-like growth factor 2; IGF1R – insulin-like growth 
factor 1 receptor; IRS1 – insulin receptor substrate 1; DEX – dexmedetomidine.
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model group, in the low dose DEX group, the medium dose 
DEX group, and the high dose DEX group, the expression lev-
el of IGF2, IGF1R, p-IGF1R, IRS1, and p-IRS1 proteins in ovari-
an tissues were significantly decreased (all P<0.05). There was 
no significant difference between the low dose DEX group and 
the medium dose DEX group (all P>0.05). Compared with the 
low dose DEX group, in the high dose DEX group IGF2, IGF1R, 
p-IGF1R, IRS1, and p-IRS1 protein expressions in ovarian tis-
sues were significantly decreased (all P<0.05).

Invasion of ovarian cancer cells

Invasion of ovarian cancer cells in each group was detected by 
Transwell assay (Figure 6). Compared with the blank group, in 
the other groups the invasion of ovarian cancer cells was re-
duced significantly (all P<0.05). There was no significant differ-
ence between the low dose DEX NUTU-19 group and the me-
dium dose DEX NUTU-19 group (P>0.05). Compared with the 
low dose DEX NUTU-19 group, in the high dose DEX NUTU-19 
group the invasion of ovarian cancer cells was weakened sig-
nificantly (P<0.05).

Migration of ovarian cancer cells

Migration of ovarian cancer cells in each group was detected 
by scratch adhesion test (Figure 7). Compared with the blank 

group, in the other groups the migration of ovarian cancer cells 
was reduced significantly (all P<0.05). There was no significant 
difference between the low dose DEX NUTU-19 group and the 
medium dose DEX NUTU-19 group (P>0.05). Compared with 
the low dose DEX NUTU-19 group, in the high dose DEX NUTU-
19 group the migration of ovarian cancer cells was weakened 
significantly (P<0.05).

Discussion

The incidence of ovarian cancer ranks second in gynecological 
malignant tumors, but the mortality rate is the highest [17]. 
Most patients are in the middle or advanced stage at the time 
of initial diagnosis and are difficult to treat by surgical resec-
tion. Therefore, they can only be treated by neoadjuvant che-
motherapy or platinum-based chemotherapy [18]. However, 
nearly 30% of patients will develop drug resistance when re-
ceiving chemotherapy, which is very likely to cause tumor re-
currence [19].

DEX is currently widely used in intensive care units and in 
surgical treatments [20]. Nagamine et al. confirmed in their 
study that DEX was beneficial for the promotion of the reduc-
tion of serum IL-6, IL-8, and TNF-a levels in patients with thy-
roid cancer, thereby reducing the inflammatory injury in the 
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Figure 6. �Transwell chamber micrograph and invasion rate in each group: (A) Transwell chamber micrograph (200×); (B) invasion rate 
of ovarian cancer cells in each group. Compared with the blank group, * P<0.05; compared with the low dose DEX NUTU-19 
group, # P<0.05. DEX – dexmedetomidine.
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central nervous system, which was of great significance to the 
recovery of postoperative cognitive function [21]. The clinical 
study of Lykke et al. showed that DEX helped patients with 
rectal cancer resection to restore gastrointestinal function 
and improve gastrointestinal motility [22]. Our study found 
that DEX had a regulating effect on the improvement of im-
mune function in rats with ovarian cancer, and that an appro-
priate amount of DEX was beneficial to reduce the invasion 
and migration of cancer cells of patients with ovarian cancer. 
Compared with the model group, in the low dose DEX group, 
the medium dose DEX group and the high dose DEX group lev-
els of serum IL-2 and INF-g were significantly increased, and 
serum TNF-a level was decreased. The results of flow cytom-
etry showed that compared with the model group, in the low 
dose DEX group, the medium dose DEX group, and the high 
dose DEX group the percentages of serum T lymphocyte sub-
sets CD4+ and CD8+ were significantly increased. IL-2 is a com-
mon cytokine in human body. CD4+ and CD8+ and T cells are 
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Figure 7. �Migration distance at 0 hours and 48 hours and migration rate by scratch adhesion test: (A) migration micrograph (200×) by 
scratch adhesion test; (B) migration rate of ovarian cancer cells. Compared with the blank group, * P<0.05; compared with the 
low dose DEX NUTU-19 group, # P<0.05. DEX – dexmedetomidine.

important components of IL-2 and important factors in the 
regulation of immune function [23]. IL-2 can stimulate T cells 
to produce INF-g, activating multiple immune cells [24]. A pre-
vious study confirmed that a low level of TNF-a plays a pro-
tective effect on human immune function, and TNF-a level ex-
ceeding a certain range will cause damages to human tissues 
and organs [25]. Our study further confirmed that DEX was 
of great importance to improve the immune function of rats 
with ovarian cancer. The transformation rate of splenic lym-
phocytes has been shown to be an important factor in main-
taining lymphocyte and immune function. Zhang et al. found 
in their study that norepinephrine aggravated the toxicity of 
splenic lymphocyte through b-AR-cAMP signal pathway, reduc-
ing the transformation rate of splenic lymphocytes and caus-
ing immune dysfunction [26]. Our study confirmed the positive 
effects of DEX on the transformation rate of splenic lympho-
cytes in rats with ovarian cancer.
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A previous study confirmed that IGF2 signal pathway plays 
an important role in the adhesion process of tumor cells [27]. 
The upregulation of IGF2 further activates the expressions of 
IGF1R and INSR [28]. A study on prostate cancer found that 
the inhibition of IGF1R and INSR expressions can significantly 
increase the chemosensitivity in patients with prostate can-
cer [29]. In our study, the results of qRT-PCR and western blot 
showed that IGF2 signal pathway in ovarian tissue was signif-
icantly activated and IGF1R and INSR expressions were signif-
icantly increased in rats with ovarian cancer. After the applica-
tion of DEX, the indicators were significantly downregulated, 
and the signal pathway was inhibited. Cell experiments further 
confirmed the positivity of DEX in reducing the invasion and 
migration of cancer cells in rats with ovarian cancer. One pre-
vious study confirmed that mifepristone and propofol have cer-
tain effects in anti-tumor therapy [30]. IN addition, Check et al. 
found that propofol drugs could affect the biological behav-
ior of breast cancer cells, and the right amount of propofol 

could reduce the invasion and migration of cancer cells [31]. 
However, there is currently no research on the effect of DEX 
on cancer treatment. For the first time, in our study, we found 
the important value of DEX in the treatment of ovarian can-
cer. However,, further research and clinic studies are needed 
to confirm and improve our reported study results.

Conclusions

DEX can enhance the immune function of rats with ovarian can-
cer and reduce the invasion and migration of ovarian cancer 
cells by inhibiting the activation of IGF2 signal pathway, show-
ing a positive significance in the treatment of ovarian cancer.
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