
This is an open access article under the CC BY 4.0 license (https://creativecommons.org/licenses/by/4.0/).
Eur. J. Gynaecol. Oncol. 2023 vol.44(6), 122-127 ©2023 The Author(s). Published by MRE Press. www.ejgo.net

Submitted: 21 July, 2023 Accepted: 25 August, 2023 Published: 15 December, 2023 DOI:10.22514/ejgo.2023.106

OR I G INA L R E S E A R CH

Effects of Sufentanil on proliferation, migration and
epithelial-mesenchymal transition of endometrial
cancer
Chen Cheng1, Mimi Dai2,*, Shishi Zheng1, Yujie Wu1, Li Shu2, Huimin Wu3

1Department of Pharmacy, The 2nd
Affiliated Hospital of Wenzhou Medical
University, 325000 Wenzhou, Zhejiang,
China
2Department of Obstetrics and
Gynecology, The 2nd Affiliated Hospital
of Wenzhou Medical University, 325000
Wenzhou, Zhejiang, China
3Department of Anesthesiology, The
2nd Affiliated Hospital of Wenzhou
Medical University, 325000 Wenzhou,
Zhejiang, China

*Correspondence
Daimimi_666@163.com
(Mimi Dai)

Abstract
To investigate the impact of Sufentanil on the progression of endometrial cancer (EC),
including its proliferation, migration, epithelial-mesenchymal transition and underlying
mechanism. The effects of Sufentanil on EC cell growth were evaluated using Cell
counting kit-8 (CCK-8) and colony formation assays, while wound healing and transwell
assays were performed to assess the influence on motility. In addition, immunoblot
assays were performed to determine its role in EC cell epithelial-mesenchymal transition
(EMT) and the associated underlying mechanism. Sufentanil demonstrated the ability to
inhibit EC cell growth, migration, invasion and EMT process through the inhibition of
the Protein Kinase B (AKT)/nuclear factor kappa-B (NF-κB) axis, thereby contributing
to the repression of EC progression. Sufentanil effectively inhibited the proliferation,
migration and EMT of endometrial cancer, demonstrating a potentially effective
approach against EC.
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1. Introduction

Endometrial cancer (EC) comprises a cluster of epithelial ma-
lignancies in the uterine lining, predominantly manifesting in
perimenopausal and postmenopausal women [1], and is one of
the most common tumors of the female reproductive system
[2]. Globally, EC is ranked 15th among all malignancies and
represents themost common type of gynecological malignancy
in developed countries [3]. The established treatment protocol
for EC involves surgical intervention and subsequent adju-
vant therapy, for instance hysterectomy and bilateral salpingo-
oophorectomy followed by conventional chemotherapy using
paclitaxel and platinum agents [4]. The common pharmaceuti-
cal agents used to treat EC includes high-potency progesterone,
anti-cancer chemicals and anti-cancer Chinese medicine [4].
However, women with recurrent or advanced diseases often
suffer from a low response rate with conventional treatment
and demonstrate poor clinical outcomes [5–7]; therefore, urg-
ing the need for new and more efficacious drugs to improve
patients’ outcomes.

Sufentanil finds its applicability in diverse painmanagement
scenarios, serving as an effective choice for postoperative
analgesia, particularly following surgical and gynecological
procedures, and is indispensable in the fields of anesthesia
and pain management [8]. Its principal mechanism of action
involves targeting opioid µ receptors, making it frequently
used as an opioid analgesic [9]. It has been reported that the
analgesic potency of Sufentanil surpasses that of fentanyl by

a magnitude of 5–10 times [9] and that Sufentanil, as a fat-
soluble substance, has high binding rates to plasma protein [9].
In addition, research has shown that Sufentanil preconditioning
exerts a protective effect on brain-related diseases [10], as
well as antitumor effects [9, 11]. Notably, Sufentanil has
been shown to inhibit gastric cancer cell proliferation and
induce apoptosis [12], affect the proliferation and epithelial-
mesenchymal transition (EMT) of lung cancer cells through
modulation of the Wnt/β-catenin axis [13], inhibit the pro-
liferation and metastasis of esophageal cancer by suppressing
NF-κB and Snail pathways [14], and inhibits the proliferation
and promotes apoptosis of cervical cancer cells by regulating
the phosphoinositide 3 kinase (PI3K)/Akt/mammalian target
of rapamycin (mTOR) axis [15] at concentrations ranging
between 1 nM–20 nM [11–15]. Nevertheless, the specific
role of Sufentanil in the context of endometrial cancer and
its underlying mechanisms remain inadequately understood.
The present study was designed to investigate the role and
underlying mechanism of Sufentanil in EC.

2. Materials and methods

2.1 Cell culture and drug treatment
The two types of human endometrial cancer (EC) cells,
namely HEC1A and Ishikawa cells, were purchased from
the American Type Culture Collection (ATCC, USA), which
were then cultivated in Dulbecco’s Modified Eagle’s Medium
(DMEM, Gbico, USA) supplemented with 10% fetal bovine
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serum (FBS, 10099-141, Gbico, Grand Island, NY., USA)
and incubated at 37 ◦C in a 5% CO2 incubator. All cell lines
were negative for mycoplasma, and the cell passage number
in this study was less than 10. Then, Sufentanil (Sigma, I134,
St. Louis, MO, USA) at concentrations of 0.5, 1 and 2 nM
was used to treat EC cells for 24 hours.

2.2 Cell counting kit-8 (CCK-8) assay
HEC1A and Ishikawa cells were seeded onto 96-well plates,
allowed to adhere for 48 hours, and exposed to CCK-8 (C0038,
Beyotime, Beijing, China) for 4 hours, following which the
optical density (OD450 value) of the cells was quantified using
a microplate reader (Envision, Bio-Rad, Hercules, CA, USA).

2.3 Colony formation assay
HEC1A and Ishikawa cells were seeded at a density of 1000
cells per well in 6-well plates and cultured with 10% FBS
media for 14 days at 37 ◦C. Afterward, cells were fixed with
paraformaldehyde (PFA) for 20 minutes and stained using
0.1% crystal violet (Beyotime, Beijing, China) for 20 min-
utes. Images of the cell colonies were then captured using a
microscope (LSM810, Zeiss, Oberkochen, Baden-Wurtberg,
Germany) and analyzed using ImageJ v9.0 (National Institutes
of Health, Bethesda, MD, USA), wherein more than 100 cells
were defined as a colony.

2.4 Transwell assay
BD Falcon inserts (BD Biosciences, Inc., New Jersey, USA)
were utilized for the upper chambers, while 24-well plates
served as the lower chambers. The cell culture inserts were
coated with 50 µL of 20% Matrigel and incubated at 37 ◦C
for 30 minutes. Subsequently, cells were introduced into
the upper chamber with serum-free medium, while the lower
chamber contained complete medium. Invaded cells on the
lower side were fixed using 4% paraformaldehyde for 25
minutes, followed by staining with a 2% crystal violet solution
for 25 minutes, and images were captured using a microscope.

2.5 Wound-healing assay
The cells were plated onto glass coverslips until they reached
100% confluence. Then, a 10-µL pipette tip was used to create
a scratch, after which it was washed twice with phosphate
balanced solution (PBS) to remove cell debris. The cells were
then cultured in a serum-free media for 24 h, and the wound
closure was imaged using a light microscope at 0 and 24 h and
assessed using the ImageJ v9.0 software. The wound healing
percentage was calculated as follows: Healing area/total area.

2.6 Immunoblot assay
The cells were lysed using a buffer comprising 1% Triton
X-100, 150 mM Sodium chloride (NaCl) and 50 mM Tris
(pH 7.5). The extracted proteins were then transferred onto
polyvinylidene difluoride membranes (Millipore Sigma),
which were then blocked at room temperature for 2 hours
using Tris-buffered saline containing 0.2% Tween 20 (TBST)
and 5% nonfat milk, followed by incubation with primary

antibodies specific to E-cadherin (1:1000, ab231303, Abcam),
N-cadherin (1:1000, ab76011, Abcam), Vimentin (1:500,
ab92547, Abcam), Snail (1:500, ab216347, Abcam), AKT
(1:1000, ab8805, Abcam), p-AKT (1:500, ab38449, Abcam),
p65 (1:500, ab16502, Abcam), p-p65 (1:500, ab76302,
Abcam), and β-actin (1:3000, ab8226, Abcam) for 1.5 hours,
then incubated with horseradish peroxidase (HRP)-labeled
secondary antibodies (cat. nos. ab6721 and ab6728, 1:3000;
Abcam) for an additional 1 hour. Protein bands were
visualized using an enhanced chemiluminescence (ECL)
detection reagent (Pierce; Thermo Fisher Scientific, Inc.) and
analyzed using ImageJ 9.0 software.

2.7 Statistics
Data analysis was conducted using GraphPad 8.0 software
(GraphPad Software, Inc., La Jolla, CA, USA). The unpaired
Student’s t-test was used to determine statistical significance
between two groups, and the error bars in the graphs represent
the mean ± standard deviation (SD). A significance level of p
< 0.05 was used to indicate statistical significance.

3. Results

3.1 Sufentanil blocks EC cell growth
Sufentanil was used to treat EC cell lines, HEC1A and
Ishikawa, at concentrations of 0.5, 1 and 2 nM, following
which it was shown that it effectively suppressed the
proliferation of HEC1A and Ishikawa cells in CCK-8 assays
(Fig. 1A), as indicated by decreased OD450 values (Fig. 1A),
and reduced the colony numbers of both cell lines in colony
formation assays (Fig. 1B); thereby demonstrating promising
efficacy in impeding EC cell growth.

3.2 Sufentanil inhibits EC cell migration and
invasion
Next, we evaluated the impact of Sufentanil on the motility
of EC cells. Transwell assay results showed that sufentanil
treatment inhibited the invasion of EC cells, evident from the
reduced count of invasive cells in both HEC1A and Ishikawa
cells (Fig. 2A). In parallel, wound healing assays demonstrated
that Sufentanil treatment inhibited the migration of HEC1A
and Ishikawa cells (Fig. 2B). Taken together, these findings
highlight the inhibitory effects of Sufentanil on the migration
and invasion of EC cells.

3.3 Sufentanil suppresses EMT in EC cells
Immunoblot assays were subsequently conducted to examine
the impact of Sufentanil on the epithelial-mesenchymal transi-
tion (EMT) of EC cells. Our findings revealed that Sufentanil
treatment led to the suppression of N-cadherin expression
and an increase in E-cadherin expression (Fig. 3A), as well
as reduced levels of Vimentin and Snail expression in both
HEC1A and Ishikawa cells (Fig. 3B). These results collectively
provide evidence that Sufentanil exerts a suppressive influence
on the EMT process in EC cells.
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FIGURE 1. Sufentanil blocks endometrial cancer cell growth. (A) CCK-8 assays illustrating the proliferation capacity
of HEC1A and Ishikawa cells following treatment with Sufentanil at concentrations of 0.5, 1 and 2 nM. The OD450 value was
quantified through three independent experiments. (B) Colony formation assays revealing colony counts in HEC1A and Ishikawa
cells treated with Sufentanil at concentrations of 0.5, 1 and 2 nM. These experiments were conducted three times. Data are
presented as mean ± SD, **p < 0.01, ***p < 0.001. OD: optical density.

FIGURE 2. Sufentanil inhibits endometrial cancer cell migration and invasion. (A) Transwell assays demonstrating the
impact of Sufentanil on the invasive potential of HEC1A and Ishikawa cells at concentrations of 0.5, 1 and 2 nM. Invasive cell
counts were determined based on three separate experiments. (B) Wound healing assays depicting the influence of Sufentanil on
the migratory behavior of HEC1A and Ishikawa cells at concentrations of 0.5, 1 and 2 nM. Wound width rate was calculated from
three independent experiments. Data are presented as mean ± SD, *p < 0.05, ***p < 0.001.
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FIGURE 3. Sufentanil suppresses EMT in endometrial cancer cells. (A) Immunoblot assays revealing the expression
of E-cadherin and N-cadherin in HEC1A and Ishikawa cells treated with Sufentanil at concentrations of 0.5, 1 and 2 nM. (B)
Immunoblot assays depicting the expression of Vimentin and Snail in HEC1A and Ishikawa cells treated with Sufentanil at
concentrations of 0.5, 1 and 2 nM. These experiments were conducted three times. Data are presented as mean± SD, **p< 0.01,
***p < 0.001.

3.4 Sufentanil restrains the AKT/NF-κB
pathway in EC cells
We subsequently investigated the mechanism underlying
Sufentanil’s inhibition of EC progression. Our immunoblot
assays revealed that Sufentanil treatment reduced AKT
phosphorylation in both HEC1A and Ishikawa cells (Fig. 4A)
and also suppressed the phosphorylation of p65 (Fig. 4B),
thereby providing additional evidence of Sufentanil’s
regulatory effect on the AKT/NF-κB pathway in EC cells.
Thus, Sufentanil may also effectively reduce the activity of
EC cells by modulating the AKT/NF-κB pathway.

4. Discussion

The primary treatment of choice for EC patients involves surgi-
cal intervention, followed by chemoradiotherapy and targeted
therapeutics [16]. Targeted therapies act at specific sites,
inducing specific tumor cell death while sparing the adjacent
normal tissues [16]. Under normal conditions, targeted drugs
such as anastrozole are commonly used in clinical settings
[17]. The other targeted drugs used in EC include rapamycin,
sirolimus, everolimus, etc. [18]. In this study, we found that
Sufentanil could effectively inhibit EC progression, indicating
promising potential for clinical settings as a potent drug against
EC. Moving forward, combining Sufentanil with chemother-
apy, anastrozole, flutesterone or other medications could hold
promise in improving EC treatment but necessitates thorough
exploration at both the cellular and animal levels.
Through comprehensive experiments involving CCK-8,

colony formation, transwell and Immunoblot assays, we

have established that Sufentanil effectively suppressed the
functional activities of EC cells. Sufentanil, due to its primary
interaction at µ-opiate receptors, is recognized as a very
efficient analgesic agent [10]. Its lipophilicity, approximately
twice that of fentanyl, enables easier blood-brain barrier
penetration, and it exhibits a higher binding affinity to plasma
proteins than fentanyl [14]. In contrast to the classical cancer
pain medication morphine, Sufentanil offers advantages such
as rapid onset, effective attenuation of pain-induced stress
response, and favorable hemodynamic stability, making it
increasingly prominent in cancer pain management [15].
Numerous studies have confirmed the anti-cancer potential
of Sufentanil [12, 13]. Sufentanil inhibited proliferation
and also induced apoptosis of gastric cancer cells [19]. For
instance, it has been shown to inhibit the proliferation of
lung cancer cells [13], the proliferation and metastasis of
esophageal cancer [14], the metastasis of breast cancer [20],
and the proliferation and metastasis of breast cancer cells by
modulating EMT [11] at concentrations ranging between 1
nM–20 nM [11–15]. Likewise, our findings reveal that even
at low concentrations (0.5, 1 and 2 nM), Sufentanil can induce
EMT in EC cells, underscoring its potent antitumor activity
against EC. Moreover, it suppressed proliferation and EMT
in lung cancer cells through the Wnt/beta-catenin axis. These
collective evidences suggest Sufentanil’s potential as a broad-
spectrum antitumor agent applicable across diverse tumor
types. Nonetheless, given the unique phenotypes and signaling
pathways across different tumors, further exploration of the
specific pathways and molecular mechanisms against EC is
warranted. In addition, considering that Sufentanil acts as a
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FIGURE 4. Sufentanil restrains the AKT/NF-κB pathway. (A) Immunoblot assays illustrating the expression and
phosphorylation of AKT in HEC1A and Ishikawa cells treated with Sufentanil at concentrations of 0.5, 1 and 2 nM. (B)
Immunoblot assays revealing the expression and phosphorylation of p65 in HEC1A and Ishikawa cells treated with Sufentanil at
concentrations of 0.5, 1 and 2 nM. These experiments were conducted three times. Data are presented as mean± SD, **p< 0.01,
***p < 0.001.

robust ligand for µ-opiate receptors and exerts its influence on
EC progression via these receptors, it could be considered that
Sufentanil’s suppression of EC progression might also occur
through its interaction with µ-opiate receptors.
The PI3K/AKT axis participates in various biological pro-

cesses, encompassing cell growth, survival, metabolism, inva-
sion and migration [21, 22]. Studies have demonstrated the
PI3K axis’s role in modulating Akt’s downstream substrates,
including NF-κB, a key player in several molecular signaling
pathways linked to EMT [21]. Alterations in the NF-κB axis
have been shown to be closely associated with tumor cell
occurrence, proliferation, differentiation, apoptosis, invasion
and metastasis [20]. In addition, NF-κB functions as a potent
driver of tumorigenesis and has emerged as a novel target
in cancer therapy [20], and activation of post-translocation
events to the nucleus, triggered by various stimuli, can promote
oncogene transcription [20, 23]. The downregulation of the
Akt/NF-κB pathway has been shown to inhibit EC cell mi-
gration, invasion and proliferation [24]. Although we did not
directly confirm the effects of Sufentanil on EC cell apoptosis,
its modulation of the PI3K/AKT pathway is likely to influence
apoptotic processes. Thus, we speculate that Sufentanil can
affect EC cell apoptosis, and further investigations would be

required to confirm this, potentially through flow cytometry
(FCM) and TdT-mediated dUTP nick end labeling (TUNEL)
assays. Interestingly, we observed that Sufentanil inhibited EC
cell progression by impeding the Akt/NF-κB pathway, which
has been reported to influence EC cell migration, invasion and
proliferation [24]. However, the precise underlying mecha-
nisms warrant further investigation.
An important limitation of this study is the absence of animal

experiments. Our subsequent steps would involve confirm-
ing whether Sufentanil can indeed suppress EC progression
in mice, further elucidating the underlying mechanism, and
using an AKT/NF-κB axis inhibitor to confirm its underlying
mechanism.

5. Conclusions

In summary, our findings demonstrate that Sufentanil effec-
tively inhibits the proliferation, migration, invasion and EMT
o EC cells through the targeted suppression of the AKT/NF-κB
axis, thereby supporting Sufentanil as a promising therapeutic
agent for EC treatment.
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