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Purpose: Non-small cell lung cancer (NSCLC) accounts for more than 80% of lung cancer
cases and remains the primary cause of cancer-related deaths worldwide. Fentanyl is
a commonly utilized anesthetic during the process of tumor resection, and exhibits inhibitory
effects on the progression of numerous cancer types, including pancreatic cancer, colorectal
cancer and gastric cancer. However, the effects of fentanyl on the cell viability and invasion
of NSCLC has not been investigated. Current study aimed to investigate the effects and the
mechanisms underlying the effects of fentanyl on NSCLC.

Methods: The expression of p-opioid receptor (MOR) was proved by flow cytometry. The
expression of microRNA-331-3p (miR-331-3p) and histone deacetylase 5 (HDACS) in NSCLC
tissues and cell lines are evaluated by reverse transcription-quantitative PCR (RT-qPCR) and
Western blot, respectively. Cell viability and invasion are measured by cell counting kit-8 (CCK-
8) assay and transwell assay, respectively. The interaction between miR-331-3p and 3'-
untranslated region (UTR) of HDACS is predicted by TargetScan 7.1 (http://www.targetscan.
org/vert_71/), validated by dual luciferase assay, RT-qPCR and Western blot.

Results: There was lower miR-331-3p expression and higher HDACS expression in NSCLC
cell lines A549 and CALU-1 compared with BEAS-2B, which was reversed by fentanyl
administration. miR-331-3p targeted 3'-UTR of HDACS in NSCLC cell lines A549 and
CALU-1. miR-331-3p inhibitor partially abrogated the inhibitory effects of fentanyl on
NSCLC cell viability and invasion by targeting HDACS. In addition, there was higher
HDACS expression and lower miR-331-3p expression in tumor tissues which were isolated
from patients with NSCLC compared to the adjacent normal tissues, and miR-331-3p was
negatively correlated with HDACS in NSCLC tumor tissues.

Conclusion: Fentanyl inhibits the viability and invasion of NSCLC cells by induction of
miR-331-3p and reduction of HDACS.

Keywords: non-small cell lung cancer; NSCLC, fentanyl, cell invasion, cell viability, miR-
331-3p, HDACS

Introduction

Lung cancer is a highly malignant carcinoma and a cause of cancer-related mortality,
with estimated mortalities of 1.1 million globally every year.' It is well known that
most cases of death from lung cancer result from metastasis.” Based on the histolo-
gical type of lung cancer, it is divided into 2 subtypes, i.e., small cell lung cancer
(SCLC) and non-small cell lung cancer (NSCLC), while NSCLC accounts for
approximately 80% of all patients with lung cancer.® Based on the pathological type
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of NSCLGC, it is also mainly classified into 2 subtypes, i.e.,
lung adenocarcinoma (LUAD) and lung squamous carci-
noma (LUSC).* With the advances achieved in therapeutic
technologies including radiation-, anti-angiogenesis-, and
immune-therapy, although the prognosis of patients with
NSCLC has improved, their five-year survival rate remains
<20%.>°

Fentanyl, is an opioid agonist for p-opioid receptor
(MOR), which has been commonly utilized in the areas of
perioperative analgesia, clinical anesthesia, and cancer pain
treatment, etc.” Besides relieving NSCLC cancer pain,®’
fentanyl also exhibits anticancer properties by inhibiting
cancer growth and invasion, for instance, fentanyl represses
the negative regulation of Ets1 on BRAF-activated IncRNA
(BANCR), therefore reducing the metastasis of colorectal
cancer,'® fentanyl inhibits the growth of gastric cancer cells
by regulating NF-kB in vivo and in vitro.""'> However, the
characteristics and mechanisms of fentanyl in NSCLC cell
viability and invasion remain poorly elucidated.

miRNAs are a subclass of small, endogenous RNA mole-
cules which are lack of protein-coding activity in cells."?
Several miRNAs are aberrantly expressed in patients with
NSCLC, indicating the potential importance of miRNAs
during the pathogenesis of NSCLC.'* Mounting links
between NSCLC and miRNAs have been reported, including
decreased level of miR-21 and increased level of miR-92 in
NSCLC,'" and the tumor suppresser role of miR-34 in
NSCLC.'® Meanwhile, increasing links between fentanyl
and miRNAs have been reported, for example, knockdown
of miR-145 reverses the cardioprotective role of fentanyl,'”
miR-339 decreases MOR post-transcriptionally in response
to fentanyl,'® fentanyl reduces the transcription of miR-190
by promoting the phosphorylation of Yin Yang 1.'"* However,
the link between fentanyl and miRNA in NSCLC has not
been reported. In a recent miRNA array of primary cultures
of rat hippocampal neurons, fentanyl increases miR-331-3p
level, which inhibits invasion by targeting ErbB2 and
VAV?2 in NSCLC.?! However, the interaction between fenta-
nyl and miR-331-3p in NSCLC left to be uncovered, which
will be investigated in current study.

Materials and Methods

Cell Culture

Human NSCLC cell line (A549 and CALU-1) and human
lung epithelial cell line (BEAS-2B) were purchased from
American Type Culture Collection (ATCC, Manassas, VA,
USA). Cells were cultured in Roswell Park Memorial Institute

(RPMI)-1640 medium (Gibco, Carlsbad, CA, USA), which
were supplemented with 1% antibiotic-antimycotic mixture
(Gibco) and 10% fetal bovine serum (FBS; Hyclone, Logan,
UT, USA). The cultures were maintained in the atmosphere
with humidified 5% CO, and 95% air at 37°C.

Cell Transfection and Treatment
miR-331-3p inhibitor (5-UUCUAGGAUAGGCCCAGGG
GC-3"), negative control (NC) inhibitor (5'-CAGUACUUUU
GUGUAGUACAA-3'), miR-331-3p mimic (sense: 5'-
GCCCCUGGGCCUAUCCUAGAA-3 antisense: 5'-
CUAGGAUAGGCCCAGGGGCUU-3"), NC mimic (sense:
5'-UUCUCCGAACGUGUCACGUTT-3"; antisense: 5'-
ACGUGACACGUUCGGAGAATT-3"), siRNA-NC (sense:
5'-CGUAAUUGUACUGGUCCGAAUUGC-3’; anti-sense:
5'-GCAAUUCGGACCAGUACAAUUACG-3"),  siRNA-
HDACS-1 (sense: 5'-CAUUGCCCACGAGUUCUCACCU
GAU-3'; anti-sense: 5-AUCAGGUGAGAACUCGUGGG
CAAUG-3") and siRNA-HDACS5-2 (sense: 5-CAGCAUG
ACCACCUGACAATT-3'; antisense: 5-UUGUCAGGUGG
UCAUGCUGTT-3") were purchased from GenePharma
(Shanghai, China). For transient transfection, A549 (2 x10°
cells/well) and CALU-1 cells (2 x10° cells/well) were seeded
into the 6-well plate, then transfected with miR-331-3p mimic
(40 nM), miR-331-3p inhibitor (80 nM), and/or siRNA-
HDACS (30 nM) and their NCs by Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) following the manufacturer’s
instructions.

Following the transfection, cells were treated fentanyl
(Sigma, St. Louis, MO, USA) at different final concentra-
tions of 0.8, 2, 5, 12.5, and 31 ng/mL for different time
points of 12 h, 24 h or 48 h, which was in the same range
as the pharmacologic blood levels (4.3 + 2.2 ng/mL)
achieved with intravenous injection of fentanyl (5 pg/kg)
in human beings as a previous report.”>

Flow Cytometry

Flow cytometry analysis of A549 and CALU-1 cells label-
ing MOR with purified ab10275 (Abcam) at 1/150 dilution
(Blue). A549 and CALU-1 cells were fixed by 4% paraf-
ormaldehyde (PFA) and permeabilized by 90% methanol.
A Goat anti rabbit IgG H&L (FITC) (ab6717, Abcam)
secondary antibody was used at 1/2000. Isotype control-
Rabbit monoclonal IgG (Red).

qRT-PCR
Total RNA was isolated from cells and tissues by TRIzol
(Invitrogen) following the manufacturer’s instructions. The
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complementary DNA (cDNA) was synthesized by reverse-
transcription with PrimeScript RT Reagent Kit (TaKaRa,
Dalian, China) following the manufacturer’s instructions,
and qRT-PCR was carried out by SYBR Premix ExTaq
(TaKaRa) on the Stratagene Mx3000P Real-Time PCR
System (Agilent Technologies, Santa Clara, CA, USA) in
accordance with the manufacturer’s instructions with the
following thermocycling conditions: 95°C for 5 min, fol-
lowed with 36 cycles of 95°C for 10 sec, 60°C for 30 sec,
and 72°C 30 sec. The primer sequences were as followed:
HDACS forward, 5-GTGACACCGTGTGGAATGAG-3’
and reverse 5'-AGTCCACGATGAGGACCTTG-3';
GAPDH forward, 5-GAAGGTGAAGGTCGGAGTC-3’
and reverse: 5'-GAAGATGGTGATGGGATTTC-3'; U6 for-
ward, 5'-GCTTCGAGGCAGGTTACATG-3' and reverse,
5'-GCAACACACAACATCTCCCA-3'; miR-331-3p for-
ward, 5'-GAGCTGAAAGCACTCCCAA-3' and reverse 5'-
CACACTCTTGATGTTCCAGGA-3'. Expression level of
miR-331-3p was normalized against U6. Expression level
of HDACS5 was normalized against GAPDH. The relative
gene expressions were calculated by the method of 2 #A¢T2?

Western Blot

Total protein was extracted from cells and tissues by
radioimmunoprecipitation assay (RIPA) lysis buffer
(Beyotime Biotechnology, Shanghai, China) which was
supplemented with protease inhibitors (Roche, Basle,
Switzerland) following the manufacturer’s instructions.
Each protein sample was quantified by BCA™ (Pierce,
Appleton, WI, USA) according to the manufacturer’s
instructions. Protein samples (15 pg) were separated by
8% SDS-PAGE, and transferred to polyvinylidene
difluoride (PVDF) membrane. Primary antibodies
against HDACS5 (Cat no. ab1439) and GAPDH (Cat
no. ab9485) were purchased from Abcam (Cambridge,
MA, USA) and dissolved in 5% blocking buffer at
a dilution of 1:1,000. The membranes were incubated
with the above antibodies at 4°C overnight, following
with 1 h of incubation at room temperature with goat
anti-rabbit horseradish peroxidase (HRP)-tagged second-
ary antibody (Cat no. ab205718, dilution: 1: 5000,
Abcam). Next, the PVDF membranes were added with
Immobilon Western Chemiluminescent HRP Substrate
(200 pL, Millipore). At last, each signal was captured,
and the intensity of each band was calculated by Image
Lab™ (Bio-Rad, Shanghai, China).

Cell Viability Assay

Cell viability of A549 and CALU-1 cell lines was mea-
sured by a cell counting kit-8 (CCK-8; Dojindo Molecular
Technologies, Gaithersburg, MD, USA) following the
manufacturer’s instructions. Briefly, A549 cells (5x10%/
well) and CALU-1 cells (5x10°/well) were seeded into
the 96-well plates, and were transfected with miR-331-3p
inhibitor, and/or siRNA-HDACS, and/or exposed to fenta-
nyl. At 24, 48 or 72 h later, CCK-8 solution (10 uL) was
added into the cells, following incubation for 1 h in humi-
dified 95% air and 5% CO, at 37°C. At last, the absor-
bance at 450 nm was measured with a microplate reader
(Bio-Rad, Hercules, CA, USA). The 50% inhibitory con-
centration (IC50) of fentanyl in A549 and CALU-1 cell
lines was accordingly detected.

Cell Invasion Assay

The Transwell chamber (EMD Millipore, Billerica, MA,
USA) with an 8-um pore polycarbonate membrane filter,
was applied for the invasion assay in A549 and CALU-1 cell
lines. The filter was inserted to the 24-well chamber which
was pre-coated with Matrigel (60 pL/well, BD Biosciences,
San Jose, CA, USA). Next, 5%10° A549 and 5%10° CALU-1
cells which were suspended in 200 pL serum-free
RPMI1640 medium, were mixed into the upper chamber,
while 600 L RPMI1640 DMEM and 10% FBS were mixed
into the lower chamber. Then, the chamber was incubated in
humidified 95% air and 5% CO, for 24 h at 37°C.
Thereafter, cells on the upper membrane were scraped softly.
And the cells traversed the membrane were fixed by 4%
methanol (NIST, USA) for 30 min, followed with staining
by 0.1% crystal violet (Merck, Darmstadt, Germany) for 30
min. At last, the images were captured by an inverted
microscope (Olympus, Tokyo, Japan).

Dual-Luciferase Reporter Activity Assay
The link between HDACS 3’-UTR and miR-331-3p was
predicted by TargetScan (Version 7.1, http://www.targets

can.org/vert 71/). The sequence of the HDACS 3'-UTR
containing the predicted miR-331-3p binding site was
cloned into pGL2-Basic Vector (Promega, Madison, WI,
USA), and named as HDACS5-WT, while mutated HDACS5
3’-UTR which was obtained by introducing two site muta-
tions into pGL2-HDACS plasmid with a Quick Site-directed
mutation kit (Agilent Technologies, Inc.) was used as NC
(HDAC5-MUT). Next, the vector (pGL2-HDACS-WT or
pGL2-HDAC5-MUT) was co-transfected with miR-331-3p
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mimic and miR-NC mimic into A549 and CALU-1 cells.
The A549 and CALU-1 cells were harvested at 48 h after
transfection, next, the luciferase activity was measured by
the Dual Luciferase Reporter Assay System (Promega) fol-
lowing the manufacturer’s instructions. Firefly luciferase
was normalized to Renilla luciferase (Promega).

Tissue Samples

A total of 37 cases of tumor tissues and 37 cases of the
adjacent normal tissues were extracted from 37 patients
who were diagnosed with NSCLC and underwent surgery
in The First Affiliated Hospital of Zhengzhou University
between Oct, 2015 and Dec, 2017. No patient had received
any radiotherapy or chemotherapy before the tumor resec-
tion. All patients agreed to the use of tissues for scientific
research. And all patients provided informed consent, in
accordance with the Declaration of Helsinki. Current study
was approved by the Ethics Committee of The First
Affiliated Hospital of Zhengzhou University.

Statistical Analyses

Results were expressed as mean + standard deviation (SD).
Statistical analyses were carried out by GraphPad 6.0 software
(GraphPad Software, San Diego, CA, USA). Differences
between 2 groups were analyzed by Student’s t-test, differ-
ences among 3 or more groups were analyzed by one-way
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analysis of variance and Tukey’s test. Pearson correlation test
was used to analyze the link between miR-331-3p and
HDACS mRNA level in the tumor tissues from patients
with NSCLC. Chi-square test was used to analyze the asso-
ciation between miR-331-3p and clinicopathological charac-
teristics. Values of p < 0.05 were statistically significant.

Results
Fentanyl Inhibits the Viability and Invasion
of A549 and CALU-I Cells

Firstly, flow cytometry analysis proved the expression of
MOR in A549 and CALU-1 cells (Figure 1A and B).
Thereafter, the effects of fentanyl in A549 and CALU-1
cells were detected.

CCK-8 assay revealed that the IC50 of fentanyl treatment
for 48 h was 5.4053 ng/mL and 4.5161 ng/mL for A549 and
CALU-1, respectively (Figure 2A); additionally, fentanyl (5
ng/mL) inhibited cell viability of A549 and CALU-1 cells
from 24 h to 72 h (Figure 2B and C), indicating the inhibi-
tory function of fentanyl on A549 and CALU-1 cells in
a dose- and time- dependent manner. Consequently, fentanyl
(5 ng/mL, 48 h) was used for the subsequent experiments.

Meanwhile, transwell assay exerted that A549 and
CALU-1 cells in fentanyl group showed a decreased number
of invasive cells relative to control group (Figure 2D and E).
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Figure | MOR is expressed in NSCLC cells. The expression of MOR in A549 and CALU-1 cells was detected by flow cytometry (A, B).
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Figure 2 Fentanyl inhibits NSCLC cell viability and invasion. The effects of different concentrations and time points of fentanyl treatment on A549 and CALU-| cells were
detected by CCK-8 assay (A, C). A549 and CALU-I cell invasion was determined by Transwell assay (D, E). **p < 0.01, **p < 0.001, fentanyl compared with ctrl.

Fentanyl Promotes miR-331-3p

Expression in A549 and CALU-I Cells
Next, RT-qPCR revealed that A549 and CALU-1 cells
exerted lower miR-331-3p level relative to BEAS-2B
(Figure 3A), while A549 and CALU-1 cells in fentanyl
group showed higher miR-331-3p level relative to control
group (Figure 3B).

Prior to investigating the precise function of miR-331-
3p, the successful transfection of miR-331-3p mimic and
inhibitor into A549 and CALU-1 cells was verified. RT-
gqPCR exhibited that A549 and CALU-1 cells in miR-331-
3p mimic group revealed higher miR-331-3p level relative
to miR-NC mimic group (Figure 3C), while those in miR-
331-3p inhibitor group showed lower miR-331-3p level
relative to miR-NC inhibitor group (Figure 3D).

miR-331-3p Targets HDACS in A549 and
CALU-1 Cells

The current study aimed to determine the oncogenes that
could be targeted by miR-331-3p. By using the online
software TargetScan 7.1 (http://www.targetscan.org/vert

71/)), 3'UTR of HDACS was found to include the com-
plementary sites for miR-331-3p (Figure 4A).

Furthermore, dual-luciferase reported assay revealed that
miR-331-3p mimic inhibited the relative luciferase activity in

A549 and CALU-I cells transfected with pGL2-HDACS5-WT
but failed in those transfected with pGL2-HDACS5-MUT
(Figure 4B). In addition, RT-qPCR and Western blotting
demonstrated that, A549 and CALU-1 cells transfected with
miR-331-3p mimic exhibited lower mRNA and protein levels
of HDACS relative to miR-NC mimic group (Figure 4C-E).

Fentanyl Decreases HDACS Expression

in A549 and CALU-I Cells

Next, RT-qPCR and Western blotting revealed that A549
and CALU-1 cells exhibited higher HDAC5 mRNA and
protein level relative to BEAS-2B (Figure SA-C).

Then, RT-qPCR and Western blotting exerted that
A549 and CALU-1 cells in fentanyl group showed lower
HDACS5 mRNA and protein level relative to control group
(Figure 5D-F).

Fentanyl Inhibits A549 and CALU-1 Cell
Viability and Invasion by Regulation of
miR-331-3p and HDACS

Prior to measuring the effects of HDACS, the successful
transfection of siRNA-HDACS5-1 and siRNA-HDACS-2
into A549 and CALU-1 cells was verified. RT-qPCR and
Western blotting exerted that A549 and CALU-1 cells in
siRNA-HDACS5-1 and siRNA-HDACS5-2 group showed
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Figure 5 Fentanyl decreases HDACS expression in NSCLC cells. RT-qPCR and Western blot were used to detect mRNA and protein levels of HDACS5 in A549 and CALU-I
cells (A-F). *p < 0.01, A549 or CALU-I cells compared with BEAS-2B; fentanyl compared with ctrl.

lower HDACS level relative to siRNA-NC group (Figure
6A—C). siRNA-HDACS5-1 showed relative more inhibitory
effects, and was used for the subsequent experiments.

CCK-8 assay exerted that in A549 and CALU-1 cells,
miR-331-3p inhibitor reverses the inhibitory effects of
fentanyl on viability, which was partially abolished by
siRNA-HDACS (Figure 6D).

Transwell assay exhibited that in A549 and CALU-1
cells, miR-331-3p inhibitor reverses inhibitory effects of
fentanyl on invasion, which was partially abolished by
siRNA-HDACS (Figure 6E and F).

Decreased miR-331-3p and Increased
HDACS5 Was Found in NSCLC Tumor

Tissues

RT-qPCR exerted that miR-331-3p level was lower (Figure
7A), while HDACS5 mRNA level was higher (Figure 7B)
in tumor tissues relative to adjacent normal tissues from
patients with NSCLC. And there was a negative correla-
tion between miR-331-3p and HDACS in patients with
NSCLC (Figure 7C).

In addition, as shown in Table 1, mean expression level
of miR-331-3p was used as the cut-off to analyze the
association between miR-331-3p level (low and high)
and clinicopathological characteristics of patients with
NSCLC. We observed that, the lower the miR-331-3p

level, the higher incidence of lymph node metastasis; in
addition, the lower the miR-331-3p level, the higher grade
of TNM stage. Altogether, miR-331-3p level was asso-
ciated with lymph node metastasis (p=0.022) and TNM
stage (p=0.009), however, miR-331-3p level was not asso-
ciated with gender (p=0.746), age (p=0.743), or histologi-
cal type (p=0.515).

Discussion

It is acknowledged that lung cancer is a highly malignant
carcinoma, and the majority of lung cancer-related deaths
are resulted from metastasis.” Fentanyl is a widely utilized
anesthetic for surgery and cancer therapy which also inhi-
bits cell viability and invasion in numerous cancers, e.g.,
fentanyl reduces the metastasis in colorectal cancer,'” fen-
tanyl inhibits cell growth in gastric cancer by regulation of
NF-kB,'""'? fentanyl decreases cell viability and tumor
growth in pancreatic cancer cells and cell-transplanted
mice.**

The function of fentanyl on cancer may be mediated
by miRNAs. For example, the inhibitory effects of fenta-
nyl on tumor growth and cell invasion in colorectal
cancer may be realized by downregulation of miR-182
through B-catenin.”> In a recent miRNA array in primary
cultures of rat hippocampal neurons, fentanyl was proved

1’20

to increase miR-331-3p leve which functions as
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Figure 6 Fentanyl inhibits NSCLC cell viability and invasion by miR-331-3p/HDACS. RT-qPCR and Western blot were used to detect mRNA and protein levels of HDACS in
A549 and CALU-| cells (A—C). A549 and CALU-I cell viability was detected by the CCK-8 assay (D). A549 and CALU-1 cell invasion was determined by Transwell assay (E,
F). **p < 0.01, siRNA-HDACS-1 or siRNA-HDAC5-2 compared with siRNA-NC; fentanyl compared with ctrl. #Fentanyl + miR-331-3p inhibitor compared with fentanyl.
#Fentanyl + miR-331-3p inhibitor + siRNA-HDACS5 compared with fentanyl + miR-331-3p inhibitor.

a tumor suppresser in numerous cancers including lung
cancer, e.g., miR-331-3p inhibits proliferation and migra-
tion in hepatocellular carcinoma Bel-7402 cell line by
targeting E2F1,°° miR-331-3p suppresses proliferation
and metastasis in ovarian cancer through regulation of
RCC2,%” miR-331-3p reduces cell proliferation in breast
cancer through targeting NRP2*® Circular RNA
circ_0001649 represses cell proliferation and invasion
of NSCLC by sponging miR-331-3p,%” miR-331-3p sup-
presses cell proliferation and invasion of NSCLC by
targeting ErbB2 and VAV2.?' Furthermore, in 2020,
Tian et al reported that miR-331-3p inhibits cell prolif-
eration and invasion of NSCLC cells by targeting
MLLT10;* circulating miR-331-3p was identified as

a novel biomarker for early diagnosis and monitoring of

lung cancer.’' However, the interaction between fentanyl
and miR-331-3p in human disease, including NSCLC has
not been revealed yet.

Consistent to previous studies,”’**>' current study
observed that miR-331-3p level was lower in NSCLC cell
lines than that in BEAS-2B. In addition, miR-331-3p level
was increased by fentanyl, and inhibition of miR-331-3p
reversed the inhibitory effects of fentanyl on NSCLC cell
viability and invasion, indicating the tumor suppressor role
of miR-331-3p in NSCLC, as well as the relation between
fentanyl and miR-331-3p in the progression of NSCLC.

mRNA targets for miR-331-3p which act as oncogenes
during the progression of cancer are left to be investigated.
HDACS is a well-known oncogene in numerous cancer
types including lung cancer, e.g., HDACS5 level is
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Figure 7 Decreased miR-331-3p and increased HDACS5 in NSCLC tumor tissues. RT-qPCR was used to detect the expression of miR-331-3p (A) and HDAC5 mRNA (B) in
tumor tissues. Pearson correlation analysis was used to analyze the correlation between miR-331-3p and HDACS in patients with NSCLC (C). **p < 0.01, tumor tissues

compared with healthy tissues.

increased in LCSCs,*> HDACS5 induces the malignancy in
NSCLC,** HDACS increases the cell proliferation and
invasion in lung cancer,>* HDACS is a predictor for poor

Table | Association Between miR-331-3p Level and
Clinicopathological Characteristics of Patients with NSCLC
Characteristics Cases Low High P
Gender 0.746
Male 20 9 I
Female 17 9 8
Age (years) 0.743
<55 15 8 7
>55 22 10 12
Histological type 0515
Squamous cell carcinoma 20 I 9
Adenocarcinoma 17 7 10
Lymph node metastasis 0.022
Yes 19 13 6
No 18 5 13
TNM stage 0.009
-1 19 5 14
-1V 18 13 5

clinical outcomes in pancreatic neuroendocrine tumor,*

HDACS inhibitors act as potential therapies for young
women with breast cancer.>® However, the relation
between miR-331-3p and HDACS has not been investi-
gated until the conduction of the present study. In the
present study, HDACS expression was higher in NSCLC
cell lines than in BEAS-2B, which was reversed by fenta-
nyl, the findings first indicated the potential relation
between fentanyl and HDACS in the progression of
NSCLC. Besides, HDACS5 was proved to be targeted by
miR-331-3p in NSCLC cell lines, miR-331-3p inhibitor
reverses inhibitory effects of fentanyl on NSCLC cell
viability and invasion, which was partially abolished by
siRNA-HDACS.

At last, miR-331-3p level was lower and HDACS5 mRNA
was higher in tumor tissues compared with adjacent normal
tissues from the patients with NSCLC, and there was
a negative correlation between miR-331-3p and HDACS in
patients with NSCLC. miR-331-3p level was associated with
lymph node metastasis and TNM stage. These findings further
indicated the inhibitory role of miR-331-3p and the promo-
tional role of HDACS during the progression of NSCLC.
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Taken together, the present study suggested that fenta-
nyl inhibits the viability and invasion of NSCLC cells by
increasing miR-331-3p and decreasing HDACS, which
first identifies the relation between fentanyl and miR-
331-3p, fentanyl and HDACS as well as miR-331-3p and
HDACS in NSCLC. Moreover, during the process of our
submission, Luo et al reported the relation between miR-
331-3p and HDACS in vascular diseases in Nov, 2020,
which demonstrated that CircSFMBT2 promoted the cell
proliferation of vascular smooth muscle cells through tar-
geting miR-331-3p/HDACS5,?” which further affirmed the
findings in current study.

Whereas, there are 2 limitations in current study: 1) As
acknowledged, the overall survival of patients with lung
cancer was correlated with the level of natural killer cells
(NK cells) cells,®® whose reduction generates the initiation
and progression of tumors.* Opioid growth factor, one of
the endogenous opioids, improves the immune function via
elevating NK cells in cancer patients.*’ In addition, for
patients with NSCLC underwent thoracotomy, the percen-
tage and function of NK cells were reduced, which were
higher in general preoperative fentanyl anesthesia group
than in 24-h postoperative epidural fentanyl analgesia
group, indicating the improvement of fentanyl on NK
cells.*' By survey of literatures, we noticed a report indicat-
ing that it is urgent to develop novel NK cell-based thera-
pies for patients with lung cancer.*? Consequently, the effect
of fentanyl on NK cells in patients with NSCLC will be
investigated in our future work; 2) The present study lack
the content of animal experiments, which will also be
further investigated in our future work.
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