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Fentanyl is a strong anesthetic analgesic drug that plays important roles in many types of cancers. However, the role of fentanyl in
papillary thyroid cancer (PTC) tumor development remains ambiguous. In this study, we aimed to investigate the potential
antitumor effects of fentanyl on PTC cell viability and invasion. Results of cell counting kit-8 and Transwell assays
demonstrated that fentanyl treatment (5 ng/ml) reduced the viability and invasion of two PTC cells, TCP-1 and BCPAP. Our
data subsequently showed that fentanyl induced antitumor effects by increasing miR-204 expressions. Furthermore, the results
of luciferase reporter assays identified that miR-204 directly targets Krüppel-like transcription factor 5 (KLF5), which serves as
tumor-promoting genes in many cancers. Further mechanistic analyses revealed that fentanyl performs its tumor-suppressive
functions by regulating the miR-204/KLF5 axis in PTC cells. These results contribute to understanding the important role of
fentanyl in treating PTC.

1. Introduction

As the most common endocrine-related malignant tumor
over the past decades, thyroid cancer has rising incidence
with an annual rate of 3% [1, 2]. Papillary thyroid cancer
(PTC) is a common histologic type of thyroid cancer that
has attained considerable attention in recent years [3].
Although the majority of patients with PTC show relatively
good prognosis, some cases still suffer from poor outcomes
due to local recurrence and distant metastasis [4]. Thus,
determining the underlying mechanism related to PTC
tumor metastasis and developing new therapeutic targets
against PTC are crucial.

Fentanyl is a strong anesthetic analgesic drug that has
been widely applied in clinical anesthesia, especially during
cancer surgery [5]. However, fentanyl plays not only impor-
tant roles in pain management but also exerts its tumor-
suppressing functions in many types of cancers [6]. Fentanyl
showed an inhibitory effect on cell invasion and migration
via the promotion of the miR-302b-ErbB4 axis in esophageal

squamous cell carcinoma (ESCC) [7]. Li et al. [8] demon-
strated that fentanyl retarded tumor progression in gastric
cancer by repressing the expression of matrix metallopro-
teinase 9 (MMP-9).

MicroRNAs (miRNAs) with a length of nearly 22 nucle-
otides are a class of noncoding RNAs that perform important
regulatory roles in the pathogenesis of many cancers [9–11].
miRNAs regulate their target expressions posttranscription-
ally by pairing with 3′-untranslated region (3′UTR) of genes
[12]. Recent studies have reported the role of miR-204 in sev-
eral human cancers, including osteosarcoma, gastric cancer,
and acute myeloid leukemia [13–16]. Interestingly, miR-204
was found to be downregulated in papillary thyroid carci-
noma tissues [17], while no further mechanistic analysis
was performed. Bioinformatics analysis shows Krüppel-like
transcription factor 5 (KLF5) as a putative target gene of
miR-204. KLF5 has been reported to promoted PTC cell
growth, invasion, and migration from previous evidence
[18]. In this study, biological functions of fentanyl in PTC
cancer progression and its regulatory mechanisms involving
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the miR-204/KLF5 axis in reducing cell viability and invasion
are explored in this study. The findings of our work can pro-
vide new insights into the treatment of PTC.

2. Materials and Methods

2.1. Cells and Tissues. PTC cell lines (TPC-1 and BCPAP)
were obtained from the Shanghai Institute for Biological Sci-
ences (http://www.cellbank.org.cn/) and cultured in RPMI-
1640 medium (Gibco, USA) containing 10% fetal bovine
serum (FBS). Both cells were incubated at 37°C with 5%
CO2. Fentanyl (Sigma-Aldrich, USA) was dissolved in
dimethyl sulfoxide (DMSO) and added into the culture
medium at different concentrations (0, 0.5, 5, and 50ng/ml).
Addition of only DMSO into the culture medium was per-
formed for the control group.

2.2. Cell Transfection.miR-204 mimic/inhibitor and negative
controls (NCs) were purchased from RiboBio (Guangzhou,
China). KLF5 expression vector, empty vector, si-KLF5, and
scramble siRNA (si-NC) were also designed by RiboBio
(Guangzhou, China). TPC-1 and BC-PAP cells were cultured
in six-well plates with miR-204 mimic, NC mimic, miR-204
inhibitor, NC inhibitor, KLF5, or NC using Lipofectamine
2000 (Invitrogen, CA) for transfection according to the man-
ufacturer’s recommendations.

2.3. RNA Extraction and Quantitative Real-Time PCR Assays.
cDNA was reversely transcribed from RNA using a miRNA
RT-PCR kit (Takara, China) for miR-204 expression analy-
sis. cDNA was reversely transcribed from RNA using an
mRNA RT-PCR kit (Takara, China) for KLF5 expression
analysis. Expression levels of miR-204 and KLF5 were quan-
tified using SYBR Green (Applied Biosystems, USA) on an
ABI 7500 Fast DX RT-PCR instrument (Applied Biosystems,
USA). Primer sequences of miR-204 and U6 were synthe-
sized by RiboBio (Guangzhou, China). Specific primers for
KLF5 and β-actin used in the study are presented as follows:
KLF5: 5′-CCTGGTCCAGACAAGATGTGA-3′, 5′-GAAC
TGGTCTACGACTGAGGC-3′ and β-actin: 5′-GGACTT
CGAGCAAGAGATGG-3′, 5′-AGCACTGTGTTGGCGT
ACAG-3′. Fold changes for miR-204 and KLF5 expressions
were calculated using the 2−ΔΔCt method.

2.4. Cell Counting Kit-8 (CCK-8) Assays. CCK-8 (KeyGEN)
assays were used to evaluate the viability of PTC cells. Trans-
fected PTC cells were planted into 96-well plates at a density
of 3 × 103 cells/well. The CCK-8 solution (10μl) was added to
cultured cells in 100μl of culture medium 24h after treat-
ment and incubated at 37°C with 5% CO2 for 1 h. Absorbance
values were then determined at 450nm after 1, 2, 3, and 4
days.

2.5. Transwell Assays. Transwell inserts with Matrigel (BD
Biosciences) were used to detect the invasion ability of PTC
cells. Then, 200μl of serum-free media with a density of 2
× 104 cells were transferred to the upper chamber (Corning;
NY, USA). A 500μl medium containing 20% FBS was subse-
quently added to the lower compartment. Cells that moved to

the bottom of the chamber were stained with 0.2% crystal
violet after incubation for 24 h. The number of invading cells
from five independent visual fields was counted under an
inverted microscope with a magnification of ×200.

2.6. Western Blot Analysis. Transfected PTC cells were lysed
in RIPA buffer (Beyotime; Shanghai, China) after washing
with phosphate buffer solution (PBS). Extracted proteins
were subsequently measured using a bicinchoninic acid
(BCA) kit (Beyotime; Shanghai, China). Then, 15μg of pro-
tein from each sample was separated on 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gels
and transferred onto a polyvinylidene fluoride (PVDF) mem-
brane (Miilp, USA). The membrane was incubated with rab-
bit polyclonal anti-KLF5 (1 : 1000, Abcam, USA) after
blocking with 5% defatted milk at 4°C for 2 h. Anti-β-actin
(1 : 2000, CST, USA) was used as the loading control. Immu-
noreactive bands were visualized using an enhanced chemi-
luminescence reagent (Beyotime; Shanghai, China).

2.7. Luciferase Reporter Assay. We used a luciferase reporter
assay to analyze the binding between miR-204 and KLF5.
PTC cells cotransfected with miR-204 or NC mimic and
pCDNA3.1 luciferase reporter vector containing KLF5-3′
UTR wild-type (wt) vector or KLF5-3′UTR mutant (mut)
fragment using lipofectamine 2000 reagents (Invitrogen;
Carlsbad, CA). The Dual-Luciferase Reporter Assay System
(Promega) was used to determine luciferase activities after
transfection for 48h.

2.8. Statistical Analysis. Data were statistically analyzed by
Student’s t-test, one-way analysis of variance (ANOVA) with
Tukey’s test, and repeated measurement ANOVA with Bon-
ferroni corrections using GraphPad 5.0 and SPSS 19.0,
respectively. Values were shown as mean ± standard
deviation from at least three independent experiments. The
P value < 0.05 was considered statistically significant.

3. Results

3.1. Fentanyl Reduced PTC Cell Viability and Invasion. We
first used CCK-8 assays to detect the viability of PTC cells
under different concentrations of fentanyl stimulation.
Figure 1(a) shows that fentanyl reduces TCP-1 and BCPAP
cell viability at a dosage- and time-dependent manner.
Transwell invasion assays also illustrated that TCP-1 and
BCPAP cell invasion was significantly inhibited by fentanyl
treatment in a dose-dependent manner (Figures 1(b) and
1(c)). These data demonstrated that the fentanyl treatment
repressed the cell viability and invasion of PTC cells.

3.2. Fentanyl Repressed PTC Cell Viability and Invasion via
Upregulation of miR-204. A previous study has reported that
miR-204 is downregulated in PTC tissues and cells, and its
overexpression antagonizes the tumorigenicity of PTC cells
[17]. To the best of our knowledge, studies on the relation-
ship between fentanyl and miR-204 in PTC cells are lacking.
Results of qRT-PCR demonstrated that miR-204 expression
was increased following 5 and 50ng/ml fentanyl treatment
(Figure 2(a)). Concentrations of fentanyl > 5ng/ml exhibited
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a remarkable inhibitory promotion on miR-204-5p expres-
sions in PTC cells, and thus, a concentration of 5 ng/ml of
fentanyl was chosen for further investigations. We utilized
rescue experiments to understand the role of miR-204 in
fentanyl-induced anticancer effects on PTC cells. CCK-8
assays and Transwell invasion assays showed that miR-204
inhibition by its specific inhibitor facilitated TCP-1 and
BCPAP cell viability and invasion, which was reversed by fol-
lowing fentanyl treatment (Figures 2(b)–2(d)). These results
reveal that miR-204 is involved in fentanyl-induced antitu-
mor effects on PTC.

3.3. KLF5Was the Target of miR-204.We used miRNA target
prediction websites, such as starBase and TargetScan, to
ascertain underlying mechanisms of miR-204 functioning
in PTC cells and analyze miR-204 candidate targets. On the
basis of these bioinformatics analyses, we chose a well-
known tumor promoter named KLF5 for further studies.
The results of qRT-PCR and western blot analysis revealed
a decrease in mRNA and protein levels of KLF5 in PTC cells
transfected with miR-204 mimic (Figures 3(a) and 3(b)).
Then, we found a complementary match between the seed

sequence of miR-204 and the 3′UTR region of KLF5 using
the starBase (Figure 3(c)). Further studies were employed to
explore whether KLF5 was directly targeted by miR-204.
Luciferase reporter assays showed that miR-204 mimics led
to inhibitory effects on the luciferase activity of the reporter
with the wide-type sequence of KLF5, whereas no significant
effect was observed in the mutant group (Figure 3(d)). To
further verify the relationship between miR-204 and KLF5,
we performed rescue experiments. As the results of CCK-8
assays exhibited, KLF5 knockdown reduced TCP-1 and
BCPAP cell viability and reversed the promotion of cell via-
bility induced by the miR-204 inhibitor (Figure 3(e)). As
expected, the results of Transwell invasion assays implied
that the KLF5 knockdown inhibited TCP-1 and BCPAP cell
invasion, which was negated by the miR-204 inhibitor
(Figures 3(f) and 3(g)). These findings reveal that miR-204
modulates PTC cell growth by directly targeting KLF5.

3.4. Fentanyl Inhibited PTC Cell Viability and Invasion via
the miR-204/KLF5 Axis. In this part, we were interested in
the hypothesis that fentanyl may inhibit PTC development
via the miR-204/KLF5 axis. For this purpose, more
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Figure 1: Fentanyl reduced the viability and invasion of PTC cells. (a) The results of CCK-8 assays indicated that fentanyl reduced the cell
viability at a dosage- and time-dependent manner. Repeated measurement ANOVA with Bonferroni corrections was used for statistical
analysis. (b, c) The results of Transwell invasion assays confirmed that fentanyl significantly inhibited the invasion of PTC cells. One-way
ANOVA was used for statistical analysis. Symbol of ∗∗ indicates P < 0:05 compared with PTC cells without fentanyl stimulation.

3Journal of Nanomaterials



experiments were used to verify the relationship among fen-
tanyl, miR-204, and KLF5. The CCK-8 analysis of the present
study showed that KLF5 overexpression reversed the
fentanyl-mediated suppression of PTC viability
(Figure 4(a)). The results of Transwell assays demonstrated

that the restoration of KLF5 attenuates the enhancement of
the cell invasion induced by fentanyl treatment
(Figures 4(b) and 4(c)). Furthermore, our data showed that
fentanyl inhibited the expression of KLF5, while this inhibi-
tion was reversed using the miR-204 inhibitor in PTC cells
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Figure 2: Fentanyl reversed the PTC cell viability and invasion via upregulation of miR-204. (a) The expression of miR-204 was increased by
fentanyl treatment in a concentration-dependent manner (>5 ng/ml). (b) CCK-8 assays showed that downregulation of miR-204 reversed the
suppression of cell viability caused by fentanyl. (c, d) Transwell assays demonstrated that miR-204 downregulation antagonized the anti-
invasion effects induced by fentanyl. Repeated measurement ANOVA with Bonferroni corrections was used for statistical analysis in (b)
and one-way ANOVA was used in other panels. ∗∗P < 0:05.
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Figure 3: KLF5 was the target of miR-204. (a) The results of PCR showed that miR-204 overexpression inhibited the expression of KLF5 at
mRNA levels. (b) The results of western blot assays also verified the miR-204 overexpression at protein levels. (c) The sequence of 3′UTR of
KLF5 contained the potential binding sites for miR-204. (d) The luciferase reporter assay identified that miR-204 directly targeted KLF5. (e)
The results of CCK-8 assays indicated that KLF5 knockdown reversed the positive effects on the proliferation of PTC cells induced by miR-
204 inhibitor. (f, g) The results of Transwell showed that miR-204 showed its negative effects on the cell invasion via targeting KLF5. Student’s
t-test was used for statistical analysis in (a, d). Repeated measurement ANOVA with Bonferroni corrections was used in (e). One-way
ANOVA was used in (e, g). ∗∗P < 0:05.
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Figure 4: Fentanyl inhibited the cell viability and invasion via miR-204/KLF5 axis. (a) The CCK-8 assays were employed to explore the cell
viability of PTC under fentanyl or KLF5 overexpression treatments. (b, c) The Transwell assays were used to test the cell invasion via fentanyl
or KLF5 treatment. (d, e) The PCR and western blot assays were implied to detect the expressions of KLF5 under fentanyl or miR-204
inhibitor treatment. Repeated measurement ANOVA with Bonferroni corrections was used for statistical analysis in (a), and one-way
ANOVA was used in other panels. ∗∗P < 0:05.
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(Figures 4(d) and 4(e)). Thus, these results indicated that fen-
tanyl exerts its repressive effects on the cell viability and inva-
sion via the miR-204/KLF5 axis.

4. Discussion

To date, surgery remains the predominant treatment for PTC
but the distant metastasis is still the challenge of PTC patients
[4]. Further investigations on underlying mechanisms of
PTC tumorigenesis and metastasis are urgently required.
With the advancement of anesthesia techniques, recent stud-
ies mainly focus on potential biological roles of anesthetics in
tumor development. For instance, propofol showed its anti-
tumor activity in pancreatic cancer cells by affecting miR-
34a-mediated LOC285194 and E-cadherin signals [19]. Fen-
tanyl is a commonly used as an anesthesia that exerts its anti-
tumor effects in many human cancers. For example, fentanyl
was also demonstrated to inhibit the progression of human
gastric cancer [20]. Celik and Duran provided evidence that
fentanyl could reduce pancreatic cancer cell proliferation
and cancer stem cell differentiation [21]. Zhang et al. [22]
reported that fentanyl inhibited cell proliferation and inva-
sion of colorectal cancer cells. A previous study demon-
strated that propofol resulted in upregulation of miR-320a
concomitant with reduction of HMGB1 and thus suppressed
cell malignant behavior in PTC [23]. However, investigations
on biological functions of fentanyl in PTC tumor progression
are limited.

Wang et al. [7] reported that fentanyl induces the expres-
sion of miR-302b and subsequently decreases the cell inva-
sive and proliferative abilities of ESCC. This study suggests
that fentanyl partially exerts its functions by affecting miRNA
expressions. Accounting studies demonstrated that misregu-
lated miRNAs work as tumor suppressors or promoters par-
ticipating in the pathogenesis of many cancers [24]. Several
researchers focused on the role of miRNAs in tumorigenesis
and tumor progression and found that miR-204, an impor-
tant tumor-suppressive miRNA, repressed the expression of
oncogene targets and thus suppressed the growth and metas-
tasis of cancer cells in many tumors, such as colorectal can-
cer, endometrial carcinoma, and breast cancer [25–27]. A
previous study proved that miR-204 is downregulated in
PTC cells and tissues. The results of functional experiments
indicated that overexpression of miR-204 inhibits the inva-
sion and migration of PTC cells [17]. We identified in this
work that miR-204 expression was upregulated under fenta-
nyl treatment in PTC cells and fentanyl weakened the capa-
bility of PTC cells to proliferate and invade via repression
of miR-204. Therefore, our data revealed that fentanyl inhib-
ited the viability and invasion of PTC cells by enhancing
miR-204 expression. Subsequent experiments verified that
KLF5 is the target of miR-204 and involved in the mechanism
of antitumor role of fentanyl in PTC.

KLF5 is a zinc-finger transcription factor closely corre-
lated with different functions in tumor development, such
as cell proliferation, apoptosis, adhesion, and invasion [28].
However, the role of KLF5 in various cancers is conflicting
because it serves as a tumor promoter or suppressor. Ma
et al. [29] showed that KLF5 reduced STAT3 activity and

tumor metastasis in prostate cancer. Sun et al. [30] reported
that liver cancer cells with KLF5 knockdown displays a sharp
and round shape and promotes mesenchymal-to-epithelial
transition. Our experiments demonstrated that KLF5 is the
target of miR-204 and functional assays revealed that KLF5
overexpression promoted PTC cell viability and invasion of
PTC. Poyil et al. [18] investigated the expression of KLF5
protein in a large cohort of PTC patient samples and
explored its functional role and mechanism in PTC cell lines
and PTC xenograft in mouse. They found that KLF5 overex-
pression was observed in 65.1% of all PTC cases, and it was
significantly associated with aggressive clinicopathological
parameters and poor outcome. However, they failed to per-
form further discussion concerning the mechanism of KLF5
overexpression in PTC. Fortunately, in our study, mechanis-
tic analyses manifested that fentanyl inhibits the cell viability
and invasion via the miR-204/KLF5 axis.

5. Conclusion

In summary, our work verified the antitumor effects of fenta-
nyl in PTC through constant stimulation that reduces cell
invasive and proliferative abilities of PTC cells. Further
mechanistic analyses revealed that fentanyl performs its
tumor-suppressive functions by enhancing miR-204 and
reducing KLF5 in PTC cells. However, further investigations
are required to strengthen the involvement of miR-204 and
KLF5 in the mechanism of antitumor role of fentanyl in
PTC. For instance, whether fentanyl inhibited the expression
of KLF5 in PTC cells in a dose-dependent manner needs to
be explored. Human sample and animal experiment are war-
ranted to support clinical translation of the important role of
fentanyl in treating PTC.
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