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MiR-138-1-3p alters the stemness and radiosensitivity of tumor
cells by targeting CRIPTO and the JAK2/STAT3 pathway in
nasopharyngeal carcinoma
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Background: Tumor resistance to radiotherapy is one of the main obstacles to the clinical treatment of
nasopharyngeal carcinoma (NPC). Improving the radiosensitivity of tumor cells has an important clinical
significance in treatment of clinical NPC. This study aimed to identify that miR-138-1-3p as a novel
therapeutic target in radioresistant NPC cells and found its targets, CRIPTO and the JAK2/STAT3 pathway.
Methods: Radioresistant C666-IR and HK-1R cells were derived from the NPC cell lines C666-1 and HK-
1. The different microRNAs (miRNAs) and their targeting genes were analyzed between C666-1 and C666-
IR cells using microarray bioinformatics. Western blot, qRT-PCR, gene transfection, Luciferase reporter
assay, and confocal laser scanning microscopy were applied for the analysis of the different genes.

Results: MiR-138-1-3p was found to target CRIPTO, which involved in the epithelial-mesenchymal
transition (EMT) and JAK2/STAT3 signaling pathways. The luciferase reporter assay confirmed that miR-
138-1-3p targeted CRIPTO and downregulated the expression of CRIPTO. Furthermore, miR-138-1-
3p affected the stability of the CRIPTO-GRP78 complex on the cell membrane and also reversed the
radioresistant characteristics of NPC stem cells, which affected EMT and the JAK2/STAT?3 signaling pathway.
Conclusions: The miR-138-1-3p is a small molecule that can modulate radiosensitivity in the
radioresistant C666-IR and HK-1R NPC cell lines by inhibiting EMT and targeting CRIPTO to reduce the
activation of the JAK2/STAT3 pathway.
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Introduction

Nasopharyngeal carcinoma (NPC) is a common malignancy
of the head and neck region that is uncommon in the
western world, but highly prevalent in Southeast Asia,
particularly in south China (1). Its unique epidemiological
distribution may be primarily attributed to Epstein-Barr
virus infection, although other genetic and environmental
factors play a contributing role. NPC is highly sensitive to
ionizing radiation, therefore radiotherapy is the standard
treatment to effectively control early tumors and achieve
good prognosis (2). However, radioresistance is a serious
problem where the radiation-resistant tumor cells are
likely to remain and recur after radiotherapy, resulting in
poor therapeutic outcome (3). Therefore, screening for
early molecular biomarkers of radiotherapy resistance is
important to improve the prognosis of NPC (4).

MicroRNAs (miRNAs) are a type of small non-coding
RNA that can regulate gene expression by inhibiting
mRNA translation or promoting mRNA degradation (5).
Recent studies have shown that miRNAs can target key
proteins in tumors after being affected by environmental
factors, thereby promoting the development of cancer (6).
Importantly, miRNAs can participate in cytochemical
resistance or radiation resistance (7). For example, miR-
193a-3p can modify the radioresistance and chemotherapy
resistance of liver cancer cells by targeting PSEN1 (8).
The interaction between miR-130a-3p and miR-17-5p
can increase the radioresistance and chemoresistance of
cardiac cancer cells (9). Therefore, miRINAs can be used as
screening indicators to predict the efficacy of radiotherapy
and chemotherapy (10). Several studies have reported the
usefulness of miRINAs for the early detection of NPC (11).
MiR-138-1-3p is a recently recognized miRNA, and
its expression can affect the sensitivity of tumor cells to
chemotherapy (12). MiR-138-1-3p is related to epigenetic
mechanisms, transcription factor regulation, and hormone
regulation (13). MiR-138-1-3p expression might be related
the sensitivity of tumor cells to radiotherapy. It has not been
reported whether miR-138-1-3p influence radiosensitivity
of NPC. It is worth further study for the mechanism of
miR-138-1-3p gene involved in NPC radiosensitivity.

The EGF-CFC (epidermal growth factor—Cripto/FRL1/
Cryptic with a cysteine-rich domain) family of proteins
play an important role in the growth and development of
vertebrates (14). Various studies have found that EGF-
CFC family proteins can promote tumor proliferation,
invasion, and metastasis (15), and play a role in key signaling
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processes (16). CRIPTO is one such member of the EGF-
CFC co-receptor family (17), which is critical for inducing
epithelial-mesenchymal transition (EMT) during embryonic
development and in cancer. Increased expression of CRIPTO
has been reported in various cancers, including breast, colon,
lung, stomach, pancreatic, testicular, and ovarian cancer.
CRIPTO overexpression has also been associated with
the tumorigenesis and progression of NPC, potentially by
inducing EMT of nasopharyngeal epithelial cells. The cancer
stem cells arising from EMT are quiescent and apoptosis-
resistant, and have therefore been found to be radioresistant.
Furthermore, the activation of EGF-CFC family proteins
affects the JAK2/STAT3 signaling pathway (18), which has
also been confirmed to be related to tumor progression (19).
The phosphorylation of key proteins in the JAK2/STAT?3
pathway can promote inflammation (20), while also
contributing to radioresistance in cancer cells.

Cancer stem cells are a source of tumour recurrence
in patients with NPC. The miR-138-1-3p might affect
the sensitivity of NPC cells to radiation. MiR-138-1-3p
might change the stem cells and radiosensitivity of NPC,
and the miR-138-1-3p might be a clinical target in NPC
radiotherapy. Therefore, the study is aimed to determine
the role of miR-138-1-3p, which might be involved in the
JAK2/STATS3 signaling pathway.

We present the following article in accordance with
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/atm-21-521).

Methods
Cell culture

The NPC cell lines C666-1 (human, XY-XB-3163) and
HK-1 (human, SUER0025) were purchased from the Cell
Bank of the "Type Culture Collection of the Chinese Academy
of Sciences (Shanghai, China). The radiation-resistant
C666-1 cell line (C666-1R) was established by Professor
Feng, Xiangya Hospital of Central South University, China.
We then constructed the radiation-tolerant HK-1 cell line
(HK-1R), as described below. All cells were cultured in
RPMI-1640 medium (Biological Industries, 01-100-1A)
containing 10% fetal bovine serum (FBS) (Biological
Industries, 04-001-1A) at 37 °C with 5% CO,.

Establisbment of the radiation-resistant HK-1R cell line

HK-IR cells were developed as described previously (21).
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Briefly, 1x10° HK-1 cells were inoculated into a 25 cm
culture flask and cultured for 2 days in RPMI-1640
medium (Biological Industries, 01-100-1A) containing
10% FBS (Biological Industries, 04-001-1A) at 37 °C with
5% CO,. Then, cells were irradiated with 1 Gy of X-rays
by a high-energy linear accelerator, at a dose rate of
100 cGy/min (X-RAD 225 high-energy biological X-ray
irradiator, USA). The medium was changed immediately
after irradiation, and the cells were further incubated
until 90% confluency was reached. Subsequently,
the cells were collected after trypsinization and were
subcultured into new flasks. Once these cells reached
approximately 50% confluence, they were irradiated
again with 100 cGy 3 times, 200 cGy 3 times, and
400 cGy 3 times. Thus, after treatment with a total
dose of 2,100 cGy, we obtained the radiation-tolerant
HK-1R cell population, which were cultured for at least
1 month before using in experiments.

CCK-8 analysis

The effect of irradiation on the viability of HK-1 and HK-
IR cells was assessed using the CCK-8 assay. The HK-1
and HK-1R cell suspensions were placed in a 96-well plate,
and the plate was pre-cultured in an incubator for 24 h, at
37 °C under 5% CO,. The culture plate was irradiated with
600 cGy of X-rays through a high-energy linear accelerator
(X-RAD 225 high-energy biological X-ray irradiator, USA)
at a dose rate of 100 cGy/min. After irradiation, the medium
was changed immediately and cells were then incubated
for 24 h under the same conditions as above. Then, we
added 10 pL. of CCK-8 solution to each well, and further
incubated the cells for 4 h, after which the absorbance at
450 nm was measured with a multifunctional microplate

reader (TECAN, Austria).

Plate colony formation assay

The HK-1 and HK-1R cells were irradiated with X-rays
at specified doses of 0, 2, 4, 6, and 8 Gy. Dosimetry
confirmed that the center dose rate was 100 ¢cGy/min.
Subsequently, the irradiated cells and a set of unirradiated
negative controls were incubated at 37 °C under 5% CO,
humid air for 7 days. After washing 3 times with phosphate-
buffered saline (PBS) (Beyotime Institute of Biotechnology,
C0221A), the cells were fixed with methanol for 10 min
and stained with 0.1% crystal violet (Beyotime Institute of
Biotechnology, C0121) at 37 °C for 10 min.

© Annals of Translational Medicine. All rights reserved.

Page 3 of 13

Microarray hybridization

Total RNA from C666-1 and C666-1R cells, extracted using
the TRIzol reagent, was quantified using the NanoDrop
ND-2100 (Thermo Scientific, USA), and the RNA integrity
was assessed using Agilent 2100 (Agilent Technologies,
USA). The sample labeling, microarray hybridization, and
washing was performed according to the manufacturer’s
instructions. Briefly, total RNA was tailed with poly A
and labeled with biotin, after which the labeled RNA was
hybridized onto the microarray. After washing, the slides
were stained and the arrays were scanned by the Affymetrix

Scanner 3000 (Affymetrix, USA).

Data analysis

Affymetrix GeneChip Command Console software (version
4.0, Affymetrix) was used to analyze the array images and
perform Robust Multi-Array Average (RMA) normalization.
Next, Genespring software (version 12.5; Agilent
Technologies, USA) was used for the resulting data analysis.
Differentially expressed miRNAs were then identified
through fold change, where a fold change of >2 was set
as the threshold for up- and downregulated genes. Target
genes of differentially expressed miRINAs were predicted
with 3 databases: Targetscan, PITA, and microRNA.org.
Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) analyses were applied to determine
the roles of these target genes.

Cell transfection

Cell transfection was performed in HK1, HK-1R, and
C666-1R cells using Lipofectamine 2000 (Invitrogen,
11668030). The miR-138-1-3p inhibitor and negative
control (NC inhibitor) oligonucleotides, and miR-138-1-3p
mimic and negative control (NC mimic) oligonucleotides
were obtained from Sangon Biotech, Shanghai, China.
After culturing the cells in a 6-well plate for 24 h, the cells
were appropriately transfected with the above-mentioned
oligonucleotides, and after 48 h of transfection, the cells
were collected and stored for later use.

Quantitative real-time PCR (qRT-PCR)

The relative expression of miR-138-1-3p in the transfected and
naive HK-1, HK-1R, C666-1, and C666-1R cells was analyzed
using qRT-PCR, following the manufacturer’s instructions.
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Briefly, total RNA was extracted from the cells using the Trizol
reagent (Invitrogen, A33250) and then reverse transcribed into
c¢DNA using a reverse transcription kit (Transgen, AH341-01).
Then, Top/Tip Green qPCR SuperMix (Transgen, AQ131-
01) was used for QRT-PCR analysis. The 2™**“* method was
used to calculate the relative expression of miR-138-1-3p.
The primer sequences were as follows: miR-138-1-3p, sense:
5'-GCUACUUCACAACACCAGGGCC-3"; antisense:
5'-GGCCCUGGUGUGUUGUGAAGUAGC. U6, forward
primer, 5'-GCTTCGGCAGCACATATACTAAAAT-3";
reverse, 5'-CGCTTCACGAAT TTGCGTGTCAT-3".

Transwell assay

The Transwell assay was performed using a Costar
Transwell culture plate (Corning Incorporated, USA)
to evaluate the capability of cell migration iz vitro. The
transfected HK-1 and HK-1R cells (5x10* cells), suspended
in serum-free medium, were placed in the upper chamber,
while the 20% FBS-containing medium in the lower
chamber served as the chemoattractant. After culturing for
36 h, the cells that migrated to the lower chamber were
fixed with methanol and stained with 0.1% crystal violet,
and counted under an inverted microscope by picking
5 random fields of view.

Wound bealing assay

Cell migration was further assessed using the wound healing
assay. The transfected HK-1 and HK-1R cells were seeded
and cultured in 6-well plates until 80% confluence. Then,
the tip of a sterile 200 pL pipette was used to manually
create a wound between the cells. The cells were then
washed and allowed to grow further in serum-free medium.
Wound closure was observed every 2 h and imaged under a
microscope after 36 h.

Western blot

The Total Protein Extraction Kit (Transgen, DE101-
01) containing protease inhibitors was used to separate
the total proteins of the NPC cells. Then, 10% sodium
dodecyl sulfate polyacrylamide gel electrophoresis
was used to separate an equal amount of cell protein,
which was then transferred to a polyvinylidene fluoride
membrane (EMD Millipore). The membrane was then
blocked with 5% skimmed milk and incubated with the
primary antibody at 4 °C overnight. After washing 3 times
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with Tris-buffered saline with Tween 20 (TBST buffer;
Solarbio, T1081), the membrane was incubated with the
secondary antibody for 2 h at 37 °C. Next, the samples
were washed 3 times with TBST buffer (Solarbio, T1081),
and the chemiluminescence gel imaging system (Bio-Rad,
USA) was used to view protein bands. The antibodies
used were as follows: GAPDH (Transgen, HC301-01),
E-cadherin (Abcam, ab40772), N-cadherin (Abcam,
ab18203), vimentin (Abcam, ab92547), CRIPTO (Abcam,
ab108391), JAK2 (Abcam, ab108596), STAT3 (Abcam,
ab68153), p-JAK2 (Abcam, ab32101), p-STAT3 (Abcam,
ab76315), GRP78 (Abcam, ab21685), goat anti-mouse IgG
(Transgen, HS201-01), and goat anti-rabbit IgG (Transgen,
HS101-01).

Luciferase reporter assay

The relationship between CRIPTO and miR-138-1-3p was
determined using the luciferase reporter assay. We amplified
CRIPTO containing the predicted binding site (CRIPTO-
WT) or mutant binding site (CRIPTO-Mut) and cloned
them into the pSI-Check2 vector (Hanbio, China). The
miR-138-1-3p mimic, NC mimic, and plasmid were co-
transfected into HEK-293T cells. At 48 h after transfection,
the luciferase activity was measured using the dual luciferase
reporter gene assay system (Promega, E1910).

Immunobhistochemistry

The C666-1R cells were cultured on a glass slide, placed
in a 6-well plate for 24 h, and fixed with absolute ethanol
for 30 min. After washing with PBS, the non-specific
binding sites were blocked with goat serum for 30 min at
room temperature. After absorbing the goat serum using a
filter paper, the cells were then incubated with the primary
antibody overnight at 4 °C. The next day, the cells were
washed 3 times with PBS, blotted with a filter paper, and
incubated with the secondary antibody at room temperature
for 1 h in the dark. After washing with PBS, the nucleus was
stained with DAPI (Solarbio, C0065) for 5 min, and imaged
using a confocal laser microscope (Leica, Germany).

Statistical analysis

Data were displayed as the mean = standard deviation.
Differences were evaluated using a 7-test. All statistical
analyses were performed using GraphPad Prism 8.
Statistical significance was defined as P<0.05.
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Figure 1 HK-1R cells have stronger radiation resistance than HK-1 cells. (A) Under the microscope, the radiation resistant HK-1R cells

were larger in size than the HK-1 cells, and displayed rounder morphology as compared to the elongated morphology of the parent cells:
(a) and (b) are the enlarged images of the fixed field of view of (c) and (d). (B) Inoculating the same number of cells (2x10%), the viability
of HK-1 and HK-1R cells after 6 Gy irradiation was detected by the CCK-8 assay, and the cell proliferation activity of HK-1R cells was

significantly higher than that of HK-1 cells. (C) Concurrently, HK-1R cells displayed stronger colony formation capability than HK-1 cells

under the same radiation dose, representative images of colony formation of HK-1 (600 cells/well) and HK-1R cells (300 cells/well) exposed

to 0, 2, 4, 6, 8 Gy rays. **P<0.01.

Results
Radiation-resistant HK-1 cell line

We developed the radiation resistant version of HK-1 cells
by irradiating them at different doses of X-rays. Under the
microscope, the HK-1R cells were larger in size than the
HK-1 cells, and displayed rounder morphology as compared
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to the elongated morphology of the parent cells (Figure 1A).
The cell proliferation activity of HK-1R cells after 6 Gy
irradiation was significantly higher than that of HK-1 cells
(Figure 1B). Concurrently, after X-ray irradiation, HK-
IR cells displayed stronger colony formation capability
than HK-1 cells under the same radiation dose (Figure 1C),
indicating lower sensitivity of HK-1R cells to radiation than
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HK-1 cells.

MiR-138-1-3p is related to the sensitivity of NPC cells to

radiation

Compared with its parent cell line, C666-1, C666-1R
cells have a stronger capacity to resist radiation exposure.
After analyzing the miRNA microarray results of these
2 cell lines, we found that miR-138-1-3p was significantly
downregulated in C666-1R cells, by a factor of 13.49
(Figure 2A4). Our qRT-PCR results also confirmed the
microarray results, where the miR-1381-3p levels were
significantly reduced in C666-1R cells, compared to C666-
1 cells (P<0.01; Figure 2B). Following this trend, qRT-
PCR analysis of HK-1 and HK-1R cells demonstrated
significantly reduced miR-138-1-3p expression in the
radiation-resistant cell line compared to its parent cell line
(P<0.01; Figure 2C). Therefore, we speculated that the
expression of miR-138-1-3p may be closely related to the
radiosensitivity of NPC cells.

To specifically investigate the role of miR-138-1-3p
in the development of radioresistance in NPC cells, we
performed miR-138-1-3p transfection experiments in
HK-1 and HK-IR cells. The qRT-PCR results confirmed
that the expression of miR-138-1-3p was decreased in
miR-138-1-3p-inhibitor transfected HK-1 cells, as
compared to the NC inhibitor cells (P<0.01; Figure 2D).
Additionally, miR-138-1-3p expression increased in miR-
138-1-3p-mimic transfected HK-1R cells, as compared
to the NC mimic cells (P<0.01; Figure 2E). Subsequently,
the results of the plate clone formation experiment
demonstrated that the inhibition of miR-138-1-3p increased
the radioresistance of HK-1 cells, while the overexpression
of miR-138-1-3p increased the radiosensitivity of HK-1R
cells (Figure 2F). These results indicate that miR-138-1-3p
can alter the radiosensitivity of NPC cells.

MiR-138-1-3p enbances the radiosensitivity of NPC cells
by inbibiting EM'T

It has been reported that EMT is related to radiation
resistance in cancer (22). Therefore, we speculated that
miR-138-1-3p affects the radiosensitivity of NPC cells
through EMT. Cell migration is the most distinctive feature
of EMT (23). Transwell experiments showed that miR-138-
1-3p inhibition significantly increased HK-1 cell migration
(NC inhibitor: miR-138-1-3p inhibitor =1:4, P<0.05;
Figure 34, a and b), while its overexpression significantly
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reduced the migration capability of HK-1R cells (NC
mimic: miR-138-1-3p mimic =3:1, P<0.05; Figure 34, c
and d). Correspondingly, wound healing experiments also
demonstrated that miR-138-1-3p affects the migration
of HK-1 cells (NC inhibitor: miR-138-1-3p inhibitor
=0.55:0.24, P<0.01; Figure 3B) and HK-1R cells (NC
mimic: miR-138-1-3p mimic =0.19:0.52, P<0.01; Figure 3B).
In addition, western blot experiments showed that after
miR-138-1-3p inhibition, the epithelial marker E-cadherin
was downregulated in HK-1 cells (Figure 3C), while
interstitial markers such as N-cadherin and vimentin were
upregulated (Figure 3C). Similarly, after upregulating
miR-138-1-3p in HK-IR cells, the protein expression of
E-cadherin, N-cadherin, and vimentin were reversed, as
expected (Figure 3C). Overall, these results confirm that
miR-138-1-3p can reduce the radioresistance of NPC cells
by inhibiting EM'T.

MiR-138-1-3p affects the radiosensitivity of NPC cells by
targeting CRIPTO

We attempted to find the downstream protein of
miR-138-1-3p by using the Target Scan Human
7.2 database (http://www.targetscan.org/vert_72/) to
investigate how it can modulate the sensitivity of NPC cells
to ionizing radiation. Based on the results, we hypothesized
that miR-138-1-3p can target the CRIPTO protein
(Figure 44), which is an external protein anchored on the
cell membrane that interacts with the GRP78 protein. Their
combination in the cell membrane can transform tumor
cells into stem cells (24), and promote cell growth (25).
Studies have shown that targeting GRP78 on tumor cells
can effectively inhibit the stemness, radioresistance, and
tumorigenicity of head and neck carcinomas (26). Our dual
luciferase reporter assay proved that miR-138-1-3p and
CRIPTO have targeted sites (Figure 4B). Furthermore,
western blot analysis showed a significant change in the
CRIPTO and GRP78 expression levels with the change in
miR-138-1-3p level (Figure 4C). These results indicate that
miR-138-1-3p can alter the radioresistance of NPC cells by
regulating CRIPTO expression.

MiR-138-1-3p affects the stability of the CRIPTO and
GRP78 complex on the cell membrane

We detected the expression of CRIPTO in HK-1, HK-
IR, C666-1, and C666-1R cells (Figure 5A4) and selected
C666-1R cells for miR-138-1-3p inhibitor and miR-138-1-
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Figure 2 MiR-138-1-3p increases the radiosensitivity of nasopharyngeal carcinoma (NPC) cells. (A) Analysis of miRNA chip data of C666-
1 and C666-IR cells. (B) The relative expression of miR-138-1-3p in C666-1 and C666-1R cells was detected by qRT-PCR. (C) The relative
expression of miR-138-1-3p in HK-1 and HK-IR cells was detected by qRT-PCR. (D) The expression of miR-138-1-3p after HK-1 cells
were transfected with NC inhibitor and miR-138-1-3p inhibitor. (E) The expression of miR-138-1-3p after HK-1R cells were transfected
with NC mimic and miR-138-1-3p mimic. (F) The plate cloning experiment results of HK-1 (600 cells/well) and HK-1R (300 cells/well)
cells after 8 Gy irradiation were observed. **P<0.01.

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2021;9(6):485 | http://dx.doi.org/10.21037/atm-21-521



Page 8 of 13

A HK-1

Du et al. MiR-138-1-3p anti-radioresistance of NPC by targeting CRIPTO

NC inhibitor

C HK-1 HK-1R

miR-138-1-3p NC - NC +

E-cadherin |

GAPDH

N-cadherin

NC mimic miR-138-1-3p mimic

HK-1
B

Vimentin

GAPDH

HK-1R

36 h

& | 2
NC inhibitor

miR-138-1-3p inhibitor

NC mimic

miR-138-1-3p mimic

Figure 3 Upregulated miR-138-1-3p inhibits epithelial-mesenchymal transition (EMT) of nasopharyngeal carcinoma (NPC) cells. (A)
Transwell assay of HK-1 and HK-1R cells after altering miR-138-1-3p levels: HK-1 transfected with NC inhibitor (a); HK-1 transfected
with miR-138-1-3p inhibitor (b); HK-1R transfected with NC mimic (c); HK-1R transfected with miR-138-1-3p mimic (d). (B) The
migration ability of HK-1 and HK-1R cells detected by the wound healing assay after altering miR-138-1-3p levels. (C) The expressions of
E-cadherin, N-cadherin, and vimentin in HK-1 and HK-1R cells after altering miR-138-1-3p levels.

3p mimic transfection (Figure 5B). After immunostaining,
the images from laser confocal microscopy revealed a
significantly reduced colocalization signal (Figure 5C) of
CRIPTO and GRP78 on the cell membrane after miR-
138-1-3p upregulation. Correspondingly, the green-
labeled CRIPTO signal was weakened (Figure 5C) and
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the CRIPTO-GRP78 complex was dominated by the red-
labeled GRP78 signal (Figure 5D). Similarly, in response to
downregulation of miR-138-1-3p, the colocalization signal
of CRIPTO and GRP78 was enhanced, as the green-labeled
CRIPTO signal was significantly enhanced (Figure 5C),
and the CRIPTO-GRP78 complex was dominated by the
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Figure 4 MiR-138-1-3p downregulates CRIPTO expression. (A) Schematic diagram of the binding site of miR-138-1-3p targeting the
3’UTR of CRIPTO. (B) Luciferase reporter gene detecting the luciferase activity of CRIPTO-WT and CRIPTO-MUT in different
transfected HEK-293T cells. (C) The expression of CRIPTO and GRP78 in C666-1, C666-1R, HK-1, and HK-1R cells after altering miR-
138-1-3p levels. *P<0.05, NC mimic + CRIPTO-WT vs. miR-138-1-3p mimic + CRIPTO-W'T.

green-labeled CRIPTO signal (Figure 5D). Combined
with the previous protein expression results, we speculate
that miR-138-1-3p can inhibit the expression of CRIPTO,
thereby affecting its binding to GRP78 on the cell
membrane. Furthermore, miR-138-1-3p can affect the
stem cell characteristics of tumor cells and increase their
sensitivity to radiation.

MiR-138-1-3p inbibits the JAK2/STAT3 pathway and
increases the sensitivity of NPC cells to radiation

It has been reported that the activation of the JAK2/STAT3
signaling pathway can change the invasion and metastasis
capabilities of tumor cells (27). CRIPTO can enhance
tumor cell proliferation and survival by participating in the
JAK2/STAT3 pathway (18). We previously demonstrated
that miR-138-1-3p can regulate CRIPTO. Thus, we
attempted to verify whether miR-138-1-3p can modulate
the JAK2/STAT3 signaling pathway. We observed that

© Annals of Translational Medicine. All rights reserved.

when miR-138-1-3p expression was upregulated, the
expression levels of CRIPTO, JAK2, STAT3, p-JAK2, and
p-STAT3 were all decreased (Figure 64,B). Conversely,
when miR-138-1-3p expression was downregulated, the
expression levels of CRIPTO, JAK2, STAT3, p-JAK2, and
p-STAT3 were all increased (Figure 6A4,B). Cell proliferation
experiments showed that the upregulation of miR-138-1-
3p expression could inhibit the proliferation of NPC cells
after 6 Gy irradiation (Figure 6C,D). These results indicate
that miR-138-1-3p can inhibit the activation of the JAK2/
STATS3 signaling pathway by targeting CRIPTO, thereby
inhibiting the proliferation of NPC cells.

Discussion

MiRNAs are present in almost all cellular pathways
of human cancer (28) and play significant roles in the
occurrence, development, migration, and metastasis of
cancer. Global miRNA profiling from many patient cohorts
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has identified miR-138 as a tumor suppressor marker in
various types of cancer (29). In our study, using the chips of
C666-1 and C666-1R NPC cells, we showed a significant
reduction in miR-138-1-3p expression in radiation-
resistant cells. The trend was consistent in HK-1 and
HK-1R NPC cells, as revealed by qRT-PCR. Subsequent
experiments demonstrated that miR-138-1-3p is related to

© Annals of Translational Medicine. All rights reserved.

-.

Merge

the radioresistance of NPC tumor cells, as the higher the
expression of miR-138-1-3p, the more sensitive the NPC
cells are to radiation. Next, we explored the mechanism by
which miR-138-1-3p affects the radiosensitivity of NPC
cells. We found that altering the miR-138-1-3p levels in
HK-1 and HK-1R cells also altered E-cadherin, N-cadherin,
and vimentin protein expression levels, as well as their
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migration abilities, which are suggestive of the correlation
between miR-138-1-3p and the EMT pathway.

Previous reports have shown that activating the EMT
pathway can render tumor cells resistant to radiotherapy (7).
Therefore, the radiosensitization of NPC by miR-138-
1-3p can be attributed to its ability to negatively regulate
the cell migration and EMT of tumor cells. MiR-138-1-
3p affects the EMT pathway, and a literature search yields
CRIPTO as one of the key molecules in EMT (30). By
using the Target Scan Human 7.2 database, we predicted
that miR-138-1-3p targets CRIPTO as a downstream

© Annals of Translational Medicine. All rights reserved.

molecule, which was confirmed via the luciferase reporter
assay and western blotting experiments, demonstrating
that miR-138-1-3p can regulate the expression levels of
CRIPTO. Several studies have shown that CRIPTO and
GRP78 can form a complex on the cell membrane and
activate the JAK2/STAT3 pathway, imparting stem cell like
characteristics in the host cell with increased proliferation
activity (18,31). Our immunohistochemical analysis revealed
the colocalization of CRIPTO and GRP78 on the cell
membrane that changed when miR-138-1-3p expression
was altered. Specifically, the expression of CRIPTO on the
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cell surface was inversely correlated to the miR-138-1-3p
levels in NPC cells. Furthermore, western blotting revealed
the changes in JAK2 and STAT3 levels in NPC cells in
response to altered miR-138-1-3p levels, as speculated.

Collectively, these findings confirmed that miR-138-1-
3p can affect the activation of the JAK2/STAT3 signaling
pathway by targeting CRIPTO, and can therefore affect the
EMT pathway of NPC cells. Consequently, miR-138-1-3p
alters the sensitivity of NPC cells to radiation, confirming
the significance of miR-138-1-3p as a clinical target in NPC
radiotherapy.

This study still has some limitations. Although these
findings have demonstrated that miR-138-1-3p can regulate
the radiosensitivity of NPCs under in vitro conditions,
its in vivo relevance and effective application in clinical
practice need validation in future studies. Furthermore, the
mechanism by which CRIPTO activates the JAK2/STAT3
signaling pathway was not elucidated in the current study,
and will therefore be investigated in our future research.

Conclusions

MiR-138-1-3p is downregulated in radioresistant NPC
cells, which if upregulated, can inhibit the EMT pathway
by targeting CRIPTO and the JAK2/STAT3 signaling
pathway, consequently rendering NPC tumor cells sensitive
to radiotherapy.
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