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Abstract 

Gastric cancer (GC) is one of the most common malignant tumors worldwide. Peripheral myelin 
protein 22 (PMP22) is a 22-kDa tetraspan glycoprotein that is predominantly expressed by 
myelinating Schwann cells. However, recent studies have shown that PMP22 is closely related to cell 
proliferation and tumorigenesis in different cancers. In this study, we discovered a new miRNA that 
regulates PMP22 and gastric cancer cell prolifration. Our bioinformatics analysis suggested that 
there is a conserved miRNA recognition site for miR-139-5p on the 3’ UTR of PMP22. Interestingly, 
our results showed overexpression of miR-139-5p significantly suppressed growth and prolifration 
in GC cells and inhibited tumor growth in nude mice xenografted with GC cells. MiR-139-5p 
suppressed the activity of a luciferase reporter containing the PMP22-3’ UTR, and the ectopic 
expression of PMP22 rescued the miR-139-5p-mediated inhibition of cell proliferation in GC cells. 
Mechanistically, miR-139-5p may negatively regulate PMP22 to repress cell proliferation by targeting 
the NF-κB signaling pathway in gastric cancer. Finally, overexpression of miR-139-5p significantly 
inhibited tumor growth in nude mice xenografted with GC cells.and the miR-139-5p levels were 
inversely correlated with PMP22 expression in nude mice tumor. Taken together, our data suggest 
an important regulatory role of miR-139-5p in gastric cancer, suggesting that miR-139-5p and 
PMP22 might be important diagnostic or therapeutic targets for gastric cancer and other human 
diseases. 

Key words: PMP22; miR-139-5p; NF-κB; gastric cancer; cell proliferation 

Introduction 
As one of the most common malignant tumors, 

gastric cancer (GC) is the fourth most commonly 
diagnosed cancer and the second leading cause of 
cancer deaths worldwide [1-3]. Although there have 
been significant advancements in GC treatment, the 
outcome and survival of this cancer remain unclear. 
Additionally, the underlying molecular mechanisms 
in the process of GC are poorly understood. Thus, it is 
urgent to identify the cellular and molecular 
mechanisms of GC to improve clinical outcomes, 

develop early diagnostic markers, and facilitate 
improved therapeutic selection for GC patients [4, 5].  

Peripheral myelin protein 22 (PMP22) is a 
22-kDa tetraspan glycoprotein that is mainly 
expressed in myelinating Schwann cells and is closely 
related to Charcot-Marie-Tooth disease (CMT) [6, 7]. 
Recently, more studies have described a role for 
PMP22 in cell proliferation and tumorigenesis in 
different cancers. However, the function of pmp22 in 
tumors remains controversial. Several studies indicate 
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that PMP22 is a potential tumor suppressor [8-13], 
whereas some observations suggest a potential 
oncogenic function of PMP22 [14-22]. Few studies 
have examined the function and regulation of PMP22 
in gastric cancer.  

MicroRNAs (miRNAs) are important regulators 
and can function as oncogenes or tumor suppressors 
by targeting the 3’ untranslated regions (UTR) of 
messenger RNA (mRNA) to induce mRNA 
degradation and suppress of translation [23, 24]. 
Many stduies have showed that miRNAs play 
important roles in diverse biological processes and the 
dysfunction of these miRNAs contributes to the 
development of many types of cancer, including GC 
[25]. Previous studies have shown that miR-9 interacts 
with the 3’ untranslated region of PMP22 and 
downregulates PMP22 expression [26]. Additionally, 
over-expression of miR-29a enhances the association 
of PMP22 RNA with Argonaute 2, a protein involved 
in miRNA function, and reduces the steady-state 
levels of PMP22 [27, 28]. However, few studies have 
examined the potential regulation of PMP22 by other 
RNA. 

In this study, we found a new miRNA-miRNA29 
that regulates PMP22 in GC cells. Our bioinformatics 
analysis identified a conserved miRNA recognition 
site for miR-139-5p on the 3’ UTR of PMP22. Our 
results showed that miR-139-5p was down-regulated 
in GC, and the level of miR-139-5p was significantly 
lower in GC patients with late stage disease. The 
overexpression of miR-139-5p significantly suppres-
sed growth and proliferation of GC cells and inhibited 
tumor growth in nude mice xenografted with GC 
cells. Expression of MiR-139-5p suppressed the 
activity of a luciferase reporter containing the 
pmp22-3’ UTR, and the ectopic expression of PMP22 
rescued the miR-139-5p-mediated inhibition of cell 
proliferation in GC cells. The miR-139-5p may 
negatively regulate PMP22 to repress cell 
proliferation by targeting the NF-KB signaling 
pathway. Consistently, qPCR assay showed that 
miR-139-5p was significantly reduced in clinical 
gastric cancer tissue and PMP22 mRNA and protein 
levels were up-regulated, suggesting that the 
down-regulation of miR-139-5p might be associated 
with the abnormal regulation of PMP22 and cell 
proliferation in gastric cancer development. Taken 
together, our data support an important regulatory 
role of miR-139-5p in gastric cancer, and suggest 
miR-139-5p and PMP22 might be important 
diagnostic or therapeutic targets for gastric cancers 
and other human diseases.  

Materials and Methods 
Cell culture and transent transfection 

Human SGC7901, HGC27, BGC823, MKN45, 
MGC803 and 293T cells were obtained from Shanghai 
Academy of Sciences and the ATCC (Manassas, VA, 
USA), and the cells were maintained in DMEM 
medium (Gibco, Grand island, NY, USA) 
supplemented with 10% fetal bovine serum (Gibco, 
Grand island, NY, USA) and incubated in a 
humidified incubator at 37 ºC in 5% CO2. Plasmid 
DNA, miRNA mimics, and miRNA inhibitor 
(anti-sense oligonucleotides) transfections were 
performed with Lipofectamine 2000 reagent 
(Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer's protocol.  

Colony formation assays.  
For colony formation assays, pLV-miR-139-5p or 

pLV-Ctrl were transfected into gastric cancer cells. 
The cells were seeded on six-well plates and 
maintained in DMEM containing 10% FBS for 2 
weeks. Cells were fixed with methanol and stained 
with 0.5% crystal violet in 50% methanol for 1 hour 
and colonies larger than 100 μm in diameter were 
counted. 

Cell Proliferation Assays 
The cell proliferation assay was performed using 

the Cell Counting Kit-8 (CCK-8; Dojindo, Japan) 
according to the manufacturer’s instructions. The 
optical density (OD) value of each well was measured 
at 450 nm using a microplate spectrophotometer 
(Bio-Tek Instruments Inc., Winooski, VT, USA). For 
the colony formation assay, the methods were as 
previously described [20]. 

Dual-Luciferase Reporter Assay 
PMP22 was identified as a miR-139-5p target in 

TargetScan7.1 (http://www.targetscan.org/vert_ 
71/). The wild-type (Wt) and mutant (Mut) DNA 
sequences of PMP22 were custom synthesized by 
GeneChem Co., Ltd (Shanghai, P.R. China). We 
synthesized the 901-1100 sequence of PMP22, as well 
as a variant sequence (Mut) in which bases were 
replaced at positions 1011-1018 (changed from 
UGACAUC to CATGCAT). These two sequences 
were separately cloned into the pGL3-control vector 
(Ambion, Austin, TX, USA). Cells were cotransfected 
with 100 ng of the above-described luciferase-PMP22 
mRNA 3’-UTR constructs and with 50 nM of either 
miR-139-5p mimics or miR-NC together with the 
Renilla luciferase construct, respectively, using 
Lipofectamine 3000 (Invitrogen). After 48 hours, the 
cells were collected, and the luciferase and Renilla 
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luciferase activities were determined using the 
Dual-Luciferase Reporter Assay System (Promega, 
Madison, WI, USA). Firefly luciferase activity was 
normalized to Renilla luciferase activity. 

Animal experiments  
All experimental procedures involving animals 

were performed in accordance with animal protocols 
approved by the Institutional Animal Use and Care 
Committee of Xiamen University. For xenograft 
tumor growth, LV-miR-139-5P or LV-Ctrl-infected 
SGC7901 cells (1 × 106) were suspended in 100 µL PBS 
and then injected into the right side of the posterior 
flank of BALB/c athymic nude mouse at 5 to 6 wk. 
Beginning from the 7th day after the injection, the size 
of the tumor was measured every 5 days by a Vernier 
caliper along two perpendicular axes. The volume of 
the tumors was calculated with the formula: volume 
(mm3) = length (mm) × width (mm)2 ×0.52. Thirty 
days after the injection, the mice were sacrificed and 
the tumors were dissected for further analyses. 

Clinical samples  
All clinical samples were collected with the 

informed consent of the patients and study protocols 
that were in accordance with the ethical guidelines of 
the Declaration of Helsinki (1975) and were approved 
by the Institutional Medical Ethics Committee of 
Xiamen University. GC pathological diagnosis was 
verified by at least two pathologists. A total of 48 sets 
of human GC specimens and paired adjacent 
epithelial tissues were obtained from the Zhongshan 
Hospital of Xiamen University from 25 July 2016 to 
June 2019. 

Plasmid construction  
To construct lentiviral vectors overexpressing 

miR-139-5p, the human miR-139-5p gene DNA 
fragment was PCR amplified from human SGC7901 
cell genomic DNA The PCR-amplified fragment were 
inserted into a lentiviral vector pLV-EF1α-MCS- 
IRES-Puro (pLV-ctrl) to generate pLV-miR-139-5p. 
Viral vector pLV-139-5p or pLV-ctrl as well as three 
lentivirus packaging plasmids (pMDL, pVSVG, and 
pREV) were co-transfected into HEK293T cells. Media 
containing lentiviruses (pLV-miR-139-5p and 
pLV-ctrl) were collected every 24 h for three times and 
the lentiviruses were purified by ultra-speed 
centrifugation. Full-length cDNA encoding human 
PMP22 was amplified by PCR, and the PCR product 
was sub-cloned into pBOBI and pCMV-HA vectors to 
obtain PMP22 overexpressing plasmids. Luciferase 
reporter plasmids PGL-3-NF-κB, pLV-EF1α-MCS- 
IRES-Puro, pMDL, pVSVG and pREV were kindly 
provided by Professor Jiahuai Han (Xiamen 
University, Xiamen, China). All constructs derived 

from PCR products were verified by DNA 
sequencing. 

RNA interference 
The pLKO.1 lentiviral vector was used to express 

short hairpin RNA directed against the PMP22 or 
LacZ control sequence (GTCTCCGAACGTGT 
CACGTT). Oligonucleotides targeting PMP22 (PMP22 
shRNA-1, 5’- CCAAACTCAAACCAAACCAAA -3’; 
PMP22 shRNA-2, 5’- CGGTGTCATCTATGTGATCTT 
-3’) were cloned into the pLKO.1 lentiviral vector. 
Recombinant lentiviral plasmids were cotransfected 
into 293T cells with the packaging plasmids VSV-G, 
RSV-REV, and pMDL. After 48 h the viral 
supernatants were passed through 0.45-μm filters and 
used to infect target cells in the presence of 8 μg/ml 
polybrene (Sigma-Aldrich). 

Real-time quantitative PCR (qPCR) analyses of 
mRNAs and miRNAs 

For qPCR analyses of mRNA, reverse 
transcription was performed with TRIzol 
(Invitrogen)-extracted total RNAs using a ReverTra 
Ace-α® Kit as instructed (Cat.# FSQ-101, Toyobo, 
Tokyo, Japan). RT-PCR was performed using the 
SYBR Green Real-Time PCR Master Mix (Cat.# 
QPK-212, Toyobo) and the Step One Plus Real-Time 
PCR system (Applied Biosystems Inc., Foster City, 
CA, USA) using appropriate primer pairs as listed in 
Table 1, according to the manufacturers’ protocols 
and with GAPDH rRNA as a control. 

For miRNAs, qPCR was performed with the 
stem-loop primers as reported previously [29, 30]. U6 
RNA served as an internal control. The 
miRNA-specific stem-loop primers are listed in Table 
1. RT-PCR was performed with total RNA samples, 
using universal primer and miRNA-specific reverse 
LNA-primers as listed in Table 1, with U6 RNA as an 
internal control. 

 

Table 1. The sequences of primers used in qRT-PCR  

Primer      Sequence (5’–3’) 
miR-139-5p (F) GCCTCTACAGTGCACGTGTCTC 
miR-139-5p (R) CGCTGTTCTCATCTGTCTCGC 
U6 (F) CTCGCTTCGGCAGCACA 
U6 (R) AACGCTTCACGAATTTGCGT 
PMP22 (F) CTGGTCTGTGCGTGATGAGTG 
PMP22 (R) ATGTAGGCGAAACCGTAGGAG 
GAPDH (F) TCTCCTCTGACTTCAACAGCGA 
GAPDH (R) GTCCACCACCCTGTTGCTGT 

 

Statistical analysis 
All statistical tests were performed using 

Graphpad Prism 6.0 (GraphPad Software Inc, San 
Diego, CA, USA). Values represent the mean ± SD for 
at least three independent experiments. One-way 
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ANOVA with Bonferroni’s post-test was used for 
multiple comparisons and the Student’s t test 
(two-tailed) was used for pair-wise comparisons. 
Correlation analyses were performed with Pearson’s 
test. P values < 0.05 were considered statistically 
significant. 

Results 
3.1. miRNA139-5p predicted to regulate 
PMP22  

To identify miRNAs that might target PMP22, 
we analyzed the 3’ UTR sequence of human PMP22 
with prediction software including miRanda 
(http://www.microrna.org), miRDB (http://www 
.mirdb.org), and TargetScan (http://www.targetscan 
.org). The miRNAs predicted to bind to PMP22 are 
listed in Table 2, and the top 10 miRNAs are shown in 
Fig. 1A. Our bioinformatics analysis identified a 
putative microRNA response element (MRE) on 
human PMP22 3’UTR (Fig. 1B), suggesting that the 
miRNA139-5p might regulate PMP22.  

3.2 miR-139-5p inhibits GC cell proliferation 
and growth in vitro 

Previous studies reported that miR-139-5p is 
suppressed in several types of tumors, including 
glioblastoma multiforme, human nasopharyngeal 
carcinoma, chronic myeloid leukemia (CML), and 
ovarian cancer [31-34]. To evaluate miR-139-5p’s 
biological function in GC, SGC7901 and BGC823 cells 
were transfected with miR-139-5p mimics or a 
negative control (miR-NC), and then cell proliferation 
and colony formation were measured. As shown in 
Fig. 2A, qRT-PCR results showed that SGC7901 and 
BGC823 cells transfected with miR-139-5p mimics 
exhibited significantly enhanced miR-139-5p 
expression compared with the levels in cells 
transfected with miR-NC. 

We next used the CCK-8 assay to assess the 
effects of miR-139-5p on cell proliferation. The result 
showed that miR-139-5p overexpression significantly 
decreased proliferation of SGC7901 and BGC823 cells 
(Fig. 2B-D). Consistent with this result, the colony 
formation assay confirmed that miR-139-5p 
overexpression significantly decreased cell 
proliferation (Fig. 2E-F). Taken together, these data 
clearly support inhibition by miR-139-5p of GC cell 
proliferation and growth. 

 

 
Figure 1. miRNA139-5p might regulate PMP22 according to prediction software. (A) The top 10 miRNAs predicted to bind to PMP22 based on analysis with different 
prediction software packages (additional information in Table 2). (B) The predicted binding site of miR-139-5p in the 3’ UTR of PMP22.  
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Table 2. miRNAs predicted to bind to 3’-UTR of Human PMP22 by different predictive software (top 28). 

 miRNA StemLoopID DIANAmT miRanda miRDB miRWalk RNAhybrid PICTAR4 PICTAR5 PITA RNA22 Targetscan SUM 
PMP22 hsa-miR-29c hsa-mir-29c 1 0 1 1 1 1 1 1 0 1 8 
PMP22 hsa-miR-29b hsa-mir-29b-2 1 0 1 1 1 1 1 1 0 1 8 
PMP22 hsa-miR-29a hsa-mir-29a 1 0 1 1 1 1 1 0 0 1 7 
PMP22 hsa-miR-139-5p hsa-mir-139 1 0 1 1 1 0 1 0 0 1 6 
PMP22 hsa-miR-9 hsa-mir-9-3 1 0 1 1 1 0 1 0 0 1 6 
PMP22 hsa-miR-136 hsa-mir-136 1 0 1 1 0 0 1 0 0 1 5 
PMP22 hsa-miR-202 hsa-mir-202 1 0 0 1 0 0 1 1 0 1 5 
PMP22 hsa-miR-516b hsa-mir-516b-1 1 0 1 1 0 0 1 0 0 1 5 
PMP22 hsa-miR-656 hsa-mir-656 1 0 1 1 0 0 1 0 0 1 5 
PMP22 hsa-miR-632 hsa-mir-632 1 0 1 1 0 0 1 0 0 1 5 
PMP22 hsa-miR-432 hsa-mir-432 1 0 0 1 0 0 1 1 0 1 5 
PMP22 hsa-miR-495 hsa-mir-495 1 0 1 1 0 0 1 0 0 1 5 
PMP22 hsa-miR-505 hsa-mir-505 1 0 1 1 0 0 1 0 0 1 5 
PMP22 hsa-miR-767-5p hsa-mir-767 1 0 1 1 0 0 1 0 0 1 5 
PMP22 hsa-miR-485-5p hsa-mir-485 1 0 1 1 0 0 1 0 0 1 5 
PMP22 hsa-miR-220b hsa-mir-220b 0 1 0 1 0 0 1 0 0 1 4 
PMP22 hsa-miR-582-5p hsa-mir-582 1 1 0 1 0 0 0 0 0 1 4 
PMP22 hsa-miR-377 hsa-mir-377 1 1 0 1 0 0 0 0 0 1 4 
PMP22 hsa-miR-129-5p hsa-mir-129-2 1 0 0 1 0 0 1 0 0 1 4 
PMP22 hsa-miR-300 hsa-mir-300 1 1 0 1 0 0 0 0 0 1 4 
PMP22 hsa-miR-662 hsa-mir-662 0 1 0 1 0 0 1 0 0 1 4 
PMP22 hsa-miR-576-3p hsa-mir-576 1 0 0 1 0 0 1 0 0 1 4 
PMP22 hsa-miR-488 hsa-mir-488 1 0 0 1 0 0 1 0 0 1 4 
PMP22 hsa-miR-1324 hsa-mir-1324 0 0 1 1 0 0 1 0 0 1 4 
PMP22 hsa-miR-508-5p hsa-mir-508 1 0 0 1 0 0 1 0 0 1 4 
PMP22 hsa-miR-15b hsa-mir-15b 1 1 0 1 0 0 0 0 0 1 4 
PMP22 hsa-miR-924 hsa-mir-924 1 1 0 1 0 0 0 0 0 1 4 
PMP22 hsa-miR-518a-5p hsa-mir-518a-2 1 1 0 1 0 0 0 0 0 1 4 

 

3.3 PMP22 is a direct target of miR-139-5p.  
Our bioinformatics analysis identified a putative 

miRNA MRE in the 3’UTR of human PMP22 (Fig. 3A). 
To investigate the potential targeting of PMP22 by 
miR-139-5p, a luciferase activity assay was designed. 
We constructed a PMP22-3’ UTR-luciferase reporter 
plasmid and a reporter plasmid with a mutated 3’ 
UTR sequence (Mut) (Fig. 3A). We first used qPCR 
analyses to confirm that miR-139-5p-transfected cells 
showed significantly increased miR-139-5p expression 
(p < 0.001 and p < 0.01, Fig. 3B-C, left panel). 
Expression of miR-139-5p in 293T and SGC7901 cells 
obviously inhibited the luciferase activity of the 
PMP22-3UTR reporter, but not that of the Mut 
reporter with the altered sequence (Fig. 3B-C). 
Additionally, our qPCR analyses indicated that, 
compared to the control transfected group, 
transfection of 293T and SGC7901 cells with 
miR-139-5p significantly increased miR- miR-139-5p 
expression (p < 0.001 and p < 0.01, Fig. 3B-C, left 
panel). Next, we examined the mRNA expression of 
PMP22 in SGC7901 and BGC823 cells transfected with 
the indicated miRNA. As shown in Fig. 3C, 
miR-139-5p mimics significantly decreased PMP22 
mRNA expression, and the miR-139-5p inhibitor 
significantly increased PMP22 mRNA expression in 
GC cells (Fig. 3D-E). Together, these data suggest that 
PMP22 mRNA was subjected to post-transcriptional 
control of miR-139-5p by targeting the PMP22-3’ UTR.  

3.4 Overexpression of PMP22 ablates the 
inhibitory effects of miR-139-5p in gastric 
cancer cells 

To examine whether miR-139-5p affects GC cell 
growth and proliferation via targeting PMP22, we 
next constructed a virus packaging plasmid, 
PLV-PMP22. SGC7901 and BGC823 cells were 
infected with lentiviruses expressing pLV-PMP22, 
and the q-PCR results confirmed significantly 
increased expression of PMP22 mRNA after infection 
with the PMP22-expressing virus (Fig. 4A). The 
western blot results showed that the protein level of 
PMP22 also significantly increased after infection with 
the PMP22-expressing virus (Fig. 4B). We next asked 
if PMP22 overexpression could ablate the inhibitory 
effects of miR-139-5p in SGC7901 and BGC823 cells. 
As expected, the CCK 8 assay showed that the ectopic 
expression of PMP22 rescued the miR-139-5p- 
mediated inhibition of cell proliferation in SGC7901 
and BGC823 cells (Fig. 4C). In addition, PMP2 
overexpression reversed the inhibitory effects of 
miR-139-5p on colony formation (Fig. 4E-F). These 
results suggested that miR-139-5p exerts a 
suppressive role in GC by repressing PMP22. 

3.5 MiR-139-5p represses PMP22 by inhibiting 
the NF-κB pathway. 

The NF-κB pathway promotes cell proliferation 
and oncogenesis by protecting cells from apoptosis 
[35, 36]. We speculated that miR-139-5p might 
regulate PMP22 through the NF-κB pathway. 
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Therefore, we examined the effects of miR-139-5p and 
PMP22 on the transcriptional activities of NF-κB using 
a NF-κB-luc reporter gene assay with in the presence 
or absence of TNF-α, whose signals are primarily 
mediated through NF-κB [35]. As shown in Fig. 5A, 
NF-κB-mediated gene activation was inhibited by 
miR-139-5p in cells with or without TNF-α, with a 
1.8-fold decrease in NF-κB reporter gene activation 
compared to that of the control. SGC7901 cells were 
then infected with lentiviruses expressing either the 
control construct or pLV-shPMP22 and NF-κB 
reporter gene activity was examined. As shown in Fig. 
5B and 5C, the q-PCR results and western blot results 
confirmed a significant decrease in PMP22 mRNA 
and protein expression after infection with 
lentiviruses expressing pLV-shPMP22. NF-κB 
reporter gene activity was also inhibited after PMP22 
knockdown with TNFα stimulation (Fig. 5D). We next 
asked if the overexpression of PMP22 could ablate the 
inhibitory effects of miR-139-5p on NF-κB reporter 
gene activity. The results are shown in Fig. 5E, and 
revealed that PMP22 ablates the inhibitory effects 
induced by miR-139-5p on NF-κB reporter gene 
activity, while PMP22 knockdown increased the 
inhibitory effects induced by miR-139-5p on NF-κB 
reporter gene activity (Fig. 5F). Together these results 

indicate that overexpression of miR-139-5p may 
suppress PMP22 via inhibition of the NF-κB pathway. 

3.6 MiR -139-5p suppresses tumorigenicity in 
vivo in nude mice.  

To further confirm the above findings, an in vivo 
model was used. Lentivirus-infected SGC7901 cells 
(LV- miR-139-5p or LV-Ctrl-infected SGC7901 cells) 
were injected into the right posterior flank of nude 
BALB/c mice. Thirty days after implantation, we 
observed that the sizes of SGC7901-mi-RNA-139-5p 
cell-derived xenograft tumors were significantly 
smaller than those of SGC7901-Ctrl cell-derived 
tumors (Fig. 6A-C). The tumor weight of the 
miRNA-139-5p group was 30% lower than the control 
group (p < 0.01), the volume inhibition rate was 
60.6%, and the weight inhibition was 70.8% compared 
with the control group (Fig. 6B). These results 
demonstrated that miRNA-139-5p inhibits the 
tumorigenicity of gastric cancer cells in a nude mouse 
xenograft model. We also performed qPCR to detect 
PMP22 expression in randomly selected xenograft 
mouse tumors and found that 
miR-139-5p-overexpressing tumors expressed lower 
levels of PMP22 (Fig. 7D). 

 
 

 
Figure 2. The miR-139-5p inhibits GC cell proliferation in vitro. (A) BGC823 and MGC803 cells were transfected with miR-139-5p mimic or its negative control 
(miR-NC), and the expression level of miR-139-5p was measured by qRT-PCR. (B–C) Cell viability was determined in BGC823 and MGC803 cells transfected with miR-139-5p 
mimic or miR-NC by CCK8 assay. (D) Statistical analysis of the CCK8 assay results after 72h. (E) Cell proliferation was detected by colony formation assay. (F) Statistical analysis 
of data presented in E. Results are representative of three independent experiments, and the error bars represent the SD. *p < 0.05, ** p < 0.01, *** p < 0.001. 
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Figure 3. PMP22 is a direct target of miR-139-5p in GC cells. (A) The putative miR-139-5p binding sites and mutant (Mut) 3’-untranslated region (3’-UTR) PMP22 
sequences are shown. The replaced site is underlined. WT, wild type; MT, mutant type. (B-C) Relative luciferase activity was measured in 293T (B) or SGC7901(C) cells 
cotransfected with WT/MT-PMP22-3’UTR reporter plasmid and miR-139-5p mimic or miR-NC. (D-E) PMP22 mRNA and protein expression levels were measured in SGC7901 
or BGC823 cells transfected with miR-NC, miR-139-5p mimic, and miR-139-5p-inhibitor. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as an internal control, 
**p < 0.01. 

 

Discussion 
Gastric carcinoma (GC) is one of the most 

common malignant tumors. Although many studies 
have reported the regulation and treatment of gastric 
cancer, the underlying molecular mechanisms of GC 
remain unclear [1-3]. Here, we describe a new miRNA 
that regulates PMP22 and gastric cancer cell 
proliferation. Our results showed that: (1) The 
expression of miR-139-5p is downregulated in gastric 
cancer tissues and cancer lines (Fig. 1); (2) miR-139-5p 
inhibits GC cell proliferation in vitro (Fig. 2); (3) 
PMP22 is a direct target of miR-139-5p in GC cells 
(Fig. 3); (4) Overexpression of PMP22 ablates the 
inhibitory effects of miR-139-5p in GC cells (Fig. 4); (5) 

MiR-139-5p represses PMP22 by inhibiting the NF-κB 
pathway (Fig. 5), and (6) miR-139-5p suppresses 
tumorigenicity in vivo in nude mice (Fig. 6). We 
constructed a possible pattern diagram and present 
the molecular mechanism by which miR-139-5p may 
regulate cell proliferation via PMP22 (Fig. 7). 
Collectively, these results demonstrate an important 
regulatory role of miR-139-5p in gastric cancer. The 
miR-139-5p might suppress the expression of PMP22 
and tumor proliferation by inhibition of NF-κB 
signaling in gastric cancer, suggesting miR-139-5p 
and PMP22 might be important diagnostic or 
therapeutic targets for gastric cancer and other human 
diseases. 
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PMP22, also known as gas-3, is a tetraspan 
glycoprotein with proposed roles in peripheral nerve 
myelin formation, cell–cell interactions, and cell 
proliferation [6, 7]. Most research on PMP22 proteins 
has focused on the nervous system. However, recent 
several studies show that PMP22 regulates tumor 
development, metastasis, and invasion in different 
cancers [8-19, 21]. At present, there is no clear 
evidence of PMP22 acting as an oncogene or as a 
tumor suppressor gene. PMP22 is directly associated 
with progression and metastasis of breast cancer and 

the expression of PMP22 is decreased in breast cancer 
[12, 13]. Down-regulated PMP22 expression has been 
reported for urethan-induced lung tumors in mice 
and two malignant histiocytoma cell lines [11]. In 
contrast, Maaike and coworkers observed frequent 
amplification and overexpression of PMP22 in 
high-grade osteosarcoma and high-grade glioma [20, 
21]. Our previous studies showed a requirement for 
PMP22 in self-renewal and chemoresistance in gastric 
cancer [22], however, there are few studies on the 
regulation of PMP22 in gastric cancer. 

 
 

 
Figure 4. Overexpression of PMP22 ablates the inhibitory effects of miR-139-5p in GC cells. (A) The q-RT-PCR results show the expression of PMP22 in the 
SGC7901 and BGC823 cells infected with PLV-PMP22 plasmids. (B) SGC7901 and BGC823 cells were infected with PLV-PMP22 plasmids, and the cells were harvested for 
western blot analysis with antibodies against PMP22 and Actin. (C) Cell proliferation was determined by CCK-8 assay. The ectopic expression of PMP22 rescued the 
miR-139-5p-mediated inhibition of cell proliferation in SGC7901 and BGC cells. (D) Statistical analysis of the CCK8 assay results at 72 h in C. (E) The ectopic expression of 
PMP22 rescued the miR-139-5p-mediated inhibition of cell proliferation in SGC7901 and BGC cells. (F) Statistical analysis of E. *p < 0.05, and **p < 0.01, ***p < 0.001.  
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Figure 5. MiR-139-5p represses PMP22 by inhibting the NF-κB pathway. (A) Luciferase reporter assays of NF-κB. SGC7901 cells were transfected with miR-139-5p. 
After 48h, cells were treated with or without TNFα, and then luciferase reporter assays were performed. (B) Luciferase reporter assays of NF-κB. Ectopic expression of PMP22 
rescued the miR-139-5p-mediated inhibition of NF-κB reporter gene activity in SGC7901 cells. (C) The q-RT-PCR analysis of the expression of PMP22 in SGC7901 cells infected 
with PLV-shPMP22 plasmids. (D) SGC7901 cells were infected with PLV-shPMP22 plasmids, and the cells were harvested for western blot analysis with antibodies against PMP22 
and Actin. (E) NF-κB reporter gene activity was detected in the SGC7901-shPMP22 cell line after TNFα stimulation. (F) Luciferase reporter assays. PMP22 knockdown increased 
the inhibitory effects induced by miR-139-5p on NF-κB reporter gene activity in SGC7901 cells.  

 
MicroRNAs (miRNAs) are important regulators 

and can function as oncogenes or tumor suppressors 
[23, 24]. Previous studies have shown that miR-9 and 
miR-29a interact with the 3’ untranslated region of 
PMP22 and downregulate PMP22 expression in the 
nervous system and nerve cells [26-28]. However, the 
regulation of PMP22 by microRNA in GC is not clear, 
and there is an urgent need to clarify the mechanism 
by which PMP22 is modulated by these newly 
identified miRNAs. In our study, we predicted the 
binding of PMP22 by miRNA and verified miR-139-5p 
as a novel regulator of PMP22 in GC. MiR-139-5p is 
highly important, with extensive function in human 
tumorigenesis and development [31]. This miRNA 
has been related to several tumor types, including 
human nasopharyngeal carcinoma, chronic myeloid 

leukemia (CML), ovarian cancer, gastric cancer, breast 
cancer, GBM, and glioblastoma [31-34, 37-39]. The 
MicroRNA-139-5p inhibits cell proliferation and 
invasion by targeting RHO-associated coiled-Coil- 
Containing Protein Kinase 2 in Ovarian Cancer [33], 
which acts as a tumor suppressor by targeting ELTD1 
and regulating the cell cycle in glioblastoma 
multiforme [31], affects cisplatin sensitivity in human 
nasopharyngeal carcinoma cells by regulating the 
epithelial-to-mesenchymal transition [32], regulates 
proliferation of hematopoietic progenitors, and is 
repressed during BCR-ABL-mediated leukemo-
genesis [32], and controls translation in myeloid 
leukemia through EIF4G2 [40]. Consistent with 
previous study, our observations show that 
miR-139-5p is obviously deregulated, and is 
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expressed inversely with PMP22 in GC patients and 
cell lines. MiR-139-5p suppresses the proliferation of 

GC cells by inhibiting PMP22 expression and the 
NF-κB signaling pathway. 

 

 
Figure 6. MiR-139-5p suppresses tumorigenicity in vivo in nude mice. (A) The tumor growth curve. Lentivirus-infected SGC7901 cells (LV-miR-139-5p or 
LV-Ctrl-infected SGC7901 cells) were injected into the right posterior flank of nude BALB/c mice. Thirty days after implantation, we observed tumor growth. (B) Photographs 
of the dissected xenograft tumors from various groups of nude mice treated as indicated. (C) Statistical analysis of the tumor weight of each group. *p < 0.05, **p < 0.01. (D) 
q-PCR assay. The miR-139-5p and PMP22 mRNA expression levels in SGC7901 xenograft tumors (n=5). *p < 0.05, and **p < 0.01, ***p < 0.001. 

 
Figure 7. Proposed working model of miR-139-5p and PMP22 in the regulation of gastric cancer. MiR-139-5p negatively regulates PMP22 to repress cell 
proliferation by targeting the NF-κB signaling pathway in gastric cancer. 
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The NF-κB signaling pathway is closely related 
to cell proliferation and oncogenesis. In response to 
numerous stimuli including tumor necrosis factor 
alpha (TNF-α) and bacterial lipopolysaccharide (LPS), 
NF-κB is activated and translocated into the nucleus 
from the cytoplasm, where it acts as a transcription 
factor to regulate its downstream target genes [35, 36, 
41-43]. In our study, miR-139-5p and PMP22 
knockdown both suppress the NF-κB signaling 
pathway, and PMP22 overexpression rescued the 
miR-139-5p-induced NF-κB reporter activity, 
suggesting that PMP22 may enhance tumor 
proliferation through the NF-κB signaling pathway. 
Interesting, PMP22 is a predicted membrane protein, 
so how PMP22 regulates the NF-κB signaling 
pathway requires further study. 

Taken together, our data suggest an important 
regulatory role of miR-139-5p in gastric cancer, and 
indicate that miR-139-5p and PMP22 might be 
important diagnostic or therapeutic targets for gastric 
cancers and other human diseases. 
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