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Introduction

In spite of the declined incidence of colorectal can-
cer (CRC) due to the widespread popularization of 
colonoscopy, it is still one of the most common 

cancers and the third leading cause of cancer-related 
death worldwide.1,2 Effective treatment strategies 
including chemotherapy, radiotherapy, and surgical 
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and endoscopic resections have been considered as 
the primary options for CRC patients.3 But, the 
long-term survival and prognosis of the patients 
remain unfavorable attributing to the tumor inva-
siveness and distant metastasis.4 Therefore, identi-
fication of the potential biomarkers may provide 
the insights into the early detection of CRC.

Cell migration–inducing hyaluronan binding pro-
tein (CEMIP), also known as KIAA1199, has been 
reported to associate with the progression and prog-
nosis in multiple malignancies. CEMIP expression 
can be induced by hypoxia in CRC and pancreatic 
ductal adenocarcinoma (PDAC)5,6 and predicts a 
poor survival in CRC and PDAC.6,7 CEMIP pro-
motes Schwann dedifferentiation and selumetinib-
resistant intestinal organoids via MEK1-ERK1/2 
signaling8,9 and accelerates the cell proliferation, 
apoptosis escape, and epithelial–mesenchymal tran-
sition (EMT) by regulating Wnt/β-catenin/Snail 
signaling.10,11 CEMIP, induced by AMPK/
GSK3β/β-catenin signaling, facilitates metabolic 
reprogramming to enhance migration and invasion 
in prostate cancer12 and indicates a diagnostic 
marker in pancreatic cancer.13

Increasing data demonstrate that microRNA 
(miRNA)-target messenger RNA (mRNA) axis acts 
critical roles in cancer progression including 
CRC.14–16 We found that the upregulation of CEMIP 
in CRC was attributable to the dysregulation of 
miRNAs rather than its genetic and epigenetic alter-
ations. Individual studies showed that downregula-
tion of CEMIP by miR-216a inhibits the invasion 
and metastasis of CRC cells,17 uncovering the regu-
lation of miRNA-CEMIP axis in CRC.

In this study, we found that upregulation of 
CEMIP was associated with poor survival and tumor 
recurrence in CRC patients. Furthermore, CEMIP 
was identified as a direct target of miR-140-3p to 
promote the growth and invasion of CRC cells and 
reversed miR-140-3p-caused anti-proliferation 
effects by regulating c-Myc, E-cadherin, and Twist-1 
expression. The expression of miR-140-3p dis-
played a negative correlation with CEMIP expres-
sion and acted as an independent prognostic factor 
of tumor recurrence in CRC patients.

Materials and methods

Clinical samples

A total of 42 pair-matched CRC tissues were from the 
tissue microarray stored in our laboratory. The clin-
icopathological and prognostic data in another cohort 

for 453 cases of CRC samples and 41 adjacent nor-
mal tissues as well as the relative expression levels of 
CEMIP and 16 miRNAs (has-miR-24-3p, has-miR-
27a-3p, has-miR-27a-5p, has-miR-27b-3p, has- 
miR-27b-5p, has-miR-29a-3p, has-miR-29b-3p, has-
miR-29c-3p, has-miR-29c-5p, has-miR-128-3p, has-
miR-140-3p, has-miR-181d-3p, has-miR-183-5p, 
has-miR-223-3p, has-miR-375, and has-miR-140-5p) 
were downloaded from The Cancer Genome Atlas 
2015 RNA sequencing database (https://genome-can-
cer.ucsc.edu). The protocols used in our study were 
approved by the Ethics Committee of Minhang 
Branch of Zhongshan Hospital.

Immunohistochemistry analysis

The protein expression of CEMIP was examined 
by using immunohistochemistry (IHC) analysis in 
42 pair-matched CRC tissues from the tissue 
microarray. These tissues were stained by using 
anti-CEMIP (DF12056, Rabbit polyclonal anti-
body; Affinity Biosciences, Cincinnati, OH, USA). 
The experimental process of IHC and the quantifi-
cation of CEMIP protein expression were con-
ducted as previously described.15

Identification of the miRNAs that target CEMIP 
3′-UTR

A total of 16 miRNAs that target 3′-UTR of CEMIP 
gene were identified by using the TargetScanHuman7.1 
(http://www.targetscan.org/vert_71/) according to 
the weighted context score.

Cell culture

RKO cell line was stored at Laboratory of Digestive 
Disease and cultured in Dulbecco’s Modified 
Eagle’s medium (DMEM) supplemented with 10% 
heat-inactivated fetal bovine serum (FBS), 100 U/
mL of penicillin, and 100 μg/mL of streptomycin 
(HyClone, Los Angeles, CA, USA) in a humidified 
atmosphere containing 5% CO2 at 37°C.

Quantitative real-time PCR (qRT-PCR)

Total RNA of RKO cells was extracted by using 
TRIzol. Reverse transcription was performed by 
using Moloney Murine Leukemia Virus (M-MLV) 
and complementary DNA (cDNA) amplification 
by using the SYBR Green Master Mix kit (Takara, 
Otsu, Japan). Total RNA for miRNAs was isolated 
by using a High Pure miRNA isolation kit (Roche, 
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Basel, Switzerland) and RT-PCR using a TaqMan 
MicroRNA Reverse Transcription kit (Life 
Technologies, Shanghai, China). A miScript Primer 
Assay (QIAGEN, Dusseldorf, Germany) was used 
for the miR-140-3p and U6. Data were analyzed 
using the Ct method (2-△△Ct). Three separate exper-
iments were performed for each clone. The primers 
were listed in Supplemental Table S1.

Western blot analysis

RKO cells were harvested and their proteins were 
extracted by using lysis buffer. The primary anti-
bodies against CEMIP (DF12056, Rabbit poly-
clonal antibody; Affinity Biosciences), GAPDH 
(ab128915; Abcam, Cambridge, MA, USA), 
c-Myc (ab39688; Abcam), E-cadherin (ab1416; 
Abcam), and Twist-1 (ab49254; Abcam) were 
diluted at a ratio of 1:1000, and the second anti-
body goat anti-Rabbit IgG H&L (HRP; ab6721; 
Abcam) was diluted at a ratio of 1:10,000 accord-
ing to the instructions. The detailed process for 
Western blot analysis was conducted as previously 
described.15

Luciferase reporter assay

Luciferase reporter assay was performed as previ-
ously described.15

Plasmid, siRNAs, and miR-140-3p mimic and 
inhibitor

Plasmid-mediated pcDNA3.1-CEMIP vector, 
small interfering RNA (siRNA)-targeting CEMIP 
(si-CEMIP, 5′-CGAGAGAGAGAAGUUUGCU 
dTdT-3′), miR-140-3p mimic, and inhibitor were 
purchased from Genepharma (Shanghai, P.R. 
China), and the control vector was used as a con-
trol. RKO cells were planted in six-well plates 
24 h prior to si-CEMIP, pcDNA3.1-CEMIP, miR-
140-3p mimic, or inhibitor transfection with 50%–
70% confluence and then were transfected with 
Lipofectamine 2000 according to the manufac-
turer instructions.

MTT, colony formation, Transwell assays, and 
statistical analysis

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT), colony formation, Transwell assays, 
and statistical analysis were performed as previously 
described.15

Results

Upregulation of CEMIP expression was 
associated with poor survival and tumor 
recurrence in CRC patients

The protein expression levels of CEMIP were 
detected in 42 pair-matched CRC samples by using 
the IHC analysis, which indicated that the positive 
expression of CEMIP was predominantly localized in 
the cytoplasm and had the higher expression levels in 
CRC tissues as compared with the adjacent normal 
tissues (Figure 1(a)). TCGA cohort further validated 
that CEMIP expression levels were dramatically 
increased in paired and unpaired CRC samples 
(Figure 1(b) and (c)). According to the survival time, 
survival status, and CEMIP expression levels, the cut-
off value of CEMIP was acquired by using the Cutoff 
Finder tool (http://molpath.charite.de/cutoff/load.jsp) 
in these 42 CRC samples (Figure 1(d)) and divided 
the patients into high and low CEMIP expression 
groups. We found that high expression of CEMIP was 
positively associated with lymph node infiltration in 
CRC patients (P = 0.009), but had no association with 
other clinicopathological parameters (each P > 0.05, 
Supplemental Table S2). Kaplan–Meier analysis 
showed that the patients with high CEMIP expression 
possessed a poorer survival as compared with those 
with low CEMIP expression (Figure 1(e)).

In another cohort from the TCGA dataset, we also 
obtained a cutoff value of CEMIP in 433 CRC sam-
ples (Figure 1(f)), but found no association between 
CEMIP expression and the clinicopathological fac-
tors (each P > 0.05, Supplemental Table S3). Kaplan–
Meier analysis indicated that the patients with high 
CEMIP expression had a poorer survival and higher 
recurrence as compared with those with low CEMIP 
expression (Figure 1(g)). Univariate and multivariate 
analyses revealed that high CEMIP expression was 
an independent prognostic factor of tumor recurrence 
(Supplemental Table S4) rather than poor survival 
(Supplemental Tables S5 and S6) in GC patients.

CEMIP promoted the viability, colony formation, 
and invasion of CRC cells

The transfection efficiency of CEMIP plasmid or 
si-CEMIP vector in RKO cell line was determined 
by qRT-PCR and Western blot analysis (Figure 
2(a)), respectively. MTT, colony formation, and 
Transwell assays were conducted to assess the 
functional role of CEMIP in RKO cells. We found 
that the restored expression of CEMIP increased 
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cell viability (Figure 2(b)), colony formation num-
ber (Figure 2(c)), and invasive potential (Figure 
2(d)), but knockdown of CEMIP produced the 
opposite effects (Figure 2(b)–(d)).

CEMIP was identified as a direct target of miR-
140-3p in RKO cells

To unveil the cause of CEMIP upregulation in CRC 
samples, we estimated the genetic and epigenetic 
alterations of CEMIP gene in CRC (n = 333), indi-
cating that CEMIP had no significant alterations at 
the genetic (Supplemental Figure S1A and B) and 
methylation levels (Supplemental Figure S1C), 
and DNA mutation, copy number, and methylation 
level could not account for the reason of CEMIP 
upregulation in CRC.

We hypothesized that CEMIP upregulation 
might be affected by miRNAs at post-transcrip-
tional levels. To testify our hypothesis, we 
screened 16 miRNAs that may bind to CEMIP 
3′-UTR by using TargetScanHuman7.1 and eval-
uated their expression levels in CRC samples. 
Among these miRNAs, miR-375, miR-140-3p, 
and miR-29c-5p showed a markedly decreased 
expression in CRC samples as compared with 
the adjacent normal tissues (Figure 3(a)). Pearson 
correlation analysis indicated that CEMIP had a 
negative correlation with miR-140-3p expres-
sion (Figure 2(b)) rather than miR-375 and miR-
29c-5p (Supplemental Figure S2) in CRC 
samples.

The binding sites between miR-140-3p and wild-
type (WT) or mutant (Mut) CEMIP 3′-UTR were 

Figure 1. High expression of CEMIP was associated with poor survival and tumor recurrence in CRC patients. (a) Tissue 
microarray analysis of the protein expression of CEMIP in 42 pair-matched CRC tissues. (b and c) TCGA cohort analysis of the 
expression levels of CEMIP in paired and unpaired CRC tissues. (d) ROC curve analysis of the cutoff value of CEMIP in CRC 
samples (n = 42). (e) Kaplan–Meier analysis of the association of high or low CEMIP expression with the poor survival in 42 CRC 
patients. (f) TCGA cohort analysis of the cutoff value of CEMIP in CRC samples (n = 433). (g) TCGA analysis of the association of 
high or low CEMIP expression with the poor survival and tumor recurrence in 433 CRC patients.
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indicated in Figure 3(c). To validate miR-140-3p-spe-
cific binding with CEMIP 3′-UTR, we co-transfected 
miR-140-3p mimic and WT or Mut CEMIP 3′-UTR 
into RKO cells and found that miR-140-3p decreased 
the luciferase activity of WT CEMIP 3′-UTR, but had 
no effects on that of Mut CEMIP 3′-UTR, as com-
pared with the miR-NC group (Figure 3(d)). qRT-
PCR and Western blot analysis showed that 

miR-140-3p inhibited the expression of CEMIP in 
RKO cells (Figure 3(e) and (f)).

CEMIP reversed miR-140-3p-induced anti-
proliferation effects

To further observe the functional association 
between miR-140-3p and CEMIP expression in 

Figure 2. CEMIP promoted the cell proliferation, colony formation, and invasive potential. (a) qRT-PCR and Western blot analysis 
of the transfection efficiency of CEMIP plasmid or si-CEMIP in RKO cells. (b) MTT analysis of the cell viability after transfection with 
CEMIP plasmid or si-CEMIP in RKO cells. (c) Colony formation assay assessment of the cell colony number after transfection with 
CEMIP plasmid or si-CEMIP in RKO cells. (d) Transwell evaluation of the cell invasive capabilities after transfection with CEMIP 
plasmid or si-CEMIP in RKO cells. Data are the means ± SEM of three experiments (*P < 0.05, **P < 0.01).

Figure 3. CEMIP was identified as a direct target of miR-140-3p in RKO cells. (a) TCGA analysis of the expression levels of 16 
miRNAs in unpaired CRC tissues. (b) Pearson correlation analysis of the correlation of CEMIP with miR-140-3p expression in 
CRC tissues. (c) Schematic representation of the binding sites of miR-140-3p with WT or Mut 3′-UTR of CEMIP. (d) The luciferase 
activity of WT or Mut 3′-UTR of CEMIP was detected after transfection with miR-140-3p mimic or miR-NC in RKO cells. (e and 
f) qRT-PCR and Western blot analysis of the expression levels of CEMIP after transfection with miR-140-3p mimic or miR-NC in 
RKO cells. Data are the means ± SEM of three experiments (*P < 0.05, ***P < 0.001).
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RKO cells, we performed the MTT and colony for-
mation assays. After co-transfection with CEMIP 
plasmid and miR-140-3p mimic into RKO cells, we 
found that miR-140-3p inhibited the cell viability 
(Figure 4(a)) and colony formation abilities (Figure 
4(b) and (c)), but CEMIP overexpression reversed 
miR-140-3p-induced anti-tumor effects (Figure 
4(a)–(c)). Western blot analysis further showed that 
miR-140-3p downregulated the expression of 
CEMIP, c-myc, and Twist-1 and upregulated 
E-cadherin expression, while CEMIP overexpres-
sion reversed these effects (Figure 4(d)).

Decreased expression of miR-140-3p was 
associated with poor survival and tumor 
recurrence in CRC patients

Having confirmed the decreased expression of 
miR-140-3p in CRC samples (Figure 3(a)), we 
analyzed the association between miR-140-3p 
expression and clinicopathological characteristics 

and prognosis in CRC patients. The cutoff value 
of miR-140-3p was acquired in CRC samples 
(n = 200; Figure 5(a)) and divided the patients into 
high and low miR-140-3p expression groups 
(Figure 5(b)). The area under the curve (AUC) 
value, sensitivity and specificity of miR-140-3p 
expression in CRC patients were respectively 
0.55, 87.2% and 25.9% (Figure 5(a)), indicated 
that miR-140-3p might be a potential marker for 
CRC patients.

Furthermore, we found that low expression of 
miR-140-3p was associated with the gender, but 
had no association with the other factors in CRC 
patients (each P > 0.05, Supplemental Table S7). 
Kaplan–Meier analysis demonstrated that the 
patients with low miR-140-3p expression harbored 
a poorer survival (Figure 5(c)) and higher recur-
rence rate (Figure 5(d)), as compared with those 
with high miR-140-3p expression. Univariate and 
multivariate analyses revealed that low expression 
of miR-140-3p was an independent prognostic 

Figure 4. CEMIP-reversed miR-140-3p-caused anti-tumor effects in CRC cells. (a) MTT analysis of the cell viability after co-
transfection with miR-140-3p mimic and CEMIP plasmid in RKO cells. (b and c) Colony assay assessment of the cell colony number 
after co-transfection with miR-140-3p mimic and CEMIP plasmid in RKO cells. (d) Western blot analysis of the protein expression 
levels of CEMIP, c-myc, E-cadherin, and Twist-1 after co-transfection with miR-140-3p mimic and CEMIP plasmid in RKO cells. Data 
are the mean ± SEM of three experiments (*P < 0.05).
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factor of tumor recurrence (Supplemental Table 
S8) rather than poor survival (Supplemental Table 
S9) in CRC patients.

Discussion

Some studies showed that CEMIP expression is 
increased in CRC and PDAC and associated with a 
poor survival in these patients.5–7 But, the associa-
tion of CEMIP expression with the tumor recur-
rence in CRC is unclear. In this study, in coinciding 
with the previous reports,7 a cohort from the tissue 
microarray indicated that CEMIP expression was 
upregulated and positively associated with lymph 
node infiltration in CRC patients. Due to the diver-
sity of tissue sources and the size of CRC sample, 
another cohort from the TCGA dataset showed that 
high expression of CEMIP had no association with 
the clinicopathological factors, but was associated 
with poor survival and tumor recurrence. 
Multivariate analysis uncovered that CEMIP was 
an independent prognostic factor of tumor recur-
rence in CRC patients. These results indicated that 
CEMIP might be a potential marker for CRC.

We further found that the upregulation of CEMIP 
was attributable to the post-transcriptional modula-
tion rather than the genetic and epigenetic altera-
tions in CRC. A total of 16 miRNAs were screened 
to bind with CEMIP 3′-UTR, of which miR-140-3p 
displayed a negative correlation with CEMIP 
expression in CRC tissues. Luciferase gene report 
implied that CEMIP was a direct target of miR-
140-3p in CRC cells. Previous studies showed that 
CEMIP is also a target of miR-216a involved in the 
growth and metastasis of CRC cells.17 These results 
suggested that the dysregulation of miR-140-3p 
mediated CEMIP to participate in the pathogenesis 
of CRC.

Functional studies showed that CEMIP pro-
motes the growth and metastasis of multiple malig-
nancies.10–12 In consistence with these results, we 
found that CEMIP encouraged the cell viability, 
colony formation, and invasion, but knockdown of 
CEMIP had the opposite effects in CRC cells. In 
addition, miR-140-3p acts as a tumor suppressor 
by inhibiting cell proliferation and invasion in lung 
and breast cancers.18,19 Increased expression of 
miR-140-3p is associated with the tumor invasion 

Figure 5. Low expression of miR-140-3p was associated with poor survival and tumor recurrence in CRC patients. (a) ROC curve 
analysis of the cutoff value and sensitivity and specificity of miR-140-3p in CRC samples (n = 200). (b) The cutoff value divided the 
CRC patients into high and low miR-140-3p expression groups. (c and d) Kaplan–Meier analysis of the association of high or low 
miR-140-3p expression with the poor survival and tumor recurrence in CRC patients.
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in spinal chordoma.20 We found that miR-140-3p 
expression was downregulated in CRC tissues and 
had a negative association with the poor survival 
and tumor recurrence in CRC patients. MiR-140-3p 
repressed the cell proliferation and colony forma-
tion, while CEMIP attenuated miR-140-3p-caused 
anti-tumor effects in CRC cells. These results indi-
cated that CEMIP was regulated by miR-140-3p to 
promote the growth of CRC.

c-Myc acts as an oncogenic transcription factor by 
promoting the tumor growth and metastasis.21,22 
E-cadherin and Twist-1 have been considered as the 
prognostic markers of aggressive tumors23 and regu-
late the metastasis in pancreatic cancer.24 Some stud-
ies showed that CEMIP acts as an oncogenic factor 
by regulating c-myc, E-cadherin, and Twist-1.9,10 In 
our study, miR-140-3p downregulated the expres-
sion of CEMIP, c-myc, and Twist-1 and upregulated 
E-cadherin expression, while CEMIP overexpres-
sion reversed these effects. Our findings suggested 
that miR-140-3p might exhibit the anti-tumor effects 
by regulating CEMIP-mediated c-myc, E-cadherin, 
and Twist-1 expression.

In conclusion, high CEMIP expression or low 
miR-140-3p expression was associated with poor 
survival and tumor recurrence in CRC patients. 
CEMIP was regulated by miR-140-3p to promote 
the growth and invasion of CRC cells. MiR-
140-3p/CEMIP axis might represent the potential 
markers for CRC patients.

Acknowledgements

Xiaodi Yang, Biwei Yang, and Sen Jiang contributed 
equally to this article. J.Z. and T.Y. designed this study, and 
J.Z. supervised the process of the experiments. X.-D.Y., 
B.-W.Y., and S.J. performed the experiments and contrib-
uted equally to this study. X.-Y.C. was responsible for 
downloading the data from the TCGA dataset and analyz-
ing these data. X.-D.Y. wrote the manuscript and J.Z. 
checked the revised manuscript. All the authors read and 
approved this final manuscript. The authors thank Lidan 
Hou and Ming Jin for providing the experimental arrange-
ment and data collection.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest 
with respect to the research, authorship, and/or publication 
of this article.

Ethical approval and consent to participate

This study was approved by the Hospital’s Protection of 
Human Subjects Committee.

Funding

The author(s) disclosed receipt of the following financial 
support for the research, authorship and/or publication of 
this article: This study was supported by the funding from 
our Hospital-Level subject (2018MHJC09).

Supplemental material

Supplemental material for this article is available online.

ORCID iD

Jing Zhang  https://orcid.org/0000-0002-9412-3567

References

 1. Siegel RL, Miller KD and Jemal A (2018) Cancer 
statistics, 2018. CA: A Cancer Journal for Clinicians 
68(1): 7–30.

 2. Chen W, Zheng R, Zhang S, et al. (2017) Cancer inci-
dence and mortality in China, 2013. Cancer letters 
401: 63–71.

 3. Kuipers EJ, Grady WM, Lieberman D, et al. (2015) 
Colorectal cancer. Nature Reviews Disease Primers 
1: 15065.

 4. Uppada SB, Gowrikumar S, Ahmad R, et al. (2018) 
MASTL induces colon cancer progression and chem-
oresistance by promoting Wnt/β-catenin signaling. 
Molecular Cancer 17(1): 111.

 5. Evensen NA, Li Y, Kuscu C, et al. (2015) Hypoxia 
promotes colon cancer dissemination through up-reg-
ulation of cell migration-inducing protein (CEMIP). 
Oncotarget 6(24): 20723–20739.

 6. Koga A, Sato N, Kohi S, et al. (2017) KIAA1199/
CEMIP/HYBID overexpression predicts poor 
prognosis in pancreatic ductal adenocarcinoma. 
Pancreatology: Official Journal of the International 
Association of Pancreatology (IAP) 17(1): 115–122.

 7. Fink SP, Myeroff LL, Kariv R, et al. (2015) Induction 
of KIAA1199/CEMIP is associated with colon can-
cer phenotype and poor patient survival. Oncotarget 
6(31): 30500–30515.

 8. Boerboom A, Reusch C, Pieltain A, et al. (2017) 
KIAA1199: A novel regulator of MEK/ERK-induced 
Schwann cell dedifferentiation. Glia 65(10): 1682–
1696.

 9. Duong HQ, Nemazanyy I, Rambow F, et al. (2018) 
The endosomal protein CEMIP links WNT signaling 
to MEK1-ERK1/2 activation in selumetinib-resistant 
intestinal organoids. Cancer Research 78(16): 4533–
4548.

 10. Liang G, Fang X, Yang Y, et al. (2018) Silencing of 
CEMIP suppresses Wnt/β-catenin/Snail signaling 
transduction and inhibits EMT program of colorectal 
cancer cells. Acta Histochemica 120(1): 56–63.

 11. Liang G, Fang X, Yang Y, et al. (2018) Knockdown 
of CEMIP suppresses proliferation and induces  

https://orcid.org/0000-0002-9412-3567


Yang et al. 9

apoptosis in colorectal cancer cells: Downregulation 
of GRP78 and attenuation of unfolded protein 
response. Biochemistry and Cell Biology/Biochimie 
Et Biologie Cellulaire 96(3): 332–341.

 12. Zhang P, Song Y, Sun Y, et al. (2018) AMPK/
GSK3β/β-catenin cascade-triggered overexpres-
sion of CEMIP promotes migration and invasion in 
anoikis-resistant prostate cancer cells by enhancing 
metabolic reprogramming. FASEB Journal: Official 
Publication of the Federation of American Societies 
for Experimental Biology 32(7): 3924–3935.

 13. Lee HS, Jang CY, Kim SA, et al. (2018) Combined use 
of CEMIP and CA 19–9 enhances diagnostic accuracy 
for pancreatic cancer. Scientific Reports 8(1): 3383.

 14. Lai YH, Liu H, Chiang WF, et al. (2018) MiR-31-
5p-ACOX1 axis enhances tumorigenic fitness in oral 
squamous cell carcinoma via the promigratory prosta-
glandin E2. Theranostics 8(2): 486–504.

 15. Zhang J, Jin M, Chen X, et al. (2018) Loss of PPM1F 
expression predicts tumour recurrence and is nega-
tively regulated by miR-590-3p in gastric cancer. Cell 
Proliferation 51(4): e12444.

 16. Jiang W, Wei K, Pan C, et al (2018) MicroRNA-1258 
suppresses tumour progression via GRB2/Ras/
Erk pathway in non-small-cell lung cancer. Cell 
Proliferation 51(6): e12502.

 17. Zhang D, Zhao L, Shen Q, et al. (2017) Down-
regulation of KIAA1199/CEMIP by miR-216a sup-
presses tumor invasion and metastasis in colorectal 
cancer. International Journal of Cancer 140(10): 
2298–2309.

 18. Kong XM, Zhang GH, Huo YK, et al. (2015) 
MicroRNA-140-3p inhibits proliferation, migra-
tion and invasion of lung cancer cells by targeting 
ATP6AP2. International Journal of Clinical and 
Experimental Pathology 8(10): 12845–12852.

 19. Salem O, Erdem N, Jung J, et al. (2016) The highly 
expressed 5’isomiR of hsa-miR-140-3p contributes to 
the tumor-suppressive effects of miR-140 by reduc-
ing breast cancer proliferation and migration. BMC 
Genomics 17: 566.

 20. Zou MX, Huang W, Wang XB, et al. (2014) 
Identification of miR-140-3p as a marker associated 
with poor prognosis in spinal chordoma. International 
Journal of Clinical and Experimental Pathology 7(8): 
4877–4885.

 21. Miller DM, Thomas SD, Islam A, et al. (2012) c-Myc 
and cancer metabolism. Clinical Cancer Research: 
An Official Journal of the American Association for 
Cancer Research 18(20): 5546–5553.

 22. Whitfield JR and Soucek L (2012) Tumor micro-
environment: Becoming sick of Myc. Cellular and 
Molecular Life Sciences: CMLS 69(6): 931–934.

 23. Abdelrahman AE, Arafa SA and Ahmed RA (2017) 
Prognostic value of twist-1, E-cadherin and EZH2 
in prostate cancer: An immunohistochemical study. 
Turk Patoloji Dergisi 1(1): 198–210.

 24. Katoch A, Suklabaidya S, Chakraborty S, et al. (2018) 
Dual role of Par-4 in abrogation of EMT and switch-
ing on mesenchymal to epithelial transition (MET) 
in metastatic pancreatic cancer cells. Molecular 
Carcinogenesis 57(9): 1102–1115.




