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ABSTRACT
It has been reported that miRNAs is deregulated in diverse human cancers,
involving human cervical cancer. However, the clinical significances and potential
mechanisms of miR-142 in the development and progression of cervical cancer were
not elucidated completely till now. In this study, we found that the expression of
miR- 142 was obviously down-regulated in human cervical cancer tissues and a panel
of cell lines. According to statistics, the expression of miR-142 was negatively related
to advanced FIGO stage and lymphatic metastasis (p < 0.001). Furthermore, our
functional analysis revealed the overexpression of miR-142 affected cell proliferation
and invasiveness, and enhanced cell apoptosis in representative SiHa and HeLa cells.
Based on the molecular level, our findings showed the 3' untranslated region (3’-UTR)
of high-mobility group box 1 protein (HMGB1) was a direct target of miR-142, and
determined an inverse correlation with the expression of miR-142. Ectopic expression
of HMGB1 could attenuate the inhibitory impact of miR-142 on the proliferation and
invasiveness of cervical cancer cells. In conclusion, the present work suggested that
miR-142 affects cervical cancer cell proliferation and invasiveness, and enhances cell
apoptosis via directly targeting the expression of HMGB1, and these findings may lay
a novel foundation for the promising therapy target of cervical cancer.

INTRODUCTION

MicroRNAs have been thought as a kind of
about 17~22 nucleotide noncoding RNAs, which
controlled the expression of related genes by binding the
3′-untranslated region (3′-UTR) of target genes based on
the post-transcriptional level [6, 7]. Emerging studies
have suggested that miRNAs are extensively deregulated
in varieties of tumors, and exert anti-tumor or oncogenic
role in biological progression of tumors, involving
cell proliferation, apoptosis, motility, and invasiveness
[8–10]. In recent years, some studies have demonstrated
that miR-142 could be recommended as a tumor
suppressor in gastric carcinoma, breast carcinoma, and
lung cancer [11– 15], indicating that miR-142 might act
as a powerful and useful therapy target for the treatment
of cancer patients. The previous reports revealed that
low expression of miR-142 was found in some cancer
tissues, and the expression of miR-142 was significantly
related to pathological indicators of cancer patients, and

Cervical cancer is reported as a leading cause in
tumor-related death in the worldwide. Statistically, cervical
cancer accounts for most of women cancers [1, 2]. In spite
of current progressions in the diagnosis and treatment
including operation intervention, chemo-/radiotherapy,
the five years overall survival status remains about fifty
percent because the diagnosis of most of cervical cancer
patients are defined at a advanced stage, and patients had
lymphatic metastasis of cervical cancer [3, 4]. Increasing
evidence have demonstrated that many signaling pathways
affected the development of cervical cancer, among the
imbalance between oncogenes and tumor suppressor genes
is responsible for the development of tumors [5], however
the specific molecular mechanism of cervical cancer is not
yet fully elucidated. Ergo, it is crucial to seek prognostic
biomarkers and therapy targets of cervical cancer patietns.
www.impactjournals.com/oncotarget

4001

Oncotarget

was involved in tumor biology by inhibition of related
genes. For example, overexpression of miR-142 affected
prostate cancer cell growth via targeting its androgen
receptor. However, little is reported about the biological
mechanisms of miR-142 in cervical cancer.
In the present study, we found that the expression
of miR-142 was significantly down-regulated in cervical
cancer tissues and cells, and miR-142 mimics up-regulated
the expression of miR-142, and then miR-142 promoted
cancer cell proliferation and invasion. What is more, the
3′-UTR of HMGB1 was verified as a target gene of miR142, and miR-142 inhibited the expression of HMGB1.
These findings suggested that miR-142 acts as a tumorsuppressing gene in the development of cervical cancer by
directly targeting HMGB1, which will lay a new foundation
for the target therapy of cervical cancer patients.

of miR-142 significantly affected the growth capacity of
SiHa and HeLa cells in a time-dependent fashion. Using
cell apoptosis analysis, we found that ectopic miR-142
expression induced the apoptosis of SiHa and HeLa cells
(Figure 2A–2B). Transwell cell invasion assay revealed
that ectopic expression of miR-142 markedly repressed the
invasion capacity of SiHa and HeLa cells (Figure 2C–2D).

HMGB1 is a direct target of miR-142 in cervical
cancer
To further out the potential molecular mechanisms
underlying miR-142-induced inhibition of cervical
cancer biology, we used the bioinformatic tools to
predict potential target genes of miR-142 using the free
TargetScan. According to bioinformatics calculation,
our team found that HMGB1 can act as a direct target of
miR-142 (Figure 3A). In view of these results, our team
made a hypothesis that HMGB1 gene might be implicated
in biological processes of miR-142 in the progressions
of cervical cancer. To validate our hypothesis, our team
firstly conducted a dual luciferase assay and identified
that miR-142 overexpression obviously inhibited the
luciferase activity of wt-3′UTR of HMGB1, however
miR- 142 overexpression did not affect the luciferase
activity of mut-3′UTR of HMGB1 in both cervical cancer
cells (Figure 3B). Subsequently, our team investigated
the impact of miR-142 on transcription and expression of
HMGB1 gene. Our findings revealed that the expression
level of HMGB1 protein was obviously decreased in
miR- 142 over-expression group when compared with
miR-NC group in SiHa and HeLa cells (Figure 3C). To
further validate this result, our team investigated the
expression levels of HMGB1 in 70 cases of cervical
cancer samples using qPCR. We found that miR-142
expression was negatively correlated with the expression
of HMGB1 based on the results from 30 cases of tumor
tissues (R2 = − 0.851, p < 0.001) (Figure 3D). All in all,
our data suggests that HMGB1 might become a potential
target of miR-142.

RESULTS
MiR-142 is obviously altered in cervical cancer
tissues and cells
To elucidate the important role of miR-142 in
the development of cervical cancer, the expression of
miR- 142 was obviously highly expressed in 30 cases of
cervical cancer and adjacent non-tumor cervical samples
in view of the results of qRT-PCR. In the present work,
the findings of our team identified that the expression
of miR- 142 was extremely decreased in cervical cancer
samples when compared with adjacent normalr cervical
samples (P < 0.001, Figure 1A). Consistent with these
findings, our team further measured the expression status
of miR-142 in cervical cancer cells Caski, SiHa, HeLa,
and human non-tumor keratinocyte line HaCaT by way
of qRT-PCR. The results revealed that a panel of cervical
cancer cell lines all exhibited the lower expression level of
miR-142 compared with human non-tumor keratinocyte
line HaCaT (P < 0.01, Figure 1B). Additionally, patients
of cervical cancer were divided into low and high
expression groups. Based on analysis of clinical pathology
characteristics, our results identified that the low miR- 142
expression was related to FIGO stage (P = 0.012) and
lymphatic metastasis (P = 0.023). Unfortunately, we
did not find a significant relationship between miR-142
expression and other clinical characteristics including age,
grade, and BMI (all P > 0.05).

HMGB1 is implicated in miR-142-induced cell
proliferation, invasiveness and apoptosis of
cervical cancer cells
To characterize the biological role of miR-142 in
targeting HMGB1 gene, miR-142 mimics or miR-NC were
individually co-transfected into SiHa and HeLa cells with
HMGB1 over-expression or negative control. Western blot
analysis identified that ectopic HMGB1 expression reverse
its inhibition by miR-142 in some degree (Figure 4A).
Furthermore, analyses results from proliferation and
invasion assays indicated that the overexpression of
HMGB1 dramatically restored cell proliferation and
invasion inhibited by miR-142 in SiHa and HeLa cells
(Figures 4 and 5). In addition, over- expressed HMGB1

Ectopic miR-142 expression affects cell
proliferation and invasion in cervical cancer cells
To elucidate the impact of miR-142 on the
progression and development of cervical cancer, our team
made a miR-142 overexpression vector. The cervical cancer
cell lines SiHa and HeLa were identified to over-express
miR-142 or miR-NC (negative control). As illustrated
in Figure 2, compared with miR-NC, the over-expression
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DISCUSSION

also had a similar opposite effect on SiHa and HeLa
cell apoptosis mediated by miR-142 (Figure 5). These
findings indeed suggested that the role of miR-142 in
cervical cancer cells is based on its regulation of HMGB1
expression.

In recent years, it has been reported that miR-142
and HMGB1 is involved in the progression of tumors
by binding to their target genes [16–20]. Besides, cancer

Figure 1: Relative expression of miR-142 in cervical cancer tissues and cell lines as well as its correlation with overall
survival of cervical cancer patients. (A) MiR-142 expression was measured by qPCR and normalized to U6 expression in 30 paired
cervical cancer tissues, *P < 0.001, Student’s T-test. (B) qPCR of miR-142 expression in SiHa, and HeLa cells and and normalized to U6
expression, *P < 0.001, Student’s T-test.

Figure 2: Ectopic miR-142 expression inhibits cell proliferation, invasion and induces cell apoptosis of cervical cancer
cells. Cell proliferation was detected in SiHa (A) and HeLa (B) cells that were transfected with miR-142 mimics or mi-NC. (C) Cell
apoptosis was detected by flow cytometry. Cell apoptotic rate was counted according to summation of the second quadrant and fourth
quadrant. (D) Matrigel invasion assays were carried out to assess invasive property of cervical cancer cell. The number of invaded cells was
calculated under the microscope, mean ± SD, *P < 0.001, Student’s T-test.
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metastasis also accounts for a main factor in cancerrelated deaths [21]. Therefore, interference with tumor
progression or metastasis will be a useful method for the
treatment of cancers. It is critical to screen useful markers
for interference with cancer metastasis, prognosis and

individualized therapy of cervical cancer patients. In
this study, we provide important evidence in support of
miR- 142 functioning as a tumor suppressor in CC. We
found that miR-142 suppressed proliferation and invasion
of cancer cells both in vitro. We further identified that

Figure 3: HMGB1 is a direct target of MiR-142 in cervical cancer cell lines. (A) miR-142 binding sites is located in the 3′-

UTR of HMGB1 mRNA. (B) The wild type and mutant type of 3′-UTR reporter vectors and control group were co-transfected into cervical
cancer SiHa cells with miR-142 or miR-NC. The relative luciferase activities were detected. (C) Western blot measure HMGB1 expression
in cervical cancer cells. (D) According to Pearson’s correlation analysis, the expression of HMGB1 was inversely associated with the
expression of miR-142. All assays were performed in triplicate, mean ± SD, *P < 0.001, Student’s T-test.

Figure 4: HMGB1 over-expression attenuates the suppressive effect of miR-142 on cell proliferation. (A) Western blot

analysis of HMGB1 protein expression in cervical cancer cells with miR-NC or miR-142 transfected with either pcDNA3.1 or pcDNA3.1HMGB1, GAPDH was used as a loading control. (B) CCK-8 assay detecting the proliferation of cervical cancer cells with different
treatments.
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miR-142 targeted at HMGB1 and suppressed their
expression at translation level in CC cells. In addition, we
found aberrant expression of HMGB1 were significantly
associated with lymphatic metastasis of CC patients.
Taken together with previous results, this study presents
supplementary evidence that overexpression of miR-142
could suppress proliferation and invasion of CC cells by
targeting 3′-UTRs of HMGB1. Thus, miR-142 should
become a promising novel target due to its diagnostic and
prognostic value for cervical cancer.
Emerging evidence demonstrated miRNA as a
biomarker, and miRNA-targeting precise treatment
will become a hot topic for malignancies. The altered
expression of miRNAs has been reported in the
development of cervical cancer, and related to poor
prognosis. For instance, some well-known miRNAs,
including miR-22, miR-260, miR-37b, are widely reported
as a diagnostic or prognostic factor for cervical cancer
patients [22–24]. Up to now, miR-142 has been studied
in some cancers, and exerts an obvious anti-tumor effect
on tumor proliferation, just consistent with blocking of
related genes [18]. In this work, our team identified that
low expression of miR-142 can be found in a majority of
cervical cancer tissues, and the potential mechanisms may
be attributed to deregulation of generation of miR-142.
Importantly, our correlation analysis identified that low
miR-142 expression had no significant association with
clinical features, like age, grade. All things considered,
our data indicates that altered miR-142 expression is a
common event in patients of cervical cancer, and altered
miR-142 expression may be implicated into malignancy
of cervical cancer.

Next, our team demonstrated HMGB1 gene as a
direct target of miR-142 in cervical cancer cells, and
verified that the inhibitory effect of miR-142 on cervical
cancer cells was mediated by the regulation of expression
of HMGB1. HMGB1 has been demonstrated to be overexpressed in cervical cancer tissues [15–17]. Other results
identified that HMGB1 can modulate cancer cell biology
and epithelial-mesenchymal transition. It should be noted
that HMGB1 was also involved in cancer cell growth,
invasiveness and apoptosis of cervical cancer. These
reports and results indicated that HMGB1 was involved
in the development and progression of cervical cancer. In
the present study, our team identified that the expression
of HMGB1 was decreased due to enhanced expression of
miR-142 in cervical cancer cells, and we demonstrated
an inverse association between the miR-142 expression
and HMGB1 mRNA by detecting cervical cancer tissues.
The dual luciferase assay strongly identified that HMGB1
gene was a direct target of miR-142, and HMGB1 could
attenuate miR-142-mediated inhibitory effects on the
proliferation and invasion of cervical cancer cells as well
as the expression of HMGB1 protein. These phenomena
indicate that miR-142- HMGB1 pathway may be a
potential therapy target in the treatment of cervical cancer.
In conclusion, our present study identified miR142 as a tumor suppressor in the progression of cervical
cancer, including cell growth, invasiveness and apoptosis
via its direct target HMGB1. The study demonstrates a
potential molecular mechanism underlying the inhibitory
effect of miR-142 on cervical cancer, and indicates that
miR-142 might act as a potential prognostic biomarker and
therapeutic target in cervical cancer patients.

Figure 5: HMGB1 over-expression attenuates the suppressive effect of miR-142 on cell apoptosis and invasion. (A) Cell

apoptosis was detected in cervical cancer cells with different treatments. (B) Matrigel invasion assay evaluating invasion of cervical cancer
cells with different treatments. Each assay was repeated three times. *P < 0.001, Student’s T-test.
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MATERIALS AND METHODS

the signals was determined by the FluorChemTM system
(Protein Simple, Santa Clara, CA).

Ethics statement

RNA extraction, retrotranscription and
quantitative real-time PCR (qRT-PCR)

The use of all tissue specimens was approved by
the Hospital Ethics Committee of Zhongnan Hospital of
Wuhan University. The entire participant provides their
written informed consent to participate in the study.

Total RNA was isolated from the cells with TRIzol
reagent (Invitrogen, Carlsbad, CA,USA) and for human
FFPE tissues the total RNA was isolated using the
RecoverAllTM Total Nucleic Acid Isolation Kit (Ambion,
Austin, TX, USA) according to the manufacturer’s protocol.
qRT-PCR for 142 and HMGB1 was described in previous
reports. qRT-PCR was performed using Takara (Dalian,
China) on an FTC-3000TM System (Funglyn Biotech Inc.,
Toronto, Canada). U6 and GAPDH were used as controls
for miRNA and mRNA level, respectively. Relative
quantitation was calculated using the 2-ΔΔCt method.

Patient samples
Primary tumor tissues and normal tissues were
obtained from patients (mean age 57.5 ± 12.5 years, range
19–80 years) enrolled in the Department of Pathology,
Zhongnan Hospital of Wuhan University between 2015
and 2016. All samples were obtained with patients’
informed consent and were histologically confirmed by
staining with hematoxylin-eosin(HE). The histological
grade of cancers was assessed according to criteria set by
the American Joint Committee on Cancer (AJCC). None
of the patients received radiotherapy or chemotherapy
before surgery. The present study was approved by the
Hospital Ethical Committee.

Dual luciferase activity assay
As for dual luciferase activity assay, the 3′UTR
target site could be amplified using PCR system, and
then the luciferase reporter constructs were also amplified
by PCR, which is the HMGB1 3′UTR and carried a
putative miR-142-binding site. Cells were transfected
with the reporter constructs and then transfected with
miR-142 or control miRNAs using lipofectamine 2000
(Life Technologies, USA). Reporter assays were carried
out using the dual-luciferase assay system (Promega)
according to the manufacturer’s instructions.

Cell culture
Cervical cancer cell lines (American Type Culture
Collection, Manassas, VA) were cultured in Eagle’s
Minimum Essential Medium (ATCC) supplemented with 5%
fetal bovine serum (FBS; Hyclone, Logan, UT) and 0.1%
penicillin/streptomycin (Fisher Bioreagents, Pittsburgh,
PA). All the cell lines were cultured at 37°C in a 5% CO2
atmosphere incubator with humidity.

Cell proliferation and invasion assays
CCK-8 assay (Kumamoto, Japan) was used to
detect the cell growth status according to manufacturer’s
instruction. Cell proliferation rate was detected at 0 hour,
24 hour, 48 hour and 72 hour following the treatment.
As for cell invasion assay, Cell invasion was determined
using 24-well transwell chambers with 8 μm pore size
polycarbonate membranes (Corning Incorporated,
Corning, NY, USA). 2 × 105 transfected cells were seeded
on the top side of the membrane pre-coated with Matrigel
(BD, Franklin Lakes, NJ, USA) in DMEM without
serum. The lower chambers were filled with DMEM
containing 10% FBS as a chemoattractant. After being
incubated 24 hours, the non-invasive cells on the top
side of the membrane were removed with a cotton swab,
and invaded cells on the lower membrane surface were
fixed in 20% methanol and then stained with 0.1% crystal
violet. Invasion was quantified by counting cells in five
randomly selected fields of view in each well under the
invert microscope (Olympus, Tokyo, Japan).

Cell transfection
MiR-142 mimics (sense: 5′-UAGCAGCACAUCAU
GGUUUACA-3′, antisense: 5′-UAAACAUGAUGUG
CUGCUGUU-3′), control miRNAs (10nmol/l), HMGB1
plasmids and control vector were all obtained from
Ambion (Ambion, USA). And then cell transfection was
carried out using lipofectamine 2000 (Life Technologies,
USA) according to manufacturer’s instructions.

Western blot
The cell lysates were prepared in RIPA buffer
(Byotime, Haimen, China), and western blot was
performed as previously described. The proteins were
then transferred to a nitrocellulose membrane (Bio-Rad,
Hercules, CA) and blocked with 5% non-fat milk in TBST
for 2 h at room temperature with shaking. The membrane
was immunoblotted with a primary antibody (Cell
Signaling Technology, Danvers, MA) at 4°C overnight.
Signals were developed by using an HRP-linked
secondary antibody (1:10000) with the ClarityTM Western
ECL Substrate (Bio-Rad, Hercules, CA). The intensity of
www.impactjournals.com/oncotarget

Statistical analysis
All statistical analyses were performed with
Graphpad Prism software. The statistical signiﬁcance
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between the two groups was determined using Student’s
t-test. All experiments were repeated at least three times.
Data were expressed as mean ± SEM. Differences were
considered statistically signiﬁcant at P < 0.05.

11. Dallaire A, Simard MJ. The implication of microRNAs and
endo-siRNAs in animal germline and early development.
Dev Biol. 2016. pii: S0012–1606(16)30098–7.
12. Mu YP, Sun WJ, Lu CW, Su XL. MicroRNAs May Serve
as Emerging Molecular Biomarkers for Diagnosis and
Prognostic Assessment or as Targets for Therapy in Gastric
Cancer. Asian Pac J Cancer Prev. 2015; 16:4813–20.

ACKNOWLEDGMENTS AND FUNDING
This work was supported by the National Natural
Science Foundation of China (No. 81272866). We greatly
thank other members in our lab for valuable suggestions
and writing.

13. Lu YC, Chang JT, Chan EC, Chao YK, Yeh TS, Chen JS,
Cheng AJ. miR-196, an Emerging Cancer Biomarker for
Digestive Tract Cancers. J Cancer. 2016; 7:650–5.
14. Chen WX, Ren LH, Shi RH. Implication of miRNAs for
inflammatory bowel disease treatment: Systematic review.
World J Gastrointest Pathophysiol. 2014; 5:63–70.

CONFLICTS OF INTEREST

15. Exner R, Sachet M, Arnold T, Zinn-Zinnenburg M,
Michlmayr A, Dubsky P, Bartsch R, Steger G, Gnant M,
Bergmann M, Bachleitner-Hofmann T, Oehler R. Prognostic
value of HMGB1 in early breast cancer patients under
neoadjuvant chemotherapy. Cancer Med. 2016; 5:2350–8.

The authors declare no conflicts of interest.

REFERENCES
1.

Kilic S, Cracchiolo B, Gabel M, Haffty B, Mahmoud O. The
relevance of molecular biomarkers in cervical cancer patients
treated with radiotherapy. Ann Transl Med. 2015; 3:261.

2.

Bongaerts O, van Diest PJ, Pieters M, Nap M. Working
toward consensus among professionals in the identification
of classical cervical cytomorphological characteristics in
whole slide images. J Pathol Inform. 2015; 6:52.

3.

Seppä K, Pitkäniemi J, Malila N, Hakama M. Age-related
incidence of cervical cancer supports two aetiological
components: a population-based register study. BJOG.
2016; 123:772–8.

5.

Zhou R, Wei C, Liu J, Luo Y, Tang W. The prognostic
value of p53 expression for patients with cervical cancer:
a meta analysis. Eur J Obstet Gynecol Reprod Biol. 2015;
195:210–3.

7.

17. Andersson A, Bluwstein A, Kumar N, Teloni F, Traenkle J,
Baudis M, Altmeyer M, Hottiger MO. PKCα and HMGB1
antagonistically control hydrogen peroxide-induced polyADP-ribose formation. Nucleic Acids Res. 2016; 44:7630–45.

Choong ES, Bownes P, Musunuru HB, Rodda S,
Richardson C, Al-Qaisieh B, Swift S, Orton J, Cooper R.
Hybrid (CT/MRI based) vs. MRI only based image-guided
brachytherapy in cervical cancer: Dosimetry comparisons
and clinical outcome. Brachytherapy. 2016; 15:40–8.

4.

6.

16. Gangemi S, Casciaro M, Trapani G, Quartuccio S,
Navarra M, Pioggia G, Imbalzano E. Association between
HMGB1 and COPD: A Systematic Review. Mediators
Inflamm. 2015; 2015:164913.

18. Qi X, Li J, Zhou C, Lv C, Tian M. MiR-142–3p Suppresses
SOCS6 Expression and Promotes Cell Proliferation in
Nasopharyngeal Carcinoma. Cell Physiol Biochem. 2015;
36:1743–52.
19. Friedman RC, Burge CB. MicroRNA target finding
by comparative genomics. Methods Mol Biol. 2014;
1097:457–76.
20. Valastyan S, Weinberg RA. Tumor metastasis: molecular
insights and evolving paradigms. Cell. 2011; 147:275–292.
21. Usmani A, Shoro AA, Memon Z, Hussain M, Rehman R.
Diagnostic, prognostic and predictive value of MicroRNA-21
in cervical cancer patients, their daughters and healthy
individuals. Am J Cancer Res. 2015; 5:2484–2490.

Rennie D, Boxsell J, Pedretti K. A team care model
of cervical screening in a general practice. Aust Fam
Physician. 2015; 44:515–8.

22. Tang Y, Zhou X, Ji J, Chen L, Cao J, Luo J, Zhang S.
High expression levels of miR-21 and miR-210 predict
unfavorable survival in breast cancer: a systemic review
and meta-analysis. Int J Biol Markers. 2015; 30:e347–58.

Li X, Nie J, Mei Q, Han WD. MicroRNAs: Novel
immunotherapeutic targets in colorectal carcinoma. World
J Gastroenterol. 2016; 22:5317–31

8. Diab M, Muqbil I, Mohammad RM, Azmi AS, Philip PA.
The Role of microRNAs in the Diagnosis and Treatment of
Pancreatic Adenocarcinoma. J Clin Med. 2016; 5. pii: E59.

23. Yu X, Zhao W, Yang X, Wang Z, Hao M. miR-375 Affects
the Proliferation, Invasion, and Apoptosis of HPV16Positive Human Cervical Cancer Cells by Targeting
HMGB1. Int J Gynecol Cancer. 2016; 26:851–8.

9. Tsai MM, Wang CS, Tsai CY, Huang HW, Chi HC, Lin YH,
Lu PH, Lin KH. Potential Diagnostic, Prognostic and
Therapeutic Targets of MicroRNAs in Human Gastric
Cancer. Int J Mol Sci. 2016; 17. pii: E945.

24. Zhang Z, Fye S, Borecki IB, Rader JS. Polymorphisms in
immune mediators associate with risk of cervical cancer.
Gynecol Oncol. 2014; 142:69–73.

10. Kushlinskii NE, Fridman MV, Braga EA. Molecular
Mechanisms and microRNAs in Osteosarcoma Pathogenesis.
Biochemistry (Mosc). 2016; 81:315–28.
www.impactjournals.com/oncotarget

4007

Oncotarget

