
Poly(rC) binding protein 2 (PCBP2) promotes the viability
of human gastric cancer cells by regulating CDK2
Changyu Chen1,*, Jun Lei1,*, Qiang Zheng1, Sheng Tan2, Keshuo Ding3 and Changjun Yu1

1 Department of General Surgery (Gastrointestinal Surgery), The First Affiliated Hospital of Anhui Medicial University, Hefei, China

2 Laboratory of Molecular Tumor Pathology, School of Life Science, University of Science and Technology of China, Hefei, China

3 Department of Pathology, Anhui Medical University, Hefei, China

Keywords

CDK2; gastric cancer; PCBP2; viability

Correspondence

C. Yu, Department of Gastrointestinal

Surgery, The First Affiliated Hospital of

Anhui Medicial University, Jixi Road, Hefei

230032, Anhui, China

Tel: +86 136 55554698

E-mail: 842749628@qq.com

*These authors contributed equally to this

work.

(Received 10 October 2017, revised 9

February 2018, accepted 14 February 2018)

doi:10.1002/2211-5463.12408

Survival rates for patients with gastric cancer, especially the advanced

form, remain poor and the development of targeted treatments is hampered

by a lack of efficient biological targets. Poly(rC) binding protein 2 (PCBP2)

is an RNA-binding protein that contributes to mRNA stabilization, trans-

lational silencing and enhancement and it has been implicated as a pro-

moter of gastric cancer growth. In the present study, we demonstrated that

the expression level of PCBP2 was higher in human gastric cancer tissues

compared to adjacent normal gastric tissues. A high level of PCBP2 was

correlated with worse postoperative relapse-free survival and overall sur-

vival rates of gastric cancer patients. Small hairpin RNA-mediated deple-

tion of PCBP2 dramatically decreased the viability of gastric cancer cells.

Cyclin-dependent kinase 2 (CDK2) was positively regulated by PCBP2 via

a direct 30 UTR binding pathway as determined using a ribonucleoprotein

immunoprecipitation assay and a biotin pulldown assay. CDK2 mediated

the promoting role of PCBP2. These results suggest that PCBP2 acts as an

oncogene in human gastric cancer cells and that functionally depleting

PCBP2 could be considered as a potential target for gastric cancer therapy.

Gastric cancer, which is the second most common can-

cer, accounts for almost 10% of all cancer-related

deaths in the world [1–3]. Many advances have been

made with respect to diagnosis and treatments in

recent years, although the survival rate of patients with

gastric cancer, especially advanced gastric cancer,

remains poor. The mean postoperative overall survival

rate (OS) for advanced gastric cancer is no more than

12 months [4,5]. Surgery, subsequent radiotherapy and

chemotherapy are still the main methods for gastric

cancer treatment. A lack of efficient biological targets

retards the development of targeted therapies [4,6].

Further study of the molecular mechanisms will help

provide a better understanding of the initiation and

development of gastric cancer, as well as enable the

development of new clinical diagnostic and therapeutic

methods.

Poly(rC) binding protein 2 (PCBP2), a 39 kDa pro-

tein, is a member of the a-globin mRNP stability com-

plex [7,8]. As a generally known RNA-binding protein,

PCBP2 possesses three K homology domains, which

are the main RNA-recognition regions [9,10]. As a

result of the RNA-binding characteristic, PCBP2 con-

tributes to mRNA stabilization, translational silencing

and enhancement [11,12]. The combined effect of the

genes regulated by PCBP2 via a RNA-binding path-

way determines the role of PCBP2 in organisms. As

reported previously, PCBP2 binds to many RNA

viruses, including poliovirus, poliovirus and HCV,

amongst others [13]. Recently, PCBP2 was reported to
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contribute to cell viability and the progression of

tumors, such as leukemia and glioma [13,14]. Hu et al.

[15] demonstrated that PCBP2 promoted gastric cancer

growth by suppressing miR-34a. To the best of our

knowledge, the intrinsic mechanism of PCBP2 with

respect to promoting human gastric cancer is still

unclear and further investigations are necessary.

In the present study, we examined the expression of

PCBP2, which was much higher in human gastric can-

cer tissues compared to adjacent normal gastric tissues,

and found that the over-expression of PCBP2 is corre-

lated with poor survival among gastric cancer patients.

Functional depletion of PCBP2 suppressed cell viabil-

ity and decreased the percentage of cell mitosis in

human gastric cancer cells. Moreover, cell cycle-related

protein cyclin-dependent kinase 2 (CDK2) was found

to be up-regulated by PCBP2. Using a RNP immuno-

precipitation (IP) assay and a biotin pulldown assay,

PCBP2 was determined to directly bind to the 30 UTR

region of CDK2. CDK2 partly mediated the promot-

ing role of PCBP2 in human gastric cancer cells and

the expression levels of PCBP2 and CDK2 were posi-

tively correlated in gastric cancer tissues.

Materials and methods

Patients and tissue samples

In total, 100 gastric cancer tissue samples and 100 adjacent

nontumorous tissue samples were collected from patients

with gastric cancer who had undergone surgery in The First

Affiliated Hospital of Anhui Medical University (Hefei,

Anhui, China) between 2010 and 2012. All of these tissues

were diagnosed by senior pathologists in the Department of

Pathology of The First Affiliated Hospital of Anhui Medi-

cal University. All of these patients were followed up for

more than 5 years and their postoperative relapse-free sur-

vival (RFS) and OS were documented. The protocol of

clinical tissue-related study was approved by the Institu-

tional Review Boards of the First Affiliated Hospital of

Anhui Medical University and was carried out in accor-

dance with The Code of Ethics of the World Medical Asso-

ciation (Declaration of Helsinki). All patients provided

their written informed consent.

Immunohistochemistry

Immunohistochemistry was carried out to analyze the pro-

tein levels of PCBP2 and CDK2 in paraffin sections of

human gastric cancer tissues or adjacent normal gastric tis-

sues. As described previously, a two-step histostaining

method (Maixin, Fuzhou, China) and PCBP2 Rabbit Poly-

clonal antibody (1 : 200; Proteintech Group, Inc., Chicago,

IL, USA)/CDK2 Mouse Monoclonal antibody (dilution

1 : 100; Proteintech Group, Inc.) were used in the immuno-

histochemical study [16,17]. The stained sections were eval-

uated using an Olympus microscope (Olympus America,

Inc., Melville, NY, USA). At least 10% of cells positively

stained in the sections were designated as PCBP2-positive

and less than 10% cells positively stained in the sections

were designated as PCBP2-negative. Regarding the semi-

quantitative analysis of the staining intensity distribution of

PCBP2 levels in HGC: 30–60% cells positively stained in

the sections were designated as PCBP2-moderate, less than

30% cells positively stained in the sections were designated

as PCBP2-weak and more than 60% cells positively stained

in the sections were designated as PCBP2-strong. The aver-

age staining intensity of gastric cancer tissue samples was

58.1% for PCBP2. For Kaplan–Meier analysis, less than

58.1% cells positively stained in the sections were desig-

nated as PCBP2-low and more than 58.1% cells stained

were designated as PCBP2-high.

Cell lines and transfection

Human gastric cancer cell lines HGC-27 and MKN-45 were

obtained from the American Type Culture Collection (Rock-

ville, MD, USA). Both of these two cell lines were main-

tained in a humidified atmosphere of 5% CO2 at 37 °C.

The small hairpin RNAs (shRNAs) used in the present

study containing shPCBP2#1, shPCBP2#2 and shControl

were synthesized by GenePharma (Shanghai, China). A cell

transfection assay was performed as recommended using

Lipo2000 (Qiagen, Valancia, CA, USA).

Western blotting

Protein levels of PCBP2 and CDK2 were detected using

western blotting, which was performed essentially as

described previously [16,17]. PCBP2 rabbit polyclonal anti-

body, CDK2 mouse monoclonal antibody (both dilution

1 : 1000; Proteintech Group, Inc.) and GAPDH rabbit poly-

clonal antibody (dilution 1 : 10 000; Proteintech Group,

Inc.) were used. GAPDH was examined as a control.

Quantitative RT-PCR (qRT-PCR)

mRNA levels of CDK2 in HGC-27 and MKN-45 with dif-

ferent transfection were detected using qRT-PCR, which

was performed essentially as described previously [16,17].

Primescript RT reagent kit (Takara, Otsu, Japan) and

SYBR Premix Ex Taq Kit (Takara) were used [16,17].

GAPDH was examined as a control.

Cellular viability assays

The cellular viability assays used in the present study, com-

prising a cell counting assay, 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyl-tetrazolium bromide (MTT) assay and cell
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colony formation assay, were performed essentially as

described previously [16,17]. Briefly, for the cell counting

assay, cells were planted into six-well plates 24 h after

transfection (10 000 per well) and cells were counted every-

day for 5 days. Cell growth curves were drafted in the end.

For the MTT assay, cells were planted into 96-well plates

24 h after transfection (2000 per well) and the MTT evalua-

tion was carried out 72 h later. For the cell colony forma-

tion assay, cells were planted into six-well plates 24 h after

transfection (1000 per well) and cell colony formation was

evaluated 10–15 days later.

Flow cytometric analysis

Flow cytometric analysis was performed in HGC-27 and

MKN-45 cells after transfection to evaluate the cell cycle

condition. Cells were harvested 72 h after transfection and

the cells were fixed and then incubated in 100 lg�mL�1

Rnase A and 50 lg�mL�1 propidium iodide for 30 min at

room temperature.

mRNA decay assay

The mRNA decay assay was performed to detect the inter-

action between PCBP2 protein and CDK2 mRNA. Cells

were treated with actinomycin D (10 lg�mL�1) 48 h after

shPCBP2 transfection and then the cells were harvested at

0, 2, 4, 6 and 8 h after actinomycin D treatment. Total

RNA was isolated and the mRNA levels of CDK2 were

examined using qRT-PCR. GAPDH was also detected as a

control.

Luciferase reporter assay

A Dual Luciferase ReporterAssay System (Promega Corp.,

Madison, WI, USA) was used for the luciferase reporter

assay in the present study, which was performed essentially

as described previously [17].

Biotin pulldown assay

A biotin pulldown assay was carried out to detect the bind-

ing site of PCBP2 protein in CDK2 mRNA. A MAXI-

Script T7 kit (Invitrogen, Carlsbad, CA, USA) was used to

synthesize the biotinylated transcripts. Streptavidin-coupled

Dynabeads (Invitrogen) were used to isolate the protein–
mRNA complex. The proteins in the protein–mRNA com-

plex were examined using western blotting.

RNP-IP RT-PCR

RNP-IP RT-PCR was used to examine the binding

between PCBP2 protein and CDK2 mRNA, which was

performed essentially as described previously [18]. Anti-

PCBP2 antibody was used to capture the PCBP2 protein–
CDK2 mRNA complex. CDK2 mRNA levels were evalu-

ated using qRT-PCR. IgG was used as a negative control.

Statistical analysis

All of the experiments were performed independently at

least three times and the reported data represent the mean

results. An unpaired two-tailed t-test was used for the cellu-

lar viability assays, flow cytometric analysis, the luciferase

reporter assay and qRT-PCR. Pearson’s chi-squared test

was used for the immunohistochemical analysis. Kaplan–
Meier curves and a log-rank test was used for analysis

of RFS and OS. P < 0.05 was considered statistically

significant.

Results

The expression of PCBP2 is up-regulated in

gastric cancer and an increased expression of

PCBP2 predicts a poor prognosis in patients with

gastric cancer

To study the expression of PCBP2 in human gastric

cancer tissues and adjacent normal gastric tissues, 100

gastric cancer tissues and 100 gastric adjacent nontu-

morous tissues were collected and the protein level of

PCBP2 in these tissues were examined using immuno-

histochemistry. As shown in Fig. 1A, positive signals

of PCBP2 protein were predominantly located in the

cytoplasm. The expression level of PCBP2 was signifi-

cantly higher in gastric cancer tissues compared to

adjacent nontumorous gastric tissues.

To study the association of PCBP2 expression with

RFS and OS rates of patients with gastric cancer, the

100 patients with gastric cancer were followed up for

more than 5 years and Kaplan–Meier estimates were

conducted. Compared with those patients with lower

levels of PCBP2, patients with higher levels of PCBP2

had dramatically poorer RFS and OS rates (RFS

rates: P = 0.019; OS rates: P = 0.002) (Fig. 1B).

Therefore, a high level of PCBP2 was associated with

a poor prognosis in patients with gastric cancer.

PCBP2 promoted the viability of human gastric

cancer cells

Based on the results in clinical tissues, PCBP2 was

inferred to be an oncogene in human gastric cancer.

To examine the role of PCBP2 in gastric cancer cells,

shRNAs (shPCBP2#1 and shPCBP2#2) were stably

transfected into HGC-27 and MKN-45 cells. As shown

in Fig. 2A, the protein level of PCBP2 decreased
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significantly after transfection with shPCBP2#1 or

shPCBP2#2 in both HGC-27 and MKN-45 cells com-

pared to shControl. shPCBP2#1 or shPCBP2#2 dra-

matically decreased total cell number in HGC-27 and

MKN-45 cells compared to control (Fig. 2B). Concor-

dantly, cell colony formation of both HGC-27 and

MKN-45 cells significantly deceased after knocking

down PCBP2 (Fig. 2C). Moreover, shPCBP2#1 or

shPCBP2#2 also dramatically suppressed cell viability

in HGC-27 and MKN-45 cells, as measured using the

MTT assay (Fig. 2D). In addition, as determined by

flow cytometry, shPCBP2#1 or shPCBP2#2 signifi-

cantly increased the percentage of cells in the G1 phase

and decreased the percentage of cells in the S phase

both in HGC-27 and MKN-45 cells (Fig. 2E). As a

result, PCBP2 dramatically promoted the viability of

human gastric cancer cells.

CDK2 expression was regulated by PCBP2

In a further study, several candidate genes were

selected for examination after transfection with

shPCBP2#1 and shPCBP2#2 in HGC-27 and MKN-45

cells. As shown in Fig. 3A, the mRNA levels of

CDK2 decreased significantly after transfection with

shPCBP2#1 or shPCBP2#2 compared to control.

Moreover, the rate of CDK2 mRNA decay

dramatically increased after depletion of PCBP2

(Fig. 3B). In addition, the depletion of PCBP2 signifi-

cantly decreased the level of CDK2 30 UTR luciferase

reporter activity (Fig. 3C). As reported previously,

CDK2 participated in cell cycle-related behaviors and

contributed to cell viability [19,20]. Therefore, CDK2

expression was positively regulated by PCBP2 and

PCBP2 increased CDK2 transcript stability in a post-

transcriptional manner. CDK2 might mediate the

tumor-promoting role of PCBP2 in human gastric

cancer cells.

CDK2 was regulated by PCBP2 via 30 UTR

binding

To confirm the molecular mechanism for the regula-

tion of CDK2 by PCBP2, a biotin pulldown assay

was performed to detect the specific CDK2 mRNA

region to which PCBP2 protein had bound. As

shown in Fig. 4A, PCBP2 directly bound to the

30 UTR region of CDK2, although there were no

positive signals in other regions of CDK2 mRNA.

Furthermore, a RNP IP assay was carried out using

anti-PCBP2 antibody and the mRNA levels of CDK2

and negative control genes HER2 and CDK1 were

detected. Compared with the control IgG precipitated

group, anti-PCBP2 antibody dramatically enriched

Fig. 1. Expression of PCBP2 in tissues from patients and the association of PCBP2 expression with the survival of patients with gastric

cancer. (A) Protein levels of PCBP2 in gastric cancer tissues and adjacent normal gastric tissues were detected using

immunohistochemistry. Representative photographs are presented. Scale bar = 50 lm. (B) Different RFS and OS between the PCBP2 high

group (n = 54) and PCBP2 low group (n = 46) of those 100 gastric cancer patients who were analyzed using Kaplan–Meier curves.
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Fig. 2. PCBP2 promoted the viability of human gastric cancer cells. (A) Protein levels of PCBP2 were detected after transfection with

shPCBP2#1, shPCBP2#2 or shControl in HGC-27 and MKN-45 cells using western blotting. GAPDH levels were also detected as a loading

control. (B) The cell total number assay was performed in HGC-27 and MKN-45 cells after transfection with shPCBP2#1, shPCBP2#2 or

shControl. Cells were counted everyday for 5 days and cell growth curves were constructed to evaluate cell growth. (C) Cell colony

formation assay and (D) an MTT assay were performed after transfection with shPCBP2#1, shPCBP2#2 or shControl. (E) Flow cytometry

was carried out to evaluate the proportions of cells in the G1, S, and G2 phases of the cell cycle in HGC-27 and MKN-45 cells after

transfection with shPCBP2#1, shPCBP2#2 or shControl. *P < 0.05; **P < 0.01.
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the CDK2 mRNA. However, there was no significant

change of the negative control genes HER2 and

CDK1. Furthermore, there was no significant differ-

ence of CDK2, HER2 and CDK1 mRNA total level

between the anti-PCBP2 antibody precipitated group

and the IgG precipitated group (Fig. 4B). Therefore,

CDK2 was regulated by PCBP2 via a direct 30 UTR

binding manner.

Fig. 3. CDK2 expression was positively regulated by PCBP2. (A) mRNA levels of CDK2 were detected after transfection with shPCBP2#1,

shPCBP2#2 or shControl in HGC-27 and MKN-45 cells using qRT-PCR. (B) shPCBP2#1, shPCBP2#2 or shControl were transfected into

HGC-27 cells and cells were treated with actinomycin D (10 lg�mL�1) after 48 h. These cells were harvested at 0, 2, 4, 6 and 8 h after

actinomycin D treatment. mRNA levels of CDK2 were detected using qRT-PCR. GAPDH was used as a loading control. (C) Luciferase

reporter activities were detected in HGC-27 cells after co-transfection with shPCBP2#1/shPCBP2#2/shControl and psi-CHECK2-CDK2-30UTR/
psi-CHECK2-Vec, respectively. *P < 0.05; **P < 0.01.
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PCBP2 promoted the viability of human gastric

cancer cells via CDK2

To determine whether PCBP2 promoted the viability

of human gastric cancer cells as mediated by CDK2,

HGC-27 cells were co-transfected with shPCBP2#1

(designated as shPCBP2) or shControl and CDK2

plasmid or control, and cell viability assays were per-

formed. As shown in Fig. 5A, protein levels of PCBP2

decreased significantly after transfection with

shPCBP2 + vec or shPCBP2 + CDK2 plasmid com-

pared to control. However, protein levels of CDK2

decreased significantly after transfection with

shPCBP2 + vec compared to control and the decrease

was abrogated by transfection with pSIN-CDK2 plas-

mid. Concordant with the former results, total cell

number, cell viability (i.e. as tested by the MTT assay)

and cell colony formation all decreased significantly

after depletion of PCBP2 in HGC-27 cells. However,

such decreases were abolished by forced expression of

CDK2 (Fig. 5B–D). In addition, depletion of PCBP2

dramatically increased the percentage of cells in the

G1 phase and decreased the percentage of cells in the

S phase in HGC-27 cells, although these changes were

abolished by forced expression of CDK2 (Fig. 5E).

Hence, the promoting role of PCBP2 in the viability of

human gastric cancer cells was mediated by CDK2.

Expression of CDK2 in tissues from gastric

cancer patients

In a further study, the expression of CDK2 in tissues

from gastric cancer patients was examined by immuno-

histochemistry. In the 100 gastric cancer tissues and

100 adjacent nontumorous tissues, CDK2 exhibited a

higher protein level in gastric cancer tissues compared

to adjacent nontumorous tissues (Fig. 5F). Moreover,

the correlation between PCBP2 levels and CDK2 levels

was analyzed in accordance with the percentage of

stained cells by immunohistochemistry. As shown in

Fig. 5G, PCBP2 and CDK2 were positively correlated

in gastric cancer tissues (Pearson’s correlation coeffi-

cient: r = 0.1718, P = 0.029).

Discussion

In the present study, we systematically examined the

promoting role of PCBP2 in human gastric cancer cells.

In the 200 samples of human gastric tissues (containing

100 cancers and 100 adjacent nontumorous tissues),

PCBP2 showed a dramatically higher expression in gas-

tric cancer tissues compared to adjacent nontumorous

gastric tissues (67.5% versus 40%, P < 0.001). Patients

with higher levels of PCBP2 had significantly poorer

RFS (P = 0.019) and OS (P = 0.002) rates compared to

patients with lower levels of PCBP2. In gastric cancer

cells HGC-27 and MKN-45, shRNA-mediated PCBP2

depletion dramatically decreased cell viability as evalu-

ated using a total cell number assay, cell colony forma-

tion assay and flow cytometry. Concordantly, Hu et al.

[15] reported that PCBP2 promoted cell growth of gas-

tric cancer. PCBP2 knockdown inhibited cell growth

both in vitro and in an in vivo xenograft. Furthermore,

it was demonstrated that PCBP2 was correlated with a

poor outcome for patients in a tissue study [15]. These

data all support the results obtained in the present

study. In addition, Chang et al. [14] demonstrated that

PCBP2 suppressed the C/EBP-driven myeloid differenti-

ation of human myeloid chronic myelogenous leukemia.

PCBP2 was also reported to promote glioma cell growth

both in vitro and in nude mice [21]. These results are in

Fig. 4. PCBP2 directly bound to CDK2 30 UTR. (A) Biotinylated

RNA pulldown assay. The biotinylated different regions of CDK2

mRNA were incubated with HGC-27 cell lysates and the mRNA

regions interacting with PCBP2 were analyzed using western

blotting. Both PCBP2 and GAPDH protein levels are presented and

GAPDH was used as a control. (B) RNP IP assay. mRNAs of CDK2

and negative control genes (HER2 and CDK1) were captured by

anti-PCBP2 antibody or control IgG and were analyzed using qRT-

PCR. The total input mRNAs of CDK2 and negative control genes

(HER2 and CDK1) were also detected. **P < 0.01.
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accordance with the data of the present study. However,

Roychoudhury et al. [21] reported that PCBP2 sup-

pressed cell growth and induced cell apoptosis in human

oral cancer cells, demonstrating the tissue specificity of

PCBP2 in different human tissues.

For the downstream pathway, CDK2 was identified

as being positively regulated by PCBP2. The CDK2

performs important roles in cell mitosis. Abnormal

over-expression or activation of CDK2 induces malig-

nant cell viability [19,20]. In the present study, using

an mRNA decay assay and a luciferase reporter assay,

we determined that PCBP2 interacted with the mRNA

of CDK2 and also that depletion of PCBP2 decreased

the expression level of CDK2. Moreover, using a RNP

IP assay and a biotin pulldown assay, we identified

that the region of interaction between PCBP2 protein

and CDK2 mRNA is the 30 UTR region of CDK2.

Moreover, we determined that CDK2 mediated the

promoting role of PCBP2 in human gastric cancer

cells. As reported previously, CDK2 is involved in cell

cycle regulation by miR-302b and promotes the pro-

gression of gastric cancer [19]. Liang et al. [22]

Fig. 5. PCBP2 promoted the viability of human gastric cancer cells via CDK2 and expression levels of CDK2 were examined in tissues from

gastric cancer patients. HGC-27 cells were co-transfected with shPCBP2#1 (designated as shPCBP2) or shControl and CDK2 plasmid or

control. (A) Protein levels of PCBP2 and CDK2 were examined using western blotting. GAPDH was used as a loading control. (B) Cell total

number assay, (C) MTT assay, (D) cell colony formation assay and (E) flow cytometry (to detect the proportions of cells in the G1, S and G2

phases of the cell cycle) were performed to evaluate cell viability. (F) Protein levels of CDK2 in gastric cancer tissues and adjacent normal

gastric tissues were detected using immunohistochemistry. Representative photographs are presented. Scale bar = 50 lm. (G) The

correlation between PCBP2 and CDK2 in gastric cancer tissues was analyzed. *P < 0.05; **P < 0.01.
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demonstrated an over-expression of cyclin E and that

CDK-2 promoted tumor initiation, progression and

the metastasis potential of human gastric cancer [22].

Iseki et al. [23] reported that adeblock of CDK2 by

cyclin-dependent kinase inhibitors suppressed the via-

bility of human gastric cancer cells. All of these results

support the findings of the present study. Moreover,

CDK2 was reported to promote cell viability and

tumor progression in many other human cancers,

including breast cancer [24,25], colorectal cancer [26],

squamous cell carcinoma of the head and neck [27],

neuroblastoma [28] and nonsmall cell lung cancer [29].

These results were also concordant with those of the

present study. In addition, we have shown that the

protein levels of CDK2 were dramatically higher in

gastric cancer tissues compared to adjacent nontumor-

ous tissues. PCBP2 and CDK2 were positively corre-

lated in gastric cancer tissues. Therefore, PCBP2

facilitated the viability of gastric cancer cells specifi-

cally by regulating CDK2. The PCBP2–CDK2 path-

way was found to play an important role in human

gastric cancer.

In summary, the present study examined the onco-

genic role of PCBP2 in human gastric cancer cells. Sys-

tematical in vitro cell functional experiments and tissue

studies from gastric cancer patients were performed. A

high expression level of PCBP2 was associated with a

more malignant nature of gastric cancer cells and a

worse outcome for patients with gastric cancer. CDK2

was the downstream gene regulated by PCBP2 and the

regulating mode was via direct 30 UTR binding.

PCBP2 associated with CDK2 could be used as a

potential biomarker for gastric cancer therapy.

Acknowledgement

This work was supported by a Science and Technology

Project Plan of Anhui (3101005002598).

Author contributions

CC, JL and ST conceived and designed the experi-

ments. CC and JL performed the experiments. QZ and

ST analyzed the data. KD and CY wrote and revised

the manuscript. All authors read and approved the

final manuscript submitted for publication.

References

1 Du XY, Liu X, Wang ZJ and Wang YY (2017) SLPI

promotes the gastric cancer growth and metastasis by

regulating the expression of P53, Bcl-2 and Caspase-8.

Eur Rev Med Pharmacol 21 (7), 1495–1501.

2 Zhang J, Zhu ZL, Sheng JX, Yu ZL, Yao B, Huang

KJ, Zhou LS, Qiu ZJ and Huang C (2017) miR-509-3-

5P inhibits the invasion and lymphatic metastasis by

targeting PODXL and serves as a novel prognostic

indicator for gastric cancer. Oncotarget 8 (21), 34867–
34883.

3 Jemal A, Bray F, Center MM, Ferlay J, Ward E and

Forman D (2011) Global Cancer Statistics. CA Cancer

J Clin 61 (2), 69–90.
4 Li Q, Li Z, Wei S, Wang WZ, Chen Z, Zhang L, Chen

L, Li BW, Sun GL, Xu JH et al. (2017) Overexpression

of miR-584-5p inhibits proliferation & induces

apoptosis by targeting WW domain-containing E3

ubiquitin protein ligase 1 in gastric cancer. J Exp Clin

Cancer Res 36, 59.

5 Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers

C, Rebelo M, Parkin DM, Forman D and Bray F

(2015) Cancer incidence and mortality worldwide:

Sources, methods and major patterns in GLOBOCAN

2012. Int J Cancer 136 (5), E359–E386.
6 Wang YX, Wang D, Xie GC, Yin YP, Zhao ED, Tao

KX and Li RD (2017) MicroRNA-152 regulates

immune response via targeting B7-H1 in gastric

carcinoma. Oncotarget 8 (17), 28125–28134.
7 Bedard KM, Walter BL and Semler BL (2004)

Multimerization of poly(rC) binding protein 2 is

required for translation initiation mediated by a viral

IRES. RNA 10 (8), 1266–1276.
8 Wang X, Kiledjian M, Weiss IM and Liebhaber SA

(1995) Detection and characterization of a 3’

untranslated region ribonucleoprotein complex

associated with human alpha-globin mRNA stability.

Mol Cell Biol 15 (3), 1769–1777.
9 Chen ZG, Zhang WD, Ni L, Wang GL, Cao Y, Wu

WJ, Sun C, Yuan DM, Ni HD, Wang YH et al. (2016)

Spatiotemporal Expression of Poly(rC)-Binding Protein

PCBP2 Modulates Schwann Cell Proliferation After

Sciatic Nerve Injury. Cell Mol Neurobiol 36 (5),

725–735.
10 Leffers H, Dejgaard K and Celis JE (1995)

Characterisation of two major cellular poly(rC)-binding

human proteins, each containing three K-homologous

(KH) domains. Eur J Biochem 230 (2), 447–453.
11 Wan CH, Gong C, Zhang HF, Hua L, Li XH, Chen

XD, Chen YJ, Ding XL, He S, Cao W et al. (2016)

beta 2-adrenergic receptor signaling promotes

pancreatic ductal adenocarcinoma (PDAC) progression

through facilitating PCBP2-dependent c-myc

expression. Cancer Lett 373 (1), 67–76.
12 Collier B, Goobar-Larsson L, Sokolowski M and

Schwartz S (1998) Translational inhibition in vitro of

human papillomavirus type 16 L2 mRNA mediated

through interaction with heterogenous

ribonucleoprotein K and poly(rC)-binding proteins 1

and 2. J Biol Chem 273 (35), 22648–22656.

772 FEBS Open Bio 8 (2018) 764–773 ª 2018 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.

PCBP2 promotes human gastric cancer via CDK2 C. Chen et al.



13 Han W, Xin ZS, Zhao ZQ, Bao W, Lin XH, Yin B,

Zhao JZ, Yuan JG, Qiang BQ and Peng XZ (2013)

RNA-binding protein PCBP2 modulates glioma growth

by regulating FHL3. J Clin Invest 123 (5), 2103–2118.
14 Chang IS, Santhanam R, Trotta R, Neviani P, Eiring

AM, Briercheck E, Ronchetti M, Roy DC, Calabretta

B, Caligiuri MA et al. (2007) High levels of the BCR/

ABL oncoprotein are required for the MAPK-hnRNP-

E2-dependent suppression of C/EBP alpha-driven

myeloid differentiation. Blood 110 (3), 994–1003.
15 Hu CE, Liu YC, Zhang HD and Huang GJ (2014) The

RNA-binding protein PCBP2 facilitates gastric

carcinoma growth by targeting miR-34a. Biochem Bioph

Res Co 448 (4), 437–442.
16 Jiang T, Zhao B, Li XC and Wan JH (2016) ARPP-19

promotes proliferation and metastasis of human

glioma. NeuroReport 27 (13), 960–966.
17 Ding KH, Wu ZS, Wang NN, Wang XN, Wang YJ,

Qiand PX, Meng G and Tan S (2017) MiR-26a

performs converse roles in proliferation and metastasis

of different gastric cancer cells via regulating of PTEN

expression. Pathol Res Pract 213 (5), 467–475.
18 Zhuang R, Rao JN, Zou TT, Liu L, Xiao L, Cao S,

Hansraj NZ, Gorospe M and Wang JY (2013) miR-195

competes with HuR to modulate stim1 mRNA stability

and regulate cell migration. Nucleic Acids Res 41 (16),

7905–7919.
19 Liu FY, Wang LP, Wang Q, Han P, Zhuang WP, Li

MJ and Yuan H (2016) miR-302b regulates cell cycles

by targeting CDK2 via ERK signaling pathway in

gastric cancer. Cancer Med 5 (9), 2302–2313.
20 Ling H, Samarasinghe S and Kulasiri D (2013)

Computational experiments reveal the efficacy of

targeting CDK2 and CKIs for significantly lowering

cellular senescence bar for potential cancer treatment.

Biosystems 111 (2), 71–82.
21 Roychoudhury P, Paul RR, Chowdhury R and

Chaudhuri K (2007) HnRNP E2 is downregulated in

human oral cancer cells and the overexpression of

hnRNP E2 induces apoptosis. Mol Carcinogen 46 (3),

198–207.

22 Liang B, Wang S, Yang X, Ye Y, Yu Y and Cui Z

(2003) Expressions of cyclin E, cyclin dependent kinase

2 and p57(KIP2) in human gastric cancer. Chin Med J

116 (1), 20–23.
23 Iseki H, Ko TC, Xue XY, Seapan A, Hellmich MR and

Townsend CM Jr. Cyclin-dependent kinase inhibitors

block proliferation of human gastric cancer cells. Surgery

(1997) 122(2), 187–194; discussion 194–185.
24 Lane HA, Beuvink I, Motoyama AB, Daly JM, Neve

RM and Hynes NE (2000) ErbB2 potentiates breast

tumor proliferation through modulation of p27(Kip1)-

Cdk2 complex formation: receptor overexpression does

not determine growth dependency. Mol Cell Biol 20 (9),

3210–3223.
25 Scott GK, Chu D, Kaur R, Malato J, Rothschild DE,

Frazier K, Eppenberger-Castori S, Hann B, Park BH

and Benz CC (2016) ERpS294 is a biomarker of ligand

or mutational ERalpha activation and a breast cancer

target for CDK2 inhibition. Oncotarget 8, 83432–83445.
26 Beale G, Haagensen EJ, Thomas HD, Wang LZ,

Revill CH, Payne SL, Golding BT, Hardcastle IR,

Newell DR, Griffin RJ et al. (2016) Combined PI3K

and CDK2 inhibition induces cell death and enhances

in vivo antitumour activity in colorectal cancer.

Br J Cancer 115 (6), 682–690.
27 Saloura V, Vougiouklakis T, Zewde M, Kiyotani K,

Park JH, Gao GM, Karrison T, Lingen M, Nakamura

Y and Hamamoto R (2016) WHSC1L1 drives cell cycle

progression through transcriptional regulation of CDC6

and CDK2 in squamous cell carcinoma of the head and

neck. Oncotarget 7 (27), 42527–42538.
28 Chen ZH, Wang ZY, Pang JC, Yu Y, Bieerkehazhi S,

Lu JX, Hu T, Zhao YL, Xu X, Zhang H et al. (2016)

Multiple CDK inhibitor dinaciclib suppresses

neuroblastoma growth via inhibiting CDK2 and CDK9

activity. Sci Rep 6, 29090.

29 Cai F, Zhu QQ, Miao YY, Shen SM, Su X and Shi Y

(2017) Desmoglein-2 is overexpressed in non-small cell

lung cancer tissues and its knockdown suppresses

NSCLC growth by regulation of p27 and CDK2.

J Cancer Res Clin 143 (1), 59–69.

773FEBS Open Bio 8 (2018) 764–773 ª 2018 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.

C. Chen et al. PCBP2 promotes human gastric cancer via CDK2


	Outline placeholder
	a1
	a2
	a3
	fig1
	fig2
	fig3
	fig4
	fig5
	bib1
	bib2
	bib3
	bib4
	bib5
	bib6
	bib7
	bib8
	bib9
	bib10
	bib11
	bib12
	bib13
	bib14
	bib15
	bib16
	bib17
	bib18
	bib19
	bib20
	bib21
	bib22
	bib23
	bib24
	bib25
	bib26
	bib27
	bib28
	bib29


