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Abstract
Background: Pole2 gene is a subunit of DNA polymerases localized in the nucleus, which commonly
present in DNA repair. The effect of pole2 in renal cell carcinoma (RCC) still remain unclear. Here we
investigate its clinical signi�cance, function in RCC cells and possible mechanism of effect.

Methods: Using TCGA database, we identi�ed that up-regulation of pole2 is associated with poor
prognosis in ccRCC. We analyzed association between pole2 expression and T stage or Fuhrman grade.
Thus, we investigate the effects of pole2 down-regulation on proliferation, cell cycles, apoptosis and
possible mechanism in cells using lentivirus vector with shPole2.

Results: Our study showed overexpression of pole2 in ccRCC samples, compared with normal kidney
tissues, moreover, high expression of it related to high Fuhrman grade, also may predict poor prognosis in
patients with ccRCC (p < 0.05). In cultured cells, knockdown of pole2 would result in inhibit of cell
proliferation, increase the apoptosis of cells and arrest cell cycle at S phase. Importantly, knockdown
pole2 can lead to down-regulation of p-mTOR and p-AKT expression.

Conclusion: Taken together, our �ndings suggest that overexpression of pole2 may promote
tumorgenesis and progress of ccRCC via AKT/mTOR signaling.

Background
Renal cell carcinoma (RCC) accounts for approximately 3% of adult malignancies. 1 The incidence of RCC
increased over the last two decades in all regions of the world and ethnic groups. Kidney cancer also is
the 9th most common malignancy and the 14th most common malignancy.2 As advancements in
imaging detection technique, such as ultrasonography, computed tomography (CT) and MRI, more and
more localized kidney cancers were diagnosed, Despite signi�cantly increased detection of RCC, its
prognosis varies widely; about 30% of patients have metastatic disease when diagnosed RCC, and
approximately 30% of patients will develop local or distant metastases after radical or partial
nephrectomy.3,4 As for organ-con�ned disease, surgical resection of tumor or kidney is undoubtedly an
optimal option, but as for metastatic renal cell cancer (mRCC). Because RCC being highly resistant to
chemotherapy and radiation therapy, immunotherapy with cytokine or checkpoit inhibitor only showed
lower rate of response for the patients, in the past decade, systemic management has changed
signi�cantly, target therapy that mainly inhibit VEGF receptors and mTOR pathway provide many choices
for urologists,5 however for the most patients, the e�cacy in the long-term remains unsatisfactory, so in
order to �nd a new effective target of treatment, further study on the factors that promote to
tumorgenesis and metastasis of RCC is still required.

DNA polymerases mainly involve in replication of DNA that can repair DNA damage and correct
misincorporation.6 DNA polymerase epsilon subunit 2 (POLE2) gene encodes for a 59 kDa protein that
play an important role in replication of DNA, including dimerization with POLE1 and affecting C-terminal
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part of the catalytic subunit through protein-protein interactions. Mutation of pole2 is rare, but it can be
identi�ed in some diseases condition, such as combined immunode�ciency, colorectal adenomas.7,8

However, the exact biological function and clinical signi�cance of pole2 remain unknown.

In this study, we investigated the level of pole2 expression in renal cell carcinoma cells and tissues,
moreover, we silenced expression of pole2 with lentivirus-mediated speci�c shRNA, next we studied the
effect of pole2 on the proliferation, apoptosis, and the cell cycle in renal cell carcinoma cells, we also �nd
that AKT/mTOR pathway mediated the effect of pole2. Our study may revealed a new target of therapy
for renal cell carcinoma.

Materials And Methods

Bioinformatics analysis
To discover possible clear cell renal cell carcinoma genes, RNA-seq and RNA-seqV2 were downloaded
from website of The Genomic Data Commons, containing 506 and 72 paired of ccRCC tissue and normal
samples, respectively. All mRNA expression data were normalized. To prevent bias of the samples, we
observed the biological coe�cient of variation (BCV). The gene expression between cancer and normal
tissue samples were compared to identify the differentially expressed gene.

Chemical and antibodies
Anti-Pole2 was purchased from Sigma (St. Louis, MO, USA). 3-(4,5-dimethylthia- zol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) was purchased from Genview (League, TX, USA). Primary antibody
against AKT, p-AKT, mTOR and p-mTOR were purchased from Cell Signaling Technology (Beverly, MA,
USA). The antibody against GAPDH was obtained from Best ( Nanjing, Jiangsu, P.R.C).

Renal cell carcinoma samples
fresh matched pairs tissue samples were harvested from 94 patients with renal cell carcinoma who
underwent radical nephrectomy or partial nephrectomy between March and August 2017. As for all the
patients, written informed consents were obtained, and the protocol was approved by Ethical Committee
of Harbin Medical University Cancer Hospital. The cancer tissues and adjacent normal tissues were �xed
with 4% paraformaldehyde for 24 h and then para�n-embedded for immunohistochemistry.

Cell culture
The human renal cell carcinoma cells 786O, and ACHN were obtained from ATCC, and cultured in DMEM
medium (Hyclone) that were added with 10% fetal bovine serum (GIBCO), penicillin G (100 U/ml), and
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streptomycin (100 μg/ml) (Sigma-Aldrich). All the cells cultured as a monolayer culture at 37°C in a
humidi�ed atmosphere containing 5% CO2.

Lentivrus vectors construction and infection
The lentiviral vectors were purchased from Shanghai Genechem Company Ltd., China, which composed
of the vectors hU6-MCS-CMV-EGFP, and pHelper1.0 and Helper2.0 plasmids. The siRNA sequences
targeting pole2 gene were 5’ -CCTATTTCCCATGATTCCTTCATA-3’ and 5’-GTAATACGGTTATCCACGCG-3’
shPOLE2). A non-silencing siRNA (5’- TTCTCCGAACGTGTCACGT -3’) was used as the negative control
(shCrl). These plasmids were respectively cloned into above vectors. All the cells were seed into a six-well
plates at 5 × 104 cells per well and incubated, respectively. Appropriate volumes of lentivirus were added
to the cells according to the recommendation of manufacture, when cell fusion reached 70%.

Determination of knockdown rate
Quantitative real-time PCR (qRT-PCR) was used to examine knockdown rate of pole2 mRNA in cells
infected lentivirus vectors. GAPDH gene was used as an internal control gene in qRT-PCR. The
examinations were performed in triplicate per sample.

Immunohistochenmistry
The protein expression patterns of Pole2 were analyzed in 35 renal cell carcinoma tissues, and paired
adjacent noncancerous tissues, and 100 formalin-�xed, para�n-embedded renal cancer tissue samples
that obtained from patients who underwent operation between January 2013 and December 2015.
According to a two-step protocol, rabbit polyclonal anti-human pole2 antibodies (1:200; Sigma) and
visualized with secondary antibody (1:200; Beyotime) were used for staining in the sections (5μm).
Positive cells were quantitatively calculated using Image-Pro Plus 6.0. 

Western blot analysis
Whole-cell lysates were obtained as previous described,9 35μg of which separated on a SDS–PAGE gel,
next, they were transferred to a nitrocellulose membrane and incubated with anti-human Pole2 (1:1000),
AKT (1:1000), p-AKT (1:1000), mTOR (1:1000), p-mTOR (1:1000) and GAPDH (1:1000) overnight at 4 °C.
The following day, the membranes were washed by trisbuffered saline and Tween-20 and incubated with
a secondary anti-rabbit IgG antibody conjugated with horseradish peroxidase. Next, membranes were
incubated with enhanced chemoluminescence and protein expression was visualized after exposure to X-
ray �lm. GAPDH was used as internal control.
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Cell proliferation assay
786O and ACHN cells, and the cells infected with pole2-shRNA lentivirus or NC lentivirus were collected,
and rypsin-digested, when logarithmic growth phase presented, next, the cells resuspended in standard
medium, and then seeded into 96-well plates at a density of 2,000 cells/well. The number of GFP
�uorescence-positive cells was counted using a Celigo Cell Counting (Nexcelom) on �ve consecutive
days. In addition, 20 µL of MTT (5 mg/mL in PBS) was added to each well of the plates to form
formazan crystals by metabolically active cells, which were subsequently incubated in the incubator
humidi�ed with CO2 (5%) for 4 h at 37◦ C. Later, 100 µL of DMSO solution was added following removal
of the MTT medium. The absorbance was measured at a wavelength of 490 nm with microplate reader
(Tecan in�nite). Triplicate experiments were done.  

Cell cycle analysis
Above mentioned cells were washed twice with ice-cold phosphatebuffered saline (PBS), and �xed with
70% ice-cold ethanol for 1 h. The cells were washed with D-hank saline, then the cells were stained for 1 h
with propidium iodide (Sigma-Aldrich, P4170) containing 10mg/ml RNase (Fermentas EN0531). Finally,
the samples were analyzed using a �ow cytometer (FACSCalibur, Becton Dickinson).

Cell apoptosis analysis
Above mentioned cells were washed twice with ice-cold phosphatebuffered saline (PBS), and were
stained with Annexin V-APC (ebioscience, 88–8007) following manufacturer’s instructions and detected
by a �ow cytometer (FACS Calibur, Becton Dickinson).

Caspase 3/7 analysis
The cells were seeded into 96-well plates, and were cultured at 37°C in a humidi�ed atmosphere
containing 5% CO2 for 3-5 days, then 100 μL per well Caspase-Glo solution was added to the new 96-well

plates that containing 1× 104 cells per well, which next were incubated at room temperature for 1-2 h. The
intensity of signal was determined by Microplate Reader (Tecan in�nite; M2009PR)

MTT assay
Cells (2 × 103) were seeded out in 96-well plates (Cornning) in a volume of 100 µL and cultivated for �ve
days. Untreated cells were used as a negative control and cells infected with NC were used as a positive
control. After this cultivation period, cells were washed once with PBS. Since second day of cultivation,
the cells were incubated in 20 µL/well 10% MTT solution (5.0 mg/mL in PBS) in the medium for 4 h. SDS
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solution (1.0 g SDS in 10 mL 0.01 M HCl) was added to each well to release the purple-colored salt from
the cells. After 24 h of incubation, UV-Vis absorption was measured at 490 nm as the reference
wavelength using a microplate reader (Tecan in�nite M2009PR).

Statistical analysis
Statistical analysis was performed using the SPSS16.0 software package. Survival curves were plotted
using the Kaplan-Meier method. All values in the text and �gures are expressed as the mean ± SD in the
study. Chi-square tests and paired Wilcoxon tests were used for evaluating the study results. The
association between pole2 expression and patients’ clinical-pathologic characteristics was compared
using Fishe’s exact test. P-value < 0.05 was considered as statistical signi�cance.

Results

Pole2 is a highly expressed gene and a poor prognostic
factor in ccRCC
Based on the bioinformatic analysis of TCGA-ccRCC datasets, genes with a fold-change >2 were included
in our study, �nally, we identi�ed pole2 was an optimal candidate gene. Because pole2 expression was
2.585 fold higher in ccRCC tissues than in the normal kidney tissues (P=8.70E-14) (Figure 1A and B).
Based on the median value of pole2 mRNA expression level, patients were divided into low-pole2 and
high-pole2 groups. Kaplan-Meier analysis showed that high level of pole2 expression can signi�cantly
predict poor overall survival in patients with ccRCC and chromophobe kidney cancer with hazard ratio
(HR) of 1.4 (95% CI: 1.09-1.8) and HR of 2.1 95% CI: 1.3-3.39), respectively, (p < 0.05, Figure 2A and B), but
not in papillary RCC (Figure 2C). Although the result showed that pole2 may be a independent regulator in
ccRCC, but its biological function remains unclear. To investigate expression pattern of pole2 in ccRCC,
we performed immunohistochemistrical staining with the tissue sections, which included the adjacent
non-cancerous tissues and cancerous tissues with different pathological T stages and Fuhrman grades
(Figure 2D and 2E). Due to pole2 is mainly localized in cell nucleus, so we quanti�ed pole2-positive cells,
and we found that the number of positive cells was higher in the cancerous tissues than in adjacent non-
cancerous tissues, meanwhile, no signi�cant relationships were identi�ed between pole2 expression and
any other clinical features, such as patients’ age, gender, and side (p > 0.05). There was not a signi�cant
difference in any sections of T stage (p >0.05), on the contrary, number of positive cells in lower Fuhrman
grade (G1 or G2) were less than that in sections of G3, respectively (p <0.05). However, compared with
sections of G 4, we did not �nd statistical difference in number of positive cells (p >0.05) (Table1).

Expression of pole2 mRNA was determined by real time
quantitative PCR in 786O and ACHN cells
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Abundance of pole2 expression in human renal cancer cell lines was examined by qRT-PCR. The results
showed a high abundance of expression in 786O and ACHN cells (ΔCt < 12, Figure 3A). We examined the
rate of pole2 knockdown following infected by shPole2 and shCtrl, and the relative mRNA expressions of
pole2 were 0.302 ± 0.032 and 1.006 ± 0.132 in ACHN cells, respectively ( p = 0.009). The knockdown rate
of pole2 was 69.8%. Knockdown of pole2 mRNA expression in 786O cells was also successfully
performed using the same way. The relative expression of pole2 mRNA was reduced to 0.197 ± 0.016,
and the knockdown rate was 80.3% (p = 0.000) (Figure 3B and 3C).

Pole2 promotes proliferation of renal cancer cells in vitro
To investigate the biological role of pole2 in renal cancer cells, a lentivirus-mediated short hairpin RNA
(shRNA) was used to knockdown pole2 expression in 786O and ACHN cells. The �urescent images were
captured using the Celigo Cell Counting, and the results of cell counting revealed that the proliferation of
pole2-knockdown 786O cells was signi�cantly inhibited, compared with control cells, the �nding was
further con�rmed in ACHN cells (Figure 4A). Importantly, the MTT assay also con�rmed that the
proliferation of pole2-knockdown 786O cells and ACHN cells were lower than the control cells group (p <
0.05). The result indicated that the proliferation of 786O cells was reduced after knockdown pole2 (Figure
4B and C).

Pole2 knockdown induce cell cycle S phase arrest in RCC
cells
We next evaluated the mechanisms responsible for the anti-proliferation effect of the pole2 knockdown,
its role on the cell cycle progression of 786O and ACHN cells. Compared with the corresponding control
cells, the percentages of cells at the S phase in 786O cells(Figure 5A and C) and ACHN cells (Figure 5B
and D) were signi�cantly increased (in 786O cells 28 vs 51%, p < 0.05; in ACHN cells 12.07 vs 33.15%, p <
0.05)), on the contrary, the percentages of cells at the G1 phase were clearly reduced (in 786O cells 43.29
vs 37.63%, p < 0.05; in ACHN cells 60.40 vs 41.59%, p < 0.05). Taken together, pole2-knockdown would
result in cell cycle arrest at the S phase in renal cancer cells.

Pole2 inhibits the apoptosis of renal cancer cells
we evaluated the role of pole2-knockdown on the apoptosis of renal cancer cells. The results showed that
the apoptosis of pole2-knockdown 786O cells and ACHN cells was signi�cantly promoted, comparing to
those in the control cells (p < 0.05) (Figure 6A, 6B and 6C). To further con�rm the role of pole2 on the
apoptosis, we examined the activity of caspase3/7. Similarly, comparing with control cells, the activity of
caspase 3/7 showed higher in the pole2-knockdown 786O cells and ACHN cells (p < 0.05)(Figure 6D).
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Pole2 knockdown inhibited AKT/mTOR signaling pathway
in ACHN cells
On the based above mentioned role of pole2 on renal cancer cells, we next examined the mechanism
underlying the effect of pole2 knockdown on related downstream proteins. Comparing with control cells
group, western blot analysis revealed that phosphorylated mTOR (p-mTOR) was signi�cantly reduced in
pole2-knockdown cells group (p < 0.05), we also observed that mTOR expression was also down-
regulated, but it did not reach statistical difference. Meanwhile, phosphorylated AKT (p-AKT) expression
also showed a signi�cant decrease (p < 0.05), whereas, we did not �nd a signi�cant difference in the
expressions of AKT (Figure 7A and 7B). These results suggested that down-regulation of p-mTOR and p-
AKT expression by knockdown of pole2 may be possible mechanism of effect of pole2 on renal cancer
cell proliferation, apoptosis and cell cycle.

Discussion
Our study, for the �rst time, revealed that pole2 regulates proliferation, apoptosis and cell cycle of renal
cancer cells. Moreover, data analysis of 96 ccRCC patients with follow-up information indicated that
expression level of pole2 is positively related to Fuhrman grade of ccRCC, additionally, pole2-high
patients with ccRCC have shorter overall survival than pole2 low patients. Taken together, these �ndings
�rmly suggest that pole2 may be an important mediator in ccRCC progression and one of the prognosis
factors.

Pole2 is a 59-KDa protein, which plays multiple biological roles in eukaryotic cells, and pole2 mutation
would result in some diseases, such as immunode�ciency, colorectal carcinoma and so on. Pole2 is DNA
polymerase B subunit gene, which is one of the central components in DNA replication, repair,
recombination and cell cycle control. The transcriptional control and expression of pole2 was regulated
by two E2F–pocket protein complexes, one associated with Sp1 and the other with NF-1.10 According to
the previous report, DNA replication stress is considered a common phenomenon across human
malignancies, which may be induced by oncogene or the loss of tumor suppressors,11 especially, the
inactivation of the tumor-suppressor von Hippel-Lindau and loss of heterozygosity (LOH) of chromosome
3p are the most frequent genomic aberrations,12,13 which may contribute to the pathogenesis and
progress in ccRCC. In our study, based on the results of  immunohistochemistric examination, we found
that pole2 expression was upregulated in the high Fuhrman grade (G3) ccRCC histological sections,
compared with that in the lower grade (G1-G2), while similar tendency does not �nd in sections of
different T stage, the results may be correlated with its basic function that pole2 involves in DNA repair
and in chromosomal DNA replication, which were a indicator of cancer aggressiveness,14,15 comparing
with T stage based on the tumor size, indoubtly, Fuhrman grade is more used to evaluate kidney tumor
aggressiveness,16, 17 so it also implicated that pole2 expression should be an indirect indicator kidney
tumor aggressiveness. In addition, we also found in that the number of positive cells in sections of
Fuhrman 4 and stage 4 were lower than sections of lower stage and grade 4, the small proportion of
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patients with stage 4 and Fuhrman grade 4 may be the mainly reasons, but number of pole2-positive cells
still tended toward to increase in stage 1 - 4 and from grade 1-3. Thus, pole2 may act as an oncogene in
ccRCC. Because pole2 can increase the proliferation of ccRCC cells, but it inhibited the apoptosis of
ccRCC cells.

Based on the above mentioned the functions of pole2 in RCC cells, we also investigated the potential
mechanisms for underlying such activities. Our study indicated that pole2 may participate in regulation
of AKT/mTOR signaling pathway, which is closely related to the progression and development of
ccRCC.18 Pole2–knockdown renal cancer cells demonstrated a decrease of p-mMOR and p-AKT
expression, compared with the control cells with pole2 overexpression, s moreover, given that pole2-
knockdown also can inhibit proliferation of RCC cells, and pole2 is positively related to the Fuhrman
grade. These �ndings indicate that pole2 play a role in RCC may via regulating AKT/mTOR pathway,
specially, it may  increase phosphorylated level of AKT and mTOR, since some studies demonstrated that
increased phosphorylated mTOR and AKT were closely related with aggressiveness and poor prognosis
in patients with RCC,19,20 but due to the complex mechanisms underlying the progression and
development of tumor, except for AKT/mTOR pathway, other pathways may involve in regulation of
pole2.

Our study still has some limitations. The impact of pole2 on migration of RCC cells had not investigated,
moreover, the sample of the metastatic ccRCC have not been included in the study, so it is unclear for
relationship between pole2 and metastasis of ccRCC, the further study on the aspect is necessary. The
small sample size and retrospective nature of the study are another limitation, to support the role of pole2
in the prognosis and treatment in patients with ccRCC, more samples and the prospective investigation is
needed in the near future. Thirdly, although we presented a lot of data with regarding the role of pole2 in
vitro, but the study is absent in vivo evaluation, which would be valuable for its potential clinical
application.

Conclusion
Our study found the impact of pole2 on proliferation, apoptosis, and cell cycle of RCC cells by down-
regulating pole2 expression, and explored the mechanism responsible for its role. We also revealed
association of pole2 expression with overall survival, TNM stage and Fuhrman grade in patients with
ccRCC. These �ndings suggest that pole2 is a promising prognostic factor and therapeutic targeting for
ccRCC.

Abbreviations
RCC: Renal cell carcinoma

mRCC: Metastatic renal cell cancer

ccRCC: Clear cell renal cell cancer



Page 10/18

VEGF: vascular endothelial growth factor

PBS: Phosphatebuffered saline

CT: Computed tomography

MRI: Magnetic Resonance Imaging

POLE2: DNA polymerase epsilon subunit 2
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staining images in RCC section and non-cancerous section were shown.

Figure 2

Knockdown of pole2 gene inhibit proliferation of 786O and ACHN cells. A. �uorescence microscope
showed that 786O cells infected shPole2 (lower panel) was growing slower than cells infected shCtrl
(green staining) from day 1 to day 5. B. and C. Celigo cell counting indicated that the cells infected
shPole2 did not signi�cantly increase, comparing with cells infected shTtrl (p <0.01). D. and E. OD and
fold values of 786O and ACHN cells infected shPole2 and shTrol were shown based on the result of MTT
assay. * < 0.05, compared with cells infected shTrol.
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Figure 3

Apoptosis of 786O and ACHN cells was promoted by infected shPole2 using �ow cytometry and
measuring caspase3/7 activity. A. and B. show representative �ow cytometric images for 786O and
ACHN cells, respectively. C. The increased percentages of cell apoptosis in 786O and ACHN cells infected
shPole2 were shown, respectively. D. Caspase 3/7 activity was signi�cantly increased in 786O and ACHN
cells infected shPole2, respectively. ** < 0.01.
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Figure 4

Cell cycle distribution was analyzed by �ow cytometry at day 5 after infected lentivirus. A. and B. One
representative experiment in 786O and ACHN cells were shown, respectively. C. and D. Proportion of 786O
and ACHN cells in different phases of cell cycle were shown. ** < 0.01.
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Figure 5

Kaplan-Meier survival curves of patients with clear cell RCC (A), chromophobe RCC (B) and papillary RCC
(C) in different levels of pole2 expression. Overall survival of patients with clear cell RCC. D. and E.
Representative immunohistochemistric staining of pole2 in different Fuhrman grades and stages
(Original × 400), and brown- color nuclear staining represent positive results, which were showing
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increased a tendency in the ways of grade and stage dependent. F and G. Immunohistochemical analysis
of pole2-positive cells in clear cell RCC tissues with different stage and grade. * < 0.05.

Figure 6

Pole2 mRNA expression in 786O and ACHN cells and knockdown rate of pole2 by quantitative real time
PCR. A. High abundance of pole2 mRNA in 786O and ACHN cells. ΔCt is equal to the difference between
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the ΔCt value of pole2 and GAPDH. B. Knockdown rate of pole2 in 786O cells. C. Knockdown rate of
pole2 in ACHN cells. *** < 0.001.

Figure 7

Knockdown of pole2 suppressed AKT/mTOR signaling pathway. A and B. ACHN cells were infected with
shPOLE2 and shCTRL lentivirus, respectively. The levels of AKT, p-AKT, mTOR and p-mTOR proteins were
analyzed by western blot. * < 0.05.


