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DNMT3B.

Key Words: 
RG108, Endometrial cancer cell, Apoptosis, DN-

MT3B, hMLH1.

Introduction

Endometrial cancer is one of the common 
malignant tumors in the female reproductive sy-
stem1,2. It can be divided into type I endometrial 
cancer and type II endometrial cancer according 
to its pathogenesis and histopathological features, 
the former of which accounts for about 80-90% 
in endometrial cancer and is mostly derived from 
the proliferative endometrium; it is related to the 
over-stimulation of estrogen, and the estrogen and 
progesterone receptor expressions are often posi-
tive3. Recent papers have shown that the changes 
in epigenetic information play important roles in 
the occurrence and development of type I endo-
metrial cancer4,5.

Epigenetic changes mainly include loss and ac-
quisition of DNA methylation, the changes in chro-
matin structure characterized by histone modifica-
tion, etc6,7. These epigenetic changes, especially the 
gene silencing caused by the hypermethylation of 
promoter, affect each stage of tumor development8. 
DNA methylation is involved in the temporal and 
spatial expression of controlling genes, which 
plays an important role in maintaining the structu-
re of chromosomes, inactivation of X chromosome, 
gene imprinting, and occurrence and development 
of many human gene diseases (such as cancer, car-
diovascular disease9,10 and diabetes mellitus11,12). 
Moreover, DNA methylation is a mechanism that 

Abstract. – OBJECTIVE: The effects of DNA 
methyltransferase (DNMT) inhibitor RG108 on 
the proliferation and apoptosis of endometrial 
cancer was investigated, and whether its mech-
anism was related to the inhibition of DNMT3B, 
thereby affecting the human mutL homolog 1 
(hMLH1) methylation status and its expression, 
was further studied.

MATERIALS AND METHODS: Culture of hu-
man endometrial cancer Ishikawa cell lines: cells 
grew adhering to the wall in Roswell Park Memo-
rial Institute-1640 (RPMI-1640) medium (supple-
mented with 10% fetal bovine serum (FBS) and 
2 mM L-glutamic acid). After the cells were treat-
ed with RG108, the changes in cell viability were 
detected via methyl thiazolyl tetrazolium (MTT) 
assay. The effect of RG108 on cell cycle was de-
tected via flow cytometry, and its effect on cell 
apoptosis was detected via flow cytometry and 
TUNEL. Moreover, the methylation status of hM-
LH1gene in endometrial cancer cells was de-
tected via methylation specific-PCR (MSP), and 
the changes in DNMT3Band hMLH1 expressions 
were detected via RT-PCR and Western blotting, 
respectively.

RESULTS: MTT results showed that RG108 
inhibited the cell viability in a dose-dependent 
and time-dependent manner. Flow cytometry re-
vealed that RG108 blocked the cell cycle in G2/M 
phase and promoted the apoptosis, and TUNEL 
assay further proved that RG108 promoted the 
apoptosis. It was found in the detection via MSP 
that the methylated hMLH1 gene was significant-
ly reduced after 72 h of treatment with RG108. 
Besides, RT-PCR and Western blotting showed 
that RG108 inhibited the DNMT3B expression 
and activated the hMLH1 expression.

CONCLUSIONS: The demethylation drug 
RG108 can significantly inhibit the proliferation 
of endometrial cancer cells, block the cell cycle 
in the G2/M phase and induce the cell apopto-
sis, which is a new candidate drug in the treat-
ment of endometrial cancer. RG108 realizes the 
hMLH1 demethylation and increases the hMLH1 
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has been studied more profoundly in epigenetics, 
as well as an enzyme-mediated chemical modifica-
tion process. In mammals, there are three types of 
DNA-methyltransferase (DNMT) associated with 
methylation: DNMT1, DNMT3A and DNMT3B. 
A variety of experimental results suggest that the 
three types of DNMT can lead to abnormal DNA 
methylation in tumor cells through direct or syner-
gistic effect. Thus, they play important roles in the 
initiation and maintenance of DNA methylation 
in tumor cells. Studies have found that DNMT3B 
is overexpressed in endometrial cancer13, and its 
expression level in well-differentiated endometrial 
cancer cell lines is lower than that in poorly-diffe-
rentiated endometrial cancer cell lines.

DNA mismatch repair system plays a key role in 
maintaining the DNA replication fidelity and geno-
mic stability. The loss of mismatch repair gene fun-
ction is due to the absence of expression caused by 
the promoter methylation of mismatch repair gene, 
such as human MutL homolog 1 (hMLH1). HMLH1 
promoter methylation can be seen in the endome-
trial hyperplasia and carcinoma-adjacent normal en-
dometria, suggesting that the mismatch repair gene 
promoter methylation is an early event in the occur-
rence of endometrial cancer14. It is currently thought 
that the extensive methylation leads to the decreased 
expressions of some tumor suppressor genes and 
DNA mismatch repair genes, which may be the cha-
racteristics of some endometrial cancers, especially 
the type I endometrial cancer. The loss of DNA mi-
smatch repair function will accelerate the mutation 
of microsatellite sequence in malignant cell tran-
sformation-associated genes, thereby accelerating 
the malignant transformation of tumors. Studies 
have shown that the mismatch repair gene hMLH1 
promoter methylation in endometrial cancer is asso-
ciated with the overexpression of DNMT3B15. With 
the deepening of study on methylase crystal structu-
re, inhibitors with high specificity can be screened 
using the three-dimensional structure of enzymes. 

A compound with good properties and inhi-
bitory activity, RG108, was screened by the 
German Cancer Institute using the three-di-
mensional structure of enzymes, namely 
2-(1,3-dioxo-1,3-dihydro-2-hydrogen-isoindo-
le)-3-(1-hydrogen-indole) propionic acid. Studies 
have shown that RG108 has a good demethylation 
effect on colon cancer cells and leukemia cells16, 
but whether RG108 has a good demethylation ef-
fect on endometrial cancer cells is unclear.

In this work, the effects of DNMT inhibitor 
N-phthaloyl-l-tryptophan 1 (RG108) on the proli-
feration and apoptosis of endometrial cancer were 

investigated, and whether its mechanism was re-
lated to the inhibition of endometrial cancer cell 
DNMT3B, thereby affecting the hMLH1 methyla-
tion status and its expression, was further studied.

Materials and Methods

Ishikawa Cell Culture and Passage
After cells were resuscitated, they were blown 

and beat to prepare the cell suspension, inoculated 
in a culture dish with 10 cm in diameter, and incu-
bated with 5% CO2 at 37°C, followed by subculture 
when the cell growth reached 80-100%. The origi-
nal culture solution was absorbed using the steri-
le pipette and discarded, and the culture dish was 
washed with the preheated D-Hands liquid at 37°C 
twice and added with 2 mL trypsin. The culture 
dish was gently inclined to make all cells soaked 
in the digestive fluid, and placed at 37°C for 2-3 
min for digestion. The culture dish was observed 
under the microscope until there was cytoplasm 
retraction and intercellular space dilatation, and 
the serum-containing liquid was added to stop di-
gestion, and the single-cell suspension was mixed 
and prepared. Then, the suspension was transfer-
red to the centrifuge tube, trimmed and centrifu-
ged at 1000 rpm for 5 min. The supernatant was 
discarded and the cell sediments were resuspended 
in RPMI1640 medium. The cells were inoculated 
at 5×105/mL after counting.

Detection of Cell Viability Via Methyl 
Thiazolyltetrazolium (MTT) Assay

Cells adhering to the wall were digested with 
trypsin, and after termination, the cell density 
was adjusted to 5×104/mL. Next, cells were ino-
culated in the 96-well plate (100 μl/well) and divi-
ded into five groups: control group (CTR group), 
5 μM RG108 group, 10 μM RG108 group, 20 μM 
RG108 group and 40 μM RG108 group. 5 repea-
ted wells were set for each group, and the blank 
control group was set at the same time. The cel-
ls were incubated for 72 h and added with 5 mg/
mL MTT into each well at 4 h before termination. 
The culture plate was incubated in an incubator 
containing CO2 at 37°C for another 4 h. The yel-
low MTT was reduced to purple blue crystals by 
cells under the action of SDH. 150 μL dimethyl 
sulfoxide (DMSO) was added into each well and 
shaken at low speed for 10 min on a shaking table 
to dissolve the crystals fully. The optical density 
at 490 nm of each well was measured using the 
enzyme-linked immunosorbent detector.
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Detection of Cell Cycle and Apoptosis 
Via Flow Cytometry

The effects of drug on cell cycle and apoptosis 
after 72 h were detected via flow cytometry. After 
cell digestion, the cell suspension was prepared, 
and 100 μL cells were taken from each group for 
propidium iodide (PI) labeling. After labeling, the 
cells were incubated at 4°C for 30 min. 100 μL 
cell suspension was placed in 5 mL flow tube and 
added with 5 μL Annexin V/FITC and 10 μL 20 
μg/mL propidium iodide solution, and the mixture 
was incubated at room temperature in a dark place 
for 15 min, followed by detection on the machine.

Detection of Cell Apoptosis 
Via TUNEL Assay 

Section preparation: the cells were inoculated 
on the cover glass of plate with appropriate cell 
density, and they could be dropped onto it without 
overflowing from the four sides. After the cells 
adhered to the wall, the liquid or treatment factors 
were supplemented. After washing, the liquid in 
the hole was absorbed, and 4% paraformaldehyde 
prepared freshly was added, followed by fixation 
at room temperature for 60 min. 3% hydrogen pe-
roxide - methanol was added for reaction at room 
temperature for 10 min. The plate was placed on 
the ice, added with 0.2% Triton-x100, covered 
with the plate cover buried in ice for 5 min. Then 
TUNEL reaction solution was added for incuba-
tion at 37°C for 60 min, followed by observation 
via fluorescence microscope in a dark room.

Detection of mRNA Level in Cells 
Via RT-PCR

The cells were divided into two groups in the 
experiment: Group A (control) and Group B (20 
uM RG108). After drug administration for 72 h, 
the mRNA levels of hMLH1 and DNMT3B were 
detected via RT-PCR.

Methylation Specific PCR (MSP) 
After DNA extraction and purification, and 

treatment with sodium bisulfite, two pairs of 
methylated PCR primers were added. The TapD-
NA polymerase and dNTPs were added for PCR 
amplification. Finally, the product received the 
agarose gel electrophoresis, followed by observa-
tion and photograph in UV monitor.

Detection of Protein Expression Level 
in Cells Via Western Blotting

The total protein was extracted from cells ac-
cording to the standard procedure and quanti-

fied. The quantified protein was transferred into 
the new Eppendorf (EP) tube, and 1/4 volume of 
5× loading buffer was added for denaturation at 
100°C for 10 min. Each well was loaded with 50 
μg protein, one of which was loaded with the mar-
ker. After electrophoresis and membrane transfer, 
the sealing solution was added for sealing at room 
temperature for 1 h. Then, primary antibodies 
were incubated at 4°C overnight, and secondary 
antibodies were incubated on the next day, fol-
lowed by color development and observation.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS19.0, Armonk, NY, USA) software was 
used for statistical analysis. The homogeneity test 
of variance and one-way analysis of variance were 
used for the comparisons of means among groups. 
Student Newman Keuls-q (SNK-q) test was used 
for the pairwise comparisons among groups. The 
t-test was used for the comparison between the 
two groups. Quantitative data were presented as 
mean ± standard deviation; p<0.05 suggested that 
the difference was statistically significant.

Results

Detection of Cell Viability
The results of MTT assay showed that RG108 

inhibited the cell viability in a concentration-de-
pendent manner. Compared with normal control 
group, 20 μM RG108 group could significantly 
inhibit the cell proliferation (p < 0.05). 40 μM 
RG108 group could also significantly inhibit the 
cell proliferation compared with control group (p 
< 0.05), but there was no significant difference 
compared with 20 μM RG108 group. Therefore, 
the action concentration of RG108 was determi-
ned as 20 μM. After action of 20 μM RG108 for 
72 h, it was found that its inhibition of cell via-
bility was in a time-dependent manner; in other 
words, the inhibitory effect of demethylation drug 
RG108 on cell viability was in a concentration- 
and time-dependent manner (Figure 1).

Effect of RG108 on Endometrial Cancer 
Cell Cycle

The cells were divided into five groups in the 
experiment. After drug action for 72 h, the cell 
cycle distribution was detected via flow cyto-
metry, and it was found that the cell cycle was 
blocked in the G2/M phase. Compared with that 
in control group, the proportion of cells in G2/M 
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phase in drug group was increased by about three 
times. The proportion of cells in G2/M phase was 
gradually increased with the time (Figure 2).

Effect of RG108 on Apoptosis
It was found via flow cytometry and TUNEL 

assay that RG108 could significantly induce the 
apoptosis. The results revealed that the percenta-
ge of apoptotic cells in drug group was signifi-
cantly higher than that of necrotic cells, and also 
significantly higher than that in control group, 
proving that the decreased cell viability is caused 
by the apoptosis, rather than necrosis. The resul-
ts of TUNEL assay showed that the number of 
apoptotic cells was increased gradually with the 
extension of action time. Compared with that in 
control group, the number of apoptotic cells was 
increased significantly after action of 20 μM 
RG108 for 24 h, further indicating that RG108 can 
significantly induce the apoptosis (Figure 3).

Effect of RG108 on hMLH1 Methylation 
Status in Endometrial Cancer Cell 

The hMLH1 methylation status in endome-
trial cancer cells was detected via MSP, and it 
was found that the number of methylated hMLH1 
gene was obviously reduced after treatment with 
RG108 for 72 h, while the methylated hMLH1 
gene had no significant change in control group, 
suggesting that RG108 demethylates the hMLH1 
gene, thus activating the hMLH1 gene expression 
(Figure 4).

Effects of RG108 on mRNA and Protein 
Expression of DNMT3B and hMLH1 in 
Endometrial Cancer Cells

After drug action for 72 h, the expressions of 
DNMT3B and hMLH1 were detected via RT-
PCR and Western blotting. The results of RT-PCR 
revealed that RG108 could significantly inhibit 
the mRNA expression of hMH3 and increase the 

Figure 1. RG108 inhibited the cell viability in a concentration-dependent and time-dependent manner. A, The representative 
images of cell culture. B, The analysis of MTT assay show RG108 inhibited the cell viability in a concentration-dependent man-
ner. C, The analysis of MTT assay show RG108 inhibited the cell viability in a time-dependent manner. *p < 0.05 vs. CTR group.
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mRNA expression of hMLH1, suggesting that 
RG108 may demethylate the hMLH1 gene through 
inhibiting DNMT3B, thus activating the hMLH1 
gene expression. The results of Western blotting 
showed that RG108 could obviously inhibit the 
protein expression of DNMT3B and increase the 
protein expression of hMLH1, further confirming 
the above results (Figure 4B and C).

Discussion

Endometrial cancer is one of the common ma-
lignant tumors of the female reproductive tract, 
and its incidence rate is increased year by year1,17. 
At present, its exact pathogenesis is still unclear, 
which may be related to the excessive stimulation 
of estrogen. With the rise of epigenetics, the role 
of disordered epigenetic regulation in cells in the 
occurrence and development has been gradually 
revealed. DNA methylation is the most important 
form of epigenetic modification, which is studied 
the most profoundly. Many studies have shown 
that the abnormal DNA methylation plays an im-
portant role in the development and progression 
of endometrial cancer18,19, and it is also another 
important pathway of tumor suppressor gene 
inactivation following gene mutation and gene de-
letion. DNA methylation leads to the inactivation 
of a large number of genes, which plays an impor-
tant role in the tumorigenesis, so inhibiting the 
methylation or re-activating the corresponding 
genes can treat the cancer, which opens up a new 
way for cancer treatment. These genes are not re-

gulated by DNA methylation in non-cancer cells, 
so the toxicity of methylation inhibitors against 
non-cancer cells is much less than that of traditio-
nal anticancer drugs. In this respect, the prospect 
of this therapy is promising.

At present, the anti-DNA methylation thera-
pies include the antisense oligonucleotides, RNA 
interference, drug therapy, etc20,21. The most im-
portant two major drugs are methyltransferase 
inhibitors and histone deacetylase inhibitors, 
such as butyrate and hydroxamic acids. The for-
mer is mostly the cytosine analogues modified 
on the pyrimidine ring, forming the irreversible 
complex through the covalent bond and DNMT 
to competitively inhibit its activity, so the DNA 
methylation is progressively lost with cell division 
and the malignant phenotype of tumors is partial-
ly reversed. In this study, RG108 belongs to the 
transmethylase inhibitor, a highly specific inhibi-
tor screened by the three-dimensional structure of 
enzymes. It was found in this study that RG108 
could significantly inhibit the proliferation of en-
dometrial cancer cells, block the cell cycle in the 
G2/M phase and induce the cell apoptosis, pro-
viding a new candidate drug for the treatment of 
endometrial cancer.

In mammals, methylation mainly occurs in CpG 
island. Although the role of CpG island methyla-
tion in tumors is increasingly evident, its formation 
mechanism remains unclear yet. The possible cau-
se is the increase in the expression of one or more 
DNMTs, and most studies support this claim, de-
spite of different opinions22,23. In short, how much 
the effect of the increase in DNMT expression on 

Figure 2. RG108 blocked cell cycle in the G2/M phase. A, Cell cycle analysis by FACS. B, The result show that cells arrested 
in G2/M phase was gradually increased with the time. *p < 0.05 vs. CRT group.
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abnormal tumor methylation is remains uncertain. 
Researches have found that the estrogen can in-
crease the protein expression level in DNMT3B; 
therefore, it is speculated that DNMT3B plays an 
important role in the methylation process of tumor 
suppressor gene in endometrial cancer cells. In this 
study, it was found that the DNMT3B expression 
in endometrial cancer cells was increased, while 
the abnormal methylation of hMLH1 was also in-
creased significantly; the conjecture was verified 
via experimental results.

HMLH1 is a gene that plays an important role 
in DNA repair signal pathway24. After hMLH1 
hypermethylation, the base mismatch repair fun-
ction will be lost, which often occurs in colon 
cancer25, endometrial cancer26 and gastric can-
cer27, and it may be an important molecular basis 
of occurrence of these cancers. Approximately 
5% endometrial cancer occurs in women with 
strong genetic predisposition, which is caused by 
germline mutations associated with hereditary 
nonpolyposis colorectal cancer (HNPCC) syn-
drome. The genetic mutations in DNA repair gene 
lead to a large number of mutations in microsa-
tellite repetitive sequences in the entire genome, 
namely the microsatellite instability (MSI). HN-
PCC is manifested as the familial aggregation of 

early-onset colon cancer, and the incidence rates 
of some other types of cancers are also increa-
sed, among which endometrial cancer is the most 
significant in women. MSI also occurs in some 
sporadic endometrial cancers without DNA repair 
gene germline mutation. Studies have shown that 
the loss of mismatch repair gene function in these 
cases is due to the absence of expression caused 
by the promoter methylation in mismatch repair 
genes28, such as hMLH1, while hMLH1 promo-
ter methylation is also seen in the endometrial 
hyperplasia and carcinoma-adjacent normal en-
dometria, suggesting that the promoter methyla-
tion of mismatch repair gene is an early event in 
the development of endometrial cancer. It is cur-
rently thought that the extensive methylation will 
reduce the expressions of some tumor suppressor 
genes and DNA mismatch repair genes, which 
may be the characteristics of some endometrial 
cancers, especially the type I endometrial cancer. 
The loss of DNA mismatch repair function will 
accelerate the mutation of microsatellite sequen-
ce in malignant transformation-associated genes, 
thereby accelerating the malignant transforma-
tion of tumors29,30. In this paper, the methylation 
status of hMLH1 gene in endometrial cancer cells 
was detected via MSP and it was found that the 

Figure 3. RG108 induced apoptosis of Ishikawa cell in a time-dependent manner. A, Flow cytometry analysis of apoptosis 
by Annexin V/PI staining. B, The representative images by TUNEL-histochemistry. C, The analysis of TUNEL-positive cells 
show RG108 induced apoptosis of Ishikawa cell in a time-dependent manner. *p < 0.05 vs. CTR group.
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demethylation drug RG108 could demethylate the 
hMLH1 gene to activate the expression of hMLH1 
gene, suggesting that there is methylation of mi-
smatch repair genes in endometrial cancer cells. 
The results of this study showed that the expres-
sion level of DNMT3B was decreased after action 
of RG108, the hMLH1 gene was demethylated 
and activated, and the mRNA and protein expres-
sion levels of hMLH1 were increased; at the same 
time, RG108 could inhibit the proliferation of en-
dometrial cancer cells and promote the apoptosis 
of cancer cells, further proving that the hMLH1 
gene methylation is involved in the malignant 
transformation of endometrial cancer.

Conclusions

The demethylation drug RG108 can significant-
ly inhibit the proliferation of endometrial cancer 
cells, block the cell cycle in the G2/M phase and 

induce the cell apoptosis, which is a new candi-
date drug in the treatment of endometrial cancer. 
RG108 realizes the hMLH1 demethylation and in-
creases the hMLH1 expression through inhibiting 
the expression of DNMT3B.

Conflict of interest
The authors declare no conflicts of interest.

References

 1) Gaber C, Meza r, ruterbusCh JJ, Cote ML. Endome-
trial cancer trends by race and histology in the 
USA: projecting the number of new cases from 
2015 to 2040. J Racial Ethn Health Disparities 
2016 Oct 17. [Epub ahead of print]

 2) KosKas M, huChon C, aMant F. Characteristics and 
prognosis of patients with early-stage endometrial 
cancer who refuse adjuvant radiotherapy. Gyne-
col Oncol 2016; 141: 428-433.

Figure 4. RG108 inhibited the expression of DNMT3B and increased the hMLH1 expression after RG108 treatment for 72 h. A, 
Methylation-specific PCR analysis of Ishikawa cell in different group, M = primers specific to methylated template DNA, U = pri-
mers specific to unmethylated template DNA. B, The analysis of mRNA level of hMLH1 and DNMT3B. C, Western blots detected 
the protein level of hMLH1 and DNMT3B. D, Semi-quantitative analysis of hMLH1 and DNMT3B. *p < 0.05 vs. CTR group.



Role of RG108 in endometrial cancer

5063

 3) MaLiK tY, Chishti u, aziz ab, sheiKh i. Comparison 
of risk factors and survival of Type 1 and Type 
II endometrial cancers. Pak J Med Sci 2016; 32: 
886-890.

 4) PabaLan n, KunJantaraChot a, ruanGPratheeP C, Ja-
rJanazi h, ChristoFoLini DM, barbosa CP, bianCo b. 
Potential of RASSF1A promoter methylation as 
biomarker for endometrial cancer: a systematic 
review and meta-analysis. Gynecol Oncol 2017; 
146: 603-608.

 5) CosGrove CM, Cohn De, haMPeL h, FranKeL WL, 
Jones D, MCeLroY JP, suarez aa, zhao W, Chen W, 
saLani r, CoPeLanD LJ, o’MaLLeY DM, FoWLer JM, 
YiLMaz a, Chassen as, PearLMan r, GooDFeLLoW PJ, 
baCKes FJ. Epigenetic silencing of MLH1 in endo-
metrial cancers is associated with larger tumor 
volume, increased rate of lymph node positivity 
and reduced recurrence-free survival. Gynecol 
Oncol 2017; 146: 588-595.

 6) KiMura t. Metal-mediated epigenetic regulation 
of gene expression. Yakugaku Zasshi 2017; 137: 
273-279.

 7) Li b, FenG zh, sun h, zhao zh, YanG sb, YanG P. 
The blood genome-wide DNA methylation analy-
sis reveals novel epigenetic changes in human 
heart failure. Eur Rev Med Pharmacol Sci 2017; 
21: 1828-1836.

 8) DonG z, Guo W, Guo Y, KuanG G, YanG z. Concor-
dant promoter methylation of transforming growth 
factor-beta receptor types I and II occurs early in 
esophageal squamous cell carcinoma. Am J Med 
Sci 2012; 343: 375-381.

 9) MuKa t, KoroMani F, PortiLLa e, o’Connor a, braMer 
WM, trouP J, ChoWDhurY r, DehGhan a, FranCo oh. 
The role of epigenetic modifications in cardiova-
scular disease: a systematic review. Int J Cardiol 
2016; 212: 174-183.

10) GuaY sP, LeGare C, brisson D, Mathieu P, bosse Y, 
GauDet D, bouCharD L. Epigenetic and genetic va-
riations at the TNNT1 gene locus are associated 
with HDL-C levels and coronary artery disease. 
Epigenomics 2016; 8: 359-371.

11) GiLLberG L, LinG C. The potential use of DNA 
methylation biomarkers to identify risk and pro-
gression of type 2 diabetes. Front Endocrinol 
(Lausanne) 2015; 6: 43.

12) Kato M, nataraJan r. Diabetic nephropathy--emer-
ging epigenetic mechanisms. Nat Rev Nephrol 
2014; 10: 517-530.

13) Jin F, DoWDY sC, XionG Y, eberharDt nL, PoDratz KC, 
JianG sW. Up-regulation of DNA methyltransferase 
3B expression in endometrial cancers. Gynecol 
Oncol 2005; 96: 531-538.

14) GonzaLez L, ortiz aP, suarez eL, uMPierre s, biLLoCh 
J, MarCos MJ, JoY L, CharneCo e, LaCourt MY, ber-
nabe-Dones rD, Cruz-Correa Mr. Case-case stu-
dy of factors associated to hMLH1, hMSH2, and 
hMSH6 protein expression among endometrial 
cancer patients of the University District Hospital 
of San Juan, Puerto Rico. Int J Gynecol Cancer 
2012; 22: 826-829.

15) Cui M, Wen z, Chen J, YanG z, zhanG h. 5-Aza-2’-de-
oxycytidine is a potent inhibitor of DNA methyl-
transferase 3B and induces apoptosis in human 
endometrial cancer cell lines with the up-regula-
tion of hMLH1. Med Oncol 2010; 27: 278-285.

16) brueCKner b, GarCia br, sieDLeCKi P, MusCh t, KLieM 
hC, zieLenKieWiCz P, suhai s, WiessLer M, LYKo F. 
Epigenetic reactivation of tumor suppressor 
genes by a novel small-molecule inhibitor of 
human DNA methyltransferases. Cancer Res 
2005; 65: 6305-6311.

17) KLiL-Drori aJ, Yin h, abenhaiM ha, Du Fort GG, 
azouLaY L. Prolactin-Elevating antipsychotics and 
the risk of endometrial cancer. J Clin Psychiatry 
2017; 78: 714-719.

18) CaPLaKova v, babusiKova e, bLahovCova e, baLhareK t, 
zeLiesKova M, hatoK J. DNA methylation machinery 
in the endometrium and endometrial cancer. Anti-
cancer Res 2016; 36: 4407-4420.

19) Jiao Y, WiDsChWenDter M, tesChenDorFF ae. A sy-
stems-level integrative framework for genome-wi-
de DNA methylation and gene expression data 
identifies differential gene expression modules 
under epigenetic control. Bioinformatics 2014; 30: 
2360-2366.

20) braun FK, Mathur r, sehGaL L, WiLKie-GranthaM r, 
ChanDra J, berKova z, saManieGo F. Inhibition of 
methyltransferases accelerates degradation of 
cFLIP and sensitizes B-cell lymphoma cells to 
TRAIL-induced apoptosis. PLoS One 2015; 10: 
e117994.

21) berGhauser PL, KLeiJn a, KLoezeMan JJ, van Den bos-
sChe W, KauFMann JK, De vriJ J, Leenstra s, Dirven 
CM, LaMFers ML. The HDAC inhibitors scriptaid 
and LBH589 combined with the oncolytic virus 
Delta24-RGD exert enhanced anti-tumor efficacy 
in patient-derived glioblastoma cells. PLoS One 
2015; 10: e127058.

22) sharMa D, bhave s, GreGG e, uht r. Dexametha-
sone induces a putative repressor complex and 
chromatin modifications in the CRH promoter. Mol 
Endocrinol 2013; 27: 1142-1152.

23) horii t, hataDa i. Regulation of CpG methylation 
by Dnmt and Tet in pluripotent stem cells. J Re-
prod Dev 2016; 62: 331-335.

24) FisheL r. Mismatch repair. J Biol Chem 2015; 290: 
26395-26403.

25) Liu L, naKatsuru Y, Gerson sL. Base excision repair 
as a therapeutic target in colon cancer. Clin Can-
cer Res 2002; 8: 2985-2991.

26) MuraKi Y, banno K, YanoKura M, KobaYashi Y, KaWa-
GuChi M, noMura h, hirasaWa a, susuMu n, aoKi D. 
Epigenetic DNA hypermethylation: clinical appli-
cations in endometrial cancer (Review). Oncol 
Rep 2009; 22: 967-972.

27) FaLChetti M, saieva C, LuPi r, MasaLa G, rizzoLo P, 
zanna i, CeCCareLLi K, sera F, Mariani-Costantini r, 
nesi G, PaLLi D, ottini L. Gastric cancer with hi-
gh-level microsatellite instability: target gene mu-
tations, clinicopathologic features, and long-term 
survival. Hum Pathol 2008; 39: 925-932.



L. Yang, J. Hou, X.-H. Cui, L.-N. Suo, Y.-W. Lv

5064

28) CaLDWeLL GM, Jones C, GensberG K, Jan s, harDY rG, 
bYrD P, ChuGhtai s, WaLLis Y, MattheWs GM, Morton 
DG. The Wnt antagonist sFRP1 in colorectal tu-
morigenesis. Cancer Res 2004; 64: 883-888.

29) Pinheiro M, ahLquist t, DanieLsen sa, LinD Ge, veiGa 
i, Pinto C, Costa v, aFonso L, sousa o, FraGoso M, 
santos L, henrique r, LoPes P, LoPes C, Lothe ra, 
teiXeira Mr. Colorectal carcinomas with microsa-

tellite instability display a different pattern of tar-
get gene mutations according to large bowel site 
of origin. BMC Cancer 2010; 10: 587.

30) boYer JC, haWK JD, steFanoviC L, Farber ra. Se-
quence-dependent effect of interruptions on 
microsatellite mutation rate in mismatch re-
pair-deficient human cells. Mutat Res 2008; 
640: 89-96.


