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Therefore, it is essential to explore the crucial 
genes and underlying mechanisms implicated 
in breast cancer.

A large body of evidence has suggested that 
UHRF1 plays a vital role in numerous carcino-
genesis and cancer progression processes [29, 
30], and it has also been documented that 
UHRF1 is associated with breast cancer grow- 
th and metastasis, drug resistance and radio-
therapy [31-33]. However, less is known as to 
how UHRF1 influences cancer cell progression. 
Therefore, in our study, we aimed to test the 
role of UHRF1 in breast cancer and focus on 
identifying a potential mechanism. The results 

show that UHRF1 indeed promotes cell prolif-
eration and migration, and the mechanism is 
associated with downregulation of KLF17 level 
through CpG island methylation on its promo- 
ter.

Specifically, we found that the exogenous level 
of UHRF1 is elevated in breast cancer tissues 
and cell lines, increased UHRF1 promotes cell 
proliferation and migration, and patients with 
high UHRF1 expression are likely to have poor 
prognoses, similar to the results of previous 
studies [31, 34, 35]. Over the past years of 
studies on UHRF1, the majority have demon-
strated that UHRF1 is an epigenetic modifica-

Figure 4. UHRF has an inverse relationship with KLF17 expression. A. Increased KLF17 expression in sh-UHRF1 
cells. B. Downregulation of KLF17 in overexpression cells. C. Inverse relationship between UHRF1 and KLF17 levels 
in several breast cancer cell lines. D. Inverse relationship between UHRF1 and KLF17 level in 20 paired breast 
cancer tissues. E. Constructed stable cell lines for rescue experiments. F. Proliferation inhibited by sh-UHRF1 can be 
rescued by sh-KLF17. G. Rescued migration experiments in three stable cell lines. 
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Figure 5. UHRF1 reduces the expression of Klf17 expression by increasing methylation of CpG nucleotides. A. 
Predicted CpG islands in KLF17 promoter. B. KLF17 expression in MDA-MB-231 and MCF-7 cells before and after 
5-aza-CdR treatment. C. CpG island methylation status of KLF17 gene in stable cell lines. QUMA analysis revealed 
that KLF17 methylation frequency is markedly increased in UHRF1 overexpression cells and decreased in sh-UHRF1 
cells. Ten individual clones are shown per cell line. CpG dinucleotides are represented as dark squares for methyl-
ated cytosines and as open squares for unmethylated cytosines. D. CpG island methylation status of KLF17 gene in 
breast cancer tissues analyzed by MSP.
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tion factor associated with DNA methylation 
and histone deacetylation or methylation [36]. 
Based on previous studies, UHRF1 not only 
acts as an epigenetic factor but also as a tran-
scription factor because it can bind to CCAAT 
sites to regulate expression of several genes, 
including RB, VEGF, ERα, etc [15-17]. Therefore, 
we used microarray techniques to examine 
potential downstream genes that might be use-
ful as anti-cancer targets. 

In previous studies, UHRF1 has been shown  
to be overexpressed and to coordinate tumor 
suppressor gene (TSG) silencing in several can-
cers due to its promoter hypermethylation. The 
investigated cases include kiss1 in bladder 
cancer, SOCS3 and 3OST2 in endometrial car-
cinoma [37], and MEG3 in hepatocellular carci-
noma [38], suggesting that the role of UHRF1 in 
maintaining cancer cell progression was asso-
ciated with TSGs promoter methylation. Thus, 
we applied MDA-MB-231 cell models in micro-
array analysis and obtained 4 candidate ge- 
nes. The subsequent real-time PCR analysis 
validated that KLF17 is the most remarkable 
alteration one which also has CpG islands on 
its promoter. 

Krüppel-like factor 17 (KLF17), belong to a fam-
ily factor, has been identified as playing a nega-
tive role in the breast cancer EMT program [39] 
that a process in which epithelial cells obtain 
mesenchymal features and is closely associat-
ed with tumor metastasis. Several regulation 
factors for this process have been identified 
[40]. To further validate whether methylation is 
caused by decline of KLF17 in UHRF1 stable 
cell lines, MSP and BSP were performed, and 
the KLF17 promoter was indeed associated 
with methylation, which was also evidenced by 
treatment with the methylation inhibitor 5-aza-
2’-deoxycytidine (5-aza-CdR) in cancer cell 
lines. However, we did not show how the meth-
ylation occurred, and this topic requires further 
investigation.

In conclusion, we found that UHRF1 is an onco-
gene in breast cancer that can promote breast 
cancer proliferation and migration. Using gene 
microarray, KLF17 was identified as a down-
stream gene of UHRF1 with CpG islands in its 
promoter. Our results demonstrate that increa- 
sed UHRF1 can promote breast cancer cell pro-

liferation and migration by epigenetic silencing 
of KLF17 expression. These results may offer 
insight into the breast cancer progression pro-
cess and suggest that making changes to this 
mechanism may represent a new therapeutic 
approach to blocking breast cancer develop- 
ment.
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