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Abstract: UHRF1 is an epigenetic regulator and perform pivotal functions in cell tumorigenesis. We found UHRF1 is 
increased in breast cancer and patients with high UHRF1 levels have poorer prognoses than those with low UHRF1 
levels. However, the underlying mechanisms remain largely unknown. Here, we found overexpression UHRF1 indeed 
promoted cell proliferation and migration, whereas its downregulation had the opposite functions. In vivo, UHRF1 
also accelerated tumor growth. Mechanistically, microarrays were performed in MDA-MB-231 sh-UHRF1 and NC 
cells and KLF17, with rich CpG islands on its promoter region, finally caused our attention. Then, the expression of 
UHRF1 and KLF17 was testified negatively correlated in breast cancer cell lines and tissues. Additionally, the inhibi-
tion of cell proliferation and migration by UHRF1 depletion can be rescued by KLF17 silencing, suggesting KLF17 is 
downstream gene of UHRF1. The potential mechanism is that overexpression UHRF1 increased methylation of CpG 
nucleotides on KLF17 promoter, while UHRF1 silence decreased methylation. Collectively, our results demonstrated 
that increased UHRF1 can promote breast cancer cell proliferation and migration via silencing of KLF17 expression 
through CpG island methylation on its promoter.
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Introduction

Ubiquitin-like protein containing PHD and ring 
finger domain 1 (UHRF1), also known as ICBP90 
in humans and Np95 in mice [1], was first iso-
lated by Fujimori A in 1998 and was believed to 
be associated with cell proliferation due to its 
strong expression in the testis, spleen, thymus, 
and lung tissues [2]. As reported, UHRF1 con-
tains multiple domains, including ubiquitin-like 
domain (UBL), tandem tudor domain (TTD), 
plant homeodomain (PHD), SET- and RING-
associated domain (SRA, where RING domain 
denotes really interesting new gene domain), all 
of which are essential for biological functions in 
cells. The SRA domain was proven to identify 
hemi-methylated DNA and recruit DNA methyl-
transferase 1 (DNMT1) to hemi-methylated rep-
lication forks to complete DNA replication [3, 
4], and the RING domain has been shown to be 
associated with E3 ubiquitin ligase activity [5, 

6]. Studies have shown that the unmodified 
N-terminus of histone H3 was recognized by the 
PHD domain for participation in epigenetic 
modifications and that TTD domain specifically 
binds with histone H3 lysine 9 trimethylation 
(H3K9) for histone deacetylation [7].

In the last 15 years of research on UHRF1, addi-
tional detailed functions and mechanisms of 
UHRF1 were discovered. Previous studies dem-
onstrated that UHRF1 was localized in S-phase 
nuclei and expressed strongly only in prolifera-
tive normal tissues and cells but maintained a 
constantly high level throughout all stages in 
cancer cells [8, 9], suggesting that UHRF1 is  
a cell cycle regulator and is essential for cell 
S-phase entry functions as a checkpoint for 
G1/S transition. The imbalance of cell cycle 
processes might induce cell apoptosis. Indeed, 
other studies showed that downregulation of 
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UHRF1 could induce cell apoptosis [10, 11] and 
might cause a positive feedback loop between 
UHRF1 and apoptosis because p53/p21Cip1/
WAF1-dependent DNA-damage checkpoint sig-
nals can lead to reduced UHRF1 expression, 
which might result in cell apoptosis through 
DNA-damage checkpoint signals [12]. Further- 
more, UHRF1 was revealed to bind a CCAAT box 
of the topoisomerase II alpha gene promoter 
and increase its expression in non-proliferating 
conditions while inhibiting RB expression by 
combining with the same sites on the RB pro-
moter regions [13, 14]. 

As research has progressed, attention has 
moved to epigenetics. It was shown that UH- 
RF1 contains a methyl DNA binding domain 
(SRA) for preferential binding to hemimethyl-
ated CG sites and collaborates with DNA me- 
thyltransferase protein (DNMT1) throughout S- 
phase to downregulate genes such as RB, ERa, 
and VEGF [15-17]. Additionally, recognition of 
hemi-methylated DNA by the SRA protein UH- 
RF1 was reported as a base-flipping mecha-
nism [18]. Methyltransferases 3A and 3B are 
also selectively enrolled in nucleosomes and 
the epigenetic silencing of the viral CMV pro-
moter in embryonic stem cells [19]. UHRF1 also 
methylates histone H3 and acetylates or de- 
acetylates histones. As shown, UHRF1 co-local-
izes with histone lysine methytransferase G9a 
to inhibit p21 promoter activity [20] and also 
interacts with tat-interactive protein 60 KD 
(tip60) to decrease the acetylation of its spe-
cific binding site H2AK5 [21]. Thus, UHRF1 
indeed participates in chromosome stability 
and chromatin remodeling processes due to 
the two hallmark functions of UHRF1 methyla-
tion and histone H3 deacetylation. 

Thus far, several target genes such as RB, ERa, 
VEGF, p21, and p16 are known to act as tumor 
suppressors can be downregulated by UHRF1 
in primary human cancers. And certain achieve-
ments have been reported due to those discov-
eries, however, the mechanism of UHRF1 in tu- 
morigenesis still remains unclear and requires 
additional research, especially in breast can-
cer. In our previous study, we reported that UH- 
RF1 could inhibit MDR1 transcription by directly 
binding to its promoter and inducing the deac- 
etylation of histones H3 and H4 on the MDR1 
promoter [22]. We also found that UHRF1 was  
responsible for regulating BRCA1 transcription 

by inducing DNA methylation, histone modifica-
tions, and recruitment of transcriptional com-
plexes on the BRCA1 promoter [23].

In our current study, we focus on validating po- 
tential downstream genes of UHRF1 by microar-
ray in MDA-MB-231 model cells and finally find 
KLF17 is downstream gene of UHRF1, by which 
UHRF1 can promote breast cancer migration 
and proliferation. This study offers insight into 
breast cancer progression and suggests that 
making changes to this mechanism may repre-
sent new therapeutic approach to blocking 
breast cancer development.

Materials and methods

Cell culture

Normal breast cells MCF10A (ATCC) were cul-
tured as previously reported [24]. The human 
breast cancer cell lines MCF-7, BT549, MDA-
MB-468, MDA-MB-231, SK-BR-3 and T47D 
were obtained from the American Type Cul- 
ture Collection (ATCC) (Manassas, VA, USA), 
and human embryonic kidney (HEK) 293T cells 
were purchased from the cell bank of the 
Chinese Academy of Sciences (CAS, Shanghai, 
China). All cells were cultured in completed 
medium mixed with 10% fetal bovine serum 
(Thermo, Beijing, China), according to ATCC 
instructions. 5-Aza-CdR was applied to cells  
for methylation inhibition, and the cells were 
exposed continuously at 5 μmol/L for two days 
(Sigma, St. Louis, MO, USA).

Patients and samples

Human breast cancer tissues were obtained 
with written informed consent from Shanghai 
Cancer Center at Fudan University. Ethics ap- 
proval was obtained from the Committee of 
Ethical Research at Shanghai Cancer Center. 
Approximately 120 specimens (Table 1) of 
pathologically and normally diagnosed biopsy 
specimens (3 cm away from breast cancer tis-
sues) were collected between 2009 and 2012 
from patients with breast cancer, including 20 
with normal tissues. We also collected clinical 
information from each patient, namely, age, 
tumor differentiation, and lymph node metasta-
sis. All lesions were diagnosed according to the 
diagnostic criteria defined by the Evidence-
Based Cancer Guidelines (NCCN, 2011). 
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RNa preparation and reverse transcription of 
cDNa 

Total RNA was extracted from breast cancer 
cells treated with sh-RNA or overexpression 
vectors using TRIzol (Life Technologies, Rock- 
ville, MD, USA). First-strand cDNA was synthe-
sized from 1 μg total RNA with Primer Mix and 
RT Enzyme Mix (Toyobo, Japan), according to 
the manufacturer’s instructions.  

Bisulfite sequencing

Each of the DNA samples was amplified by  
PCR using bisulfite primers: TTTGTTGTTTAGG- 
TTGGAGTGTAAT, AATCACTTAAAATCAAAAATTTA- 
AAACC.

The PCR products were cloned into pMD-18T 
(TaKaRa, Japan) according to the manufactur-
er’s instructions, and ten positive clones were 

Table 1. Clinical-pathological variables and the expression of 
UHRF1 in the studied cases

Variables Number of 
patients (%)

UHRF1 expression P 
valueLow N (%)a High N (%)a

Total 118 57 (45.6) 61 (54.4)
Age 0.469 
    ≤50 48 (40.7) 25 (21.2) 23 (19.5)
    >50 70 (59.3) 32 (27.1) 38 (32.2)
Menopausal status 0.752 
    Premenopausal 50 (42.4) 25 (21.2) 25 (21.2)
    Postmenopausal 68 (57.6) 32 (27.1) 36 (30.5)
Tumor size 0.105 
    ≤2 cm 44 (37.3) 17 (14.4) 27 (22.9)
    >2 cm 74 (62.7) 40 (33.9) 34 (28.8)
Lymph node status 0.029*

    Negative 72 (61.0) 29 (24.6) 43 (36.4)
    Positive 46 (39.0) 28 (23.7) 18 (15.3)
ER status 0.100 
    Negative 57 (48.3) 32 (27.1) 25 (21.2)
    Positive 61 (51.7) 25 (21.2) 36 (30.5)
PR status 0.854 
    Negative 59 (50.0) 29 (24.6) 30 (25.4)
    Positive 59 (50.0) 28 (23.7) 31 (26.3)
HER2 status 0.233 
    Negative 81 (71.7) 43 (38.1) 38 (33.6)
    Positive 32 (28.3) 13 (11.5) 19 (16.8)
    Unkown 5 (4.2)
Ki67 0.442 
    ≤14 35 (29.7) 15 (12.7) 20 (16.9)
    >14 83 (70.3) 42 (35.6) 41 (34.7)
Grade 0.184 
    1 6 (5.1) 5 (4.2) 1 (0.8)
    2 88 (74.6) 42 (35.6) 46 (39.0)
    3 24 (20.3) 10 (8.5) 14 (11.9)
KLF17 level 0.022*

    Low 68 (57.5) 39 (33.1) 29 (24.5)
    High 50 (42.4) 18 (15.3) 32 (27.1)
aThe increased 1.5 fold UHRF1 expression was used as the cutoff. *Indicates 
P value <0.05.

Quantitative real-time PCR

Real-time PCR was performed in a 
20 μL reaction, which included 3 μL 
cDNA templates, 5 µM each of for-
ward and reverse primer, and 10 μL 
SYBR buffer (Takara, Tokyo, Japan). 
The working conditions were 95°C 
for 5 min, followed by 95°C for 40 
cycles and finally 60°C for 30 s. The 
primer pairs were used as follows: 
UHRF1 forward primer: ACACTTGG- 
CTAGTCGTTAATGC, reverse primer: 
TATGGCCGTCCTCCATCTGT; KLF17 
forward primer: AGGGGATGGTGC- 
GATAGATT, reverse primer: GCCT- 
CACCCTCACCTAACAAA; GAPDH for-
ward primer: CCACTAGGCGCTCAC- 
TGTT, reverse primer: TGGAATTTG- 
CCATGGGTGGA.

Methylation-specific PCR (MSP) 

Genomic DNA was extracted from 
fresh breast cancer samples and 
cells as mentioned above using a 
Genomic DNA Purification Kit (Qia- 
gen, Hilden, Germany). The extract-
ed DNA (1 µg) underwent bisulfite 
conversion using a sodium bisulfite 
procedure with the EZ DNA Methy- 
lation-Gold Kit (Qiagen, Valencia, 
Canada), according to the manu- 
facturer’s protocol. The MSP meth-
ylation primers were designed by 
Methyprimer as follows: methyla-
tion primers: TTTAGGTTGGAGTGT- 
AATGGC, ATTAACCAAACGTAATAAC- 
GCGTA, unmethylation primers: GT- 
TGT T TAGGT TGGAGTGTA ATGGT, 
AATTAACCAAACATAATAACACATA. 
The PCR products were separated 
on 2% agarose gels and visualized 
with ethidium bromide staining.
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sequenced. The data were analyzed using the 
QUMA analyzer software [25].

Construction of stable UHRF1 cell lines

Lentiviral and retroviral production 293T cells 
were used in lentiviral production. Lentiviral 
vectors expressing shRNAs against human 
KLF17 from the shRNA library were purchased 
from Genechem (Shanghai, China). Cells were 
transfected with lentiviral vectors following 

cells into the mammary fat pads. After 7 weeks 
of implantation, the tumors were harvested, 
weighed and fixed in formalin for further in- 
vestigation. 

Statistical analysis

The means ± the standard deviation (S.D.) were 
calculated and presented for each data point. 
Statistical analyses were performed using a 
paired Student’s t test. For all experiments, P 

Figure 1. UHRF1 expression is increased in breast cancer and associated 
with poor prognosis. A. Quantitative analysis of UHRF1 expression level in 
breast cancer tissues and adjacent normal tissues (n = 20, breast cancer 
vs. adjacent). B. UHRF1 expression in breast cancer according to Oncomine 
analysis. C. UHRF1 expression in normal human breast epithelial cells and 
breast cancer cells. D. Prognosis of patients in two groups based on UHRF1 
expression was analyzed by Kaplan-Meier. 

standard procedures, and 
viral supernatant was used to 
infect MDA-MB-231, ZR-75-
30 and MCF-7 cells. The cells 
were treated with puromycin 
(2 μg/ml) for 48 h. 

Cell migration assay

A cell suspension of 1×105 
cells in 0.2 ml DMEM medium 
without FBS was seeded into 
each well of the upper trans-
well chamber, and 500 µL 
10% FBS was added to the 
lower chamber (Corning Cos- 
tar Corp, America). After incu-
bation for 9 h, the chambers 
were fixed and stained with 
2% crystal violet for 25 min. 
The number of cells penetrat-
ing across the membrane was 
counted under a microscope 
in 7 random visual fields.

Cell proliferation assay

In brief, control (NC) and trans- 
fected cells were seeded at  
a density of 1×104 cells/well 
in a 96-well plate. The prolif-
eration assay was perform- 
ed every 24 h using CCK8 
reagent (Dojindo, Japan). The 
supernatant was measured 
using a microplate reader at a 
wavelength of 450 nm. Each 
experiment was performed in 
three parallel wells and was 
repeated three times.

Mouse experiments

Four- to six-week-old athy- 
mic nude mice were injected 
orthotopically with 5.0×106 
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values <0.05 were considered statistically 
significant.

Results

UHRF1 expression is significantly increased in 
breast cancer and associated with poor prog-
nosis

To verify UHRF1 expression in breast cancer, 
we first tested its expression in 20 paired bre- 
ast cancer and juxtacancerous tissues using 
real time-PCR assay. The results showed that 
expression of UHRF1 in breast cancer (BC) tis-
sues was significantly elevated compared with 

normal or adjacent tissues (Figure 1A). Similar 
results were also obtained from the Oncomine 
database according to Curtis breast statistics 
(Figure 1B). We also observed that the level of 
UHRF1 was upregulated in several breast can-
cer cell lines, including MCF-7 and SK-BR-3 etc, 
compared with normal breast epithelial cells 
MCF-10A (Figure 1C). Given that the clinical 
value lay in whether increased UHRF1 expres-
sion could impact patient prognosis, we inter-
rogated the Kaplan-Meier plotter database and 
found that patients with higher UHRF1 levels 
have shorter disease-free survival times than 
those with lower UHRF1 expression (Figure 
1D).

Figure 2. UHRF1 is associated with breast cancer progression. A and B. Stable cell lines were constructed and vali-
dated by western blot (overexpression: MCF-7, MDA-MB-231; knockdown: ZR-75-30, MDA-MB-231). C. Proliferation 
of stable cell lines. D. Migration of stable cell lines. E. Role of UHRF1 in tumor growth in vivo.
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Figure 3. Candidate downstream 
genes of UHRF1 were screened by 
microarray. A. Fold changes of the 
total genes from microarray data 
(sh-UHRF1 vs. NC). B. Candidate 
genes firstly testified in UHRF1 
overexpression cells by real-time 
PCR. C. The pickup genes further 
verified in UHRF1 knockdown cells 
by real-time PCR. 

UHRF1 expression affects breast cancer cells 
growth and migration

Stable overexpression and knockdown cell 
lines were constructed, and the transfected 

efficiency was validated by western blotting, as 
presented in Figure 2A and 2B. The cell prolif-
eration was tested by CCK8 assay, and the 
results showed that overexpression of UHRF1 
can significantly promote cell growth, whereas 
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knockdown of UHRF1 expression impedes cell 
proliferation (Figure 2C). In addition, cells with 
upregulated UHRF1 have stronger migration 
ability than vector (PCDH) cells, and the de- 
pletion of UHRF1 presents an opposite result 
(Figure 2D). In vivo, MDA-MB-231 cells trans-
fected with UHRF1 or PCDH were subcutane-
ously inoculated into nude mice, and the results 
showed that UHRF1 could accelerate tumor 
growth (Figure 2E).

KLF17 is a candidate downstream gene of 
UHRF1

To investigate the potential mechanism of 
UHRF1 associated with breast cancer, gene  
microarray was employed to MDA-MB-231 cell 
models. Based on database analysis from the 
microarray, approximately 3000 genes changed 
when the absolute cut-off value was set to 
2-fold (Figure 3A). However, when combined 
with a PubMed search, 38 candidate genes 
were obtained by analysis from the microarray 
databases and oncogenes or TSGs search on 
PubMed. The candidate genes were firstly testi-
fied in MDA-MB-231 cells transfected with 
PCDH or UHRF1 (Figure 3B). Then 23 genes 
were chose to further confirm in MDA-MB-231 
NC and sh-UHRF1 cells. The results showed 
that only 4 genes were downregulated in UHRF1 
overexpression cells and upregulated in UHRF1 
downregulation cells. Among them, Krüppel-
like factor 17 (KLF17) with rich CpG islands on 
its promoter was most remarkably one and 
cause our attention (Figure 3C). 

UHRF1 promotes cancer cell progression by 
down-regulating KLF17 expression

To further investigate the relationship between 
UHRF1 and KLF17, PCR or real-time PCR was 
performed, and the results showed that KLF17 
genes were increased in sh-UHRF1 cells vs. NC 
cells (Figure 4A). In contrast, the overexpres-
sion of UHRF1 in MCF-7 cells showed a de- 
creased expression of KLF17 compared with 
vector (PCDH) cells (Figure 4B). In addition to 
the stable cell models, we examined this rela-
tionship in several breast cancer cell lines  
and 20 paired tissues. Similar findings of this 
inverse correlation were also found in the cell 
lines and tissues (Figure 4C and 4D). In addi-
tion, the UHRF1 mRNA levels of 118 breast 
cancer samples were detected by real-time 
PCR and were divided into low- and high-ex- 

pression groups after setting the cut-off to  
1.5-fold. The correlation between UHRF1 and 
KLF17 expression and clinicopathological char-
acteristics in breast cancer is presented in 
Table 1. The results showed that UHRF1 dis-
plays correlations with lymph node status and 
KLF17 expression. The above results indicated 
that UHRF1 has a negative correlation with 
KLF17. Then we performed rescue experiments 
to inspect whether UHRF1 promotes breast 
cancer progression through downstream gene 
KLF17 using three stable cell lines with NC,  
sh-UHRF1 and sh-UHRF1+sh-KLF17 groups 
(Figure 4E). We found that the decreased pro- 
liferation and migration by sh-UHRF1 can be 
partially rescued by KLF17 silencing, indicating 
that KLF17 might be a potent downstream gene 
of UHRF1 (Figure 4F and 4G).

KLF17 gene promoter is methylated by UHRF1

UHRF1 is acknowledged as an epigenetic fac- 
tor of DNA methylation, and a CpG island also 
exists on the KLF17 promoter (Figure 5A). Thus, 
we questioned whether KLF17 downregulation 
by UHRF1 is associated with DNA methylation. 
MDA-MB-231 and MCF-7 cells were treated 
with 5-aza-dC, an inhibitor of methylation, and 
we observed that KLF17 expression was aug-
mented in the 5-aza-dC group compared with 
the vehicle group (Figure 5B), suggesting that 
KLF17 expression can be regulated by methyla-
tion. Bisulfite sequencing PCR (BSP) was per-
formed to detect CpG island methylation sta-
tus, and the results revealed that the overex-
pression of UHRF1 increases the methylation 
of CpG islands and reduces the expression of 
KLF17, whereas depletion of UHRF1 decreases 
the methylation of CpG nucleotides with elevat-
ed expression of KLF17 (Figure 5C). Further, 
the promoter methylation statuses were also 
detected by MSP in 8 breast cancer samples, 
and the majority of them were methylated, sug-
gesting that KLF17 downregulation by UHRF1 
may be caused by DNA methylation (Figure 5D). 

Discussion 

Breast cancer is recognized as a worldwide dis-
ease with high incidence and mortality [26]. 
Although great achievements have been made 
in new anti-cancer agents such as small molec-
ular inhibitor, monoclonal antibody target drug, 
chemotherapy regimens etc., many obstacles 
still remain in breast cancer treatment [27, 28]. 
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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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