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Exogenous expression of UHRF1 promotes
proliferation and metastasis of breast cancer cells
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Abstract. In the present study, we investigated the role of
UHRF1 (ubiquitin-like protein containing PHD and RING
finger domains 1) in proliferation, invasion and migra-
tion of breast cancer cells, and the potential mechanisms
were also explored. Cell proliferation was examined by
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) assay; cell cycle distribution and apoptosis
were evaluated using flow cytometry; protein expression was
determined by western blotting; angiogenesis of xenografts
was assessed by microvessel density (M VD); cell invasion was
measured using transwell chamber; cell migration was deter-
mined by wound scratching assay. Our results demonstrated
that UHRFI transfection conferred serum independence to
MDA-MB-231 cells, G, phase shortage and apoptosis suppres-
sion, accompanied with an increased expression of cyclin D,
and decreased expression of Bax. Significant pro-invasion
and pro-migration activity was observed, with no obvious
effect on the expression of PTEN and maspin. Co-expression
of the UHRF1/PTEN or UHRF1/maspin degraded the role
of UHRF1 in regulating invasion and migration. UHRF1
induced growth of MDA-MB-231 cells by promoting tumor
vessel formation in vivo. In conclusion, UHRFI1 promoted the
proliferation of breast cancer cells by apoptosis inhibition, G,
phase shortage and promotion of tumor vessel formation, and
pro-invasion and pro-migration activity was also observed by
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interacting with PTEN and maspin. Thus, UHRF1 may serve
as a new therapy target for breast cancer.

Introduction

Breast cancer is one of the most common diseases among
women world-wide, and more than 1/3 breast cancer patients
run high risk of recurrence and migration per year, which
is the main reason that leads to poor clinical outcomes and
caused death of patients. Furthermore, in China the incidence
of young breast cancer patients is increasing, thus it is impera-
tive to find more effective treatment to prevent metastasis of
breast cancer patients.

Metastasis of cancer cells is a complex process involving
multiple steps where cancer cells penetrate the basement
membrane, intravasate into blood/lymphatic vessels, survive
the journey in vasculature, extravasate into secondary sites,
and adapt to new host environment (1). E-cadherin (2),
matrix metalloproteinases and collagenases (3), vascular
endocrine growth factor (VEGF) (4), the phosphatase and
tensin homology deleted on chromosome 10 (PTEN) (5), and
eukaryotic translation initiation factor 4E (eIF4E) (6) have
been confirmed to play important roles in the attack and
migration process of breast cancer, and there might have other
genes that participate in the metastatic progression of cancer,
so the exact molecular mechanisms of metastasis need to be
further investigated.

UHRF1 (ubiquitin-like protein containing PHD and
RING domains 1), also known as ICBP90, belonging to
UHREF family, was previously cloned and isolated in a screen
for proteins that bound to a CCAAT box in the promoter
region of the topoisomerase II gene (7,8). UHRF1 assigns
to 19 p13.3, consists of 18 exons, encodes a 95-kDa nuclear
protein of 793 amino acids, with a single open reading frame
(ORF) containing an N-terminal ubiquitin-like domain, a
leucine zipper motif, a central zinc finger motif of the home-
odomain (PHD) finger type, a C-terminal zinc finger of the
RING finger type and a ring associated (SRA) domain. It also
possesses consensus sequences for an ATP/GTP binding site,
a cyclin A/E-Cdk2 (cyclin dependent kinase 2) phosphory-
lation site, two retinoblastoma protein (Rb)-binding motifs
(331LMCDE335 and 725LCCQE729) (7). Although the exact
biological functions of UHRF]1 are uncertain, previous studies
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in vitro showed that UHRF1 may be a growth-regulating gene
because its expression is regulated during the cell cycle, and
it forced post-mitotic cells to proliferate (9,10). The expres-
sions of UHRF1 mRNA and protein were low in quiescent
cells and high in proliferating cells and tissues, including
breast carcinomas (11), and our previous study also indicated
that UHRF1 promoted growth of breast duct cancer BT-549
cells (12), and conferred radioresistance of HeLa cells (13) and
breast cancer cells (14), all our results suggested its oncogene
traits. However, few studies have explored whether UHRF1
could regulate proliferation in vivo, and affect invasion and
migration of breast cancer cells.

In our present study, we aimed to elucidate the exact activi-
ties and the underlying mechanisms of UHRF1 in regulating
proliferation, invasion and migration of breast cancer cells.
Our results demonstrated that UHRF1 promoted growth of
MDA-MB-231 cells in vitro, accompanying with the shortage
of G, phase, suppression of apoptosis, increased expression
of cyclin D, and decreased expression of Bax in serum-
dependence experiment. In a nude murine model bearing
breast cancer resulted in significant pro-growth effect, partly
due to the induction of angiogenesis. Meanwhile, significant
pro-invasion and pro-migration activities in dosage and
time-dependent manner of UHRF1 overexpression were also
observed, without affecting the proteins expression of PTEN
and maspin. Co-expression of UHRF1/PTEN or UHRF1/
maspin could have a weak role in UHRF1 regulating invasion
and migration. These results provide evidence that UHRF1
might be a suitable target for treatment of breast cancer.

Materials and methods

Cell culture. MDA-MB-231 and MDA-MB-453 cells were
originally purchased from the American Type Culture
Collection (ATCC, Manassas, VA, USA) and maintained in
Dulbecco's modified Eagle's medium (DMEM, Invitrogen,
Carlsbad, CA, USA), with 10% calf serum, 100 unit/ml peni-
cillin, 100 pg/ml streptomycin, and a mixture of non-essential
amino acids (Sigma-Aldrich, St. Louis, MO, USA) at 37°C in
an atmosphere of 5% CO,.

Generation of UHRF1, PTEN and maspin expression plasmid.
RNA isolation, cDNA synthesis, and multiplex real-time PCR
were performed as previously described (14). The full-length
UHRF1 cDNA was annealed and inserted into the Kpnl and
Xhol sites of pcDNA3 according to the manufacturer's instruc-
tions (Invitrogen). The recombinant vectors were confirmed
by the digestion analysis of restriction endonuclease and all
inserted sequences were verified by DNA sequencing. PTEN
and maspin expression plasmids were constructed by using the
same procedure described above.

Transfection. As we previously described (14), cells were plated
on 6-well plates at 2x10%/well and cultured overnight to 80%
confluence, these cells were then transfected with pcDNA3 or
pcDNA3-UHRFI1 plasmid DNA using Lipofectamine 2000
according to the manufacturer's instruction. After incubation
at 37°C for 5 h, the media were replaced by fresh complete
media to incubate 24 h, then cells were trypsinized, seeded in
100-mm dishes, and cultured further in DMEM medium with
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10% FBS in the presence of G418 (300-500 pg/ml, Invitrogen).
Thirty colonies resistant to G418 were isolated in each group
and cultured further for 3 weeks, then cells from each colony
were collected and submitted to RT-PCR and western blot
analysis to determine the mRNA and protein expression of
UHREFI, only cells resistant to G418, and with high expression
of UHRFI mRNA and protein were successfully transfected
with UHRFI. Ten colonies were confirmed as stable trans-
fected clones, and cells were multiplied and stored to conduct
further study. PTEN or maspin transfection was conducted
as transient transfection, namely, after being transfected with
pcDNA3-PTEN, pcDNA3-maspin or pcDNA3 empty vector
for 24 h, cells were harvested to determine the mRNA and
protein expression, and then submitted to further experiment.

Generation of recombinant adenoviruses. The El-deleted
adenovirus-p-gal (Ad-pB-gal) was obtained from Invitrogen
Therapeutics (Houston, TX, USA). A recombinant adenovirus
(pAd/CMV/V5-DEST; Invitrogen) containing a DNA frag-
ment encoding the complete amino acid sequence of human
UHRF1 (Ad5-UHRF]1) between the CMV promoter and the
polyadenylation signal (TK pA) was prepared as previously
described (13).

Determination of cell proliferation in vitro. Cell proliferation
was performed by 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) assay as described previously
(12). Exponentially growing cells were plated in 96-well
culture plates at 2,000 cells/well, after the indicated duration,
10 ul of 5 mg/ml MTT (pH 4.7) was added to each well and
cultured for another 4 h, and then MTT-containing medium
was replaced by 150 1 DMSO/well, followed by shaking for
15 min to dissolve formazan crystals. Absorbance at 570 nm
was measured with a microplate reader. Cell proliferation
in vitro was determined for 7 days. Cell inhibition (%) = (1 -
AS570 of treated cells/A570 of control cells) x 100%.

Assessment of cell cycle and apoptosis. Cells were cultured
in DMEM containing different concentration of FCS (fetal
calf serum), such as 5, 2.5, 1.25, 0.625 and 0.3125%. The
floated cells and the attached cells were all harvested and
fixed by 5 ml of pre-cooled 70% ethanol for at least 4 h
at 4°C, then washed with 1X PBS, resuspended in 500 pl
propidium iodine (PI, 10 pgg/ml) containing 300 pg/ml
RNase (Sigma-Aldrich, St. Louis, MO, USA), and incubated
on ice for 30 min away from light, filtered with a 53-ym
nylon mesh. Cell cycle distribution and apoptosis were
calculated from 10,000 cells with ModFit LT software
(Becton-Dickinson, San Jose, CA, USA) using FACSCalibur
(Becton-Dickinson).

Western blot assay. The protein expression was detected
by western blot assay, as previously described (14). Total
whole cell lysates (50 ug) was separated on sodium lauryl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
electroblotted onto nitrocellulose membranes (Millipore,
Billerica, MA, USA).

Primary antibodies included a rabbit polyclonal anti-
UHRFI1 antiserum (1:100 dilution), anti-cyclin D1 antibody
(1:500 dilution) and anti-PTEN antibody (1:500 dilution),
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Figure 1. mRNA and protein expression of UHRF1 in breast cancer MDA-MB-231 cells after transfection. The significant expression of UHRF1 could be
seen in breast cancer MDA-MB-231 cells after UHRF]1 transfection as determined by RT-PCR (A) and western blot assay (B), parental cells contained an
undetectable level of UHRF1 mRNA and a low level of endogenous UHRF1 protein, while no alteration was observed in the cells transfected with an ‘empty’

pcDNA3 control plasmid. GAPDH and a-actin served as internal control.

which were purchased from Sigma-Aldrich. Mouse mono-
clonal antibodies against Bax (1:500, dilution), Bcl-2 (1:2,000
dilution) and anti-maspin antibody (1:1,000 dilution) were
purchased from Sigma-Aldrich. An anti-rabbit polyclonal
antibody and a goat polyclonal anti-actin antibody (1:2,000
dilutions) were obtained from Santa Cruz Biotechnology
(Santa Cruz Biotechnology, Santa Cruz, CA, USA).

Preparation of tumor xenograft model. The following experi-
mental procedures were in compliance with all regulatory
guidelines and were approved by the Institutional Animal
Care and Use Committee of Soochow University.

Female nu/nu BALb/c nude mice (6 to 8-week-old) were
inoculated subcutaneously with breast cancer MDA-MB-231,
MDA-MB-231/pcDNA3 or MDA-MB-231/UHRF]1 cells
(~5x10° cells in 150 ul of basic DMEM) in the right flank, each
group contained 6 mice.

Determination of tumor volume. Seven days after tumor
cell inoculation, tumor volumes were determined by caliper
measurement of the largest (a) and perpendicular to the smallest
diameter (b) every 3 days for 28 days. Data were calculated
according to the formula V=1/67tab?. The data from 3 inde-
pendent experiments were combined in the analysis.

Assessment of microvessel density. The MVD (microvessel
density) was quantified by the immunohistochemical ABC
method as described previously (15). MVD was determined
by examining vascular hot spots. Three vascular tumor areas
without necrosis were selected at high magnification (x200),
and the three values were averaged for each sample.

Boyden chamber assay. The invasiveness of cells was assayed
by using modified Transwell Boyden chamber. Cells (5x10)
were suspended in 50 ul of serum-free medium and seeded
on the upper compartment of the chamber containing PET
membrane (8 ym pore size) coated with matrigel, the lower
compartment was filled with DMEM medium with 20% FCS,
the chamber was incubated at 37°C for 24 h, then the upper
surface of the membrane was wiped with a cotton-tip appli-
cator to remove non-invasive cells, and the lower surface of
the membrane was fixed and stained with Giemsa. Cells were
quantified by counting nine high-powered fields in the center

of each well using an Olympus microscope. Each measure-
ment was performed in quadruplicate. Values shown are the
mean number of cells from an equal number of view fields.

Cell migration assay. Once contact inhibition was achieved,
cells were cultured in serum-free medium for 24 h, 1,000 ul
pipette tip was used to generate a cell-free gap of approximately
1.0 mm between two adjoining areas. Cells were washed twice
with PBS to wipe off the loose cells, and then incubated in a
95% air/5% CO, environment with complete medium. After
the first scratch and again at 24 and 48 h, each scratch was
randomly photographed at four separate sites along the length
of the scratch, starting proximally and ending distally.

Statistics. All experiments were performed at least in trip-
licate, results are expressed as means + standard deviations
(SD). Statistical analysis was performed by Student's t-test.
Significance was defined as P<0.05.

Results

UHRF | transfection increases mRNA and protein expression
of UHRF 1. A significant expression of UHRF1 mRNA and
protein could be detected after UHRF1 transfection, parental
cells contained an undetectable level of UHRF1 mRNA and a
low level of endogenous UHRF1 protein, while no alteration
was observed in the cells transfected with an ‘empty’ pcDNA3
control plasmid as determined by RT-PCR (Fig. 1A) and
western blot assay (Fig. 1B).

UHRFI promotes proliferation of MDA-MB-231 cells by
shortening G, phase and inhibiting apoptosis in vitro. Cell
proliferation was determined by MTT assay for 7 days. In
breast adenocarcinoma MDA-MB-231 cells (Fig. 2A), cell
viability was significantly higher after being treated with
UHRF1 compared with pcDNA3 transfection and parental
cells (P<0.05), which is consistent with our previous results in
breast duct cancer BT-549 cells (12).

In serum-dependence experiment, cell cycle distribution
and apoptosis induction are presented in Fig. 2B, comparing
with control group, overexpression of UHRF1 decreased
G, population from 68.2 to 49.9%, and subG, population
(indicating apoptosis) from 11.3 to 3.9% after being treated



LI et al: UHRF1 IN BREAST CANCER PROLIFERATION AND METASTASIS

378
Time (d)
A 1 2 3 4 5 6
U_I 1 1 1 1 1
=107
2 207
g 307
< | @ MDA-MB-23Lparental
# -407 MMDA-MB-231/neo
= | A MDA-MB-231/UHRF1
@ =50
L=
-60
-70-

B MDA-MB-231/parental

< MDA-MB-231meo ] MDA-MB-231/UHRF1
5 8 m 5
o 2 ‘ 2
g g £
z, Z ™ ' z
= = | =
5 - HH (3 ] | {3 20 H
LI T A v T P J.ﬁuﬁ:};rhahﬁurﬁ W:J&*élawrézmz'ﬁ
DNA Content DNA Content DNA Content
C 73‘ -
iie
§ E % g r[__IMDAMB23lparental ;5 [ |MDAMB-231fparental 2 -[___|MDAMB-231/parental
5% a I 10 A-MB-231/meo I D A MB-231/neo I D A-MB-231/nee
g 8 8 P V/77/777) MDA-MB-231/UHRF1 V7777 MD A-MB-231/UHRF1 V/7///77 MDA-MB-231/UHRF1
— o ]evamDl & 5 g
GokDy =, | 51 21
(21kDa) = m m
)
(25kDa) 0 0 0
(46 kDa)

Figure 2. Effect of UHRF1 on proliferation and proteins expression relating to cell cycle and apoptosis in breast cancer MDA-MB-231 cells. (A) Cell prolif-
eration was determined by MTT assay after UHRF1 transfection. In breast adenocarcinoma MDA-MB-231 cells, enhanced expression of UHRF1 showed
significant pro-proliferation effect compared with control group and parental cells (P<0.05). (B) Cell cycle distribution and apoptosis was determined by flow
cytometry. The enhanced expression of UHRF1 downregulated G, and subG, population in MDA-MB-231 cells after cultured in complete DMEM containing
0.625% FCS. (C) Proteins expression associating with cell cycle and apoptosis were regulated by UHRF1. UHRF1 increased expression of cyclin D;, decreased
expression of Bax, but had no obvious effect on expression of Bcl-2 comparing with control group. f3-actin was used as loading control. For comparison, the
densitometry value for parental cells was assigned a value of 1, and values for UHRF1 transfection and empty vector transfection were normalized to 1 (fold-

change vs. parental control).

with DMEM containing 0.625% FCS, and the difference was
statistically significant (P<0.05).

Protein expression associating with apoptosis and cell
cycle distribution was measured. Results reported in Fig. 2C
indicate that UHRF]1 transfection induced expression of

cyclin D, repressed expression of Bax, but had no effect on

Bcl-2 expression compared with the control group.

UHRFI promotes growth of MDA-MB-231 cells by inducing
formation of microvessel in vivo. Comparing with the control
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Figure 3. UHRFI promotes tumor growth by induction of angiogenesis in vivo. (A) UHRF1 promoted tumor growth in vivo. Seven days after subcutaneous
tumor inoculation, tumor volumes were measured every 3 days over the course of the experiment. Transfection with UHRF]I significantly promoted tumor
growth compared with pcDNA3 transfection and parental cells. (B and C) UHRFI induced angiogenesis in vivo. Angiogenesis in tumor tissues was evaluated
by MVD assay with immunostaining against CD31. The average number of microvessels per vascular hot spot was significantly increased in UHRF]1 treated

tissues compared with those in the other two groups (P<0.05).

group, treatment with pcDNA3 did not significantly affect
tumor growth (P>0.05), whereas UHRF1 transfection exhibited
significant pro-growth as determined by volume measure-
ments (P<0.05, Fig. 3A). After 28 days, tumor volumes were as
follows (means + SD): 459.34+14.800 mm® (UHRFI, 95% CI,
430.332-488.348), being significantly larger than the volume
in the pcDNA3-treated group (189.385+5.016 mm?®, 95% CI,
179.554-199.216) and control group (184.357+8.378 mm?, 95%
CI, 167.936-200.778).

Results of MVD assay demonstrated that the microves-
sels were prominent in the UHRF1 treated group but not in
the control group (Fig. 3B and C). According to our data, the
average number of microvessels per vascular hot spot was much
smaller in the control group than in the UHRF]I treated group:
23+1.155 (parental, 95% CI, 21-25), 25+0.577 (pcDNA3, 95%
CI, 24-26) vs. 40+1.528 (UHRF1, 95% CI, 37-43, P<0.05).

UHRF1 promotes invasion of breast cancer cells. As shown
in Fig. 4A, comparing with control group, there were more

cells stained into blue after UHRF1 transfection, the number
of invasive cells was 7-9 times more than control cells and the
difference was statistically significant (P<0.01).

We also used the adenovirus-mediated expression of
UHRFI in breast cancer MDA-MB-231 and MDA-MB-453
cells to do the same experiment. Cells were infected with
Ad5-UHRFI1 or Ad5 following 8 or 24-h incubation, and then
were inoculated into Boyden chamber as described above.
Results shown in Fig. 4B suggest that Ad5-UHRF]1 infection
promoted MDA-MB-231 cell invasion in a time-dependent
manner, the number of cells invaded through the membrane
was 70 and 400 at 8 and 24 h after infection, respectively,
similar result was also observed in MDA-MB-453 cells.

UHRF1I promotes migration of breast cancer cells. Results of
wound scratching assay is shown in Fig. 5, at the same time
point, UHRFI transfection promoted more cells to migrate
across the wound edge into the scratch area than in the control
group. At 48 h, both the MDA-MB-231/UHRF]1 and control
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Figure 4. UHRF1 promotes invasion of breast cancer MDA-MB-231 cells. (A) UHRF]1 transfection promoted invasion of MDA-MB-231 cells. MDA-MB-231/
UHRF1 cells and MDA-MB-231/pcDNA3 cells were diluted in 50 ul serum-free medium at the density of 5x10° cells/ml, and then added to the upper chamber
of the transwell chamber, the lower chamber contained 50 1 complete medium supplied with 20% FBS. The chamber were incubated for 24 h in 5% CO,/95%
air at 37°C, after being fixed and stained, invading cells were counted from four random fields of view from three independent experiments using a microscope
and values shown are the mean number of cells from an equal number of view fields. (B) UHRF]1 infection promoted invasion of breast caner cells in time-
dependent manner. Exponentially growing MDA-MB-231 and MDA-MB-453 cells were uninfected (MOCK) or infected with Ad5 or Ad5-UHRF1 at a MOIL
of 100 for 8 or 24 h, then collected and inoculated into Boyden chamber as described in Materials and methods. Protein expression of UHRF1 was determined

by western blot assay.

MDA-MB-231/pcDNA3 cells overlapped the wound and
achieve the state of contact inhibition.

UHRFI regulates metastasis of breast cancer cells by inter-
acting with PTEN or maspin. Further research was performed
to explore the underlying mechanisms by which UHRF1
regulated metastasis and the interactions of UHRFI1 with
proteins relating to metastasis. Results of protein expression
in Fig. 6A demonstrated that Ad5-UHRF1 infection had no
obvious effect on the proteins expression of PTEN and maspin
at MOI of 50 or 100, and PTEN/UHRF1 or maspin/UHRF1
co-expression degraded the role of UHRFI in regulating
migration of breast cancer cells, as demonstrated in Fig. 6B,
compared with UHRF1 infection alone, UHRF1/PTEN or

UHRF1/maspin co-expression reduced the number of cells
invading the membrane from 416 to 176 and 138, respectively
(P<0.05).

Discussion

Breast cancer is the second leading cause of death from cancer
in women worldwide, although the 5-year and 10-year survival
rates of patients have increased to 70 and 50%, respectively,
there are still more than 30% of the patients who die of recur-
rence and metastasis per year.

The ability of invasion and migration for tumor is a key
factor that affects the prognosis of cancer patients, research
had confirmed that there are many factors affecting the above
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Figure 6. Interaction between UHRF1 and PTEN or maspin in MDA-MB-231 cells. (A) UHRF1 had no effect on proteins expression of PTEN and maspin.
Exponentially growing MDA-MB-231 cells were mock treated or infected with Ad5 or Ad5-UHRF1 at a MOI of 50 or 100 for 48 h, then harvested and lysed,
100 ug protein was electrophoresed and subjected to western blotting. a-actin was used as a loading control. (B) Co-expression of UHRF1/PTEN or UHRF1/
maspin reduced UHRF1-mediated migration. MDA-MB-231/PTEN cells and MDA-MB-231/maspin cells were infected with AdS or Ad5-UHRF]1 for 24 h,
then cells were collected and inoculated into Boyden chamber for 24 h, number of invasive cells was counted as described in Materials and methods. Protein
expression of PTEN, maspin, and UHRF1 was determined by western blot assay.

progress, change of gene expression was one of the most
important factors, so novel gene-based therapies to prevent
cancer metastasis is being developed.

UHRFI is an abnormal expression gene, we screened the
radiosensitizing drug using gene-chip, in our previous studies
on the gene demonstrated that UHRF1 showed significant
radioresistance (13,14), and to further explore its biological

functions, we performed a series of experiments in breast
cancer MDA-MB-231 cells to explore the effect of UHRF1 on
proliferation of cells in vitro, growth of nude mice in vivo and
the underlying mechanisms, the role of UHRF]I in regulating
invasion and migration was also explored.

First, our results indicated that in vitro UHRF1 promoted
proliferation of breast adenocarcinoma cancer MDA-MB-231
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cells (Fig. 2A), and combining with our previous results that
UHREF]1 also promoted growth of breast duct cancer BT-549
cells (12), we deduced that the pro-proliferation activity of
UHRF1 had no relation to tissue type.

Second, UHRF]I reduced the population of G, and subG,
in MDA-MB-231 cells in the serum-dependence experiment
(Fig. 2B), suggesting that UHRF1 endowed breast cancer
cells strong serum-independence, and the pro-proliferation of
UHRF]1 could have been the result of G, cell cycle shortage
and apoptosis inhibition.

Third, cyclin D, was the critical factor regulating transi-
tion of cell cycle G,/S, results (Fig. 2C) revealed that UHRF1
increased the expression of cyclin D, therefore, a potential
mechanism of UHRF1 pro-tumor activity was proposed:
UHRF]1 upregulation results in increased cyclin D, activity,
which results in G, shortage and subsequent cell proliferation
promotion.

Bcl-2 family is the most prominent mediator of apoptosis
induction by a large number of antitumor drugs and ionizing
radiation in a variety of cell types, including cancer cells
(16-18). The results of western blot analysis (Fig. 2C) revealed
that UHRF1 induced downregulation of the pro-apoptosis
protein Bax, which might be an important mechanism contrib-
uting to the inhibition of apoptosis, although the anti-apoptotic
protein Bcl-2 was unaltered. Thus, UHRF1 upregulation results
in Bax downregulation leading to inhibition of apoptosis and
subsequent promotion of cell proliferation.

Fourth, UHRF1 significantly promoted tumor growth in
nude mice (Fig. 3A), and the results of immunohistochemistry
demonstrated that UHRF1 induced more tumor vessel forma-
tion comparing with pcDNA3 (Fig. 3B and C). Therefore,
inducing tumor vessel formation might be the mechanism by
which UHRF1 promoted tumor growth in vivo.

Results in Figs. 4 and 5 confirmed that both in the chemo-
invasion test and wound scratching assay, MDA-MB-231/
UHRFTI cells showed stronger invasiveness compared with
control MDA-MB-231/pcDNA3 cells, in other words, UHRF1
endowed cells much stronger activity of invasiveness and
migration.

PTEN and maspin are two main proteins relating to cancer
metastasis. Clinical research has shown that maspin played
an important role in tumor growth, invasion, migration and
angiogenesis (19,20). Previous studies also indicated that
PTEN played important roles in regulating cell adhesion,
migration, differentiation, apoptosis (4,21), and transfection of
wild-type PTEN into highly invasive human lung cancer cells
could inhibit cells invasion (22). Therefore, we deduced that
regulation the expression of PTEN and maspin might be the
mechanisms for UHRF]I to promote cancer cells invasion and
migration, however, our results of Fig. 6A show that UHRF1
did not affect the expression of PTEN and maspin, but over-
expression of PTEN and maspin could degrade the ability of
UHRF1 in regulating invasion and migration for breast cancer
cells (Fig. 6B), this demonstrated that PTEN and maspin might
be involved in the UHRF]I regulating invasion and migration.

In summary, our results confirmed that UHRF1 promoted
proliferation of breast cancer cells MDA-MB-231 by short-
ening the cell cycle, decreasing apoptosis accompanying
with the increased expression of cyclin D, and decreased
expression of Bax in vitro, and UHRF]I could induce tumor
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growth by promoting the formation of tumor vessels in vivo.
UHRF]1 also played a pivotal role in adjusting tumor invasion
and migration by interaction with PTEN and maspin. Our
results implied the possibility of UHRF1 to be applied in the
treatment of breast cancer by using siRNA to downregulate
its expression and to inhibit cancer cell proliferation, inva-
sion and metastasis.
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