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Abstract. Ubiquitin-like with PHD and ring finger domains 2
(UHRF2) is a multi-domain E3 ubiquitin ligase which is
involved in epigenetic regulation and plays an essential role
in tumorigenesis. However, the role of UHRF?2 in histone H3
acetylation has not yet been fully elucidated and few studies
have reported its role in hepatocellular carcinoma (HCC). In
this study, we examined the correlation between UHRF2 and
acetylated H3 in HCC. Immunohistochemistry and western
blot analysis demonstrated that the levels of histone H3
lysine 9 acetylation (H3K9ac) and histone H3 lysine 14 acety-
lation (H3K14ac) were higher in the HCC tissues and HepG2
HCC cells compared with the adjacent non-tumor tissues and
L02 normal cells. The level of UHRF2 was higher in the HCC
tissues compared with the adjacent non-tumor tissues, but its
expression did not exhibit a significant difference between the
HepG2 HCC cells and the L02 normal cells. In addition, when
comparing the HCC tissues, a higher expression of UHRF2
correlated with a lower expression of H3K9ac in the HCC
tissues. The overexpression of UHRF2 increased the expres-
sion of H3K9ac in LO2 normal cells (P<0.01), but decreased
the expression of H3K9ac in HepG2 cancer cells (P<0.05).
Moreover, immunofluorescence staining and co-immuno-
precipitation assay indicated that UHRF2 co-localized and
interacted with H3K9ac in L02 and HepG2 cells and the plant
homeodomain (PHD) finger domain was the key domain for
UHRF?2 directly binding to H3K9ac. Taken together, these
results suggest that UHRF2 decreases the expression of
H3K9ac in HepG2 HCC cells and interacts with it through the
PHD domain.
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Introduction

Hepatocellular carcinoma (HCC), the predominant form of adult
liver malignancies, is one of the leading causes of cancer-related
mortality worldwide (1,2). According to a report by the World
Health Organization (WHO) (‘World Cancer Report 2014"),
China now ranks first in the number of new cancer cases world-
wide, and in particular, it ranks first in the number of new cases
of HCC and related deaths worldwide. Currently, the incidence
of liver cancer is approximately 25.7/100,000, becoming the
type of cancer with the third largest mortality rate after gastric
cancer and lung cancer. The detailed molecular mechanisms of
hepatocarcinogenesis are not yet fully understood (3).

Histone acetylation occurs at the N-termini of the protein
octamers and neutralizes the basic charge of the affected
lysine (4). It is a reversible process, mediated by either histone
acetyltransferases (HATS) or histone deacetylases (HDACsS). It
also plays a leading role in several cell functions and regulates
numerous processes, including nucleosome assembly, chro-
matin condensation, folding, heterochromatin silencing and
gene transcription (5). In recent years, histone H3 acetylation
has become one of the hotspots in epigenetic regulation. It has
been reported to be closely associated with the occurrence
and development of multiple types of cancer and to also be
related to the prognosis of multiple types of cancer, including
HCC (6-9). The major acetylation sites of histone H3 tails are
histone H3 lysine 9 (H3K9) and histone H3 lysine 14 (H3K14)
and both of their modifications are associated with the
promoters and enhancers of actively transcribed genes (10-12).
The mechanisms responsible for the interaction of H3K9ac
and H3K14ac with ubiquitin-like with PHD and ring finger
domains 2 (UHRF2) remain largely unknown.

UHRF?2 is a multi-domain E3 ubiquitin ligase, which
consists of an ubiquitin-like (UBL) domain, a tandem Tudor
domain (TTD), a plant homeodomain (PHD) finger domain, a
SET and RING associated YDG motif (SRA/YDG) domain,
and a really interesting new gene (RING) finger domain (13).
It has been reported that UHRF?2 plays a very important role in
cell cycle regulation through its association with multiple cell
cycle-related proteins, including cyclins (A2, Bl, D1 and El),
cyclin-dependent kinases (CDK2, CDK4 and CDK®6), reti-
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noblastoma protein (pRB), p53 and proliferating cell nuclear
antigen (PCNA) (13). It has also been reported that UHRF2 is
involved in epigenetic regulation, including DNA methylation
and histone modifications by interacting with hemi-methylated
DNA, DNA methyltransferases (DNMT1, DNMT3a and
DNMT3Db), histone methyltransferase G9a, H3K9 methylation
patterns (H3K9me2/me3) and HDACI (14-17). Therefore, we
hypothesized that UHRF2 may be associated with H3K9ac
and H3K14ac. In our previous studies, we demonstrated that
UHRF2 interacted with hepatitis B virus (HBV) core protein
and promoted its degradation (18), and we also demonstrated
that UHRF2 inhibited the HBV replication cycle, not only
through direct interaction with HBc, but it also reduced the
acetylation of HBV cccDNA-bound H3 histones (19). HBV is
one of the major risk factors for HCC (1,3). These data suggest
that UHRF2 may be associated with acetylated H3 and may
play an important role in HCC.

In the present study, we demonstrated that the levels of
H3K9ac and H3K14ac were higher in HCC tissues and HepG2
cancer cells compared with adjacent non-tumor tissues and
L02 normal cells. We also confirmed that a higher expression
of UHRF2 correlated with a lower expression of H3K9ac in
HCC tissues (when comparing HCC tissues) and that the over-
expression of UHRF2 regulated the expression of H3K9ac in
different cells. Moreover, UHRF2 co-localized and interacted
with H3K9ac in LO2 and HepG2 cells, and UHRF?2 interacted
with H3KO9ac through its PHD domain. Overall, these data
reveal the molecular mechanisms responsible for the interac-
tion of UHRF2 with acetylated H3 and provide new moleculer
targets for HCC therapeutics.

Materials and methods

Reagents, cell lines and plasmids. Polyclonal rabbit human anti-
UHRF2/NIRF antibody (ab28673), anti-H3 (ab1791) antibody
and monoclonal rabbit human antiH3K9ac (ab32129) antibody,
H3K14ac (ab52946) were purchased from Abcam (Cambridge,
MA, USA). Monoclonal mouse anti-Flag antibody (AF 519)
and pB-actin (AA128) were obtained from Beyotime Institute of
Biotechnology (Jiangsu, China). Trichostatin A (TSA; T1952,
5 mM in DMSO) was purchased from Sigma-Aldrich (St. Louis,
MO, USA). Full-length and mutants UHRF2 plasmids were
obtained by cloning the PCR fragment corresponding to
UHRF2 into the pCM V-3xFlag vector (Fig. 1). The 293 normal
renal epithelial cells, LO2 normal liver cells, HepG2 HCC cells
and pCMV-Flag-UHRF2, pCM V-Flag and deletion mutants of
UHRF2 plasmids were stored by our laboratory.

Cell culture and transfection. The L02 cells were maintained
in Roswell Park Memorial Institute-1640 (RPMI-1640; Gibco,
Carlsbad, CA, USA), the 293 cells and HepG2 cells were
maintained in Dulbecco's modified Eagle's medium (DMEM,;
HyClone Laboratories, Red Bank, NJ, USA). Both cells were
supplemented with 10% fetal bovine serum (FBS; TBD
Science Biotechnology, Tianjing, China) in a humidified
atmosphere containing 5% CO, at 37°C. Cell transfection (with
pCMV-Flag-UHRF2 or pCMV-Flag) was carried out using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer's instructions. TSA (400 nM)
was added to the culture medium after 4-6 h of transfection
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and harvested at the end of 24 h if necessary. TSA is a HDACI
and promotes the level of histone acetylation (20,21). The cells
were harvested at 24 h post-transfection.

Human tumor and non-neoplastic tissue. HCC tissues (n=5)
and corresponding adjacent non-tumor liver tissues (n=5) were
obtained from patients at the Department of Pathology of the
First Affiliated Hospital of Chongqing Medical University.
Ethics approval for the study was obtained from the First
Affiliated Hospital of Chongqing Medical University, and
informed consent was obtained from each patient.

Immunohistochemistry. The tissues were deparaffinized for
1 h at 60°C in an oven and rehydrated by gradient alcohol. The
antigen-retrieving steps were carried out in citrate buffer for
10 min in a microwave oven. The tissue sections were incubated
overnight with primary antibodies to UHRF2 (1:200 dilution),
H3 (1:200 dilution), H3K9ac (1:100 dilution) or H3K 14ac (1:100
dilution) at 4°C, and then incubated with the following
secondary antibodies: biotinylated goat anti-rabbit IgG
(SP9001) and biotinylated goat anti-mouse IgG (SP9002)
(Zhongshan Goldenbridge Biotechnology, Corp., Beijing,
China) for 15 min at 37°C, using streptavidin/peroxidase (SP)
histostain™-Plus kits, and stained with DAB (Zhongshan
Goldenbridge Biotechnology Corp.). The nuclei were coun-
terstained with hematoxylin. The rest of the procedure
was performed according to manufacturer's instructions.
Observations were performed using an Olympus multifunction
microscope (Olympus, Tokyo, Japan). The staining intensity
for UHRF2 was graded as O (no staining), 1 (mild staining), 2
(moderate staining) and 3 (intense staining). The staining extent
was scored using the scale as follows: 0 (no staining of cells), 1
(<10% of tissue stained positive), 2 (10-50% stained positive),
3 (>50% stained positive). The final staining score was defined
as the sum of the intensity and extent scores. The specimens
were divided into 3 groups according to their overall scores as
follows: 0-2, negative; 3-4, weak staining (lower expression);
5-6, intense staining (higher expression).

Western blot analysis. For western blot analysis, the cells were
washed 3 times with ice-cold phosphate-buffered saline (PBS)
and lysed in RIPA buffer containing protease inhibitor cock-
tail (Roche Diagnostics Corp., Indianapolis, IN, USA) and
phenylmethanesulfonyl fluoride (PMSF). Following incubation
at 4°C for 30 min, the lysate was centrifuged at 14,000 x g
for 30 min at 4°C. The protein concentration was determined
using the bicinchoninic acid (BCA) protein assay kit (Beyotime
Institute of Biotechnology) with BSA as the standard. Samples
were denatured by 5X SDS loading buffer for 5 min at 100°C
and separated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE). Following electrotransfer, the
membrane was probed with antibodies against UHRF2 (1:1,000
dilution), B-actin (1:1,000 dilution), H3 (1:1,000 dilution),
H3K9ac (1:1,000 dilution) or H3K 14ac (1:500 dilution). The blots
were then incubated with the secondary antibodies: HRP-labeled
goat anti-mouse IgG (H+L) (A0192) and HRP-labeled goat
anti-rabbit IgG (H+L) (A0208) (from Beyotime Institute of
Biotechnology). Detection was carried out using the ECL chemi-
luminescent system (Merck Millipore KGaA, Darmstadt,
Germany) according to the manufacturer's instructions.
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Figure 1. The deletion mutants of UHRF2. (A) Schematic presentation of domain deletion method of UHRF2. (B) BLAST results of sequenced inserts.
(C) Identification of each recombinant plasmid by restriction enzyme digestion. Lane M is the DNA marker DL10000; lanes 1 to 6 are respective restriction
maps of vector pPCMV-3xFlag, Flag-UHRF2, Flag-AUBL, Flag-APHD, Flag-AYDG and Flag-ARING. (D) 293 cells were transfected with the indicated plasmid.

Western blot analysis demonstrated the deletion mutants of UHRF2 protein.

Co-immunoprecipitation (Co-IP) assay. For Co-IP, the L02 and
HepG2 cells were collected at 24 h post-transfection, washed
3 times with ice-cold PBS and lysed with ice-cold NP-40-based
lysis buffer containing protease inhibitor cocktail and PMSF
for 30 min, followed by centrifugation at 15,800 x g for 15 min
at4°C. The protein concentration was determined using the BCA
protein assay kit. The protein extracts were then incubated over-
night with specific antibody against Flag and protein G-agarose
beads (Beyotime Institute of Biotechnology) were then added
for 4 h at 4°C. The immunoprecipitated complexes were washed
5 times using ice-cold lysis buffer, and bound proteins were
released by boiling in 2X SDS loading buffer for 5 min at 100°C.
The precipitated proteins were then examined by western blot
analysis. The input was used as a positive control.

Immunofluorescence staining. The L02 and HepG2 cells were
grown on cover slips in 6-well plates for 24 h and transfected
with pCMV-Flag-UHRF2. TSA was added to the culture
medium at 4-6 h of transfection, and the cells were then incu-
bated for a further 24 h. The cells were washed 3 times with
PBS, fixed with 4% paraformaldehyde for 30 min, permeabi-
lized in PBS containing 0.1% Triton X-100, and then washed
and blocked with 5% goat serum albumin in PBS for 30 min at
room temperature to block non-specific antibodies and followed
by incubation with antibodies against Flag (1:800 dilution),
H3 (1:250 dilution), H3K9ac (1:250 dilution) or H3K 14ac (1:250
dilution) overnight at 4°C. After being washed 3 times with PBS,
the cells were incubated with the secondary antibody, namely
Alexa Fluor 488 goat anti-mouse IgG (ZF 0512; 1:100 dilution)
or Alexa Fluor 594 goat anti-rabbit IgG (ZF 0516; 1:100 dilu-
tion) (Zhongshan Goldenbridge Biotechnology, Corp.) for 1 h at
37°C in the dark and then washed 3 times. The cell nuclei were
stained with 4,6-diamidino-2-phenylindole (DAPI), washed

3 times again with PBS and finally sealed with 50% glycerin.
Observations were performed under a laser scanning confocal
microscope (Leica TCS-SP2, Leica, Wetzler, German).

Statistical analysis. The results are expressed as the means + stan-
dard deviation (SD). All data represent the means + SD of
3 separate experiments. Student's t-tests were used for statistical
analysis. A value of P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Endogenous expression of UHRF2, H3K9ac and H3KI4ac
in different cells and tissues. In our previous study, we
demonstrated that UHRF2 decreased the acetylation of HBV
cccDNA-bound H3 histones (19). In order to explore the
molecular mechanisms responsible for the interaction between
UHRF?2 and acetylated H3, we first performed immunohisto-
chemistry and western blot analysis to detect the endogenous
expression levels of UHRF2, H3K9ac and H3K14ac in HCC
tissues and adjacent non-tumor tissues, and in LO2 and HepG2
cells, respectively. The results of immunohistochemistry
revealed the negative staining of UHRF2 in the adjacent non-
tumor tissues, and the positive staining of UHRF2 in HCC
tissues. In addition, the expression of H3K9ac and H3K 14ac was
higher in the HCC tissues compared to the adjacent non-tumor
tissues (Fig. 2). The results of western blot analysis indicated
that the protein level of UHRF2 did not exhibit a significant
difference between the L02 normal cells and the HepG2 HCC
cells; however, the protein levels of H3K9ac were higher in
the HepG2 cells than in the LO2 cells (P<0.01) and the protein
levels of H3K14ac were also higher in the HepG2 cells than in
the LO2 cells (P<0.05) (Fig. 3). These data indicated that the
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Figure 2. The expression levels of ubiquitin-like with PHD and ring finger domains 2 (UHRF?2), histone H3 lysine 9 acetylation (H3K9ac) and histone H3
lysine 14 acetylation (H3K14ac) in different tissues. Immunohistochemistry of UHRF2, H3K9ac and H3K14ac expression in HCC tissues and adjacent non-
tumor tissues; the nuclei were counterstained with hematoxylin (magnification, x400).
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Figure 3. The protein levels of ubiquitin-like with PHD and ring finger domains 2 (UHRF2), histone H3 lysine 9 acetylation (H3K9ac) and histone H3 lysine 14
acetylation (H3K14ac) in different cells. (A) L02 normal cells and HepG2 hepatocellular carcinoma cells were harvested after 24 h and cell lysates were blotted
with indicated antibodies. H3 and (3-actin were used as a loading control. Western blot analysis demonstrated that H3K9ac and H3K 14ac expression was higher
in HepG2 cells compared with L02 cells. (B) Quantification of the expression data shown in (A). Data are expressed as the means + SD, (n=3 experiments).

“P<0.01 and "P<0.05, compared with the LO2 cells.

protein level of UHRF2 was consistent with that of H3K9ac and
H3K14ac in the HCC tissues; a higher expression of UHRF2
was associated with higher levels of H3K9ac and H3K14ac in
HCC tissues when compared to adjacent non-tumor tissues.

A higher level of UHRF?2 is associated with a lower level of
H3K9%ac in HCC tissues (comparison of different HCC tissues
only). We then examined UHRF2, H3K9ac and H3K14ac
expression between different HCC tissues only. We observed
some interesting results regarding the expression of UHRF2 and
H3K9ac in HCC tissues (Fig. 4). We found weak UHRF?2 staining
in some HCC tissues (lower expression of UHRF2; Fig. 4A), as
well as intense UHRF2 staining in other HCC tissues (higher
expression of UHRF2; Fig. 4B). The results of immunohisto-
chemistry revealed that the expression of H3K9ac was higher in
the HCC tissues with a lower UHRF2 expression (Fig. 4A), but
it was lower in the HCC tissues with a higher UHRF2 expres-
sion (Fig. 4B). The expression of H3K9ac was higher in the HCC

tissues with a lower UHRF2 expression compared with the HCC
tissues with a higher UHRF2 expression. Thus, it appeared that
a higher expression of UHRF2 correlated with a lower expres-
sion of H3K9ac when comparing the HCC tissues. H3K14ac
staining did not exhibit any obvious difference between the HCC
tissues (Fig. 4). These results demonstrated that the expression
of UHRF?2 negatively correlated with H3K9ac expression when
comparing different HCC tissues.

Overexpression of UHRF?2 effects on the expression of H3K9ac
and H3K14ac. We then explored the molecular mechanisms
responsible for the interaction between UHRF2 and acetylated H3
by upregulating UHRF2 expression by transfecting the cells with
pCMV-Flag-UHRF2. Semi-quantitative analysis of the protein
levels of H3K9ac and H3K14ac was performed by western blot
analysis. The overexpression of UHRF2 increased the level of
H3K9ac in the LO2 cells compared to the cells transfected with
the empty vector (P<0.01; Fig. SA and B); however, it decreased
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Figure 4. A higher level of ubiquitin-like with PHD and ring finger domains 2 (UHRF2) is associated with a lower level of histone H3 lysine 9 acetyla-
tion (H3K9ac) in hepatocellular carcinoma (HCC) tissues. (A and B) For immunohistochemistry, the HCC tissue sections were stained with the indicated
antibodies; the nuclei were counterstained with hematoxylin (magnification, x400). (A) HCC tissues with a lower UHRF?2 expression; (B) HCC tissues with a
higher UHRF2 expression.
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Figure 5. Overexpression of ubiquitin-like with PHD and ring finger domains 2 (UHRF?2) affects the expression of histone H3 lysine 9 acetylation (H3K9ac) and
histone H3 lysine 14 acetylation (H3K14ac). (A and C) L0O2 normal cells and HepG2 hepatocellular carcinoma (HCC) cells were transfected with pPCM V-FLAG-
UHRF2 or pCMV-Flag (mock vector). Western blot analysis demonstrated that transfection with pCM V-Flag-UHRF2 markedly upregulated the expression of
H3K9ac compared with the control group in L02 normal cells, but downregulated the expression of H3K9ac in HepG2 HCC cells. Following transfection with
pCMV-Flag-UHRF?2, the protein level of H3K 14ac was increased in LO2 normal cells, while it was not significantly altered in HepG2 HCC cells. H3 was used
as a loading control. (B and D) Quantification of the expression data shown in (A and C). Data are expressed as the means + SD, (n=3 experiments). “P<0.01 and
"P<0.05, compared with the pPCM V-Flag-transfected cells.
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Figure 6. Co-localization of ubiquitin-like with PHD and ring finger domains 2 (UHRF2) and H3, histone H3 lysine 9 acetylation (H3K9ac) and histone H3
lysine 14 acetylation (H3K14ac) as shown under a laser scanning confocal microscope. (A and B) L02 normal cells and HepG2 hepatocellular carcinoma (HCC)
cells were transfected with pCM V-Flag-UHRF2. Immunofluorescence staining of UHRF2 (green) and H3, H3K9ac and H3K 14ac (red) is indicated in the cells.
The DAPI (blue) staining represents the nucleus. The merge images (yellow) demonstrated that UHRF2 co-localized with H3, H3K9ac and H3K14ac in the

nucleus in vitro (magnification, x400).

the level of H3K9ac in the HepG2 cells (P<0.05; Fig. 5C and D).
In addition, the overexpression of UHRF2 increased the level of
H3K14ac in the LO2 cells, whereas it did not significantly alter its
level in the HepG2 cells (P<0.01) (Fig. 5). These results indicated
that the overexpression of UHRF2 increased the expression of
H3K14ac in L02 normal cells, but it did not significantly alter
the expression of H3K14ac in HepG2 cells, whereas it had a
differential effect on the expression of H3K9ac in L02 normal
cells as compared with HepG2 HCC cells.

UHRF?2 co-localizes with H3, H3K9ac and H3K14ac. To
investigate the regulatory effect of UHRF2 on the expres-
sion of H3K9ac and H3K14ac, the subcellular localization of
UHRF2, H3, H3K9ac and H3K14ac was detected in the L02
and HepG2 cells by immunofluorescence staining with a

laser scanning confocal microscope. UHRF?2 is an essential
protein for the maintenance of methylated histone H3 lysine 9
(H3K9me) (14,17). We hypothesized that UHRF2 may
responsible for recruiting H3K9ac and H3K14ac. The results
of immunofluorescence staining indicated that UHRF2 was
localized in the nucleus (green). H3, H3K9ac and H3K14ac
exhibited nucelar distribution (red) (Fig. 6). More significantly,
in the merged images in Fig. 6, a yellow area (Mergel) could
be observed, which indicated that there was a co-localization
of UHRF2 with H3, H3K9ac and H3K 14ac in both the L02 and
HepG2 cells (Fig. 6).

UHRF?2 interacts with H3K9ac but not H3KI4ac. To further
investigate the interaction between UHRF2 and acetylated H3,
we performed Co-IP assay. The cells were transfected with



132

Input IP:a-Flag L02
pCMV-Flag b
pCMV-Flag-UHRF2
TSA
< UHRF2
¢ IgG-H
UHRF2 (90 kD
GAkD) ¢ IgG-L

H3K9ac (17 kDa)

H3K14ac (17 kDa)

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 39: 126-134, 2017

B Input IP:¢-Flag  HepG2
pCMV-Flag
- + —
pCMV-Flag-UHRF2  _ £ &
TSA 4 4 i o
., € UHRF2
UHRF2 (90 kDa) € IgG-H
& IgG-L
H3 (17kDa) . 8

— —

H3K9ac (17 kDa)

H3K14ac (17 kDa) ~

Figure 7. Interaction between ubiquitin-like with PHD and ring finger domains 2 (UHRF2) and histone H3 lysine 9 acetylation (H3K9ac).
(A and B) Immunoprecipitation of H3K9ac and histone H3 lysine 14 acetylation (H3K14ac) with UHRF2. L02 and HepG2 cells were transfected with pCM V-
Flag-UHRF2 or pCMV-Flag (mock vector), TSA (400 nM) was added to the culture medium and cells were harvested at the end of 24 h. Cell extracts were
prepared and immunoprecipitated with anti-Flag antibody and protein G-agarose beads, then input (10% whole cell lysates) and immunoprecipitates (IP) were

probed by western blot analysis with indicated antibodies.

pCMV-Flag-UHRF2 or pCMV-Flag (mock vector). Flag
antibody and protein G-agarose beads were used to co-immu-
noprecipitate H3, H3K9ac, H3K14ac protein from the L02 and
HepG2 cell extracts. The results revealed that only the precipi-
tation of Flag-UHRF2-interacting protein complexes from cells
transfected with pCM V-Flag-UHRF?2 could detect the expres-
sion of H3K9ac, indicating that H3K9ac was indeed efficiently
precipitated with UHRF2 (Fig. 7). However, H3K14ac was not
detected in the LO2 cells (Fig. 7A), but it was detected in both
the pCMV-Flag-UHRF2- and pCMV-Flag-transfected HepG2
HCC cells, indicating that H3K 14ac could not be precipitated
with UHRF?2 (Fig. 7B).

The PHD domain of UHRF?2 is important for H3K9ac binding.
UHRF?2 is a multi-domain protein (Fig. 1), its PHD domain
has been showed to read part of the histone code (16) and it
is characterized as a versatile epigenetic reader, linking post-
translational modifications (PTMs), particularly the histone H3
tail (22). In order to find the required domains of UHRF2
interacting with H3K9ac, we performed IP assay of the cells
transfected with deletion mutants of UHRF2 plasmids or
pCMV-Flag. The results revealed that H3K9ac expression was
significantly lower compared with the input at the PHD deletion
mutant domain, indicating that the PHD domain was the key
domain for the interaction of UHRF2 with H3K9ac (Fig. 8).
Of note, H3K9ac expression was significantly lower compared
with the input at both the PHD deletion mutant domain and
SRA/YDG deletion mutant domain in the HepG2 HCC cells,
indicating not only the PHD domain, but also the SRA/YDG
domain were important for the interaction of UHRF2 with
H3K9ac in HepG2 HCC cells (Fig. 8B).

Discussion

UHRF2 had been proposed as a potential tumor suppressor in
breast cancer cell lines and A549 lung cancer cells (23,24), but
has been shown to play an oncongenic role in colorectal cancer
and glioma cells (25-27). The expression UHRF2 differs in
different types of cancer, illustrating the heterogeneity of cancer,

and has also been suggested that UHRF?2 plays an important role
in tumorigenesis. However, few studies have reported the role of
UHRF2 in HCC. In this study, demonstrated that the expression
of UHRF2 was higher in HCC tissues compared with adjacent
non-tumor tissues. Accumulating evidence has established that
tumor-associated epigenetic alterations, including DNA meth-
ylation and histone modifications are important determinants in
the initiation and progression of HCC and represent promising
biomarkers and therapeutic targets (1,3,9,28). A high expres-
sion of trimethylated histone H3 lysine 4 has been shown to
be associated with a poor prognosis in HCC, and the increased
acetylation of H3K9 has been associated with increased H3K4
methylation (7,29). This study also demonstrated that the levels
of H3K9ac and H3K 14ac were higher in HepG2 HCC cells and
HCC tissues compared with LO2 normal cells and adjacent non-
tumor tissues. Moreover, the first evidence was provided that
the overexpression of UHRF2 downregulated the protein level
of H3K9ac in HepG2 cancer cells, but upregulated the protein
level of H3K9ac in LO2 normal cells. A higher level of UHRF2
was associated with a lower level of H3K9ac when comparing
HCC tissues. Therefore, UHRF2 and H3K9ac together may
serve as a biological marker for HCC therapeutics.

UHRF?2 is involved in several important epigenetic modi-
fications, including DNA methylation, histone methylation
and acetylation (14,17,26,30). In this study, we first reported
that UHRF2 co-localized with H3K9ac and H3K14ac. In
addition, UHRF2 interacted with H3K9ac, but not H3K 14ac,
and this result indicated site binding specificity when
UHRF2 combined with acetylated H3. When a specific site
of acetylated histones combines with UHRF?2, this triggers a
specific event downstream. UHRFI, another member of the
UHRF family of proteins, is highly similar to UHRF2 in
both sequence and structure, and interacts with methylated
H3K9 through the PHD domain (16). UHRF2 specifically
binds to H3K9me2/3 at the TTD-PHD region (17). The crystal
structure basically displays that the PHD domain interacts
with the H3 N-terminal tail (22,31). In this study, we clari-
fied that the PHD domain of UHRF2 is the key region for its
interaction with H3K9ac. These results revealed the crosstalk
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Figure 8. PHD domain is the key region for ubiquitin-like with PHD and ring finger domains 2 (UHRF?2) binding to histone H3 lysine 9 acetylation (H3K9ac).
(A and B) L02 and HepG2 were transfected with deletion mutants of UHRF2 or pCM V-Flag (mock vector), TSA (400 nM) was added to the culture medium and
cells were harvested at the end of 24 h. Cell extracts were prepared and immunoprecipitated with anti-Flag antibody and protein G-agarose beads followed by
western blot analysis with indicated antibodies. These results showed that UHRF?2 interacted with H3K9ac and H3K 14ac through its PHD domain.

and the mechanistic link between UHRF2 and acetylated H3.
Furthermore, it has been reported that the SRA/YDG domain
is essential for binding histone H3 tails (32). We also found that
the SRA/YDG domain was also required in combining with
H3K9ac in HepG2 cells, unlike in LO2 normal cells. Further
studies are required in order to determine the difference in
the required domain in normal and cancer cells, as regards
UHRF?2 binding to H3K9ac.

In conclusion, our findings demonstrated that the overex-
pression of UHRF2 decreased the protein level of H3K9ac in
HepG2 cancer cells, but it increased the protein level of H3K9ac
in LO2 normal cells, and a higher level of UHRF2 expression
was associated with a lower level of H3K9ac expression in HCC
tissues. Moreover, our findings also demonstrated that UHRF2
interacted with H3K9ac directly and the PHD domain was the
key domain for the binding of UHRF2 to H3K9ac. These results
may provide a better understanding of the crosstalk between
UHRF2 and H3K9ac, and highlight the possibilities that UHRF2
and H3K9ac together may be therapeutic target in HCC.
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