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Abstract: Histone demethylase plant homeodomain (PHD) finger protein 8 (PHF8) has been implicated in tumor
development and malignant progression in various types of cancers. However, its potential roles in gastric cancer
(GC) have not been explored. In this report, we show that PHF8 expression is upregulated in GC tissues, and the en-
hanced PHF8 level indicates a poor prognosis of GC patients. PHF8 knockdown reduces proliferation and metasta-
sis of GC cells, while PHF8 overexpression has the opposite effects. Mechanistically, PHF8 interacts with B-catenin,
and binds to the promoter region of vimentin, leading to the promotion of vimentin transcription. In addition, we
show that H. pylori, the single most important risk factor for GC, markedly induce PHF8 expression. Our results sug-
gest that H. pylori-induced PHF8-B-catenin-vimentin axis activation is a novel mechanism for GC malignant progres-
sion. Thus, we identify PHF8 as an oncogenic factor of GC, and suggest PHF8 might be a potential molecular target
for therapeutic approaches for GC.
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Introduction family and Jumonji C (JmjC) domain-containing
family, have been linked to cancer [3]. For
instance, LSD1 inhibits breast cancer metasta-
sis, but promotes proliferation, migration and
invasion of non-small cell lung cancer (NSCLC)
[4, 5]. KDM5B promotes bladder and lung tumor
progression, but serves as a tumor suppressor
in melanoma [6, 7]. Histone demethylases play
important roles during GC initiation and metas-
tasis as well. Previously, our group has reported
that RBP2 promote GC malignant transforma-
tion by inhibiting cyclin-dependent kinase inhib-
itors (CDKls, including p21, p27 and p16) and
enhancing cyclin D1 expression [8, 9]. RBP2
the mechanism of GC initiation and metastasis promotes GC malignant progression through

and to identify novel therapeutic approaches TGF-1-(p-Smad3)-RBP2-E-cadherin-Smad3
for GC. feedback circuit [10]. JMJD2B induces GC cell

proliferation and promotes GC metastasis by

Gastric cancer (GC) is one of the leading cau-
ses of cancer death in less-developed coun-
tries [1]. It is difficult to detect in the early stag-
es and GC malignant progression is the main
reason responsible for its poor prognosis.
Based on data from Surveillance, Epidemiology,
and End Results Program (SEER) 18 2006-
2012, the five-year survival rate of GC patients
diagnosed with Stage | was up to 66.9%.
However, more than 63% of GC patients were
diagnosed with metastasis. Consequently, the
five-year survival rate decreased sharply to 5%
(stage V). Therefore, it is critical to elucidate

It is clear that histone modification patterns
alteration is involved in the development and
metastasis of cancer [2]. Histone demethylas-
es, including KDM1 (Lysine (K) Demethylasel)

enhancing epithelial-mesenchymal transition
(EMT) through cooperating with B-Catenin [11,
12]. Other investigators also consider targeting
histone demethylases as a new weapon in the
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fight against cancer [3]. Thus, illustrating the
role of histone demethylases in GC is critical for
the treatment of GC.

Plant homeodomain (PHD) finger protein 8
(PHF8, also termed KDM7B), a JmjC-domain-
containing protein, is a member of the histone
demethylase family [13]. Serving as a transcrip-
tion coactivator, PHF8 were shown to be invo-
Ived in human cancer progression and metas-
tasis. In breast cancer, ubiquitin-specific pro-
tease 7 (USP7)-mediated stabilization of PHF8
regulated cyclin A2 expression to promote car-
cinogenesis [14]; PHF8 upregulated SNAI1 and
ZEB1 to induce an EMT-like process and con-
tributed to MYC-induced cell proliferation [15].
In human prostate cancer, it was shown that
PHF8 promoted cellular transformation and
survival by regulating oncomiR miR-125b [16];
PHF8 also contributed to cancer progression
through hypoxia-inducible factor (HIF)/PHF8/
androgen receptor (AR) axis and induced drug
resistance in castration-resistant prostate can-
cer (CRPC) [17]. In laryngeal and hypopharyn-
geal squamous cell carcinoma (LHSCC), PHF8
was upregulated and associated with adverse
prognosis [18]. However, the mechanistic insi-
ghts into the role of PHF8 in GC progression
and matastasis remain to be investigated.

In the present study, we show that the histone
demethylase PHF8 is upregulated in GC and
correlates with poor prognosis of GC. PHF8
enhances metastasis and progression of GC in
vitro and in vivo. Mechanistically, PHF8 regu-
lates the expression of EMT related genes,
such as vimentin. PHF8 interacts with B-catenin
and bind to the promoter region of vimentin,
leading to the enhancement of vimentin tran-
scription. Thus, we identify PHF8 as an onco-
genic protein in GC, and suggest that PHF8
might be a potential therapeutic target for pre-
venting GC progression.

Methods and materials
Cell cultures

GES-1, BGC-823, HGC-27, MGC-803 and SGC-
7901 cells were cultured in RPMI-1640 (Gibco,
Carlsbad, CA, USA) supplemented with 10%
fetal bovine serum (FBS, Gibco, Carlsbad, CA,
USA). AGS cells were cultured in F12 (HyClone,
USA) supplemented with 10% FBS. BGC-823
cells stably knocking down PHF8 were selected
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using 2 pg/ml puromycin (Gibco, Carlsbad, CA,
USA).

Reagents, siRNA and plasmids transfection

Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA) was used for stable transfection of PHF8
shRNA (GenePharma, Shanghai, China) and
transient silencing of PHF8 siRNA (Sigma-
Aldrich, St Louis, MO, USA) according to the
manufacturer’s protocol. Target sequence of
PHF8 for transient silencing was 5-CCAATC-
TGACTCTCTTTGA-3. Roche Transfection Rea-
gent (Roche, Basel, Switzerland) was used
for transient transfction of PHF8 plasmid and
catalytically inactive H247A mutant plasmid
according to the manufacturer’s protocol. PHF8
plasmid and catalytically inactive H247A
mutant plasmid were kindly donated by Prof.
Liu Wen (University of Xiamen, Xiamen, China).

H. pylori cultures and a mouse model of H.
pylori infection

The H. pylori strains 26695 and SSI were
grown in Brucella broth supplemented with 5%
FBS under microaerophilic conditions (5% O,
10% CO,, and 85% N,) at 37°C. The bacteria
were collected through centrifugation, quanti-
fied according to OD600 and added to cell cul-
tures with multiplicity of infection (MOI) at 100
immediately. The mouse model of H. pylori
infection was performed as described pre-
ciously [19]. All animal experiments were
approved by Shandong University Research
Ethics Committee.

Clinical samples

For IHC, 77 cases of GC and 46 cases of adja-
cent non-cancer tissues were acquired from
Shanghai Outdo Biotech Co., Ltd. (Shanghai,
China). 37 samples of atrophic gastritis (AG)
with H. pylori positive or negative were obtained
from Jinan Central Hospital, Shandong, P. R.
China. H. pylori infection in patients with AG
was detected by a 13C urea breath test. For
western blot analysis, eight pairs of GC and
matched adjacent non-tumor gastric tissues
were frozen and stored in liquid nitrogen until
use. For gqRT-PCR, 40 cases of AG samples
were obtained from Jinan Central Hospital,
Shandong, PR China. The samples were stored
in RNAlater (QIAGEN, Germany) at -80°C until
use for RNA extraction. The clinical stages and
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histological types of the tumors were defin-
ed according to WHO classification criteria. All
clinical samples were approved for analysis
by Shandong University Research Ethics
Committee.

Proliferation and metastasis assays in vivo

Female thymus-null BALB/c nude mice were
obtained from the Mu Tu Biological Technology
Co., Ltd. (Nanjing, China). For proliferation ass-
ay, BGC-823 cells (3 x 10°) that stably trans-
fected with PHF8 shRNA or negative control
were subcutaneously injected into the right and
left flank of 5 nude mice, respectively. Tumor
growth was measured every four days. The
mice were sacrificed after 20 days later. For
metastasis assay, BGC-823 cells (4 x 10°) that
stably transfected with PHF8 shRNA or nega-
tive control were intravenously injected via tail
vein of nude mice. The lungs were harvested
after one month and stored at formalin for fur-
ther HE staining.

IHC

IHC was performed according to a standard
procedure. Briefly, formalin-fixed, paraffin-em-
bedded (FFPE) sections obtained from mouse
or patient samples were subjected to deparaf-
fination and dehydration. After antigen retrieval
with 15 minutes heat treatment in 10 mM sodi-
um citrate and 30% H,0, treatment, the sec-
tions were blocked in goat serum for 30 min.
Then the sections were incubated with speci-
fic primary antibodies against PHF8 (1:200,
Abcam, Cambridge, MA, USA), and vimentin
(1:200, Cell Signaling Technology, Danvers, MA,
USA) overnight at 4°C. Finally, we incubated the
sections with corresponding secondary anti-
bodies and detected the staining using a DAB
staining kit (Vector Laboratories, Burlingame,
CA, USA). The intensity of positive staining was
scored as follows: O, no immunostaining; 1,
light brown color; 2, medium brown color; and
3, dark brown color. The percentage of positive-
ly stained cells was scored as follows: O, 0%; 1,
< 25%; 2, 25-75%; 3, > 75%. We got the IHC
score by multiplying these two scores. High
expression: IHC score > 5; low expression: IHC
score < 5.

Colony formation assay

Cells (500 cells/well) were seeded in 6-well
plates and incubating for 7-12 days. The cells
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were fixed using methanol and stained with
Giemsa. The number of colonies containing
more than 100 cells was counted for the subse-
quent analysis.

Wound healing and migration assays

For wound healing assay, 6-well plate were
seeded with cells and cell surface was
scratched using a pipette tip. At O, 24, 48 and
72 hours, accurate wounds measurement were
performed to calculate the healing area. The
wound closure area = [(wound length at O hour)-
(wound length at 24, 48 and 72 hours)] x
(wound width). For migration assay, 50000 GC
cells were loaded into upper chamber of colla-
gen-coated Transwells for 24 or 48 hours.
Lower chamber was loaded with medium con-
taining 20% FBS. The cells migrated to the
lower well were fixed using methanol and
stained with Giemsa. Cells were calculated with
an inverted microscope. All experiment were
performed with 3 replicates.

qRT-PCR

TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
was used to extract total RNA according to
the manufacturer’s protocol. Random primers
and MMLV reverse transcriptase (Fermentas,
Canada) were used to synthesize cDNA. gRT-
PCR analysis performed with SYBR-Green qRT-
PCR assays (TaKaRa, Japan). B-actin expres-
sion was used to normalize data. Primers used
for qRT-PCR assays were shown as below:
5-AGTTGCGTTACACCCTTTCTTG-3" and 5'-CA-
CCTTCACCGTTCCAGTTTT-3’ for B-actin; 5-AG-
TCACCGCATAGTCAGGCA-3' and 5-CCTCTGTT-
TCTGCCCAGCTT-3" for PHF8; 5-GGACCAGCT-
AACCAACGACA-3" and 5-AAGGTCAAGACGTG-
CCAGAG-3’ for vimentin.

Western blot

Protein lysis buffer containing phosphatase
and protease inhibitors were used to lyse cells.
Equal amounts of extracts were resolved on
SDS-PAGE and transferred to PVDF mem-
branes, blocking with 5% nonfat dry milk and
subsequently incubated with primary antibod-
ies and then with the corresponding second-
ary antibodies. Millipore ECL regents were used
to detect immunoblot signals. Anti-PHF8 was
from Abcam (Cambridge, MA, USA). Anti-B-actin
was from Sigma-Aldrich (St Louis, MO, USA).
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Figure 1. Enhanced PHF8 level correlates with poor GC prognosis. A. Kaplan-Meier analysis of two probes of PHF8
(left: 215065_at; right: 212916_at) in survival of GC patients (log-rank test; n = 876). The data and P-values were
obtained from the Kaplan-Meier Plotter database. B. PHF8 mRNA expression in 80 pairs of GC and adjacent normal
tissues. The data were obtained from the GEO database (GSE27342). C. PHF8 mRNA expression in 45 pairs of GC
and adjacent normal tissues. The data were obtained from the GEO database (GSE63089). D. PHF8 mRNA expres-
sion in 25 pairs of GC and adjacent normal tissues. The data were obtained from the GEO database (GSE13195).
E. Western blot analysis of PHF8 in four pairs of GC tissues (T) and corresponding normal tissues (N). F. Western
blot analysis of PHF8 in four poor differentiated or undifferentiated GC cell lines (BGC-823, HGC-27, SGC-7901 and
MGC-803) and normal gastric mucous membrane epithelial cell line (GES-1) and a moderately differentiated GC cell
line (AGS). G. IHC staining for PHF8 in GC and adjacent normal tissues. Scale bars, 200 ym (insets 25 pm).

Anti-vimentin, anti-ZEB-1, anti-Slug, anti-ZO-1 perform Chromatin immunoprecipitation (ChIP)
and anti-E-cadherin were from Cell Signaling assays according to the manufacturer’s stan-
Technology (Danvers, MA, USA). Anti-Flag and dard protocol. Chromatin fragments derived
Anti-HA were from Proteintech (Rosemont, IL, from BGC-823 cells were immunoprecipitated
USA). with 5 ug PHF8 antibody.

ChilP Immunoprecipitation (IP) assay

The SimpleChlP® Enzymatic Chromatin IP Kit Pierce™ Co-Immunoprecipitation Kit (Thermo-
(Cell Signaling, Danvers, MA, USA) was used to Fisher, Waltham, MA, USA) was used to perform
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Ip/Co-IP assays according to the manufactur-
er's standard protocol. BGC-823 cells lysates
were incubated with 5 ug PHF8 antibody or HA
antibody.

Luciferase reporter assay

Vimentin promoter wild and mutant plasmids
were kindly provided by Dr. Christine Gilles
(University of Liege, Liege, Belgium). Vimentin
promoter wild or mutant plasmids and the inter-
nal control vector pRLTK, which expresses
renilla luciferase, were co-transfected into
BGC-823 cells using Roche Transfection
Reagent (Roche, Basel, Switzerland) according
to the manufacturer’s protocol. 48 hours later,
luciferase assays were performed using a
Luciferase Assay System (Promega, Madison,
WI, USA) according to the manufacturer’s
instructions.

Statistical analysis

Data of experiment groups are represented as
the mean + SD and significant differences were
analyzed using two-tailed Student’s t tests or
Mann-Whitney U-test. Statistical analyses were
performed using GraphPad PRISM version
6.01. The relationships of PHF8 expression and
clinicopathologic features of GC patients were
analyzed by the x? test using the SPSS version
23.0. Values of P less than 0.05 were consid-
ered as statistically significant.

Results

Enhanced PHFS8 level correlates with poor GC
prognosis

To identify novel histone demethylase, which
correlates with the prognosis of GC, we per-
formed a bioinformatics analysis of histone
demethylase expression profiles from 876 GC
patients using Kaplan-Meier Plotter, a meta-
analysis based biomarker assessment tool
[20]. The correlation between overall survivals
with the gene expression levels of comprehen-
sive list of histone demethylases was exam-
ined. We found that high expression of two
enzymes, KDM5C and PHFS8, correlated with
significant poor overall survival in GC (Figure
1A and Table S1). It has been reported that
KDM5C promotes GC cells proliferation and
invasion [21]. Therefore, we focused on PHF8
and investigated possible link between enhan-
ced PHF8 expression and GC progression.
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To investigate the potential roles of PHF8 in
progression of GC, we analyzed public microar-
ray data from GEO repository (GSE27342,
GSE63089 and GSE13195) and found that
PHF8 expression was significantly increased in
GC compared with adjacent normal tissues
(Figure 1B-D). Western blot analysis confirmed
that PHF8 protein expression was significantly
enhanced in four GC samples paired with adja-
cent non-tumor tissues (Figure 1E). PHF8 pro-
tein expression level was markedly increased in
four poor differentiated or undifferentiated GC
cell lines (BGC-823, HGC-27, SGC-7901 and
MGC-803), compared with that in GES-1 (a nor-
mal gastric mucous membrane epithelial cell
line) and AGS (a moderately differentiated GC
cell line) (Figure 1F). Consistently, immunohis-
tochemistry (IHC) staining also showed PHF8
overexpression in GC samples compared with
adjacent non-tumor tissues (Figure 1G). Colle-
ctively, theses results provide strong evidence
that PHF8 expression is markedly upregulated
in GC and correlates with GC prognosis.

PHF8 promotes cell growth and metastasis of
GC in vivo

To investigate the biological role of PHF8 in GC
progression, BGC-823 cells were stably trans-
fected with PHF8 shRNA and the endogenous
PHF8 expression was greatly suppressed
(Figure 2A). First, to evaluate the role of PHF8
in cell growth, BGC-823 cells with PHF8 knock-
down were subcutaneously injected into nude
mice. The tumors formed by PHF8-konckdown
BGC-823 cells were smaller, in both size and
weight, than the negative control tumors
(Figure 2B-D). These data showed that PHF8
promoted tumor growth in vivo, indicating that
PHF8 could promote GC tumorigenesis in vivo.

Next, to evaluate the role of PHF8 in tumor
metastasis, PHF8 stably knockdown cells were
injected into tail vein of nude mice. One month
later, the ratio of tumor metastasis in lungs
from mice injected with PHF8-konckdown BGC-
823 cells was 56% (5/9), while that from mice
injected with negative control BGC-823 cells
was 86% (6/7). Furthermore, the number of
metastasis in PHF8-konckdown group was also
markedly decreased (Figure 2E and 2F). HE
staining showed that the number of metastatic
nodules in lungs from PHF8-konckdown group
was significantly reduced, compared with that
from negative control group (Figure 2E, lower
lanel). Taken together, these data showed that
PHF8 promoted metastasis of GC in vivo.

Am J Cancer Res 2017;7(3):448-461
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Figure 2. PHF8 promotes GC cells growth and metastasis in vivo. (A) gRT-PCR and Western blot analysis of PHF8 in
BGC-823 cells transfected with PHF8 shRNA. (B-D) Xenograft model in nude mice. Primary tumor appearance (B),
tumor growth curves (C) and the average tumor weight (D) in each group. (E) Lung metastasis in nude mice. Arrows
indicate the metastatic colonization of GC cells in the lung tissues (upper panel). HE staining of lung tissues. Scale
bars, 200 um. (F) The number of lung metastatic nests in each group was counted under a low power field and is

presented as the mean * SD.

PHF8 promotes cell proliferation and migration
of GC in vitro

To further examine the biological roles of PHF8
in cells proliferation and migration of GC in
vitro, we performed clone formation, wound
healing and transwell assays. In consistence
with in vivo results, PHF8 knockdown decreased
colony formation of GC cells, while PHF8 over-
expression had the opposite effects (Figure 3A
and 3B). The wound healing assay demonstrat-
ed that decreased PHF8 expression in BGC-
823 cells was associated with slower would
closure (Figure 3C and 3D). Transwell assays
showed that PHF8 knockdown decreased cells
invasive activity, while PHF8 overexpression
increased cell migration (Figure 3E and 3F).
Thus, PHF8 can promote cell proliferation and
migration of GC.

PHFS8, as a histone demethylase, could remove
methylation from H3K9me2. However, PHF8
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H247A mutant, in which a histidine (H) to ala-
nine (A) point mutation was introduced, lost
the demethylase activity [22]. In order to deter-
mine whether PHF8 promotes proliferation and
migration via its demethylase activity, the ca-
talytically inactive mutant PHF8 H247A was
transfected into GC cells. Colony formation and
transwell assay showed that increased colony
number and migrated cells after PHF8 expres-
sion were reduced in GC cells with PHF8 H247A
overexpression (Figure 3B and 3F). Taken
together, these data indicate that PHF8 pro-
motes cell proliferation and migration, at least
partially, via its demethylase activity.

PHFS8 is recruited to the vimentin promoter
through physically associated with B-catenin

Next, we investigated the effects of PHF8 on
the expression of several molecular markers.
E-cadherin and ZO-1 (epithelial markers) dra-
matically increased while Slug, ZEB-1 and
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Figure 3. PHF8 promote GC cells proliferation and invasion in vitro. (A) Representative images (upper panel) and
quantification (lower panel) of negative control (NC)- or PHF8 siRNA-transfected BGC-823 cells analyzed in a colony
formation assay. (B) Representative images (upper panel) and quantification (lower panel) of control (Ctrl)- or PHF8
expression plasmid- or H247A mutant plasmid-transfected AGS cells analyzed in a colony formation assay. (C, D)
Representative images (C) and quantification (D) of negative control (NC)- or PHF8 siRNA-transfected BGC-823 cells
analyzed in a wound healing assay. (E) Representative images (left panel) and quantification (right panel) of nega-
tive control (NC)- or PHF8 siRNA-transfected BGC-823 cells analyzed in a transwell assay. (F) Representative images
(left panel) and quantification (right panel) of control (Ctrl)- or PHF8 expression plasmid- or H247A mutant plasmid-

transfected AGS cells analyzed in a transwell assay.

vimentin (mesenchymal markers) markedly de-
creased in PHF8 siRNA-transfected BGC-823
cells (Figure 4A). Consistently, PHF8 overex-
pression had the opposite effects (Figure 4B).
In addition, PHF8 H247A mutant overexpres-
sion lost the regulatory effects on the expres-
sion of epithelial markers and mesenchymal
markers in GC cells (Figure 4B). Thus, PHF8 has
important roles in regulating the expression of
epithelial and mesenchymal markers in GC
cells.

454

Analysis of public microarray data from GEO
repository (GEO63089) showed that PHF8 ex-
pression was positively correlated with vimen-
tin, ZEB-1 and Slug in 45 pairs of GC and cor-
responding normal tissues. The R (coefficient
of correlation) value of viemrntin, ZEB-1, Slug
with PHF8 respectively was 0.5501, 0.5117,
0.4690, indicating vimentin was the most prob-
able target gene of PHF8 (Figure 4C-E). Thus,
we next investigated the mechanism by which
PHF8 enhanced vimentin expression. As shown

Am J Cancer Res 2017;7(3):448-461
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Figure 4. PHF8 is recruited to the vimentin promoter through physically associated with B-catenin. (A, B) Western
blot analysis of epithelial markers (E-cadherin, ZO-1) and mesenchymal markers (Slug, ZEB-1, vimentin) in nega-
tive control (NC)- or PHF8 siRNA-transfected (l) and control (Ctrl)- or PHF8 expression plasmid- or H247A mutant
plasmid-transfected (J) BGC-823 cells. (C-E) Correlation of vimentin, ZEB-1 and Slug with PHF8 mRNA expression
in 45 pairs of GC and adjacent normal tissues. The data were obtained from the GEO database (GSE63089). (F,
G) qRT-PCR analysis of PHF8 mRNA expression in negative control (NC)- or PHF8 siRNA-transfected (F) and control
(Ctrl)- or PHF8 expression plasmid- or H247A mutant plasmid-transfected (G) BGC-823 cells. (H, I) BGC-823 cells
were transfected with vimentin wild or B-catenin binding site mutant promoter, along with negative control (NC) or
PHF8 siRNA (H) and control (Ctrl) or PHF8 expression plasmid (l), and then luciferase assay was performed. (J) ChlP
analysis of PHF8 binds to vimentin promoter region. (K) BGC-823 cells transfected with Flag-p-catenin and HA-PHF8
were coimmunoprecipitated with anti-HA antibody. (L) BGC-823 cell lysates were immunoprecipitated with anti-
PHF8 antibody.
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Vimentin

performed a dual-luciferase

Stage Il

Stage Ill

assay using vimentin promot-
er mutant vector in which
B-catenin/TCF putative bind-
ing site on the vimentin pro-
moter were inactivated by site
mutant. As a result, the mu-
tant vector failed to be repre-
ssed or enhanced in PHF8
knockdown or overexpress-
ed BGC-823 cells (Figure 4H
and 4l), indicating transcrip-
tional regulation of vimentin
by PHF8 was dependent on
B-catenin. To explore whether

Figure 5. PHF8 expression positively correlates with metastasis in human
GC. A. IHC staining for PHF8 and vimentin in GC tissues. Scale bars, 200 ym
(insets 25 um). B. IHC staining for PHF8 in GC tissues from stage | to stage
IV. Scale bars, 200 pm (insets 25 pym). C. IHC staining for PHF8 in metastasis
positive and negative lymph nodes. Scale bars, 200 ym (insets 25 uym).

Table 1. Association between expression of
PHF8 and vimentin in GC

PHF8 expression

Variable Total - —
Negative Positive P value®
Vimentin expression 77
Negative 18 12 6 0.001
Positive 59 14 45

Note: 2x? test.

in Figure 4F and 4G, PHF8 knockdown inhibited
vimentin mRNA expression, while PHF8 overex-
pression enhanced vimentin mRNA expression.
However, PHF8 H247A mutant overexpression
abolished the enhancement of vimentin ex-
pression (Figure 4G). PHF8 knockdown inhibit-
ed vimentin promoter luciferase activity in
BGC-823 cells, while PHF8 overexpression had
the opposite effects (Figure 4H and 41). Taken
together, these data indicate that PHF8 pro-
motes vimentin expression via enhancing
vimentin transcription.

It has been shown that (3-catenin is crucial for
vimentin transcriptionally active [23]. We hypo-
thesized a possible involvement of PHF8 and
B-catenin in the transcription of vimentin. We
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PHF8 can interact with p-ca-
tenin physically, coimmunop-
recipitation (ColP) experiment
was performed. HA-PHF8 and
Flag-B-catenin plasmids were
cotransfected into BGC-823
cells. The interaction between
PHF8 and [B-catenin was ob-
served (Figure 4K). In consis-
tent, endogenous interaction
of PHF8 and [-catenin was
confirmed in BGC-823 cells
(Figure 4L). Furthermore, chromatin immuno-
precipitation (ChlP) assays showed that PHF8
occupied the vimentin promoter region in BGC-
823 cells (Figure 4J). Collectively, these results
indicate that PHF8 is physically interacted with
B-catenin and is recruited to the vimentin pro-
moter, thereby facilitating the transcription of
vimentin.

PHF8 expression positively correlates GC ma-
lignant progression

To wunveil clinical characteristics of PHF8
expression, we collected 109 cases of tissues
from GC patients. Immunohistochemical (IHC)
staining showed that co-expression of vimentin
and PHF8 existed in some GC samples (Figure
5A) and there was a significant positive correla-
tion between expression of vimentin and PHF8
in 77 cases of gastric cancer (P = 0.001, Table
1). As expected, PHF8 expression in stage | GC
was relatively low, and its expression was
slightly upregulated in Stage Il and Il (Figure
5B). However, PHF8 was significantly enhanced
in Stage IV (metastatic GC) (Figure 5B).
Furthermore, PHF8 expression in metastatic
lymph nodes was markedly increased com-
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Table 2. Correlation between PHF8 expres-
sion and clinicopathologic features in GC
patients

PHF8 expression
Negative Positive P value®

Characteristic Total

Gender 77
Men 54 19 35 0.687
Women 23 7 16
Age (years) 77
<60 36 12 24 0.94
> 60 41 14 27
Tumor size 74° 0.003
<4 30 16 14
>4 44 9 35
Differentiation 77
Well 20 9 11 0.254
Poor 57 16 41
pT status 72°
Tis+1 9 7 2 0.002
2 9 4 5
3 42 11 31
4 12 3 9
pN status 75° 0.002
0 24 14 10
1 16 7 9
2 16 4 12
3 19 1 18
pM status 77 0.044
pMO 63 25 38
pM1 14 1 13
pTNM status 77 0.002
| 15 9 6
Il 21 11 10
1 27 5 22
1% 14 1 13

NOTE: 2x? test. "Corresponding clinical parameters in
several patients are not available.

pared with non-metastatic lymph nodes (Fig-
ure 5C). Correlation analysis showed that PHF8
expression was positively correlated with tumor
size (P = 0.003), invasion (P = 0.002), lymph
node metastasis (P = 0.002), distant metasta-
sis (P=0.044)and TNM stage (P =0.002, Table
2). Collectively, these results confirmed the role
of PHF8 in GC malignant progression.

PHF8 expression is induced by H. pylori both in
vitro and in vivo

Since H. pylori infection is the single most
important risk factor for GC [24], we investigat-
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ed effect of H. pylori infection on PHF8 expres-
sion. Higher expression level of PHF8 expres-
sion was observed in the H. pylori-positive
gastric mucosa (Figure 6A, 6B). In addition, we
explored the relation between H. pylori infec-
tion and enhanced PHF8 expression in gastric
mucosa. H. pylori infection induced PHFS8
MRNA expression in BGC-823 and AGS cells
(Figure 6C and 6D). To investigate the effect of
H. pylori on PHF8 expression in vivo, we con-
structed a H. pylori infection mouse model in
N-methyl-N-nitrosourea (MNU) treated mice
[25]. MNU was used to better stimulate the
chronic damage under natural conditions.
Gastric mucosa was normal in the control group
while  MNU induced chronic inflammation.
Severe atrophic mucosa was observed in mice
following MNU treatment combined H. pylori
infection. PHF8 was slightly increased in MNU
group; however, its expression was markedly
upregulated in the group that combined MNU
treatment and H. pylori infection (Figure 6E).
These results showed that H. pylori could
induce PHF8 expression both in vitro and in
vivo.

Discussion

Recently, more and more evidences have
shown critical roles of histone modification in
development and progression of cancer [26].
Histone lysine methyltransferase SMYD3 plays
a pivotal role in the formation of Ras-driven car-
cinomas [27]. In addition, Histone deacetylases
(HDACs) are often found deregulated in many
cancers, and thus they are potential effective
targets for anti-tumor therapy. For example, his-
tone deacetylase inhibitors (HDACIs) combined
with phosphatidylinositol 3-kinase inhibitors
(PI3KIs) could inhibit the growth of MYC-driven
tumors in vivo [28]. Histone demethylase
JMJD3 is unregulated in prostate cancer and is
essential for the initiation and maintenance of
T-cell acute lymphoblastic leukaemia (T-ALL),
Hodgkin’s lymphoma [29, 30]. Here we focus
on PHFS8, also a member of histone demethyl-
ases, and reveal its vital roles in GC develop-
ment and progression.

Activating invasion and metastasis is a hall-
mark of cancer [31]. Epithelial-mesenchymal
transition (EMT) is a process from epithelial
state toward the mesenchymal state, during
which, gene expression is modified, allowing
cell to adopt a migratory and invasive behavior
[32]. The mesenchymal marker vimentin upreg-
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B-catenin is an important
transcription factor in the pro-
cess of tumor invasion and
progression [37]. B-Catenin/
TCF4 binds directly to the pro-
moter of ZEB1 and Slug, acti-
vates their transcription to
regulate tumor invasiveness
[38, 39]. Our study showed
that PHF8 expression was
positively correlated with the
expression level of mesenchy-
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mal markers (such as Slug,
ZEB-1, vimentin) in GC tiss-
ues. As we have shown, PHF8
regulates vimentin expression
by interacting with B-Catenin.
Thus, the PHF8/B-Catenin co-
mplex plays vital roles in the
regulation of EMT-associated
genes.

PHF8

PHF8

Figure 6. H. pylori induce PHF8 expression in vitro and in vivo. (A, B) gRT-PCR
analysis (A) and IHC staining (B) of PHF8 in H. pylori-negative or positive AG
samples. P < 0.0001 (Mann-Whitney U-test). Scale bars, 100 ym (insets 25
pum). (C, D) qRT-PCR analysis of PHF8 mRNA expression in H. pylori infected
BGC-823 (C) and AGS (D) for different periods. (E) IHC staining for PHF8 in
control, MNU and MNU-Hp(SSl)-infected mice. Scale bars, 200 pym (insets

25 pm).

ulation is apparently associated with the agg-
ressive phenotype of GC [23, 33]. Our study
showed that PHF8 regulated vimentin expres-
sion at the transcriptional level. Histone
demethylases often regulate gene transcrip-
tion by interacting with corresponding tran-
scription factors [34-36]. IP/Co-IP verified the
physical interaction of histone demethylase
PHF8 and transcription factor B-catenin in GC
cells. Collectively, our results reveal a novel
mechanism that PHF8 promotes EMT program
by promoting vimentin expression through bind-
ing to B-catenin.
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Sustaining proliferation sig-
naling is one of the hallmarks
of cancer as well [31]. A vari-
ety of proteins induce carcino-
genesis through promoting
cell proliferation. For example,
RBP2 promotes GC develop-
ment by inhibiting CDKIs (p21,
p27 and p16) and enhancing
Cyclin D1 expression [8, 9]. In
our study, both in vivo and
in vitro experiments showed
that knocking down PHFS8
expression significantly inhib-
ited GC cell growth. And fur-
ther research demonstrated
that human telomerase rev-
erse transcriptase (hTERT) ex-
pression level was markedly reduced after
PHF8 downregulation (data not shown). hTERT
is @ major subunit of the telomerase enzyme
complex which plays a critical role in regulating
telomerase activity [40]. Therefore, PHF8 may
promote cell proliferation through regulating
telomere length by hTERT. However, the detailed
mechanism needs to be further explored, which
is our currently study focus.

H. pylori infection is the single most important
risk factor for GC as H. pylori-positive individu-
als have at least a six-fold greater risk of devel-
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oping gastric adenocarcinoma than uninfected
individuals [41]. We have demonstrated H. pylo-
riinduced RBP2 through virulence factor CagA-
PISK/AKT-Spl axis contributed to GC malignant
transformation [9]. H. pylori induced JMJD2B
though B-catenin is critical for H. pylori induced
chronic inflammation [42]. gRT-PCR and IHC
analysis of H. pylori-positive and negative AG
tissues showed that PHF8 expression was cor-
related with H. pylori infection status. Both in
vitro and in vivo experiments showed that PHF8
expression could be induced by H. pylori.

Conclusions

In summary, our study proves that PHF8 acts as
an oncogenic regulator, at least partially depen-
dent on its histone demethylase activity. PHF8
is upregulated in GC and its overexpression is
associated with proliferation and metastatic
phenotype, predicting poor prognosis in GC
patients. H. pylori-induced PHF8 binds to pro-
moters of EMT related genes, such as vimentin,
through interacting with B-catenin Thus, we
identify a novel mechanism for GC malignant
preogression and suggest PHF8 as an attrac-
tive target for prevention and treatment of GC.
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