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The homeobox transcription factor Prox1
inhibits proliferation of hepatocellular
carcinoma cells by inducing p53-dependent
senescence-like phenotype
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The homeobox transcription factor Prox1 is highly expressed in adult hepatocytes and is involved in the regulation of
bile acid synthesis and gluconeogenesis in the liver by interacting with other transcriptional activators or repressors.
Recent studies showed that Prox1 could inhibit proliferation of hepatocellular carcinoma (HCC) cells and reduced Prox1
expression was associated with poor prognosis of HCC patients. However, the underlying mechanism by which Prox1
attenuates HCC growth is still unclear. In this study, we demonstrated that Prox1 induced senescence-like phenotype
of HCC cells to reduce cell proliferation. Our results indicated that the tumor suppressor p53 is a key mediator of Prox1-
induced growth suppression because Prox1 only induced senescence-like phenotype in HCC cells harboring wild type
p53. In addition, knockdown of p53 by shRNA reversed the effect of Prox1. However, chromatin immunoprecipitation
assay did not demonstrate the direct binding of Prox1 to proximal promoter of human p53 gene suggesting Prox1 might
not directly activate p53 transcription. We found that Prox1 suppressed Twist expression in HCC cells and subsequently
relieved its inhibition on p53 gene transcription. The involvement of Twist in the regulation of p53 by Prox1 was supported
by the following evidence: (1) Prox1 inhibited Twist expression and promoter activity; (2) knockdown of Twist in SK-HEP-1
cells upregulated p53 expression and (3) ectopic expression of Twist counteracted Prox1-induced p53 transcription and
senescence-like phenotype. We also indentified an E-box located at p53 promoter which is required for Twist to inhibit
p53 expression. Finally, our animal experiment confirmed that Prox1 suppressed HCC growth in vivo. Collectively, we
conclude that Prox1 suppresses proliferation of HCC cells via inhibiting Twist to trigger p53-dependent senescence-like

phenotype.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common
cancers worldwide. Development of HCC is frequently induced
by chronic liver injury which is caused by various etiological fac-
tors like hepatitis infection, alcoholism and aflatoxin contamina-
tion. HCC patients with large and unresectable tumors as a result
of disease progression usually have poor treatment response and
prognosis."? Because the therapeutic effect of current anticancer
drugs on HCC is not satisfied, study of the molecular mecha-
nisms that control proliferation and progression of HCC cells
are important for the development of new therapeutic strategies.

Senescence, an irreversible cell cycle arrest response, is a cel-
lular program that can be activated by oncogenic signaling or
replicative stress and is an important barrier to suppress tumor
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progression.® Several senescence-associated characteristics have
been used for the detection of this cellular process. First, senes-
cent cells display senescence-associated P-galactosidase activity
due to an increase of lysosome number in these cells.* Second,
senescent cells exhibit a significant change of chromatin remodel-
ing which causes the formation of senescence-associated hetero-
chromatin foci.’ Third, secretion of extracellular matrix proteins
and soluble factors are also altered in senescent cells.® Because
senescence blocks continuous proliferation, cancer cells need to
develop different strategies to escape from this process. For exam-
ple, HCC cells may activate Twist, an inducer of tumor metas-
tasis and epithelial-mesenchymal transition (EMT), to override
premature senescence by abolishing p53-dependent pathway.”
Recent studies demonstrate that p53 re-activation, c-Myc inhibi-
tion or treatment of cyclin-dependent kinase inhibitors (CDKIs)
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Figure 1. Prox1 induces cell senescence-like phenotype via p53 induction. (A) SK-HEP-1 cells were transfected with pcDNA (C) or Prox1 (P) expression
vector. After different times, DNA synthesis was assessed by using BrdU incorporation assay and the number of cells with positive staining of the control
group was defined as 100% (*p < 0.05). (B) Senescence-like phenotype was assessed by B-galactosidase staining at 72 h after transfection and typical
microscope figures were shown. (C) Expression of various CDKIs in control and Prox1-overexpressing cells was studied by western blotting. (D) SK-HEP-1
cells were co-transfected with pcDNA (Con) or Prox1 with luciferase (Luc) or p53 shRNA for 48 h. B-galactosidase-positive cell number of the group trans-
fected with pcDNA and luciferase shRNA was defined as 1 (*p < 0.05). Protein level of p53 was studied by western blotting. (E) SK-HEP-1 cells were co-
transfected with pcDNA (Con), Prox1 expression vector, luciferase (Luc) or p53 shRNA for 48 h. Expression of hTERT and CXCL1 was examined by RT-PCR.

could effectively evoke a senescence response to repress tumor
growth.5!° These results suggest that induction of senescence is a
new strategy for cancer treatment.

Transcription factor Prospero-related homeobox 1 (Proxl)
was originally cloned as the homolog of the Drosophila prospero
gene and its expression was found in lens, heart, liver, kidney,
skeletal muscle, pancreas and central nervous system at different
developmental stages.'"'? Although the role of Prox1 in develop-
ment has been understood gradually by using different genetic
animal studies, its function in tumorigenesis is largely unclear.
Altered Prox1 expression has been found in a variety of human
cancers. Overexpression of Prox1 is frequently detected in colon
cancer, brain tumor and Kaposi sarcoma.® Animal studies
also demonstrate that Prox1 acts as a tumor promoter in these
cancers. Our recent study showed that Prox1 promotes EMT by
downregulating E-cadherin expression in colon cancer cells.'® We
also find that Prox1 increases cell invasiveness by regulating inte-
grins and matrix metalloproteinases. Conversely, defective Prox1
function caused by genomic deletion, mutation, and promoter
methylation is generally found in breast cancer, hematological

www.landesbioscience.com

malignancies, pancreatic cancer and liver cancer indicating a
tumor suppressor role of this transcription factor.””?° These stud-
ies suggest that Prox] may function as an oncogene or a tumor
suppressor gene in a cancer type-specific manner.

Proxl1 is essential for liver development and is highly expressed
in both embryonic hepatoblasts and adult hepatocytes. Livers from
Prox1-null mice are much smaller than that of wild type mice
because of reduced proliferation of hepatoblasts.?>** In addition,
inactivation of Proxl results in abnormal cellular proliferation,
downregulation of the cell cycle inhibitors p27 and p57, and inap-
propriate apoptosis.” Therefore, Prox1 is an important regulator
in the control of cell growth and may play a role in liver tumori-
genesis. Recent studies demonstrated that reduction of Prox1 was
found in HCC tissues and low expression of Prox1 was associ-
ated with poor prognosis and un-differentiation status.*** These
data implicate a potential tumor suppressor role of Prox1 in HCC.
However, the underlying mechanism by which Prox1 inhibits the
development of HCC is unknown. In this study, we provide the
first evidence that Prox1 inhibits Twist expression to upregulate
p53-dependent senescence-like phenotype in HCC cells.
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studied by western blotting.

Figure 2. Prox1 did not increase 3-galactosidase staining in HCC cells with p53 deficiency. p53-deleted Hep3B cells or p53-mutated Mahlavu cells
were transfected with pcDNA (Con) or Prox1 expression vector. After 72 h, cells were subjected to B-galactosidase staining and Prox1 protein level was

Results

Prox1 inhibits proliferation of HCC cells by inducing
p53-dependent senescence-like phenotype. Screening of vari-
ous HCC cell lines showed that SK-HEP-1 and Mahlavu cells
are Proxl-negative while HepG2 and Hep3B cells are Proxl-
positive (Fig. S1). We used SK-HEP-1 cells for overexpression
study and found that Prox1 reduced proliferation (as indicated
by BrdU incorporation) in a time-dependent manner with a 30%
of inhibition was found at 72 h after Prox1 expression in these
cells (Fig. 1A). However, no significant alteration of cell cycle
distribution was detected (Fig. S2). In addition, no significant
apoptotic death was found in Prox1-overexpressing cells by using
caspase-3 activation as an indication (Fig. S3). Interestingly,
we found that percentage of -galactosidase-positive cells was
significantly increased after Prox] overexpression indicating an
induction of senescence-like phenotype (Fig. 1B). Because senes-
cence phenotype is strongly associated with increase of CDKIs,
we examined the expression of CDKI proteins in control and
Proxl-overexpressing cells. Among these inhibitory proteins,
only p53 was dramatically increased (Fig. 1C). We used differ-
ent experimental approaches to verify the importance of p53 in
Prox1-induced senescence-like phenotype. We first demonstrated
that increase of 3-galactosidase-positive cells by Prox1 expression
was totally abolished by knockdown of p53 by shRNA (Fig. 1D).
In addition to B-galactosidase staining, we examined the expres-
sion of p53-regulated senescence-associated genes. Human
telomerase reverse transcriptase (WT'ERT) and chemokine C-X-C
motif ligand 1 (CXCLI1) have been shown to be downregulated
and upregulated separately by p53 during p53-mediated senes-
cence. As shown in Figure 1E, we found that Prox1 significantly
repressed hTERT expression and this effect was abolished when
p53 was inhibited by shRNA. Our data also demonstrated that
CXCLI1 was increased by Prox1 and this effect was attenuated
by p53 knockdown. Finally, we checked the effect of Prox1 on
Hep3B (p53 deletion) and Mahlava (p53 mutation) cells and

found that Prox1 could not trigger senescence-like phenotype in
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these cells (Fig. 2). Collectively, our results suggested that p53
is a key mediator of senescence in HCC cells induced by Prox1.

Prox1 increases p53 level via an indirect mechanism. We next
studied whether p53 is a direct transcriptional target of Proxl.
Unexpectedly, we could not detect the binding of Prox! to the
p53 proximal promoter (Fig. 3A). Therefore, we hypothesized
that Prox1 might inhibit a transcriptional repressor of p53 gene to
restore p53 expression. Our ChIP data demonstrated that Twist, a
negative regulator of p53 which has been reported to override p53-
induced senescence,” was overexpressed in SK-HEP-1 cells and it
constitutively bound to p53 promoter (Fig. 3A). Enforced expres-
sion of Prox1 reduced Twist protein level (Fig. 3B) and attenu-
ated its binding to p53 promoter (Fig. 3A). Knockdown of Twist
expression by shRNA increased p53 promoter activity and protein
level (Fig. 3C). More importantly, overexpression of Twist effec-
tively counteracted Prox1-increased p53 expression (Fig. 3D).

To confirm these results, we used HepG2 cells which expressed
endogenous Prox1 and wild type p53 for investigation. As shown
in Figure 4A, expression of Twist repressed p53 promoter activ-
ity as well as protein level in HepG2 cells. Conversely, knock-
down of endogenous Prox1 caused upregulation of Twist and
downregulation of p53 (Fig. 4B). It has been demonstrated that
Twist binds to the consensus E-box sequence 5-CANNTG-3' to
activate or repress gene transcription.’® By using bioinformatics
analysis, we identified an E-box located at -286/-281 region of
human p53 promoter. We then tested the effect of Twist on wild
type and E-box mutant of human p53 gene promoter. As shown
in Figure 4C, ectopic expression of Twist in HepG2 cells inhib-
ited wild-type p53 promoter activity but not the E-box mutant.
In SK-HEP-1 cells which expressed high level of Twist, the pro-
moter activity of E-box mutant was higher than that of wild-
type promoter due to diminishment of Twist-mediated inhibition
(Fig. 4D). These data suggested that Prox1 increases p53 expres-
sion by suppressing Twist.

Twist counteracts Prox1-induced senescence-like phenotype
and inhibition of anchorage-independent growth. We next stud-
ied whether Twist could antagonize anti-proliferative function of
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Prox1. As shown in Figure 5A, Twist reversed the A
increase of B-galactosidase-positive cells induced
by Proxl. Induction of senescence-like phenotype
by Prox1 also caused reduction of anchorage-inde-
pendent growth (colony formation) which could be
counteracted by co-expression of Twist (Fig. 5B).
On the contrary, knockdown of endogenous
Prox1 increased colony formation of HepG2 cells
(Fig. 5C). These results suggested that Twist could
overcome Prox1-induced senescence-like phenotype
and inhibition of anchorage-independent growth.
Inhibition of tumor growth by Prox1 in vivo.
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To test the anti-proliferative effect of Prox1 in vivo,
subcutaneous injection model was used. As shown
in Figure 6A, Proxl inhibited tumor growth of
SK-HEP-1 cells by 65-70%. Our immunohis-
tochemical staining (by using the antibody from
Abnova) showed that Prox1 was expressed both in
the nucleus and cytoplasm (Fig. 6B, upper panel).
We also did immuncytochemical staining of con-
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Reduction of tumor growth was also confirmed by

a significant reduction of cell proliferation marker
Ki-67 in Proxl-expressing tumor tissues (Fig. 6C).
In consistent with the results of cell-based experi-
ments, tumors of the control group showed high
level of Twist protein (Fig. 6C). Conversely, it was
dramatically reduced in Prox! group. In addition,
few p53-positive cells were detected in control
group while it was significantly increased in Proxl
group (Fig. 6C). These data suggested Prox1 exhib-

its potent anti-proliferative activity by suppressing

Figure 3. Inhibition of Twist by Prox1 is required for the upregulation of p53. (A) SK-
HEP-1 cells were trasnfected with pcDNA or Prox1 expression vector. After 48 h, ChIP
assay was performed by using anti-Prox1 or anti-Twist antibody to detect the binding of
these two proteins to human p53 proximal promoter region. (B) Effect of Prox1 on Twist
expression was investigated by western blotting. (C) SK-HEP-1 cells were co-transfected
human p53 promoter with luciferase (Luc) or Twist shRNA for 48 h. Protein levels of
Twist and p53 (upper panel) and luciferase activity (bottom panel) were determined.
Promoter activity of cells co-transfected with luciferase shRNA was defined as 100%.

*p < 0.05 when compared with the control group. (D) SK-HEP-1 cells were transfected
with pcDNA (Con), Prox1 or Prox + Myc-tag Twist vector. After 48 h, RT-PCR and western
blotting were performed to study Prox1, Twist and p53 expression.

Twist and inducing p53 in vivo.
Discussion

Prox1 has been identified to be an important regulator during
the development of lymphatic, lens, heart, liver, kidney, skele-
tal muscle, pancreas and central nervous system.?>?>?"*¥ Recent
studies showed that Prox] may be involved in the progression
or suppression of malignancies, such as HCC, cholangiocellular
carcinoma, hematologic malignancies, breast cancer and pancre-
atic cancer.'?%» How Prox1 acts as an oncogene or tumor sup-
pressor gene in different cancer types is unclear. Petrova et al.
demonstrated that Prox1 induced colon cancer progression by
promoting the transition from benign to highly dysplastic phe-
notype indicating a tumor-promoting role."” Interestingly, they
found that Proxl expression was controlled by the B-catenin/
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TCEF signaling pathway. On the contrary, Proxl expression was
not regulated by B-catenin in HCC cells in which Prox! func-
tions as a tumor suppressor. Our recent study further elucidated
the oncogenic role of Prox!1 in colon cancer. We found that Prox1
increased miR-9 expression to inhibit E-cadherin and subse-
quently enhanced cell invasiveness.'* Importantly, we also found
that Prox1 only controlled the expression of miR-9 in colon
cancer cells but not HCC cells. One possible explanation is that
Prox1 needs to work with other transcription activators or repres-
sors to exert its function. The cancer type-specific action of Prox1
warrants further investigations.

The study of functional role of Proxl in HCC was first
reported by Shimoda et al.?* They showed that Prox1 expression
was associated with the differentiation status of HCC tumors.
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A HepG2 C p53-mediated apoptotic effect.’ Ansieau et al. also find
Con Twist HepG2 that Twist can override oncogene-induced senescence’
Myec-tag e . . | implying that Twist can prevent growth inhibition by
Twist — g counteracting senescence. It is well-known that p53 can
P33 El fg 12 trigger cellular senescence.’% In addition, p53-induced
Actin | e % "g 1 senescence is a powerful suppressive mechanism to against
TE ox tumorigenesis and restoration of p53 expression is known
:';f b EE 06 to cause tumor regression.®** Our results demonstrate for
gg! - the first time that Prox1 can inhibit Twist and relieve its
E?"‘ = o2 inhibition on p53 expression. Upregulation of p53 sub-
Ef“ . sequently causes senescence-like phenotype and inhibits
28 p53 promoter WT wr  EDPoX HCC growth in vitro and in vivo. Inhibition of p53 by
5 0z ) m'_"t Twist via multiple mechanisms has been previously dem-
% o Con Twist Con  Twist Twist onstrated. Maetro et al. show that Twist may affect p53
protein level indirectly through modulation of the ARF/
B HepG2 D SK-HEP-1 MDM2/p53 pathway.® A subsequent study using the
shRNA Luc  Proxl ) Drosophila model to study the functions of Twist ortho-
.18 ki logs in apoptosis shows that Twist inhibits the p53 path-
3; _ :1: way independent of ARF and MDM2.% Recently, Shiota
gg 12 et al. find that Twist directly interacts with the DNA
58 1 binding domain of p53 to suppress its DNA-binding and
5% os transcriptional activity to repress downstream target gene
ge zf expression.*® Interestingly, we find that Twist reduces p53
2 g2 mRNA expression and promoter activity. This inhibition
0 required the consensus E-box sequence on p53 promoter
wr Er::tx suggesting a direct transcriptional repression. Further
studies will be needed to clarify how Twist acts via differ-
ent mechanisms to inhibit p53 function in different types

Figure 4. Twist inhibits p53 expression via E-box in the promoter. (A) HepG2 of cancer ceus. . . .
cells were co-transfected p53 promoter with pcDNA (Con) or Myc-tag Twist Another lmportant ﬁndmg of this study is that we
vector. After 24 h, p53 promoter activity and protein level were determined. find Prox1 is located both at nuclei and cytoplasm in
(B) HepG2 cells were transfected with luciferase (as a control) or Prox1 shRNA. our immunocytochemical and immunohistochemi-
Protein and mRNA levels of Prox1, Twist and p53 were studied. (C) HepG2 cells cal study. This conclusion is supported by the following
were co—.transfected human wild type (WT)‘or E-box mutant of human p53 pro- evidence. First, our immunocytochemical assay clearly

moter with pcDNA (Con) or Myc-tagged Twist for 48 h and luciferase activity was

determined. Promoter activity of cells co-transfected with pcDNA was defined demonstrates that parental SK-HEP-1 cells do not have
as 100%. *p < 0.05 when compared with the control group. (D) SK-HEP-1 cells Prox1-positive signal indicating the staining specificity is
were transfected with wild-type or E-box mutant p53 promoter and promoter of no problem. Second, two different antibodies are used
activity was determined. for staining and both antibodies show similar nuclear

In addition, they also demonstrated that overexpression of
Prox1 suppressed proliferation of HCC cells while knockdown
of Proxl by shRNA accelerated cell growth. These data sug-
gest a tumor-suppressive role of Prox1 in HCC cells. However,
the underlying mechanism of this anti-proliferative function is
largely unknown. In this study, we provide evidence that Prox1
may trigger p53-dependent senescence-like phenotype in HCC
cells. Our results also demonstrate that Twist is involved in the
upregulation of p53 by Proxl. Indeed, our recent data confirm
that Twist is a direct target suppressed by Prox!1 via transcription
repression.”

Twist is an important oncoprotein and a key regulator of
epithelial-mesenchymal transition (EMT). The prominent func-
tion of Twist is enhancement of cancer progression and metasta-
sis through EMT induction.?® In addition to induction of EMT,
Twist may promote tumorigenesis by inhibiting cancer cell apop-
tosis. Previous study has demonstrated that Twist may counteract
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and cytoplamic staining. Prox1 protein has been shown

to be predominately distributed into cytoplasmic in the
lens placode as well as the lens epithelium and germinative zone
throughout development. When fiber cells undergo differentia-
tion, Prox1 protein redistributes into cell nuclei.’” However, the
difference of subcellular distribution of Prox1 in cancer cells has
little been reported. Whether cytoplasmic Prox1 has any role in
HCC development needs further investigation.

In summary, our results provide a molecular basis to explain
the anti-proliferative action of Prox1 in HCC cells. Our data pro-
pose that Prox] might be a molecular target for the development
of new strategy for HCC treatment.

Materials and Methods
Cell culture and experimental reagents. Four HCC cell lines

HepG2, Hep3B, Mahlavu and SK-HEP-1 were provided
by Dr Ming-Hong Tai (National Sun Yat-sen University;
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Kaohsiung, Taiwan). Cells were cul- A
tured in Dulbecco’s modified Eagle’s

medium/nutrient mixture F-12 con- .
taining 10% fetal calf serum and anti-
biotics. Flag-tagged Proxl was a gift
of You Hua Xie (Shanghai Institute Proxi
for Biological Sciences; Shanghai,
China). MYC-tagged Twist was pro-
vided by Dr Lu-Hai Wang (National
Health Research Institutes; Miaoli, :_::I’::

Taiwan). p53 promoter-luciferase con-
struct was obtained from Dr Wen-
Sen Lee (Taipei Medical University;
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subjected for cell proliferation assay by
using BrdU incorporation assay pur-
chased from Roche Applied Science.
Standard procedure followed the manu-
facturer’s protocol.
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Figure 5. Prox1-induced senescence-like phenotype and inhibition of anchorage- independent
growth were abolished by Twist. (A) SK-HEP-1 cells were transfected with pcDNA (Con), Prox1 or Myc-
tagged Twist expression vectors. B-galactosidase staining was performed and the number of posi-
tive signal of the control group was defined as 1. *p < 0.05. (B) SK-HEP-1 cells were trasnfected with
control, Prox1 or Twist expression vectors. Colonies were counted and the number of the control
group was defined as 100%.*p < 0.05. (C) HepG2 cells were trasnfected with luciferase (Luc) or Prox1
shRNA. Colonies were counted and the number of control group was defined as 1. *p < 0.05.

(RT-PCR) and western blot analysis.

These assays were done as described

previously.?® The primer sequences used for RT-PCR are shown
in Figure S5.

Construction of mutant p53 promoter-reporter plasmids.
The p53 promoter-luciferase construct containing the -291 to
+71 region of human p53 gene was kindly provided by Dr. Lee
WS (Taipei Medical University; Tapei, Taiwan) and was used
to generate E-box site-mutated p53 promoter. Mutation was
introduced into the E-box site located at -286/-281 bp region of
p53 promoter by the QuikChange Site-directed mutagenesis kit
according to the procedures of manufacturer (Stratagene). The
sequences of the primers are forward: 5-CCG AGC TCG GAT
CTG GCT GAG AGC AAA CGC-3" and reverse: 5-GCG TTT
GCT CTC AGC CAG ATC CGA GCT CGG-3". The mutated
nucleotides were indicated as boldface. Direct sequencing was
performed to verify the success of each mutation.

Promoter activity assay. Promoter activity of p53 gene was
analyzed as described previously.® In brief, cells were plated
onto 12-well plates at the density of 100,000 cells/well and
grown overnight. The wild-type or mutant promoter-luciferase
construct was transfected into cells expressing luciferase (Luc)

www.landesbioscience.com

or Twist shRNA and pcDNA (control) or MYC-tagged Twist
plasmid. After transfection, cells were incubated in medium con-
taining 10% FCS for 48 h and promoter activity was determined
by using the Firefly luciferase assay system (Promega Corp.) and
normalized for the concentration of cellular proteins. Data of
three independent experiments were expressed as mean + SE.
Paired results were evaluated by the Student’s t-test and p value <
0.05 was considered significant.

Chromatin immunoprecipitation assay. pcDNA or Flag-
tagged Prox1-transfected cells were fixed with 1% formaldehyde
at 37°C for 10 min. Cells were harvested and chromatin immu-
noprecipitation assay was done as described previously.” Anti-
Twist, anti-Prox1 or anti-GATA-1 (negative control) antibodies
were used for precipitating the protein/DNA complex. DNA
fragments were recovered and subjected to PCR amplification
by using the primers specific for the detection of -315 to -35 bp
regions that contained the Twist (-287/-282) and Prox1 binding
site (-191/-185, -89/-83 and -63/-57) in human p53 gene pro-
moter. The sequences for the primers are forward: 5- CAT TTT
AAC TGA TGA GAA GAA AGG A-3', reverse: 5-GGA CAG
TCG CCA TGA CAA G-3".
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Figure 6. Prox1 inhibits tumor growth in vivo. (A) SK-HEP-1 cells were transfected with pcDNA or Prox1 expression vector and subjected to subcuta-
neous injection as described in Materials and Methods. Tumor growth was continuously monitored and mice were sacrificed at 14 d after injection.
Tumors were removed and weighted. *p < 0.05 when compared with the control group. (B) Immunohistochemical staining of tumor tissues (upper
panel) and immunocytochemical staining of control and Prox1- expressing SK-HEP-1 cells (bottom panel) were conducted. Representative images
were shown. (C) Tumor tissue sections were stained with Ki-67, Twist and p53 antibodies and representative images were shown.

Senescence-associated [3-galactosidase staining. pcDNA or
Flag-tagged tagged Prox1-transfected cells were subjected for cel-
lular senescence detection by using Senescence 3-Galactosidase
Staining Kit purchased from Cell Signaling Technology, Inc.
Standard procedure followed the manufactory’s protocol.
B-galactosidase-positive cells were counted 10 fields of each well
and positive cells were presented on a light microscope.

Anchorage-independent growth assay. 1 x 10* cells were sus-
pended in complete medium containing 0.3% agar. The cells were
then placed into 6-well plates containing a solid agar bottom com-
posed of complete medium and 0.7% agar. The cultural plates
were grown in incubator and the number of colony formation was
counted by crystal violet staining at 3 weeks after seeding.

Tumor xenografts in BALB/c nude mice and immuno-
histochemal analysis. Animal studies were approved by the
Animal Care and Ethics Committee of the National Sun Yat-Sen
University (Kaohsiung, Taiwan). Five-week-old male athymic
nude mice (BALB/c-nu/nu) were obtained from the National
Laboratory Animal Center. On day 1, two groups (n = 5 for each
group) of mice were subcutaneously injected with pcDNA or Flag-
tagged Prox1-transfected SK-HEP-1 cells (1 x 10° cells in 0.1 mL
PBS) on the right dorsal flank. Tumor diameter was measured
with a caliber ruler every 3 d. Tumor volume (mm?) was estimated
by using the formula: volume = (shortest diameter)? x (longest
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diameter) x 0.5. After continuous observation for 2 weeks, mice
were sacrificed and the tumors were dissected. Weight of tumors
were measured and embedded in paraffin using routine proce-
dures and subjected for immunohistochemical (IHC) analysis.
The paraffin-embedded tumor sections were obtained from nude
mice. IHC protocol was performed as previous described.*

Statistical analysis. Student’s t-test was used to evaluate the
difference between various experimental groups. Differences
were considered to be significant at p < 0.05.
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