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Background: We previously showed that inhibitor of growth family member 4 (ING4) inhibits melanoma angiogenesis, and JWA
suppresses the metastasis of melanoma cells. As angiogenesis is essential for tumour metastasis, further investigation of the
function of ING4 and JWA in melanoma angiogenesis is needed, and their prognostic value are of great interest.

Methods: Western blot, tube-formation assays and luciferase assays were used to investigate the correlation between ING4 and
JWA in melanoma angiogenesis. JWA and integrin-linked kinase (ILK) expression was determined on a tissue microarray
constructed from 175 biopsies.

Results: ING4 promoted JWA expression by activating JWA promoter. Furthermore, the regulation of growth and tube formation
of endothelial cells by ING4 was partially JWA dependent. Also, ING4 inhibited the ILK-induced angiogenesis signalling pathway
via JWA. Moreover, reduced JWA, or increased ILK, expression was closely associated with 5-year disease-specific survival of
melanoma patients (P¼ 0.001 and 0.007, respectively). There was also a positive correlation between ING4 and JWA yet a negative
correlation between ING4 and ILK. Importantly, their concomitant expressions were significantly related to 5-year survival of
melanoma patients (P¼ 0.002 and 0.003, respectively).

Conclusion: JWA has an important role in ING4-regulated melanoma angiogenesis, and ING4/JWA/ILK are promising prognostic
markers and may be used as anti-angiogenic therapeutic targets for melanoma.

Melanoma is the most lethal form of skin cancer, with a high
capacity for metastasis. The incidence of melanoma has signifi-
cantly increased over the last 30 years (Siegel et al, 2012). Once
metastasis occurs, the 5-year survival rate of patients drops to
o10% (Siegel et al, 2012). The underlying mechanisms that
regulate melanoma progression and metastasis are still poorly
understood. However, angiogenesis is known to be essential for
tumour growth and metastasis and the factors driving this process
may be important candidates for therapeutic exploitation.

ING4 is a member of the inhibitor of growth (ING) family of
tumour suppressors, which comprises 5 members (ING1–ING5;
Wang and Li, 2006). The ING4 gene is located on 12p13.31 and has

been shown to have an important role in inhibiting tumour cell
proliferation (Garkavtsev et al, 2004; Gunduz et al, 2005; Kim,
2005; Li et al, 2008; Moreno et al, 2010). ING4 also modulates
melanoma angiogenesis by inhibiting the activity of HIF1a via
binding to HIF prolyl hydroxylase (Ozer and Bruick, 2005; Ozer
et al, 2005). Meanwhile, ING4 is frequently mutated and its
expression is decreased in various types of human cancers (Colla
et al, 2007; Lou et al, 2012). Our previous study demonstrated that
ING4 expression was significantly decreased when dysplastic nevi
transformed to malignant melanomas. We also illustrated that
ING4 overexpression suppressed melanoma cell migration and
invasion (Li et al, 2008). Recently, we have also confirmed that
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ING4-inhibited melanoma angiogenesis by suppressing NF-kB
activity and IL-6 expression (Li and Li, 2010). However, the exact
function of ING4 in melanoma angiogenesis still deserves further
investigation.

JWA, also known as ADP-ribosylation-like factor 6 interacting
protein 5, was initially cloned from human tracheal bronchial
epithelial cells (Zhou et al, 1999). JWA is a structurally novel
microtubule-associated protein, regulating cancer cell migration by
the MAPK signalling pathway (Chen et al, 2007a). Our previous
data showed that JWA inhibited the metastasis of melanoma cells
by inhibiting integrin aVb3 signalling (Bai et al, 2010). Angio-
genesis is a hallmark for tumour metastasis, yet the potential role of
JWA in tumour angiogenesis has not been elucidated, and the role
of JWA in melanoma progression also remains unknown.

Integrin-linked kinase (ILK) is a multifunctional intracellular
serine/threonine kinase that induces anchorage-independent cell
growth, cell proliferation, metastasis and angiogenesis (Hannigan
et al, 2005; Legate et al, 2006). We have previously confirmed that
ILK upregulation is closely correlated with melanoma invasion and
progression, and inversely correlated with 5-year survival of
melanoma patients (Dai et al, 2003). We have also demonstrated
that ILK promoted melanoma angiogenesis by upregulating
NF-kB/IL-6/STAT3/VEGF signalling pathways (Wani et al,
2011). However, the molecular mechanism of elevated ILK
expression in melanoma is not clear, and the regulation of ILK
in melanoma angiogenesis is still not well understood.

Here, we investigated the correlation between ING4 and JWA in
melanoma angiogenesis and evaluated their prognostic value in
melanoma patients. We found that ING4 is the upstream regulator
of JWA; promoting JWA expression by activating its promoter. We
also demonstrate that ING4 regulated cell growth and tube
formation of endothelial cells was partially JWA dependent.
Furthermore, the ILK angiogenesis signalling was inhibited by
ING4 through JWA. Moreover, the upregulation of JWA, or the
downregulation of ILK expression, was closely associated with
melanoma patient survival. As a result, the concomitant expres-
sions of ING4 and JWA, or ING4 and ILK, were significantly
related to the 5-year survival of melanoma patients. These findings
suggested that ING4/JWA/ILK might be used as promising
prognostic markers and may be anti-angiogenic therapeutic targets
for melanoma patients.

MATERIALS AND METHODS

Study approval. The use of human skin tissues in this study was
approved by the Clinical Research Ethics Board of University of
British Columbia (CREB study ID H09-01321). The study was
conducted according to the principles expressed in the Declaration
of Helsinki.

Cell lines, plasmids and transfection. The human melanoma cell
lines MMRU and MMLH, and 293T cells were cultured in Dulbecco’s
Modified Eagle’s Medium (Hyclone, South Logan, UT, USA)
supplemented with 10% fetal bovine serum (HyClone). Human
umbilical vein endothelial cells (HUVECs) were cultured in
endothelial cell medium (ScienCell, Carlsbad, CA, USA). HA-ING4,
miING4 vector, 3� Flag-JWA and shJWA were generated as
described previously (Bai et al, 2010; Li and Li, 2010). pcDNA3.1-
ILK plasmid was kindly provided by Dr Shoukat Dedhar (University
of British Columbia). Four different truncated human JWA luciferase
reporter promoter plasmids (� 595/þ 107, � 194/þ 107, � 107/
þ 107, � 27/þ 107) were previously described (Chen et al, 2007b).
For plasmid transfection, MMRU or MMLH cells were grown to
approximately 60% confluency then transfected with the above
plasmids with Effectene reagent (Qiagen, Mississauga, ON, Canada).
After transfection plus 48 h, cells were collected for use.

Quantitative real-time RT–PCR assay. Total RNA of cells was
extracted using the QIAzol lysis reagent (Qiagen). In all, 1mg RNA
was used for the reverse transcription reaction with a cDNA
Synthesis Kit (Roche, Basel, Switzerland). qPCR was carried out in
triplicate with SYBR Green PCR Master Mix (Roche) using a
7900HT qPCR system thermal cycler (Applied Biosystems, Foster,
CA, USA) as recommended by the manufacturer. GAPDH was
used as an internal control. Primer sequences are listed below:
50-CACAGACCTGGCCCGTTTT-30 (forward) and 50-AGTCCGG
CCTTTCTTTTTGC-30 (reverse) for ING4; 50-CGCCTGGGACGA
TTTCTT-30 (forward) and 50-TGGAAATGTCCCTGAAGT-30

(reverse) for JWA; 50-GACATTGTCGTGAAGGTGCTGAA-30

(forward) and 50-GCACTGGGAGCACATTTGGA-30 (reverse)
for ILK; 50-TGAGGAACAGGGCAATAGTATGATG-30 (forward)
and 50-GGTCTTACGCCCAAAAGTTAAAAGT-30 (reverse) for
IKK; 50-TAGTGAGGAACAAGCCAGAGC-30 (forward) and
50-TGGCATTTGTGGTTGGGTCA-30 (reverse) for IL-6; 50-CCTC
CGAAACCATGAACTTT-30 (forward) and 50-CCACTTCGTGAT
GATTCTGC-30 (reverse) for VEGF; 50-GAAGGCTGGGGCTCA
TTT-30 (forward) and 50-CAGGAGGCATTGCTGATGAT-30

(reverse) for GAPDH.

Western blot. Protein extracts for western blot were prepared
with lysis buffer (10 mM HEPES pH 8.0, 10 mM KCl, 1.5 mM MgCl2,
0.5 mM DTT, 0.2 mM EDTA) and complete protease inhibitor
cocktail tablets. Protein concentration was checked by Bio-Rad
protein assay (Bio-Rad, Hercules, CA, USA). Western blot was
performed as previously described (Karst et al, 2009). The
following antibodies were used in this study: anti-ING4 (Novus
Biologicals, Littleton, CO, USA), anti-ILK, anti-STAT3 (Cell
Signaling Technology, Boston, MA, USA), anti-p-Ser32-Ser36
IkBa, and anti-IkBa (Novus Biologicals), anti-p-S536 p65, and
anti-p65 (Abcam Inc., Toronto, ON, Canada), anti-p50, and anti-
VEGF (Santa Cruz Biotechnology, Santa Cruz, CA, USA), anti-
JWA (Abmax Biotechnology, Beijing, China), anti-Flag-tag
(Applied Biological Materials Inc., Vancouver, BC, Canada), and
anti-actin (Sigma, St Louis, MO, USA). Signals were detected with
the Odyssey infrared imaging system (LI-COR Biosciences,
Lincoln, NE, USA).

HUVECs growth and tube formation assays. MMRU and
MMLH cells were cultured in six-well plates to approximately
70% confluency with fresh, serum-free medium for 24 h and 1 ml
of conditioned medium (CM) was collected. For HUVECs growth
assay, HUVECs were seeded in 96-well plates at 5� 103 per well
and cultured in fresh ECM for 24 h, and then in 100 ml CM for
another 24 h before a sulforhodamine B (SRB) assay was
performed as previously described (Li et al, 1998). Tube formation
assay was performed as previously described (Wani et al, 2011).
Matrigel (BD Biosciences, Mississauga, ON, Canada) was coated
on 96-well plates and kept at 37 1C for 2 h. Then, 2� 104 HUVECs
were suspended in 100 ml CM from MMRU and MMLH cells and
added to the pre-coated 96-well plates. HUVECs tube formation
was examined after incubation at 37 1C for 10 h. The cells were
photographed by microscope and the tubular structures were
counted in randomly selected fields.

Luciferase reporter assays. 293T cells were seeded in triplicate in
24-well plates (1� 105 per well) and transiently transfected with
JWA promoter plasmids (� 595/þ 107, � 194/þ 107, � 107/
þ 107, � 27/þ 107) and ING4 overexpression plasmid. To
normalise for varying transfection efficiency, cells were co-
transfected with the renilla plasmid pRL-SV40. Luciferase activities
were determined 48 h later using the Dual-Luciferase Reporter
assay system (Promega, Madison, WI, USA).

Immunofluorescence. Cells were fixed with 1% paraformaldehyde
in 1�PBS for 10 min at room temperature and permeabilised with
methanol/acetone (1 : 1) at � 20 1C for 10 min, then blocked with
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5% bovine serum albumin in 1� phosphate-buffered saline
tween-20 or 1� tris-buffered saline tween-20. The slides were
incubated with anti-p65 or p-p65 antibody diluted 1 : 100 and
incubated 1 h at room temperature, followed by incubation with
Alexa Fluor 488 anti-mouse and Alexa Fluor 568 anti-rabbit
secondary antibodies (Invitrogen, Carlsbad, CA, USA). The images
were obtained by a LSM 780 laser scanning confocal microscope
equipped with the ZEN software (Carl Zeiss, Toronto, ON, Canada).

Tissue microarray (TMA) construction. To compare with
previous TMA data for ING4, we performed immunostaining of
both JWA and ILK using the same TMA, which was used to
examine ING4 expression in melanocytic lesions (Li et al, 2008).
For the TMA study, formalin-fixed and paraffin-embedded
biopsies were obtained from the 1990–1998 archives of the
Department of Pathology at Vancouver General Hospital. A total
of 237 biopsies, including 66 dysplastic nevi, 118 primary
melanomas and 53 metastatic melanomas, were used for TMA
construction. Owing to loss of biopsy cores, 45 dysplastic nevi, 81
primary melanomas and 49 metastatic melanomas could be
evaluated for JWA and ILK staining. Clinicopathological data
were available for all melanoma cases.

Immunohistochemistry. Immunohistochemistry procedure was
performed as described previously (Jafarnejad et al, 2010). TMA
slides were dewaxed at 55 1C for 30 min and washed three times with
xylene. Tissues were rehydrated by a series of washes in 100%, 95%,
and 80% ethanol, followed by two washes in distilled water. Antigen
retrieval was performed by heating the samples at 95 1C for 30 min in
10 mmol l–1 sodium citrate (pH 6.0). After inactivating the
endogenous peroxidase by incubating in 3% H2O2 for 30 min and
blocking with universal blocking serum for 30 min, slides were
incubated with a primary monoclonal mouse anti-JWA antibody
(1 : 30, Abmax Biotechnology), or a polyclonal rabbit anti-ILK
antibody (1 : 100, Cell Signaling) at 4 1C overnight. The slides were
then incubated with biotin-labelled secondary antibody and
streptavidin-peroxidase for 30 min each, followed by developing
with diaminobenzidine substrate kit (DAKO Diagnostics, Glostrup,
Denmark) and counterstained with haematoxylin.

Evaluation of immunostaining. The evaluation of JWA and ILK
staining was blindly and independently examined by two
observers, including one dermatopathologist. In the few cases with
discrepancy between the two observers, the immunostained slides
were reviewed in a double viewing microscope so that the
discrepancy was settled. JWA or ILK staining intensity was scored
as 0, 1þ , 2þ and 3þ . The percentage of JWA or ILK-positive
cells was also scored into four categories: 1 (0–25%), 2 (26–50%),
3 (51–75%) and 4 (76–100%). On the basis of the immunoreactive
score, the staining pattern was defined as: negative (0), weak (1),
moderate (2–6) and strong (8–12). We grouped negative and weak
staining as low expression, and moderate and strong staining as
high expression because the optimal value of cutoff points for the
JWA scores was identified as 2 based on the predictive value of this
cutoff point for patient survival.

Statistical analysis. In cell-based models, the data represent
mean±s.d. from three independent experiments. Statistical
analysis was performed by Student’s t-test. A P-value of o0.05
was considered significant. Differences in the demographic and
clinical characteristics and expression levels of JWA and ILK were
evaluated by w2 tests between patient subgroups. The Kaplan–
Meier method and log-rank test were used to evaluate the
correlation of ING4, JWA and ILK expression with the survival
of patients. SPSS version 16 (SPSS Inc., Chicago, IL, USA) software
was used for all analyses.

RESULTS

ING4 positively regulates JWA via JWA promoter. To check the
correlation between ING4 and JWA, we overexpressed or knocked
down ING4 in MMRU cells and found that ING4 overexpression
clearly promoted, whereas ING4 knockdown (KD) inhibited, JWA
expression at both mRNA and protein levels (Figure 1A and B).
In contrast, both JWA overexpression and JWA KD did not affect
ING4 expression at mRNA and protein levels (Figure 1C and D).

To further investigate the mechanism how ING4 regulates JWA
at the transcriptional level, we performed a dual-luciferase reporter
assay to test whether the activity of the JWA promoter is regulated
by ING4. ING4 overexpressing 293T cells were transfected with
JWA promoter fragments � 595/þ 107, � 194/þ 107, � 107/
þ 107, � 27/þ 107. The data showed that ING4 overexpression
significantly enhanced the activity of JWA promoter fragments
� 595/þ 107, � 194/þ 107, � 107/þ 107 (Po0.05, Po0.01,
Po0.001, respectively; Figure 1E) compared with controls.
Specifically, ING4 overexpression exhibited a 2.56-fold increase
in the activity of fragment � 107/þ 107 compared with the
control. However, this promotion was abolished in fragment � 27/
þ 107, suggesting that JWA promoter fragment � 107/� 27 had
an important role for transcriptional activity of the JWA promoter
induced by ING4.

ING4-regulated cell growth and tube formation of HUVECs is
partially JWA dependent. Angiogenesis is a multistep process,
which includes endothelial cell proliferation, migration and the
formation of blood vessels. We previously reported that ING4
overexpression strongly suppressed the cell growth and tube
formation of HUVECs (Li and Li, 2010). In this study, we
illustrated that JWA was the downstream target of ING4. We
further investigated the relationship between the regulation of
HUVEC cell growth by ING4 and JWA expression. We conducted
the SRB assay by using the CM from with ING4 overexpression,
JWA KD, a simultaneous treatment of ING4 overexpression and
JWA KD, and control vector, in MMRU and MMLH cells. The
results showed that ING4 overexpression significantly inhibited the
growth of HUVECs (Po0.01 for both; Figure 2A), and this
inhibition could be rescued by JWA KD to some extent (Po0.01
for both; Figure 2A), suggesting that ING4-inhibited HUVEC
growth was partially JWA dependent.

To further investigate whether JWA has an essential role in
ING4-inhibited melanoma angiogenesis, we performed the tube
formation assay with HUVECs in matrigel using the CM from
MMRU and MMLH cells with overexpressing ING4, or JWA KD,
or a simultaneous treatment of ING4 overexpression and JWA KD,
or control vectors. We found that the CM from JWA KD
melanoma cells clearly promoted the tube formation of HUVECs
(Po0.001 for both; Figure 2B and C). In contrast, the CM from
ING4 overexpressing melanoma cells significantly reduced the tube
formation of HUVECs (Po0.01, Po0.001; respectively; Figure 2B
and C). This inhibition, on the other hand, could be rescued by
JWA KD (Po0.001 for both; Figure 2B and C). Based on these
data, we conclude that ING4 regulates cell growth and tube
formation of HUVECs that is partially dependent on JWA
expression.

ING4-regulated cell growth and tube formation of HUVECs is
partially ILK dependent. Our previous research showed that ILK
expression was enhanced in melanoma cells that promoted
melanoma angiogenesis (Wani et al, 2011). However, the
regulation of ILK is still not well understood. In this study, we
found that ING4 overexpression inhibited, whereas ING4 KD
increased, ILK at mRNA level (Figure 3A). We also found that
neither ILK overexpression nor ILK KD had any effect on ING4
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mRNA levels (Figure 3B). These findings indicated that ING4 was
the negative upstream regulator of ILK.

To investigate the function of ILK in ING4-inhibited HUVEC
cell growth, we conducted the SRB assay by using the CM from
MMRU and MMLH cells with overexpressing ING4, or ILK, or a
simultaneous treatment of ING4 and ILK overexpression, or
control vectors. The results showed that ILK overexpression
promoted the growth of HUVECs (Po0.001 for both; Figure 3C).
In contrast, ING4 overexpression inhibited the growth of HUVECs
(Po0.001 for both; Figure 3C), and this inhibition could be
rescued by ILK overexpression to some extent (Po0.001 for both;
Figure 3C), suggesting that ING4-inhibited HUVEC growth was
partially ILK dependent.

To further investigate the role of ILK in ING4-regulated
melanoma angiogenesis, we performed the tube formation assay
with HUVECs in matrigel and found that the CM from ILK
overexpression melanoma cells significantly promoted the tube
formation of HUVECs (Po0.001 for both; Figure 3D), and ING4
overexpression reduced the tube formation of HUVECs (Po0.01,
Po0.001; respectively; Figure 3D). This inhibition could be
restored by ILK overexpression (Po0.001 for both; Figure 3D).
Based on these data, we conclude that ING4-regulated cell growth
and tube formation of HUVECs is partially mediated through ILK.

ING4 regulates the ILK/NF-kB/STAT3/VEGF signalling
pathway. We have previously shown that ILK-regulated mela-
noma angiogenesis through the activation of NF-kB/IL-6/STAT3/
VEGF signalling pathway (Wani et al, 2011), and IL-6 was

inhibited by ING4 in melanoma angiogenesis through suppressing
NF-kB activity (Li and Li, 2010). Combining these findings with
the fact that ING4 is an upstream regulator of ILK, we asked
whether ING4 has a regulatory function in the ILK/NF-kB/STAT3/
VEGF signalling pathway. In our study, we found that ING4
overexpression decreased the protein level of ILK, p-IKBa, p50,
p-p65, pSTAT3 and VEGF, whereas ING4 KD increased those
protein levels, and both ING4 overexpression and ING4 KD did
not affect the protein levels of total IKBa, total p65 and total
STAT3 (Figure 4A). These results suggest that ING4 regulates the
ILK/NF-kB/STAT3/VEGF signalling pathway.

To further investigate the effect of ING4 on p-p65 and total p65,
we performed immunofluorescence by confocal microscopy to
check the change of p-p65 and the nucleus translocation of p65 in
MMRU cells with ING4 overexpression or ING4 KD. We found
that p-p65 is mainly located in nucleus and ING4 overexpression
inhibited the expression intensity of p-p65. In contrast, ING4 KD
enhanced the expression intensity of p-p65 compared with the
vector control group (Figure 4B). Meanwhile, we found that ING4
overexpression inhibited the nucleus translocation of p65, and
ING4 KD promoted the nucleus translocation of p65 compared
with the vector control group (Figure 4B). These results further
demonstrated that ING4 regulates NF-kB signalling.

ING4 regulates the ILK/NF-kB/VEGF signalling pathway
partially through JWA. Based on the finding that ING4 is the
upstream regulator of both JWA and ILK, we further found that
ING4 overexpression increased JWA expression and decreased ILK

6 ***

***

*** ***

**

**
**

*

* *

**

*** 1.4
1.2
1.0
0.8
0.6
0.4
0.2

0

1.2 1.4
1.2
1.0
0.8
0.6
0.4
0.2

0

1.0
0.8
0.6
0.4
0.2

0

Flag JWA

FlagJWAVector shCtrl shJWA

ING4

6

ING4
FlagJWA/JWA

5

4

3

2

1

0

ING4

�-Actin �-Actin

***

**
*

ING4
JWA

ING4
JWA

JWA

�-Actin

50

40

30

20

10

0
JWA

shJWAshCtrl

Vector FlagJWA

shJWAshCtrl

shJWAshCtrl

5

4

3

R
el

at
iv

e 
m

R
N

A

R
el

at
iv

e 
JW

A
 m

R
N

A
R

el
at

iv
e 

JW
A

 m
R

N
A

R
el

at
iv

e 
pr

ot
ei

n
R

el
at

iv
e 

JW
A

pr
om

ot
er

 a
ct

iv
ity

R
el

at
iv

e 
pr

ot
ei

n

R
el

at
iv

e 
IN

G
4 

m
R

N
A

R
el

at
iv

e 
IN

G
4 

m
R

N
A

2

1

0
Vector

Vector

Vector

Vector JWAVector
ING4

ING4

ING4

ING4

– –+ +
ING4

5

4

3

2

1

0

3

2

1

0

p-595/+107

p-194/+107

p-107/+107

p-27/+107

miCtrl

miCtrl

milNG4

milNG4

milNG4

Figure 1. ING4 is upstream of JWA, and regulates JWA through the JWA promoter. (A) mRNA levels of ING4 and JWA in ING4 overexpression or
KD MMRU cells were detected by real-time PCR. (B) Western blot analysis of the protein levels of ING4 and JWA in ING4 overexpression or KD
MMRU cells. (C) mRNA levels of JWA and ING4 in JWA overexpression or KD MMRU cells were detected by real-time PCR. (D) Western blot
analysis of the protein levels of JWA and ING4 in JWA overexpression or KD MMRU cells. (E) 293T cells were transiently transfected with HA-ING4
plasmid and transfected with four different truncated human JWA luciferase reporter promoter plasmids respectively (�595/þ107, � 194/þ 107,
� 107/þ 107, � 27/þ 107). Whole-cell extracts were prepared 48 h after transfection, and luciferase activity was measured by luminometry.
*Po0.05; **Po0.01; ***Po0.001, compared with vector control group. Student’s t-test.

The correlation between ING4 and JWA in melanoma BRITISH JOURNAL OF CANCER

www.bjcancer.com | DOI:10.1038/bjc.2013.670 2845

http://www.bjcancer.com


expression at the protein level (Figure 5A). Moreover, JWA KD
clearly promoted ILK expression (Figure 5A), and we also found
that the inhibition from ING4 on ILK expression was abolished by
JWA KD in MMRU cells to some extent (Figure 5A), suggesting
that ILK expression was partially regulated by ING4 via JWA.
Moreover, we also found VEGF and ILK have similar expression
patterns in these groups, indicating that ING4/JWA/ILK/VEGF
might be in the same signalling pathway.

Then, we further investigated whether ING4 regulates the ILK/
NF-kB/VEGF signalling pathway through JWA. We observed that
ING4 overexpression inhibited the mRNA levels of ILK, IKK, IL-6
and VEGF compared with the control group (Po0.01, Po0.05,
Po0.01, and Po0.05, respectively; Figure 5B). Excitingly, JWA
KD rescued ING4-inhibited mRNA levels of these genes to some
extent (Figure 5B), indicating that the ING4-regulated ILK
angiogenesis signalling pathway was partially JWA dependent.

To further investigate the effect of JWA on ING4-regulated
p-p65 and total p65, we performed immunofluorescence by
confocal microscopy to check the change of p-p65 and the nucleus
translocation of p65 in MMRU cells with ING4 overexpression, or
JWA KD, or ING4 overexpression and JWA KD. We found that
JWA KD enhanced, whereas ING4 overexpression inhibited, the
expression intensity of p-p65, and JWA KD rescued the inhibition
of p-p65 from ING4 overexpression to some extent (Figure 5C).
Meanwhile, we found that JWA KD promoted, whereas ING4
overexpression inhibited, the nucleus translocation of p65, and
JWA KD partially rescued the inhibition of the nucleus transloca-
tion of p65 from ING4 overexpression (Figure 5C). These results
further showed that ING4 regulates NF-kB signalling partially via
JWA.

We also demonstrated the role of ILK on ING4-regulated p-p65
and total p65 through immunofluorescence. The results showed
that ILK overexpression enhanced, whereas ING4 overexpression
inhibited, the expression intensity of p-p65, and ILK over-
expression rescued the inhibition of p-p65 from ING4 over-
expression to some extent (Supplementary Figure S1). On the other
hand, we found that ILK overexpression promoted, whereas ING4
overexpression inhibited, the nucleus translocation of p65, and ILK
overexpression partially rescued the inhibition on the nucleus

translocation of p65 from ING4 overexpression (Supplementary
Figure S1). These results further showed that ING4-regulated NF-
kB signalling is partially through ILK.

Reduced JWA expression or increased ILK expression correlates
with poor melanoma patient survival. Our previous animal study
showed that JWA-inhibited melanoma metastasis (Bai et al, 2010).
Furthermore, our present study clarified the important role of JWA
on ING4-regulated melanoma angiogenesis. Therefore, we next
asked if JWA expression is associated with melanoma progression
and patient survival. Our TMA results revealed that JWA
immunohistochemical staining was strong in dysplastic nevi
(Figure 6A), with a moderate-to-weak staining in primary
melanoma (Figure 6B and C), and a negative staining in metastatic
melanoma (Figure 6D). Next, the Kaplan–Meier analyses demon-
strated that the melanoma patients with high JWA expression had
better disease-specific 5-year survival than those with low JWA
expression in melanoma patients (P¼ 0.001; Figure 6E). These
results indicated that reduced JWA expression closely correlated
with poor 5-year survival of melanoma patients.

We also found that ILK staining increased from dysplastic nevi
to primary and metastatic melanoma (Figure 6F–I). In addition,
the increased ILK expression was also correlated with a poor 5-year
survival of melanoma patients (P¼ 0.007; Figure 6J), which was
consistent with our previous report showing that ILK upregulation
correlated with melanoma progression and poor patient survival in
a small number of cases (Dai et al, 2003).

Correlation between ING4 and JWA, ING4 and ILK in
melanoma samples, and the influence of their different
expression pattern on patient survival. In this study, we have
observed that ING4 is the upstream regulator of JWA, and ING4
regulates melanoma angiogenesis through JWA. We have also
revealed that ING4 regulates ILK expression through JWA. Based
on these findings, we next asked whether there is a correlation
among these proteins in melanoma tissue and a relationship
between their different expression patterns and the 5-year survival
of melanoma patients. We used our previous data for ING4 TMA
and obtained the JWA and ILK expression for the corresponding
cases from the current TMA data set to compare the expression
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patterns between ING4 and JWA, as well as between ING4 and
ILK in the same melanoma tissues (n¼ 130). We found that ING4
expression was considerably higher in cases with high JWA
staining than those with low JWA staining (P¼ 0.049; Figure 7A),
showing a positive correlation between ING4 and JWA expression
in melanoma tissue. We also found that ILK expression was
considerably higher in cases with low ING4 staining than those
with high ING4 staining (P¼ 0.032; Figure 7B), showing a negative
correlation between ING4 and ILK expression in melanoma tissue.
Importantly, our results revealed that the patients with high
expression of ING4 and JWA, or high ING4 and low ILK
expression showed a significantly increased 5-year survival rate,
compared with patients with low expression of ING4 and JWA, or
low ING4 and high ILK expression using Kaplan–Meier survival
curves (P¼ 0.002, P¼ 0.003, respectively; Figure 7C and D).

DISCUSSION

High tendency to metastasise to other organs is the leading cause of
melanoma patient deaths. Angiogenesis is one of the important
hallmarks of tumour development, invasion and metastasis

(Folkman, 1971; Weis and Cheresh, 2011). Rapid angiogenesis of
cutaneous melanomas markedly enhances the risk of lethality and
contributes to the progression of melanoma in young adults
(Mahabeleshwar and Byzova, 2007). Therefore, it is of outstanding
priority to identify the factors that are involved in the regulation of
melanoma angiogenesis.

ING4 has been recently implicated in solid tumours as a repressor
of angiogenesis (Garkavtsev et al, 2004; Colla et al, 2007; Liu et al,
2012). ING4 exerts an inhibitory effect on the production of
proangiogenic molecules IL-8 and osteopontin and consequently on
multiple myeloma-induced angiogenesis (Colla et al, 2007).
In addition, ING4-mediated regulation of IL-8 significantly
influences brain tumour growth and angiogenesis (Garkavtsev
et al, 2004). Intratumoural injection of Ad-ING4 significantly
suppressed the growth of A549 human lung carcinoma and reduced
the tumour microvessel formation (Xie et al, 2008). Meanwhile, the
JWA gene is located on chromosome 3p, a region associated with
various cancers (Kok et al, 1997). We previously reported that JWA
suppressed cell migration of cervical carcinoma, melanoma and liver
cancer through MAPK cascades activation and F-actin cytoskeleton
rearrangement (Chen et al, 2007a). Furthermore, our recent study
demonstrated that JWA-inhibited melanoma metastasis in an
animal model (Bai et al, 2010). But, the potential role of JWA in
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tumour angiogenesis and the molecular mechanisms underlying the
regulation of JWA have not yet been elucidated.

In this study, we demonstrated that ING4 is upstream of JWA
and influenced JWA expression through enhancing JWA promoter
activity. Promoter deletion analysis showed that the region
spanning � 107 to � 27 of the JWA promoter mediated a potent
response to ING4 overexpression, indicating that the region has an
important function for transcriptional activity of the JWA
promoter induced by ING4, which is consistent with our previous
report that the JWA proximal promoter region responds to
oxidative stress (Chen et al, 2007b). Furthermore, ING4 over-
expression in melanoma cells significantly inhibited the growth
and tube formation of HUVECs, and this inhibition could be
rescued by JWA knockdown to some extent, suggesting that ING4-
inhibited melanoma angiogenesis was partially JWA dependent.
In this study, JWA knockdown alone showed a significant effect on
melanoma angiogenesis and targeted gene expression, and JWA
knockdown rescued the inhibitory effect on these cases from ING4
overexpression. Combining the data, ING4 is an upstream
regulator of JWA and activates JWA through enhancing JWA
promoter activity; we concluded that the inhibition effect of ING4
in melanoma angiogenesis is mediated partially by JWA. However,
it is also possible that the strong effect shown from shJWA could
be dominant over the more limited negative effect of ING4 in all
the cases, even if both proteins act to some extent through
independent pathways.

ILK has also been identified as promoting vascular development
and angiogenesis (Tan et al, 2004; Xie et al, 2011). When ILK was
deleted in mice and zebrafish, the vasculature formation was
markedly decreased (Friedrich et al, 2004). On the other hand,
VEGF was shown to be the downstream target of ILK in regulating
angiogenesis (Tan et al, 2004). Our recent research showed that
ILK overexpression in melanoma cells promoted angiogenesis
in vitro and in vivo (Wani et al, 2011). However, the regulation for
ILK in melanoma angiogenesis is still unknown. In this study, the
opposite properties of ILK and ING4 in melanoma angiogenesis
led us to explore their relationship in melanoma. We found that
ING4 was able to downregulate ILK through the regulation of
JWA. ING4 also has a transcription factor function, it is possible
ING4 directly regulates the ILK promoter. However, to our
knowledge, until now no published paper showed the correlation
between ING4 and ILK. Whether there is an ING4-binding site in
the ILK promoter deserves to be investigated in the future.

NF-kB is involved in regulating cell survival, angiogenesis,
tumourigenesis and metastasis (Ghosh and Karin, 2002; Karin and
Lin, 2002). Our previous research demonstrated that ILK
promoted melanoma angiogenesis by upregulating the NF-kB/IL-
6/STAT3/VEGF signalling pathway (Wani et al, 2011). It was also
consistent with a report where VEGF was shown as the
downstream target of ILK regulating angiogenesis (Tan et al,
2004). On the other hand, ING4 can suppress brain tumour growth
and angiogenesis by associating with the p65 (RelA) subunit of
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NF-kB (Garkavtsev et al, 2004). A recent study also reported that
downregulation of ING4 led to activation of NF-kB in breast
cancer, contributing to tumour progression and reduced disease-
free patient survival (Byron et al, 2012), which is consistent with
our recent study that ING4-inhibited melanoma angiogenesis
in vitro and in vivo as a result of suppressing NF-kB activity and
IL-6 expression (Li and Li, 2010). In this study, we further
confirmed the function of JWA and ILK in ING4-regulated p-p65
and total p65. We found that JWA KD, or ILK overexpression, can
rescue the inhibition of ING4 overexpression on p-p65 and the
nucleus translocation of p65, suggesting ING4 regulates NF-kB
signalling through JWA and ILK to some extent.

Recent research has also shown that low ING4 protein
expression in gastrointestinal stromal tumours is associated with
poor prognosis in untreated patients (Nanding et al, 2013).
In addition, downregulation of nuclear ING4 is correlated with
tumourigenesis and progression in head and neck squamous cell
carcinoma (Li et al, 2011). Our previous study showed that ING4
expression significantly decreased from dysplastic nevi to malig-
nant melanoma. At the same time, reduced ING4 was associated
with melanoma thickness, ulceration and a poorer 5-year survival
of melanoma patients (Li et al, 2008). To compare with previous
TMA data for ING4, we performed the immunostaining for both
JWA and ILK using the TMA, which was used to examine ING4
expression in melanocytic lesions (Li et al, 2008). According to the
result, we found that JWA expression was decreased from
dysplastic nevi to melanoma, indicating that decreased JWA

expression might be a common requirement in melanoma
progression. As the main cause of melanoma patient deaths is
tumour metastasis, we analysed the correlation between JWA
expression and patient survival. We revealed that low JWA
expression was significantly correlated with a poor 5-year survival
of melanoma patients. In contrast, we found that increased ILK
staining in melanoma was also correlated with a poor 5-year
survival of melanoma patients. Based on these findings and the fact
that metastasis is the leading cause of melanoma patient death
(Jemal et al, 2008), it is not surprising to see that reduced JWA
could lead to increased melanoma angiogenesis through the JWA/
ILK signalling pathway, which in turn results in tumour metastasis,
and eventually worse survival of melanoma patients.

Furthermore, our results revealed that there was a positive
correlation between expression of ING4 and JWA, and a negative
correlation between ING4 and ILK expression. Importantly, the
patients with high ING4/JWA expression, or high ING4/low ILK
expression, showed significantly better 5-year survival than
patients with low ING4/JWA expression or low ING4/high ILK
expression. These results further confirm the prognostic value of
ING4/JWA/ILK. The use of small-molecule inhibitors to abrogate
ILK activity has been shown to reverse ILK oncogenic effects in
animal model studies and clinical trials (Muranyi et al, 2009; Cox
et al, 2010). Therefore, the ING4/JWA/ILK signalling in melanoma
might provide new opportunities for therapeutic intervention.

Taken together, the data presented here, for the first time, reveal
that ING4 is upstream of JWA and ING4 positively regulates JWA
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by enhancing JWA promoter activity. Furthermore, ING4-
regulated cell growth and tube formation of HUVECs is partially
JWA dependent. Also, ING4 inhibits the ILK angiogenesis
signalling pathway through JWA. At the same time, our TMA
results reveal that there is a positive correlation between ING4 and
JWA expression, and a negative correlation between ING4 and ILK
expression. Importantly, their concomitant expression is closely
related to the 5-year survival of melanoma patients. These findings
highlight the fact that JWA has an important role in ING4-
regulated melanoma angiogenesis. As a result, ING4/JWA/ILK
signalling molecules could be used as prognostic markers for
melanoma and may be promising anti-angiogenic therapeutic
targets.
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