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Abstract: Human transcriptional positive cofactor 4 (PC4) is a novel marker for diagnosis and treatment of advanced 
human cancers metastasis. In human lung adenocarcinoma, tumor lymphangiogenesis, an important early event, 
can promotes lymphatic metastasis, while it has been reported that VEGF-C/VEGF-D/VEGFR-3 axis plays an impor-
tant role in lymphangiogenesis. The proposed study aims to explore whether PC4 correlates with VEGF-C/VEGF-D/
VEGFR-3 axis of lymphangiogenesis in the lymph node metastasis during lung adenocarcinoma. Here, small inter-
fering RNA technique was employed to investigate the relationship of PC4 and the VEGF-C/VEGF-D/VEGFR-3 axis 
in lung adenocarcinoma cell lines as well as tumor xenografts of mice model. And then mRNA and protein levels of 
PC4, VEGF-C, VEGF-D and VEGFR-3 were analyzed. Moreover, the correlation between PC4 expression and lymphat-
ic vessel density or the rate of metastatsis in vivo was also revealed. Down-regulating PC4 expression resulted in the 
lower expression of VEGFC, VEGF-D and VEGFR-3 in mRNA and protein levels, and PC4 expression was significantly 
related with the factor of VEGF-C/VEGF-D/VEGFR-3 axis expression (P<0.05). Meanwhile, high expression level of 
PC4 was accompanied by the higher density of tumor lymphatic vessels and the rate of metastatsis in vivo (P<0.05). 
PC4 expression correlated with the levels of VEGF-C, VEGF-D and VEGFR-3 during the development of lymphangio-
genesis and lymphatic metastasis in lung adenocarcinoma in vitro and in vivo, which may be a novel marker in the 
development of lymphangiogenesis and lymphatic metastasis of tumors.
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Introduction

Lymphatic metastasis is an important early 
event occurred during human lung carcinoma 
[1], but the molecular mechanism is not well 
known. Therefore, it is urgent to find a new tar-
get molecule for diagnosis and treatment of 
human cancers.

Human positive cofactor 4 (PC4), a nuclear pro-
tein and facilitates activator-dependent tran-
scription, is a novel marker for cancer cell 
transformation and the diagnosis and treat-
ment of lung carcinoma [2]. In 1994, PC4 was 
reported by Ge et al firstly [3], and then it was 
found to play an important role in various cel-
lular processes such as transcription [4], repli-
cation [5], chromatin organization [6], and 
repair of oxidative DNA damage [7]. Additionally, 

PC4 is also activated in cell growth and differ-
entiation through its interaction with p53, ras, 
bax, and so on [8]. Recently, Shi et al reported 
that PC4 expression was correlated to the 
development and progression of human lung 
cancer in clinical specimens [9], which can be a 
novel marker for adult multipotent stem cell 
transformation as well as the diagnosis and 
treatment of advanced human cancers. 

VEGF-C and VEGF-D was reported to be the 
main factors of lymphangiogenesis [10], which 
has been a new research frontier in tumor 
metastasis. It was found VEGF-C overexpresion 
promoted the increasement of the lymphatic 
vessels density and spread of tumor cells to 
lymph nodes in animal model [11]. Another 
interesting study demonstrated that interaction 
of VEGF-C/D with the receptor VEGFR-3 is able 
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to facilitate lymphangiogenesis through mito-
gen activated protein kinase and phosphati-
dylinositol 3-kinase signaling pathways [12]. 
Clinical evidence that VEGF-C or VEGF-D expres-
sion correlates with regional lymph nodes 
metastases in human lung carcinomas [13] 
verified the activation by VEGFR-3-VEGF-C/D to 
the lymphangiogenesis in tumor cells. 

However, little is known about the relation of 
PC4 and the binding of VEGFR-3 and VEGF-C or 
VEGF-D signaling pathway in lymphangiogene-
sis and metastases in regional lymph nodes in 
human lung carcinomas. In this study, small 
interfering RNA technique was emplyed to 
investigate the relationship between PC4 and 
the combination of VEGF-C/D with the receptor 
VEGFR-3. We found PC4 is one of major 
upstream genes of VEGF-C and VEGF-D in lym-
phangiogenesis both in vivo and in vitro, and 
the PC4 correlates with VEGF-C, VEGF-D and 
VEGFR-3 both at the mRNA and protein levels. 
Moreover, PC4 correlates with lymph node 
metastasis in human lung adenocarcinoma. 

Materials and methods

Cell culture

Human lung adenocarcinoma A549 cell lines 
were obtained from American Tissue Culture 
Colection. A549 cell lines were maintained with 
DMEM supplemented 10% fetal bovine serum 
(HyClone, Thermo scientific, USA) in a humidi-
fied atmosphere including 5% CO2 at 37°C.

RNA interference of PC4

The siRNA sequence targeting the PC4 gene 
corresponded to the nucleotides of the start 

codon (sense, 5’-r [ACAGAGCAGCAGCAGCAGA] 
dTT-3’; antisense, 5’-r [TCTGCTGCTGCTG CT- 
CTGT] dTT-3’) were synthesized. PC4 cDNA 
were connected in a lentivirus expression plas-
mid vector VSVG components of GFP positive 
including pGCL-GFP, pHelper 1.0 and pHelper 
2.0 (Shanghai GeneChem). The lentivirus pack-
ing cells 293T were transfected using siRNA 
and randomized control RNA with lipofectamine 
2000 plus (Invitrogen) according to the manu-
facturer’s protocol, then a series of purification, 
concentrate, and virus titer detection, and 
active virus particles was acquired, and mul- 
tiplicity of infection (MOI) was determined 
according to the manufacturer’s instructions. 
Lung adenocarcinoma cell A549 was infected 
by the above virus. The FCM (flow cytometry) 
Sorted green fluorescent protein cells, named 
the A549pGCL-siRNA PC4 cell lines and A549pGCL-siRNA 

control PC4 cell lines.

Quantitative real-time PCR (RT-PCR) 

Total RNA was isolated from A549 cell, A549 
siRNA PC4 cell, A549 siRNA control cell as well 
as fresh soft tumor xenografts tissues using 
Trizol reagent (Invitrogen, Rockville, MD, USA) 
according to the manufacturer’s instructions. 
One micrograms of total RNA was reverse-tran-
scribed for cDNA synthesis using the 
PrimeScriptTMRT reagent Kit (TaKaRa, Japan). 
Quantitative real-time PCR (qRT-PCR) was car-
ried out using SYBR PremixExTaq™ (Takara, 
Japan). SYBR Green qRT-PCR was performed 
on BIO-RAD IQ5 (USA). All primer sequences 
are listed in Table 1. The qRT-PCR results were 
analyzed and the relative CT (threshold cycle) 
values were converted into expression fold 
alterations.

Animal studies

Nude mice (Specific pathogen Free, BALB/c 
(nu/nu), female, 6-9 weeks of age, around 20 g 
of weight) were obtained from Laboratory 
Animal Center of Institute of Surgery Research, 
Daping Hospital, Third Military Medical 
University (Chongqing, China) and bred at con-
stant temperature (23 ± 2°C) and humidity (50-
70%). Nine mice were randomly divided into 
three groups, and 0.2 ml (1 × 107 cells/ml) of 
A549, A549siRNA PC4 or A549siRNA control cell sus-
pension were respectively injected into the sub-
cutaneous of the right back neck close to axilla 
of the mice, Tumor xenografts were staged for 
7 days until the tumor volume reached to 0.5 × 

Table 1. Primer sequences of products expres-
sion
Name (bp) Sequence (5’-3’)
PC4 (138 bp) F CACCTGCTCAGTTTTCACACA

R TGGAAAGTCAGTGAAACTGTCA
VEGF-C (178 bp) F ATTTACATGATGCTGCCATCAGTC

R GGCAATAAAGCAATGGAGGAAGG
VEGF-D (174 bp) F AGGTTTATTTGCATGTGCC

R AGAGCAGGTCTTGATGTGTC
VEGFR-3 (168 bp) F GAGAGAGAGAAGGCAGCATAC

R GTGCTTCAGTGGTCACACTCC
β-actin (285 bp) F AGCGAGCATCCCCCAAAGTT

R GGGCACGAAGGCTCATCATT
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major axis × Minor axis2. We executed the mice 
when the tumor xenografts reached approxi-
mately 1 cm3 in size.

Immunohistochemistry

Mice were sacrificed when the tumor xeno-
grafts were staged for 60 days. The tumor 

xenografts and local lymph nodes were sepa-
rated and applied for immunohistochemistry. 
Then the samples were incubated with rabbit 
polyclonal anti-PC4 (Abcam, USA, 1:100),  
rabbit polyclonal anti-VEGF-C (Abcam, USA, 
1:50), rabbit polyclonal anti-VEGF-D (Abcam, 
USA, 1:50), mouse monoclonal anti-VEGFR-3 
(Abcam, USA, 1:100), and rabbit polyclonal 

Figure 1. The expression of green fluorecence protein in A549 cell. A. Infected the siRNA PC4 recombinant lentiviral 
vector (fluorescence microscope, × 200). B. Infected control recombinant lentiviral vector (fluorescence microscope, 
× 200). C. A549 cell (fluorescence microscope, × 200).
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anti-LYVE-1 (Abcam, USA, 1:100). After over-
night incubation at 4°C, slides were washed 
three times using PBS (pH 7.4-7.6) and then 
incubated with Real-envision Detection System 
(Dako, Shanghai, China). Negative controls 
were prepared using PBS instead of the prima-
ry antibody. The brown staining in cytoplasm 
and/or nucleus or membrane was considered 
positive. For determination of lymphatic vessel 

density, we identified the area containing the 
most LYVE-1 positive vessels (hot spot) by scan-
ning the sections at low magnification (10 × 
10). The number of LYVE-1 positive vessels 
from five areas of the highest vessel density/
section at high magnification (10 × 40) was 
employed to determine the lymphatic vessel 
density.

Western blotting

Total protein was extracted from the A549 cell, 
A549siRNA PC4 cell, A549siRNA control cell and tumor 
xenograft tissues with Protein Extraction with 
RIPA Buffer (BBST, China). Protein concentra-
tion was determined using BCA Protein Assay 
Reagent Kit (Pierce, USA). Approximately 50 μg 
of the protein extraction was separated by 10% 
SDS-PAGE, then transferred to 0.22 mm nitro-
cellulose membranes (Sigma) and incubated 
with specific antibodies. The primary antibod-
ies rabbit polyclonal anti-PC4, rabbit polyclonal 
anti-VEGF-C, rabbit polyclonal anti-VEGF-D, 
mouse monoclonal anti-VEGFR-3 were pur-
chased from Abcam (Abcam, USA). Quantity 
One v4.4.0 software (Bio-Rad, USA) was used 
for assay optical density of the protein bands. 
Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) was used as a control, and results 
were normalized to the expression of GAPDH.

Statistical analysis

Data are expressed as mean ± SEM. The differ-
ence among groups was determined by ANOVA 
analysis and comparison between two groups 
was analyzed by the Student’s t-test using 
GraphPad software version 5.0 (GraphPad 

Figure 2. The results of fluorescence activated cell sorting. R001: the siRNA PC4 recombinant lentiviral vector 
group. C002: the control recombinant lentiviral vector group.

Figure 3. The mRNA expression of PC4, VEGF-C, 
VEGF-D and VEGFR-3 in vitro. There were the most 
significant knockdown effect on PC4 mRNA in the 
A549siRNA PC4 cell lines, with inhibition rates of 85.40%. 
The expression of PC4, VEGF-C, VEGF-D and VEGFR-
3were lower in the A549siRNA PC4 cell lines than the 
A549cell lines and A549siRNA control cell lines (*P<0.05). 
The expression of mRNA levels were declined. The 
PC4 expression was significantly associated with the 
expression of VEGF-C, VEGF-D and VEGFR-3 (tested 
by Spearman’s nonparametric correlation test, cor-
relation coefficient 0.792, 0.592, 0.661, P<0.001).
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Software, CA). P<0.05 was considered statisti-
cally significant.

Results

Establishment of the A549siRNA PC4 and A549siR-

NA control cell lines

After the siRNA PC4 recombinant and control 
lentiviral vector, including green fluorecence 
protein, were infected into the lung adenocarci-
noma cell A549, we observed the cell under the 
fluorescence microscope. It was at least 70% 
cell which expressed green fluorecence protein 

in each visual field (Figure 1). And 
then, we collected the A549 cell 
infected by virus and sorted the 
green fluorescent protein cells 
using the FCM (flow cytometry) 
(Figure 2). The cell were cultured 
and passaged for one or two gen-
eration to obtain the A549siRNA PC4 
and A549siRNA control cell lines. 

The mRNA expression of PC4, 
VEGF-C, VEGF-D and VEGFR-3 in 
vitro

Figure 4. The protein expression of PC4, VEGF-C, VEGF-D and VEGFR-3 in vitro. We detected the total protein expres-
sion of PC4, VEGF-C, VEGF-D and VEGFR-3 in the A549 groups, the A549siRNA control groups and the A549siRNA PC4 groups. 
It was showed that the expression of PC4 in A549siRNA PC4 cell strictly lower than the A549 cell and the A549siRNA control 
cell (P<0.05), the inhibition ratio reached to 77.5%. However, the expression of VEGF-C, VEGF-D and VEGFR-3 also 
lower in A549siRNA PC4 cell than the A549 cell and the A549siRNA control cell (P<0.05). 1: The A549 group; 2: The A549siRNA 

control group; 3: The A549siRNA PC4 group.

Table 2. The protein expression of PC4 was positive relation 
with VEGF-C, VEGF-D and VEGFR-3
                    Groups (X ± s)
Factor A549 A549siRNA control A549siRNA PC4 

PC4 0.80 ± 0.05 0.74 ± 0.42 0.18 ± 0.04*

VEGF-C 0.38 ± 0.08 0.37 ± 0.09 0.16 ± 0.03*

VEGF-D 0.48 ± 0.04 0.47 ± 0.04 0.10 ± 0.05*

VEGFR-3 0.23 ± 0.04 0.22 ± 0.06 0.09 ± 0.05*

The Comparative analysis results of relative grey value of PC4, VEGF-C, VEGF-
D and VEGFR-3, the expression of PC4 protein was highly positive correlation 
with VEGF-C, VEGF-D and VEGFR-3 using Spearman’s nonparametric correla-
tion test (correlation coefficient 0.966, 0.812, 0.856, P<0.05).

To study the downstream effector gene of PC4 
in human lung adenocarcinoma, the cell lines 
with or without siRNA PC4 gene were devel-
oped, which named A549siRNA PC4 and A549siRNA 

control, respectively. Figure 3 showed that lym-
phangiogenic factor VEGF-C, VEGF-D and 
VEGFR-3 genes were lower expressed with 
decreased downstream PC4 gene, which sug-
gested the close link between PC4 VEGF-C, 
VEGF-D and VEGFR-3 at mRNA level.(tested by 
Spearman’s nonparametric correlation test, 
correlation coefficient 0.792, 0.592, 0.661, 
P<0.001; Figure 3). 
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observed with inhibition rates of 85.40%. The 
expression of PC4, VEGF-C, VEGF-D and VEGFR-
3 were lower in the A549siRNA PC4 cell lines than 
that in the A549 cell lines and A549siRNA control 
cell lines (*P<0.05). The expression of mRNA 
levels was declined. The PC4 expression was 
significantly associated with the expression of 
VEGF-C, VEGF-D and VEGFR-3 (tested by 
Spearman’s nonparametric correlation test, 
correlation coefficient 0.792, 0.592, 0.661, 
P<0.001).

The protein expression of PC4, VEGF-C, VEGF-
D and VEGFR-3 in vitro

The A549siRNA PC4 cell lines with down-regulation 
of PC4 and the A549siRNA control cell lines were 
constructed with siRNA technology. The total 
protein were extracted and detected by west-
ern blotting. We found that the expression of 
PC4 in A549siRNA PC4 cell was much lower than 
that in A549 cell and A549siRNA control cell 
(P<0.05), the inhibition ratio reached to 77.5%. 
And similar result was observed for the expres-
sion level of VEGF-C, VEGF-D and VEGFR-3 
(P<0.05, Figure 4), which suggested the highly 
positive correlation of PC4 protein VEGF-C, 
VEGF-D and VEGFR-3 using Spearman’s non-

The most significant knockdown effect on PC4 
mRNA in the A549siRNA PC4 cell lines was 

Figure 5. The average volumeof tumor xenografts in three groups. The volume of tomorxenografts before the A549 
cell lines, A549siRNA control cell lines and A549siRNA PC4 cell lines injectedinto mice. The volume of A549siRNA PC4 transfection 
group significantly belower than A549nontransfection and A549siRNA control transfection group (*P<0.05, D).

Figure 6. The rate of metastatsis in regional lymph 
node of the mice modules in the three groups. 
The rate of metastatsis in regional lymph node in 
A549nontransfection and A549siRNA control transfection groups 
were significantly highter than A549siRNA PC4 transfection 
groups (*P<0.05).
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parametric correlation test (correlation coeffi-
cient 0.966, 0.812, 0.856, P<0.05, Table 2).

The total protein expression of PC4, VEGF-C, 
VEGF-D and VEGFR-3 were detected in A549, 
A549siRNA control and the A549siRNA PC4 groups. It 
was showed that the expression of PC4 in 
A549siRNA PC4 cell was strictly lower than that in 
A549 cell and A549siRNA control cell (P<0.05), the 
inhibition ratio reached to 77.5%. Moreover, the 
expression of VEGF-C, VEGF-D and VEGFR-3 in 
A549siRNA PC4 cell was also evidently lower than 
that in A549 cell and the A549siRNA control cell 
(P<0.05).

Tumor volume and the number of metastatic 
lymph node

Being staged for 21 days, the mice were sacri-
ficed, tumor xenografts and lymph node were 
isolated. The tumor size were measured, the 
average size of tumor xenografts was 85 ± 
0.56 mm in A549nontransfection group, 70.6 ± 1.24 
mm in A549siRNA PC4 transfection group and 84 ± 1.20 

mm in A549siRNA control transfection group. The volume 
of A549siRNA PC4 transfection group was much smaller 
than the other two groups (P<0.05, Figure 5). 
Moreover, to confirm whether metastatsis 
occurred, lymph node sample was stained  
by hematoxylin and eosin (HE), and we found 
the rate of metastatsis (the number of meta-
statsis using htoxylin eosin (HE) staining/the 
total of lymph node) was 85% and 90% in 
A549nontransfection and A549siRNA control transfection 
group, while only 50% in A549siRNA PC4 transfection 
group, which is significantly lower (P<0.05, 
Figure 6). 

PC4 expression correlated with lymphatic ves-
sel density.

Histological staining with anti-LYVE-1 and 
VEGFR-3 antibodies was observed when the 
tumor xenografts were staged for 21 days, and 
we detected the expression of PC4 in three 
groups and with LYVE-1 and VEGFR-3 antibod-
ies ,inspected the density of lymphatic vessels 
in tumor xenografts. As the results showed, in 
tumors with LYVE-1 positive vessels the tumor 
lymphatic vessels with high expression level of 
PC4 showed a higher density than tumor lym-
phatic vessels with low PC4 expression (16.67 
± 5.3 vessels/microscopic field for PC4 high 
expression tumors, n=4, and 8.7 ± 3.31 for 
PC4 low expression tumors, n=4, P<0.05, 
Student’s t test, Figure 7). And the similar 
results that the density of lymphatic vessels 
exhibited a positive correlation with PC4 
expression was observed in tumors with 
VEGFR-3 positive vessels.

The mRNA expression of PC4, VEGF-C, VEGF-D 
and VEGFR-3 in vivo 

We also studied whether the injection of differ-
ent cell suspension induce the change in mRNA 
levels of PC4, VEGF-C, VEGF-D and VEGFR-3 in 
the animal tumor tissues. The results showed 
that in animals treated with A549siRNA PC4, the 
mRNA levels of PC4, VEGF-C, VEGF-D and 
VEGFR-3 were lower than other two groups 
(P<0.01). The significant difference was 
obtained using Spearman’s nonparametric cor-
relation test, and correlation coefficient were 

Figure 7. PC4 expression correlates with lymphatic vessel density in vivo. A. Immunohistochemical staining of serial 
sections of tumor xenografts of lung cancer tissues shows identical expression and localization of PC4 down-regu-
lates (× 400). B. Immunohistochemical staining of LYVE-1 and VEGFR-3in serial sections from lung adenocarcinoma 
of xenograftswith low or high PC4 expression (× 400). C. Quantitative analysis of LYVE-1 positive vessels (mean ± 
SD) by the standard methodof microvessel density determination.

Figure 8. The mRNA expression of PC4, VEGF-C, 
VEGF-D and VEGFR-3 in vivo. The expression of PC4, 
VEGF-C, VEGF-D and VEGFR-3 mRNA levels signifi-
cantly lower in the A549siRNA PC4 transfection groups than 
A549non transfection groups and the A549siRNA control transfection 
groups (P<0.01). The expression ofPC4 Mrna hightly 
correlation with the lymph angiogenic factor VEGF-C, 
VEGF-D and VEGFR-3 using Spearman’s nonpara-
metric correlation test (correlation coefficient 0.852, 
0.796, 0.915, P<0.01). 1: The A549non transfection group; 
2: The A549siRNA control transfection group; 3: The A549siRNA 

PC4 transfection group.
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0.852, 0.796, 0.915, respectively, (P<0.01; 
Figure 8).

The protein expression of PC4, VEGF-C, VEGF-
D and VEGFR-3 in vivo

The protein expression levels of PC4, VEGF-C, 
VEGF-D and VEGFR-3 in the mice tissues were 
further investigated. The results revealed that 
compared with other two groups, the amount of 

PC4 was obviously lower in the tumor xeno-
grafts from the mice injected with A549siRNA PC4 
cell suspension (P<0.05), meanwhile in the 
same group the much lower expression level  
of VEGF-C, VEGF-D and VEGFR-3 than other  
two groups was observed. Statistically signifi-
cant difference obtained among the groups 
suggested that the protein expression level of 
PC4 positively correlated with VEGF-C, VEGF-D 
and VEGFR-3, and the correlation coefficient 

Figure 9. The protein expression of PC4, VEGF-C, VEGF-D and VEGFR-3 invivo. A. In the tumor xenografts of lung 
cancer, the expression of PC4 significantly lower in the A549siRNA PC4 transfection groups than the A549nontransfection groups 
and A549siRNA control transfection groups (P<0.05), meanwhile, the expression of VEGF-C, VEGF-D and VEGFR-3 lower in the 
A549siRNA PC4 transfection groups than other. The PC4 positive correlation with the VEGF-C, VEGF-D and VEGFR-3 in protein 
levels (Spearman’s nonparametric correlation test, correlation coefficient 0.847, 0.809, 0.951, P<0.01). B. In the 
regional lymph node tissues, there were similar results by analysis of the expression of PC4, VEGF-C, VEGF-D and 
VEGFR-3 in three groups. Accompany the PC4lower expressing lymph node, the VEGF-C, VEGF-D and VEGFR-3 were 
lower. Analysis revealed that the PC4 expression inlymph node tissues hightly correlation with the lymph angio-
genic factor VEGF-C, VEGF-D and VEGFR-3 using Spearman’s nonparametric correlation test (correlation coefficient 
0.780, 0.885, 0.790, P<0.01). 1: the A549non transfection groups; 2: the A549siRNA control transfection groups; 3: the A549siRNA 

PC4 transfection groups.
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were 0.847, 0.809 and 0.951, respectively. 
(Spearman’s nonparametric correlation test, 
P<0.01; Figure 9A).

In the meanwhile, similar results were observed 
by analyzing the expression of PC4, VEGF-C, 
VEGF-D and VEGFR-3 in the regional lymph 
node tissues from above three groups. Figure 
9B obviously showed that PC4, relative to the 
other two groups VEGF-C, VEGF-D and VEGFR-3 
expressions were all much lower in lymph node 
tissues dissected from the animals treated 
with A549siRNA PC4, and Spearman’s nonpara-
metric correlation test analysis revealed that 
PC4 correlated with the lymphangiogenic factor 
VEGF-C, VEGF-D and VEGFR-3 in lymph node 
tissues (correlation coefficient 0.780, 0.885, 
0.790, P<0.01).

Discussion

PC4 was reported to be a novel target molecule 
for the diagnosis and treatment of advanced 
human cancers [9]. This study demonstrated 
that PC4 was able to regulate lymphangiogenic 
factor VEGF-C and VEGF-D in a wide variety of 
non-small cell lung cancer, in which the recep-
tor VEGFR-3 was involved for the first time  
in vitro and in vivo. The high expression level  
of PC4 showed a positive correlation with 
amount of VEGF-C, VEGF-D and VEGFR-3 and 
with lymphatic vessel density, which suggested 
a new role of PC4 in lymphangiogenesis of early 
lymph node metastasis in human lung ade- 
nocarcinoma.

PC4 is a highly conservatively multifunctional 
transcriptional coactivator, which plays an 
important role in transcription, replication, DNA 
repair, cell cycle progression, cellular transfor-
mation and chromatin organization [2]. And 
PC4 expression is reported to be associated 
with the development and progression of 
human prostate and breast, as well as lung 
cancer in clinical specimens [9, 14]. More and 
more experimental evidence showed PC4 may 
be a promising molecule for the diagnosis, 
treatment and prediction of metastasis of 
advanced human cancers. Shi et al [9] found 
that PC4 was abundantly expressed in trans-
formed cells, while much low amount of PC4 
was detected in parental nontransformed cells, 
and moreover, using LNCaP/C4-2 human pros-
tate cancer cell model they identified that PC4 
over-expression led to the increased growth of 

advanced C4-2 cells on plastic plates and in 
matrigel. However, in this manuscript, we dem-
onstrated that the expression of VEGF-C and/or 
VEGF-D was required for PC4 regulation. 
Although downstream effector of PC4 treat-
ment in vitro and in vivo appears to slightly 
down-regulated VEGF-C, VEGF-D and VEGFR-3, 
level of PC4 was statistically significant corre-
lated with VEGF-C, VEGF-D and VEGFR-3 in vitro 
by Spearman’s nonparametric correlation test 
analysis. Furthermore, the lower metastatsis 
rate was observed in lung adenocarcinoma 
xenografts of the mice with down-regulated 
PC4. In addition, the high expression level of 
PC4 inducing higher density of tumor lymphatic 
vessels was detected. Therefore our current 
results showed that PC4 correlated with 
VEGF-C, VEGF-D and VEGFR-3, suggested  
PC4 palys a role in lymphangiogenesis and 
metastasis.

Activation of VEFD-C and VEGF-D, the lymphan-
giogenic factors, is reported to be able to pro-
mote lymphangiogenesis significantly and re- 
sulted in the up-regulation of VEGFR-3 gene 
[15]. Weryńska and his group confirmed that 
the VEGF-C/VEGF-D-VEGFR-3 overexpression 
could promote greatly the lymphangiogenesis 
in lung cancer [16], which suggests that expres-
sion levels of VEGF-C, VEGF-D and VEGFR-3 are 
critical mediators during the tumor lymphangio-
genesis. Su et al also found that the activation 
of the VEGFC/VEGF-D/VEGFR-3 axis increases 
the motility and invasiveness of neoplastic 
cells and promoted the development of neo-
plastic metastases in lung adenocarcinoma 
[17]. However, little is known about the activa-
tion mechanism of the axis. In this study, we 
proposed that PC4 is able to regulate the lym-
phangiogenic factor of VEFD-C and VEGF-D, 
leading to lymphangiogenesis and facilitates 
the metastases. The results suggested that 
high expression level of PC4 induced a higher 
density of tumor lymphatic vessels and higher 
rate of regional lymph node metastatsis. 
Moreover, when the LYVE-1 or VEGFR-3 was 
positive,the higher density of tumor lymphatic 
vessels had a highter expression level of 
VEGF-C and/or VEGF-D.

PC4 has a highly conservative sequence from 
yeast to human, and was originally identified as 
a transcription cofactor that plays both a nega-
tive or positive role [18]. One of the most impor-
tant function is to mediate the response of RNA 
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polymerase II and III to transcriptional activa-
tors [19]. PC4 may contribute to the transcrip-
tion of VEGF-C and VEGF-D as a transcription 
cofactor. Salameh et al [20] reported that the 
VEGFC/VEGF-D/VEGFR-3 axis regulated lym-
phangiogenesis through the activation of AKT 
pathways, which suggested AKT pathways may 
work as a modulator in lymphangiogenesis reg-
ulation. This view supports our hypothesis here 
that PC4 also may mediated the VEGF-C/
VEGF-D/VEGFR-3 axis through combined action 
with the AKT pathways as a transcription cofac-
tor. However, no matter the PC4 directly acti-
vated the lymphangiogenic factor VEFD-C and 
VEGF-D or indirectly induced the AKT pathways 
in mediating the lymphangiogenesis, the 
expression of PC4 palyed an important role in 
the lymphangiogenesis and lymphatic metasta-
sis. These findings have proved PC4 to be a 
novel target for lymphangiogenesis in lymphat-
ic metastatic spread of lung adenocarcinoma.

In conclusion, the proposed work revealed that 
PC4 expression level was positively correlated 
with the VEGF-C, VEGF-D and VEGFR-3 during 
the development of lymphangiogenesis in lung 
adenocarcinoma in virto and in vivo. The down-
regulation of PC4 induced the lower expression 
of VEGFC, VEGF-D and VEGFR-3, suggesting 
PC4 can be a novel molecule in the develop-
ment of lymphangiogenesis and lymphatic 
metastasis.
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