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Abstract. p43 is a cofactor of aminoacyl-tRNA synthetase in 
mammals that effectively inhibits angiogenesis. However, the 
role of p43 in angiogenesis remains unclear. In the present study, 
we examined the effects of p43 on angiogenesis using human 
microvascular endothelial cells-1 (HMEC-1) cells as a model. 
Our microarray data showed that p43 regulated a number of 
cytokines, and the majoity of these are involved in the Janus 
kinase (JAK)-signal transducer and activator of transcrip-
tion (STAT) pathway. IP-10 was previously shown to inhibit 
angiogenesis and suppress tumor growth via the JAK-STAT 
signaling pathway in vitro and in vivo. Our results showed that 
p43 induces both the mRNA and protein expression of IP-10. 
Furthermore, we demonstrated that p43 exerted an effect on the 
JAK-STAT signaling pathway by regulating key factors of the 
pathway. Using a JAK inhibitor, AG490, we studied the effect of 
p43 on HMEC-1 cells by blocking the JAK-STAT pathway. We 
found that AG490 inhibited the induction of IP-10 expression 
by p43, and suppressed the inhibitory effect of p43 on tubule 
formation and cell migration in HMEC-1 cells. We concluded 
that p43 inhibits tubule formation and cell migration by inducing 
IP-10 through the JAK-STAT signaling pathway, and blocking 
the JAK-STAT pathway with AG490 diminishes the inhibitory 
effects of p43 on angiogenesis.

Introduction

Angiogenesis is the process whereby new blood vessels form 
from pre-existing vessels via microvascular sprouting (1,2). It is 
a continuous process, regulated by various angiogenic factors. 
Abnormal angiogenesis causes a number of diseases, such as 

diabetes, rheumatoid arthritis, atherosclerosis and malignant 
tumors (3-5). Tumor angiogenesis has been shown to play an 
important role in the occurrence, development and metas-
tasis of tumors (6,7). Folkman first attempted to treat tumors 
by inhibiting angiogenesis and achieved significant clinical 
outcomes (8). Since then, the development of angiogenesis 
inhibitors has become a key area of study for cancer treatment.

p43, also known as proEMAPII protein (9,10), is a cofactor of 
mammalian aminoacyl-tRNA synthetase (ARS). It is a 34-kDa 
single-chain protein, containing 312 amino acids (11-14). It 
harbours an N-terminal domain, of which the function remains 
unclear, and a C-terminal domain, which encodes EMAPII 
protein (15-19) and is comprised of a super-secondary structure 
of an OB-fold and a β-barrel structure (10). Previous reports have 
revealed two primary functions of p43. Firstly, p43 effectively 
inhibits angiogenesis. p43 was found to suppress development of 
new blood vessels in chick embryo chorioallantoic membrane at 
a low dose and inhibit in vitro tubule formation and cell migra-
tion in human microvascular endothelial cells-1 (HMEC-1) 
cells (20). Secondly, p43 is secreted into the extracellular space 
as a cytokine and plays a role in a number of cellular processes. 
For example, p43 was found to prevent tumor growth by acti-
vating tumor necrosis factor (TNF), interleukin (IL)-8 and other 
TNFs (20,21). Therefore, p43 may potentially serve as a clinical 
drug target for the treatment of solid tumors such as lung, 
gastric, prostate and breast cancers as well as nasopharyngeal 
carcinoma. However, the underlying mechanisms responsible 
for the inhibition of angiogenesis by p43 remain unclear. 
Previous findings have suggested that p43 inhibits angiogenesis 
by blocking the proliferation of endothelial cells and inducing 
the apoptosis of endothelial cells (22). The C-terminus of p43 
is reported to contain a heparin-binding region. By binding to 
heparin, p43 interacts with the α-subunit of ATP synthase in 
endothelial cells; thus, repressing blood vessel growth (22).

Although the structure and function of p43 has been identi-
fied, the roles of p43 in diverse biological processes, particularly 
in angiogenesis, remain poorly understood. In the present 
study, we examined the effects of p43 in HMEC-1 cells using 
Affymetrix Human Genome chips. Our microarray data showed 
that p43 upregulated multiple cytokines, the majority of which 
are associated with the Janus kinase (JAK)-signal transducer 
and activator of transcription (STAT) pathway. Interferon-
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inducible protein 10 (IP-10), also known as C-X-C motif 
chemokine 10 (CXCL10), is a member of the chemokine CXC 
family (23), and it was previously shown to inhibit angiogenesis 
and repress tumor growth through the JAK-STAT signaling 
pathway in vitro and in vivo (24-27). In the present study, we 
aimed to determine the mechanism through which p43 regu-
lates both angiogenesis in HMEC-1 cells and IP-10 expression 
as well as the role of the JAK-STAT signaling pathway.

Materials and methods

Cell lines and reagents. The HMEC-1 cell line was purchased 
from Shanghai Sine Pharmaceutical Laboratories (Shanghai, 
China) and cultured in MCDB 131 medium (HyClone, Logan, 
UT, USA) with 10% fetal bovine serum (FBS) at 37˚C and at 
5% CO2 in a humidified incubator. AG490 was purchased from 
Sigma (St. Louis, MO, USA).

Screening for differentially expressed genes using microarray 
analysis. p43 protein was added to HMEC-1 cells at 80% 
confluence, and the final p43 concentration was 50 µg/ml (28). 
PBS-treated cells served as controls. Following 8 h of treat-
ment, the cells were washed once with PBS, followed by the 
addition of 3 ml TRIzol reagent in order to the digest cells 
over a 15-min period. Cell lysates (1 ml) were transferred to 
a 1.5 ml RNase-free centrifuge tube. The collected samples 
were analyzed by CapitalBio Corporation (Beijing, China) 
using the Affymetrix Human Genome U133 Plus 2.0 Array. 
The differentially expressed genes in response to p43 treat-
ment of HMEC-1 cells were analyzed.

Reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR). When HMEC-1 cells were at approximately 80% 
confluence, p43 protein was added. PBS was used as a control. 
Following 8 h of treatment, cells were collected. Total RNAs 
were isolated using an RNeasy Plus Mini kit (Qiagen, Hilden, 
Germany). cDNA was obtained by reverse transcription using a 
Transcriptor First Strand cDNA Synthesis kit (Qiagen). The reac-
tion was performed using the LightCycler 2.0 Real-Time PCR 
system (Roche, Mannheim, Germany). Roche FastStart Universal 
SYBR-Green Master (Rox) kits were used. The following PCR 
program was used: 95˚C for 2 min; 45 cycles of 95˚C for 2 sec, 
57-60˚C for 3 sec, 72˚C for 11 sec, 80˚C for 3 sec and 65˚C for 
30 sec. The reaction for each sample was performed in tripli-
cate. GAPDH was used as a control gene. Gene expression was 
calculated using the following formula: 2-(ΔCtsample - ΔCtcontrol). The 
sequences for the PCR primers are presented in Table I.

Western blot analysis. When HMEC-1 cells were at approxi-
mately 80% confluence, p43 (Shanghai Sine Pharmaceutical 
Laboratories) and/or the JAK inhibitor (AG490) at different 
concentrations were used to treat the cells for 8 h. The cells 
were then lysed in radioimmunoprecipation buffer (RIPA) 
supplemented with protease and phosphatase inhibitors. The 
cell lysates was centrifuged, and the resulting supernatant 
was loaded onto SDS-PAGE gels. Proteins were resolved on 
PAGE gels and transferred to PVDF membranes. Membranes 
were blocked at room temperature for 1 h. Primary anti-JAK1 
(ab125051), anti-phospho-JAK1 (ab138005), anti-STAT1 
(ab31369), anti-phospho-JAK2 (ab32101) and anti-IP-10 (ab9807) 

antibodies (AG490) were all 1:1,000 diluted and used to probe 
membranes for 2 h. The membranes were then washed three 
times with TBS/Tween-20 (TBST). Goat anti-mouse (ab6789) 
and goat anti-rabbit (ab6721) IgG H&L [horseradish peroxi-
dase (HRP)]-conjugated secondary antibodies (1:4,000) were 
then used to probe the membranes (at room temperature for 1 h). 
β-actin antibody (ab8227) was used as the loading control. All 
antibodies were from Abcam, Cambridge, UK. Subsequently, 
the membranes were visualized using chemiluminescent ECL 
detection reagents (GE Healthcare, Pittsburgh, PA, USA).

Cell migration assays. HMEC-1 cell migration assays were 
conducted as previously described (29). Briefly, Transwell 
cell culture chambers were pre-coated with 20 µl fibronectin 
(500 µg/ml). HMEC-1 cells in the logarithmic growth phase 
were digested using trypsin, which was followed by re-suspen-
sion with serum-free MCDB 131 medium to a final density of 
5.5x105 cells/ml. The cell suspension (180 µl) was added to the 
inner chambers and MCDB 131 medium supplemented with 
10% FBS was added to the outer chambers (540 µl/well). Then, 
20 µl p43 protein plus JAK inhibitors at different concentrations 
was added to the inner chambers, and 60 µl of the mixture was 
added to the outer chambers. PBS was used as a negative control. 
The system was incubated at 37˚C in 5% CO2 in an incubator for 

Table I. Primer sequences.

Gene Primer sequences

STAT1 5'-CCCTTCTGGCTTTGGATTGA-3'
 5'-GAAGTCAGGTTCGCCTCCGT-3'
GAPDH 5'-TGAAGGTCGGAGTCAACGGAT-3'
 5'-CTGGAAGATGGTGATGGGATT-3'
IP-10 5'-AGGAACCTCCAGTCTCAGCA-3'
 5'-CAAAATTGGCTTGCAGGAAT-3'

SOCS1 5'-TTTTCGCCCTTAGCGTGAAGA-3'
 5'-GAGGCAGTCGAAGCTCTCG-3'

SOCS3 5'-CAGCATCTCTGTCGGAAGACC-3'
 5'-GCTGGGTGACTTTCTCATAGGAG-3'

TYK2 5'-TCGCTGTCATCCTCATTGCT-3'
 5'-ACACTTGGCGGTTCTTTCG-3'

IRF9 5'-CATCTTCGACTTCAGAGTCTTCTTC-3'
 5'-TCGGCACAGCCAGGGTT-3'

SMAD2 5'-AAGGGGTTCGCCGTTCTC-3'
 5'-TGGCAGCGCAGTTCAGTG-3'

SMAD3 5'-CTGCGCTGCCAGTGCTT-3'
 5'-GGTGCTCCCCTTGTTCAGTATCT-3'

IL-6 5'-ATGAGGAGACTTGCCTGGTGA-3'
 5'-GGCATTTGTGGTTGGGTCA-3'

ISG15 5'-ATGGGCTGGGACCTGACG-3'
 5'-ACCGCTCGGGTGGACAG-3'

STAT2 5'-CCCCAAACTCCCCATCG-3'
 5'-CAAAGTCCCAAATCAAACCCT-3'
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16-18 h. The xCELLigence Real Time Cell Analysis (RTCA) 
DP instrument (ACEA Biosciences, San Diego, CA, USA) 
was used to record real-time cell migration. When the reac-
tion was complete, the media were removed. The cells were 
fixed in 90% ethanol and stained with 0.1% crystal violet 
(Sigma-Aldrich, Shanghai, China). Migration was observed 
and images were captured using a DP instrument (ACEA 
Biosciences). Surplus dye was washed off with PBS. Then, 10% 
acetic acid was applied for cell extraction for 10 min. The absor-
bance (OD value) was measured at 595 nm using a microplate 
reader (Thermo Scientific, Pittsburgh, PA, USA). The migration 
inhibition rate was calculated using the following formula: 
migration inhibition rate (%) = (OD valuecontrol group - ODvalue 
drug group)/OD valuecontrol group x100.

Endothelial cell tubule formation assays. ECM Matrigel 
(Sigma) was placed on ice to melt and then 1:2 diluted with 
serum-free media. The Matrigel was then added to pre-cooled 
96-well plates (60 µl/well) and allowed to solidify at 37˚C for 
30 min. Trypsin digestion was applied to the cells, which were 
then resuspended in MCDB 131 medium supplemented with 
10% FBS to attain a final concentration of 3x105 cells/ml. Then, 
90 µl of cell suspension was added to each well. Moreover, the 
mixtures of p43 plus AG490 at different concentrations were 
added to the wells, and PBS was used as a negative control. The 
plates were cultured at 37˚C in an incubator with 5% CO2 for 
8 h. The fluorescent dye calcein AM (Thermo Scientific) was 
employed to stain the cells. Tubule formation was observed 
under a fluorescence microscope (Olympus, Snanghai, China) 
at x40 magnification. Five fields were randomly selected and 
images were captured.

Enzyme linked immunosorbent assay (ELISA). Cells in the 
logarithmic growth phase were treated with p43 protein at 
different concentrations (0, 10, 30, 50, 70 and 100 µg/ml) at 
37˚C in an incubator with 5% CO2 for 8 h. PBS was used as a 
negative control. ELISA assays were performed using ELISA 
kits (Mercodia AB, Uppsala, Sweden) to measure IL-6 and 
IP-10 protein expression.

Statistical analysis. Data were collected from three or more 
independent experiments. Statistical significance was assessed 
using the Student's unpaired t-test. For all analyses, SAS soft-
ware version 8.0 was used. P<0.05 was considered to indicate 
a statistically significant difference.

Results

p43 regulates gene expression in HMEC-1 cells. HMEC-1 
cells were treated with p43 protein (50 µg/ml) for 8 h. Gene 
expression was analyzed using the Affymetrix Human 
Genome U133 Plus 2.0 microarray. A total of 132 differentially 
expressed genes were identified (Fig. 1A and B). Among them, 
123 genes were upregulated and 9 genes were downregulated. 
These genes were classified according to their functions listed 
in the Gene Ontology (GO) classification (Table II). Among 
the GO terms, the JAK-STAT signaling pathway was identified 
and provided a functional link between p43 and angiogen-
esis. Furthermore, we validated the identified genes in the 
JAK-STAT pathway by performing RT-qPCR. GAPDH was 

used as a reference control. The cells were treated with p43 
(50 µg/ml) for 8 h, and total RNA was extracted for qPCR. The 
PCR results were consistent with the microarray data, showing 
that the identified genes in the JAK-STAT pathway (STAT1, 
STAT2, TYK2, IRF9, IL-6, ISG15, SMAD2, SMAD3, SOCS1 
and SOCS3) were induced following p43 treatment (Fig. 1C).

p43 regulation of IP-10 expression. To validate the cellular 
supernatant from the treatment, we measured the protein level 
of IL-6, a secreted cytokine, by ELISA. The results showed that 
the IL-6 protein level was 1-fold higher in the drug-treatment 
group than in the control group (PBS) (Fig. 2A). IP-10 was 
previously shown to inhibit angiogenesis and repress tumor 

Figure 1. p43 regulates gene expression in human microvascular endothelial 
cells-1 (HMEC-1) cells. (A) Heatmap shows the differential expression of 
genes regulated by p43 treatment. Green or red colors on the heat map indi-
cates a decrease or increase in RNA levels, respectively, and color intensities 
correspond to relative signal levels on a logarithmic scale. (B) Comparative 
analysis of treatments illustrated in a scatter diagram. Red, increased; yellow, 
decreased. (C) Validation of microarray results by RT-qPCR. Cells at 80% 
confluence were treated with 50 µg/ml p43 for 8 h. The mRNA expression of 
STAT1, STAT2 and other genes was determined using quantitative PCR and 
error bars represent the means ± SD.
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growth via the JAK-STAT signaling pathway in vitro and 
in vivo (20). We examined whether p43 affected IP-10 expres-
sion. The HMEC-1 cells were treated with p43 protein at 
different concentrations (0, 30, 50, 70 and 100 µg/ml) for 8 h. 
RT-qPCR was performed to evaluate the mRNA expression 
of IP-10, and ELISA and western blot analysis were applied 
to evaluate the protein expression of IP-10. Total RNA was 
extracted from the treated cells and then cDNA was generated 
by reverse transcription and used for RT-qPCR. The results 
suggest that IP-10 gene expression was apparently enhanced 
in a dose-dependent manner (Fig. 2B). RIPA lysis buffer 
containing protease and phosphatase inhibitors was added to 
the cells. Following centrifugation, the cell supernatant was 
collected and used for western blot analysis to determine 
IP-10 protein expression. Anti-IP-10 antibodies were used to 
detect endogenous IP-10. The results showed that IP-10 bands 
appeared at the appropriate molecular weight. IP-10 expres-
sion was augmented by p43 (Fig. 2C). IP-10 ELISA kits were 
used to further detect IP-10 protein expression. IP-10 was 
upregulated, and the highest expression was detected at a p43 
concentration of 50 µg/ml (Fig. 2D).

Expression of key JAK-STAT pathway factors in p43-treated 
HMEC-1 cells. It was determined that p43 increased IP-10 
expression. To determine whether p43 upregulates IP-10 
expression through the JAK-STAT pathway, we measured the 
expression of key JAK-STAT pathway factors in p43-treated 
HMEC-1 cells.

STAT1 plays an important role in the JAK-STAT pathway. 
The HMEC-1 cells were treated with p43 at different concen-
trations (0, 30, 50, 70 and 100 µg/ml) for 8 h and then total 
RNA was extracted. cDNA was obtained by reverse tran-
scription and used for qPCR in order to detect the mRNA 
expression of STAT1. The RT-qPCR results indicated that p43 
augmented the mRNA expression of STAT1 in a dose-depen-
dent manner (Fig. 3A).

The HMEC-1 cells were treated with p43 at different 
concentrations (0, 30, 50, 70 and 100 µg/ml) for 8 h. RIPA lysis 
buffer supplemented with protease and phosphatase inhibitors 
was added to the cells. Following centrifugation, the cell 
supernatant was collected and used for western blot analysis 

to determine the protein levels of JAK1, STAT1, phosphory-
lated (p-)JAK1 and p-JAK2. All proteins were detected at the 
appropriate molecular weights (Fig. 3B). Therefore, p43 may 
function through the JAK-STAT pathway, which supports our 
hypothesis.

AG490 inhibits the effects of p43 protein on the key factors 
in the JAK-STAT pathway. AG490 is a JAK inhibitor, which 
blocks the JAK-STAT pathway. We showed that p43 may 
function through the JAK-STAT pathway; therefore we 
hypothesized that AG490 inhibits the effects of p43. We added 
p43 protein (50 µg/ml) to 80% confluent HMEC-1 cells. The 

Figure 2. p43 regulates IP-10 expression. (A) Validation of cellular superna-
tant by detecting IL-6 protein level. IL6 protein expression was measured 
by ELISA. (B) p43 regulates the mRNA expression of IP-10. Human micro-
vascular endothelial cells-1 (HMEC-1) cells were treated with p43 protein at 
different concentrations (0, 30, 50, 70 and 100 µg/ml) for 8 h. IP-10 mRNA 
expression was measured by quantitative PCR. (C) p43 regulates IP-10 
protein expression. IP-10 protein expression was measured by western blot 
analysis. (D) p43 regulates IP-10 protein expression. IP-10 protein expression 
was measured by ELISA. P<0.05 vs. control.

Table II. Upregulated genes participating in the JAK-STAT 
pathway.
 
Gene Gene ID Change ratio
 
ISG15 NM_005101 3.75
STAT2 NM_005419 3.109
TYK2 NM_003331 3.194
SMAD2 NM_005901 2.28
SOCS1 NM_003745 4.086
IL-6 NM_000600 2.15
STAT1 NM_007315 3.73
IRF9 NM_006084 2.84
SMAD3 NM_005902 4.126
SOCS3 NM_003955 2.061
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cells were also treated with AG490 at different concentrations 
(0, 50, 100, 150, 200 and 250 µM). PBS was used as a negative 
control. The cells were cultured at 37˚C in 5% CO2 for 8 h. 
RIPA lysis buffer supplemented with protease and phosphatase 
inhibitors was added to the cells. Following centrifugation, 
the cell supernatant was collected and used for western blot 
analysis to determine the protein levels of JAK1, STAT1, 
p-JAK1 and p-JAK2. The results showed that the expression 

of the above-mentioned proteins was reduced in the presence 
of AG490; thus, suggesting AG490 inhibits the effect of p43 
on these proteins (Fig. 3C).

AG490 suppresses the inhibitory effect of p43 on tubule 
formation and the migration of HMEC-1 cells. AG490 is an 
inhibitor of the JAK-STAT pathway, specifically suppressing 
JAK. To further confirm that p43 increases IP-10 through the 
JAK-STAT pathway, we performed a tubule formation assay 
and cell migration experiments.

HMEC-1 cells at an appropriate stage are capable of forming 
a complete lumen on Matrigel. The HMEC-1 cells were treated 
with PBS (negative control), p43 or p43+ AG490 for 8 h. The 
fluorescent dye calcein AM was used to stain the cells. Tubule 
formation was observed under a fluorescent microscope and 
images were captured (Fig. 4A). The results showed that p43 
significantly inhibited tubule formation in the HMEC-1 cells. 
AG490 minimally affected tubule formation at concentrations 
of 25, 50, 75 and 100 µM; however, AG490 markedly induced 
cell death and decreased tubule formation at a concentration of 
150 µM (data not shown). The cells treated with both p43 and 
AG490 formed more tubules than the cells treated with p43 
alone. In addition, the number of tubules formed was increased 
at higher concentrations of AG490. A concentration of AG490 
of 100 µM produced optimal effects, forming a similar amount 
of tubules compared to the negative control. The findings 
indicate that p43 functions through the JAK-STAT pathway 
at least in the range of the tested AG490 concentrations. The 
higher the AG490 concentration, the weaker the inhibitory 
effect of p43 on HMEC-1 cell tubule formation. This finding 
suggests that AG490 suppresses the inhibitory effect of p43 on 
tubule formation in HMEC-1 cells, and for this effect to occur, 
the optimal concentration of AG490 is 100 µM.

Cell migration was measured by performing Transwell 
migration assays (30). As the results of the tubule forma-
tion experiment suggested that the optimal concentration of 
AG490 was 100 µM, we used the same concentration for cell 
migration experiments. The HMEC-1 cells in the logarithmic 
growth phase were treated with PBS, AG490 (100 µM), p43 
(50 µg/ml), or p43 (50 µg/ml) + AG490 (100 µM) at 37˚C in 
5% CO2 for 16-18 h. The xCELLigence RTCA DP instrument 
was used to monitor cell migration (Fig. 4B). Crystal violet was 
used for staining and acetic acid was used for extraction. The 
absorbance was measured at 595 nm using a microplate reader 
and the migration inhibition rate was calculated as described 
in the Materials & methods (Fig. 4C). We determined that 
AG490 (100 µM) alone had no impact on cell migration; 
however, p43 (50 µg/ml) significantly inhibited the migration 
of HMEC-1 cells. The inhibitory effect of p43 on the migra-
tion of HMEC-1 cells was reduced in the presence of AG490, 
suggesting that AG490 decreased the inhibitory effect of p43 
on migration. Statistical analysis showed that the differences 
were significant (P<0.05). 

Discussion

Angiogenesis is a complex and continuous process. It is 
the result of the proliferation, migration and remodeling of 
vascular endothelial cells. The inhibition of tumor angiogen-
esis has been a novel approach for the treatment of cancer. 

Figure 3. p43 mediates the JAK-STAT signaling pathway in human micro-
vascular endothelial cells-1 (HMEC-1) cells. (A) p43 regulates the mRNA 
expression of STAT1. HMEC-1 cells were treated with p43 protein at dif-
ferent concentrations (0, 30, 50, 70 and 100 µg/ml) for 8 h. The mRNA 
expression of STAT1 was determined by quantitative PCR. (B) p43 regulates 
key regulators in the JAK-STAT signaling pathway. The protein expression 
of JAK1, STAT1, phosphorylated (p-)JAK1 and p-JAK2 were evaluated by 
western blot analysis. (C) AG490 inhibits the effects of p43 in HMEC-1 
cells. HMEC-1 cells were treated with PBS (negative control), 50 µg/ml p43 
(positive control), or p43 (50 µg/ml) + AG490 at 50, 100, 150, 200, 250 and 
300 µM, for 8 h. The protein levels of JAK1, STAT1, p-JAK1 and p-JAK2 
were measured by western blot analysis.
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It is known that proEMAPⅡ/p43 is a precursor of EMAPII, 
which is the active polypeptide in endothelial monocytes. p43 
is a cofactor of mammalian ARS and it was first identified 
by Quevillon et al in 1997 (9). The p43 protein has multiple 
biological functions. Previous studies have shown that p43 is 
also an effective angiogenesis inhibitor (30) exhibiting strong 
antitumor activity in vitro and in vivo (31). Therefore, the p43 
protein is a potential drug target for the treatment of solid 
tumors, such as lung, gastric, prostate and breast cancers as 
well as nasopharyngeal carcinoma.

Some studies have revealed the structure and function of 
the p43 protein; however, the detailed roles of p43 and the 
related mechanisms remain undefined. Furthermore, the p43 
receptors remain unknown. The mechanism whereby p43 
protein inhibits angiogenesis also remains unknown. Thus, 
we treated HMEC-1 cells with 50 µg/ml p43 protein for 8 h. 
The Affymetrix Human Genome microarray was applied to 
analyze differential gene expression. The data showed that p43 
regulated many cytokines. The majority of the factors upregu-
lated by p43 are associated with the JAK-STAT pathway. 

IP-10, also known as CXCL10, is a member of the chemokine 
CXC family (24). It is activated by the JAK-STAT pathway.

IP-10 significantly inhibits angiogenesis in vitro, which is 
consistent with the role of p43. Therefore, IP-10 was selected 
as a candidate gene. We performed experiments to reveal the 
associations among p43, IP-10 and the JAK-STAT pathway. 
Firstly, quantitative PCR was used to detect the mRNA 
expression of IP-10 in p43-treated HMEC-1 cells, and ELISA 
as well as western blot analysis were applied to determine the 
protein expression of IP-10. The results indicated that p43 
increased IP-10 expression in a dose-dependent manner. At a 
p43 protein concentration of 50 µg/ml, the expression of IP-10 
was the highest.

IP-10 functions through the JAK-STAT pathway; there-
fore, we examined this pathway to find possible mechanisms 
responsible for the augmentation of IP-10 levels. The 
JAK-STAT pathway (32) consists of two main families: the 
JAK family of tyrosine kinases and the STAT family. The 
STAT family is comprised of transcription factors, which 
play critical roles in the JAK-STAT pathway. The binding 

Figure 4. AG490 suppresses the inhibitory effect of p43 on tubule formation and the migration of HMEC-1 cells. (A) p43 inhibition affects tubule formation 
in human microvascular endothelial cells-1 (HMEC-1) cells. HMEC-1 cells were treated with PBS (negative control), 50 µg/ml p43, 50 µg/ml p43+25 µM 
AG490, 50 µg/ml p43+50 µM AG490, 50 µg/ml p43+75 µM AG490, 50 µg/ml p43+100 µM AG490, 25 µM AG490, 50 µM AG490, 75 µM AG490 and 100 µM 
AG490. Tubule formation was measured after 8 h of treatment. Five fields were randomly selected. Each treatment was performed in triplicate. Calcein AM 
was used to stain cells. The morphology was observed under a fluorescent microscope (x40 magnification). (B) p43 inhibits the migration of HMEC-1 cells. 
HMEC-1 cells were treated with PBS (negative control), 100 µM AG490, 50 µg/ml p43 (positive control), or p43 (50 µg/ml) + AG490 (100 µM) for 16-18 h. 
The migration of HMEC-1 cells was measured by real-time monitoring. The data are representative of the results from three independent experiments. Error 
bars indicate standard deviations; *P<0.05. (C) Inhibitory effects of p43 on the migration of HMEC-1 cells.
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of cytokines to their specific receptors on the cell surface 
activates JAK proteins, which are phosphorylated and form 
dimers. Activated JAKs subsequently activate STATs through 
particular domains. Functional STATs are transferred into 
the nucleus to regulate target gene expression. Recent studies 
have shown that STAT proteins are important regulators of 
the signaling pathway controlling tumor development (33-36). 
Various products of cancer genes may continuously activate 
specific STAT proteins, which play crucial roles in the occur-
rence of tumors. Therefore, we examined STAT1 expression 
using quantitative PCR. Western blot analysis was adopted 
to determine the protein levels of JAK1, STAT1, p-JAK1 and 
p-JAK2. The results showed that p43 protein upregulated the 
expression of the above-mentioned genes. They suggest that 
p43 may increase IP-10 expression through the JAK-STAT 
pathway; this finding requires confirmation by further 
studies.

To confirm our hypothesis, we treated cells with p43 as 
well as an inhibitor of the JAK-STAT pathway and the effect of 
the inhibitor on the JAK-STAT pathway was detected. AG490 
and WP1022 are two common inhibitors of the JAK-STAT 
pathway, specifically repressing JAK. HMEC-1 cells were 
treated with p43 (50 µg/ml) + AG490 for 8 h. The inhibitory 
effect of AG490 on the p43-treated cells was examined using 
several approaches. Western blot analysis showed that AG490 
prevented the phosphorylation of JAK1 and JAK2 by p43. We 
then performed in vitro tubule formation and cell migration 
experiments in HMEC-1 cells. The tubule formation mediated 
by p43 was inhibited by AG490. The cells treated with both 
AG490 and p43 formed more tubules than cells treated with 
p43 alone. Moreover, the migration inhibition rate was reduced 
in the presence of the inhibitor. These findings indicate that 
AG490 inhibits the phosphorylation of JAK1 and JAK2 by 
p43 and blocks the JAK-STAT pathway. The results suggest 
that p43 inhibits angiogenesis by increasing IP-10 expression 
through the JAK-STAT pathway.

Our findings revealed that the p43 protein inhibits angio-
genesis mainly through the JAK-STAT pathway. However, 
whether the JAK-STAT pathway is the only pathway partici-
pating in the p43-mediated inhibition of angiogenesis remains 
unknown. In addition, the p43 receptors remain unclear. These 
issues warrant further investigation.
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