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Renin-angiotensin system (RAS) signaling has been implicated in the development of cancer. The new RAS ACE2/
Ang-(1-7)/Mas axis antagonizes the classical ACE/Ang II/AT1R axis. Ang-(1-7) has pleiotropic roles in lung cancer including 
suppressing proliferation, angiogenesis, and metastasis. This research was designed to investigate the effect of Ang-(1-7) 
on tumor-associated angiogenesis in DDP-resistant lung cancer cell lines. We first established acquired DDP-resistant 
cell lines A549 (A549-DDP) and LLC (LLC-DDP). We next performed RT-qPCR, western blot, ELISA, tube formation, 
microvessel density detection, immunohistochemistry, and tumor formation assays. The results showed that the mRNA 
and protein levels of RAS components and vascular endothelial growth factor A (VEGFa) were lessened in the A549/
LLC-DDP+Ang-(1-7) group compared with the A549/LLC-DDP group. This effect could be blocked by the MAS receptor 
antagonist A779. The data revealed that Ang-(1-7) could perform its antiangiogenic function by PI3K/AKT and MAPK 
pathways. Furthermore, the impact of Ang-(1-7) on tumor-associated angiogenesis has been confirmed in lung cancer 
xenograft model with acquired DDP resistance. These results provide a theoretical basis for designing therapeutic strategies 
for targeting Ang-(1-7) in the treatment of NSCLC. 
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Platinum-based drugs have a wide range of applications in 
the treatment of human neoplasms. However, the severe side 
effects and the rise of chemotherapy resistance have costed 
platinum drugs’ clinical applications in many scenarios [1]. 
Moreover, there is plenty of evidence that tumor-associated 
angiogenesis is one of the mechanisms of tumor growth and 
metastasis led by acquired platinum resistance [2, 3].

The conventional renin-angiotensin system (RAS) 
contains renin, ACE, angiotensinogen, Angiotensin II (Ang 
II), Ang II type 1 subtype receptor (AT1R), and Ang II type 
2 subtype receptor (AT2R). Angiotensin-(1-7) [Ang-(1-7)] is 
an important component of RAS ACE2/Ang-(1-7)/Mas axis. 
Ang-(1-7) can be generated in two ways: one originates from 
angiotensin I by endopeptidases and the other from angio-
tensin II cleaved by ACE2. Ang II acts as a vital effector in 
the classical RAS ACE/Ang II/AT1R axis. The new ACE2/

Ang-(1-7)/Mas axis functions as an antagonist against the 
conventional ACE/Ang II/AT1R axis [4, 5].

Previously, our team has proved that the ACE/Ang II/
AT1R axis participated in lung cancer development, which 
could be attenuated by ACEI and ARB [6, 7]. We found that 
ACE2 overexpression could reduce NSCLC tumor angio-
genesis and invasion both in vitro and in vivo [8, 9]. It was 
reported that VEGF expression is elevated in platinum-
resistant bladder cancer cells than in the parental cancer 
cells. Tumor acquired platinum resistance can regulate 
tumor angiogenesis by modulating AT1R [2]. We found that 
the ACE2 overexpression could inhibit acquired platinum-
resistant NSCLC angiogenesis [10]. Ang-(1-7) suppressed 
A549 cells metastasis via inhibition of MMP2 and MMP9 
[11]. Here we intended to explore whether Ang-(1-7) could 
inhibit tumor angiogenesis in platinum-resistant NSCLC 
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and understand the underneath molecular mechanisms in 
vitro and in vivo.

Materials and methods

Cell culture and stable cell line. A549 and LLC were 
cultured in Ham’s F12 medium (Gibco BRL, Grand Island, 
NY) with 10% fetal calf serum (FCS), 100 mg/ml penicillin, 
and 100 U/ml streptomycin. Platinum resistance was 
achieved by culturing A549 and LLC in 10% fetal bovine 
serum-containing CDDP. A549 and LLC cells were cultured 
in a medium with 3 μM CDDP for 6 months [10]. Thus, 
we established platinum-resistant NSCLC cell lines named 
A549-DDP and LLC-DDP. A549, LLC, A549-DDP, and 
LLC-DDP cells were treated with various CDDP concen-
trations for 48 h. The IC50 values for A549 and A549-DDP 
cells were 10.8±0.5 and 39.6±1.8 μmol/l, respectively. The 
resistance factor (RF) was 3.67. The IC50 values for LLC 
and LLC-DDP cells were 8.5±0.4 and 23.3±2.1 μmol/l, 
respectively. The RF for these cells was 2.74. Ang-(1-7) 
and Ang-(1-7) receptor antagonist A779 were obtained 
from Bachem (Shanghai Institute of Cells). In the in vitro 
assays, A549/LLC-DDP cells were incubated with 10 nmol/l 
Ang-(1-7) in the group of A549/LLC-DDP+Ang-(1-7) for 
24 h and 10 nmol/l Ang-(1-7) in the presence of 100 nmol/l 
A779 in the group of A549/LLC-DDP+Ang-(1-7)+A779 for 
24 h. Prior to treatment, all cells were placed in a serum‐
depleted medium for 24 h to maintain quiescence. Trans-
fection of cells was implemented with Lipofectamine™2000 
(Thermo Fisher Scientific, 11668027, USA) according to the 
manufacturer’s protocol. The si-Ang-(1-7) were synthesized 
by Hanbio Biotechnology Co., Ltd. (Shanghai, China). The 
siRNA sequence is 5’-CAGCAGUUCGGAAUGGCGCtt-3’.

Tumor growth assays. Six to eight-week-old BALB/c 
athymic nude mice were purchased from the Chinese 
Academy of Sciences, Shanghai. The animal protocol in this 
work was in accordance with the guideline for Laboratory 
Animal Ethics of Shanghai Jiao Tong University and followed 
the regulations for the Administration of Affairs Concerning 
Experimental Animals (China, 2014) and the National 
Institutes of Health Guide for Care and Use of Laboratory 
Animals (GB14925-2010). The mice were divided into the 
following 3 groups: 1) A549-DDP, 2) A549-DDP+Ang-(1-7), 
3) A549-DDP+Ang-(1-7)+A779. Each mouse was inocu-
lated with 1×106 A549 cells in the flank (n=6). In the 
A549-DDP+Ang-(1-7) group, the animals received s.c. injec-
tions of 1,000 μg/kg/d Ang-(1-7) (n=6) for 5 times/week. In 
A549-DDP+Ang-(1-7)+A779 group, each mouse received 
s.c. injections of 1,000 μg/kg/d Ang-(1-7) [12] and was fed 
with 1,000 μg/kg/d A779 for 5 times/week. Tumor growth 
was monitored every 3 days. After the next 33 days, the mice 
were euthanized and the tumors were removed.

qRT-PCR assay. Total RNA extraction was achieved by 
the Trizol reagent (Invitrogen). cDNA was synthesized with 
TransScript First-Strand cDNA Synthesis SuperMix (Trans-

gene Biotech, Beijing, China) according to the instruction. 
Then, quantitative real-time polymerase chain reaction 
mixture was prepared (qPCR mixture: 10 μl TransStart Top 
Green qPCR SuperMix (Transgene Biotech, Beijing, China); 
4 μl template cDNA; 0.15 μl forward primer (50 μM); 0.15 μl 
reverse primer (50 μM); 5.7 μl dd H2O). The sequences of 
primers are listed in Table 1.

Western blot analysis. RAS components and VEGFa 
levels were investigated in corresponding cells. Proteins were 
extracted and separated on a 10% SDS-PAGE gel ahead of 
being transferred on PVDF membranes (Life Technologies, 
USA). Then membranes were blocked in 5% BSA-TBST for 
1.5 h and probed with different primary antibodies overnight 
such as VEGFa and AT1R (Santa Cruz Biotechnology), ACE, 
and ACE2 (R&D Systems). PI3K, p-PI3K, Akt, p-Akt, P38, 
p-P38, JNK, p-JNK, ERK1/2, and p-ERK1/2 antibodies were 
purchased from Cell Signaling Technology (Beverly, MA, 
USA). β-actin (Sigma Corporation) was used as a loading 
control.

Tube formation assay. Matrigel was diluted in Ham’s 
F12 medium without serum (medium: Matrigel = 2:1). 
30 μl of diluted Matrigel was added to each well of a 96‐
well plate and allowed to solidify at 37 °C for 0.5 h. A549/
LLC, A549/LLC-DDP, and A549/LLC- DDP supplemented 
with Ang-(1-7) or Ang-(177)+A779 were grown for 48 h in 
FCS-free media prior to incubation with different fatty acids 
in the presence of 5% FCS media. Cells were seeded at a 
density of 50,000 cells/well. After 24 h culture, 8 randomly 
selected images were acquired under a microscope. The 
experiment was repeated three times.

Immunohistochemical staining. Formalin-fixed and 
paraffin-embedded sections were dissected from the tissues 
at a thickness of 5 μm. Sections were deparaffinized in xylene 
and rehydrated with graded ethanol to remove water. Antigen 
retrieval was not performed. Then sections were blocked 
with 1% bovine serum albumin (Invitrogen) in phosphate-
buffered saline (PBS) for 30 minutes. The sections were 
incubated with antibody against Ki-67 (1:50, clone MIB-1; 
Dako), anti-human antibody against VEGFa (1:200, Santa 
Cruz Biotechnology, Santa Cruz, CA, sc-152) overnight 
at 4 °C. The sections were incubated at room temperature 
with the secondary antibody (1:200, Santa Cruz Biotech-
nology, Santa Cruz, CA, sc-2357) for 20 min. Diaminoben-
zidine (DAB) staining was then performed. The scoring of 
the NSCLC sample was carried out by a histopathologist by 
calculating at least 500 tumor cells in five different fields of 
view for each specimen.

Table 1. qRT-PCR primer sequences.
Gene Primers
ACE F:5’-CCGATCTGGCAGAACTTC-3’

R:5’-GTGTTCCAGATCGTCCTC-3’
ACE2 F:5’-CCACTGCTCAACTACTT TGAGCC-3’

R:5’-CTTATCCTCACTTTG ATGCT-3’
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Microvessel density detection. MVD was performed as 
conducted by Weidner et al. and Maeda et al. CD31 antibody 
(Dako, Glostrup, Denmark) was incubated overnight at 4 °C, 
followed by peroxidase-labeled biotinylated anti-rat antibody 
at RT for 30 min. Then the sections were incubated in strep-
tavidin-HRP (1:300) for 30 min, then the DAB substrate 
and counterstained with hematoxylin. Brown-yellow stained 
endothelial cells or cell plexuses were considered as a blood 
vessel. Within the hotspot region, microvessels were counted 
under 200× magnification, and the average of vessel counts 
in three hotspots was considered as MVD value. All counts 
were performed randomly by three investigators.

ELISA assay. The cells were serum-starved for 24 h. The 
supernatant was collected and VEGFa levels were measured 
by VEGFa ELISA kit (R&D Systems, Minneapolis, MN) 
according to the manufacturer’s instructions.

Statistical analysis. Statistical analysis was performed 
using GraphPad Prism 5.0. We usually presented the results 
as mean ± SD of biological replicates. Student’s t-test was 
used to evaluate the difference between each test group and 
the control group.

Ethics guidelines. All institutional and national guide-
lines for the care and use of laboratory animals were followed.

Results

Role of Ang-(1-7) on VEGFa production and RAS 
elements in vitro. We explored whether Ang-(1-7) inhibited 
the VEGFa production in A549-DDP and LLC-DDP. Western 
blot analysis showed that the protein levels of ACE, AT1R, and 
VEGFa increased and the protein level of ACE2 decreased in 
the A549-DDP group compared to those in the A549 group, 
while the protein expressions of ACE, AT1R, and VEGFa 
declined in the A549-DDP+Ang-(1-7) group compared with 
the A549-DDP group. The MAS receptor antagonist A779 
could inhibit this effect (Figure 1A). We also performed an 
ELISA assay to detect the VEGFa productions in supernatants. 
The result was consistent with the western blot, as shown in 
Figure 1B. We applied the same methods to study the impact 
of Ang-(1-7) on VEGFa production and RAS components in 
LLC-DDP cell lines and the consequence was consistent with 
A549-DDP (Figures 1C, 1D). A549/LLC-DDP significantly 
increased capillary network complexities and induced more 
tubes in the network compared with parental cells. A549/
LLC-DDP treated with Ang-(1-7) showed a decreased tube 
length compared to the A549/LLC-DDP, which could be 
reversed by A779 (Figures 2A–2D).

Figure 1. The effects of Ang-(1-7) on VEGFa production and RAS components in vitro. A) The effects of Ang-(1-7) alone and a combination of Ang-
(1-7) and A779 on the production of ACE, VEGFa, ACE2, and AT1R in A549-DDP+Ang-(1-7) cells and A549-DDP cells. B) VEGFa protein levels in 
the A549 supernatants were determined by ELISA. C) The effects of Ang-(1-7) alone and a combination of Ang-(1-7) and A779 on the production of 
ACE, VEGFa, ACE2, and AT1R in LLC-DDP+Ang-(1-7) cells and LLC-DDP cells. D) VEGFa protein levels in the LLC supernatants were determined 
by ELISA (mean ± SD) *p<0.05 vs. A549, **p<0.05 vs. A549-DDP, #p<0.05 vs. A549-DDP+Ang-(1-7).
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group has significantly higher levels of VEGFa, AT1R, and 
ACE mRNA (Figures 3A–3C), and lower mRNA expression 
of ACE2 (Figure 3D) compared with the A549 group. The 
ACE, AT1R, and VEGF mRNA expression decreased in the 
A549-DDP+Ang-(1-7) group than those in the A549-DDP 
group. We also found that their levels increased in the 
A549-DDP+Ang-(1-7)+A779 group compared with the 
A549-DDP+Ang-(1-7) group, while ACE2 expression did 
not change. The same results also were observed in LLC and 
LLC-DDP cells.

Transfection of exogenous small interfering RNA 
(siRNA) was used to demonstrate the function of Ang-(1-
7). We synthesized si-Ang-(1-7) to inhibit Ang-(1-7)’s 
function and found that A549/LLC-DDP treated with 
si-Ang-(1-7) showed increased VEGFa productions and 
tube lengths compared to the A549/LLC-DDP (Supplemen-
tary Figures S1A–S1D).

The effect of Ang-(1-7) on VEGFa, ACE, ACE2, and 
AT1R mRNA levels. qPCR results of VEGF and RAS 
components mRNA levels demonstrated that the A549-DDP 

Figure 2. The effects of Ang-(1-7) on tube formation in the A549/LLC-DDP cells. A, B) Representative images of tube formation in the A549/LLC and 
A549/LLC-DDP cells cultured on Matrigel for 24 h. C, D) The histograms indicate the relative length of tubes. Significant differences were indicated by 
*p<0.05, **p<0.01 vs. A549/LLC; p<0.05, p<0.01 vs. A549/LLC-DDP; ##p<0.01 vs. A549/LLC-DDP+Ang-(1-7).
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Ang-(1-7) signaling is involved in the acquired DDP 
resistance-induced NSCLC angiogenesis. In order to under-
stand the anti-angiogenic mechanism of Ang-(1-7) in the 
acquired platinum-resistant NSCLC cell lines, we conducted 
the western blot to investigate whether Ang-(1-7) has an 
effect on the PI3K/Akt and MAPK signaling (Figure 4A). To 
compare with the A549 group, the phosphorylation levels 
of PI3K/Akt, P38, and ERK1/2 signaling increased in the 
A549-DDP group, which was attenuated by Ang-(1-7). We 
also found that the phosphorylation levels of this signaling 
pathway increased in the A549-DDP+Ang-(1-7)+A779 group 
than those in the A549-DDP+Ang-(1-7) group (Figures 4B, 
4C). Besides, the combination of Ang-(1-7) and the inhibi-
tors of the PI3K/Akt and MAPK signaling could attenuate 
the expression of VEGF (Supplementary Figures S2A, S2B). 

The data revealed that PI3K/Akt, P38, and ERK1/2 signaling 
inactivation have impacted the role of Ang-(1-7) on tumor 
angiogenesis induced by DDP resistance.

Tumor growth was prohibited by Ang-(1-7) in the 
acquired DDP-resistant lung cancer xenograft model. 
To explore the influence of Ang-(1-7) on tumor growth, 
we divided the mice into three groups, A549-DDP, 
A549-DDP+Ang-(1-7), and A549-DDP+Ang-(1-7)+A779. 
As shown in Figures 5A and 5B, in comparison with the 
A549-DDP group, the tumor volume and weight decreased 
in the A549-DDP+Ang-(1-7) group and increased in the 
A549-DDP+Ang-(1-7)+A779 group. The consequence 
of tumor growth curves is consistent with tumor weight 
(Figure  5C). The proliferation-related gene Ki-67 was 
measured by immunohistochemistry. Ki-67 staining inten-

Figure 3. The effect of Ang-(1-7) on VEGFa mRNA production and RAS components in vitro. The effects of Ang-(1-7) on the mRNA levels of A) VEGFa, 
B) AT1R, C) ACE, and D) ACE2 in A549/LLC-DDP+Ang-(1-7) cells and A549/LLC-DDP cells (mean ± SD). *p<0.05 vs. A549/LLC, **p<0.05 vs. A549/
LLC-DDP, #p<0.05 vs. A549/LLC-DDP+Ang-(1-7)
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sity was weaker in the A549-DDP+Ang-(1-7) group than 
that in the A549-DDP group (Figure 5D). The results showed 
that Ang-(1-7) could prohibit tumor growth in the acquired 
DDP-resistant lung cancer xenograft model.

Ang-(1-7) inhibited the VEGFa production in the 
acquired DDP-resistant lung cancer xenograft model. We 
next explored the role of Ang-(1-7) in the VEGFa expression 
in the acquired DDP-resistant lung cancer xenograft model. 
We found that the A549-DDP+Ang-(1-7) group showed 
significantly lower expression levels of ACE, AT1R, and 
VEGFa than that of the A549-DDP group (Figure 6A). IHC 
staining also showed that Ang-(1-7) prohibited the VEGFa 

expression (Figure 6B). We hypothesized that Ang-(1-7) 
influenced angiogenesis in the acquired DDP-resistant lung 
cancer xenograft model. Therefore, we further explored 
microvessel density (MVD). To compare with the A549-DDP 
group, endothelial-specific marker CD34-positive staining 
was lower in the A549-DDP+Ang-(1-7) group. MVD of 
the A549-DDP+Ang-(1-7)+A779 group was significantly 
higher than that of the A549-DDP+Ang-(1-7) group 
(Figures 6C, 6D). The results in vivo demonstrated that 
RAS components and VEGFa expression were lower in the 
A549-DDP+Ang-(1-7) group than those of the A549-DDP 
group, which was consistent with the in vitro results.

Figure 4. The effect of Ang-(1-7) on the PI3K/Akt and MAPK pathways in A549-DDP cells. A) Western blot detected the protein levels of PI3K/Akt 
(PI3K, phospho-PI3K, Akt, phospho-Akt) and MAPK signaling (P38, phospho-P38, JNK, phospho-JNK, ERK, phospho-ERK). β-actin acted as an in-
ternal protein. B) Densitometry analyzed p-PI3K and p-Akt levels in A549, A549-DDP, A549-DDP+Ang-(1-7), and A549-DDP+Ang-(1-7)+A779 cells. 
C) Densitometry analyzed p-P38, p-ERK, and p-JNK levels in A549, A549-DDP, and A549-DDP+Ang-(1-7) and A549-DDP+Ang-(1-7)+A779 groups.
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Discussion

Here, we demonstrated the impact of Ang-(1-7) on 
VEGFa production and tumor-associated angiogenesis in 
NSCLC with the acquired DDP-resistance. At the same time, 
we analyzed the signaling pathway, which was involved in 
the VEGFa expression and angiogenesis. Overexpressed Ras 
or mutation activated Ras could induce abnormal MAPK 
signaling pathways, which leads to cisplatin resistance [13]. 
The RAS family includes H-RAS, N-RAS, and K-RAS, which 
have all been implicated in multiple cancer types. The major 
signaling pathways involved in RAS activation are the PI3K/
AKT and MAPK signaling pathways [14]. In addition, 

HDAC4 and HIF-1α might be two major molecules that 
mediate p53 and RAS/MAPK signaling to promote cancer 
cell cisplatin resistance through modulation of autophagy 
and apoptosis [15]. The ACE2/Ang-(1-7)/Mas axis, which 
is a new part of Ras, plays a fundamental role in the cancer 
[16–18]. ACE2 has been shown to associate with cancer 
prognosis [19, 20]. A study has shown that Ang-(1-7) has a 
pleiotropic effect on the treatment of prostate cancer [21]. We 
previously reported that Ang-(1-7) decreased lung cancer 
metastasis via inhibition of MMPs [11] as 100 nM Ang-(1-7) 
significantly reduced A549 invasion and metastasis [11]. In 
this study, as previously reported, we constructed acquired 
DDP-resistant NSCLC cell lines [10] and discovered higher 

Figure 5. Ang-(1-7) inhibits the growth of A549-DDP tumor cells in vivo. A) The tumors of three groups were removed and taken a photo on the 33rd 
day after inoculation. The impact of the Ang-(1-7) on tumor weight (B) and volume (C). Immunohistochemistry showed that the (D) Ki-67 staining in-
tensity was weaker in the A549-DDP+Ang-(1-7) group than in the A549-DDP group. Data are represented as mean ± SD of six mice per group. Statisti-
cally significant differences are indicated in (A) for tumor weight and (B) for tumor volume **p<0.05 vs. A549-DDP, #p<0.05 vs. A549-DDP+Ang-(1-7).
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RAS components and VEGF production in A549-DDP and 
LLC-DDP cells than in parental cells. We then found that 
Ang-(1-7) inhibited VEGFa production and affected other 
RAS components’ expression in acquired DDP-resistant 
A549 and LLC cells. Emerging data suggested AT1R plays 
an important role in acquired platinum resistance-associated 
neovascularization in bladder cancer [2]. In our previous 
study, ACE2 was found to inhibit neovascularization associ-
ated with acquired platinum resistance in NSCLC [10]. Until 
now, there is no related research demonstrating the role of 
Ang-(1-7) and platinum resistance-associated neovascular-
ization in lung cancer.

We then explored pathways that participated in the VEGFa 
expression and angiogenesis. A recent study showed that 
Ang-(1-7) inhibits the growth and angiogenesis of hepato-
cellular carcinoma by the inactivation of P38 phosphoryla-
tion [22]. ERK1/2 activity could be inhibited by Ang-(1-7) 
[23]. ERK1/2 promotes VEGFa expression by stimulating 
the activator protein-2/Sp-1 complex on the VEGF-A 
promoter [24]. We also found that Ang-(1-7) suppressed 
A549 cells metastasis via inhibition of MMP2 and MMP9 
[11]. Ang-(1-7) inhibited tumor growth in the xenograft 
of human nasopharyngeal carcinoma by downregulating 
the autophagy-mediated PI3K/Akt/mTOR pathway [25]. 

ACE2/Ang-(1-7)/Mas axis prevents inflammatory response 
of pancreatic acinar cells by inhibiting p38 MAPK/NF-κB 
pathway [26]. Consistent with these reports, we observed 
PI3K/Akt, P38, and ERK1/2 phosphorylation are involved in 
the VEGFa production.

In this study, Ang-(1-7) inhibited tumor growth and 
angiogenesis in the acquired DDP-resistant A549 cells in vivo. 
Quantification of Ki-67-positive cells showed a decreased 
proliferation of tumor cells in the A549-DDP+Ang-(1-7) 
group than in the A549-DDP group. We also demonstrated 
that the expression of VEGFa and MVD decreased in the 
A549-DDP+Ang-(1-7) group by IHC analysis. These in vivo 
and in vitro results are consistent with each other.

In conclusion, these results suggested the Ang-(1-7) could 
suppress VEGFa expression and tumor-associated angiogen-
esis in acquired DDP-resistant NSCLC. Our study revealed 
that targeting Ang-(1-7) may be a new strategy for the treat-
ment of acquired platinum-resistant NSCLC.

Supplementary information is available in the online version 
of the paper.
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Supplementary Figure S1. The effects of si-Ang-(1-7) on VEGFa productions and tube formations in the A549/LLC-DDP cells. The effects of si-
Ang-(1-7) on the production of VEGFa in the A549-DDP-siRNA-Ang-(1-7) cells and A549-DDP cells (A) and the LLC-DDP-siRNA-Ang-(1-7) cells 
and LLC-DDP cells (B). Representative images of tube formation in the A549-DDP and A549-DDP-siRNA-Ang-(1-7) (C) and the LLC-DDP cells and 
LLC-DDP-siRNA-Ang-(1-7) cells (D) cultured on Matrigel for 24 h.
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Supplementary Figure S2. The impact of inhibiting PI3K/Akt and MAPK signaling on the expression of VEGF. Western blot detected A) the impact of 
PI3K/Akt inhibitors and B) MAPK inhibitors on the protein levels of VEGF.


