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Abstract
Background: CM082 is a novel angiogenesis inhibitor targeting vascular endo-
thelial growth factor receptor (VEGFR) and platelet-derived growth factor recep-
tor (PDGFR). The purpose of this research was to evaluate the antitumor activity
of CM082 combined with gefitinib on epidermal growth factor receptor (EGFR)
mutant non-small cell lung cancer (NSCLC) in vitro and in vivo.
Methods: The effect of CM082 on human umbilical vein endothelial cells
(HUVECs) was assessed. In vitro and in vivo efficacy of CM082 combined with
gefitinib on EGFR NSCLC cell lines (HCC827 harboring E746_A750 deletion
and H3255 harboring L858R) and a xenograft model was evaluated.
Results: CM082 inhibited VEGF-induced cell growth, phosphorylation of VEGFR
and downstream signaling molecules, tube formation, and cell migration of
HUVECs. Furthermore, CM082 combined with gefitinib was more effective in
inhibiting growth and colony formation and inducing apoptosis of H3255 and
HCC827 cells in vitro than monotherapy. Moreover, tumor growth inhibition by
the combination in a H3255 xenograft model was 107.7% more than that by
gefitinib (93.6%) (P < 0.0001) and CM082 (51.4%) (P < 0.0001) alone. In addition,
coadministration had a better effect on inhibiting cell proliferation, inducing apo-
ptosis, and inhibiting the expression of CD31 and VEGF-A. The combination ther-
apy had a stronger inhibition effect on STAT3 phosphorylation than
monotherapy.
Conclusions: CM082, a novel angiogenesis inhibitor, enhances the antitumor
activity of gefitinib on EGFR mutant NSCLC by inhibiting proliferation and
angiogenesis and promoting apoptosis of tumor cells.

Key points
Significant findings of the study
CM082, a novel angiogenesis inhibitor, enhances the antitumor activity of
gefitinib on EGFR mutant NSCLC by inhibiting proliferation and angiogenesis
and promoting apoptosis of tumor cells.
What this study adds
These findings justify evaluation of the efficacy of CM082 combined with
gefitinib in patients with EGFR mutant advanced NSCLC in clinical trials.
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Introduction

Lung cancer is a malignant tumor with the highest mor-
bidity and mortality worldwide. Most patients are diag-
nosed at the advanced or metastatic stage, and non-small
cell lung cancer (NSCLC) accounts for nearly 85% of pri-
mary lung cancer cases.1,2 The main driver gene in NSCLC
is epidermal growth factor receptor (EGFR).3,4 First-
generation EGFR tyrosine kinase inhibitors (EGFR-TKIs)
are effective in the treatment of advanced EGFR mutant
NSCLC, but most patients have disease progression in
approximately one year.5–9 Many approaches including
combinations of EGFR-TKIs with angiogenesis inhibitors
have been evaluated to delay the progression.
Angiogenesis plays an important role in tumor develop-

ment and progression.10,11 Blockade of the VEGF/VEGFR sig-
naling pathway of angiogenesis is a key method in inhibiting
tumor growth.12 Several angiogenesis inhibitors targeting the
VEGF/VEGFR signaling pathway have been approved for the
treatment of advanced lung cancer.13–15 Angiogenesis inhibi-
tors combined with EGFR-TKIs prolong the progression-free
survival of patients with EGFR mutant advanced NSCLC
while increasing the incidence of side effects compared to
EGFR-TKI monotherapy.16,17 Regardless of the drug type
(whether antibody-based drugs or small-molecule tyrosine
kinase inhibitors), a long half-life can pose a challenge in
managing toxicity especially in combination therapy. Murine
studies on the pharmacokinetics and pharmacodynamics of
sunitinib showed that the continuous inhibition of VEGFR2
phosphorylation was not required to achieve a therapeutic
effect. However, clinical studies have suggested that sunitinib
has a longer half-life (>40 hours) and accumulates in various
tissues, which leads to the drug holiday of sunitinib for meta-
static renal cell carcinoma treatment at 50 mg once daily with
four weeks on and two weeks off.18,19 CM082 is a novel angio-
genesis inhibitor targeting VEGFR and platelet-derived
growth factor receptor (PDGFR), developed on the same
chemical framework as sunitinib (Fig 1). In a phase I clinical
study, CM082 had a shorter half-life (<6.5 hours) in humans,
meeting the pharmacokinetics/pharmacodynamics require-
ment of intermittent inhibition, and exhibiting no dose-
limiting toxicity at all the doses administered daily.20 Our
research aimed to evaluate the antitumor effect of CM082

combined with gefitinib on EGFR mutant NSCLC via pre-
clinical experiments.

Methods

Cell lines and reagents

Human umbilical vein endothelial cells (HUVECs) were
purchased from Sciencell (CA, USA), and human lung can-
cer cell lines, HCC827 and H3255, were purchased from
American Type Culture Collection (VA, USA). HUVECs
were cultured in endothelial cell medium (ECM) kit
(Sciencell) containing 5% fetal bovine serum (FBS) and 1%
endothelial cell growth supplement. The human lung can-
cer cell lines were cultured in medium 1640 (Thermo
Fisher Scientific, MA, USA) containing 10% FBS (Thermo
Fisher Scientific), and 100 U/mL penicillin and 0.1 mg/mL
streptomycin were added to the medium. All cells were
cultured in an incubator at 37�C with 5% CO2.
Gefitinib and sunitinib were purchased from Selleck

(TX, USA). CM082 was provided by Betta Pharmaceutica
Co., Ltd. (Hangzhou, China). Recombinant human VEGF
was purchased from R&D Systems (MN, USA). Antibodies
for VEGFR2, p-VEGFR2, ERK, p-ERK, AKT, p-AKT, p-
STAT3, and STAT3 were purchased from Cell Signaling
Technology (MA, USA). Antibodies for VEGF-A, CD31,
Ki-67, β-actin, and β-tubulin, and horseradish peroxidase-
conjugated antirabbit/mouse IgG antibodies, were pur-
chased from ABclonal Technology (Wuhan, China).

Cell viability assay

Cell counting kit-8 (CCK-8) was used to detect cell viabil-
ity according to the manufacturer’s instructions. In brief,
cells (2 × 103/well) were placed onto 96-well plates, cul-
tured overnight at 37�C, and then incubated with different
concentrations of the drugs for 72 hours. The CCK-8
reagent was then added, and the mixture was incubated at
37�C for 0.5–4 hours. The absorbance value at 450 nm was
detected using a microplate reader. The cell growth rate
was evaluated in comparison with that of the control, and
the 50% inhibitory concentration (IC) value was calculated
using the GraphPad Prism 7.0 software. Each experiment
was conducted in triplicate. For the detection of VEGF-
induced HUVEC growth, the cells were cultured in ECM
medium containing 0.1% FBS and 40 ng/mL VEGF and
incubated with different concentrations of the drugs.

Drug combination research

To evaluate the combined index (CI) of the effect of CM082
with gefitinib on the growth of HCC827 and H3255 cells,
the inhibitory effect of a fixed concentration of CM082

Figure 1 Chemical structure of CM082 (provided by Betta
Pharmaceutica Co., Ltd). CAS number: 1013920-15-4. Molecular for-
mula: C23H26FN5O3.
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combined with varying concentrations of gefitinib on the
growth of HCC827 and H3255 cells was analyzed. Adminis-
tration concentrations were selected with similar inhibitory
rates, with two fixed concentrations of CM082 and five gradi-
ent concentrations of gefitinib. CalcuSyn software (version
2.0) was used to calculate the CI of CM082 combined with
gefitinib. CI > 1 indicated antagonism, CI = 1 indicated an
additive effect, and CI < 1 indicated synergism.

Colony formation

For colony formation assay, H3255 and HCC827 cells
(2 × 103 per well) were seeded in 6-well plates and incu-
bated with gefitinib, CM082, or both at IC25. The culture
medium containing the drugs was changed every
three days. After 10–14 days, the cells were fixed in 4%
formaldehyde for 15 minutes, stained with 0.1% crystal
violet for 10 minutes at room temperature, and the colo-
nies were then visualized and counted.

Cell apoptosis

Cell apoptosis was detected using flow cytometry. Briefly,
H3255 and HCC827 cells (2 × 105 per well) were placed
into 6-well plates and incubated with gefitinib, CM082, or
both at IC25. After 48 hours, apoptotic cells were marked
using the Annexin V/FITC-propidium iodide apoptosis
detection kit (BD Biosciences, CA, USA) and were detected
using flow cytometry.

Tube formation and migration of
endothelial cells

To evaluate the effect of the drugs on microvascular forma-
tion, Matrigel (50 μL per well) (Corning, New York, USA)
was plated in precooled 96-well plates and incubated at
37�C for 30 minutes. HUVECs (3 × 104 per well) incubated
with ECM containing 10% FBS and the drugs were then
placed in 96-well plates. After incubation for 4–6 hours at
37�C, the microvessels were imaged using a microscope.
To detect endothelial cell migration, HUVECs (1 × 105

per well) were resuspended in ECM containing 1% FBS
and different concentrations of the drugs, and then the
mixture was placed in the top Transwell chamber
(Corning). ECM containing 10% FBS was added into the
lower chamber. After incubation at 37�C for 24 hours, cells
that moved to the bottom of the membrane were stained
with Hochest33342 (Sanofi, Paris, France) for 10–15
minutes, and then imaged using a fluorescence microscope.

Western blot

Sodium dodecyl sulfate lysis buffer containing protease and
phosphatase inhibitor was used to extract proteins from the
cells and tissues. The extracted proteins were separated using
sodium dodecyl sulfate-polyacrylamide gel electrophoresis,
transferred onto polyvinylidene difluoride membranes, and
incubated with primary antibodies and horseradish peroxidase-
conjugated secondary antibodies. Electrochemiluminescence

Figure 2 CM082 inhibited VEGF-
induced cell growth and signaling path-
way molecule activation of HUVECs. (a)
Dose-dependent response curves of the
effects of CM082 or sunitinib on the
growth of HUVECs under different cul-
ture conditions (5% FBS, 40 ng/mL
VEGF). The histogram represents the
mean � standard deviation of three
experiments. (b) Effects of the different
concentrations of CM082 or sunitinib
on phosphorylation of VEGF-stimulated
HUVEC receptors.
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detection reagent (Thermo Fisher Scientific, MA, USA) was
used to detect the target bands.

Tumor xenograft and
immunohistochemistry

The animal experiments were approved by the Ethics
Committee of the Academy of Military Medical Sciences of
the People’s Liberation Army. Female BALB/c nude mice,
aged five weeks, were purchased from Vital River

Laboratory Animal Technology Co., Ltd. (Beijing, China).
The mice were raised in specific pathogen-free conditions
with a 12 hour light-dark cycle. Next, 2 × 106 H3255 cells
were subcutaneously injected into the right flank of the
mice. When the tumor volume reached approximately
100 mm3, the mice were randomly assigned to six groups
(n = 6) and treated with dimethyl sulfoxide (DMSO),
CM082 (80 mg/kg b.i.d.), CM082 (160 mg/kg b.i.d.), sun-
itinib (50 mg/kg q.d.), gefitinib (10 mg/kg q.d.), and
gefitinib (10 mg/kg q.d.) combined with CM082

Figure 3 CM082 inhibited tube formation and cell migration of HUVECs. (a) Effects of the different concentrations of CM082 or sunitinib on FBS-
stimulated tube formation in HUVECs. (b) Effects of the different concentrations of CM082 or sunitinib on FBS-stimulated HUVEC migration. The his-
togram represents the mean � standard deviation of three experiments, **P < 0.01.
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(80 mg/kg b.i.d.), respectively. Bodyweight and tumor
volume of the mice were measured every three days.
After 21 days, mice were killed, and the xenograft
tumors were weighed and imaged. The tumors were
used for western blotting and immunohistochemistry
(IHC). Tumor volume was calculated as (length ×
width2)/2. Tumor growth inhibition (TGI) was calcu-
lated from the start of treatment by comparing changes
in tumor volumes for control and treatment groups.
IHC was used to detect the expression of Ki-67, CD31,

and VEGF-A in the tumor tissues according to the guide-
lines provided by Zhongshan Golden Bridge Biotechnology
Co., Ltd. (Beijing, China). Meanwhile, apoptotic cells in the
tumor tissues were detected using the TUNEL method.

Statistical analysis

All data are expressed as mean � standard deviation. Sta-
tistical analyses were carried out using an unpaired, two-
tailed Student’s t-test. * represented P < 0.05 and ** repre-
sented P < 0.01.

Results

CM082 inhibited the growth of HUVECs
in vitro

VEGF/VEGFR pathway is an important proangiogenic signal-
ing pathway that promotes the growth of endothelial cells.10

Figure 4 CM082 combined with
gefitinib inhibited HCC827 and
H3255 cell growth. (a) Dose-
dependent response curves of the
effects of CM082 or gefitinib on the
growth of HCC827 and H3255 cells.
The histogram represents the
mean � standard deviation of three
experiments. (b) Dose-dependent
response curves and combination
index of CM082 plus gefitinib on the
growth of HCC827 and H3255 cells.
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CM082 inhibited the growth of VEGF-stimulated HUVECs
with an IC50 of 0.031 � 0.005 μmol/L, while the IC50 of sun-
itinib was 0.012 � 0.003 μmol/L. Notably, the IC50 values of
CM082 and sunitinib for inhibiting FBS-stimulated HUVEC
growth were 29.9 � 3.9 μmol/L and 4.4 � 0.5 μmol/L, respec-
tively (Fig 2a). The IC50 of CM082 for inhibiting VEGF-
induced HUVEC proliferation was 1/1000 of its IC50 for
inhibiting FBS-induced HUVEC proliferation, while the ratio
of sunitinib was 3/1000, suggesting that CM082 had higher
selectivity for VEGFR2 than did sunitinib.
To further study the selectivity of CM082 towards

VEGFR2, we examined the effect of CM082 on VEGF-
induced receptor phosphorylation. As shown in Fig 2b,
CM082 and sunitinib exhibited similar concentration-
dependent inhibition on VEGF-induced phosphorylation of
VEGFR2 and its downstream signaling molecules ERK1/2,
AKT, and STAT3. CM082 and sunitinib were able to obvi-
ously block the activation of VEGFR2 and AKT at a concen-
tration of 0.1 μmol/L, and significantly inhibited the
phosphorylation of ERK1/2 at 0.01 μmol/L. However, CM082
slightly inhibited the phosphorylation of STAT3 at 1 μmol/L
while sunitinib significantly inhibited the phosphorylation of
STAT3 at 1 μmol/L. These results indicated that CM082 and
sunitinib exhibited similar effect on VEGF induced phosphor-
ylation of VEGFR2, but the molecular mechanisms were not

exactly the same. Interestingly, although the inhibition of AKT
phosphorylation by CM082 and the inhibition of STAT3
phosphorylation by sunitinib were concentration-dependent,
CM082 activated AKT and sunitinib activated STAT3 at a
low concentration (0.01 μmol/L). There may be a compensa-
tion mechanism here. In a previous study, VEGF-stimulated
phosphorylation of VEGFR2 was decreased by apatinib in a
concentration-dependent manner and apatinib also activated
the phosphorylation of VEGFR2 at a low concentration
(0.0001, 0.001 μmol/L), but the reason for this is not clear.21

Besides, the maximum plasma drug concentration of CM082
or apatinib at the maximum tolerated dose in human is more
than 1 μmol/L.20,22

CM082 inhibited tube formation and cell
migration of HUVECs in vitro

Angiogenesis is the formation of new capillaries from exis-
ting blood vessels upon the migration of endothelial cells,
which are key to this process.23 Previous reports have
shown that VEGF could not induce tube formation by
HUVECs on Matrigel.21 Therefore, 10% FBS was chosen as
a stimulant to evaluate the effect of CM082 on HUVEC
tube formation. As shown in Fig 3a, CM082 inhibited tube
formation by HUVECs in a concentration-dependent

Figure 5 CM082 combined with
gefitinib inhibited HCC827 and
H3255 colony formation. The histo-
gram represents the
mean � standard deviation of three
experiments, **P < 0.01.
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manner. At 1 μmol/L, very few tubes were detected. The
inhibitory effect of CM082 was similar to that of sunitinib.
We next tested the effect of CM082 on the migration of

HUVECs using Transwell assay. As shown in Fig 3b,
CM082 inhibited FBS-induced HUVEC migration in a
concentration-dependent manner. At a concentration of
0.1 μmol/L of CM082, minimal cell migration was
detected. Similarly, HUVEC migration was almost
completely inhibited by sunitinib at 0.1 μmol/L.

CM082 combined with gefitinib inhibited
the growth of EGFR mutant NSCLC cells
in vitro

To study the inhibition of tumor growth by CM082 com-
bined with gefitinib in EGFR mutant lung cancer cells,

HCC827 (harboring EGFR exon 19 deletion) and H3255
(harboring EGFR L858R mutation) were selected for the
experiments. As shown in Fig 4a, CM082 evidently
inhibited the growth of both cell lines; the inhibitory
effect of CM082 was weaker than that of gefitinib. Even
at the highest concentration, 50% of the cells were still
able to grow with CM082, while cell growth was almost
completely inhibited by gefitinib. The IC50 values of
CM082 for HCC827 and H3255 cell growth inhibition
were 35.65 � 4.23 μmol/L and 43.2 � 4.31 μmol/L respec-
tively, while the IC50 values of gefitinib were
0.029 � 0.003 μmol/L and 0.18 � 0.03 μmol/L,
respectively.
We then investigated the inhibitory effect of CM082

combined with gefitinib on the growth of HCC827 and
H3255 cells. As shown in Fig 4b, coadministration

Figure 6 The effect of CM082 combined with gefitinib on apoptosis of HCC827 and H3255 cells. The histogram represents the mean � standard
deviation of three experiments, *P < 0.05, **P < 0.01.
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Figure 7 The antitumor activity of CM082 combined
with gefitinib on H3255 tumor xenograft. (a) Images
of the tumors after 21 days. (b) The tumor volumes of
the mice. (c) The tumor growth inhibition rate of dif-
ferent drugs. (d) The bodyweights of the mice. (e)
Immunohistochemistry was used to detect the prolifer-
ation marker Ki-67, apoptotic cells (TUNEL method),
endothelial marker CD31, and VEGF-A. CM0821:
80 mg b.i.d., CM0822: 160 mg b.i.d. The data are
expressed as mean � standard deviation, **P < 0.01.
Scale bar = 100 μm.
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enhanced the inhibitory effect more than mon-
otherapy. CM082, administered at 10 or 20 μmol/L,
showed a synergistic inhibitory effect in combination
with gefitinib on the growth of HCC827 and H3255
cells.

CM082 combined with gefitinib inhibited
proliferation of EGFR mutant NSCLC cells
in vitro

The colony formation assay further verified the effect of
CM082 combined with gefitinib on cell proliferation. As
shown in Fig 5, both CM082 and gefitinib inhibited the
formation of HCC827 and H3255 cell colonies at IC25. The
inhibitory effect of the coadministration on H3255 colony
formation was stronger than that of monotherapy
(P = 0.0079 vs. gefitinib, P = 0.0015 vs. CM082). Surpris-
ingly, coadministration completely inhibited colony forma-
tion by HCC827 cells (P = 0.0002 vs. gefitinib, P = 0.0011
vs. CM082).

CM082 combined with gefitinib promoted
apoptosis of EGFR mutant NSCLC cells
in vitro

Flow cytometry was used to evaluate the effect of CM082
combined with gefitinib on apoptosis of EGFR mutant
NSCLC cells. As shown in Fig 6, CM082 and gefitinib indi-
vidually promoted the apoptosis of HCC827 and H3255
cells. However, CM082 combined with gefitinib was supe-
rior to monotherapy in promoting the apoptosis of
HCC827 cells (P = 0.018 vs. gefitinib, P = 0.005 vs. CM082)
and H3255 cells (P = 0.003 vs. gefitinib, P = 0.0007
vs. CM082).

Antitumor effect of CM082 combined with
gefitinib in xenograft models

Based on the in vitro antiangiogenic activity of CM082 and
antitumor activity of its combination with gefitinib, we
evaluated the in vivo antitumor potential of CM082 com-
bined with gefitinib in H3255 tumor xenograft model. As
shown in Fig 7a and b, CM082, administered at 80 mg/kg

Figure 8 The effect of CM082
combined with gefitinib on the
signaling pathway molecules in
H3255 tumor xenograft model.
The data are expressed as
mean � standard devia-
tion, **P < 0.01.
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and 160 mg/kg twice daily, had a similar inhibitory effect
on tumor growth compared to that in the control group.
The TGI was 51.4% (80 mg/kg) and 53.6% (160 mg/kg),
which was lower than that of sunitinib (66.8%), but there
was no statistically significant difference (the P-values were
0.22 and 0.29, respectively). The TGI by CM082 (80 mg/kg
twice daily) combined with gefitinib was 107.7% and was
significantly higher than that by monotherapy with
gefitinib (93.6%) (P < 0.0001) and CM082 (51.4%)
(P < 0.0001) (Fig. 7c). At the same time, the administration
of CM082 combined with gefitinib had no significant effect
on the weight of the mice, suggesting that coadministration
had no significant toxic or side effects (Fig. 7d).
We then assessed the effects of CM082 combined with

gefitinib on tumor proliferation, apoptosis, and angiogene-
sis. Apoptotic cells were detected by the TUNEL method.
Ki-67 and CD31 were used as proliferation and vascular
endothelial cell markers, respectively. As shown in Fig 7e,
CM082 combined with gefitinib inhibited tumor prolifera-
tion (P = 0.0005 vs. gefitinib, P = 0.0001 vs. CM082), pro-
moted tumor apoptosis (P = 0.01 vs. gefitinib, P = 0.008
vs. CM082), and inhibited angiogenesis (P = 0.0001
vs. gefitinib, P = 0.0025 vs. CM082) compared to mon-
otherapy. At the same time, both CM082 and gefitinib
could inhibit the expression of VEGF-A, and combination
therapy exhibited a synergistic inhibitory effect on
VEGF-A compared to monotherapy (P = 0.0002
vs. gefitinib, P = 0.0054 vs. CM082).
Finally, we analyzed the effects of CM082 combined

with gefitinib on the related downstream signaling mole-
cules ERK1/2, AKT, and STAT3. As shown in Fig 8,
CM082 and gefitinib both inhibited the phosphorylation
of ERK1/2, AKT, and STAT3 in H3255 tumor xenograft
model. However, CM082 significantly inhibited the
phosphorylation of ERK1/2 and AKT, and gefitinib
obviously inhibited the phosphorylation of ERK1/2 and
STAT3. Most importantly, coadministration was supe-
rior to monotherapy in inhibiting the phosphorylation
of STAT3 (P = 0.0015 vs. gefitinib, P = 0.0002
vs. CM082).

Discussion

Angiogenesis plays an important role in tumor develop-
ment and progression.10,11 VEGF/VEGFR is a key signaling
pathway taking part in angiogenesis.12 In this study,
CM082, a novel angiogenesis inhibitor, showed promising
antiangiogenic and antitumor activities. CM082 inhibited
VEGF-induced cell growth, tube formation and migration
of HUVECs at nanomolar levels. Besides, CM082 had
higher selectivity for VEGFR than did sunitinib. Further,
CM082 (80 mg/kg or 160 mg/kg b.i.d.) had similar inhibi-
tory effects on tumor growth to sunitinib (50 mg/kg q.d.)

in tumor xenograft models. There is an interaction
between the EGFR and VEGFR pathways, and simulta-
neous inhibition of EGFR and VEGFR pathways may have
a synergistic antitumor effect.24,25 In our study, CM082
combined with gefitinib inhibited the growth of tumor cells
more effectively than monotherapy in vitro and in vivo.
Interestingly, monotherapy slowed tumor growth, while
coadministration stopped tumor growth and shrunk the
tumor volume in vivo.
It is well-known that sustaining proliferation and

resisting apoptosis are the two hallmarks of cancer.26 Can-
cer cells sustain proliferation by producing growth factors
themselves or stimulating normal cells to supply various
growth factors.27,28 Apoptosis serves as a natural barrier to
cancer development and cancer cells have evolved a num-
ber of methods to limit apoptosis.29,30 Our results showed
that coadministration had a greater inhibitory effect on
proliferation and significantly induced apoptosis of the
tumor cells in vitro and in vivo. Inducing angiogenesis is
another important hallmark of cancer.26 In our study,
gefitinib and CM082 both inhibited the expression
VEGF-A and angiogenesis, and coadministration exhibited
superior inhibitory activity. These results suggested that
CM082 combined with gefitinib inhibited tumor growth by
inhibiting proliferation, promoting apoptosis of tumor cells
and inhibiting angiogenesis.
ERK1/2, AKT, and STAT3 are important downstream

signaling molecules of EGFR and VEGFR, which support
tumor cell proliferation, survival and angiogenesis.12,31–33

Our results showed that CM082 significantly inhibited the
phosphorylation of ERK1/2 and AKT, but slightly inhibited
the phosphorylation of STAT3 in H3255 xenograft model,
which is consistent with the effect of CM082 on VEGF-
induced HUVECs. In addition, gefitinib obviously
inhibited the phosphorylation of ERK1/2 and STAT3 in
H3255 xenograft model. Previous results showed that
STAT3 could be activated by EGFR to participate in onco-
genesis and was simultaneously involved in angiogenesis,
especially the expression of VEGF-A.34,35 In our study,
gefitinib also inhibited the expression VEGF-A in H3255
xenograft model. All the results indicated that gefitinib
showed antivascular effect through STAT3/VEGFA. More-
over, only STAT3 phosphorylation was inhibited to a
greater extent by the combined administration than by the
monotherapy in H3255 xenograft model. Tumor cell
intrinsic activation of STAT3 is frequently observed in
solid malignancies and is mainly caused by an oversupply
of growth factors, they ultimately accelerate proliferation,
increase resistance to apoptosis, and promote angiogenesis
and metastatic potential.33 In H3255 xenograft tumor cells,
STAT3 may be an important downstream signaling mole-
cule for the synergistic antitumor effect of CM082 com-
bined with gefitinib.
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In conclusion, CM082, a novel angiogenesis inhibitor,
enhances the antitumor activity of gefitinib on EGFR
mutant NSCLC by inhibiting proliferation and angiogene-
sis and promoting apoptosis of tumor cells. These findings
support evaluation of the efficacy of CM082 combined
with gefitinib on patients with EGFR mutant advanced
NSCLC in clinical trials.
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