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Multiple drug resistance phenotype of human endothelial cells
induced by vascular endothelial growth factor 165!

Kb

ZHANG Xiao-8hi, ZHU Xiao-Feng, GAO Jin-Songz, QIAN Chao-Nan, KUANG Zhu-Ji, LIU Zong-Chao, ZENG
Yi-Xin® ( Cancer Center, Da-an Gene Diagnostic Center, Sun Yat-sen University of Medical Sciences , Guangzhou

510060, China)

KEY WORDS endothelial growth factors; endotheli-
um; multiple drug resistance; apoptosis; cytotoxicity;
drug therapy; Western blotting; polymerase chain reac-
tion; electrophoresis

ABSTRACT

AIM; To investigate the effect of vascular endothelial
growth factor 165 (VEGF,¢;) on sensitivity of endothelial
cells to anticancer drugs. METHODS: Human dermal
microvessel endothelial cells (HDMEC) were incubated
with anticancer drugs in the presence of VEGFs. Sur-
vival of endothelial cells was assayed by MTT method.
DNA fragments of apoptosis were detected by agarose
electrophoresis.  Potential mechanisms underlying the ef-
fect of VEGF,e on endothelial cells were investigated
with RT-PCR and Westemn blot analysis. RESULTS:
VEGF,; induced the multidrug resistance phenotype of
HDMEC to a wide variety of anticancer drugs such as
epirubicin, cisplatin, etoposide, mytomycin C, vin-
cristine, CPT-11, and taxol in vitro. This protective ef-
fect was partly due to the up-regulation of lung drug resis-
tance protein (LRP} and multidrug resistance-associated
protein (MRP), as well as the down-regulation of Bax
protein induced by VEGFs. CONCLUSION:
VEGF,q induced multidrug resistance phenotype of en-
dothelial cells, which implicated the anti-angiogenic ef-
fect of amicancer drugs might depend on microenviron-
ment of umors in vivo.
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INTRODUCTION

Growth and metastasis of solid tumors depend on an-
giogenesis, the process leading to the formation of new
blood vessels. Suppression of angiogenesis induces
apoptosis of tumor cells in vivo. The endothelial cells
lining in tumor vessels are normal cells, revealing stable
genotype and being exposed to drugs directly. There-
fore, targeting endothelial cells is superior to targeting tu-
mor cells theoretically. This concept promoted the re-
search on anti-angiogenic agents such as TNP-470, angio-
statin, and endostatin’’ ~*}. Up to now, since inhibitors
of angiogenesis are not commercially available for clinical
usage, attention has been focused on the anti-angiogenic
potential of conventional anticancer drugsts] . Anticancer
drugs such as taxol, vincristine,  vinblastine,
2-methoxyestradial, bleomycin, epirubicin, doxorubicin,
bripirimine, and linomide have the potential to induce
apoptosis of endothelial cells in vitro and inhibite angio-
genesis in vivo®~8,  However, no evidence showed
that the anti-angiogenic effect of epirubincin and doxoru-
bicin is involved in the tesponse of chemotherapy in
breast cancers® . More evidence was needed to support
the development of cylotoxic agents as angiogenesis in-
hibitors.

Tumor angiogenesis is under the control of angio-
genic growth factors and anti-angiogenic growth factors
secreted by tumor cells and stroma cells. Vascular en-
dothelial growth factor ( VEGF) plays an important role in
this process.  VEGF is a poly-functional protein contain-
ing at least four isoforms, eg, VEGFy, VEGFig.,
VEGF,g0, and VEGEyy, which stimulate the mitogenesis
and motion of endothelial cells { ECs), increase the per-
meability of microvessels and protect endothelial cells
from apoptosis induced by TNF-«!". In addition,
VEGF receptors, flt-1 and KDR, are also expressed
in hematopoietic stem cells.  VEGF can  protect
hematopoietic stem cells from apoptosis induced by etopo-
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side, doxorubicin, and y-ray radiation’""'¥.  Enlight-

ened by the protective effect of VEGF on EC and
hematopoietic stem cells, this study was designed to
testify whether VEGF,s; modify the sensitivity of EC to
anticancer drugs.

MATERIALS AND METHODS

Drugs and cell line Commercially available an-
ticancer drugs including epirubicin (Fammitalia Carlo Er-
ta, Milan, [taly), vincristine {El Lilly, Indianopolis,
USA), mitomycin C ( Kyowa Hakko Kogyo, Tokyo,
Japan), cisplatin ( David Bull Laboratories, Vaudruil,
Canada ), 7-ethyl-10-[ 4-( 1-piperidino )-1-piperidino ]
carbonyloxy camptothecin ( CPT-11 ) ( Rhme-Poulenc
Rorer, Antony, France), taxol (Bristol-Myers Squibb,
New York, USA), and etoposide (Clontech, Palo Alto,
USA) were dissolved in tissue culture medium before
use. Recombinant human VEGFs; was obtained from
Pepro Tech EC Ltd, London, England. Human dermal
microvessel endothelial cells (HDMEC) was prepared as
previous description’’ . Cells were maintained in
MCDBI31 (Sigma, St Louis, USA} supplemented with
10 % fetal bovine serum { Gibco BRL, Rockville,
USA), VEGF¢ 5 pg/L, and antibiotics in a humidified
atmosphere containing 5 % carbon dioxide at 37 T.

Cytotoxicity of anticancer drugs to HDMEC
Drug sensitivity of HDMEC to anticancer dnigs was mea-
sured by MTT assay. The percentage of inhibition rate
was defined as; [1-{absorption of the treated well/ab-
sorption of the control well)] x 100 % . The 50 % in-
hibitory concentration { IC5,) was calculated by Bliss soft-
ware. Cell apoptosis was detected by DNA ladder elec-
trophoresis.  All drugs were tested in triplicate wells and
the experiments were repeated at least four times.

Expression of drug resistance-associated
genes The isolation of total RNA (Gibco BRL,
Rockville, USA) and RT-PCR analysis followed the
standard method. Primers used in this study included 5'-
CCCATCATTGCAATAGCAGG-3" and 5'-GTTCAAA-
CTTCTGCTCCTGA-3' for multidrug resistance gene 1
(MDR-1, 157-bp fragment), 5'-CAGGCCATCCCTCT-
AGACGAG-3' and 5'-GGTAGCTGACCACACGGGT-
CTR' for lung drug resistance protein ( LRP, 250-bp
fragment ), 5’-TGAAGGACTTCGTGTCAGCC-3' and
5'-GTCCATGATGGTGTTGAGCC-3" for multidrug resis-
tance-associated protein (MRP, 257-bp fragment), 5'-
ACAGGTGGAGGCAAATCTTCG-3" and 5'-GAATGAC-
CCTGTTAATCCGTTCG-3' for breast cancer resistance

-

protein (BCRP, 253-bp fragment), 5'-ATCOCCATCAC-
CATCTTCCA-3" and 5'-CCTGCTTCACCACTTTCTTG-
& for internal control glyceraldehyde-3-phosphate dehy-
drogenase ( GAPDH, 580-bp fragment). RT-PCR pro-
ductions were subjected to electrophoresis through 2 %
agarose.

Expression of Bax and Bcl-2 proteins West-
em blot analysis was used to examine the expression of
Bax and Bel-2 protein.  Nitrocellulose membrane was in-
cubated with polyclonal rabbit antibody against human
Bax (1:300) and mouse antibody against human Bel-2
(1:50) goat antibody (Santa Cruz, USA) respectively.
After incubation with horseradish peroxidase-conjuncted
secondary antibodies, protein bands were visioned with
enhanced chemoluminescence kit ( Amersham, Piscat-
away, USA).

RESULTS

VEGF;e; increased survival of HDMEC
treated with anticancer drugs In the presence of
either 5 or 25 pg/l. of VEGF,;, HDMEC was treated
with anticancer dmgs including epirubicin, cisplatin,
etoposide, CPT-11, taxol, vincristine, and mylomycin C
for 72 h, respectively. The results revealed that
VEGF¢; protected HDMEC from cytotoxicity of these
drugs. The protective effect of VEGF,; varied among
them. VEGFe showed potent protection of HDMEC
from epirubicin, intermediate protection from cisplatin,
CPT-11, taxol. and mytomycin C, weak protection from
etoposide and vincristine (Tab 1) .

Tab 1. Protective effect of VEGFy,; on HDMEC from an-
ticancer drugs. 7 =4 independent experiments. %+ 5.
IG5/ mg-L~" 1)
DU VEGF 5 pgrL™' VEGF 25 pgrl™! TR
Epirubicin 0.5+0.4 9.5£2.1 19.1
Taxol 1.6+0.3 7.6+1.2 4.9
Cisplatin 2.8x0.7 9.4x0.6 3.4
CPT-11 6.9+1.4 21.0+2.3 3.1
Mytomycin C 2.6x0.5 6.1x1.2 3.0
Etoposide 3.410.5 7.7+1.9 2.2
Vincristine 3.5%1.5 6.2t1.4 1.8

1): Relative resistance, the ratio of ICs, for HDMEC in the pres-
ence of VBGF; 25 pg-L~! 1o 1Cy in the presence of VEGF
Sf.lg'L-l;

VEGF;;;: protected HDMEC from apoptosis
induced by epirubicin Since VEGF4 showed the
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Fig L. Protective effect of VEGT; on HDMEC .
HDMEC was incubated with epirubicin and VEGF g for
24 h. VEGFy 25 pe/L protected HDMEC from apop-
tosis induced by epirubicin 1 mg/L.

VEGF,; induced expression of drug resis-
tance genes In the presence of epirubicin 1 mg/L,
HDMEC was incubated with either VEGFq; 5 or 25 pg/L
fur 24 h.  RI-PCR analysis revealed that VEGF g in-
duced expression of LRP and MRP. except for BCRP
{Fig 2). In addition, HDMEC constitutively expressed
MDR | gene, VECF could not modulaie {he expression
of MDR-1.

VEGI;; reduced expression of Bax
presence of cpirubicin 1 mg/L HDMEC was incubated
with cither VEGEF,; 5 or 25 pesL for 24 b Western
blot analysis reveaksd that expression of Bax protein pro-
pressively decrensed during the 24-h incubation, although
the alteration of Bel-2 protein was not observed (Fig 3).

In the

DISCUSSION

This study showed (hat VEGF,,; induced resistnce
af BC o diverse anticancer drugs including cpirubicing,
CPT-11, taxol. vinerisine, cisplatin, etoposide, and
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Fig 2. Expression of LRP and MRF induced by
VEGF;5;, HDMEC was incubated with epirubicin and
VIilyg: for 24 h.  VEGT induced the expression of
IRP (A) and MRP {B) regardless of the presence of
epirubicin,

Epirubicin ~ VEGF s
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Fig 3. Effect of VEGF;; on (he expression of Bax pro-
tein, HDMEC was incubuted with epirubicin and
VEGE i for 24 h. VEGF,; progressively inhibited the
expressian of Bax protein induced by epirubicin,

Among them VEGE,,, revealed potent
protection of HDMEC from cpirubicin, intermediate pro-

mylomycin C,

fection from cisplatin, CPT-11, laxol, and mytomycin
C, weak protection from etoposide and vincristine.
The mechanism underlying multidrg resistanee phe-

notype of BC induced by VEGE,, 15 unknown . One of
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the possible mechanism is the expression of drug resis-
tance genes. LRP, MRP, and P-glycoprotein are
energy-dependent efflux pumps, their substrates include
the anthracyclines, the vica alkaloids, the epipodphyilo-
toxin, taxols, etc. P-Glycoprotein and MRP are mem-
brane-bound proteins extruding substrates from the inside
of cell while LRP plays a role in nucleo-cytoplasmic
transport' =17 HDMEC constitutively ~expressed
MDR-1 gene and VEGF,4; could not modulate its expres-
sion, suggesting that the expression of MDR-1 gene was
not related to the protective effect of VEGF4;;. How-
ever, VEGF4; induced the expression of MRP and LRP,
paralleling to the protective effect of VEGF,5, which im-
plicated that MRP and LRP were involved in this drug re-
sistance phenotype. It was intriguing that VEGF 4 also
protected HDMEC from the cytotoxicity of cisplatin, my-
tomycin C, and CPT-11, in which MRP and LRP did not
relate to their drug resistance phenotype!®*.  So alter-
native mechanism of drug resistance may exist.

Anticancer agents can induce apoptosis and the ratio
of Bax to Bcl-2 is the check point upstream of caspases
cascade™® 2 In this study, VEGE,s decreased the ex-
pression of Bax induced by epirubicin, it was conceivable
that VEGF 4 modified the ratio of Bax 1o Bel-2, dimin-
ished the death signal, and then suppressed the toxicity of
chemothetapy on HDMEC.

Tumor cells are subjected to chronic and acute hy-
poxial®!.  Chemotherapy would enhance hypoxia of tu-
mor cells® and then hypoxia hasten expression of
VEGF®", 50 residual mumor cells up-regulate expression
of VEGF during chemotherapy. This study showed evi-
dence that VEGF,; protected ECs from a wide variety of
anticancer drugs in vitro, it was reasonable to infer that
the anti-angiogenic effect of conventional anticancer drugs
might depend on the microenvironment of tumors in
vivo. To develop angiogenesis inhibitors, it was worthy
of researching alternative kind of agents which could cir-
cumvent the protective effect of VEGF on endothelivm.
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