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Abstract: Objective: to observe relationship between chromosome imbalance and taxol resistance in nasopharyn-
geal carcinoma (NPC). Methods: three taxol-resistant sub-lines were established through repeated exposure of es-
calating doses of paclitaxel to NPC cell lines (CNE-1, HNE-2 and 5-8F). The change of copy number of chromosomes
was investigated by the genome-wide analyses of comparative genomic hybridization (CGH). Gene profiles of both
parental and resistant cell lines were determined by cDNA microarray. Cell viability was assayed by colony forma-
tion assay. Results: The taxol resistant sub-lines (CNE1/Taxol, HNE2/Taxol and 5-8F/Taxol) developed displayed an
average 5~8-fold higher IC, value than their parental cells. The common losses of chromosome 18, 10q11-qgter
and gains of chromosome 12, 3q21-qter, 5p13-pter and 20gq11-qter were observed by CGH in all of 6 NPC cell lines.
A common gain region of chromosome 8g21-gter was identified in taxol resistant sub-lines. 15 genes of 762 tran-
scripts on this chromosome region were consistently up-regulated detected by cDNA microarray in three taxol resis-
tant sub-lines, and functionally clustered into various groups, including genes related to vascular formation vascular
formation (ANGPT1), apoptosis (MYC, TOP1MT), cell adhesion and cell cycle (PPP1R16A, SDC2, CA2, ANKRD46),
gene regulation (HRSP12, ZNF696, SLC39A4, POP1), metabolism (PYCRL). Inhibition of ANGPT1 expression signifi-
cantly increased the sensitivity of CNE-1/taxol to paclitaxol. Conclusion: The common gain of chromosome 8q21-
gter in taxol resistant sublines predicates that potential candidate genes on this region may contribute to taxol
resistant phenotype. ANGPT1 may be associated with taxol resistance of NPC cells.
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Introduction velopment of drug resistance [3, 4]. It is there-
fore necessary to elucidate the mechanism of
drug resistance and to develop methods to

reverse drug resistance in NPC.

Nasopharyngeal carcinoma (NPC) is a malig-
nant tumor that occurrs in the lining of naso-
pharynx with a multifactorial etiology. It is a
rare cancer in the world, but has a high inci-
dence rate in southeast Asians and southern

Paclitaxel, a prototypic taxane compound and
well-known anti-neoplastic agent, specifically

provinces of China [1]. Because NPC is highly
sensitive to radiotherapy and chemotherapy, a
combination of radio- and chemo-therapy is the
most acceptable therapeutic approach. Cur-
rently, the rate of five-year survival is approxi-
mate 60% after treatments [2]. Although some
patients initially respond to chemotherapy, the
majority of patients with advanced NPC fail to
respond to the treatments because of the de-

binds to the B-tubulin subunit of microtubulin,
which promotes the polymerization of tubulin
and disrupts microtubule dynamics. This blocks
the cell cycle at G2/M, and results in pro-
grammed cell death [5]. Paclitaxel is one of the
most active agents used in the clinical treat-
ment of breast-, ovarian-, lung-, bladder-, pros-
tate- and head and neck cancers, and it is
currently being used for advanced NPC [6-8].
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Although paclitaxel has been shown to prolong
patient survival, the frequent occurrence of
drug resistance either at the onset or during
the course of treatment has rendered the ben-
efit of this drug. Indeed, intrinsic and acquired
drug resistances represent major obstacles in
the successful treatment of many solid tumors.
Molecular investigations on various human
malignancies have implicated the regions of
genomic aberrations and the changes in gene
expressions in relation to drug insensitivity
[9-11].

Comparative genomic hybridization (CGH) de-
veloped in 1992 has been widely used in can-
cer research to identify novel regions of genom-
ic amplification and/or deletion [12, 13]. CGH
copy number profiles may facilitate identifica-
tion of important new drug resistant genes
located at the hotpots of the chromosomal
alterations. Some studies have applied CGH to
detect chromosomal imbalances specifically
involved in the resistance to chemotherapeutic
agents such as 5-fluorouracil, vinblastine, doxo-
rubicin, docetaxel and cisplatin [14-18]. In this
study, we identified the common region of
genomic amplification in NPC paclitaxol-resis-
tant cells by CGH, and then analyzed gene
MRNA expression profile in this narrow region
by cDNA microarray, and tried to uncover the
paclitaxol resistant-related molecular events.

Materials and methods
Materials

Taxol was obtained from Bristol-MyersSquibb
(Princeton, New Jersey). Bradford assay kits
and chemiluminescent western detection Kits
were purchased from Bio-Rad (Hercules, Ca-
lifornia). RNA extraction kits and reverse tran-
scription polymerase chain reaction kits were
obtained from Life Technologies (Gaithersburg,
Maryland). Other molecular reagents were
purchased from Sigma (St Louis, Missouri).
Antibodies against ANGPT1, HRSP12, CA2, and
PYCRL were from Santa Cruz Biotechnology
(Santa Cruz, California). Affymetrix GeneChip®
human genome U133 Plus 2.0 array were from
Affymetrix Inc. (Santa Clara, CA, USA).

Cell lines and paclitaxel-resistant sub-lines

Three human nasopharyngeal carcinoma cell
lines, CNE-1, HNE-2, 5-8F, were used and kindly
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provided by the Cancer Research Institute of
Central South University (Changsha, China).
Cells were maintained in RPMI-1640 medium
containing 10% FBS, 100 U/ml penicillin and
100 mg/ml streptomycin in a humidified atmo-
sphere containing 5% CO, at 37°C. Cells were
replated 48 hr before use. The taxol-resistant
sub-lines (CNE-1/taxol, HNE-2/taxol, 5-8F/
taxol) were established by exposing parental
cells to gradually increasing concentrations of
taxol in our previous studies, and maintained in
the above medium containing 1 nmol/L pacli-
taxel. The half-inhibition concentration (IC,)
was determined using the colony formation
assay [19], and the resistance index of drug-
resistant variants of cells divided by the IC_, of
resistant cells. All cells were subcultured at
5-day intervals.

Comparative genomic hybridization (CGH)

Comparative genomic hybridization was per-
formed as previously described [13]. DNA was
extracted from 10x10° cells in monolayer cul-
tures. Briefly, 1 pg of tumor DNA was labeled
with Spectrum Green-dUTP using a dedicated
nick-translation kit (Vysis, Downers Grove, IL),
and 1 pg of normal male DNA with Spectrum
Red (Vysis) was used as reference, mixed with
80 pg of Cot-1 DNA (Invitrogen) in 15 ul hybrid-
ization buffer (formamide 50%/NaH,PO, 40
mM/SDS 0.1%/dextran sulphate 10%/2X SSC)
and hybridized together onto denatured meta-
phase spreads from normal male lymphocytes
(Vysis, Inc.). Images were captured with an epi-
fluorescence Leica DMRB microscope fitted
with a Photometrix Cool Snap fx digital camera,
and a minimum of 10 metaphases was ana-
lyzed with Quips software (Vysis). Based on
green-to-red ratios, copy number alterations
were classified as losses (ratios <0.75), or
amplifications (=1.25).

Gene expression profiling

Total RNA sample was isolated from exponen-
tially growing cells using Trizol™ Reagent (Life
Technologies, Carlsbad, CA) and purified on an
RNeasy affinity column (Qiagen, Valencia, CA).
Gene expression profiling was performed using
the Genome U133 Plus 2.0 arrays with method-
ology as recommended in the Gene Chip
Expression Analysis Technical Manual (Affy-
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Figure 1. Growth inhibitation curve of both taxol-resistant sublines and their
parental cell lines. The cell viability in the presence of paclitaxel was deter-

mined by the colony formation.

metrix Inc., Santa Clara, CA). Arrays were sc-
anned on the Affymetrix Gene Chip scanner,
and raw data was processed by MAS5 in the
Affymetrix Gene Chip Operating Software
(GCOS) to generate quantitative signals and
qualitative Detection Calls.

Real time RT-PCR

Total RNA was performed as described above,
and RNA concentration was determined by UV
spectrophotometry. Reverse transcription of 1
ug RNA was performed using an RT-PCR kit
(Life Technologies) in a 20 pl reaction. Two
microlitres of cDNA from 10x dilution of the
RT reaction was used for PCR. The primers
were as follows: angiopoietin 1 (ANGPT1, 326
bp) forward primer, 5-ACTGTGCAGATGTATATCA
AGC-3’; reverse primer, 5-GTGGAATCTGTCATA-
CTGTGAA-3’; B-actin (540 bp) forward primer,
5-GGACCTGACTGACTACCTC-3’; reverse primer,
5-TCATACT CCTGCTTGCTG-3". CA2 (249 bp) for-
ward primer, 5-GTACGGCAAACACAACG GAC-3’;
reverse primer 5-CTGTAAGTGCCATCCAGGGG-
3’; HRSP12 (250 bp) forward primer 5-GCATG-
GACCCTTCAAGTGGA-3’; reverse primer 5-ATT-
CGG CTGCCTTTGGGTAA-3’; PYCRL (183 bp) for-
ward primer, 5-CTGTGTGGTCCA GGAAGGG-3’;
Reverse 5-TCGGAGAATGCACACACGAA-3'. Re-
actions were performed using a Mastercycler
gradient PCR machine (Eppendorf). Amplifi-
cation data was normalized to B-actin, and qu-
antification of gene expression was performed
using AAC, calculation, where C_ is the thresh-
old cycle; the amount of target gene, normal-
ized to B-actin and relative to the calibrator
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es. Insoluble material was re-
moved by centrifugation. The
protein concentration was
determined using the Pierce®
BCA Protein Assay Kit (Pier-
ce Biotechnology, Rockford,
USA). Twenty ug of protein
was separated by 12% SDS-
PAGE and then transferred to
polyvinyl difluoride membra-
nes (Millipore, Bedford, MA)
by electroblotting. After blocking with 5% non-
fat dry milk, the blots were incubated with pri-
mary antibodies (against ANGPT1, HRSP12,
CA2, PYCRL and GAPDH), and were developed
with alkaline phosphatase-conjugated second-
ary antibodies using a chemiluminescent subst-
rate. A densitometer was used for quantifica-
tion of signal on the films.

Treatment with ANGPT1 and assessment of
cell viability

Specific siRNA of ANGPT1 was designed and
synthesized by Shenggong (Shanghai, China).
The efficiency of gene inhibition was verified by
transfection assay. The sequence of siRNA was
5-CUUCUCGACUUGAGAUACAdTAT-3’, 3-dTdT
GAAGAGCUGAA CUCUAUGU-5. The scramble
siRNA was used as control. CNE-1/taxol cells
were grown in RPMI media and plated at 2x10°
cells/well in 6-well plates. The cells were incu-
bated in medium without antibiotics for 16
hours and then replaced with OPTM 1 medium
without serum for 1 hour. A mixture of 200 nM
siRNA and Oligofectamine (Invitrogen, Gaith-
ersburg, Maryland) was added to each well for
4 hours, after which RPMI media containing
30% serum were added. Cells were harvested
48 hours later, and total RNA and protein were
extracted. Quantitative RT-PCR was used to
confirm the ANGPT1 mRNA level (see above),
and western blot was used to confirm the
ANGPT1 protein level. Cells with ANGPT1-siRNA
also were assayed for cell growth inhibition by
taxol as our previously described.

Int J Clin Exp Pathol 2015;8(10):12346-12356
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Figure 2. A representative images of CGH analysis. A. A photo of metaphase CGH in CNE-1 cells; B. A photo of meta-
phase CGH in CNE-1/taxol cells; C. The pattern of chromosome imbalance in CNE-1; D. The pattern of chromosome

imbalance in CNE-1/taxol cells.

Statistical analysis

Data analysis was performed with SPSS soft-
ware (version 17.0, Chicago, IL). Differences in
IC50 values between parental cells and taxol
resistant sub-lines were evaluated by a paired
nonparametric analysis using the Wilcoxon
signed rank test. The overall genomic instabili-
ty, as suggested from the CGH derived copy
number aberrations including gains and losses,
in the parental cells and taxol resistant sub-
lines were compared by the two-tailed unpaired
Student’s t-test. Pearson’s test was employed
to assess the relationship between the expres-
sion levels of ANGPT1 and the degrees of drug
resistance as represented by the IC_, value.
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The significance level was considered when
p-value was less than 0.05.

Results

Conformation of resistance to taxol in the
taxol-resistant sub-lines

Three taxol resistant sub-lines derived from
the parental sensitive cell lines (CNE-1, HNE-2,
5-8F) were established by stepwise selection
in paclitaxel, and were designated as CNE1/
Taxol, HNE2/Taxol and 5-8F/Taxol. The effect
of taxol on three NPC cell lines and three
taxol-resistant sub-lines was examined by co-
lony formation assay [21]. The IC_  value of
taxol was 1.33+0.08 nM for CNE-1, 0.92+0.21

Int J Clin Exp Pathol 2015;8(10):12346-12356
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Table 1. Genomic imbalances in NPC parental cell lines and corresponding taxol resistant sublines

Chr. CNE-1 HNE-2 5-8F CNE-1/T HNE-2/T 5-8F/T
Losses

2 - - 2p21-qter - - 2pl2-qter

4 4pla-gter 4pl4-qter 4pld-gter 4q22-pter 4pla-gter

8 - - 8q22-pter - - -

10 10q11-qgter 10q11-qgter 10q11-pter 10q11-qgter 10q11-qter 10q11-pter

15 - - 15q21-pter - 15 -

18 18 18 18 18 18 18

19 - - - 19qg11-qter - -

X Xql1-qter Xg21-qgter Xpl1-qter X X Xql1-qter
Gains

1 1g24-ter 1g24-ter 1924-qter 1g24-qter 1931-gter

3 3q21-qter 3q21-qgter 3q21-qgter 3q21-qter 3g21-qter 3q21-qter

5 5p13-pter 5p13-pter 5p13-pter 5p13-pter 5p13-pter 5p13-pter

7 6q13-pter

Tpl12-pter

8 8qg21-qter 8qg21-qter 8qg21-qter

9 9qg33-gter 9q33-qgter 9p21-qter 9p21-qter 9qg21-qter

10

11 11pl14-pter 11pl4-pter 11g22-qter 11pl14-pter

12 12 12 12 12 12 12

13 13q21-gter

14 14913-qter 14913-qter 14q13-qter

16 16 16p12-pter

17 17g21-qter

20 20q11-gter 20ql11-gter 20ql11-gter 20q11-gter 20q11-gter 20ql11-gter
nM for HNE-2, 1.58+0.11 nM for 5-8F, 20g11-gter were observed in all of 6 NPC cell

11.24+0.26 nM for CNE-1/taxol, 6.53+0.22
nM for HNE-2/taxol, and 8.85+1.95 nM for
5-8F/taxol, as determined by the growth inhi-
bition curve (Figure 1). The three taxol resis-
tant lines (5-8F/taxol, HNE-2/taxol, CNE-1/
taxol) were 8.5, 7.1 and 5.6-fold less sensitive
than their parental NPC cells (5-8F, HNE-2,
CNE-1) in response to taxol, respectively.

Metaphase CGH abnormalities of both NPC
cells and taxol-resistant cells

High quality imagines of CGH were obtained for
each sample as showing in Figure 2. The chro-
mosomal losses and gains were identified by
analysis of metaphase CGH in three NPC cell
lines and three taxol resistant NPC cell lines.
Losses and gains involving a subset of chromo-
somes were identified in all parental and taxol
resistant cell lines (Table 1). The common loss-
es of chromosome 18, 10g11-qgter and gains of
chromosome 12, 3qg21-gter, 5pl13-pter and
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lines. Other observed alterations included loss-
es on subsets of chromosome 2, 4, 5, 8, 19, X
and gains on subsets of chromosome 1, 6, 7, 8,
9, 11, 13, 14, 16, 17, 20 in different NPC cell
lines. The common gains of chromosomal re-
gion 8qg21-qter in 3 taxol resistant lines, not in
3 parental cell lines, were observed (Figure 3).

Gene expression profile on chromosomal re-
gional 8q21-qter

It has been known that a relative copy number
increase of genes is commonly associated with
gene over-expression [22]. For this purpose,
expression profiling was carried out for three
NPC cell lines and three taxol resistant cell
lines using Affymetrix platform. Seven hun-
dreds and sixty-two transcripts of HU 133 Av2
array are allocated on chromosomal region
8qg21-qter. The levels of mMRNA expressions of
targeted 762 transcripts in all of samples were
analyzed by using DNA-chip data analyzer soft-

Int J Clin Exp Pathol 2015;8(10):12346-12356
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Figure 3. Gains and losses of chromosome 8 identified by CGH analyses
in taxol resistant sublines (CNE-1/Taxol, HNE-2/Taxol, 5-8F/Taxol) and their
parental cell lines (CNE-1, HNE-2, and 5-8F). It shows a common gain of

8qg21-qgter amplicon in three taxol resistant sublines.

ware. The transcripts were filtered as a set,
using the following criteria: the standard devia-
tion mean was between 0.1 and 10, and pres-
ent call in arrays was >40%. Then the relative
MRNA expression levels of genes were further
screened for fold changes >1.5, P-value <0.05;
and signal intensity 240. The clustering analy-
sis showed that 15 transcripts were consistent-
ly up-regulated, but none of transcripts consis-
tently down-regulated, in all of 3 taxol resistant
cell lines (Table 2). These differential genes
were functionally clustered into vascular forma-
tion (ANGPT1), apoptosis (MYC, TOP1MT), cell
adhesion and cell cycle (PPP1R16A, SDC2,
CA2, ANKRD46), gene regulation (HRSP12,
ZNF696, SLC39A4, POP1), metabolism (PYCRL)
and three unknown genes.

Confirmation of microarray-detected alteration
in above transcripts

Four of fifteen genes screened by above meth-
ods were selected for further conformation by
real time RT-PCR, and the expression levels of
these genes in arrays were a greater than two-
fold increase in at least two sub-lines than their
parental cell lines. The results showed that the
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MRNA expression levels of
the selected transcripts
ANGPT1, HRSP12, CA2 and
PYCRL were significantly high-
er in CNE-1/taxol, HNE-2/ta-
xol, and 5-8F/taxol cells than
their parental cells, which
strongly confirmed the accu-
racy of the Affymetrix microar-
ray platform (Figure 4A). In
addition, we investigated the
protein abundances of the
corresponding genes by Wes-
tern blot, and the results dem-
onstrated that the protein
abundance of ANGPT1 was
consistently increased in th-
ree taxol resistant NPC sub-
lines, and the average inten-
sity value in resistant lines
was 2.2-fold greater than that
in parental lines (Figure 4A).
However, the protein abund-
ances of CA2, HRSP12, and
PYCRL were variable in the re-
sistant sub-lines (Figure 4B).

Relationship between
ANGPT1 expression and drug sensitivity

A consistent increased ANGPT1 expression in
taxol-resistant NPC cells suggested that
ANGPT1 might play a critical role in taxol resis-
tance of cancer. To understand the relationship
between the ANGPT1 expression and taxol-
resistant phenotype, a linear correlation analy-
sis was performed between ANGPT1 mRNA
expression level and the sensitivity of taxol on
each of the acquired taxol-resistant NPC cell
lines and its parental cell line. The ANGPT1
level was significantly and positively correlated
to the IC, value in taxol-resistant cell lines. The
co-efficiency was R=0.7251 between mRNA
level and IC, value (P<05).

RNAi of ANGPT1 resulted in an increased sen-
sitivity of taxol on taxol-resistant cells.

To further understand the role of these differ-
ential genes in taxol-resistance of NPC cells,
we knocked down the expression of ANGPT1 by
RNA interference, and the cell growth inhibition
was determined by the colony formation assay.
A 2.3-fold decrease in mRNA level and 2.1-fold
decrease in protein abundnce were detected in

Int J Clin Exp Pathol 2015;8(10):12346-12356
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Table 2. Potential transcripts on chromosome 8g21-qter related to taxol-resistant in nasopharyngeal

carcinoma

) Fold change? )
ID* Gene title Name ————— — Functions

A B C

NM_002467 v-myc myelocytomatosis viral oncogene homolog MYC 1.85 1.63 1.59 Apoptosis, G1-S cell cycle,Wnt signaling
AW592604  Topoisomerase | TOPAMT 1.81 1.92 1.54 Inhibitor of apoptosis
NM_001146 Angiopoietin 1 ANGPT1 7.82 1.65 4.48 Angiogenesis, inhibitor of apoptosis
Al742931 Protein-phosphatase 1, subunit 16A PPP1R16A 1.95 1.53 1.63 control of microtubule dynamics during mitosis
u79297 Ankyrin repeat domain 46 ANKRD46 1.73 1.48 4.71 Protein interaction,cell cycle, cancer progression
Al380298 Syndecan 2 SDC2 2.35 1.97 1.71 cell proliferation, migration
M36532 Carbonic anhydrase Il CA2 4.57 1.58 3.78 Carbon dioxide transport cell proliferation
NM_030895 Zinc finger protein 696 ZNF696 2.18 1.85 1.50 Zincion binding, gene regulation
NM_017767 Solute carrier family 39, member 4 SLC39A4 1.81 4.35 1.86 Zincion binding, gene regulation
D31765 Processing of precursor 1 POP1 418 1.51 1.67 Ribonuclease MRP complex
N54448 Heat responsive protein 12 HRSP12 5.09 1.96 2.02 Regulation translational termination
NM_023078 Pyrroline-carboxylate reductase like PYCRL 2.85 2.79 4.40 Proline biosynthetic process
AU150691 Hypothetical protein ? 2.07 1.68 2.38 Unknown
H78106 Hypothetical protein ? 1.64 2.23 3.41 Unknown
BF445343  NudC domain 1 NUDCD1 213 1.90 1.74 Unknown

1 an identification number in public gene database. 2 fold change of mRNA expression level expressed as taxol-resistant cells divided by parental cells. A: CNE-1/Taxol
divided by CNE-1; B: 5-8/F/Taxol divided by 5-8/F; C: HNE-2/Taxol divided by HNE-2.

CNE-1/Taxol cells transiently transfected with
ANGPT1 siRNA (Figure 5A and 5B). The sensi-
tivity of taxol on CNE-1/Taxol with ANGPT1
siRNA was significantly higher than that on the
control of CNE-1/Taxol cells. The IC, value to
taxol was changed from 11.24+0.26 nM to
7.08+0.31 nM after CNE-1/Taxol cells were
transfected with ANGPT1 siRNA (Figure 5C).

Discussion

Chromosome re-assortments, catalyzed by
cancer- and cell line-specific aneuploidy, has
been proposed for the phenotype of drug resis-
tance [23]. Specific karyotypic alterations are
sufficient for drug resistance via new transcrip-
tomes of cooperative genes, independent of
gene mutation [24]. Cancer cells differ from
normal cells in clonal and non-clonal karyotypic
alterations [25], and they acquire new karyo-
typic alterations and/or they lose old ones,
such as common gain of 7q21 and common
loss of 10q [16]. In this study, the chromosomal
imbalance profiles of NPC identified by meta-
phase-based CGH were complex and charac-
terized by rich gains and low-level losses that
affected almost all chromosomes except chro-
mosome 21 and 22. The common losses of
chromosome 18, 10g11-gter and gains of chro-
mosome 12, 3g21-qter, 5p13-pter, 20qll-gter
were observed in all of 6 NPC cell lines.
However, there was no gene related to NPC
pathogenesis uncovered in these regions till
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today, and itdeserves future study. Interestingly,
a common gain of chromosome segment in
three acquired taxol-resistant NPC cell lines
was found on 8q21-qgter as compared with their
parental cell lines. It indicates that this specific
karyotype might represent a common mecha-
nism of acquired taxol resistance in NPC cells.

It has been reported that frequent gains of
chromosome 8q were detected by array-based
CGH in taxane-resistant breast cancer, which
predicted poor prognosis of patients to taxane-
based chemotherapy [26]. Genomic amplifica-
tion at 8924.22-q24.23 was also identified in
carboplatin-resistant ovarian carcinoma [27].
Bergamaschi, et al. have reported that the gain
on chromosome 8q is associated with higher
proliferation rate of cancer cells, and this asso-
ciation is partly explained by increased expres-
sion of c-myc gene located on 8q24. However,
only fewer of tumors with c-myc amplification
had increased expression in breast cancer
[27]. Here, our data demonstrates that a con-
sensus gain is on chromosome 8g21-qter in
three taxol-resistant NPC cell lines, and it is
consistent with findings of above reports in
ovarian and breast cancer. Following these
data, we checked gene mRNA expression level
of MYC from the data of cDNA microarray, and
all three taxol-resistant NPC cell lines had
increased expression of MYC as compared with
their parental cell lines. It suggests that MYC
may be a target in the chromosome 8g21-qgter

Int J Clin Exp Pathol 2015;8(10):12346-12356
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Figure 4. A. Validation of gene expression level from cDNA microarray. The mRNA expression level of ANGPT1,
HRSP12, CA2 and PCYRL was determined by real time RT-PCR in three NPC lines and three taxol resistant cell lines.
B. The protein expression levels of ANGPT1, HRSP12, CA2 and PYCRL in three NPC lines and three taxol resistant

cell lines. *P<0.05, **P<0.01.
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Figure 5. Inhibition of ANGPT1 by RNA interference resulted in an increased sensitivity of paclitaxel in CNE-1/taxol
cells. A. A change of ANGPT1 mRNA level was determined by real time RT-PCR. B. Protein expression was detected
by western blot; C. The growth inhibition curve was assayed by the colony formation assay. **P<0.01.

amplicon in NPC, which is associated with
taxol-resistance.

It has been known that the copy number imbal-
ance is in relation to gene expression level, and
the relative copy number increases are com-
monly associated with over-expression where-
as the copy number decreases are often
accompanied with under-expression [21]. In
this study we combined two separate analysis
methods, parallel CGH analysis that detects
genomic alterations with cDNA expression ar-
ray to provide information at the transcriptional
level, to address genomic imbalance and con-
current expression alterations associated with

12353

acquired taxol resistance in NPC cells. Gain of
8g21-qter was identified as commonly acquired
aberrations by CGH in CNE-1/taxol, HNE-2/
taxol and 5-8F/taxol cell lines. cDNA microarray
analysis of 762 transcripts allocated on 8q21-
gter demonstrated that 15 of 762 transcripts
were consistently up-regulated in a setting cri-
terion (fold change >1.5) in all three taxol-resis-
tance NPC cell lines, involving in angiogenesis
(ANGPT1), apoptosis (MYC, TOP1MT), cell adhe-
sion and cell cycle (PPP1R16A , SDC2, CA2,
ANKRDA46), gene regulation (HRSP12, ZNF696,
SLC39A4, POP1), metabolism (PYCRL) and th-
ree unknown genes. The common gained 8g21-
gter interval paralleled with up-regulation of

Int J Clin Exp Pathol 2015;8(10):12346-12356
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these genes might play important role in the
taxol resistance of NPC.

Regional activation of chromosome 7q 21.11-
13 has also been reported to be related pacli-
taxel resistance in ovarian cancer, and MDR1
gene on this region is a well-recognized multi-
drug resistant gene [28]. However, our data
does not show the change of copy number on
this chromosome region, which is consistent
with our previous report that the expression
level MDR1 gene was not changed in NPC taxol
resistant cell sub-lines [21]. Here, we validated
the mRNA expression changes of 4 (ANGPT1,
CA2, HRSP12, PYCRL) of 15 genes on chromo-
some 8qg21-gter in both parental and taxol
resistant NPC sub-lines by real time RT-PCR,
which was consistent with cDNA microarray
results. However, among four genes, the con-
sistent change of protein abundance with
MRNA expression was detected only in ANGPT1
by Western blot, and the protein abundance
change of the other three genes was variable.
The other eleven genes were not further con-
formed because their mRNA expression leve-
Is were less than 2-fold changes. Therefore,
ANGPT1 might be valuable for further study.

ANGPT1 is an activating glycoprortein ligand,
and acts through the endothelial receptor tyro-
sine kinase Tie 2 not only to regulate vessel
maturation in angiogenesis, but also to inhibit
apoptosis and promote cancer progression
[29, 30]. It has a higher expression in many
malignancies, such as ovarian cancer [31],
hepatocellullar cancer, oral cancer, esophageal
cancer, head neck cancer, etc [32-34]. Higher
expression of ANGPT1 is associated with
advanced clinical stages of tumors in several
reports [32-34]. Although its expression is con-
sidered to be restricted to vascular endothelial
cells and hematopoietic progenitors, several
studies shows that ANGPT1 was expressed in
tumor cells [35]. Liu’'s report shows that the
RNA interference of ANGPT1 suppresses the
angiogenesis and the growth of esophageal
cancer [36]. Several targeting drugs of ANGPT1-
Tie2 pathway were used for treatment of malig-
nancies in clinical trials, such as AMG-386,
CVX-060, CEP-11981, etc [37]. In this study,
our data showed that ANGPT1 expressed in
NPC cells, and a significant increased expres-
sion was detected in taxol-resistant cell lines
as compared with their parental cells. A signifi-
cant correlation of ANGPT1 expression level
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with sensitivity of taxol was also demonstrated.
RNA interference of ANGPT1 significantly in-
creased the sensitivity of paclitaxel on taxol-
resistant NPC cells. It indicates that ANGPT1
may be associated with taxol resistance of NPC
cells. It needs further studies for elucidating
the role and the underlying mechanism.

Conclusion

The common gain of chromosome 8qg21-qter in
taxol resistant sub-lines predicates that the
potential candidate genes on this region may
contribute to taxol resistant phenotype. AN-
GPT1 may be associated with taxol resistance
of NPC cells.
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