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ancer Res
pose: Inhibitors of antiapoptosis protein (IAP) have been implicated in the resistance to cisplatin.
ore, verifying which pathway is involved in cIAP2 upregulation may be helpful in finding a feasible
ay inhibitor to increase the chemotherapeutic efficacy in human papillomavirus (HPV)–infected
ancer.
erimental Design: Specific inhibitors of different pathways were used to verify which pathway is
ed in cIAP2 transcription. cIAP2 promoter fragments with various deletions and/or mutations were
ucted by site-directed mutagenesis. cIAP2, epidermal growth factor receptor (EGFR), and phospho-
p-AKT) expressions in 136 lung tumors were evaluated by immunohistochemistry.
ults: Our data show that two NF-κB (−209 to −200 and −146 to −137) and one CREB (cyclic AMP–
sive element binding protein; −52 to −42) binding sites in cIAP2 promoter region were responsible
P2 upregulated by E6 in TL-1 cells. Moreover, CREB was phosphorylated by EGFR/phosphatidy-

tol 3-kinase (PI3K) pathway. To test the involvement of cIAP2 on cisplatin resistance, IC50 was
ed to 8.6 μmol/L in TL-1 cells with cIAP2 short hairpin RNA (shRNA) transfection and compared
9.7 μmol/L in TL-1 cells with nonspecific shRNA. Pretreatment with EGFR or PI3K inhibitor in
ells diminished the resistance to cisplatin. Among the tumor groups, cIAP2 expression correlated
cantly with HPV16/18 E6, EGFR, and p-AKT. We followed up 46 of 136 patients who had tumor
ence and/or metastasis and underwent chemotherapy. Tumors with cIAP2-positive immunostaining
associated with a poorer tumor response to chemotherapy compared with those with negative
nostaining.
clusions: cIAP2 upregulated by E6 via EGFR/PI3K/AKT cascades may contribute to cisplatin resis-
Con

tance, revealing that the EGFR or PI3K inhibitor combined with cisplatin may improve the chemothera-
peutic efficacy in HPV-infected lung cancer. Clin Cancer Res; 16(21); 5200–10. ©2010 AACR.
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g cancer in never smokers is a worldwide public
concern, with incidence and mortality similar to
other major cancer types. In the United States, it is
mon a cause of death as cancer of the liver or of

ophagus, with 10% to 15% of lung cancers being in
smokers (1, 2). In Taiwan, >90% of women suffering
er are never smokers, and ∼60% of female
en detected to have human papillomavirus

diagn sis and experience a relapse because of the resis-
tance cisplatin-based chemotherapy (4, 5). To explore
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) 16/18 infection, suggesting that HPV16/18-infected
ancer may have a different molecular tumorigenic
ay in comparison with that of HPV-uninfected lung
r (3).
g cancer has a poor prognosis. This is usually due to
ct that most patients with this disease receive a late
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Translational Relevance

Lung cancer in never smokers is a different disease
compared with smokers, as seen in Taiwanese women
with lung cancer who have a higher prevalence of hu-
man papillomavirus (HPV) 16/18 infection but have
never smoked in their lifetime. However, the chemore-
sistance mechanism in never smokers with this disease
is unclear. In the present study, we provide evidence to
show that cIAP2 upregulated by HPV E6 via the epider-
mal growth factor receptor (EGFR)/phosphatidylinosi-
tol 3-kinase (PI3K)/AKT cascade may play a crucial role
in resistance to cisplatin in HPV16/18-infected lung
cancer. Additionally, we followed up patients who un-
derwent surgical resection and had received cisplatin-
based chemotherapy for tumor recurrence and/or
metastasis;we found that thepatientswith cIAP2-positive
immunostaining had a poorer response to chemothera-
py than those with cIAP2-negative immunostaining.
Therefore, we suggest that the EGFR or PI3K inhibitor
combined with cisplatin-based chemotherapy may im-
prove the chemotherapeutic efficacy in lung cancer with
HPV16/18 infection.

cIAP2 Confers Chemoresistance in HPV E6–Positive Cancer

www.a
stablish an early diagnostic marker and target the
ular resistance to cisplatin is important to improve
tient's survival rate. However, information on the
therapeutic efficacy in lung cancer of never smokers
ded, as there is no available information in this area
. Therefore, optimal treatment approaches for never
rs with lung cancer should be established.
ibitors of antiapoptosis proteins (IAP), including
, cIAP2, XIAP, and survivin, directly inhibit caspases
ck cell apoptosis (9). It is conceivable that the over-
sion of IAPs may be linked with tumor prognosis
rug resistance to chemotherapy (10). Among studies
ssociate IAPs with the clinical outcome, XIAP expres-
as been shown to have an adverse prognostic signif-
for patients with lung cancer (11), mesothelioma
and myeloid leukemias (13), but not for cervical
r (14). In chemoresistance studies, expressions of
and cIAP2 in pancreatic and prostate cancer have
shown to be associated with resistance to cisplatin
ther anticancer drugs (15–17). Therefore, IAPs are
ered to be a therapeutic target in cancer (18–20).
ver, the association of the expression of IAPs, includ-
AP1, cIAP2, and XIAP, with the response to chemo-
y has not been observed in advanced non–small cell
ancer (21).
ious reports have indicated that cIAP2 is upregu-
by E6 through the NF-κB signaling pathway to con-
sistance to apoptosis in HPV16 E6–immortalized
n oral keratinocytes and primary human airway ep-

l cells (22, 23). Therefore, we expect that HPV16/
ected lung tumors and lung cancer cells may have

with T
incub

acrjournals.org
r cIAP2 expression to confer resistance to chemo-
y. In the present study, we verify which signaling
ay may be responsible for the upregulation of
by E6 in lung tumors and lung cancer cell lines.
so examine whether the optimal inhibitor can be
to reduce cisplatin resistance via blocking cIAP2
ulation.

rials and Methods

icals and antibodies
153035 was obtained from Calbiochem. All other
icals were acquired from Sigma Chemical unless
ise indicated. Anti-EGFR (epidermal growth factor
tor), anti-total AKT, anti-CREB [cyclic AMP
)–responsive element binding protein], and anti–
ho-CREB (p-CREB) antibodies were obtained from
ignaling. All other antibodies were purchased from
Cruz Biotechnology.

interferences
short hairpin RNA (shRNA) template was con-

ed using two complementary oligos, which, when
lly annealed, create a loop region with a sequence
lementary to Ape1 mRNA (24). Two target sites
the Ape1 sequence were chosen for RNA interfer-
The oligos contained 21 and 19 nucleotides from
IAP and cIAP2 sequence, respectively, as follows:
rdshXIAP, 5′-GATCGGTCCTGATTGCAGATCTTTCTT-
AGAT-3′, reverseshXIAP, 5′-AGCTAAAAAGGTCCT-
GCAGATCTTTCTCTTGAAA-3′; forwardshIAP2, 5′-
GCTCGTGCTGGTTTCTATTTTCAAGAGAT-3′ ,

seshIAP2, 5′-AGCTAAAAAGCTCGTGCTGGTTTC-
CTCTTGAAA-3′. The shRNA template was cloned
he vector pCDNA-HU6 as described. The Ape1-
ic shRNA plasmid (3 μg) was then mixed with
Fast transfection reagent (Promega) and added to
05 cells. After 24 hours, stable transfectants were
ed using 300 μg/mL gentamicin (Promega). The
on medium was replaced every 3 days for 3 weeks.
erence of cIAP2 and XIAP expression was con-
d by Western blot and reverse transcription-PCR
es.

in extraction and Western blotting
al protein was extracted from cells with a lysis buffer
mol/L Tris (pH 8.0), 1% SDS], and recovered pro-

oncentrations were determined using the Bio-Rad
n assay kit followed by separation with SDS-PAGE
gel). After the electrophoretic transfer to a polyvi-

ne difluoride membrane, nonspecific binding sites
blocked with 5% nonfat milk in TBS containing
Tween 20. Signals were detected by incubating the
rane with antibodies for 16 hours at 4°C, followed
ubsequent incubation with a peroxidase-conjugated
dary antibody (1:5,000 dilution). Extensive washing

BS/Tween 20 was done after each step of antibody
ation to remove nonspecific binding. The protein

Clin Cancer Res; 16(21) November 1, 2010 5201
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were observed using enhanced chemiluminescence
Life Science Products, Inc.).

rase reporter assay
construct the various cIAP2 promoter (accession
er AY764389)–driven luciferase reporters, cIAP2
-+1)-Luc, cIAP2(−397-+1)MutCREB-Luc, cIAP2
-+1)MutNF-κB-Luc, cIAP2(−148-+1)MutCREB-Luc,
IAP2(−148-+1)MutNF-κB/MutCREB-Luc were used.
llowing primers were provided for cloning: −397-F
ACCAAAGTGTATGGCGGATGGAG), −148-F
ACCTGGAGTTCCCCTAAGTCCTAAA), −148MutNF-
GGTACCTaGAGTTCttCTAAGTCCTAAA), +1-R
TCTTTTCCGTGCCGGAGGGCGCGAGTCT-
GC TG TC T T T T A A A TGC ) , + 1Mu t C R E B - R
TCTTTTCCGTGCCGGAGGGCGCGAGTCT-
CTGTCTTTTAAATGtATtACCC). The sites of point
ion for preventing NF-κB and CREB binding are
lined and italicized. BamHI/BglII-treated and PCR-
fied cIAP2 promoter fragments were ligated with a
I/BglII-treated pGL2 vector. For the luciferase
er assay, TL-1, SiHa, and E6-expressed TL-4 cells
transfected with an appropriate amount of reporter
id, pGL3-cIAP2 (−397 to +1), its derivatives, or the
parental vector. The β-galactosidase expression
id was also cotransfected for normalization of
ection efficiency. Transfected cells were harvested
hours after transfection, and a dual luciferase assay
one according to the manufacturer's instructions.
ciferase activity was measured with an AutoLumat
luminometer (Berthold) and normalized with the
sfected β-galactosidase activity.

atin immunoprecipitation assay
omatin immunoprecipitation (ChIP) analysis was
using a published procedure with the following
ications (25). The immunoprecipitated DNA was
ol precipitated and resuspended in 25 μL H2O.
input samples were resuspended in 100 μL H2O
iluted 1:100 before PCR analysis. PCR amplifica-
f immunoprecipitated DNA was carried out with
d aliquots using the oligos 5′-GCCTGATGCTGGA-
TGG-3′ and 5′-GCTCTTGCCAATTCTGATGG-3′ as
rs. PCR products were run on 2% agarose gel and
ed by ethidium bromide staining.

ytotoxicity assay
cell lines were cultured in 96-well flat-bottomed
titer plates supplemented with RPMI 1640 and
containing 10% heat-inactivated fetal bovine

, 100 units/mL penicillin, and 100 units/mL strepto-
in a humidified atmosphere containing 95% air and
2 at 37°C in a humidified incubator. Before cisplatin
ent, the cells cultured in the exponential growth
were pretreated with shRNAs for cIAP2 and XIAP
down for 12 hours or with various inhibitors for 2

. After 48 hours of incubation, the in vitro cytotoxic
of these treatments were determined by MTT assay

staini
three

ancer Res; 16(21) November 1, 2010
0 nm), and cell viability was expressed as a percentage
control (untreated) cells (% of control).

subjects
e hundred and thirty-six lung tumors, including ade-
cinomas and squamous cell carcinomas, were col-
from non–small cell lung cancer patients admitted
chung Veteran's General Hospital in Taiwan between
and 2003. Among these, 52 female (38.2%), 84
(61.8%), 81 nonsmoker (59.6%), 55 smoker
), 80 adenocarcinoma (58.8%), 56 squamous cell
oma (41.2%), 44 stage I (32.4%), 24 stage II
), and 68 stage III (50.0%) patients were enrolled

is study (Supplementary Table S1). Written informed
nt was obtained from each lung cancer patient before
y for the use of tumor specimens, as approved by the
tional Review Board at Taichung Veteran's General
tal. Information about each patient's smoking histo-
s collected using a standard written questionnaire.
the patients who reported never having smoked were
rized as nonsmokers. Tumor types and stages were
ined by qualified pathologists according to the

WHO classification system. The overall survival rate
lculated from the day of surgery to the date of death
December 2006. A total of 101 of the 136 cases in
tudy had a successful follow-up in this experiment.
toperative follow-up was scheduled at 1 month,
nths, and every 3 months thereafter during the first
s after surgery and then every 6 months thereafter, or
frequently if needed. A chest X-ray, a chest computed
graphy scan, carcinoembryonic antigen analysis, and
serum analyses were obtained at every follow-up
The end of the follow-up period was defined as
004. The mean follow-up period for patients was
onths (range, 3.3-68.9 months). The Institutional
Board protocol CS07159 was approved by Chung
Medical University Hospital.

nohistochemistry
malin-fixed and paraffin-embedded specimens were
ned at a thickness of 3 μm. All sections were then de-
inized in xylene, rehydrated through serial dilutions
hol, and washed in PBS (pH 7.2), the buffer used for
sequent washes. For cyclooxygenase-2 detection, sec-
were heated in a microwave oven twice for 5 minutes
ate buffer (pH 6.0) and then incubated with anti-
(1:100), anti–phospho-AKT (p-AKT; 1:100), or anti-
(1:50) for 2 hours at 25°C. The conventional

avidin peroxidase method (LSAB Kit K675, DAKO)
one to develop signals, and the cells were counter-
d with hematoxylin. Negative controls were obtained
ving out the primary antibody. “Low” immunostain-
as defined as ≤10% of tumor cells in the lung tumor
in sections with positive immunostaining, and >10%
or cells in the lung tumor paraffin sections with pos-
mmunostaining were defined as “high” immuno-

ng. The immunostaining results were determined by
observers, and two observers were pathologist.

Clinical Cancer Research
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tical analysis
χ2 test and Fisher's exact test (two-tailed) were used
tistical analysis. All analyses were done using the
version 11.0 statistical package.

lts

and p-AKT expression associated with cIAP2 and
expression in HPV-infected lung cancer cells
erify whether cIAP2 and the other three IAPs (cIAP1,
and survivin) were upregulated by E6, HPV16 E6–
ve TL-1 and HPV16 E6–negative TL-4 lung cancer
which were primarily cultured from plural effusions
nsmoking female lung adenocarcinoma (T4N3M1)
ts (26), were transiently transfected with a small
n E6 RNA and E6-expressing vector, respectively. As
ed, the E6 protein was decreased in E6 knockdown
TL-1/shE6) and increased in E6-overexpressed TL-4

E6) cells, and reversely, the p53 protein was elevated
duced in both cells (Fig. 1A and B). Meanwhile, the

cells (
cIAP2

same specific antibodies using Western blot. D, dose-dependent inhibition of cIA
with various concentrations of PD153035, LY294002, and BAY11-7082.

acrjournals.org
sion of cIAP2 and XIAP significantly decreased or in-
d in TL-1/shE6 or TL-4/E6 cells, but the levels of
and survivin were unchanged in both cells (Fig. 1A
; Supplementary Fig. S1A-C). The PDZ domain of E6
een reported to be the binding site for NF-κB in the
ement of cIAP2 upregulation (23). However, cIAP2
ill expressed in the TL cells, which were transfected
μg of E6ΔPDZ, suggesting that cIAP2 upregulated
in lung cancer cells is not only predominately regu-
by NF-κB (Supplementary Fig. S1B, right). HPV16 E6
en shown to activate the EGFR/phosphatidylinositol
se (PI3K)/AKT signaling pathway and may contrib-
cell survival (27–30). Therefore, the upregulation
P2 and XIAP by E6 may be associated with EGFR
-AKT expressions. Western blot data showed that
and p-AKT expression decreased or increased in TL-
6 or TL-4/E6 cells (Fig. 1A and B), and similar obser-
s were shown in TL-2/shE6, A549/E6, and H460/E6

Supplementary Fig. S2A). These results suggest that
and XIAP upregulated by E6 may be mediated
Correlation of cIAP2 with EGFR and p-AKT expressions in E6-positive lung cancer cells. The cell lysates of E6 knockdown TL-1 (A) and
rexpressed TL-4 cells (B) were separated by SDS-PAGE, and the specific antibodies were used to evaluate HPV16 E6, p53, cIAP2, p-AKT, total AKT,
ctin expressions by Western blot. C, TL-1 and SiHa cells were treated with ERK (20 μmol/L PD98059), p38/MAPK (5 μmol/L SB203580), JNK
ol/L SP600125), PI3K/AKT (25 μmol/L LY294002; 10 μmol/L wortmannin), EGFR (0.5 μmol/L PD153035), and NF-κB (20 μmol/L BAY11-7082)
rs, respectively, and then the cell lysates were separated by SDS-PAGE for the evaluation cIAP2, p-AKT, total AKT, EGFR, and β-actin expression
P2 expression in TL-1 and SiHa cells, which were respectively

Clin Cancer Res; 16(21) November 1, 2010 5203
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gh the EGFR/PI3K/AKT pathway. To further verify
er the EGFR/PI3K/AKT pathway could contribute to
regulation of cIAP2 by E6, a specific inhibitor with a
nt signaling pathway was treated with TL-1 and SiHa
As shown in Fig. 1C, cIAP2 expression in TL-1 cells
lmost completely inhibited by c-Jun NH2-terminal
(JNK; SP600125), PI3K (LY294002, wortmannin),
GFR (PD153035) inhibitors but was relatively
ed by extracellular signal-regulated kinase (ERK;
059), p38 (SB203580), and NF-κB (BAY11-7082)
itors (Fig. 1C), and similar findings were observed
2/shE6, TL-4/E6, and A549/E6 cells treated with cis-
plus EGFR, PI3K, and NF-κB inhibitors (Supplemen-
ig. S2B and C). However, cIAP2 expression in SiHa
as completely or almost inhibited by NF-κB, PI3K,

GFR inhibitors, and was relatively reduced by JNK in-
r but unchanged by ERK and p38 inhibitors. In dose-
dent experiments, cIAP2 expression in TL-1 cells was
d by EGFR, and the PI3K inhibitor was more effec-
SiHa cells (Fig. 1D); conversely, the cIAP2 expres-

nhibited by the NF-κB inhibitor in SiHa cells was
kably higher than in TL-1 cells (Fig. 1D). These results
indicate that cIAP2 upregulated by E6 via the EGFR/

AKT pathway in lung cancer cells may be more effec-
an via the NF-κB pathway.

B involved in E6 upregulated cIAP2 in lung
r cells, not in cervical cancer cells
ed on previous reports (22, 23, 31) and present re-
n Fig. 1, we hypothesized that the transcription of
regulated by E6 in lung cancer cells may differ from
al cancer cells. As shown in Fig. 2A (left), we there-
nstructed a −397 to +1 promoter region of cIAP2 as
-cIAP2(−397-+1) for the luciferase reporter assay
on a previous report (31). NF-κB is thought to be
ajor regulator of cIAP2 transcription (31). CREB, a
tory targeting molecular of AKT (32), has been
to be involved in cIAP2 transcription (33). How-

he cAMP response element has still not been identi-
In this study, a putative CRE at the −52 to −42
ter region of cIAP2 was found by TFSEARCH soft-
(http://www.cbrc.jp/research/db/TFSEARCH.html),
e reporter region containing mutant NF-κB and/or
binding sites (MutNF-κB; MutCREB) was con-
d (Fig. 2A, left). In TL-1 lung cancer cells, 40% of
porter activity was attributed to a putative CREB
g site at the −52 to −42 reporter region as pGL3-
(−397-+1)MutCREB compared with the total activity
L3-cIAP2(−397-+1), and the other two NF-κB bind-
es contributed 30% and 22% (Fig. 2A, right). A sim-
bservation was also seen in E6-overexpressed TL-4
ancer cells (Fig. 2A, right). Surprisingly, the contri-
of the CREB binding site in SiHa cervical cancer

contributed only 10% of the reporter activity of
-cIAP2(−397-+1)MutCREB; however, the NF-κB
ng sites at −209 to −200 [pGL3-cIAP2(−148-+1)]

buted 60% of the total reporter activity of pGL3-
(−397-+1), and the reporter activity of the other

1/shX
with

ancer Res; 16(21) November 1, 2010
binding sites at −209 to −200 contributed 33%
A, right). To further verify the contribution of CREB
F-κB on cIAP2 upregulated by E6, ChIP analysis
d that CREB was bound to the cIAP2 promoter site
overexpressed TL-4 cells, but the binding activity of
was diminished in E6 knockdown TL-1 cells
B, top). Western blot data showed that the p-CREB
in level was increased by E6 overexpression, but
sed by E6 knockdown in lung cancer cells. Interest-
the p-CREB level was unchanged by E6 knockdown
a cervical cancer cells (Fig. 2B, bottom). These re-
learly indicate that p-CREB plays a more important
cIAP2 induction by E6 in lung cancer cells than in

al cancer cells.

phosphorylation via EGFR/PI3K/AKT pathway
a crucial role in cIAP2 upregulation by E6 in
cancer cells
further explored whether different signaling path-
were involved in cIAP2 upregulation by E6 between
ancer and cervical cancer cells. ChIP analysis showed
F-κB binding affinity on the cIAP2 promoter region
iminished by NF-κB, PI3K, and EGFR inhibitors in
nd TL-4/E6 cells (Fig. 2C, top). Interestingly, the ef-
ness of PI3K and EGFR inhibitors on NF-κB binding
y of the cIAP2 promoter in SiHa cells was lower than
1 cells, but a similar effect was observed on NF-κB
ng affinity with NF-κB inhibitor between lung and
al cancer cells (Fig. 2C, top). Surprisingly, the CREB
g affinity on the cIAP2 promoter in TL-1 and TL-4/
ls was markedly suppressed by PI3K and EGFR inhi-
; however, the CREB binding activity on the cIAP2
oter was not observed in SiHa cells (Fig. 2C, top).
rify whether CREB phosphorylated by AKT was re-
ible for the CREB binding on the cIAP2 promoter,
rn blot data showed that p-CREB protein was com-
y diminished by PI3K inhibitor (LY294002) in TL-1
L-4/E6 cells, but only slightly reduced in SiHa cells
C, bottom). In addition, the p-CREB protein level
ot influenced by NF-κB and EGFR inhibitors in TL-
4/E6, and SiHa cells (Fig. 2C, bottom). These results
te that CREB phosphorylation via the EGFRPI3K/
athway in lung cancer cells plays a crucial role in
regulation of cIAP2 by E6.

upregulated by E6 via the EGFR/PI3K/AKT
ay may be responsible for the resistance to
tin in HPV-infected lung cancer cells
elucidate whether cIAP2 and XIAP upregulated by
TL-1 cells may be responsible for the resistance
latin, cIAP2 and XIAP in TL-1 cells were respective-
ocked down by shRNA (Fig. 3A). The inhibition
ntration of the 50% cell survival value (IC50) for
hIAP2, TL-1/shXIAP, and TL-1 nonspecific shRNA
l (TL-1/NC) cells was 8.6, 10.3, and 39.7 μmol/L,
tively (Fig. 3B). When TL-1/shE6, TL-1/shIAP2, TL-

IAP, and TL-1/shIAP2 + shXIAP cells were treated
35 μmol/L cisplatin for 48 hours, the cell survival

Clinical Cancer Research



perce
with
findin
shXIA
Fig. S
cIAP2
XIAP.
in res
ify wh
upreg
pathw
a spec
ted w
the ce
with

(14%
with
Simil
E6, an
PI3K,
Howe
by cis
platin
right)
the d
treatm
variou
IC50 v

Fig. 2.
A, diag
experim
TL-4 ce
their luc
express
transien
treated
promoter region. The cell lysates were separated by SDS-PAGE, and E6, p53, cIAP2, p-AKT, total AKT, and β-actin expressions were evaluated by their
specific

cIAP2 Confers Chemoresistance in HPV E6–Positive Cancer

www.a
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gs were also observed in TL-4/E6 cells with shIAP2,
P, and shIAP2/shXIAP transfection (Supplementary
3A). These results indicate that the involvement of
in the resistance to cisplatin is more effective than
Besides, AKT has been reported to promote cisplat-
istance in human ovarian cancer cells (34). To ver-
ether cisplatin resistance contributes more to the
ulation of cIAP2 by E6 via the EGFR/PI3K/AKT
ay in lung cancer cells than in cervical cancer cells,
ific inhibitor was combined with cisplatin and trea-
ith TL-1 and SiHa cells, respectively. As expected,

antibodies using Western blot (WB).
ll survival rate of TL-1 cells decreased remarkably
the treatment of cisplatin plus EGFR inhibitor

follow
and N
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) and cisplatin plus PI3K inhibitor (9%) compared
cisplatin plus NF-κB inhibitor (50%; Fig. 3D, left).
ar findings were also observed in TL-4/E6, A549/
d H460/E6 cells treated with cisplatin plus EGFR,
and NF-κB inhibitors (Supplementary Fig. S3B-D).
ver, the cell survival rate of SiHa cells was reduced
platin plus NF-κB inhibitor (6%) compared with cis-
plus EGFR (31%) or PI3K inhibitor (28%; Fig. 3D,
. More importantly, the IC50 value obtained from
ose-dependent cell survival of the TL-1 cells after
ent with PI3K, EGFR, and NF-κB inhibitors plus
s concentrations of cisplatin showed that the lowest
alue was PI3K inhibitor + cisplatin (11 μmol/L),
Transcriptional activation of deletion and/or mutation constructs of cIAP2 promoter region by E6 via the activation of NF-κB and CREB in TL-1 cells.
ram summarizing the positions of potential regulatory elements relative to the structure of six deletion and/or mutation constructs used in these
ents, where 5′-deletion boundaries are indicated. Left, summary of luciferase assays carried out with extracts of TL-1, SiHa, and E6-overexpressed
lls cotransfected with 2 μg of each construct and 0.5 μg of β-galactosidase expression plasmid. Cell lysates were prepared and measured for
iferase activities. The luciferase activity of each transfection was normalized to the β-galactosidase activity. Relative luciferase activity (RLU) is
ed as the luciferase activity of mutant transfectant divided by that of pGL3-neo. B, TL-1/shE6, TL-1/NC, and TL/E6 cells were established by
tly transfecting with shE6, nonspecific control shRNA (NC) plasmid, and E6 expression construct for 48 h. C, TL-4/E6, TL-1, and SiHa cells were
with PD153035, BAY11-7082, and LY294002 for 24 h. ChIP assay was done to evaluate the binding affinity of NF-κB and CREB on the cIAP2
ed by EGFR inhibitor + cisplatin (17 μmol/L),
F-κB inhibitor + cisplatin (38 μmol/L; Fig. 3E).
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expression in HPV16/18 E6–positive lung
rs associated with EGFR and p-AKT expression
understand whether cIAP2 expression in lung
rs is associated with HPV16/18 E6 expression,
6/18 E6 immunostainings of 136 lung tumors eval-
by immunohistochemistry (26) were further

ed for detection of cIAP2 expression, and the data
d that cIAP2-positive immunostaining (>10% tu-
ells with cIAP2 immunostaining) in E6-positive tu-
was more prevalent than in HPV16/18 E6–negative
umors (68% versus 48%; P = 0.018; Table 1). To
whether a higher cIAP2 expression in E6-positive
umors was associated with the EGFR/PI3K/NF-κB

were calculated from the linear cell viability curves.
ay, EGFR and p-AKT protein were also evaluated
munohistochemistry (Supplementary Fig. S4), and

E6-po
versus

ancer Res; 16(21) November 1, 2010
ta showed that E6 immunostaining correlated signif-
y with p-AKT immunostaining (P = 0.008; Table 1).
ver, E6 immunostaining only related marginally
EGFR immunostaining (P = 0.052; Table 1). Addi-
ly, cIAP2 immunostaining was associated with EGFR
0.001) and p-AKT immunostaining (P < 0.001),
tively (Table 1). To further verify whether cIAP2
ulated by E6 is predominately mediated through
FR/PI3K/AKT pathway, the association between E6
GFR/p-AKT, which were both positive in 77 cIAP2-
ve lung tumors, was statistically analyzed. Our re-
indicate that in cIAP2-positive tumors, EGFR/
–positive immunostainings were more prevalent in
The cell viability of TL-1 and SiHa cells was modulated by shIAP2 transfection and treatment with EGFR (PD153035), PI3K (LY294002), and NF-κB
-7082) inhibitors. A, Western blot used for evaluating cIAP2 and XIAP expression in TL-1 cells after transfection with shIAP2 or shXIAP. B, the
ility of TL-1 cells transfected with shIAP2, shXIAP, and NC was evaluated by MTT assay after the cells were treated with various concentrations of

n, and the IC50 value was calculated from the linear cell viability curves. C, the cell viability of TL-1 cells transfected with shIAP2, shXIAP, and shRNA
aluated by MTT assay after the cells were treated with 35 μmol/L cisplatin. D, TL-1 or SiHa cells were pretreated with BAY11-7082, LY294002,
153035 for 2 h and then the cells were treated with 35 or 50 μmol/L cisplatin for 48 h. E, TL-1 cells were pretreated with BAY11-7082, LY294002, and
35 for 2 h and then the cell viability was evaluated by MTT assay after the cells were treated with various concentrations of cisplatin. The IC
sitive tumors than in E6-negative tumors (69%
39%; P = 0.009; Supplementary Table S2). We also
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ed that lung tumors with EGFR mutation were more
on to have positive cIAP2 expression compared
hose with wild-type EGFR. These results suggest that
expression may be associated with the activation
EGFR/PI3K/AKT pathway in HPV-infected lung

s.

expression in resected tumors correlated with
splatin-based chemotherapy response in
rent and/or metastatic tumors
136 lung cancer patients enrolled in this study

followed up for 36.1 months, and 46 patients had
recurrence and/or metastasis after surgical therapy
platin-based chemotherapy. We examined whether
AP2 expression in the tumors of these 46 patients
have had a poorer response to cisplatin-based che-
erapy compared with the tumors without cIAP2
sion. Our data show that the prevalence of stable
e plus progressive disease in patients with cIAP2-
ve tumors was significantly higher than in patients
IAP2-negative tumors (75% versus 44%; P = 0.036;
2). On the contrary, the prevalence of complete
nse plus partial response in patients with cIAP2-
ve tumors was more common than in patients with
-positive tumors (56% versus 25%; Table 2). The
response to cisplatin-based chemotherapy in these

ts seems to support observations from in vitro cell
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EGFR/PI3K/AKT cascade has been shown to confer
r cell survival and to enhance resistance to chemo-
y. Therefore, EGFR/PI3K/AKT inhibitors have been
oped to act as potential molecular targeting drugs
ncer therapy or have been used in combination with
oxic drugs to enhance the chemotherapeutic
se. For example, cisplatin combined with EGFR or
inhibitors may reduce the resistance to cisplatin in
as (35), pancreatic cancer (36), ovarian cancer
and lung cancer cells (38) in vitro. Consistent results
hown in the present study, indicating that EGFR or
nhibitor combined with cisplatin may synergistically
ce the cytotoxicity of lung cancer cells, where cIAP2
uced by E6 via the EGFR/PI3K/AKT cascade (Fig. 3C).
ver, the chemotherapeutic response enhanced by
inhibitor plus cisplatin-based chemotherapy in

r patients has failed (39), showing that a different mo-
r pathwaymay be responsible for the resistance to cis-
among patients, and thus, developing individual

otherapy is needed to improve chemotherapeutic ef-
. In the present study, we provide evidence that shows
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sion in resected tumors from lung cancer patients
ssociated with a poorer response to cisplatin-based
therapy (Table 2). To the best of our knowledge, this
first report that shows that cIAP2 expression may be
ated with the resistance to cisplatin-based chemo-
y in lung cancer patients who had tumor recur-
or metastasis after surgical therapy.
EGFR inhibitors gefitinib and erlotinib have been
n to be potential molecular targeting drugs for
-mutated lung cancer, which are frequently found
ales, nonsmokers, and adenocarcinomas (40–42).
ore, both EGFR inhibitors are recommended to be
st line of anticancer drugs in lung cancers with EGFR
ions (43, 44). In this study population, EGFR muta-
associated positively with HPV16/18 E6 expression
not shown), and cIAP2 expression correlated with
mutations (P = 0.013; Table 1) and E6 expression
.018), revealing the possibility that an EGFR inhib-
ot only was useful in patients with EGFR mutations
so is feasible in patients with HPV16/18 infections.
ition, an EGFR inhibitor has been shown to increase
tin sensitivity, particularly in EGFR-overexpressed
45–47). Therefore, a relatively low dosage of cisplat-
y be used for chemotherapy when cisplatin sensitiv-
restored by an EGFR inhibitor. An EGFR inhibitor
ined with cisplatin may not only benefit chemother-

%. P value was calculated by χ test.
ic efficacy but also reduce the side effects of cisplatin
prove the patient's quality of life.

Rece
publish

ancer Res; 16(21) November 1, 2010
involvement of NF-κB and CREB in cIAP2 transcrip-
as been investigated extensively. Hong et al. (31)
eported that two NF-κB binding sites located at
to −200 and −146 to −137 on the cIAP2 promoter
were responsible for cIAP2 transcription. In the
t study, 50% of the cIAP2 transcription activity in-
by E6 in lung cancer cells was dependent on these
F-κB binding sites. ChIP analysis further indicated
F-κB was indeed bound to these cIAP2 promoter
nces. Half of the cIAP2 transcriptional activity regu-
by NF-κB in HPV16-infected lung cancer cells was
different from the HPV16-immortalized human oral
nocytes and primary human airway epithelial cells,
ich cIAP2 was almost completely transactivated by
. On the other hand, the CREB binding site on the
promoter region was located at 1.6 to 1.8 kb of 5′-
ng region (48), and this differed from the present
showing that the CREB binding site was located at
−42, which was responsible for 50% of the cIAP2

ription activated by E6 in lung cancer cells (Fig. 2A,
. More interestingly, the upregulation of cIAP2 by
in colon cancer cells was mediated through the

/2 and p38 mitogen-activated protein kinase (MAPK)
ays (28); however, cIAP2 induced by E6 in lung can-
lls was unchanged by the addition of both pathway
tors (Fig. 1C). This conflicting result may be due to
ct that different CREB binding sites on the cIAP2 pro-
region may be regulated by different signaling path-
between colon and lung cancer cells.
ummary, we provide evidence that shows that cIAP2
tion in HPV-infected lung cells contributes equally to
phosphorylation and NF-κB activation by E6 via the
/PI3K/AKT signaling pathway. The upregulation of
by E6 in HPV-infected lung cancer cells may be

nsible for the resistance to cisplatin. Additionally,
r recurrence or metastasis, in patients who underwent
r resection, with cIAP2-positive tumors had a poorer
se to cisplatin-based chemotherapy than those with
-negative tumors. Therefore, we suggest that EGFR or
inhibitor may be helpful to improve the efficacy of
tin-based adjuvant chemotherapy in HPV-infected
ancer patients. Before the clinical use, we will estab-
6-transgenic mice to test whether the in vitro observa-
ould be further confirmed by in vivo animal model.
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