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ovarian clear cell
carcinoma (OCCC) cell lines. The real-time PCR data show the
expression of heparin-binding epidermal growth factor-like growth
factor (HB-EGF) and amphiregulin (AREG) in OCCC cells. Each value
represents the mean (n = 3) and standard deviation (SD) of the mRNA
expression index for HB-EGF (diagonal striped bars) and AREG (open
bars).

Figure 1. The expression of HB-EGF in 11

Results

Promotion of HB-EGF expression in response
to SN38 treatment

First, we examined the expression of HB-EGF and AREG
in 11 cell lines of OCCC. HB-EGF was highly expressed
in all of the cell lines, and eight of the 11 cell lines had a
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high-expression level of AREG (Fig. 1). OVTOKO and
ES-2 cells had the highest expression of HB-EGF, while
the OVISE and RMG-II cells had higher expression of
AREG compared to that of HB-EGF.

To evaluate in vitro anticancer effects of conventional
anticancer agents in the OVISE, RMG-II, OVTOKO, and
ES-2 cells, cell viability assays were performed using SN38
(Fig. 2A), PTX (Fig. 2B), or CDDP (Fig. 2C). In this
analysis, SN38 was a most effective anticancer agent in all
four OCCC cell lines. Real-time PCR showed a twofold
or higher increase in HB-EGF expression induced by the
treatment of the OCCC cells with SN38, and the concen-
tration of HB-EGF also increased more than twofold in
the culture medium of RMG-II and ES-2 cells following
SN38 treatment (Fig. 3A and B). In contrast, a high con-
centration of PTX or CDDP did not induce HB-EGF
expression in ES-2 cells (Fig. 3C). The addition of the
recombinant HB-EGF in cell culture blocked a decrease
in cell viability with the treatment of SN38 in OCCC cells
(Fig. 3D and E). These results indicated that HB-EGF
plays a pivotal role in defense mechanism against the
treatment of SN38 in OCCC cells.

To address the potential synergistic anticancer effects of
the combination of SN38 and a specific inhibitor of HB-
EGF (CRM197), apoptosis assays were performed after
treating ES-2 or OVTOKO cells with SN38 and/or
CRM197. Treatment with 10 yg/mL of CRMI197 and
10 nmol/L of SN38 induced a marked increase in the num-
ber of apoptotic ES-2 and OVTOKO cells, compared to
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Figure 2. The efficacy of conventional anticancer agents against OCCC cells. Differences in the viability of OVISE (closed squares), RMG-Il {closed
circles), OVTOKO (open squares), and ES-2 (open circles) OCCC cells after treatment with SN38 (A), paclitaxel (PTX; B), and cisplatin (CDDP; C) for
72 h. Each value represents the mean cell viability rate (n = 3) and the SD. OCCC, ovarian clear cell carcinoma.

© 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

- 146-



K. Miyata et al.

-

>

e
B

w o

= 1.0}
w .
-

{0 hour

N

Fold change in the HB-EGF expression

i

. S

Tima (h) 0 12 24 0 12 24 0 12 24 0 12 23
OVTOKO oviIse RMG-it ES-2

*®
(©) I
6 *
5 1
: s
e
EEE)
57 ]
Y
PREER
TE
22 2]
£
= 1
£
(-) 10 100

SN38 (nmiol/L) C

o
f=4

P (lunol/L) PTX (umol/L)

OVISE

E *
(E) 1

100
g ® .
Z 60
|
2 a0
5
o

20 N

o =
w38 (mol/t) O 50 50 100 100
hHE-EGF -~ -  + -+

Induction of HB-EGF Expression via SP1

(B)
s 7]
é #
£ 5-
£
=
8~
AR
Y
uw e
£ ]
2w £
=g ]
£ |
z 1 .
& N

s 0 @) ) 6L ) (6 ()

CVTOKO OVISE RMG-Il ES-2
(D) RMG-II
* *
[ f

Celt viability (%)
3 8
e

o =
SH38 (nmol/) 0 50 S50 100 100
rhtHB-EGF - + - +
SN38 oniy
with CRM157
(F) (@)

Apoptotic rate {55}
Apoptotic rate (3%}

]
|

0 1 10
SN38 {nmol/L)

-
3

SN38 {(nmel/L)

Figure 3. The association between HB-EGF expression and the SN38 treatment of OCCC cells. The induction of HB-EGF mRNA in cells (A) and
HB-EGF protein in the culture medium (B) in OVTOKO '(open bars), OVISE (diagonal striped bars), RMG-Il (gray bars), and ES-2 (closed bars) cells
treated with SN38 (10 nmol/L) for 12 or 24 h. Each value represents the mean (n = 3) and SD. (C) The differences in the HB-EGF mRNA
expression in ES-2 cells after the treatment with SN38 (open bars), CDDP (diagonal striped bars), or PTX (gray bars). The differences in cell
viabilities of RMG-Il (D) and OVISE (€), which were cultured with recombinant human HB-EGF (0 and 200 pg/mL) and SN38 (0, 50, and 100 nmol/
L). Each value represents the mean fold change (n = 3) and the SD. *P < 0.05. The changes in the apoptosis rate of ES-2 (F) and OVTOKO (G)
cells after the treatment with each concentration of SN38 with (closed bars) or without CRM197 (10 pg/mL, diagonal striped bars). Each value
represents the mean apoptosis ratio (n = 3) and SD. *P < 0.05, SN38-only versus SN38 with CRM197. HB-EGF, heparin-binding epidermal growth

factor-like growth factor; PTX, paclitaxel.

cells with SN38 treatment alone, as determined using TUN-
EL assay (Fig. 3F and G). These results suggested that the
suppression of HB-EGF during the treatment with SN38
leads to a synergistic anticancer effect in OCCC cells.

Screening for transcription factors that
regulate the HB-EGF expression induced by
SN38 treatment

To identify transcription factor(s) that contribute to the
HB-EGF induction following treatment with SN38, a

© 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

promoter analysis was performed using the ES-2 cells. For
the reporter gene analysis, a HB-EGF promoter fragment
(—2585/+205), which is conserved among mammalian
species, fused to a luciferase vector, and various truncated
constructs were synthesized. The luciferase assay showed
that a reporter vector containing promoter fragment of
—178/+205 bp from HB-EGF TSS (pGL/HB_ 78/4205)
exhibited an about 20-fold increase in luciferase activity
compared to that of pGL/HB_ss/4205 (Fig. 4A). Addi-
tionally, treatment with SN38 induced ~twofold increase
in the luciferase activity in a reporter vector containing
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PGL/HB_ 784205 compared to the control (Fig. 4A).
Accordingly, the sequence located —178 to —125 bp from
the TSS of HB-EGF was recognized as a promoter
sequence bound by transcription factors.

Using the MatInspector (http://www.genomatix.de) and
AliBaba 2.1 (http://www.gene-regulation.com) in silico
analysis programs, we found that SP1-binding sites are
commonly found in this promoter sequence (Fig. 4B).
Since the HB-EGF promoter has a TATA-less and GC-
rich promoter, which are. characteristics of SP1-binding
promoters, we focused on SP1 as the candidate transcrip-
tion factor inducing HB-EGF in SN38-treated ES-2 cells
[17, 23, 24). ,

Reporter vectors with site mutations of each SP1-bind-
ing site showed significantly reduced luciferase activity
compared to the control (Fig. 4C). Moreover, the lucifer-
ase activity significantly decreased, compared to the con-
trol, when the two putative binding sites of SP1 were
replaced with mutant sites (Fig. 4C). Forced expression of
SP1 activated the luciferase activity in 298T cells transfect-
ed with pGL/HB_,sg4+20s, although no difference was
found between the forced expression of SP1 and control
in 2937 cells transfected by pGL/HB_ 55,4205 (Fig. 4D).

To detect direct interaction between the SP1 protein
and HB-EGF promoter in ES-2 cells, a chromatin immu-
noprecipitation assay was performed in cells with or with-
out treatment with SN38. Quantitative real-time PCR
showed that, during treatment with SN38, the level of
HB-EGF promoter bound to SP1 significantly increased
compared to that of control cells (Fig. 4E). These results
indicated that the HB-EGF expression promoted by the
treatment with SN38 was regulated by SP1 in OCCC
cells.

Contribution of SP1 to the HB-EGF
expression and SN38 sensitivity of OCCC
cells

To confirm whether SP1 affects the sensitivity of cells
to SN38 via the induction of HB-EGF expression, the

Induction of HB-EGF Expression via SP1

expression and the cell viability assays were performed
after the transfection of small interfering RNA (siRNA)
targeting SP1. A Western blot analysis showed that the
ES-2 cells transfected with siSP1_1 and siSP1 2 had
reduced expression of the SP1 protein compared to the
cells transfected with control siRNAs (Fig. 5A). In the
ES-2 cells transfected with siSP1_2, the HB-EGF expres-
sion was reduced to approximately half the control
level, although the HB-EGF expression was not altered
in the ES-2 cells transfected with siSP1_1 (Fig. 5B). No
induction of HB-EGF expression was found in the pres-
ence of SN38 in the ES-2 cells transfected with either
siSP1_1 or siSP1_2 (Fig. 5C). Additionally, we examined
alterations in the cell viabilities using RMG-II cells,
which had the least antitumor effect with the treatment
of SN38. Following the treatment with SN38, the num-
ber of RMG-II cells transfected with siSP1_1 and
siSP1_2 significantly decreased compared to that in the
RMG-II cells transfected with control siRNAs (Fig. 6).
These results indicate that SP1 regulates the drug sensi-
tivity of SN38 by regulating the HB-EGF expression in
OCCC cells.

Discussion

In this study, HB-EGF was attributable for the escape
from cell death, as SN38 damaged OCCC cells. SP1 acti-
vated HB-EGF expression through its binding to multiple
transcription sites within the promoter of HB-EGF in
OCCC cells. In addition, the suppression of HB-EGF as
well as SP1 enhanced the sensitivity of SN38 in OCCC
cells.

SP1, which belongs to the family of SP1/Kruppel-like
factor (KFL) transcriptional factors, regulates the expres-
sion of numerous genes involved in cell proliferation,
apoptosis, and differentiation [25]. Phorbol 12-myristate
13 acetate (PMA) induced an increase in the transcrip-
tional activity of SP1 through the deacetylation of SP1,
and also provoked the ectodomain shedding of HB-EGF;
it also increased the expression of HB-EGF [26, 27].

Figure 4. The interaction of SP1 with the HB-EGF promoter region following SN38 treatment. (A) The alterations in the luminescence of ES-2
cells for each reporter vector in cells with (open bars) and without (diagonal striped bars) SN38 (10 nmol/L) treatment. A schematic diagram
showing the reporter vectors on the left side. (B) A schematic diagram obtained from the in silico analysis including the Matinspector and AliBaba
2.1 programs. (C) The luciferase reporter analysis of the site mutants in ES-2 cells. The schematic diagram shows the wild-type SP1-binding sites
as “SP1" and the mutated binding sites as “mu” in each vector. The alterations in the luminescence of ES-2 cells among the wild-type reporter
vector (open bar) and the mutated reporter vectors {diagonal striped bars) in the presence of SN38 (10 nmol/L). Each value represents the mean
(n = 3) and SD. (D) The differences in the relative luciferase activity of 293T cells transfected with pGL/HB_17g/4205 and the SP1 expression vector
(diagonal striped bars). An EGFP expression vector was used as a control (gray bars). Each value represents the mean (n = 3) and SD. All relative
luciferase activities were normalized to the renilla luminescence. (E) The results of the ChIP analysis of ES-2 cells with or without SN38 (10 nmol/L)
treatment. The fold change in the immunoprecipitated DNA for SP1 (open bars) against templates due to the nonspecific binding with IgG (gray
bars). Each value represents the mean (n = 3) and SD. *P < 0.05, versus control. HB-EGF, heparin-binding epidermal growth factor-like growth
factor; SP1, specific protein 1.

© 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 7
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Figure 5. The contribution of SP1 to the HB-EGF induction following
the treatment with SN38. (A) A Western blot analysis was performed
to confirm the SP1 reduction in the transfected ES-2 cells induced by
treatment with siRNAs against SP1 or a control siRNA. (B) The
alterations in the HB-EGF mRNA expression in the transfected ES-2
cells induced by treatment with the siRNAs against SP1 or the control
SiRNA. (C) The induction of HB-EGF mRNA in the RMG-II cells
transfected with siRNAs against SP1 or the control siRNA following
the treatment of SN38. Each value represents the mean (n = 3) and
SD. Closed bars, control_1 siRNA; gray bars, control_2 siRNA;
diagonal striped bars, siSP1_1 si RNA; open bars, siSP1_2 siRNA.
*P < 0.05, control_1 versus each siRNA. SP1, specific protein 1.

Additionally, NF-xB induced the expression of HB-EGF,
and the NF-«B and SP1 binding sequence was shown to
be the same GC-rich element in colon cancer cells [16,
28). This evidence suggests that SP1 augments the expres-
sion of HB-EGF through the deacetylation of SP1 or via
an interaction with NF-xB. In mice, SP1 was reported to
be directly bound to the promoter regions of HB-EGF
[24]. In humans, SP1 also functions as a direct regulator
for the expression of HB-EGF, possibly through various
posttranslational modifications of SP1 and by interactions
with other transcriptional factors.
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Figure 6. The contribution of SP1 to the cell viabilities following the
treatment with SN38. The alterations in the numbers of RMG-II cells
transfected with siRNAs against SP1 or a control siRNA after
treatment with SN38. Each value represents the mean (n = 3) and SD.
Closed bars, control_1 siRNA; gray bars, control_2 siRNA; diagonal
striped bars, siSP1_1 si RNA; open bars, siSP1_2 siRNA. *P < 0.05,
control_1 versus each siRNA. SP1, specific protein 1.

Dysregulation of SP1 is found in many types of cancer,
including ovarian, breast, and gastric cancer, for which
HB-EGF is a rational therapeutic target [22, 29, 30]. The
hypoxia-inducible factor 2o (HIF22)-SP1 complex acti-
vated coagulation factor VII promoter in OCCC and
estrogen receptor o also form complexes with SP1 in
other types of ovarian cancer [31, 32]. Additionally, pre-
vious reports showed that activation of SP1 promoted
breast cancer development and the metastasis of gastric
cancer [33, 34]. On the other hand, the SP1 level was
highly upregulated in patients with early stage and mini-
mally invasive lung cancer cells and in patients with stage
I lung cancer compared to that in lung cancers with high
invasiveness and in patients with stage IV lung cancer
[35]. These previous findings show that the significance
of SP1 involvement in cancer progression have been con-
troversial. In this study, the suppression of SP1 enhanced
the sensitivity of OCCC cells to SN38. Therefore, it seems
to be important that the suppression of SP1 itself, as well
as the inhibition of the posttranslational modifications of
SP1, are critical for cancer therapy.

Several compounds that inhibit the transcriptional
activity of SP1 have been developed for cancer therapy
[25], for example, arsenic trioxide downregulates the
expression of SP1 [36]. A phase III trial of arsenic triox-
ide was performed for patients with acute promyelocytic
leukemia classified as having low-to-intermediate risk,
and the results suggested that all-trans-retinoic acid plus
arsenic trioxide may be superior to all-trans-retinoic acid

© 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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plus other chemotherapy [37]. Bortezomib has been
already used for the treatment of patients with multiple
myeloma [38, 39]. Bortezomib has been shown to
decrease the expression of SP1 and disrupt the interaction
of SP1 with NF-xB [40]. Other inhibitory compounds for
SP1 will be clinically applied for various diseases, in addi-
tion to cancer [41, 42].

We have performed a clinical phase II trial using
CRM197 in patients with recurrent and advanced ovarian
cancer. To explore the importance of the posttranslational
modifications of SP1 in the induction of HB-EGF expres-
sion and to search for compounds that can inhibit such
modifications, a preclinical study should be performed
using combination therapy with CRM197, irinotecan, and
a compound that inhibits SP1, such as arsenic trioxide or
bortezomib. Such a combination would likely improve
the prognosis of patients with OCCC.
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Table S1. Primer sequences

Primer

Sequence

forward primer for the HB-EGF reporter vector
reverse primer for pGL/HB _443g/.205
reverse primer for pGL/HB_1,5/4005
reverse primer for pGL/HB_;g/405
reverse primer for pGL/HB ;534005
forward primer for pGL/HB mu1
reverse primer for pGL/HB mu1
forward primer for pGL/HB mu2
reverse primer for pGL/HB mu?2
forward primer for ChlP PCR
reverse primer for ChlP PCR

GCCCATGGTCCCGCACCGAGAGG
GCGGTACCAATGAGAAGGCAGCTGAA
GCGGTACCGCTGCCGGCGCCGCGAGCCG
GCGGTACCCGCCGCCCTCTCCTCCC
GCGGTACCTCCGCCACCTGCCGGTC
aataGCCCGCGGGGTCGGGGGCTG
CGGAGGACTGGGCGGGAGGAGAGGG
ataCCGCGGGGTCGGGGGLCTG
CGGCGGAGGACTGGGCGGGAGGAGA
TCCCGTGCTGGGAAGCTCGC
TGCCTCGGCCTGGTCCCAAAA
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Abstract
AKT is a protein in the phosphatidylinositol-3 kinase (PI3K)
pathway and associated with diverse pro-tumoral respons-
es. Activation of the human telomere reverse transcriptase
(hTERT) is one of AKT’s tumorigenic effects. In this study, the
significance of AKT phosphorylation and hTERT on progno-
sis of gastric cancer were examined. AKT activation by epi-
dermal growth factor increased hTERT expression and
telomerase activity. In contrast, AKT inactivation by inhibi-
tors and knockdown decreased hTERT expression and telom-
erase activity in MKN28 gastric cancer cells. In 40 gastric can-
cer tissues, significant correlations were found among the
levels of phosphorylated AKT (pAKT), hTERT expression, and
telomer length. The pAKT levels or the levels of pAKT/hTERT
were not associated with clinicopathological parameters, in-
cluding stage and nodal metastasis. However, survival rates
of the pAKT-high patients or the pAKT-high and hTERT-high
patients were significantly poorer than those in other pa-
tients. These findings suggest that AKT and hTERT are good
molecular targets for the treatment of gastric cancer.
Copyright © 2013 S. Karger AG, Basel

Introduction

The telomere is a repetitive TTAGGG’ sequence pres-
ent at the ends of eukaryotic chromosomes to maintain
and protect their integrity [1]. As cells divide, the telo-
mere is shortened in length; thus, the length of the telo-
mere behaves like a marker of the division limit for cells
and/or for cell death [2]. In stem cells and cancer cells, the
telomere is elongated by telomerase activity, which en-
ables them to divide endlessly [3].

The catalytic subunit of human telomeras reverse tran-
scriptase (hTERT) is responsible for telomerase activity

Abbreviations used in this article

PI3K Phosphatidylinositol-3 kinase

hTERT  human telomerase reverse transcriptase

pAKT phosphorylated AKT

EGF epidermal growth factor

PTEN phosphatase and tensin homolog deleted on
chromosome 10

mTOR mammalian target of rapamysin

NF nuclear factor

EMT epithelial-mesenchymal transition

VEGF vascular endothelial growth factor
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and telomere elongation and is suppressed in differenti-
ated cells [4]. In our previous study, we reported that telo-
mere shortening is a significant factor for the induction
of TERT expression in gastric mucosa [5].

AKT is a protein in the phosphatidylinositol-3 kinase
(PI3K) pathway. Stimulation of receptor tyrosine kinases
or G-proteins activates PI3K, which in turn activates
AKT. AKT phosphorylation is maintained by heat shock
protein 90, and AKT is dephosphorylated by protein
phosphatase 2A. Thus, AKT is involved in signaling me-
diated by various growth factors and cytokines. In par-
ticular, insulin-like growth factor-1, epidermal growth
factor receptor, and human epidermal growth factor re-
ceptor 2, which are important in cancer-progression, ac-
tivate AKT [6, 7]. Hence, AKT is a one of biomarkers for
predicting metastasis of human gastrointestinal cancer
(8]. ‘

The phosphorylation of AKT modulates signals from
phosphatase, tensin homolog deleted on chromosome 10
(PTEN), and the mammalian target of rapamycin to pro-
vide diverse effects on cells [9]. In this regard, AKT1 is
recognized as an apoptotic inhibitor, which enhances
cancer promotion. Phosphorylation via AKT inactivates
Bcl-2 antagonist of cell death resulting in its dissociation
from Bcl-2. Nuclear factor kB is also activated by AKT,
which in turn up-regulates transcription of many surviv-
al genes [10]. AKT also induces angiogenesis through the
up-regulation of vascular endothelial growth factor
(VEGF) [11]. The AKT-microRNA regulatory network
suggests that microRNA-mediated gene regulation inter-
acts with the AKT signal pathway [12]. Hence, the expres-
sion of AKT is a pivotal tumorigenic factor and AKT is
recognized as a relevant molecular target of cancer treat-
ment {7].

The activity of hTERT is regulated by hTERT expres-
sion and phosphorylation. Protein kinase Cand AKT can
phosphorylate h\TERT [13, 14]. AKT phosphorylation of
hTERT induces intranuclear translocation of hTERT
and, subsequently, activates hTERT. In contrast, ring fin-
ger protein 1, an E3 ubiquitin ligase, decreases the activ-
ity of hTERT by ubiquitylation [15].

In the present study, AKT phosphorylation is corre-
lated with clinicopathological parameters such as TERT
expression and telomerase activity in gastric cancer.

Materials and Methods

Cell Culture and Reagents
The human gastric cancer cell line MKN28 (kindly gifted from
Professor Wataru Yasui, Hiroshima University, Japan) was main-

AKT and TERT in Gastric Cancer

tained in Dulbecco’s modilied essential medium (Sigma Chemical
Co., St. Louis, Mo., USA) containing 10% fetal bovine serum (Sig-
ma Chemical Co.) at 5% CO; in air and 37°C. Wortmannin and
triciribine were from Biovision LTD. (Milpitas, Calif., USA), and
human epidermal growth factor was from Peprotec EC LTD.
(Rocky Hill, N.J., USA).

Clinical Materials

Forty gastric tissues (approximately 30 mm?) were randomly
selected from cases diagnosed at the Department of Molecular Pa-
thology, Nara Medical University, between 2001 and 2010. The
tissues had been frozen quickly in liquid nitrogen and stored at
-80°C. The tissue contents were confirmed by microscopic obser-
vation of the adjacent tissues, which were prepared for histopatho-
logical examination.

Short Interference RNA

FlexiTube short interference RNAs (siRNAs) for AKT was pur-
chased from Qiagen Genomics, Inc. (Bothell, Wash., USA). All
Stars Negative Control siRNA was used as control (Qiagen Ge-
nomics, Inc.). Cells were transfected with 50 nM siRNA for each
gene using Lipofectamine 2000 (Invitrogen Corp., Carlsbad, Calif.,
USA) according to the manufacturer’s instructions. -

Quantitative Reverse Transcription-Polymerase Chain

Reaction (qQRT-PCR)

Total RNA (1 pg) was used for cDNA synthesis with the
ReverTra Ace qPCR RT Kit (Toyobo, Osaka, Japan). qRT-PCR
were performed on the StepOne Real-Time PCR System (Applied
Biosystems, Foster City, Calif., USA) using the Fast SYBR Green
Master Mix (Applied Biosystems) and analyzed by employing the
relative standard curve quantification method. The PCR parame-
ters wére set according to the manufacturer’s instructions and the
beta-actin mRNA level was used as internal control. All amplifica-
tions were evaluated by melting curve analysis and PCR products
were electrophoresed on 2% agarose gels. All PCRs were per-
formed at least in triplicate. Primer sets were purchased from
Santa-Cruz.

Inmunoblot Analysis

Cell lysates were prepared as described previously {16]. Next,
25 pg (total protein) from lysates were electrophoresed on a
12.5% sodium dodecyl sulfate-polyacrylamide gel followed by
electrotransfer to nitrocellulose membranes, which were sub-
jected to immunoblot analysis. The membranes were incubated
with primary antibodies and then probed with the appropriate
peroxidase-conjugated secondary IgG antibodies (Medical and
Biological Laboratories, Nagoya, Japan). Anti-tubulin antibody
(LifeSpan Biosciences, Inc., Seattle, Wash., USA), anti-AKT an-
tibody (Rockland Immunochemicals Inc., Gilbertsville, Pa.,
USA) and anti-phosphorylated AKT antibody (pSerd63, Bior-
byt, Cambridge, UK) were used as primary antibodies. The im-
mune complex was visualized with the Enhanced Chemilumi-
nescence Western-blot detection system (Amersham, Ayles-
bury, UK).

Enzyme-Linked Immunosorbent Assay (ELISA)

The lysates prepared as described above were also used for
ELISA. Concentrations of pAKT and TERT were evaluated using
specific ELISA kits, i.e., Akt (pS473) ELISA kit (Abcam, Cambridge,

Pathobiology 2014:81:36~41 37
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UK) and human telomerase reverse transcriptase (HTERT) ELISA

kit (Oxford Expression Technology, Oxford, UK), according to the
manufacturers’ instructions.

Telomerase Activity and Telomere Length

Telomerase activity was examined by using the Quantitative
Telomerase Detection Kit (US Biomax Inc., Rockville, Md., USA).
The telomere length was examined by employing the TeloTAGGG
Telomere Length Assay (Roche Applied Science, Indianapolis,
Ind., USA). These kits were used according to the manufacturers’
instructions.

Statistical Analysis )

Statistical analyses of experimental data were carried out using
the Spearman r test and ANOVA. The positivities of pAKT and
TERT were compared using the two-tailed chi-squared test (InStat,
Graphpad Software Inc., La Jolla, Calif,, USA). Survival analysis
was performed by using the Kaplan-Meier method along with the
Logrank test. Univariate and multivariate analyses were calculated
by using Cox’s hazard model (SPSS Statistics, IBM Japan, Tokyo,
Japan). Statistical significance was defined as a two-sided p value
of less than 0.05.

38 Pathobiology 2014;81:36~41
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Results

To examine the effect of AKT phosphorylation on
hTERT expression and telomerase activity, MKN28 gastric
cancer cells were analyzed after treatment under different
conditions (fig. 1a). Epidermal growth factor stimulated
AKT phosphorylation and increased hTERT expression
and telomerase activity. In contrast, wortmannin, a PI3K
inhibitor, triciribine, an AKT inhibitor, and siRNA-induced
AKT knockdown inhibited AKT phosphorylation and de-
creased hTERT expression and telomerase activity. Total
AKT protein levels were not affected by any treatment.
These results suggest that AKT phosphorylation is associ-
ated closely with hTERT expression and telomerase activity.

Phospho-AKT (pAKT) levels, hTERT protein levels,
and telomerase activity were examined in 40 cases of gas-
tric cancer (fig. 1b-d). The pAKT level correlated with the
hTERT level and telomerase activity, and the hTERT lev-
el correlated with telomerase activity (p < 0.0001, p =

Sasaki/Kuniyasu/Luo/Kitayoshi/Tanabe/
Kato/Shinya/Fujii/Ohmori/Yamashita
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Table 1. Correlation of pAKT levels with clinicopathological pa-
rameters

Table 2. Correlation of pAKT and hTERT levels with clinico-
pathological parameters

Parameter pPAKT p value Parameter pAKT and hTERT p value
low high both high intermed both low

Differentiation Differentiation

tubl 5 6 tubl 2 8 I

tub2 8 5 tub2 2 7 4

porl 0 2 porl 0 2 0

por2 5 5 por2 4 4 2

sig 2 2 NS sig 1 3 0 NS
Primary tumor Primary tumor

pT1 4 1 pTl 1 1 3

pT2 3 3 pT2 1 5 0

pT3 6 7 pT3 3 8 2

pT4 7 9 NS pT4 4 10 2 NS
Nodal metastasis Nodal metastasis

pNO 7 pNO 2 6 5

pNi-2 13 14 NS pN1-2 7 18 2 NS
Pathological stage Pathological stage

I 5 3 I 1 4 3

II 4 4 I 2 5 1

1A 6 5 HIA 2 7 2

I1IB 5 3 11IB 1 6 1

v 0 5 NS v 3 2 0 NS
Status Status

Survive 13 9 Survive 3 14 5

Dead 7 11 NS Dead 6 10 2 NS

The pathological parameters were evaluated according to
Japanese Classification of Gastric Cancer.

The pathological parameters were evaluated according to
Japanese Classification of Gastric Cancer.

0.0017, and p < 0.0001, respectively). These correlations
were compatible to those found in figure la.

Next, pAKT levels were compared with clinicopatho-
logical parameters (table 1). Parameters in the pAKT-
High cases showed no significant difference when com-
pared with those in the pAKT-Low cases. However, sur-
vival analysis showed that the pAKT-High cases had a
significantly poorer prognosis than pAKT-Low cases
(fig. 2a, p = 0.0498).

Next, the cases were divided into 3 categories, i.e.,
pAKT high and TERT high (Both High), pAKT low and
TERT low (Both Low), and other cases (Intermediate), to
examine the concurrent effect of pAKT and hTERT on
disease progression (table 2). As shown in figure 2¢, the
both high cases were the 9 highest cases of the product of
pAKT by hTERT. In contrast, the both low cases were the
7 lowest cases of the product. These cases were distin-
guishable by distribution of the products. Parameters of
the Both-High cases showed no significant differences
compared to those of the Both-Low cases. However, the

AKT and TERT in Gastric Cancer

survival analysis showed that the Both-High cases had a
significantly poorer prognosis than the Both-Low and In-
termediate cases (fig. 2b, p = 0.0339), and the Both-Low
cases had a significantly better prognosis than the Inter-
mediate cases. Thus, the levels of pAKT and TERT could
be useful prognostic markers.

Finally, the significance of pAKT levels or pAKT/
hTERT levels was examined by univariate and multivari-
ate analyses to compare stage and nodal metastasis (Ta-
ble 3). Nodal metastasis emerged as an independent fac-
tor for the prognosis, whereas pAKT levels,pAKT/hTERT
levels, and stage were dependent factors.

Discussion

In our study, the pAKT level or pAKT/hTERT levels
showed no association with any clinicopathological pa-
rameters; however, the levels correlated well with disease
prognosis.

Pathobiology 2014:81:36-41 39
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Table 3. Univariate and multivariate analyses of pAKT and/or
hTERT levels

type and poor prognosis [18]. It has been recently report-
ed that hTERT promotes transforming growth factor-f
and f-catenin-induced EMT by inducing B-catenin nu-

Coeflicient  95% CI Pvalue  (lear translocation and its transcriptional activity for vi-
Univariate analysis mentin expression [19]. Therefore, PTEN/PI3K/AKT
Stage 0.0252 0.005-0.524 00296 signaling enhances EMT and stem cell phenotypes. In the
Nodal metastasis ~ 7.613 1.727-33.562  0.0008  present study, the association of AKT phosphorylation,
PAKT (High, Low) ~ 2.453 0.945-6.368 00498  TERT expression, and telomerase activity was confirmed
pAKT/hTERT 0.159 0.020-1.243 0.0198 . MKN28 . 1 d ti £ .
Multivariate analysis in gastric cancer cells and tissues of 40 gastric
Stage 1.077 0236-4916 09351 cancer patients. These associations could result in poor
Nodal metastasis 0.132 0.028-0.627 00108  prognoses in cases with high pAKT levels or high pAKT/
pAKT (high,low)  0.572 0.236-1.389 02172 hTERT levels. Multivariate analysis revealed that pAKT
pAKT/hTERT 0.793 0.267-2.353 0.7995

CI = Confidence interval. Both high, both low, intermed.

AKT is associated with cancer cell survival through al-
tering Bcl-2 antagonist of cell death, p53, forkhead, nu-
clear factor kB, mammalian target of rapamycin, and
PTEN [10] [17]. Moreover, dysregulated PTEN/PI3K/
AKT signaling interacts with the Wingless-INT pathway
to induce epithelial-mesenchymal transition (EMT),
which is usually associated with cancer stem cell-pheno-

40 Pathobiology 2014;81:36-41

DOI: 10.1159/0600351721

levels or pAKT/hTERT levels were dependent prognostic
factors. The examination of more gastric cancer cases is
required to confirm the hypothesis that the EMT/stem
cell phenotype affects disease progression.

Angiogenesis is an essential phenotype for cancer pro-
gression [20]. VEGF expression is associated closely with
neovascularization and cancer progression in many ma-
lignancies. The PI3K/AKT pathway is one of the inducers
of a VEGF response, which includes other inducers such
as mitogen-activated protein kinase (extracellular signal-
regulated kinases or p38), Src, focal adhesion kinase, Rho
family GTPases, and endothelial nitric oxide [21]. The

Sasaki/Kuniyasu/Luo/Kitayoshi/Tanabe/
Kato/Shinya/Fujii/Ohmori/Yamashita
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PI3K/AKT pathway increases the secretion of VEGF
from cancer cells by hypoxia-inducible factor 1-depen-
dent and -independent mechanisms [22]. Therefore,
AKT suppression could result in an anti-angiogenic effect

on gastric cancer.

[
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Abstract. Human epidermal growth factor receptor 2 (HER2)
status has been evaluated at the primary site of gastric cancer
when planning trastuzumab therapy against recurrent or meta-
static lesions, since tissue sampling is uncommon in recurrent
or metastatic lesions. This study retrospectively investigated
the concordance of HER2 expression between primary and
metastatic/recurrent lesions in order to confirm sensitivity (o
trastuzumab. The subjects comprised 37 patients with gastric
adenocarcinoma who underwent tissue biopsy or surgical
resection of the primary sites and 49 paired synchronous or
metachronous metastatic sites (excluding lymph nodes) at
the Fukuoka University Hospital between January, 1998 and
September, 2012. All the samples were evaluated for HER2
status at the invasive front by immunohistochemistry (IHC).
The HER2 positivity rate of the primary sites was ~16% and
the concordance ratio of the IHC results between primary
and paired metastatic sites was ~97%. No discordant cases
regarding HER?2 status were found among metachronous
interventions for metastatic lesions. Only one patient exhibited
conversion from a HER2-negative status in all the portions

of the primary site to a positive status in a metastatic site. In

conclusion, a high concordance ratio for HER2 status was
observed between primary and paired metastatic lesions. Thus,
employing trastuzumab therapy against metastatic or recurrent
gastric cancer based on the HER2 status of the primary lesion
appears to be an acceptable approach.
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Introduction

Gastric cancer is one of the most commonly diagnosed cancers
and the second most common cause of cancer-related mortality
worldwide (1,2). Radical gastrectomy and lymph node dissec-
tion with adjuvant chemotherapy are performed for patients
with advanced gastric cancer (3). However, metastatic gastric
cancer has a 5-year survival rate of 5-20% and a median overall
survival of <l year (1,4,5). In 2010, trastuzumab combined
with chemotherapy was established as a new standard treat-
ment option for human epidermal growth factor receptor 2
(HER2)-positive advanced gastric or gastroesophageal junction
cancer by the ToGA study (6). Although trastuzumab combina-
tion therapy is adopted for inoperable advanced or meltastatic
discase, the HER?2 status is commonly evaluated in the primary
lesion, since metastatic sites are rarely resected or biopsied prior
to treatment. With breast cancer, however, the concordance
ratio for HER2 status between the primary lesion and meta-
static lymph nodes was reported to be 90-98% (7,8), whereas
the concordance ratio for HER?2 status between primary and
metastatic sites other than lymph nodes was reported to be
lower (9,10). However, although a high concordance ratio for
HER?2 status between primary and lymph node lesions has
been reported in gastric cancer (11,12), a concordance ratio for
HER?2 status between primary and metastatic lesions other than
lymph nodes has not been reported. In addition, HER2 status
is typically evaluated by immunohistochemistry (IHC) and/or
fluorescence in situ hybridization (FISH) and a high concor-
dance ratio between IHC and FISH has been reported (13).

In this study, HER2 expression was assessed using IHC
(IHC score 2+) and FISH in the primary lesion and in paired
metastatic lesions other than lymph nodes. The aim of this
study was to investigate the concordance of HER2 expression
between primary and metastatic lesions and the feasibility of
using HER2 expression in the primary lesion for determining
therapy against metastatic lesions.

Patients and methods

Patients and tissue samples. The samples used in this study
were surgically resected or biopsied at Fukuoka University
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Table 1. Clinicopathological characteristics of the study popu-
lation.

SHIBATA et al: HER2 STATUS IN METASTATIC GASTRIC CANCER

Table II. Human epidermal growth factor receptor 2 (HER2)
status of primary and metastatic sites.

No. of No. of
primary  melastalic
Total sites (%)  sites (%)
Characteristics (%) (n=37) (n=49)
Age (years)
Median 64
Range 45-80
Gender
Male 30(81.0)
Female 7(19.0)
Type of intervention
Surgical resection 75 (87.0) 28 (76.0) 47 (96.0)
Biopsy 11 (13.0) 9 (24.0) 2 (4.0)
Histological type
Differentiated 13 (35.0)
Undifferentiated 17 (46.0)
Mixed 7(19.0)
Metastasis
Synchronous 19 (39.0)
Metachronous 30 (61.0)
Pre-intervention
chemotherapy of
metastatic sites .
UFT 9(18.0)
S-1 9(18.0)
Others 5(10.0)
None 24 (54.0)

UFT, uracil-tegafur; S-1, tegafur-gimeracil-oteracil potassium.

Hospital between January, 1998 and September, 2012. A
total of 37 patients with gastric adenocarcinoma (9 biopsies
_ and 28 resection specimens) and 49 paired synchronous or
metachronous metastatic tissues (2 biopsies and 47 resection
specimens) were analyzed. The invasive front of the resected
tumor tissues was examined immunohistochemically. None of
the patients received neoadjuvant therapy and 23 metastatic
tissue samples were obtained from patients who had been
treated with chemotherapy. No patients received trastuzumab
combination therapy. Metachronous metastasis was defined as
metastasis arising >6 months following curative resection.

HER? expression and amplification. HER2 status was exam-
ined using 10% formalin-fixed paraffin-embedded tissues.
Immunohistochemical staining was performed automatically
with the Ventana iView PATHWAY HER2 (4B5) (Ventana
Medical Systems, Roche, Tucson, AZ, USA). Antigen activa-
tion was performed in citrate buffer under high pressure. HER2
immunoreactivity was scored as negative (0 or 1+), equivocal
(2+) and positive (3+) by an experienced pathologist according
to the scoring system described by Hofmann et af (14).

Metastatic sites

Negative Positive
HER2 status 0 1+ 2+(FISH-) 2+ (FISH+) 3+
Primary sites
Negative
0 28 | 0 0 1
1+ 1 0 0 0 0
2+ (FISH-) 0 0 0 0 0
Positive
2+(FISH+) 0 O 0 0 1
3+ 0 0 0 0 5

FISH, fluorescence in situ hybridization.

Table III. Association of human epidermal growth factor
receptor 2 (HER?2) status of the primary site with histological
type and type of intervention.

HER?2 status
Variables Negative Positive P-value
Histological type 0.0244
Differentiated 8 5
Undifferentiated 16 l
Mixed ; 7 0
Type of intervention >0.9999
Surgical resection 23 5
Biopsy 8 1

Table IV. Concordance of human epidermal growth factor
receptor 2 (HER2) status between primary and paired meta-
static lesions.

Metastatic site
HER?2 status Negative Positive P-value
Primary site <0.0001
Negative 30 |
Positive 0 6

The PathVysion HER2 DNA Probe kit (Abbott Molecular,
Abbott Park, IL, USA) and a BioView Duet-3 scanning system
(BioView, Ltd., Rehovot, Israel) with fluorescence microscopy
(BX51 TRF; Olympus, Nagano, Japan) were used for FISH.
Gene amplification was scored when a minimum of 20 cancer
cell nuclei exhibited a HER2/chromosome enufmeration probe
(CEP)17 ratio of >2.
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Figure |. Human epidermal growth factor receptor 2 (HER2) expression by immunohistochemistry (A) at the primary site and (B) at paired metastatic sites.
The histological type at the primary site was moderately differentiated wbular adenocarcinoma and HER2 status was scored as 0. The metastatic site was the

liver and HER2 status was scored as 3+ Magnification. x40,

HER2-positive status was defined as THC 3+, or HER2 2+
and FISH-positive (HER2/CEP17 ratio >2). HER2-negative
status was defined as I[HC 0, I+, or 2+ and FISH-negative:
the positive groups were considered suitable for trastuzumab
combination therapy (6). All IHC 2+ tumors were further
analyzed with FISH to determine the HER2 gene copy level.
All the tissue samples from metastatic sites enabled the
pathologist to confirm the lesions as being metastatic from
gastric cancer.

Statistical methods. For the evaluation of the correlations of
HER2 status between primary and paired metastatic lesion,
the Fisher's exact probability test was employed. P<0.03 was
considered to indicate a statistically significant difference.

Results
Clinicopathological characteristics. The clinicopathological

characteristics of the patients in this study are summarized in
Table I. The metastatic sites included the peritoneum (n=20).

liver (n=10). lung (n=7), skin and subcutancous lissue (n=3),
colon (n=3) and others (n=4) (data not shown).

HER2 [HC. The results for HER2 [HC are shown in Table 1.
The HER2 status of the primary sites was scored as 0 in
30 specimens (81%), 1+ in 1 (3%), 2+ in | (3%) and 3+ in
5 (13%). while metastatic sites were scored as 0 in 29 speci-
mens (78%). 1+1in 1 (3%). 2+ in 0 (0%) and 3+ in 7 (19%). The
HER2 positivity (1HC 3+ or 2+ and FISH-positive) ratio of
primary sites was ~16%. The association of the HER2 status
of the primary site with histological type and type of interven-
tion are shown in Table 1. The HER2 positivity ratio of the
differentiated type was significantly higher compared (o that
of the undifterentiated type. However, there was no significant
association between the HER2 status of the primary site and
the type of intervention. The total concordance ratio between
primary sites and metastatic sites was ~97% (Table V).
rellecting a significant correlation (P<0.0001). Only one case
exhibited positive conversion (Fig. 1A and B). This case evalu-
ated HER2 status between primary and paired metastatic sites
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Table V. Human epidermal growth factor receptor 2 (HER2) status with metachronous interventions.

HER?lﬁla(us HER2 status in metachronous interventions

of the .

Case Histology primary site Ist 2nd 3rd 4th 5th
1 Differentiated 0 0: Colon 0: Skin 0: Skin 0: Kidney 0: Skin
2 Undifferentiated 0 0: Colon 0: Peritoneum

3 Undifferentiated 0 0: Colon 0: Liver

4 Differentiated 0 3+: Liver 3+: Peritoneum

5 Undifferentiated 0 0: Liver 0: Peritoneum

6 Differentiated 3+ 3+: Lung .3+: Lung

7 Differentiated 3+ 3+: Cerebellum 3+: Lung

8 Undifferentiated 0 0: Ovary 0: Skin

9 Undifferentiated 0 0: Peritoneum 0: Peritoneum

by resected specimen. Although in this case all the portions
of the primary site were examined, no positive reaction was
observed on the membrane in any of the specimens. The
equivocal (2+) case exhibited amplification by FISH and was
therefore classified as positive. Although one case of discor-
dance between primary and metastatic sites was identified,
there were no discordances among metachronous metastatic
sites (Table V). '

Discussion

Previous studies have estimated the HER2 positivity ratio
to be 8.1-17.1% in gastric cancer (6,15,16). Recent studies
reported that the HER2 positivity ratio is lower in patients
with curatively resectable gastric cancer compared to that
in unresectable patients (15,16). The present study estimated
an HER2-positive ratio of ~16%, presumably because the
study population comprised patients with curatively resected
and unresected or recurrent gastric cancer. In this study, the
differentiated type of tumor exhibited a significantly high
HER?2 positivity, as the consensus reported that the majority
of positive cases were histologically of the intestinal type (17).
However, Lee et al (18) reported a discordance of the HER2
THC score between biopsies and gastrectomies; in this study,
there was no difference between bioptic and resected speci-
mens, although only a small series was analyzed.

The HER2 status in gastric cancer is commonly evalu-
ated immunohistochemically, with a IHC 2+ status further
analyzed by FISH, since previous studies demonstrated a
high concordance ratio between IHC and FISH in gastric
cancer (11,13,14,17,19,20) and the American Society of
Clinical Oncology/College of American Pathologists guide-
lines recommend that FISH analysis be conducted for cases
with an IHC 2+ lesion in breast cancer (21). In gastric cancer,
combination chemotherapy with trastuzumab was adopted
from 2010 onwards and sufficient scientific evidence regarding
HER?2 has not yet been accumulated. Therefore, references
have been made to previous studies regarding HER2 in breast
cancer. Since metastatic sites from gastric cancer patients
are rarely resected or biopsied, evidence on the concordance

of HER2 status by IHC between primary tumor and paired
metastatic lesions other than lymph nodes has not generally
been reported (17,22). In breast cancer, a high concordance
ratio between primary and matched metastatic lymph nodes
has been reported (7,8). However, in parenchymal metas-
tases, the concordance ratio was found to be lower (9,10).
Nakamura et al (23) reported that biopsy of the metastatic
lesions may be useful for determining treatment strategies.
We examined the tumor invasive front at the primary sites

*in resected specimens, as it was previously reported that

HER?2 staining exhibits no preferential distribution within the
tumor, with negligible variation between the tumor mucosal
surface and the invasive front (24) and the tumor invasive
front is closely involved in the metastatic process. However,
Fusco et al (25) reported that there is discordance in the HER2
status between the tumor invasive front and other lesions
and gastric cancer is known to exhibit heterogeneous HER2
expression (14,18). Therefore we examined all the sites of the
primary tumor in the discordant case to determine whether
there was heterogeneity of HER2 expression, in order to
assess the discordance between primary and paired metastatic
lesions. However, all the lesions were [HC-scored as 0. In
addition, we investigated whether there exists discordance
among metachronous multiple interventions. A limited
number of studies (17,22,26) have addressed such issues in
gastric cancer. Kim et al (17) reported significant discordance
(13.1%) between primary and metastatic lesions by IHC,
but no discordance by FISH. Bozzetti et al (22) reported a
concordance ratio of 94.9% between primary and matched
metastatic lesions by [HC. In addition, Kochi er al (26)
reported a discordance ratio of 9.8% in the HER2 status
between primary sites and metastatic lymph nodes by FISH
and IHC. Our results using IHC revealed a high concordance
ratio (~97%) between primary and paired metastatic lesions.
These results suggest the efficacy of HER2 status examination
in the primary lesion for assessing the status of parenchymal
metastatic lesions. Only one case of positive conversion was
found in our study; likewise, Bozzetli et al (22) reported only
a single case of discordance between the primary lesion and
melastasis. The discordant case in this study was IHC 0 at the
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primary site and underwent liver resection for metachronous
liver recurrence following hepatic intra-arterial chemotherapy
(fluorouracil + cisplatin + irinotecan). The HER2 status of
the liver specimen at that time was IHC 3+ and the HER2
status of the metachronous peritoneal recurrent specimen
was also ITHC 3+. These findings suggest that the transition
of the metastatic process strongly involves the discordance of
HER2 status between primary and metastatic sites rather than
heterogeneity of HER2 expression within the primary lesion.
Further investigation of this issue in a larger series is required.

Nine patients underwent metachronous multiple interven-
tions for metastatic lesions; no cases of discordance during
the therapeutic period were encountered. To the best of our
knowledge, no previous studies have reported such findings.

Unfortunately, no cases in this study population received
trastuzumab combination therapy and further investigation,
including those cases, is required.

In conclusion, the concordance ratio for HER2 status
between primary and parenchymal metastatic or recurrent
lesions was high. Therefore, determining the HER2 status in
the primary lesion may be acceptable when considering the
suitability of anti-HER?2 agents for patients with inoperable
advanced or recurrent gastric cancer.
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