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REG lu as a biomarker in chemotherapy for gastric cancer

connection, reliable biomarkers that are able to predict the
response to chemotherapy are urgently needed to improve the
efficiency of chemotherapy for patients with unresectable GC.

The regenerating gene (Reg) was originally isolated from rat
regenerating pancreatic islet cells (Terazono et al, 1988), and
thereafter Reg was shown to have a trophic effect on gastric
epithelial cells (Fukui ef al, 1998). Recently, its human homologue,
REG Iu, was identified by microarray analysis as a gene distinctly
overexpressed in GC tissues (Takaishi and Wang, 2007), and
indeed several studies have indicated that REG I« is overexpressed
in a subset of GC patients (Yonemura et al, 2003; Fukui et al, 2004;
Yamagishi et al, 2009). Moreover, we have previously clarified that
REG I functions as an antiapoptotic factor in the development of
GC (Sekikawa et al, 2005, 2008). These findings suggest that REG
Io. plays a pivotal role in gastric carcinogenesis, and thus it is
tempting to speculate that an antiapoptotic effect of REG I may be
associated with a poor response to chemotherapy in patients with
GC. Therefore, in the present study we examined whether REG
T is involved in acquisition of resistance to chemotherapeutic
drugs in GC cells. Moreover, we aimed to clarify whether REG
T expression in biopsy samples before treatment could be a useful
biomarker for predicting the response to chemotherapy and
outcome in patients with unresectable GC.

Patients, procedures, and tissue samples. A total of 70 patients
who were diagnosed as having unresectable GC at Osaka Red Cross
Hospital between 2007 and 2011 were enroled. Patients were
eligible if they were diagnosed as having stage IV GC by

oesophagogastroduodenoscopy (EGDS) and abdominopelvic
computed tomography (CT), and moreover had histologically
confirmed adenocarcinoma. Patients with recurrent gastric cancer
or other malignancies and those who had received previous
chemotherapy or radiotherapy were excluded. Patients with an
Eastern Cooperative Oncology Group (ECOG) performance status
of 3 or 4 and those without adequate organ function were also
excluded. Stage classification was done in accordance with the
criteria of the Japanese Gastric Cancer Association (Japanese
Gastric Cancer Association, 1998).

All patients received first-line chemotherapy with S-1/CDDP for
unresectable GC, as reported previously (Koizumi et al, 2008).
Briefly, S-1 was given orally twice for the first 3 weeks of a 5-week
cycle. The dose of S-1 administered each time was determined
according to each patient’s body surface area as follows: <1.25m?,
40mg 1.25-1.50m% 50mg and >1.5m? 60mg. Intravenous
infusion of CDDP (60 mgm“z) was administrated on day 8 of
each cycle. Treatment was repeated until one of the following
occurred: progressive disease, unacceptable toxic side effect, and
withdrawal of the patient’s consent. If the S-1/CDDP chemo-
therapy failed, second-line chemotherapy was recommended for all
patients if they had adequate organ function and performance
status. Of the 70 patients, 49 (70.0%) received second-line
chemotherapy; 27 patients (55.1%) were treated with irrinotecan-
based regimens and 22 (44.9%) were treated with taxane-based
regimens. The patients who exchanged to second-line treatment
without progressive disease because of adverse reactions were
censored. To evaluate tumour responses to S-1/CDDP chemo-
therapy, tumours were measured after every two courses of
chemotherapy using CT or MRI imaging. Tumour responses were
classified according to the Response Evaluation Criteria for Solid
Tumours (RECIST) (Therasse et al, 2000). The patients who had
no measurable lesions were excluded. Progression-free survival
(PES) was defined as the time from the first day of chemotherapy
to the date of onset of progressive disease during treatment with

S-1/CDDP or death from any cause. Overall survival (OS) was
defined as time from the first day of chemotherapy to the date of
death because of any cause.

The biopsy samples from GC tissues were obtained by EGDS
before chemotherapy and examined for the study. The tissue
samples were fixed in 10% formalin and embedded in paraffin.
Multiple haematoxylin-eosin-stained sections of all 70 lesions were
examined. The tissue sections were also subjected to immunostain-
ing. The following factors were determined for all patients
and lesions: age, gender, performance status, tumour location,
macroscopic type, Lauren’s histological classification, location of
metastasis, number of metastatic organs, serum albumin, alkaline
phosphatase, CEA, and CA19-9. The clinicopathological features of
the patients are summarised in Table 1.

This study was carried out with the approval of the Osaka Red
Cross Hospital Ethical Committee, and informed consent was
obtained from all patients.

Immunohistochemical staining. Immunohistochemical staining
for REG Iu was performed with a LSAB-2 kit (DAKO, Kyoto,
Japan) as described previously (Yamagishi ef al, 2009), using anti-
human REG Ix antibody (dilution 1:1000). The monoclonal
antibody for human REG Iu was generated against human REG Iu
corresponding to positions 23-166 of the deduced human REG I«
(Watanabe et al, 1990). The specificity of the antibody was proven
by not only western blot analysis (Watanabe et al, 1990) but also
immunohistochemistry (Satomura et al, 1993). Finally, the sections
were incubated in 3,3'-diaminobenzide tetrahydrochloride with
0.05% H,O, for 3min and then counterstained with Mayer’s
haematoxylin. The percentage of cancer cells stained with
anti-human REG Io antibody was evaluated. A specimen was
considered positive when >10% of cancer cells were stained.
When <10% of cancer cells were stained, immunostaining was
considered negative. When multiple biopsy samples were obtained
from the lesion, the patient was considered as positive if at least
one sample is positive.

Transfection and expression of the human REG Io ¢cDNA in
gastric cancer cell line. A human gastric cancer cell line AGS was
maintained routinely in Ham’s F12 medium (Invitrogen, Grand
Island, NY, USA) with 10% fetal bovine serum (Sigma Chemical
Co., St Louis, MO, USA) in a humidified incubator at 37 °C with an
atmosphere of 5% CO,.

The full-length human REG Ir ¢cDNA was inserted in the
pIRES2-EGFP vector (Clontech, Palo Alto, CA, USA). The
construct was named pIRES2-hREG Io, and the pIRES2-EGFP
vector without an insert was used as control. The AGS cells, stably
transfected with pIRES2-hREG I (AGS-REG Ix) or pIRES2-EGFP
(AGS-EGFP) vectors, were prepared as previously described
(Sekikawa et al, 2005).

Cell survival assay. 5-Fluorouracil (5-FU; Wako Pure Chemical
Industries, Ltd, Osaka, Japan) and CDDP (Wako) were dissolved in
dimethylsulphoxide and then diluted in culture medium for
experiments. The AGS-REG Iu cells or AGS-EGFP cells (2 x 10%)
were plated in 12-well microplates (IWAKI, Funabashi, Japan).
The cells were then treated with 5-FU (0.2-20 mm) or CDDP
(1-100 M) in serum-free medium for 30h. Thereafter, both
floating and attached cells were collected, and the number of
surviving cells was evaluated by Trypan blue exclusion.

Cell death assay. The AGS-REG Io cells or AGS-EGFP cells
(2.5 x 10°) were plated in 6cm dishes (IWAKI). The cells were
treated with 5-FU or CDDP for 24h and collected as described
above. After washing with PBS, the cells were incubated with
propidium iodide in binding buffer in accordance with the
manufacturer’s protocol. Stained cells were analysed on a
FACScalibur flow cytometer (Becton Dickinson, Franklin Lakes,
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<37 40 (57.4%) 4.8 0.622 12.8 0.317
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Abbreviations:  ALP=alkaline phosphatase; CA=carbohydrate antigen; CEA=

carcinoembryonic antigen; OS=overall survival; PFS=progression-free survival; S-1/
CDDP =S$-1 and cisplatin.

NJ, USA), and the data obtained were analysed using CELL-
QUEST software (Becton Dickinson).

Statistical analysis. Statview 5.0] statistical software (Abacus
Concepts Inc,, Berkeley, CA, USA) was used for all analyses.
Cumulative survival rate was evaluated by the Kaplan-Meier
method and analysed by the log-rank test. The %* analyses were
performed to investigate the relationship between REG Io
expression and clinicopathological features, and Fisher’s exact
analyses were also used, as necessary. Univariate and multivariate
Cox regression analyses were used to examine whether REG Iu
expression was an independent predictor of PFS or OS. All values
were expressed as the mean * s.e.m. The data for cell survival and
death were analysed using unpaired two-tailed f-test. The P-values
of <0.05 were considered to indicate statistical significance.

Outcome of first-line treatment with $-1/CDDP in patients with
stage IV unresectable GC. A total of 348 cycles (median of 5.0
cycles for each patient (range 1-17)) of §-1/CDDP treatment were
administered. Median follow-up period was 12.4 (mean 12.8; range
2-42) months. No treatment-related deaths were identified during
the study. Among the 70 patients treated with §-1/CDDP, 2 (2.9%)
showed a complete response and 23 (33%) showed a partial
response, giving an overall response rate of 36%. The median PFS
and OS for the patients overall were 5.4 months (95% CI, 4.8-6.2)
and 12.3 months (95% CI, 11.1-13.5), respectively (Supplementary
Figure 1). Regarding the relationship between outcome and
response to S-1/CDDP treatment, the median OS was significantly
longer in responders (18.3 months, 95% CI, 16.1-20.5) than in
nonresponders (9.3 months, 95% CI, 7.9-10.8, P=10.0002). These
outcomes were consistent with previous reports describing
S-1/CDDP treatment in patients with unresectable GC (Koizwmi
et al, 2008).

Relationship between PFS or OS and clinicopathological
features. In patients with scirrhous-type GC, PES tended to be
shorter (P=0.058, Table 1) and OS was significantly shorter
(P=10.028, Table 1) than those in patients with nonscirrhous-type
GC. None of the other parameters, including age, gender,
performance status, Lauren’s classification, liver metastasis,
peritoneal dissemination, number of metastatic organs, serum
albumin, ALP, CEA, or CA19-9, had a significant relationship to
PES or OS (Table 1).

Relationship between REG Io expression and clinicopathological
features in patients with unresectable GC. The expression of
REG Iu was evaluated immunohistochemically in biopsy samples
from patients with unresectable GC before chemotherapy. Among
the 70 patients examined, 19 (27%) were positive for REG
Ioc expression (Figure 1). Regarding the clinicopathological features
in patients with stage IV GC, REG Il expression showed no
relationship to any of the clinicopathological features investigated
(Supplementary Table 1).

REG Io expression is predictive of response to S-1/CDDP
treatment. We examined the relationship between REG I«
expression in pretreatment biopsy samples and the subsequent
response to S-1/CDDP treatment. Among the 19 patients with
REG Io-positive unresectable GC, only 1 (5%) showed partial
response to S-1/CDDP treatment, whereas the remaining 18
patients showed stable or progressive disease. In contrast, among
the 51 REG Iu-negative patients, 2 had a complete response and 22
had a partial response; that is, 47% of REG Ix-negative patients
responded to S-1/CDDP treatment. The difference in response to
S-1/CDDP treatment between the REG Iu-positive and REG Io-
negative groups was significant (P = 0.0084; Table 2).
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Figure 1. Immunostaining of REG I« in biopsy samples obtained from gastric cancer tissues. The biopsy samples were obtained before
chemotherapy (A, B, and D) and after disease progression (C). (A) The REG la-negative gastric cancer (diffuse type). (B) The REG la-positive gastric
cancer (intestinal type). (C) The REG la-positive gastric cancer (diffuse type). This sample was obtained from the same patient as that in (A) when he
developed disease progression after S-1/CDDP treatment. (D) The REG la-positive signet-ring cell carcinoma (diffuse type).

expression with response to.

REG la expression

Negative Positive P-value
CR 2 0
PR 22 1 0.0084
SD 13 6
PD 14 12

Abbreviations: CR==complete response; PD = progressive disease; PR=partial response;
REG la = regenerating gene l«; SD =stable disease; S-1/CDDP = S-1 and cisplatin.

Moreover, we investigated whether the expression of REG I
changed in patients with unresectable GC after disease progression.
Among the 10 patients whose GC had been negative for REG Iu
before S-1/CDDP treatment, 8 became positive for REG I« after
disease progression (Figure 1).

REG Io expression is prognostic for patients with unresectable
GC treated with S-1/CDDP. To evaluate the prognostic sig-
nificance of REG Io expression in patients treated with S-1/CDDP,
we constructed Kaplan-Meier curves (Figure 2). The patients with
REG Io-positive GC had a significantly worse PFS than those
without (P =0.0004, Figure 2A). In addition, the patients positive
for REG Io had a significantly worse OS than those who were
negative (P =0.015, Figure 2B).

To confirm whether GC patients are possible to be subdivided,
we classified GC patients into four groups according to REG index
in biopsy samples as follows: group 0 (0%, n=137), group I (1-9%,
n=14), group II (10-49%, n=12), and group III (50-100%,
n=7). The PES and OS were not significantly different between
group 0 and group I but those were significantly worse in group II
than in group I (P=0.015 and 0.024, respectively). On the other
hand, PFES and OS were not significantly different between group II

and group III, although these were significantly worse in group
TI/III than in group I (P=0.0005 and 0.0261, respectively).

We next examined whether REG Iz expression is an
independent factor predictive of PFS and OS. Univariate analysis
indicated that macroscopic type as well as REG o expression was
predictive of PFS in patients with unresectable GC after S-1/CDDP
treatment (P=0.058 and 0.0004, respectively). Furthermore,
multivariate analysis revealed that REG Io expression was
an independent factor predictive of PFS in these patients
(P=0.002, Table 3).

With regard to OS in the patients investigated, univariate
analysis showed that macroscopic type and REG Ix expression
were predictive factors. Similarly for PFES, multivariate analysis
revealed that REG I expression was an independent factor
predictive of OS in patients with unresectable GC after S-1/CDDP
treatment (P = 0.037, Table 3).

Although we performed multivariate analysis by adding two
more categories (liver metastasis and other metastasis) in multi-
variate analysis for PFS, REG Iu expression remained to be an
independent factor predictive of PFS in patients with GC after
S-1/CDDP treatment (P=0.0075). On the other hand, we added
two more categories (age and location) in multivariate analysis for
OS. The expression of REG Ia was also an independent factor
predictive of OS in these patients (P=0.047).

Effects of REG Iz gene induction on resistance to anticancer
drugs in GC cells. We next examined the effect of REG I gene
induction in GC cells treated with 5-FU or CDDP in terms of cell
survival. The survival rate of gastric cancer cells decreased in a
dose-dependent manner when they were treated with 5-FU or
CDDP (Figure 3). Thus, the survival rate was significantly higher in
the AGS-REG Io group than in the AGS-EGFP group when cells
were treated with 5-FU at concentrations of 0.2-20 mm (P<0.001,
Figure 3A). Similarly, the survival rate was significantly higher in
the AGS-REG I« group when treated with CDDP at concentrations
of 1-100 um (P<0.001, Figure 3B). Conversely, FACS analyses
revealed that the number of propidium iodide-positive cells
was significantly smaller in the AGS-REG I« group than in the
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Figure 2. (A) Progression-free survival (PFS) and (B) overall survival (OS) according to REG lu expression in patients with unresectable stage IV GC
who received first-line treatment with S-1/CDDP. Kaplan-Meier curves were constructed and pairwise differences were analysed by log-rank test.
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Figure 3. Effects of REG Iz gene induction on resistance to anticancer drugs in gastric cancer cells. Human gastric cancer AGS cells stably
transfected with pIRES2-hREG lo (AGS-REG la) or pIRES2-EGFP (AGS-EGFP; control) plasmid were treated with 5-FU (A, 0.2-20 mm) or CDDP
(B, 1-100 um) for 30h. The percentage of viable cells was then evaluated, as described in Materials and Methods. All results are expressed

as the means +s.e.m. of four samples. *P<0.001 vs AGS-EGFP at the same dose point.

AGS-EGFP group when cells were treated with 5-FU (P<<0.05, et al, 2011). Supporting those data, the present study showed that
Figure 4A and B) or CDDP (P<0.0001, Figure 4C and D), not only PFS but also OS was significantly longer in responders to
suggesting that induction of the REG In gene played a role in  S-1/CDDP treatment than in nonresponders. Thus, the outcome in
conferring resistance to anticancer drug-induced cell death. patients with unresectable GC is markedly dependent on the
response to first-line chemotherapy. In this context, it is very
important to identify biomarkers that can be used to predict the
responses of such patients to first-line chemotherapy. Therefore, in
the present study we investigated the expression of REG I« in
Recent studies have suggested that the tumour response to first-line  biopsy samples before chemotherapy and subsequently showed
chemotherapy is strongly correlated with PFS and/or OS in that REG Io expression is a useful biomarker for predicting not
patients with unresectable GC (Ichikawa and Sasaki, 2006; Kodera  only the response to S-1/CDDP treatment but also PES and OS in
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Figure 4. Effects of REG I« gene induction on cell death induced by anticancer drugs in gastric cancer cells. The AGS-REG lo or AGS-EGFP
cells were treated with 5-FU (A and B, 20 mwm) or CDDP (C and D, 100 um) for 24 h. The cells were then stained using propidium iodide and analysed
by flow cytometry to evaluate the percentage of dead cells, as described in Materials and Methods. All results are expressed as the means +s.e.m.

of four samples.

patients with unresectable GC. Previously, we and others have
suggested that REG Iu expression might be applicable as a marker
for prediction of OS in GC patients; however, those studies
included patients with various stages of GC receiving a variety of
treatments (Dhar et al, 2004; Yamagishi et al, 2009). On the other
hand, the patients investigated here were homogeneous in terms of
both stage and the type of first-line chemotherapy. Although this
investigation was designed as historical cohort study, it is tempting
to conclude that REG I expression has potential promise as a
biomarker for predicting the response to S-1/CDDP treatment
and subsequent PFS and OS in patients with unresectable GC.
Furthermore, it is noteworthy that REG Io expression was
examined in biopsy samples before chemotherapy. Numerous
molecules have been reported as prognostic markers in GC
patients, and supportive evidence has been obtained using mainly
surgically resected samples. Although surgical specimens are more
suitable than biopsy samples for examining the expression of target
molecules, it would be clearly more desirable to examine the
presence of predictive biomarkers in samples that can be easily
obtained before treatment, such as biopsied tissues. In this context,
as demonstrated in the present study, REG Io may be a valuable
biomarker for practical assessment of patients with unresectable
GC. On the other hand, several studies have suggested that GC
patients in high PS score (PS>>2) show worse prognosis compared
with ones in low PS score (PS<2) when they were treated with
chemotherapy (Chau et al, 2004; Lee et al, 2007). In the present
study, we divided the patients into PSO and PS1-2 groups, because
the number of PS2 patients was small (n=8). This may be
rationale that we found no relation between prognosis and PS
status.

During the follow-up periods, we had a chance to obtain biopsy
samples from patients who showed resistance to S-1/CDDP
treatment and apparent progression of their disease. Interestingly,

we found that some REG Io-negative patients became positive
when the first-line chemotherapy failed, implying that GC may
begin to express REG Io during acquisition of resistance to
chemotherapy. On the other hand, as GC lesions are not
homogeneous in terms of REG I expression, we cannot exclude
the possibility that initial biopsy samples had been accidentally
obtained from REG Iu-negative parts of the lesions. However, like
the REG IV gene, it is likely that repeated exposure to cytotoxic
chemotherapeutic reagents had induced the expression of the
antiapoptotic REG I gene (Violette et al, 2003). Although our
preliminary data need to be reconfirmed in further experiments
using a cell-biological approach, REG I« appears to have potential
utility as a marker for predicting susceptibility to chemotherapy in
patients with unresectable GC.

How, then, does REG Iu confer resistance to chemotherapy in
GC cells? Previous studies have indicated that activation of the
antiapoptotic pathway, overexpression of multidrug transporter
proteins, and activation of enzymes capable of metabolising
chemotherapeutic drugs are involved in resistance of chemother-
apy (Longley et al, 2003; Tsuruo ef al, 2003; Matsubara et al, 2008;
Zhang et al, 2011). We have previously shown that REG Io exerts
its antiapoptotic effect by activating Akt signalling and its
downstream Bad phosphorylation and Bcl-xL  expression
(Sekikawa et al, 2005, 2008), suggesting that REG Io confers
resistance to chemotherapy by activating the antiapoptotic path-
way in GC cells. In the present in vitro studies, we examined the
effect of REG Iu gene induction on resistance to 5-FU and CDDP
in GC cells. Subsequently, REG Iu-overexpressing GC cells showed
significant resistance to those chemotherapeutic agents in compar-
ison with control GC cells, although the difference between the two
groups was not as great as we had expected. Conversely, this
finding may be reasonable if REG Iu plays a role as only one of
several antiapoptotic molecules, and does not activate multidrug

400

www.bjcancer.com | DOI:10.1038/bjc.2012.572

— 299 —



REG I as a biomarker in chemotherapy for gastric cancer

BRITISH JOURNAL OF CANCER

transporter proteins or chemotherapeutic drug-metabolising
enzymes. Clearly, however, further studies will be needed to clarify
the mechanism by which REG Ia confers resistance to chemother-
apy in GC cells.

In summary, we have shown that REG Ix is a potential marker
for predicting not only resistance to $-1/CDDP treatment but also
the outcome in patients with stage IV GC. Moreover, our in vitro
studies have demonstrated that REG Io gene induction confers
resistance to the treatment with 5-FU or CDDP in GC cells. In the
context of potential clinical application, these data suggest that
REG I could be a target of anticancer therapy, and that its
expression would be a useful marker for allocation of individua-
lised chemotherapy.
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