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Figure 2. Results of the correlation between the objective response and the Hidaka RF output classification (HROC). CR, complete response; PR, partial response;
SD, stable disease; CRPD, local CR but distant PD: PD, progressive disease. Grade: pathological complete response (pCR), grade 1bPD: local grade 15 but PD.

Tumors using MRI and PET/CT (16). Each resected specimen
was examined for histological changes based on the histo-
logical criteria of the Japanese Classification of Colorectal
Carcinoma. The CRPD group included patients in whom
local tumors showed a complete response (CR), although
new distant metastasis appeared. For the response assessment
8 weeks after HCRT, we evaluated CR as disappearance of the
tumor on PET/CT and MRI and a positive to negative change
in PET/CT. Adverse effects of these treatments were evaluated
based on the criteria defined by the Common Terminology
Criteria for Adverse Events (17).

Statistical analysis. SPSS Statistics (IBM, Armonk,NY, USA)
version 21 was used to analyze all data. Mean values were
compared using the Student’s t-test. All reported p-values are
two-tailed and were considered significant at P<0.05.

Results

Table I shows the patient characteristics. One patient had
grade 3 perianal dermatitis. Only 2 patients with grade 2 disease
wanted to decrease the dose of capecitabine (complete treat-
ment, 96.1%). No output limiting symptoms were observed in
63.5% of the patients, whereas 30.2% suffered pain, and 2.0%
had subcutaneous induration.

Good local control (ypCR + CR + CRPD) was observed
in 32.7% of the patients in this study. Pathological complete
response (ypCR) was observed in 15.7% of the total 51 patients
and in 24.2% of the 33 patients who underwent surgery. Patients
underwent surgery 8 weeks after HCRT. Abdominoperitoneal
resection, lower anterior resection. intersphincteric resec-
tion, and partial resection were performed in 25, 43.7, 21.9,
and 9.4% of the patients, respectively. One patient could
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Figure 3. Results of the correlation among the objective response, the Hidaka RF output classification (HROC), and the incidence of output limiting symptoms.
No output limiting symptoms, 1 output limiting symptoms, and 22 output limiting symptoms during the 3 thermal treatments are represented as 0, 1/5 and 2/5,
respectively. CR, ph ponse; PR. partial response; SD. stable disease: CRPD. local CR but distant PD; PD. progressive discase. Grade: pathological
complete response (pCR), grade 1bPD: local grade Ib but PD.
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Figure 4. Changes in rectal and skin temperatures during RF thermal treatment. (@) Rectal temperatures and (b) skin temperatures, Others: minor response
[grade 2+ 1b + Ja + complete response (CR) + partial response (PR) + stable disease (SD)]. The results are presented as means + standard errors. Significant
differences were achieved {see table above) (P<0.05). PD, progressive disease: ypCR, pathological complete response.

not undergo resection of the primary tumor, and 5 patients 13 (3 CR and 10 PR, SD) patients refused surgery mainly due
could not undergo surgery due to progressive disease (PD);  to a permanent colostomy. Complete pathological response
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Figure 5, Changes in rectal and skin during irradiati

(50 min) based on the incidence of output limiting symptoms and the objective response.

{2} Rectal temperatures and (b) skin temperatures. The results are presented as means & standard errors. Significant differences were achieved (see table above)

(P<0.05). PD, progressive disease: ypCR. pathological complete response.

(ypCR), grade 2, grade 1b. and grade la were observed in
25.0, 31.3,21.9, and 18.8% of 32 patients, whose tumors were
resected, respectively. Two patients with grade 1b showed PD.
A change from T2 to TO was observed in 66.7%, T3 to T2 and
TO in 69.4%, T4 10 T2 and T3 in 50.0%, N(+) to yN{-) in 66.7%.
and MO to M1 in 8.7% of the patients.

Fig. 1 illustrates the discrepancies between clinical and
histological responses; CR and partial response (PR) were
observed in 357 and 25.0% of patients showing ypCR, respec-
tively, whereas no ypCR was observed in patients with both
stable discase (SD) and PD.

Fig. 2 illustrates the results of the correlation between
objective response and the HROC. Eight patients with ypCR
presented with 210 points, whereas 4 patients with PD also
presented with 210 points. There was no patients with ypCR
among those with <9 points in the HROC.

Fig. 3 shows the results of the correlation between objec-
tive response, the HROC, and the incidence of output limiting
symptoms. Patients with ypCR either experienced output
limiting symptoms or were free of output limiting symptoms.
PD was not observed in patients with 217 points without output

limiting symptoms, whereas ypCR was not observed in patients
with <9 points. Three patients with PD (CRPD+grade 1bPD)
and output limiting symptoms presented with 217 points.

Fig. 4 illustrates the changes in rectal (Fig. 4a) and
skin (Fig. 4b) temperatures during RF thermal treatment
for 50 min. based on the HROC and objective response. For
<9 points, the rectal temperature of PD patients was increased
significantly when compared with the rectal temperature of
the others, while, skin temperature of the others was slightly
increased. For 10-16 points, the rectal temperature of the ypCR
patients was significantly increased when compared with the
rectal temperature of the others, while, skin temperatures of
the PD patients was significantly increased when compared
with skin temperatures of patients with pyCR and others
(P<0.05). In regards to =17 points, rectal and skin tempera-
tures of the ypCR patients were significantly increased when
compared with these temperatures of others and PD (P<0.05).

Fig. 5 shows the changes in rectal (Fig. 5a) and skin (Fig. 5b)
temperatures during RF treatment for S0 min, based on the inci-
dence of output limiting symptoms and objective response. In
patients without output limiting symptoms, rectal temperature
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of the PD patients was significantly increased than those
of others, while skin temperature of the ypCR patients was
significantly increased when compared with the skin tempera-
ture of the others (P<0.05). In patients who suffered output
limiting symptoms once during the 5 treatments, both rectal
and skin temperatures of the ypCR patients were significantly
increased when compared with those of the other responses
(P<0.05). However, in patients who experienced output limiting
symptoms 22 times, both rectal and skin temperatures of the
PD patients showed significantly higher temperature increases
than those with others and ypCR (P<0.05).

Based on the results of Figs. 4 and 5, two types of patients
were identified: patients with or without increased tempera-
tures, and consequently, those who benefited or those who
did not; and patients with or without increased temperatures
in both the ypCR and PD groups, even though they received
similar RF outputs.

Discussion

In this retrospective and prospective study, we aimed to
cstablish a standardized protocol for RF hyperthermia safety,
and 157, 7.8, and 7.8% of patients experienced ypCR, CR,
and CRPD, respectively; 31.4 and 13.7% of patients showed
good local control (ypCR + CR + CRPD) and PD (CRPD
+ grade 1b PD + PD), respectively. All ypCR cases had
210 points, while no ypCR patients presented with <9 points
according to the HROC. We also demonstrated that there
were two types of patients: patients with or without increased
temperatures and who consequently received a benefit or not
from treatment, even though they received similar RF outputs.
Previously, we had reported that all patients with clinical CR
showed significantly higher increases in temperatures than
those with other responses. whereas in PR + SD patients
the increase of temperature or not depended on whether the
patients experienced any output limiting symptoms or not, and
consequently, had good or poor outcomes (15). Our results
indicate that increased temperatures correlate with the clinical
response but not the histological response; increased tempera-
tures served to control tumors but not kill tumor cells.

Randomized NART for rectal cancer showed a ypCR
rate ranging from 13 to 20%, with grade 3 toxicity ranging
from 6 to 25% (18). Oxaliplatin-based neoadjuvant chemo-
therapy resulted in an increase in ypCR rates and grade 3
toxicity (19-21). For rectal cancers, NART plus capecitabine
showed a ypCR rate ranging from 6.7 to 31%, with grade 3
toxicity ranging from 5 to 15% (22). Capecitabine plus IRMT
showed a ypCR ranging from 14.1 to 30.6%, with grade 3
toxieity ranging from 11.1 to x17.6% (23). Lu er al reported
a ypCR rate of 20%, grade 3 toxicity of 22%, and PD rates
of 17% (24). Whereas NACR showed superior local tumor
control and higher rates of side effects than our results, most
studies failed to report PD cases.

The correlation between the efficacy of hyperthermia and
temperature has been reported (25). Based on our results and
other reports of NART, the following two questions were raised:
i) no ypCR was observed among patients with <9 points, and
ii) ypCR patients did not have increased temperature, but had
a good outcome. These questions may be pivotal in predicting
the response to hyperthermia based on the control mechanism

SHOM er al: RADIOFREQUENCY THERMAL TREATMENT FOR RECTAL CANCER

of a set point of core temperatures and thermoregulation in
individual patients.

In this study, we analyzed skin temperature as a simple
reproducible marker. Thermal control of skin temperature
depended on a fundamental homeostatic function. Therefore,
skin thermoregulation depends on the thermoregulatory center
and thermoreceptors on the skin (26). Recently an association
was observed between thermoregulation and the transient
receptor potential (TRP) family; TRP vaniloid-1 was one of
the important factors for thermoregulation and was activated
at a noxious heat range (>43°C) or at temperatures above 32°C,
and it was correlated with pain threshold (27-29). The correla-
tion between the TRP family and thermal treatment will be
considered in the future.

In conclusion, we proposed a standardization of RF
thermal treatment safety. Neothermia with chemoradiation
is a potential new treatment for rectal cancer; further studies
on preventing output limiting symptoms and evaluating ther-
moregulatory control mechanisms in individual patients are
needed in the future.
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ABSTRACT

Heat shock protein (HSP) expression is induced by the exposure to stress,
such as fever, oxidative stress, chemical exposure, and irradiation. In cancer, HSP
promotes the survival of malignant cells by inhibiting the induction of apoptosis.
In colorectal cancer, a loss-of-function mutation of HSP110 (HSP110AE9) has been
identified. HSP110AE9 inhibits the nuclear translocation of wild-type HSP110, which
is important for its chaperone activity and anti-apoptotic effects. The patients carrying
HSP110AE9 mutation exhibit high sensitivity to anticancer agents, such as oxaliplatin
and 5-fluorouracil.There is still insufficient information about HSP110 localization,
the clinicopathological significance of HSP110 expression, and its association
with chemotherapy resistance in gastric cancer. Here, we found that high nuclear
expression of HSP110 in gastric cancer tissues is associated with cancer progression,
poor prognosis, and recurrence after adjuvant chemotherapy. In vitro results showed
that HSP110 suppression increases the sensitivity to 5-fluorouracil and cisplatin of
human gastric cancer cell lines. Our results suggest that nuclear HSP110 may be a
new drug sensitivity marker for gastric cancer and a potential molecular therapeutic
target for the treatment of gastric cancer patients with acquired anticancer drug
resistance.

INTRODUCTION

Gastric cancer is one of the most common cancers
worldwide and it is particularly prevalent in Asia [1]. Patients
with carly-stage gastric cancer have a good prognosis
following endoscopic or surgical treatment [2], but advanced
or recurrent gastric cancer patients have high mortality
rates, due to chemotherapy resistance [3]. Therefore, the
investigations of the mechanisms of chemotherapy resistance
are necessary, in order to improve patient outcomes.

Heat shock proteins (HSPs) are molecular
chaperones that facilitate the proper folding and function
of proteins. The expression of HSPs is induced by the
exposure to stress, such as fever, oxidative stress, chemical
exposure, and irradiation [4. 5]. HSPs provide protection
against protein aggregation, facilitate folding of nascent

polypeptides, participate in the refolding of proteins that
have been damaged, and sequester damaged proteins
and target them for degradation [6, 7]. Mammalian HSPs
are classified into several protein families based on their
molecular weight, namely HSP25/HSP27, HSP40, HSPGO,
HSP70, HSP90, and HSP110 (also called HSP103)
families [8, 9]. HSP70 family proteins are expressed in the
cytoplasm and nucleus of mammalian cells [10]. HSP105a
and HSP 1058, the alternatively spliced products of HSP110
family, are expressed in the cytoplasm (HSP105e) and in
nucleus (HSP105p) [11]. Previously, it was reported that
nuclear HSPs behave as molecular chaperones in cells [10].

HSPs were shown to be overexpressed in a
wide range of human carcinomas, including both solid
tumors and hematological malignancies [7, 12, 13]. In
cancer, HSP promotes the survival of malignant cells by
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protecting several oncoproteins from degradation and
inhibiting the induction of apoptosis. This suggests that
HSP roles are beneficial for cancerous cells and therefore
deleterious for cancer patients [14]. High levels of HSPs
may correlate with poor prognosis in several types of
cancer. For example, high levels of HSP27 were shown
to correlate with poor prognosis in ovarian cancer [15],
and HSP60 overexpression was correlated with tumor
progression and poor prognosis in colon cancer [16]
and prostate carcinoma [17]. The elevated expression of
HSP70 is associated with poor prognosis in breast [18] and
endometrial {19] cancers, while high HSP90 expression is
associated with poor prognosis in invasive ductal breast
carcinoma [20] but with good prognosis in endometrial
cancer [19]. Furthermore, it was reported that various
HSPs, including HSP70 and HSP90, are associated with
increased chemosensitivity and may represent potential
therapeutic targets in refractory malignancies {21-23].

Antitumor response generated by autologous tumor-
derived HSP/GRPs (e.g., Hsp70, Hsp90, Grp94/gp96, and
calreticulin has been well documented {9, 24, 23], Studies
over the last decade showed that certain tumor-derived
HSPs can serve as effective cancer vaccines, and this
has been attributed to an HSP-carried peptide antigenic
“fingerprint” of the tumor [24, 26-29].

Dorard et al. identified a loss-of-function mutation
of HSPI10 (HSPIIOAEY) in colorectal cancers with
microsatellite instability [30]. HSP110AEY Jacks a substrate-
binding domain, and it is unable to play a role of a molecular
chaperone for other HSPs (HSP70 or HSP27). Mutant
HSPII0AEY protein associates with wild-type HSP110,
blocking its translocation into the nucleus and its chaperone
functions. Therefore, HSP110AE9 overexpression enhances
the sensitivity of tumors to anticancer agents, such as
oxaliplatin and S-fluorouracil (3-FU) [30].

0

1+

However, HSP110 localization, its  clinico-
pathological significance, and its  association with
chemotherapy resistance in gastric cancer have not been
completely elucidated. The objectives of this study were
to clarify the significance of HSP110 expression in gastric
cancer patients and to assess the effects of HSP110
suppression on chemosensitivity.

RESULTS

Clinical significance of nuclear HSP110
expression in gastric cancer patients

Nuclear HSPI10 expression was immunohis-
tochemically evaluated using a tissue microarray that
included 210 gastric cancer samples. HSP110 expression
in cancer tissues was higher compared with non-cancerous
tissugs. In the cancer tissues, nucleus and eytoplasm were
positive for HSP110 immunostaining (Figure 1A and 1B).
In non-cancerous tissues, no or weak staining was
observed for HSP110. Nuclear HSP110 expression scores
in 210 gastric cancer samples were as follows: 0, 17
(8.1%) samples: 1+, 72 (34.3%) samples; 2+, 80 (38.1%)
samples; and 3+, 41(19.5%) samples. Eighty-nine
(42.4%) samples were included in the low expression
group. and 121 (57.6%) samples were included in the
high expression group. The relationship of auclear
HSPI10 expression and clinicopathological factors
from 210 gastric cancer patients is presented in Table 1.
High nuclear expression of HSP110 was significantly
associated with venous invasion (P = 0.0464). The
overall survival rate in the high expression group was
significantly lower compared with the low expression
group (P = 0.0169; Figure 2}. Multivariate regression
analysis revealed that high expression of nuclear

3+

Figure 1: Immunohistochemical staining of HSP110 in primary gastric cancer samples. (A) Cancerous tissue; (B) Non-
cancerous tissue (original magnification, « 200), (C) Tissue microarray samples (original magnification, 200 x). The intensity of nuclear

HSP10 staining was scored as follows: 0, no staining: 1+, weak staining: 2+, moderate staining: 3+, strong staining.
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Table 1: The relationship between clinicopathological characteristics of gastric cancer patients and

the nuclear HSP110 expression levels

HSP110 expression in gastric caneer {(n = 210)

Factors
Low (n=89) High (n =121) P value
Age (mean = standard error) 63.1x1.2 65710 0.1007
Gender, 7 (%)
Male 66 (44.9%) 81 (55.1%) 0.2574
Female 23 (36.5%) 40 (63.5%)
Histology. 7 (%)
Well, Moderate 33 (41.8%) 46 (58.2%) 0.8897
Poor, Signet 56 (42.7%) 75 (57.3%)
Depth, # (%)
sm, mp, §8 48 (40.7%) 70 (59.3%) 0.8266
se. si 41 (44.6%) 51(55.4%)
Lymph node metastasis, 7 (%)
Absent 30 (44.8%) 37 (55.2%) 0.6311
Present 59 (41.3%) 84 (58.7%)
Lymphatic invasion, n (%)
Absent 9 (47.4%) 10 (52.6%) 0.6459
Present 80 (41.9%) H1{58.1%
Venous invasion. 7 (%)
Absent 71 (46.7%) 81 (53.3%) 0.0464*
Present 18 (31.6%) 39 (68.4%)
Stage, 1 (%)
[ 12 (36.4%) 21 (63.6%) 0.5754
1 33 (47.8%) 36 (52.2%)
m 35(42.79%) 47 (57.3%)
v 9 (34.6%) 17 (65.4%)
*P < 0.05.

Well: well differentiated, Moderate: moderately differentiated. Poor: poorly differentiated, Signet: signet ring cells,
sm: submucosa, mp: muscularis propria. $s: subserosa, se: serosa exposed, si: serosa infiltrating.

HSPIIO is an independent prognostic factor for
gastric cancer outcome (7 = 0.0068), as are the tumor
depth (2 < 0.001) and venous invasion (P = 0.0276:
Table 2). Additionaily. we assessed cytoplasmic HSP110
expression in 210 gastric cancer tissue samples. No
significant difference in prognosis was observed
between the cytoplasmic HSP110 high expression group
and low expression group (P = 0.6884, Supplementary
Figure S1). Furthermore. additional analysis was
performed in order to evaluate the significance of total
HSP110 expression in gastric cancer tissues. The high
cytoplasmic and nuclear HSPI10 expression groups

were defined as total HSP110 high expression group
(n = 74). The low cytoplasmic and nuclear HSP110
expression groups were defined as total HSP1HO low
expression group {n = 73). There was no significant
prognostic difference between the total HSP110 high
expression group and low expression group (P = 0.2021,
Supplementary Figure S2). The relationship between
total HSP110 expression and clinicopathological factors
is shown in Supplementary Table S1. No significant
relationships  were  found between total HSP110
expression and clinicopathological factors, with the only
exception being patients’ ages.
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Prognostic significance of nuclear HSP110
expression in gastric cancer patients who
received adjuvant chemotherapy

Forty-cight of the 210 gastric cancer patients
received 5-FU-based adjuvant chemotherapy. We evaluated
the correlation between nuclear HSP110 expression and
prognosis in these patients (Figure 3A and 3B). Among
patients who received adjuvant chemotherapy, the
overall survival rate in the high expression group was
significantly lower compared with the low expression
group (P = 0.0364). There was no significant difference
in discase-free survival between the two groups, but the
disease-free survival rate in the high expression group
tended to be lower compared with the low expression
group (£ = 0.0743).

HSP110 expression in gastric cancer cell lines

HSP110 expression was detected using western blot
in all human gastric cancer cell lines (MKN7, MKN43,
MKN74, AZ521) (Figure 4A). MKN7 and MKN45 were
further used for the in vitro analyses of the effects of
HSP110 suppression in gastric cancer cell lines. HSP110
expression was suppressed in MKN7 and MKN45 cells
treated with HSP110 siRNA (Figure 4B and 4C).

The effects of HSP110 suppression on the
chemosensitivity of gastric cancer cell lines

We evaluated the correlation between HSP1IO
suppression and the chemosensitivity of gastric cancer cell
lines. Following HSP110 knockdown, MKN7 and MKN45

cells were treated with 5-FU or cisplatin. The sensitivity
to 5-FU and cisplatin of HSP110 siRNA-trcated cells was
significantly higher compared with the parent and control
cells (P < 0.03; Figure 4D).

DISCUSSION

Here, we determined that high nuclear expression
of HSP110 in gastric cancer tissues is associated with
cancer progression and poor prognosis. Among patients
who received adjuvant chemotherapy, those included in
the high HSP110 expression group showed significantly
shorter overall survival compared with the low expression
group. In vitro study showed that HSP110 suppression
increases the sensitivity to 3-FU and cisplatin in human
gastric cancer cell lines.

Immunohistochemical analysis demonstrated that
the high expression of nuclear HSP110 is assoctated with
poor overall survival. Based on the multivariate analysis of
the factors affecting overall survival, the high expression
of nuclear HSP110 was shown to be an independent
prognostic factor. Previously, it was reported that the high
expression of HSP110 is associated with poor prognosis
in lung adenocarcinoma [31] and colorectat cancer [32],
and our results are consistent with these reports. The
chaperoning properties of HSP110 are integral to the
ability of these molecules to modulate immune functions
and for the development of large chaperone complex
vaccines for cancer immunotherapy [9]. Nakajima er al.
reported that high cytoplasmic HSP110 expression induces
CD4+ T lymphocyte infiltration, which was shown to be
associated with good prognosis in esophageal cancer [33].
We assessed total and cytoplasmic HSP110 expression

1.0—= Nuclear HSP110 low expression (0, 1+)
n=89

0.8
2
&
g 06
g Nuclear HSP110 high expression (2+, 3+) Saoene
% n=121
® 0.4
[
>
o]

0.2

P=0.0169
00 f 1 1 T ; !
0 10 20 30 40 50 60
Months after operation

Figure 2: Overall survival of gastric cancer patients according to the nuclear HSP110 expression. The overall survival in
the nuclear HSP110 high expression group was significantly shorter compared with the low expression group (7 = 0.0169).
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Table 2: Univariate and multivariate analyses of clinicopathological factors affecting overall

survival rates after surgery

Univariate analysis

Multivariate analysis

Clinicopathological variables

RR 95% CI Pvalue RR 95% C1 P value
Age ( < 65 years/ > 65 years) 1.11 0.90-1.37 0.3209 - - -
Gender (male/female) 0.9 0.71-1.13 0.3873 - - -
Histology (differentiated/undifferentiated) 111 0.89-1.38 0.3546 - - -
Depth (sm., mp, ss/se, si) 1.83 1.48-2.29 0.0000% | 1.74 1.39-2.19 < 0.001*
Lymph node metastasis (absent/present) 1.39 1.24-2.11 0.0002* | 1.31 0.99-1.78 0.0579
Lymphatic invasion {absent/present) 1.88 1.15-3.79 0.0081% | 112 | 0.64-2.33 0.7230
Venous invasion (absent/present) 1.47 1.19-1.83 0.006% 1.29 1.03-1.60 0.0276*
HSP110 expression (low/high) 1.3 1.05-1.63 0.0155% 1.35 1.09-1.70 0.0068*
*P < (.05,
RR: Relative risk, Cl: Confidence interval, sm: submucosa, mp: muscularis propria, ss: subserosa, se: serosa exposed,

si: serosa infiitrating.

in gastric cancer samples, but no significant prognostic
differences were observed in the total and cytoplasmic
HSP110 expression between the high and low groups
{Supplementary Figures SI. S2). It was previously
reported that wild-type nuclear, rather than cytoplasmic,
HSP110 prevents the induction of apoptosis in colorectal
cancer cells [30]. Therefore, we suggest that nuclear
HSPI10 expression levels may be a useful prognostic and
drug sensitivity marker for gastric cancer.

A
Nuclear HSP110 fow expression
1.0 n=17 .
(o]
0.8 ®
S 0.6 L“L_m; a
c b @
3 — &
= 0.4 - Nuclear HSP110 high expression i ‘j‘)
5 n=31 8
S b
0.2 - [a]
P=0.0364
0.0 ; T 7 T T 1
Q 10 20 30 40 50 60

Months after operation

In this study, the high expression of nuclear HSP110
was shown to be associated with venous invasion (Table 1).
HSPs promote cancer progression in several cancer types,
and Gong er «/. [34] reported that the invasion potential of
hepatocarcinoma cells is increased by HMGBI-induced
tumor NF-kB signaling, through the activation of HSP70.
Sims er al. [35] reported that extracellular HSP70 and
HSP90x contribute to the matrix metalloproteinase-2
activation and breast cancer cell migration and invasion.

B
- Nuclear HSP110 low expression
Y n=17
“
0.8 “1
0.6
0.4 4
Nuclear HSP110 high expression
024 n=31
P=0.0743
0.0 T T T T T ]
0 10 20 30 40 50 60

Months after operation

Figure 3: The survival curves of gastric cancer patients who received adjuvant chemotherapy according to nuclear
HSP110 expression. (A) Overall survival. (B) Discase-free survival. Among the patients who received adjuvant chemotherapy.
the overall survival rate in the nuclear HSP1IO high expression group was significantly lower compared with the low expression group
(P = 0.0364). No significant difference in discase-free survival was observed between these groups: however, the disease-free survival rate
in the high expression group tended to be lower compared with the low expression group (P = 0.0743).
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It has also been reported that HSP110 is co-expressed with
HSP70 and HSP90 during stress, and that it promotes
HSP9G activity and may function as a nucleotide exchange
factor for cytosolic HSP70 [36]. We clucidated whether
HSP110 expression can facilitate cancer invasion through
the activation of HSP70 and HSP90.

Hosaka er al. [37] reported that HSP110 suppression
induces apoptosis in cancer cell lines but not in fibroblasts.
Dorard et al. [30] identified a loss-of-function mutation
of HSP110 (HSPIIOAEY) in colorectal cancer with
microsatellite instability. HSPII0AEY overexpression
enhanced cancer cell sensitivity to anticancer agents. Here,
low nuclear HSP110 expression group had better prognosis
compared with the high expression group, and HSP110
suppression was shown 1o increase cell sensitivity to 5-FU
and cisplatin in human gastric cancer cell lines, which
is consistent with the previous reports. Novel treatment
strategies, combining an HSP110 inhibitor and an anticancer
agent, may be effective for the treatment of gastric cancer
patients with acquired anticancer drug resistance.,

Previously, HSP110 was identified as a cancer
antigen in various human carcinomas {31, 32]. We report

HSP110

B-actin

HSP110

Oh
B-actin

o
m e

Survival rate
o
S

0h

MKN7 (5-FU 5 uM)

24h

MKN45 (5-FU 2.5 yM)

24h

here that the high expression of the nuclear HSP110
was observed in gastric cancer patients. Wang et al. [29]
developed a vaccine composed of a recombinant protein
coupled with large heat shock protein. Our results suggest
that chemosensitivity may decrease duc to heat stress-
induced HSP110 expression. Therefore, various vaccines,
which may utilize HSPs (i.e., covalent coupling, isolation
of HSPs with antigens attached, recombinant vaccines
made by heat-denaturation of full-length antigens and
HSPI10) may be useful in anticancer treatments.

HSP110-specific siRNAs were used to suppress the
expression of HSP110 in gastric cancer cell lines, which
presents a limitation of this study. Therefore, total HSP110
expression was suppressed, and not only the specific
nuclear HSP110 expression. Total HP110 expression
was strongly suppressed in MKN7 and MKN435 by
the HSPI10-specific siRNA, but this is probably the
consequence of the suppression of both nuclear and
cytoplasmic HSP110 expression.

In conclusion, the high expression of nuclear
HSPII0 was shown to be associated with cancer
progression, poor prognosis, and recurrence after adjuvant
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Figure 4: Functional analysis of human gastric cancer cell lines treated with HSP110 siRNA. (A) The expression of
HSP1I0 in human gastric cancer cell lines was assessed by western blot. B-actin was used as the loading contrel. (B) HSP110 expression
was suppressed using HSPH O siRNA (MKNT): (C) HSP110 suppression using HSP110 $iRNA (MKN43), (D) The effects of HSP110
suppression on chemosensitivity of MKN7 and MKN43 cells. Both MKN7 and MKN435 cells showed a significantly increased sensitivity
to S-fluorouracil in HSP110 siRNA-treated groups, corapared with the parent and control eells (2 < 0.05). n.c.: negative control (scrambled

$iRNA), si: siRNA.
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chemotherapy in gastric cancer patients. Furthermore,
HSP110 suppression increased the sensitivity to 5-FU and
cisplatin in the human gastric cancer cell lines. Our results
suggest that nuclear HSP110 expression in gastric cancer
may be a new prognostic and drug sensitivity marker, and
HSP110 may scrve as a new molecular therapeutic target
for the treatment of refractory gastric cancer.

METHODS

Patients and samples

Primary gastric cancer tissucs were obtained from
gastric cancer patients (n = 210; 147 men and 63 women)
who underwent radical gastrectomy at the Department of
General Surgical Science, Gunma University Hospital,
Japan, between January 1999 and May 2006. The stage of
gastric cancer was described according to the classification
of gastric carcinoma of the Japanese Gastric Cancer
Association’s 3rd English edition [38]. Forty-cight patients
received $-FU-based adjuvant chemotherapy between
January 2003 and May 2006. The correlation between
HSPHO expression and clinicopathological factors and
prognosis was evaluated in these patients. Written informed
consents were obtained from all patients according to
institutional guidelines.

Tissue microarray analysis and
immunohistochemical staining

Tumor samples were fixed in formalin, embedded
in paraffin, and stored in the archives of the Clinical
Department of Pathology, Gunma University Hospital,
Japan. For 210 gastric cancer patients, one paraffin block
containing representative non-necrotic twmor areas was
selected, and gastric cancer tissue cores (2.0 mm diameter
per tumor) were sampled from the representative arcas
and transferred into the paraffin block using a tissue
arraying instrument (Beecher Instruments, Silver Spring,
MD, USA). Cores were arranged into quad tissue array
blocks, with each containing 50-55 tumor cores. Tissue
microarray blocks were cut into 3.5-um thick sections,
and were used for the subsequent immunchistochemical
staining. Additionally, 4-um sections were cut from the
paraffin blocks of 10 gastric cancer samples, selected
among 210 gastric cancer patients for validation.

All sections were incubated at 60°C for 60 min
and deparaffinized in xylene. Aflerward, these sections
were  rehydrated and  incubated  with  fresh 0.3%
hydrogen peroxide in 100% methanol for 30 min at room
temperature, in order to block endogenous peroxidase
activity, Following the rehydration through a graded
series of ethanol treatments, the sections were heated in
boiling water and soaked in Immunosaver (Nishin EM,
Tokyo. Japan) at 98°C for 90 min. Non-specific binding

sites were blocked by incubating the sections with Protein
Block Serum-Free (DAKO, Carpinteria, CA, USA) for
30 min. A rabbit monoclonal anti-HSP110 antibody
{GeneTex, CA, USA) was applied at 1:100 dilution, for
24 h at 4°C. The primary antibody was visualized using
the Histofine Simple Stain MAX-PO (MULTI) (Nichirei,
Tokyo, Japan) according to the instruction manual. A
chromogen, 3,3-diaminobenzidine tetrahydrochloride, was
applied as a 0.02% solution containing 0.003% hydrogen
peroxide in 50 mM ammonium acetate-citrate acid buffer
(pH 6.0). The sections were lightly counterstained with
Mayer’s hematoxylin and mounted. The evaluation of
immunohistochemical staining was performed by two
independent researchers who were blinded to the patients’
data. We focused on nuclear HSP110 expression, and the
intensity of nuclear HSP110 staining was scored as follows:
0, no staining; 1+, weak staining; 2+, moderate staining;
3+, strong staining. Gastric cancer patients were assigned
to the nuclear HSP110 low expression group (0, 1+) or
high expression group (2+, 3+), according to staining
score (Figure 1C). Additionally. the tissues adjacent to
the cancerous fissues in the tissue microarray samples
were considered non-cancerous tissue. We evaluated the
expression of HSP110 in the non-cancerous tissue of these
10 samples, Tor validation. The non-cancerous tissue was
defined as the normal gastric mucosa tissue or stromal cells.

Cell culture

The human gastric cancer cell lines MKN7,
MEKN45, MKN74, and AZ521 were used in this study.
These cell lines were obtained from RIKEN BRC through
the National Bio-Resource Project of MEXT, Tokyo,
Japan. The cells were cultured in RPMI 1640 medium
(Wako, Osaka. Japan) supplemented with 10% FBS and
1% penicillin-streptomycin (Invitrogen, Carlsbad, CA,
USA).

siRNA transfection

HSP110-specific siRNA was purchased from Bonac
Corporation {Fukuoka, Japan). MKN7 and MKN435 cells
were plated at a density of 1.0 x 10%cells per well in 100 pl
of Opti-MEM 1 Reduced Serum Medium (Invitrogen,
Carlsbad, CA, USA). Twenty nM of HSP110-specific
SiRNA 1, 2, 3 and scrambled siRNA (negative control)
were added to the cells, and cells were transfected with
siRNAs using an electroporator (CUY-21 EDIT 11
BEX., Tokyo, Japan), according to the manufacturer’s
instructions. Poring pulses were applied at 125V (pulse
length, 10.0 ms; | pulse: interval, 40.0 ms), and transfer
pulses were applied at 10 V (pulse length, 30.0 ms;
5 pulses; interval, 50.0 ms). After 72 h of incubation,
further experiments were performed.
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Protein extraction and western blot analysis

Western blotting was performed to confirm the
expression of HSP110 and B-actin in gastric cancer cell
lines. Transfected cells were incubated for 72 h, and total
proteins were extracted from MKN7, MKN435, MKN74,
and AZ321 cells using PRO-PREP Protein Extraction
Solution Kit (iNtRON Biotechnology, Sungnam, Kyungki-
Do, Korea). The proteins were separated on 4-12%
Bis-Tris Mini Gels (Life Technologies Corporation,
Carlsbad, CA, USA), and transferred to membranes
using an iBlot Dry Blotting System (Life Technologies
Corporation, Carlsbad, CA, USA). The membrancs were
incubated overnight at 4°C with rabbit monoclonal anti-
HSP110 antibody (1:1000; GeneTex, CA, USA) and
anti--actin antibody (1:1000; Sigma-Aldrich, St Louis,
MO, USA). Following this, the membranes were incubated
with  horseradish  peroxidase-conjugated — anti-rabbit
secondary antibodies, and the target proteins were detected
with the ECL Prime Western Blotting Detection System
(GE Healthcare, Tokyo, Japan) using Image Quant
LAS4000 (GE Healthcare Life Sciences, UK).

Chemosensitivity assay

Water-soluble tetrazolium-8 (Cell Counting Kit-8:
Dojindo Laboratories, Japan) was used in order to
evaluate the sensitivity to cisplatin and 5-FU. After 72 hof
incubation following the transfection, MKN7 and MKN43
cells were seeded (1 x 107 cellsiwell) into 96-well plates in
100 pl of RPMI 1640 medium containing 20% FBS before
drug exposure. After 24 h of pre-incubation, 10 ul of Cell
Counting Kit-8 reagent were added, and the cells were
additionally incubated for 2 h at 37°C. The absorbance
of each well was detected at 450 nm using an xMark
Microplate Absorbance Spectrophotometer (Bio Rad,
Hercules, CA, USA). Afterward, the cells were treated
with various concentrations of cisplatin and 3-FU for 48 h.
Viability was determined using colorimetry by measuring
absorbance every 24 h.

Statistical analysis

Data for continuous variables were expressed as
mean  standard error of the mean. Significance was
determined using Student’s r-test and analysis of variance.
The statistical analysis of the immunohistochemical
staining results was performed using the chi-squared
test. Survival curves were generated according to the
Kaplan-Meier method and analyzed using the log-rank
test. Prognostic factors were examined by univariate and
multivariate analyses using a Cox proportional hazards
model. Results were considered statistically significant
when P value was < 0.05. All statistical analyses were
performed using JMP software, version 12 (SAS Institute
Inc.. Cary, NC. USA).
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Abstract

A 47-year-old Japanese male was submitted to pancreaticoduodenectomy for an ampullary cancer, Pathologically,
the empullary cancer was pootly cohesive adenocarcinoma without tubular structure, Moreover, locoregional lymph
nodes were swollen with hypervascularity, plasmacytes infiltration, and hemorrhage. Our case seerns 1o be different

from usual poorly differentiated adenocarcinoma.

Keywords: Ampullary cancer, Cohesive adenocarcinoma, Poorly differentiated adenocarcinoma

Background
Ampullary carcinoma is a malignant tumor arising in
the last centimeter of the common bile duct, and pa-
tients with these tumors have been reported to have a
relatively favorable prognosis after surgical resection [1}.
Among the tumors originated from the ampulla of Vater,
poorly differentiated adenocarcinoma is a very rare dis-
ease [2] and the clinical outcomes of the patients are
undetermined. On the other hand, Castleman’s disease
(CD) is a lymphoproliferative disorder which was first
described by Dr. Benjamin Castleman in 1956 and which
often develops in the retroperitoneal lymph nodes [3].
Here, we present a rare case of pootly cohesive adeno-
carcinoma of the ampulla of Vater without tubular struc-
ture, the histology of which is similar to poorly cohesive
adenocarcinoma of the stomach. The swollen locoregio-
nal lymph nodes showed marked plasma cells infiltra-
tion, vascular proliferation like CD and hemorrhage, but
no lymph node metastasis of the tumor was found.

Case presentation

The patient was a 47-year-old man who had no patho-
logical antecedents. He admitted to our hospital with
hyperbilirubinemia of 1.6 mg/dl at health screening, with
appetite loss and epigastralgia appearing 6 months ago.
Carbohydrate antigen 19-9 and carcinoembryonic antigen
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were normal. Abdominal computed tomography and mag-
netic resonance imaging showed a dilatation of the com-
mon bile duct and a stone in the gallbladder. Neither
tumor nor lymph nodes swelling were observed. No
stones or abnormal arrangement of the pancreaticobiliary
ductal union were found by an endoscopic retrograde
cholangiopancreatography.  Gastrointestinal — endoscopy
showed irregularly shaped concavity on the ampulla of
Vater, and histology of the biopsy revealed signet ring cell
carcinoma.

A pancreatoduodenectomy was performed. The final
pathological diagnosis was poorly cohesive adenocarcin-
oma including signet ring cell carcinoma component in
the Vater’s ampulla without lymph node metastases
(Fig. 1). The carcinoma consisted of complete poorly dif-
ferentiated carcinoma cells most of which showed non-
cohesive pattern, and tubular structure was not seen in
any sections examined for pathological analysis (Fig. 2).
Tumor invasion was seen around the common duct, bile
duct, and pancreatic duct in the ampulla of Vater and
the duodenum wall. A little lymphatic and vascular inva-
sion was observed. Perineural invasion was little seen.

The locoregional lymph nodes were swollen with
hemorrhage in the capsule. Lymph follicles were atro-
phic, and vascular hyperplasia was found in the germinal
centers (Fig. 3). Marked plasma cell infiltration was seen
in the interfollicular stroma (Fig. 4). However, hyaliniza-
tion of the vascular wall was not seen. Histological find-
ings resemble those of CD but are slightly different.
Immunohistochemically, plasma cells in the interfollicular
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and vasculat hyp
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region were evenly positive for kappa and lambda light
chain, which meant no evidence of clonal proliferation.
According to the TNM classification, the tumor was
classified as pT3 NO MO Iyl v1 pn0 pstagelll. The patient
remained well and had no evidence of locoregional and
metastatic recurrence during the 28 months of follow-up.

Discussion

The primary adenocarcinoma of the ampulla of Vater is
a rare tumor, and most ampullary adenocarcinomas are
well differentiated [2]. Ampullary carcinomas are thought
to arise from the glandular epithelium of the ampulla of
Vater [4]. It has been suggested that molecular biologically
ampullary carcinoma is different from bile duct and pan-
creatic carcinomas, whereas that share the same molecu-
far biclogical characteristics with duodenal carcinomas
[1]. The clinical outcome of ampullary carcinoma has
been reported to be better than those of bile duct and

pancreatic carcinomas [1]. Thus, it would be important to
distinguish the origin of carcinomas developed around the
region of the ampulla of Vater.

The present case was diagnosed as ampullary carcin-
oma, since the tumor invaded both the common bile
duct and the biliary and pancreatic ducts in the duo-
denal wall. However, the tumor in our case was non-
cohesive type of poorly differentiated adenocarcinoma,
in which glandular structure was not observed in any of
specimens, and the histology resembled scirrhous car-
cinoma of the stomach, which was classified into
poorly cohesive carcinoma according to World Health
Organization (WHO) classification. To our knowledge,
this type of carcinoma is uncommon in any of the ampulla
of Vater, pancreatic duct, and bile duct [2, 5]. Thus, poorly
cohesive carcinoma was listed only in the stomach, but
not in the bile duct, pancreas, and the ampullary region in
WHO classification.

Fig. 2 The profil
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On the other hand, tumors of ampulla of Vater are
categorized into bile duct carcinoma in Japanese classifi-
cation [6]. Most extrahepatic cholangiocarcinomas have
been reported to be histologically well-to-moderately dif-
ferentiated adenocarcinomas {7]. As far as we researched
in the PubMed, there has been no report about exclu-
sively poorly cohesive adenocarcinoma of periampullary
region. Thus, our case which consists of pure poorly
cohesive carcinoma cells without tubular structure is
thought to be quite rare.

However, our case was classified into poorly differenti-
ated type of tubular adenocarcinoma (tub3) according to
the General Rules for Surgical and Pathological Studies
on Cancer of the Biliary Tract, Japanese Society of
Biliary Surgery [6], because Japanese classification also
did not have poorly cohesive carcinoma in the bile duct
carcinoma as same as WHO classification.

Our patient underwent curative pancreatoduodenect-
omy. The poorly differentiated adenocarcinoma has been
reported to exhibit higher probability of recurrence and
show poor prognosis compared with other histological
types after the curative resection [8-11]. The prognostic
factors of ampullary carcinoma after resection include
lymph node metastasis, pancreatic invasion, and peri-
neural invasion [12, 13]. These histological findings are
also the most important prognostic factors for bile duct
carcinoma after curative resection {14, 15]. However, our
case showed a little vascular invasion and perineural
invasion without nodal metastasis in spite of the case
of poorly differentiated carcinoma, which might indi-
cate better prognoesis than usual poorly differentiated
adenocarcinoma.

Histopathologically, the cause of lymph node swelling
was not due to the tumor metastasis but the CD-like
change and hemorrhage. CD is a rare atypical lympho-
proliferative disorder. And soon after the original pres-
entation of Castleman et al, CD has been subdivided
into a hyaline vascular and plasma cell histopathological
pattern, with intermediate variants [16]. The patho-
logical findings of the locoregional lymph nodes in our
case revealed hypervascular germinal centers with marked
interfollicular plasma cell infiltration, which are common
features of CD. However, hyalinization of the proliferating
vessel was not observed, which was different from CD.
The patient has no past history refated to immune dysreg-
ulation. Therefore, we could not definitely diagnose the
patient as CD.

Conclusions

We report a rare case of poorly cohesive adenocarcin-
oma in the ampulla of Vater with enlarged lymph nodes
like CD. The relation between clinicopathological fea-
tures and the Jong-term outcomes are not clear only in
this case. The histopathological findings of our case
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seem to be different from those of poorly differentiated
adenocarcinoma, and it would be better to add poorly
cohesive adenocarcinoma to the histopathological classi-
fication of the ampulla of Vater and bile duct.

Consent

Written informed consent was obtained from the patient
for publication of this case report and any accompanying
images. A copy of the written consent is available for re-
view by the Editor-in-Chief of this journal.
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Abstract. The leaves of Garcinia celebica strongly inhibit
the proliferation of MCF-7 human breast adenocarcinoma
cell lines. The present study focused on investigating the
active anticancer and antiproliferative compound from
the G. celebica leaves and assessing its mechanism of
action. Ethanol extracts of G. celebica were fractionated
based on their polarity using n-hexane, ethyl acetate and
water. The antiproliferative properties were tested in vitro
against MCF-7 human breast cancer cell fines using the
3-(4 5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium

bromide assay. The active compound was subsequently
isolated wsing column chromatography and identified by
nuclear magnetic resonance. The characterized compound
was also tested for its antiproliferative properties and
the mechanism by which it induces apoptosis in MCF-7
cells by western blot analysis of the activated apoptotic
proteins. This resulted in the isolation of a {riedolanostane
triterpenoid. which was determined to be methyl-3a.
23-dihydroxy-17 14-friedolanstan-8,14.24-trien-26-o0at. This
compound inhibited MCF-7 cell proliferation in a time- and
dose-dependent manner with 1Cy, values of 82 and 70 pM for
the 24 and 48 h treatments, respectively, Furthermore., the
western blot analysis suggested that the compound exerted
its anticancer activities by promoting apoptosis through the
inhibition of the oncogenic protein Akt. thereby increasing
the expression of poly (ADP-ribose) polymerase (PARP)
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protein. These results suggest that methyl-3u,23-dihydrox
y-17,14-fricdolanstan-8,14,24-trien-26-oat is the anticancer
compound found in G. celebica, providing a basis for its
potential use in cancer disease management.

Introduction

Cancer remains an extremely serious life-threatening disease
for all humans. Although continuous efforts have been made
to provide novel leads against cancers, and numerous cancer
drugs have been derived from plants or generated syntheti-
cally, the current drugs used clinically have no significant
effectiveness or safety (1), Therefore, it Is important to under-
take research into the discovery of new anticancer drugs of
plant origins. Numerous types of bioactive compounds have
been isolated from medicinal plants and several of these
compounds are currently undergoing further investigation (2).

As plants consumed by primates are assumed to be a
promising source of therapeutic agents for human disease
management, a series of studies have been conducted to
search for anticancer agents from plant sources with a focus
on finding new potential drugs or leads for breast cancer from
primate-consumed plants (3). Breast cancer is the most malig-
nant form of cancer among women, causing >1.2 million new
cases and 0.5 million mortalities annually ). Our previous
studies revealed that kaempferol-3-O-rhamnoside, isolated
from the leaves of Schima walichii Korth, a plant commonly
consumed by primates, inhibited the proliferation of the
MCE-7 breast cancer cell line through activation of the caspase
cascade pathway (5). Furthermore, an evaluation of 42 species
of Indonesian primate-consumed plants revealed that several
plant extracts, including the n-hexane fraction of the Garcinia
celebica (G. celebica) leaves extract, had potent antiprolifera-
tive activity against MCF-7 cells (6). In the present study, a
compound from the n-hexane fraction of the G. celebica leaves
extract with antiproliferative activity against MCF-7 cell lines
was identified and the pro-apoptotic activity of the active
compound was evaluated.
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Materials and methods

Collection of plant marerials. Leaves of G. celebica were
collected in the Pangandaran Beach Conservation Area of
West Java (Indonesia). The plant species was identified by the
Department of Biology, Faculty of Mathematics and Natural
Sciences, Universitas Padjadjaran (Jatinangor, Indonesia). The
feaves were dried in the open air away from direct sunlight.

Isolation of an active compound. Dried G. celebica leaves were
powdered and extracted with 95% ethanol (three times every
24 1) at room temperature and the solvent was evaporated under
reduced pressure at 30°C to yield concentrated extracts. The
extract was partitioned with a mixture of n-hexane-water (3:1)
10 generate hexane and water layers. The water layer was further
extracted with ethyl acetate to yield ethyl acetate and water frac-
tions, The s-hexane and ethyl acetate fractions had inhibitory
activities against MCF-7 cell proliferation. Silica gel chroma-
tography was used to elute the p-hexane fraction (23.32 g) into
3 fractions of n-hexane-cthyl acetate mixtures with increasing
polarity (n-hexane:ethyl acetate, 9:1, 8:2, 7:3, 6:4. 5:5). Each
fraction was tested for its toxicity against A, salina larvae (7),
and the fraction with the highest toxicity was further chro-
matographed over silica gel with the same clution system to
generate 11 fractions. of which fraction 6 contained the targeted
compounds, Fraction 6 was subjected to preparative thin-layer
chromatography using a mixture of chloroform-methanol
(9.5:05) as a developing solvent system. The application of
preparative chromatography resulied in a compound (50.20 mg,
white amorphous solid) that showed high toxicity against
A. salina larvae. The compound was identified by an analysis
of its spectroscopic data fultraviolet (UV), infrared (IR), mass
spectrometry (MS) and nuclear magnetic resonance (NMR)).

Cell cudture and drug-sensitiviry assays. MCF-7 human breast
cancer cell lines were purchased from the American Type
Culture Collection (Manassas, VA, USA). The cell lines were
cultured in RPMI-1640 medium (Sigma-Aldrich, St. Louis,
MO, USA) supplemented with 10% fetal bovine serum and
antibiotics (100 U/ml penicillin and 100 pg/ml streptomycin).
Cell proliferation was analyzed using an 3-(4,5-dimethylthi-
azolyl-2)-2 5-diphenyltetrazolium bromide (MTT} assay in
cells treated with various concentrations of the active compound
isolated from leaves of G. celebica following the methods of
Abdulah er ¢/ (8). Briefly, 2x10% cells in 50 yl/well were plated
in 96-well plates. Following the initial cell seeding, different
concentrations of the active compound isolated from leaves of
G. celebica were added and incubated for 24 h. WST-8 assay
cell-counting solution (Dojindo Lab., Kumamoto, Japan) was
added to each well (10 g1y and incubated at 37°C for 3 h. After
the addition of 100 pl/well of I N HCI. the cell proliferation
rate was subsequently determined by measuring the absor-
bance at a wavelength of 450 nm. The absorbance was read
using & microtiter plate reader (Becton-Dickinson, Franklin
Lakes, NL USA).

Cell extraction and western blot analysis. Protein concentra-
tions were determined using a bicinchoninic acid protein assay
kit (Pierce Biotechnology, Inc., Rockford, IL.. USA). In total,
40 peg protein was electrophoresed on a Mini-PROTEAN TGX

Precast gel (4-20%; Bio-Rad Laboratories, Hercules, CA, USA)
and electrotransferred to a 7x8 em Hybond-enhanced chemi-
luminescence membrane (GE Healthcare Life Sciences, Little
Chalfont, UK} Apoptosis-associated proteins were analyzed by
immunoblot analysis using poly(adenosine diphosphate-ribose)
polymerase (PARP; #9542) and Akt (#4685) antibodies at a
1:1,000 dilution (both Cell Signaling Technology, Danvers,
MA, USA). P-actin (#A5441; Sigma-Aldrich) served as the
loading control.

Results

Structural determination of meihyl-3a,23-diliydroxy-17,14-

Jriedolanstan-8.14,24-trien-26-oat from G. celebica leaves.

An antiproliferative compound isolated from the leaves of
G. celebica was amorphous and was white in color. It exhib-
ited a molecular ion peak at m/z 484 in the electron fonization
mass spectrum indicating that this compound had a molecular
formula of C,H..0,.

The UV spectrum indicated absorption bands at 275 and
439 nm and the IR spectrum revealed the presence of a hydroxyl
group (3,500 cm™™) and a carbonyl group of an ¢, f-unsaturated
ester (1,700 em'). The presence of the carbonyl functionality
was further confirmed by a carbon signal appearing at & 1687
in the “C NMR spectrum.

The 'H and “C NMR spectra of the compound exhibited
that this compound was assumed to be a triterpenoid compound.
The 'H NMR spectrum indicated the presence of 5 tertiary
methyls (0 0.76, 0.89,0.90, 0.98 and 1.01), 1 secondary methyl
(0 094, d, I=7.5 Hz), and 1 oxymethine proton (b 345, br s).
These signals were assumed due to a tetracyelic triterpene
having a 3a-hydroxy group (9-11). Furthermore, signals due
to 1 olefinic proton (0 6.72, gd, }=7.5 and 1.5 Hz), | vinylic
methyl (& 1.87, d. J=1.5 Hz), 1 oxymethine proton (6 4.57.
ddd, 1=10.7. 7.5 and 2.5 Hz), and methoxy protons (& 375, 5)
were observed. These signals suggested that the compound
had a side chain with a structure of [-CH{Me)CH,CH(OH)
CH=C(Me)COOCH,]. The “C NMR spectrum indicated
the presence of 7 methyl carbons (6 12,9, 15.5, 15,8, 173,
19.2.22.4 and 28.2), 8 methylene carbons (0 18.3.22.9, 25.8,
269,294, 30,3, 39.7 and 45.7), 6 methine carbons (6 33.6.
44.6, 67.1, 76.0. 116.0 and 142.6). and 9 quartenary carbons
(6 37.8,38.0,48.2.30.2, 123.1, 127.3, 144.6, 1489 and 168.7).
These NMR spectral data showed that the compound may be
friedolanostane triterpenoid with one tetrasubstituted double
bond uand two trisubstituted double bonds. One of the two
trisubstituted double bonds was located in the side chain and
the two remaining double bonds in the tetracyclic system were
indicated to be conjugated. The conjugated double bonds were
assumed to be present at C-8/C-9 and C-14/C-15, therefore.
the vinylic proton appearing at 5.26 (s) was at C-15. Thus,
the structure of the compound was established as methyl-3a,
23-dihydroxy-17.14-friedolanstan-8.14,24-trien-26-o0at (Fig. 1)
which has been reported previously. The 'H and “C NMR data
of the identified compound is shown in Table 1. Confirmation
of the structure was obtained by comparison of its spectral
data with those reported in previous studies (11.12).

Inhibitory activity of methyl-30,23-dihvdroxy-17 14-friedo-
lanstan-8 14,24 -irien-26-0a1 against MCF-7 cell line
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