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the US, 19,842 women were diagnosed with ovarian cancer
and 14,787 died from the disease.

The prognosis of early stage ovarian carcinoma, com-
pared to later stages, is relatively good, and it can be cured
by appropriate therapy. The preferred primary management
of early ovarian carcinoma is surgical debulking followed
by multi-agent adjuvant chemotherapy (DiSaia and
Creasman 2002). Unfortunately, in many cases of ovarian
carcinoma the tumor has only subtle symptoms or is
asymptomatic, and a useful screening test has yet to be
established. Thus, three-fourths of all ovarian carcinomas
are thus diagnosed at an advanced stage, and the prognosis
for these women is generally very poor, with a 5-year sur-
vival rate of 23-41% for stage III and only 11% for stage
IV (DiSaia and Creasman 2002).

The major histological sub-types of ovarian carcinoma
are serous, endometrioid, mucinous, and clear cell adeno-
carcinomas. In the US, serous adenocarcinomas represent
40-75% of all the ovarian epithelial carcinomas and clear
cell adenocarcinomas 5-10% (DiSaia and Creasman 2002;
Kurman 1994; Berek 2002). However, we have recently
demonstrated that in Japan, clear cell adenocarcinoma
accounted for a larger proportion of ovarian carcinoma
cases (23% vs 5-10% in US) (our unpublished data). This
is an important difference, since clear cell adenocarcinoma
has been shown to exhibit a higher resistance to plati-
num-based chemotherapy, leading to a poor prognosis
(Sugiyama et al. 2000). On the other hand, we previously
showed that serous adenocarcinoma responded to combined
chemotherapy of paclitaxel and carboplatin significantly
better than the other tumor sub-types (Ueno et al. 2006).

In 80-85% of serous adenocarcinoma cases, the tumor
cells are already disseminated to other pelvic tissues and
the peritoneum, or metastasized to regional lymph nodes, at
the time of the initial diagnosis; however, up to 60% of
clear cell adenocarcinomas are in stage I at diagnosis
(Kurman 1994). Thus, it would contribute immensely to the
care of patients with serous ovarian adenocarcinoma
(which is the most frequent histological type, most wide
spread at diagnosis, and yet most responsive to combined
chemotherapy of paclitaxel and carboplatin) and those with
clear cell adenocarcinoma (which demonstrate the poorest
prognosis) to clarify additional diagnostic and prognostic
factors for these diseases.

It was recently shown that metabolism of vitamin A, and
its active cellular catabolite retinoic acid (RA), was
impaired in human ovarian cancer (Williams et al. 2009).
RA has the potential to alter the growth and differentiation
of a wide range of cell types and was shown to induce the
differentiation of many murine teratocarcinoma cell lines
(Means et al. 2000). Aldehyde dehydrogenase 1 (ALDHI)
that participates in retinoic acid metabolism was shown to
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be related to prognosis of ovarian carcinoma cases (Chang
et al. 2009).

Cellular retinoic acid-binding protein 1 (CRABPI) is a
small, well-conserved member of a family of cytosolic
lipid-binding proteins; it has a high affinity for RA and is an
important modulator of RA signaling (Poulain et al. 2009).
Homozygous deletion of the crabpl gene was demon-
strated to result in decreased intracellular RA concentra-
tions (Boylan and Gudas 1992; Liu et al. 2005). Silencing
of crabpl by methylation of its promoter CpG island has
long been associated with colorectal tumors, and it is one of
a small battery of genes often screened in colorectal tumors
for indications of the ‘CpG island methylator phenotype’
(CIMP). Crabpl hypermethylation is associated with poor
patient survival in thyroid and hepatocellular tumors
(Huang et al. 2003; Lee et al. 2009).

A recent study showed that promoter hypermethylation
of the crabpl gene was detected in 2 of 3 ovarian clear cell
adenocarcinomas, but none of 19 serous, 4 mucinous and
16 endometrioid adenocarcinomas (Wu et al. 2007),
suggesting that crabpl hypermethylation might be an
additional potential marker for ovarian clear cell adeno-
carcinomas. Whether the promoter region hypermethyla-
tion was reflected in loss of CRABP1 protein expression,
and how this might be linked to patient outcome has yet to
be established. Toward that end, in our current study
expression of crabpl was analyzed in 80 clinical samples
of ovarian carcinoma to investigate, first, whether altered
expression of crabpl was specific to clear cell adenocarci-
noma, as suggested, and second, to determine the relation-
ship of loss of crabpl expression to clinical features of
ovarian carcinomas, including prognosis, which has not yet
been analyzed.

Materials and methods
Materials

One hundred cases of ovarian carcinoma were randomly
picked from cases diagnosed during 1997 to 2008 at the
Department of Obstetrics and Gynecology of the Osaka
University Hospital in Osaka, Japan. The 120 cases
included 50 serous, 29 clear cell, 26 endometrioid, 12
mucinous, and 3 undifferentiated cases. After asking for
informed consent, the tissues from only 100 of these 120
patients were available for our study. They included 40
cases of serous adenocarcinoma, 26 cases of clear cell ade-
nocarcinoma, 24 cases of endometrioid adenocarcinoma,
and 10 cases of mucinous adenocarcinoma. The patient age
at surgery ranged from 25 to 90 years (median: 54 years).
The tumor stages diagnosed following surgery were stage 1
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in 41 cases, stage II in 19 cases, stage III in 38 cases, and
stage IV in 2 cases.

In our institution, for primary ovarian carcinomas, we
typically perform a surgical removal of the ovaries, fallo-
pian tubes, uterus, omentum, and the retroperitoneal lymph
nodes, followed by giving combination chemotherapy
using taxane and platinum. These cases were carefully fol-
lowed post-operatively with regular exams that included
pelvic examinations and tumor marker and radiological
tests. The median follow-up period was 42 months (range
1-133 months). Salvage chemotherapy, with or without
surgical removal, was performed for recurrent diseases.

Immunohistochemical staining

Immunohistochemical staining was performed on formalin-
fixed, paraffin-embedded tissue blocks from a total of
100 cases of ovarian cancer, using a LSAB+/HRP kit
(Dako, Cambridge, UK) following the manufacturer’s
instructions. Briefly, after removing the paraffin, the anti-
gens were retrieved by microwave pretreatment in target
retrieval solution at 95°C for 5 min. After blocking in
peroxidase reagent, the tissues were incubated with an
anti-human-CRABP]1 primary antibody (Sigma—Aldrich,
Saint Louis, MO) at room temperature for 1h. After
washing, the tissues were incubated with secondary anti-
body, followed by incubation with peroxidase. Visualiza-
tion was performed with diaminobenzidine with Mayer’s
hematoxylin. Squamous epithelium of normal uterine
cervix was used as a positive control, and tissue sections
incubated with only antigen-dilution-reagent were used
as negative controls. These controls were used for each
staining.

Evaluation of immunohistochemical staining

The slides were observed by light microscopy, with review
of the entire histological section from each case, to evaluate
for possible tumor microheterogeneity in antigen distribu-
tion. Immunohistochemical staining was scored on a
3-tiered scale for both intensity of cytoplasmic staining
(grade 1: absent/weak, grade 2: moderate, and grade 3:
strong) and extent (grade 1: percentage of positive cells is
<10%, grade 2: 10-50%, and grade 3: >50%). The intensity
and the extent were then multiplied to give a composite
score of 1-9 for each tumor, as described in a previous
study (Greenspan et al. 1997). The composite scores of 14
were defined as a reduction of CRABP1 protein expression,
compared to those of 6-9 (composite scores resulting in the
prime numbers 5 and 7 can’t mathematically occur). The
evaluation of immunohistochemical staining was carried
out by two independent pathologists who were unaware of
the patient outcomes.

Analysis of patient prognosis

Patient clinical records were reviewed, including histology
and surgical records. Overall survival was defined as the
time from initial surgery until death or, if still alive, to the
date of the last follow-up. Disease-free survival was defined
as the time from complete remission of the disease by sur-
gery with/without chemotherapy until documentation of
recurrence or, if still free of recurrence, to the date of the
last follow-up.

Statistical analysis

The 2 test was used for comparison of the distribution of
stages between the cases in which CRABP1 expression was
reduced and those in which it was maintained. Overall
and disease-free survivals were calculated using the
Kaplan-Meier method. Univariate and multivariate Cox
proportional hazards models (step-wise method) for the
factors including age, histology, initial stage, and CRABP1
expression were calculated to evaluate whether reduced
expression of CRABPI was a significantly important factor
on OS. A P value <0.05 was considered to be statistically
significant.

Approval of the study

This study was approved by our Institutional Review Board
and Ethics Committee.

Results

Reduced expression of CRABP1 in various types
of ovarian cancer

Staining specific for CRABP1 protein was found in the
cytoplasm of all the histological sub-types of ovarian tumor
cells. Examples of the immunohistochemical study of
CRABPI1 expression are shown in Fig. 1. Reduced expres-
sion of CRABPI was observed in 33 (33%) of 100 ovarian
cancer cases, and especially frequently in serous and clear
cell adenocarcinomas, 20 (50%) of 40 and 10 (38%) of 26
cases, respectively; however, in endometrioid and mucin-
ous adenocarcinomas, only 2 (8%) of 24 and 1 (10%) of 10
cases showed reduced expression. In serous adenocarcino-
mas, CRABP1 expression was reduced in 4 (44%) of 9
stage I cases, in 4 (57%) of 7 stage II cases, in 11 (48%) of
23 stage III cases, and 1 (100%) of 1 stage IV case. In clear
cell adenocarcinomas, CRABP1 expression was reduced in
7 (41%) of 17 stage I cases, in 1 (25%) of 4 stage II case, 1
(25%) of 4 stage III case, and 1 (100%) of 1 stage IV case.
The distribution of the stages between the cases in which
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Fig. 1 Examples of immuno-
histochemical staining of
CRABPI1 (x400). a Maintained
CRABPI1 expression in a case of
serous adenocarcinoma: score 6
(extent: grade 2, intensity: 3).

b Reduced CRABP1 expression
in a case of serous adenocarci-
noma: score 1 (extent: grade 1,
intensity: 1). ¢ Maintained
CRABPI1 expression in a case of
clear cell adenocarcinoma: score
6 (extent: grade 2, intensity: 3).
d Reduced CRABPI expression
in a case of clear cell adenocarci-
noma: score 1 (extent:

grade 1, intensity: 1)

CRABP1 expression was reduced and those in which
CRABP1 expression was maintained did not exhibit statis-
tically significant differences in either the serous or clear

cell adenocarcinoma cases (P =0.73 and P = 0.52, respec- -

tively, by the »? test). High grade tumors (grade 3) mostly
exhibited reduced CRABP1 expression, and CRABP1
expression was frequently maintained in low grade tumors
(grade 1 and grade 2) (P =0.047 by Fisher’s exact test).
Lymph-node metastasis was not associated with CRABP1
expression.

Association of the reduction of CRABP1 expression
and overall survival in serous and clear cell
adenocarcinoma patients

Overall survival was analyzed in all 40 serous and 26
clear cell carcinoma cases, in which 20 (50%) and 10
(38%) cases, respectively, demonstrated reduction of
CRABPI1 expression in immunohistochemical analysis.
During the median follow-up period of 45.5 months
(range 1-133 months), 20 serous adenocarcinoma cases
whose CRABPI expression was reduced exhibited a sta-
tistically significant worse prognosis, compared to the
other 20 cases whose CRABPI expression was main-
tained (P = 0.0073 by the Kaplan—-Meier method) (Fig. 2).
Disease-specific death was documented in only one case
(5%) among the 20 cases, which maintained CRABPI
expression. However, disease-linked death occurred in 9
cases (45%) among 20 cases with reduced CRABPI
expression.
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Fig. 2 Overall survival of serous adenocarcinoma cases. The median
follow-up period was 45.5 months (range 1-133 months). Overall sur-
vival of 20 serous adenocarcinoma cases with reduced CRABPL
expression was significantly worse than that of 20 cases with main-
tained CRABP1 expression (P =0.0073 by the Kaplan—-Meier
method). Broken line survival probability of maintained-CRABP1-
expression cases. Solid line survival probability of reduced-CRABP1-
expression cases

Similarly, during the median follow-up period of
43 months (3-133 months), 10 clear cell adenocarcinoma
cases with reduced expression of CRABP1 exhibited worse
prognoses, compared to the other 16 cases whose CRABP1
expression was maintained, with statistical significance
(P = 0.049 by the Kaplan—-Meier method) (Fig. 3). Disease-
specific death was documented in only two cases (13%)
among the 16 cases with maintained CRABPI expression.
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Fig.3 Overall survival of clear cell adenocarcinoma cases. The median
follow-up period was 43 months (range 3-133 months). Overall sur-
vival of 16 clear cell adenocarcinoma cases with maintained CRABP1
expression was significantly better than that of 10 cases with reduced
CRABP!I expression (P = 0.049 by the Kaplan-Meier method). Broken
line survival probability of maintained-CRABP l-expression cases.
Solid line survival probability of reduced-CRABP1-expression cases

However, it occurred in 5 (50%) among 10 cases with
reduced CRABPI expression.

Association of reduction of CRABPI expression
and disease-free survival in serous and clear cell
adenocarcinoma patients

Complete remission was achieved by surgery (with or without
chemotherapy) in 36 cases (90%) of 40 serous adenocarcino-
mas and 23 cases (88%) of 26 clear cell adenocarcinomas.
Disease-free survival was next analyzed in these 59 complete-
remission cases. During the median follow-up period of
46 months (4-133 months), 20 cases with reduced expression
of CRABPI1 exhibited worse disease-free survival, compared
to the other 35 cases whose CRABPI1 expression was main-
tained, with statistical significance (P = 0.024 by the Kaplan—
Meier method) (Fig. 4). Recurrence occurred in only 9 cases
(26%) among 35 cases with maintained CRABP1 expression;
however, it occurred in 11 cases (46%) among 24 cases with
reduced CRABP1 expression. Statistically significant differ-
ences were not demonstrated in our analysis of each of serous
and clear cell adenocarcinomas. The duration from recurrence
to death did not demonstrate significant difference between
histological sub-types, nor between maintained and reduced
CRABP!1 expression (data not shown).

Univariate and multivariate cox proportional hazards
analysis for effect of alteration of CRABP1 expression
on overall survival

Univariate analysis demonstrated that advanced stage
(stage II, III, and IV) and reduced expression of CRABP1
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Fig. 4 Disease-free survival of ovarian carcinomas. Complete remis-
sion was achieved by surgery, with/without chemotherapy, in a total
of 48 ovarian carcinomas, including 35 serous and 24 clear cell
carcinoma cases. The median follow-up period was 46 months
(range  4-133 months). Disease-free survival of 35 carcinomas with
maintained CRABP1 expression was significantly better than that of
24 cases with reduced CRABPI expression (P =0.024 by the
Kaplan—Meier method). Broken line survival probability of main-
tained-CRABP1-expression cases. Solid line survival probability of
reduced-CRABP1-expression cases

effected overall survival of the diseases. In order to further
support our belief that reduced expression of CRABP1
independently relates to the prognosis of ovarian serous and
clear cell adenocarcinomas, multivariate Cox proportional
hazards analysis was performed (Table 1). Clear cell type,
advanced stage (stage II, III, and IV), and reduced expres-
sion of CRABP1 were shown to be independent factors for
overall survival of the diseases. Especially, the adjusted
hazard ratio (HR) of reduced expression of CRABPI was
8.189 (95% (I, 2.186-30.672, P = 0.0019).

Discussion

Although the ovarian cancer incidence rate has been slowly
falling over the past 20 years, it still accounts for 3-5% of
all cancers in women. In addition to its human toll, it exacts
a huge financial burden; in the US about $2.2 billion is
spent annually on ovarian cancer treatments (in 2004
dollars) (www.cancer.org/docroot/cri/content/cri_2_4_1x_
what_are_the_key_statistics_for_ovarian_cancer_33.asp,
2009).

Among the histological sub-types of ovarian cancers, the
serous adenocarcinoma is the most frequent type. Although
rarer, most serous adenocarcinoma cases have already dis-
seminated to other pelvic tissues and the peritoneum, or
have metastasized to regional lymph nodes, at the time of
initial diagnosis and are thus extremely more difficult to
cure (DiSaia and Creasman 2002). Cytoreductive surgery
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Table 1 Multivariate cox pro-

. . Variable Univariate analysis Multivariate analysis
portional hazards analysis for
effect of alteration of CRABP1 P value Adjusted HR 95% CI P value
expression on overall survival
Age (years) 0.83 0.67
<60 1
>60 1.259 0.436-3.631
Histology 0.89 0.019
Serous 1
Clear cell 4.598 1.299-16.275
The adjusted HR of reduced Initial stage 0.049 0.0055
expression of CRABP1 was 1 ]
8.189 (95% ClI, 2.186-30.672),
compared to maintained expres- v 7.806 1.844-33.044
sion CRABP1, showing statisti- CRABPI expression 0.0041 0.0019
cal significance (P value was intained |
0.0019) Maintaine:
Reduced 8.189 2.186-30.672

HR hazard ratio

followed by combination chemotherapy using taxane and
platinum improves the prognosis of some ovarian cancer
patients; however, there remain serious problems in the
management of this disease where additional prognostic
markers would be extremely helpful.

Clear cell adenocarcinoma, which represents only
5-10% of all the ovarian carcinomas in the Caucasian-
dominated United States cases (DiSaia and Creasman 2002;
Kurman 1994; Berek 2002) accounts for a much larger per-
centage (23%) of ovarian carcinoma cases in Japan (Our
unpublished data). Clear cell carcinomas are unusually
resistant to standard platinum-based chemotherapy, and
their prognosis is extremely poor (Sugiyama et al. 2000).
Thus, clinical and basic research targeting understanding
serous and clear cell adenocarcinomas has been a high
priority.

In our present study, expression of CRABP1 protein as a
potential prognostic marker was investigated in 100 ovarian
carcinomas of various histological sub-types, including
serous and clear cell adenocarcinomas. CRABP1 was dem-
onstrated to be a useful factor for predicting the prognosis
of serous and clear cell adenocarcinomas. Overall survival
was significantly poorer in the cases with reduced CRABP1
expression, in both serous and clear cell adenocarcinomas,
compared to the cases whose CRABPI1 expression was
maintained (P = 0.0073 and P = 0.049, respectively). Also,
the disease-free survival of the serous and clear cell carci-
noma cases with reduced CRABP1 expression was signifi-
cantly poorer, compared to the cases whose CRABPI1
expression was maintained (P = 0.024). The fact that distri-
bution of the tumor stages was not different between the
cases with reduced CRABP1 expression and those with
maintained CRABP1 expression implies that the reduction
of CRABP1 expression predicted the prognosis irrespective
of the stage of the disease. Multivariate analysis showed
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that reduced expression of CRABP1 was a significantly
important prognostic factor.

Reduced expression of CRABP1 was observed by
immunohistochemical analysis in 31% of 86 ovarian cancer
cases. Especially in serous and clear cell adenocarcinomas,
reduced expression of CRABPI1 was detected in 50 and
38% of cases, respectively. However, reduced expression
was found in endometrioid and mucinous adenocarcinomas
in only 2 (8%) of 24 and 1 (10%) of 10 cases, respectively.

So, how it is that loss of CRABP1 expression would
have an effect on ovarian tumor phenotype? Evidence that
hypermethylation of the crabpl gene was more than just a
reflection of the hypermethylation CIMP phenotype was
recently shown when restoration of CRABP1 expression in
esophageal carcinoma cells (ESCC) lacking the protein
reduced cell growth by inducing arrest at G,—G,, whereas
knockdown of the gene in cells expressing CRABPI1
promoted cell growth (Tanaka et al. 2007). Among 113
primary ESCC tumors, the absence of immuno-reactive
CRABP1 was significantly associated with de-differentiation
of cancer cells and with distant lymph-node metastases in
the patients (Tanaka et al. 2007). These results indicate that
CRABP1 appears to have an active tumor-suppressor func-
tion in esophageal epithelium, and its epigenetic silencing
may play a pivotal role during esophageal carcinogenesis.
In our ovarian cancer cases, CRABP1 expression was asso-
ciated with histological grade of the tumor, but not with
lymph-node metastasis.

The results of Wu et al. implied that crabpl expression
was impaired specifically in clear cell adenocarcinoma of
the ovary by promoter CpG island hypermethylation. This
hinted at a phenotypic preference in ovarian tumors (Wu
et al. 2007; Barton et al. 2008). This also suggested that
other mechanisms, including loss of heterozygosity, mutations,
and post-transcriptional and post-translational alterations
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that have not yet been reported, might be involved in the
reduction of crabpl expression in other sub-types of ovarian
tumors, such as serous adenocarcinomas.

CRABPI1 was shown to be expressed selectively in the
mesenchymal tissues at the junction of the epithelium and
the mesenchyme, functioning in mesenchymal/epithelial
interaction (Bhasin et al. 2003). The prognostic significance
of epithelial-mesenchymal transition (EMT) was recently
demonstrated in various carcinomas, including ovarian
tumors (Bagnato and Rosand 2007; Smit et al. 2009; Vasko
etal. 2007; Soltermann et al. 2008; Al-Saad et al. 2008;
Shim et al. 2009). In our study, CRABP1 expression was
observed in the cytoplasm of the normal epithelial cells of
the ovarian surface, the fallopian tube, and the adenocarci-
nomas.

It is possible that de-differentiation of ovarian carcinoma
cells is triggered by reduction of CRABP1 and may simi-
larly represent an epithelial-mesenchymal transition, which
results in the poor prognosis. Based on these findings, it is
implied that CRABP1 may normally act to induce or main-
tain differentiation of ovarian cells and that reduction of
CRABP1 expression may lead to a failure to differentiate or
a de-differentiation of tumor cells of serous and clear cell
adenocarcinoma of the ovary, resulting in an early recur-
rence and poor overall survival.

Altered expression of CRABP1 may present as a poten-
tial target for molecular therapy in serous adenocarcinoma,
which is the most frequent histological ovarian tumor type,
and also for clear cell carcinoma, which often exhibits
chemo-resistance. It should be noted with caution that reti-
noids have been proposed to have such beneficial cancer-
preventive functions that they were recently used in large
scale human clinical trials to reduce lung cancer incidence
in high-risk individuals. However, the obtained antagonis-
tic clinical results of RA prophylactic treatments were in
direct contradiction with the previous promising in vivo
and in vitro studies (Poulain et al. 2009).

Recent studies have shown that the hypermethylation of
specific marker genes, including Igfbp-3, 18S and 28S
rDNA, can act as potential prognostic markers in ovarian
carcinoma (Wiley etal. 2006; Chan etal. 2005). While
CIMP-related hypermethylation can be rather indiscrimi-
nant, it is thought to contribute to tumor progression by
silencing important tumor-suppressor genes. The relatively
frequent loss of crabpl gene expression in the serous and
clear cell sub-types of ovarian adenocarcinomas suggests it
may be such a tumor-suppressor gene, and it is reasonable
to assume that loss of expression is in part due to promoter
hypermethylation, but awaits experiments to demonstrate
this hypothesis.

In conclusion, we have demonstrated that reduction of
CRABP1 expression was observed most specifically in
serous and clear cell adenocarcinomas of the ovary. The

present study is the first to demonstrate that the reduced
expression of CRABP1 has a potential as a prognostic
marker for ovarian cancers. Further study is necessary to
clarify how CRABP1 protein expression was altered and
how CRABPI affects ovarian carcinoma cells.
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ABSTRACT

Objectives: The Active Hexose Correlated Compound (AHCC), is produced from mushroom mycerium and rich in al-
pha glucans was administered to the cancer patients along with chemotherapy to see if it is having any beneficial effects
on the final outcome in terms of reducing side effects of chemotherapy, maintaining the general condition and having
effect on tumor control. Methods: Twenty five patients were administered AHCC along with conventional palliative
chemotherapy regimen out of which sixteen patients received paclitaxel, and cisplatinum/carboplatin, nine patients re-
ceived combination of cisplatim and 5-Flurouracil. All the patients were having advance stage (T3/T4) head and neck
cancers. Thirteen patients were cancer of cheek, followed by cancer of tongue (4), oro-pharyngeal cancer (6) and can-
cer of naso-pharynx (2). Results: All the patients tolerated AHCC well with no added symptoms. Twenty patients re-
ported that they are feeling stronger than before at the time of initiation of chemotherapy cycles. Almost all the patients
reported to have better appetite after they started taking AHCC. Twelve patients who required blood transfusion before
chemotherapy cycles, decrease in the rate of fall in hemoglobin was observed in these patients and only three patients
required blood transfusion before subsequent chemotherapy cycles. In 22 patients definite reduction of chemotherapy
side effects like nausea, vomiting, drop in total leucocytes count, loose motion/constipation etc. were observed, which
reduced the hospital stay of these patients. Tumor regressed in 11 patients, 8 patients had stable disease and in rest of
the patients, the disease progressed. Conclusions: AHCC up to 3 g is safe to administer and definitely helps cancer pa-
tients in reducing side effects of chemotherapeutic drugs, getting a sense of wellbeing and improved intake maintains
general condition as well as prepare them to continue and tolerate further cycles in a better way.

Keywords: Head and Neck Cancer, Quality of Life, AHCC

1. Introduction

India contributes to maximum number of Tobacco Re-
lated Cancer Deaths in the world [1]. The use of tobacco
also attributes towards tuberculosis, heart diseases and
other lung conditions in addition to neoplastic diseases
[1,2]. According to the national cancer registry (http:/
www.ncrpindia.org/) data, the incidence of cancer of
head and neck region is highest in male, where as cancer
of esophagus is highest in female in the state of Megha-
laya, one of the north-eastern states of India [1]. North
eastern region (NER) of India consists of eight small
states namely Assam, Arunachal Pradesh, Nagaland,

Copyright © 2011 SciRes.

Meghalaya, Manipur, Mizoram, Tripura and Sikkim.
These states are mainly home to various tribal popula-
tions, belonging to various ethnic origins. As their domi-
cile changes, their living condition, food pattern, disease
spectrum and life span changes. Evidences show that
majority of the population inhabiting NER use tobacco in
some or other forms in addition to alcohol and supari
(arica-nut) and combined use of all these factors are re-
sponsible for initiation of Oropharyngeal, Lungs and
upper aerodigestive tract cancers. Amongst all these
NER states the incidence of tobacco related cancers
(TRC) are very high. According to the national cancer
registry programme (NCRP) data, the difference of inci-
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dence of TRC in NER is too high in comparison to rest
of the country [1].

Majority of these patients present with an advance
stage disease, where the nutrition status of these patients
remain low. Other poor prognostic features like old age,
stage of the disease at presentation, neck node status,
presence/absence of other metastatic sites are also very
important, while considering these patients for any kind
of treatment. With above mentioned features, many times
it becomes difficult for the patients to tolerate various
forms of anticancer treatment. Consequently it becomes
very important to maintain the general condition of the
patients at an optimum level so that the patients can tol-
erate further treatment. Therefore this trial was under-
taken to see if complimentary and alternative medicine
(CAM) in form of AHCC can maintain the nutrition/
immunity at optimum level, so the cancer patients having
advance stage disease shall be able to tolerate further
treatment like chemotherapy and radiotherapy for better
tumor control. AHCC has never been tried in the man-
agement of head and neck cancer in the clinical study.

2. Materials and Methods
2.1. Cases

Twenty five patients of advance stage (T3: 13 & T4: 12)
Head & Neck Cancer Patients were enrolled in this pro-
ject. Thirteen patients were cancer of Cheek, followed by
cancer of tongue (4), oro-pharyngeal cancer (6) and can-
cer of naso-pharynx (2) (Table 1). All the patients were
either having residual or recurrent tumors subsequent to
their primary treatment. Hence, these patients were ma-
naged with palliative chemotherapy treatment.

2.2. Active Hexose Correlated Compound
(AHCO)

AHCC is an enzyme fermented extract of the mycelia of
Basidiomycetes mushroom obtained through the mush-
room (Lentinus edodes), containing a mixture of poly-
saccharides, amino acids, lipids and minerals. The final
product is obtained by hot water extraction after cultur-
ing media and then treating them with enzymes. The
predominant components of AHCC are oligosaccharides
of which major portions are alpha-glucans having an
effect on the immune system. It has been proven as a
biological response modifier in experimental animals as
well as human being. AHCC samples were provided by
Amino Up Chemical Co. Ltd., Sapporo, Japan for con-
ducting this trial.

Majority of the patient received Taxane based chemo-

therapy along with Platinum (Cispliatin/Carboplatin) (16).

The dose of chemotherapy was customized depending on
the general condition of each of the patients. Rest patients
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received platinum with 5 Fluorouracil combinations.
Twelve patients also received targeted Monoclonal An-
tibody treatment in the form of epidermal growth factor
receptor (EGFR) inhibitor. Some of the patients were
heavily pre-treated with very low general condition. As
such patients with head and neck cancers present with
low general conditions because of less oral intake. Pre-
vious treatment history of the patients includes 6 patients
had undergone surgery, 12 patients had history of radio-
therapy and 16 patients had history of chemotherapy,
prior to recruitment under this AHCC trial (Table 2).
These patients acted as their own control.

All the patients were administered AHCC 3 g of dried
extract every day morning 3 days prior to the chemo-
therapy with water scheduled date and followed up to
one week post chemotherapy either with water or milk.
The reasons being maximum toxicity of the chemother-
apy drugs are observed within first one week following
administration.

Table 1. Division of patients according to primary tumor
site.

Tumor sub-site Stage No. of patients
Cheek T3N2bMO 7
T4N2bMO 6
Tongue T3N2aMO0 3
T4N2cMO 1
Oro-pharynx T3N2cMO [

Naso-pharynx T3N2cMO 2

Table 2. Treatment history.

Treatment Modality No. of Cycles/radiation dose p]ZZ’ezj;
Chemotherapy
Paclitaxel/Docetaxel + 6-18 16
Cisplatin/Carboplatin
S-Flurouracil + 12-24 09
Cisplatin/Carboplatin
Concurrent 08
Chemo-radiation
EGFR Inhibitor Cetuximab/Nimotuzumab 12
Radiotherapy
Radical radiotherapy 60 — 66 Gy 06
Post-op radiotherapy 50 Gy 06
Surgery 06
1JjCM
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2.3. Assessment

The hematological parameters like hemogram, liver and
kidney function tests were performed before each cycle
of chemotherapy and followed 3 days after completion of
chemotherapy. CT scan was done after completion of
three cycles and two weeks after sixth cycle of chemo-
therapy to evaluate the tumor response. The patients were
given a questionnaire on the quality of life issues and
asked specific questions regarding their general feeling,
sleep pattern, social interaction etc.

3. Results

All the patients tolerated AHCC well with no added
symptoms. Twenty patients reported that they are feeling
better and stronger than before at the time of initiation of
chemotherapy cycles (Figure 1). In most of the patients,
the sleep pattern became regular than before and the pa-
tients started interacting with visitors normally than be-
fore (Table 3). Almost all the patients reported to have
better appetite after they started taking AHCC. No pa-
tients with AHCC required appetizer. '

Sixteen patients who required blood transfusion before
chemotherapy cycles, decrease in the rate of fall in he-
moglobin was observed in these patients and only three
patients required blood transfusion before subsequent
chemotherapy cycles. Only 7 patients required growth
factor with AHCC compared to 12 patients without it.
Also no patients required platelet concentrate transfusion
in AHCC group compared to 3 in without AHCC. The
comparative charts are given in Figure 1. In 22 patients
definite reduction of chemotherapy side effects like nau-
sea, vomiting, loose motion/constipation etc. were ob-
served, which reduced the hospital stay of these patients.
While the requirement of antiemetic dropped from 7 - 14
days before AHCC group to 3 - 5 days in AHCC group,
only 2 patients required hospitalization because of loose
motion in AHCC group compared to 6 patients without
AHCC group (Figure 2 and Table 3). Patiaents were
evaluated both clinically as well as radiologically to de-
termine tumor response. CT scan/MRI of the primary
tumor as well as neck nodes were performed after two
weeks of completion of at least six cycles of chemother-
apy. Tumor regressed in 11 patients, 8 patients had stable
disease and in rest of the patients, disease progressed
(Table 4).

4. Discussion

AHCC is an alpha-glucan rich nutritional supplement
extracted from the mycelia of shiitake (Lentinula edodes)
of the basidiomycetes family of mushrooms. The final
product is obtained by hybridization of several types of
mushrooms and is very effective biological modifier.

Copyright © 2011 SciRes.
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Figure 1. Comparison of hematological parameters in pa-
tients with and without AHCC, bringing down the blood
transfusion rate (16 vs 3). Total leukocyte and platelet count
also showed a slight fall in the patients with AHCC requir-
ing no platelet concentrate transfusion and only 7 patients
required growth factor supplement with AHCC.
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Figure 2. Comparison of quality of life concepts in patients
requiring appetizer, having loose motion and better general
condition with and without AHCC. While no patients with
AHCC required any appetizer and only 2 patients were hos-
pitalized for loose motion.

Table 3. Quality of life concept.

Without AHCC With AHCC
Confinement to bed 14 - 16 hrs/day 8-10h/d
Talking to people not yes
Sleep pattern irregular regular
Required antiemetic for
Chemo related 714 Days 3-5 Days

Nausea/vomiting

Table 4. Tumor response of the patients.

No. of patients

Complete Response 00

Partial Response 11

Stable Disease 08

Progressive Disease 06
1JcM
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These intercellular chemical messengers trigger white
blood cell production and activity [3,4]. The therapeutic
effect is predominantly seen in higher basidiomycete
family [5]. Studies show that AHCC also enhances pro-
duction of cytokines, including interferon y, tumor ne-
crosis factor-a and interleukins (IL-2,4,6,10) [4]. In this
present study majority of the patients, who received
AHCC along with chemotherapy showed less fall in their
hemoglobin level and total leukocyte count. However,
researchers have found the influence of AHCC upon the
innate immune system in animal studies and published
the results in 1992. AHCC significantly increased natural
killer (NK) cell activity in cancer patients, and also en-
hanced the effects of killer T-cells, and cytokines (inter-
feron, IL-12, TNF-alpha) [3]. AHCC stimulates cell-
mediated immunity by activating the white blood cells,
particularly natural killer cells and macrophages, which
directly attack abnormal cells, virus-infected cells or ex-
ternal vital and bacterial pathogens that enter the body.
The fundamental mechanism of activating immunity is
by means of stimulating the number of dendritic cells as
these cells control the activities of B & T lymphocytic
cells who are the ultimate mediators of immunity and
hence, affected by AHCC. It also exhibits immuno-
modulating effects partially by regulating thymic apop-
tosis. Nomura T ef al. has published that besides immu-
nogenic, AHCC is also having anti-teratogenic effects in
animal models [7]. Effective immunity has got direct
impact on tumor control and better tolerability of che-
motherapeutic agents. In our series, it was significant that
almost all the patients who received AHCC, tolerated
chemotherapy better compared to their previous cycles of
chemotherapy they had received without AHCC. At least
eighteen out of the twenty-five patients acted as control
of their own.

One major retrospective study suggests that AHCC
intake has a preventive effect in postoperative hepato-
cellular carcinoma patients [8,9]. The study has com-
pared the outcomes of 113 post-operative liver cancer
patients taking AHCC with 156 patients in the control
group. The results showed the rate of recurrence of ma-
lignant tumors was significantly lower (34.5% versus
66.1%) and patient survival was significantly higher in
the AHCC group (79.6% vs. 53.2%). We tried AHCC for
the first time in the patients suffering from cancers of
head & neck region and obtained good results.

AHCC has been studied extensively for safety in hu-
man trials as well as safety with conventional chemo-
therapy [10,11]. There are also few studies regarding the
interaction of AHCC with various kinds of chemothera-
peutic agents [12-15]. There is a great deal of scientific
evidence that AHCC not only helps to prevent the side
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effects of chemotherapy, but enhances its primary effec-
tiveness as well. Several animal studies have shown that
AHCC was able to relieve the side effects of several
standard chemotherapy drugs like 5-FU, cisplatin, cyclo-
phosphamide, mercaptopurine, methotraxate etc. “Se-
vere” (50% to 100%) hair loss or alopecia caused by cy-
tosine arabinoside (Ara-C) was reduced to slight, when
AHCC was taken simultaneously. The ability of AHCC
to enhance the effectiveness of chemotherapy was dem-
onstrated in a study where rats were implanted with a cell
line of spontaneous mammary adenocarcinoma. In the
present study, the patients were administered AHCC along
with chemotherapeutic agents like paclitaxel, docetaxel,
cisplatin, 5-FU and certain monoclonal antibodies like
cetuximab and nimotuzumab (Table 2). All the patients
tolerated AHCC well. Routine side effects like nausea,
vomiting, loose motions were less in these patients.

5. Conclusions

It can be concluded that AHCC is safe to administer and
definitely helps cancer patients in reducing side effects of
chemotherapeutic drugs, getting a sense of wellbeing and
improved intake maintains general condition as well as
prepare them to continue and tolerate further cycles in a
better way. In advance stage disease achieving partial
response/stable disease is also of significance, particu-
larly when all the patients were having either recurrent or
residual disease. Whether AHCC is responsible for the
regression of the tumors, further trials are required to see
the effects of AHCC on tumor control. Also dose en-
hancement trial has to be undertaken.

6. Acknowledgements

This work was carried out as a collaborative project be-
tween the North Eastern Indian Gandhi Regional Institute
of Health and Medical Sciences and National Institute of
Biomedical Innovation. This project was supported by
the grant from the MEXT and MHLW, Japan and Amino
up chemical Co. Ltd, Sapporo, Japan. We thank Haruko
Ryo, National Institute of Biomedical Innovation for her
critical observations and proof reading.

REFERENCES

[1] National Cancer Registry P Publication 2007.
http://www.ncrpindia.org

[2] P.Jha, B. Jacob, V. Gajalakshmi, P. C. Gupta, N. Dhingra,
R. Kumar, D. N. Sinha, R. P. Dikshit, D. K. Parida, R.
Kamadod, J. Boreham, R. Peto and RGI-CGHR Investi-
gators, “A Nationally Representative Case-Control Study
of Smoking and Death in India,” New England Journal of
Medicine, Vol. 358, No. 11, 2008, pp. 1137-1147.

1JcM



592

(3]

(6]

(7]

[9

Integrating Complimentary and Alternative Medicine in Form of Active Hexose
Co-Related Compound (AHCC) in the Management of Head & Neck Cancer Patients

doi:10.1056/NEJMsa0707719

Y. Gao, D. Zhang, B. X. Sun, H. Fujii, K. Kosuna and Z.
Yin, “Active Hexose Correlated Compound Enhances
Tumor Surveillance through Regulating both Innate and
Adaptive Immune Responses,” Cancer Immunology Im-
munotherapy, Vol. 55, No. 10, 2006, pp. 1258-1266.
doi:10.1007/s00262-005-0111-9

N. Terakawa, Y. Matsui, S. Satoi, et al., “Immunological
Effect of Active Hexose Correlated Compound (AHCC)
in Healthy Volunteers: A Double-Blind, Placebo-Con-
trolled Study,” Nutrition and Cancer, Vol. 60, No. 5,
2008, pp. 643-651. doi:10.1080/01635580801993280

S. Wasser and A. Weis, “Therapeutic Effects of Sub-
stances Occurring in Higher Basidiomycetes Mushrooms:
A Modern Perspective,” Critical Reviews in Immunology,
Vol. 19, No. 1, 1999, pp. 65-96.

R. Burikhanov, K. Wakame, Y. Igarashi, S. Wang, S.
Matsuzaki, “Suppressive Effect of Active Hexose Corre-
lated Compound on Thymic Apoptosis Induced by Dex-
amethasone in the Rat,” Endocrine Research, Vol. 34,
2000, pp. 181-188.

T. Nomura, ef al., “Antiteratogenic Effects of Tumor
Inhibitors, Caffeine, Antipain, and Retinoic Acid in
Mice,” Cancer Research, Vol. 43, 1983, pp. 5156-5162.

Y. Matsui, J. Uhara, S. Satoi, M. Kaibori, H. Yamada, H.
Kitade, A. Imamura, S. Takai, Y. Kawaguchi, A. Kwon
and Y. Kamiyama, “Improved Prognosis of Postoperative
Hepatocellular Carcinoma Patients When Treated with
Functional Foods: A Prospective Cohort Study,” Journal
of Hepatology, Vol. 37, No. 1, 2002, pp. 78-86.
doi:10.1016/S0168-8278(02)00091-0

C. Suwanna, et al., “Prognostic Improvement of Patients
with Advanced Liver Cancer after Active Hexose Corre-
lated Compound (AHCC) Treatment,” Asian Pacific
Journal of Allergy & Immunology, Vol. 24, No. 1, 2006,

Copyright © 2011 SciRes.

[10]

[11]

[12]

[13]

[14]

(15]

pp. 33-45.

E. L. Spierings, H. Fujii, B. Sun and T. Walshe, “A Phase
I Study of the Safety of the Nutritional Supplement, Ac-
tive Hexose Correlated Compound (AHCC) in Healthy
Volunteers,” Journal of Nutritional Science & Vitami-
nology, Vol. 53, No. 6, 2007, pp. 536-539.
d0i:10.3177/jnsv.53.536

1. Hyodo, N. Amano and K. Eguchi, “Nationwide Survey
on Complementary and Alternative Medicine in Cancer
Patients in Japan,” Journal of Clinical Oncology, Vol. 23,
No. 12, 2005, pp. 2645-2654.
doi:10.1200/7C0.2005.04.126

K. Matsushita, et al.,, “Combination Therapy of Active
Hexose Correlated Compound (AHCC) Plus UFT Sig-
nificantly Reduces the Metastasis of Rat Mammary Car-
cinoma,” Anti-Cancer Drugs, Vol. 9, 1998, pp. 343-350.
doi:10.1097/00001813-199804000-00008

A. Hirose, E. Sato, H. Fujii, S. Buxiang, H. Nishioka and
O. 1. Aruoma, “The Influence of Active Hexose Corre-
lated Compound (AHCC) on Cisplatin-Evoked Chemo-
therapeutic and Side Effects in Tumor-Bearing Mice,”
Toxicology and Applied Pharmacology, Vol. 222, No. 2,
2007, pp. 152-158. doi:10.1016/j.taap.2007.03.031

C. Mach, H. Fujii, K. Wakame and J. Smith, “Evaluation
of Active Hexose Correlated Compound Hepatic Metabo-
lism and Potential for Drug Interactions with Chemo-
therapy Agents,” Journal of the Society for Integrative
Oncology, Vol. 6, No. 3, 2008, pp. 105-109.

K. Shigama, A. Nakaya, K. Wakame, H. Nishioka and H.
Fujii, “Alleviating Effect of Active Hexose Correlated
Compound (AHCC) for Anticancer Drug-Induced Side
Effects in Non-Tumor-Bearing Mice,” Journal of Ex-
perimental Therapeutics and Oncology, Vol. 8, No. 1,
2009, pp. 43-51.

ucM



Space Util. Res.. 28: 2012 (in press)

FEBHO AP ETMEFEISET A5 AR R T SO E

] Kk, B RE.R AT T EF.HS B A BF ERCLHE
(EZEEBHEMR) ., BB Bk, AT BEMRKE).EI ME.#E EXEERET
/BER) . EA BE.TE E-HEEED) . EG EZ(7R/7y7{EE).D. K Parida
(NEIGRIHMS, India) . R. I. Bersimbay (Eurasia Univ., Kazakhstan)

Evaluation of Human Risk in Space Environment and lts Protection ; Protection of

Radiation Late Effects
Taisei Nomura, Shigeki Adachi, Haruko Ryo, Eiko Hatanaka, Rie Kikuya, Yoriko Tokita,
Nanao Horike (National Institute of Biomedical Innovation, Ibaraki, Osaka 567-0085), Hiroo
Nakajima, Tadashi Hongyo (Graduate School of Medicine, Osaka University, Suita, Osaka
565-0871), Kazuo Fujikawa, Tetsuo ltoh (Atomic Energy Research Institute, Kinki University,
Higashiosaka, Osaka 577-8502), Toshimasa Ochiai, Junichiro Gyotoku (Mitsubishi Heavy
Industry, Kobe, Hyogo 652-8585), Kouji Wakame (Amino up Chemical, Sapporo, Hokkaido
004-0839), D. K. Parida (NEIGRIHMS, India), R. I. Bersimbay (Eurasia Univ., Kazakhstan)
E-Mail: nSnomura@nibio.go.jp

Abstract: To study the human risk of cosmic environment (including radiations) in the flying body and
space base, (1) Morphological and functional effects (including changes in gene expression) of raiations
on human tissues maintained in super-SCID mice, (2) Microsatellite mutations and leukemia in the
offspring of mice in the space environment, and (3) Protection of radiation-induced disorders by food and
supplement, and effects of space environment (including micro-gravity) on human diseases are carried out

by using specific mouse models.
environment.

The first two projects are ready to be carried out in the space
As for Project 3, we demonstrated protection of leukemia and congenital malformations by

AHCC (Active Hexose Correlated Compound) treatment, as it was done by macrophages activated by

Pyran and BCG.

In humans, AHCC definitely helps cancer patients in reducing side effects of

chemotherapeutic drugs, getting a sense of wellbeing and improved intake maintains general condition.
Furthermore, AHCC protected radiation hazards by radiotherapy on the skin and mucous membrane of

head and neck cancer patients
Key words;

Space environment, Cosmic radiations, Human risk, Super-SCID-human mice,

Transgenerational effects, AHCC (Active Hexose Corlated Compound), Prevention of
cancer and malformation, Protection of radiation hazards, Radiotherapy and

Chemotherapy
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Table 1. Radioprotectors

inhibition of Radiation Induced Disorders

“Radioprotector “

An agent that provides protection against the toxic
biclogical effects of lonizing radiation, mostly to Acute
Toxicity but not to Late Effects

Use for Nuclear War, Nuclear Accidents,
and also Radiotherapy and Ck therapy
Sulfhydryl compounds; Very toxic, can not use in human,
Amifostine (WR-2721}; Toxic, can not use In normal human
as radioprotector, but permitted to use for suppression of
side effects of cancer sedatives {(FDA, USA}L
CBLB502; A novel radioprotector {Science, 2008). An
agonist of TLR-5. May be usefull as radioprotector in
normal animal tissue and nuclear war.
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Table 2. Suppression of radiation-induced late effects
(mutation, malformation, and cancer)

1. Error-prone repair inhibitors, et
Caffeine, Theophylin, Theobromin, Methyl-xanthines
{Nomura, Nature, 1974, 76, Cancer Res,, 1577, 83}
Agent dependent!
Antipain {Protease Inhibitor, Nomura, Cancer Res, Etc, 1980, 1983)

2. Vitamins, etc.;
Vitamine A, C, D, Retinoic Acid {(Nomura, Cancer Res,
1483}, Nicotinamide {Gotoh, Nomura, Muta, Res,, 1988, 93)

3. immune-system;
Pyran, P. acnes, BCG, Activated-Macrophages, etc.
{Nomura et of, 1990}, AHCC (Nomura et of, this study)
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Abstract Array-based comparative genomic hybridiza-
tion (aCGH) using bacterial artificial chromosomes (BAC)
is a powerful method to analyze DNA copy number aber-
rations of the entire human genome. In fact, CGH and
aCGH have revealed various DNA copy number aberra-
tions in numerous cancer cells and cancer cell lines
examined so far. In this report, BAC aCGH was applied to
evaluate the stability or instability of cell lines. Established
cell lines have greatly contributed to advancements in not
only biology but also medical science. However, cell lines
have serious problems, such as alteration of biological
properties during long-term cultivation. Firstly, we inves-
tigated two cancer cell lines, HeLa and Caco-2. HeLa cells,
established from a cervical cancer, showed significantly
increased DNA copy number alterations with passage time.
Caco-2 cells, established from a colon cancer, showed no
remarkable differences under various culture conditions.
These results indicate that BAC aCGH can be used for the
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evaluation and validation of genomic stability of cultured
cells. Secondly, BAC aCGH was applied to evaluate and
validate the genomic stabilities of three patient’s mesen-
chymal stem cells (MSCs), which were already used for
their treatments. These three MSCs showed no significant
differences in DNA copy number aberrations over their
entire chromosomal regions. Therefore, BAC aCGH is
highly recommended for use for a quality check of various
cells before using them for any kind of biological investi-
gation or clinical application.

Keywords Validation of cell line - BAC -
BAC array CGH

Introduction

Comparative genomic hybridization (CGH) and array-
based CGH (aCGH) can detect DNA copy number aber-
rations in the entire human genome [1, 2]. In fact, to detect
DNA copy number aberrations, aCGH has been used to
examine many cancers and cancer cell lines for diagnosis
and prognosis [3-7]. Moreover, in Korea an aCGH chip
was approved for use to diagnose hereditary diseases and
inherent chromosomal disorders, such as Down syndrome
and Turner’s syndrome, which are caused by chromosomal
aberrations [Korean Food and Drug Administration
(KFDA; http://www.macrogen.com/eng/macrogen/press_
list.jsp)]. Bacterial artificial chromosome (BAC) aCGH
has attracted attention as a superior method for genome-
wide analysis not only to detect DNA copy number
aberrations, but also to evaluate hereditary chromosomal
disorders.

In recent years, regenerative medicine using mesen-
chymal stem cells (MSCs) has received much attention
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[8, 9]. However, safety issues concerning the MSC appli-
cations, especially with respect to tumorigenesis, remain to
be solved [9-11]. The BAC aCGH method would be useful
for the evaluation of chromosomal stability and instability,
which are closely related to tumorigenesis.

In this study, we performed BAC aCGH to evaluate
chromosomal stability of Hel.a cells, Caco-2 cells, and
MSCs. The HeLa cell line was established as the first
human cancer cell line derived from a cervical cancer and
is one of the most widely used cell lines in the world [12,
13]. However, numerous other established cell lines are
now used as a substitute for HeLa cells [13]. The Caco-2
cell line was established from a human colon cancer [14].
Even though the Caco-2 cell was derived from a colon
cancer, it has been available for use as a convenient ref-
erence model for theoretical predictions of intestinal drug
absorption in drug discovery [15]. Therefore, the stability
of Caco-2 cells should be established for such a screening
purpose. MSCs are expected to be applied for regenerative
medicine, and they are already used clinically for the
treatment of various diseases [16, 17]. The safety issue
regarding the chromosomal stability of these cells thus
becomes increasingly important for future clinical
applications.

Materials and methods
Cell lines and DNA extraction

Hela cells (human cervical cancer cell line) of three dif-
ferent numbers of passage times were used for this study.
HeLa-A was purchased from the American Type Culture
Collection (ATCC, Manassas, VA), and DNA was directly
extracted without cultivation. The number of passage times
of HeLa-A was approximately 100 according to an
attached product information sheet from ATCC. HeLa-B
and HeLa-C were obtained from the Japanese Collection of
Research Bioresources (JCRB, Osaka, Japan), and the
number of their passage times was 122 for HeLa-B and 150
for HeLa-C.

Three different types of Caco-2 cells (human colon
cancer cell line) were also used for this study. Briefly,
Caco-2 was purchased from ATCC and designated as
Caco-2-a, and its DNA was directly extracted without any
cultivation because this DNA was regarded as a control.
Caco-2-b was maintained by a commercial institution and
analyzed after 63 passage times. Caco-2-c was maintained
by the same commercial institution, cultured on micropo-
rous membranes (0.4 um diameter), and analyzed after 58
passage times.

The ACBRI-519 cell line, which was derived from
normal human intestinal epithelial cells, was used as a

counterpart of Caco-2 cells in this study. ACBRI-519 cells
were purchased from Cell System Corp. (Kirkland, WA).

Three MSCs were derived from individual bone marrow
samples that were actually used clinically [16]. MSC-1 was
derived from a 69-year-old female and analyzed at passage
number 3 after primary culture using bone marrow. In a
similar manner, MSC-2 was derived from a 16-year-old
female and analyzed at passage number 3. MSC-3 was
derived from a 34-year-old male and analyzed at passage
number 4. MSC-4 was derived from the same individual as
MSC-3, but analyzed at passage number 7.

Extraction of genomic DNA was carried out by using
SepaGene (Sanko Junyaku, Tokyo, Japan) except MSCs,
and genomic DNA of MSCs was extracted by using the
Gentra Puregene Cell Kit (Qiagen, Hilden, Germany). Each
procedure of DNA extraction was according to the manu-

facturer’s respective protocols.

BAC aCGH

BAC aCGH analysis was carried out as described previ-
ously [7]. Briefly, 500 ng of genomic DNA from a given
cell line as the test sample and 500 ng of gender-matched
reference genomic DNA (Promega Corporation, Madison,
WI) were labeled with cyanine3-dCTP (Perkin Elmer Inc.,
Waltham, MA) for reference DNA or cyanine5-dCTP
(Perkin Elmer) for test DNA by random priming in 50-pl
reaction volumes by using the Bioprime DNA Labeling
System (Life Technologies Corporation, Carlsbad, CA) and
Array Kit (Macrogen, Seoul, Korea, http://www.macrogen.
com). After labeling, unincorporated fluorescent nucleo-
tides were removed by using a QIAquick polymerase chain
reaction (PCR) purification kit (Qiagen). Labeled test and
reference DNAs were mixed and dissolved in hybridization
solution (Macrogen) containing 100 pl Cot-1 DNA solu-
tion and 4 pl yeast tRNA solution (Macrogen). The array
CGH was provided by Macrogen MAC Array KARYO
4000. This array slide had 4030 BAC clone DNAs in
duplicate and covered the entire human genome with
1-Mbp resolution. The hybridization-to-wash procedure
was carried out by using a Hybristation (Digilab Inc.,
Holliston, MA). Hybridization was carried out at 37°C for
48-72 h on the Hybristation with continuous agitation. The
wash procedure was as follows: 50% formamide/2x stan-
dard saline citrate (SSC) at 46°C for 15 min, followed by
0.1% SDS/2x SSC at 46°C for 30 min, PN buffer (0.1 M
Na,P0,/0.1% NonDiet P-40, Nakarai Tesque, Kyoto,
Japan) at 37°C for 15 min, and 2x SSC at 37°C for 5 min.
The array slides were scanned at 532 and 635 nm by using
a GenePix4000A (Molecular Devices, Sunnyvale, CA) and
analyzed by Mac Viewer software (Macrogen). The Mac
Viewer software analyzed the results as follows: (1) aver-
aged the fluorescence ratios of the replicates and calculated
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the standard deviation (SD), (2) rejected individual spot
data based on several criteria including weak fluorescent
signals, (3) adjusted Cy5/Cy3 ratios such that ratios of the
normal genomic regions were always equal to 0, despite
variations in dye labeling efficiency, and (4) plotted data
relative to the position of the clones on the human genome,
according to July 2003, University of California, Santa
Cruz cartography. In this study, all BAC aCGH analyses
were confirmed to calibrate by the hybridization of the
normal male DNA versus normal female DNA. The entire
SD value of the log, ratio calculated for chromosomes
1-22 was 0.07. Accordingly, DNA copy number abnor-
malities were defined as more than three times higher than
the SD in order to account for experimental errors. For this
research, a log, ratio of 0.3 was employed to indicate
abnormal differences, with the normalized log, ratio of
fluorescence intensity of over 0.3 being taken as gain and
one of below —0.3 as loss.

Results and discussions
Evaluation of HeLa cells

To evaluate the chromosomal stability and instability of
HeLa cells, we analyzed three different HeLa cells by BAC
aCGH, as shown in Fig. 1. In the case of HeLa-A, DNA
was directly extracted from ATCC Hela cells without
cultivation. HeLa-B and HeLa-C were cultured for differ-
ent periods of time prior to DNA extraction (HeLa-B for
122 passages and HeLa-C for 150 passages). Novel DNA
copy number loss occurred at chromosomes 3 and 13 in
HeLa-C [Fig. la, b(i), (iii), respectively]. Moreover, at
9p13.1-p24.3, on the short arm of chromosome 9, CGH
profiles showed a tendency of the DNA copy number to
decrease with increased passage time [Fig. la, b(ii)].
Similar results were obtained for the entire regions of
chromosome 1 [Fig. 1a(*)]. In contrast, the CGH profiles
showed a tendency for the DNA copy number for the entire
regions of both chromosomes 21 and 22 to increase with
increased passage time [Fig. 1a(*)]. Additionally, Table 1
summarizes the average of log, ratios for the above-men-
tioned regions obtained from BAC aCGH analysis. These
results indicate that chromosomal instability including
DNA copy number alterations was generated by long-term
culture of HeLa cells. HeLa-C, in comparison to HelLa-A,
would be distinguished as a variant of HeLa cells or might
be a different cell. To summarize our analysis using BAC
aCGH, continuous cultivation of HeLa cells caused a sig-
nificant change at the chromosomal level. Until now,
chromosomal changes in cultured cells have been recog-
nized only empirically. If a chromosomal change occurs, it
will result in a significant change at the expression level.

@ Springer

For scientific research using cultured cells, such a change is
extremely critical. Based on our present findings, we stress
the importance of validation of experimental cultured cells
even at the chromosomal level.

Evaluation of Caco-2 cells

This colon cancer cell line is well known to be a heter-
ogeneous cell line and to differentiate spontaneously into
small intestinal epithelial cells after its cultures have
reached confluence [18-20]. Such differentiated Caco-2
cells can be cultured as monolayers on permeable filters
and correlate well with the absorption system of normal
intestinal cells. Therefore, Caco-2 cells are used indus-
trially as a simulation model of intestinal drug absorption
in drug discovery [15]. As described above, HeLa cells
displayed chromosomal instabilities including DNA copy
number alterations in a passage time-dependent manner.
To evaluate the chromosomal stability including DNA
copy number aberrations of Caco-2 cells, we analyzed
Caco-2 cells under several different conditions by using
BAC aCGH. The CGH profile for Caco-2-a, which was
used as the control, is shown in Fig. 2. These cells
showed no significant difference in comparison to Caco-2
cells purchased from the European Collection of Cell
Cultures (ECACC, Wiltshire, UK) or from DS Pharma
Biomedical Co., Ltd. (Osaka, Japan; data not shown).
Caco-2-b cells, which were analyzed at passage number
63, and Caco-2-c cells, which had been cultured on the
microporous membranes, showed no remarkable differ-
ences in CGH profile in comparison to Caco-2-a. Other
culture conditions, such as fewer passage times than the
63 passages for Caco-2-b and use of larger diameter
membrane than that used for Caco-2-c, gave similar CGH
profiles (data not shown). These results indicate that the
Caco-2 cell line, in comparison to the Hela cell, is a
chromosomally stable cell line, even though it was
established from a cancer cell. Therefore, the Caco-2 cell
line would be considered a suitable cell line for use in a
validation system of intestinal drug absorption, as verified
from the aspect of chromosomal stability assessed by
BAC aCGH.

The ACBRI-519 cell line, which was established from
normal human intestinal epithelial cells, was regarded as an
alternative of the Caco-2 cell line. CGH profiles showed no
significant differences between ACBRI-519 and Caco-2
cells, as also shown in Fig. 2. According to the result of
BAC aCGH, ACBRI-519 and Caco-2 cells would be
regarded as the same cell line. Indeed, Yamamoto et al.
[21] reported that the IL-8 response to oxidative stress was
almost the same between Caco-2 cells and ACBRI-519
cells. Thus, BAC aCGH can be used to recognize and to
distinguish cell lines.
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Fig. 1 BAC aCGH profiles of three HeLa cells. a Upper panel BAC
aCGH profile of HeLa-A (ATCC), middle panel HeLa-B (JCRB, after
122 passages), lower panel HeLa-C (JCRB, after 150 passages). (i)~
(iii) Correspond to b(i) to (iif), respectively. An asterisk indicates a
tendency for DNA copy number alterations. The ordinate indicates

Evaluation of MSCs

MSCs have been widely used clinically in the field of
regenerative medicines; for instance, they are used for the
treatment of osteoarthritis, bone tumor, acute myocardial
infarction, and graft-versus-host disease [16, 17, 22, 23].
Because the tumorigenesis of MSCs is still a controversial
issue, the safety evaluation of MSCs is very important
[9-11]. BAC aCGH is a powerful method for detecting
DNA copy number aberrations, which are strongly asso-
ciated with tumorigenesis. In this study, we analyzed MSCs
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the log, ratio of Cy5/Cy3 and abscissa, the chromosome number (also
applies to Figs. 1b, 2, 3). b Three remarkable regions of DNA copy
number aberrations. Arrows point to regions of remarkable DNA copy
number loss

that already had been used clinically without tumor for-
mation for osteoarthritis patients [16]. As shown in Fig. 3,
the CGH profiles of MSC-1, MSC-2, and MSC-3 followed
the baseline linearly; the SD values for these CGH profiles
were 0.028 £ 0.060 for MSC-1, 0.043 £ 0.072 for MSC-
2, and 0.029 = 0.063 for MSC-3. In the case of MSC-4,
which was passaged three more times than MSC-3, it also
followed the baseline linearly (SD value was 0.018 +
0.073). These results indicate that these MSCs did not have
any chromosomal instability including DNA copy number
aberrations. Therefore, BAC aCGH was able to confirm the
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