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METHODOLOGY o
The study involved 120 patients with invasive duc-
tal carcinoma of the pancreas who underwent radical
resection at Keio University Hospital (Tekyo, Japfm)
during a 20-year period from 1976 to 199'5. The cI-imcal
records of these patients were retrospectively rewe“.:ed
to determine the prognostic utility of the preoperative
and postoperative platelets counts 1n regard to sur-
vival, Fifteen patients whose preoperative platelets
count data were missing were excluded. As a result,
data of 105 patients, 75 men and 30 women, were ana-
lyzed in this study, Their ages ranged from 29 to 86
years old, and their mean age was 612 years old.
Laboratory data were collected on admission am.'l at
intervals of approximately 1 month after the operation,
Complete blood counts, including platelets counts,
were obtained in the hospital laboratory and analyzed.
_ The fina! histopathological diagnoses were: tubu-
lar adenocarcinoma, well differentiated: 19 (18.1%),
tubular adenocarcinoma, moderately differentiated:
63 (60.0%), tubular adenccarcinoma, pootly differenti-
ated: 6 (5.7%), papillary adenocarcinoma: 10 (9.5%),
adenosquamous carcinoma: 3 (2.9%), and others: 4
(3.8%). At surgery, pancreatoduodenectomy (PD) or
pylorus-preserving pancreatoduodenectomy (PpPDY
was basically performed to treat tumors of the head of
the pancreas, while distal pancreatectomy plus
splenectomy (DP+SP) was performed foz: tumors of
the body and the tail of the pancreas. l?lssectmn of
regional lymph nodes was performl_ed in all cases.
Patients with a large tumor located in the head and
body of the pancreas were treated by‘total_ pancreate-
ctomy plus splenectomy (TP+SP) with dissection of
regional lymph nodes. )

All patients were followed up closgly at our hospi-
tal after discharge, The follow-up period ranged from
a minimum of one month to & maximum of 191
months. Ninety-seven cases could be evaluated 1
month after the operation. Laboratory data were col-
lected, and computed tomography or.u[t.rasonography
was performed at intervals of approximately 1 month,
3 months, and 6 months and then every 6 months
a&e;nd;if;?iliice with other studies (9,10}, we defined
non-elevated platelets counts as & count of less than
40x10Y¥mL and thrombocytosis as a counl': of
40x104mL or higher. The patients were also classified
by changes in platelets counts between the preopera-
tive and postoperative period. In group A, the preop-
erative and postoperative platelets counts were both
40x10%mL or highet. In group B: the preoperative
platelets count was 40x104/mkL f higher and the post-
operative obe was less than 40x10%mL. In group C,
the preoperative platelets count was less than
40x104mL and the postoperative one was 40x104/mL
or higher, and in group D the preoperative and post-
operative platelets counts were both less than
40x104/mL. . )

Since splenectomy is often associated with an
increase of postoperative platelets counts, to accurate-
ly evaluate the influence of postoperative platelets
counts on the outcome, it was necessary to analyze the
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cumulative survival rates of patients who had under-
gone PD (without SP).

Staging was determined based on histopathologi-
cal findings according to the UICC pTNM classifica-
tion of malignant tumors.

Some patients had undergone intraoperative
radiotherapy (IOR) and/or postoperative chemothera-
py- IOR was performed on 37 patients (35.2%) and
chemotherapy was performed on 68 patients (43.8%).

As for the outcome, the survival curves of the each
group was prepared by the Kaplan-Meier method and
analyzed by the log-rank test. Background factors,
such as hematological findings and histopathologieal
findings, of the two groups were compared between
the group in which the preoperative platelets count
wasg 40x104mL or higher and the group in which it
wag less than 40x104/mL by x2 test.

RESULTS
Survival Rate of Two Preoperative Platelets
Count Groups

The preoperative platelets count was 40x104mL
or higher in 14 (13.3%) patients aged 29-73 years
{mean age: 58.3 years old) consisting of nine men and
five women. The precperative platelets count was less
than 40x104/mL in 91 patients (67.6%) consisting of 65
men and 26 women, and their age range was 40-86
years (mean age: 62.2 years old).

The cumulative survival rate was significantly
poorer in the group with thrombocytosis (n=14) than
in the group with non-elevated platelets counts (n=91,
p=0.043, Figure 1), The one-year and three-year sur-
vival rates were 28.6% and 0%, respectively, in the
patients with preoperative platelets counts 40x10%mL
or higher. In the patients with preoperative platelets
counts less than 40x104/mL, the survival rates were
45.1% and 23.1%.

Histological Types, Treatment, and
Comprehensive Stages
The primary lesion was localized in the head of the
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FIGURE 1 Cumulative postoperative survival rates stratified by the
preoperative platelets counts of pancreatic cancer patients. The group
with thrombocytosis {n1=14) had preaperative platelets counts
40x104mL or higher (——). The group with normal platelets counts
{n=91) had counts less than 40x109/mL, {~—-}. The outcome of ife
group with thrombacytasis was significantly poorer than the group with
normal platelets counts (p=0.043).
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pancreas in 88 patients (83.8%) and in the body or tail
region in the other 17 (16.2%). PD or PpPD had been
performed in 70 patients (66.6%), DP+SP in 10
patients (9.5%) and TP+SP in 25 (23.8%). In the
group with preoperative platelets counts of 40x104/ml,
or higher, PD or PpPD had been performed in nine
(64.3%), DP+8P in one (7.1%) and 4 patients (28.6%)
had undergone TP+SP. In the group with counts less
than 40x104mL, PD or PpPD had been performed in

{14.3%), and group D of 67 patients (63.8%). In group
A and group B, the one-year and three-year survival
rates were 28.6% and 0%. In group C, the one-year and
three-year survival rates were 13.3% and 0%. On the
other hand, the one-year and three-year survival rates
were 52.2% and 28.4% in group D.

The survival rates were clearly lower in groups A,
B and C, compared with group I, There were no sig-
nificant differences in outcome between group A and

61 patients (67.0%), DP+8P in nine (9.9%) and
TP+8P in 21 (23.1%). There were no significant dif-
ferences in the operations.
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In the group with preecperative platelets counts of Preoperative platelets count {x104/mL)
less than 40x104/mL, 29 patients (31.9%) had received All eases 240 <40 D
intraoperative radiotherapy and 62 patients (68.1%) g“ie“ts 105 14 91
did not. In the group with 40x104mL or higher counts, S€X
eight patients (57.1%) underwent intraoperative Men:Women 75:30 25 65:26 0.29

. . . . Age (yn) 29-86 29-73 40-86 0.21
radiotherapy and six patients (42.9%) did not. In the Mean 61.9 58.3 62.2

group with preoperative platelets counts of less than Histological type

40x10%mL, 49 patients (53.9%) underwent intraoper- Tubular adenocarcinoma well. 19 1 18 0.46
ative and/or postoperative chemotherapy and 42 Tubular adenocarcinoma mod. 63 [ 54
patients (46.1%) did not. In the group with preopera-  Tubular adenocarcinoma por. _ 6 . 1 5
tive platelets counts of 40x104mL or higher, 10 Papillary adenocarcinoma 10 LB i
patients (71.4%) had undergone intraoperative and/or Adenosquamous carcinoma 3 0 3
postoperative chemotherapy and four patients (28.6%) gf'l;:lm 4 0 4

had not. There were no significant differences in the

A N . i B% 12 %) 76 5% 0.
i of paients who e oo by BT Gien WG e om
and/or chemotherapy between the group with throm- Operation
bocytosis and the group with non-elevated platelets  (p,y D 70 (66.6%) 9 (64,3%) 61 (67.0%) __ 0.88
counts (radiotherapy: p=0.065, chemotherapy: Dp+3sp 10 (9.5%) 1(7.2%)  9(9.9%)
p=0.22), TP+SP 25 (23.8%) 4 (28.6%) 21 (23.1%)

There were no significant differences in sex ratio, IOR
age, histological type, or site of primary lesion between  Done 37.(35.2%) 8 (57.1%) 29 (31.9%) _0.085
the group with preoperative platelets counts gﬂt ™ 63 (64.8%) 6 (42.9%) 62 (68.1%)

e . emothera
et or higher and the group with less than o8 o 59 (56.2%) 10 (714%) 49 (53.69) 0.3
x104mL, and there were no significant differences N

\ R . ot 46 (43.8%) 4 (28.6%) 42 (46.1%)

in rate of those who had received adjuvant thera!)y, Pathological Classification pTNM stage

such as IOR and chemotherapy. The comprehensive I 8 (7.6%) 0 8 0.19

stages were compared between the two groups, andno [ 14 (13.3%) 1 14

significant differences were observed (Table 1). I 49 (46.7%) 10 38
wva ___ . 34324%) 3 31

Hematological Findings IVB .. 0 0 9

Background of the study population of patients with invasive ductal
carcinoma of the pancreas described by sex, age, Histological type, extent
of the tumor, surgical procedure performed, intracperative radiotherapy
(YOR), chemotherapy, stage, and comparison of clinicopathologieal
variables between preoperative platelets count groups.

The preoperative coagulation system, fibrinolysis
system, and peripheral blood cells were compared
between the patients with thrombocytosis and with
non-elevated platelets counts. The PT percentage,
ePTT, FDP, hematocrit, hemoglobin, and neutrophil
values were not significantly different (Table 2).

R
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Histopathological Findings

s . . . . rati 4
Histopathological findings in the resected primary Preoperative platelets count (x104/mL)

tumors were compared between patients with throm- “PPT oc ;‘1‘_‘35 ; : (5) 0‘37
bocytosis and patients with non-elevated platelets PT % % 100 305 0.14
count (Table 3). There were no differences between FDP nefdL 102 108.3 0.87
the two groups in primary tumor (T), metastases at gt % 36.4 37.1 0.31
regional lymph nodes (N), and distant metastases (M). Hb gfdL 12.3 124 0.24

Neatvophil % 63.5 66.8 0.71

Changes in Platelets Counts after Surgery

The patients were classified into four groups (A to
D) according to changes in platelets counts. Group A
Congisted of seven of the 105 patients (6.7%), group B
of seven patients (6.7%), group C of 15 patients

Comparison of laboratery results between preoperative platelets count
groups. There were no significant differences in [aboratory results without
WBC count. The difference may not have been significant clinically
because the counts were within the normal range in both groups.
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All cases 240 <40 P

T 1 4 (3.8%) 0 (0%} 4 (4.4%) 0.54
Primary tumor 2 10 (9.5%) 1(7.1%) 9 (9.9%)

3 57 (54.3%) 10 (714%) 47 (51.6%)

4 34 (32.4%) 3 (21.4%) 31 (34.1%)
N 0 31(29.5%) 2(14.3%) 29 (31.9%) 0.138
Regional 1 T4 (70.5%) 12(85.7%} 62 (68.1%)
lymph nodes
M 0 105 (100%) 14 (100%) 91 (100%) -
Distant 1 0 (0% 0 {0%) 0 (0%
metastasis

Histopathological characteristics of the two groups. These findings were
evaluated according to the UICC pTNM classification of malignant tumors.
There were no significant differences between the two preoperative
platelets count groups.

group B, group A and group C, and between group B
and group C. However, there was a significant differ-
ence in outcome between group B and group D
(p=0.045), and between group C and group D
(p=0.002) (Figure 2).

Survival Rate in the Groups Without
Splenectomy

Cumulative survival rates after PD or PpPD were
analyzed to accurately evaluate the influence of the
postoperative platelets count by eliminating the
effects of splenectomy. Seventy patients were under-
went PD or PpPD (66.6%). Nine patients had postop-
erative platelets counts of 40x104/mL or higher and 61
had counts of less than 40x104/mL. The outcome was
found to be significantly poorer in the group in which
the postoperative platelets count was 40x10%mL or

Survival e (%) Changes of plalelet counts between pre and post operation
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FIGURE 2 Patients were classified according to changes in platelets
count, and their outcome was analyzed, Group A had preoperative and
postoperative platelets counts 40x104/mL or higher (n=7 ——).
Group B had preoperative platelets counts 40x10%/mL or higher and
postoperative counts less than 40x104/mL (n=7 ). Group C had
preoperative platelets counts less than 40x104/mL and postoperative
counts 40x104/mL or higher (=15 —). Group D had preoperative
and postoperative platelets counts 40x10%/mL (n=67 —--}. There
was a significant difference in outcome between group B and group D
{0=0.045), group C and group © (p=0.002). The outcome of group D
was obviously good compared with the other groups.
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higher compared with the group in which it was less
than 40x104/mL (»=0.032, Figure 3).

Comparison of Disease-free Intervals

The disease-free intervals analyzed by the Kaplan-
Meier method were compared between the group in
which the preoperative platelets count was 40x104/mL
or higher and the group in which it was less than
40x104ml., The mean disease-free interval was 4.9
months in the 40x104mL or higher group and 46.5
months in the less than 40x104/mL group, showing
that recurrence was significantly delayed in the less
than 40x104/mL group (p=0.005, Figure 4).

DISCUSSION

We have shown that thrombocytosis is associated
with a poor outcome and earlier tumor recurrence in
patients with pancreatic cancer. The outcome of
patients with invasive ductal carcinoma of the pan-
creas was significantly poorer in the group in which
the precperative platelets count was 40x104mL or
higher compared with in the group without thrombo-
cytosis. These findings are counsistent with past
reports of a poorer outcome in patients with cancer of
the Iung, uterine cervix, endometrial carcinoma, and
renal cancer with increased preoperative platelets
counts (7-9,16). The mean disease-free interval in the
40x10%mL count group was also significantly shorter,

In our patients, the overall survival rate was 42.9%
after 1 year, 20.0% after 3 years and 12,9% after 5
years, and similar to the mean survival rates of
patients with invasive ductal carcinoma of the pan-
creas treated by radical pancreatectomy in Japan (1
vear: 51.2%, 3 years: 25.1%, 5 years: 18.2%) (17).
Moreover, the proportions of comprehensive stages,
histological types, and types of selected operative pro-
cedures were also similar to the means for patients
treated in Japan. Thrombocytosis has been found in
association with several carcinomas (7,18,19). We
found thrombocytosis in 13.3% of our patients with
pancreatic cancer. This thrombocytosis rate is similar
to the rates found in patients with cancer of other
organs, endometrial cancer and cervical cancer (20-
23), These above data indicate that our patients were
not particular for other reported cases.

Comparison of the clinical background data of the
group in which the preoperative platelets count was
40x104/mL or higher and the group in which it was
less than 40x104/mL showed no significant differences
in age, sex ratio, histological type, or peripheral blood
coagulation factors, and there were no differences in
any of the pathological diagnostic factors, i.e. T (pri-
mary tumor), N (metastases of regional lymph nodes),
or M (distant metastases). There were no significant
differences in tumor locations or surgical procedure
between the preoperative thrombocytosis group and
the non-elevated platelets count group, and there were
no significant differences in the rate of patients sub-
jected to adjuvant therapy, such as intraoperative
radiotherapy or intra- or postoperative chemotherapy-
Despite the absence of significant differences in any of
the parameters, our investigation showed that the
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FIGURE 3 Cumulativg survival rate after pancreatoduodenectomy
(without the effect of splenectomy) stratified by the preoperative
platelets counts. The outcome was significantly poorer in the geoup in
which the postoperative platelets count was 40x104mL or higher
(n=9 —}than in the group in which it was less than 40x104/mL
(n=ﬁ1 ........ ) (p=0.032)-
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FIGURE 4 Comparison of postoperative diseass-free intervals between
the two preoperative platelets count groups. Recurrences occursed
signiticantly iater in which the preoperative platglets count was less
than 40x104/mL group { - ) than the groug In which the
preoperative platglsts count was 40x104/mL or higher ( )
{p=0.005).

outcome of patients with invasive ductal carcinoma of
the pancreas whose preoperative platelets count was
40x104mL or higher was significantly poorer than
that of without thrombocytosis.

Since several studies have reported on the poten-
tial hazard of intraoperative hematogenous dissemi-
nation of tumer cells (12-14), and Kobayashi ef al.
reported the 1isk of shedding cancer cells into a portal
vein while manipulating panereatic head lesions dur-
ing pancreatoduodenectomy for pancreatic cancers
(15), the relation between outcome and changes in
platelets counts after surgery may be important. The
outcome was significantly poorer in the group in
which either preoperative or postoperative counts
were 40x104mL or higher as compared with the group
in which preoperative and postoperative platelets
counts were both less than 40x104mL. Splenectomy is
often associated with an elevation of postoperative
platelets count, and splenectomy was performed in
patients with pancreatic cancer located in the body or
tail of the pancreas. Thus, to accurately investigate
the influence of postoperative platelets counts on the

outcome, we analyzed the survival rates of patients
who had undergone PD or PpPD (without splenecto-
my) and compared them with those of the group with
high and low postoperative platelets counts. Seventy
patients were underwent PD or PpPD (66.6%). The
outcome was significantly poorer in the group in
which the postoperative platelets count was
40x104mL or higher than in the group in which the
postoperative platelets count was less than
40x104mEL. The postoperative platelets count as well
as the preoperative platelets count may influence the
outcome of patients with pancreatic cancer.

Schwarz and colleagues reported that splenectomy
performed at the time of pancreatectomy in patients
with pancreatic cancer led to a poor outcome (24}, and
they attributed the poorer prognosis after splenecto-
my to an altered immune response to micrometastatic
cancer after removal of splenic immunocompetent
cells or different growth characteristics of lymphatic
micrometastases in the absence of splenic lymphocyt-
ic regulations. We think that splenectomy leads to
thrombocytosis in the early postoperative period and
may partly lead to a poorer outcome in patients with
pancreatic cancer because of an interaction between
the increased number of platelets and tumor cells as &
result, for example, of expression of extracellular
matrix degenerating enzymes by tumor cells.

The pathophysiologic mechanism underlying
thrombocytosis in malignant disease is still unclear.
The process of megakaryocytopoiesis, which leads to
the production of platelets, is complex and regulated
by a number of circulating humoral factors. However,
maturation of megakaryocytes is regulated primarily
by interleukin-6 (IL-6). IL-6 and macrophage colony-
stimmulating factor (M-CSF) may be responsible for: the
development of cancer related thrombocytosis (25,26).
Moradi et al. showed that patients with ovarian cancer
have elevated levels of IL-6 in serum and ascitic fluid,
(27). In a recent report, Okada et al. described that the
serum IL-8 level in patients with pancreatic cancer
was significantly increased compared to patients with
pancreatitis (28).

Interactions between tumor cells and platelets
have been attracting attention. Many tumor cells
secrete thrombin or a thrombin-activating factor,
leading to platelets activation (29), while activated
platelets secyete adherent proteins, such as fibrinogen,
fibronectin, factor V and VIII, and thrombospondin,
and strengthen the adherence between tumor cells
and platelets or between tumor cells and. endothelial
cells. It has been reported that the rate of distant
metastases of tumor cells that strongly agsregate
platelets is high and that the metastases rate of tumor
cells that weakly aggregate platelets is low, suggesting
that the platelets aggregation activity of tumor cells
correlates with the metastases rate (30). It has recent-
ly been reported that the in vitro infiltration activity of
tumor cells is increased by co-culture with platelets
(31). Moreover, the expression level of matrix metallo-
protease, MMP-9, by human mammary tumor cells
has been reported to be increased by co-culture of can-
cer cell line with platelets (32). Angiogenesis is a pre-
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Abstract

Establishing a method to control peritoneal dissemination is one of the most pressing issues in the postsurgical treatment of
pancreatic cancer. In the present study, we investigated the effect of dendritic cell (DC)-based immunotherapy on peritoneal
disseminations of hamster pancreatic cancer cells, PGHAM-1. After the orthotopically inoculation of 2 X 105 PGHAM-1 cells,
DC pulsed with PGHAM-1-derived umor Iysates, DC alone or PBS as a vehicle was injected intraperitoneally (i.p.) three times
at weekly intervals. The group treated with DC or DC+ Jysate was found to have smaller disseminated tumors than the vehicle-
treated. In addition, mean survival time in the DC+lysate groups was significantly longer than the PBS group. These findings
suggested that DC-based immunotherapy might be efficient for the treatment of peritoneal disseminations of the pancreatic
cancer.
© 2004 Elsevier Ireland Ltd. All rights reserved,
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1. Introduction

In almost all cases of pancreatic cancer patients,
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pancreatic cancer. Peritoneal dissemination is the
most important factor in the prognosis of pancreatic
cancer palients. Therefore, a therapeutical approach to
control peritoneal dissemination is urgently required
in clinical oncology.

Recently, using several DC-based immunothera-
peutic approaches against intractable cancers, some
positive results were reporied for melanoma [1),
kidney [2] and prostate cancers [3], lymphoma [4] and
colorectal cancers [5}. However, few clinical
approaches to the treatment of peritoneal dissemina-
tion have been successful, because control of it is very
difficult in the devastating conditions of terminal
cancer and the poor self-immune response of such
patients. Previously, our group already demonstrated
that hamster bone marrow (BM)-derived DCs loaded
with tumor lysate could induce tumor-specific cyto-
toxic T lymphocyte (CTL) activity and a significant
anti-tumor response in subcutaneously pancreatic
cancer-bearing hamsters [6). ‘

In the present study, based on the promising
therapeutical effect on a subcutaneous tumor, we
have focused on peritoneal dissemination, the worst
of the Iocal progressions or recurrences after surgery
in pancreatic cancer resulting in death, and investi-
gated the therapeutical effect of DC treatment on
pancreatic cancer-induced peritoneal disseminations
in hamsters in terms of tumor weight and survival
time,

2. Materials and methods
2.1. Hamsters and cell lines

Specific pathogen-free 3 to 4-week-old female
Syrian hamsters were purchased from Japan SLC, Inc.
(Shizuoka, Japan) and housed under pathogen-free
conditions. All animal used in this study were cared
for and used humanely according to the principles of
laboratory animal care (NIH publication No, 85-23,
revised 1985) and the Guidelines for animal exper-
iments of the National Cancer Center, Tokye. The
PGHAM-1 hamster pancreatic cancer cell line was
kindly provided by Dr Uchida (Nippon Medical
School, Tokyo, Japan), and maintained in Dulbecco’s
modified Eagle's medium (DMEM) (SIGMA,
St. Louis, MO) containing 10% fetal bovine serum
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(Invitrogen, Rockville, MD), 2mM L-glutamine,
100 U/m] of peniciilin and 100 pg/ml of strepto-
mycin. The DDTIMF-2 cell line, Syrian hamster
leiomyosarcoma cells and the YAC-1 cell line were
purchased from the American Type Culture Collec-
tion (Manassas, VA).

2.2. Culture of bone marrow-derived DCs
and antigen pulsing

The method of BM-derived DC culture and pulsing
with tumor lysates was previously described [6].
Briefly, unfractioned BM cells were cultured with
mGM-CSF and mIL-4 at a concentration of 2 X 10°
cells per ml in a 24-well culture plate for 7 days.
Non-adherent, DC-enriched cell populations were
collected by gentle pipetting. Then 1X107
DC-enriched cells resuspended in Opti-MEM medium
and 2 mg of tumor lysate from PGHAM-1 cells mixed
with 50 pg of N-[1-(2,3-Dioleoyloxy)propyl)-N,N,N-
trimethylammonium methylsulfate (DOTAP) were
incubated 4 h at 37 °C in a water bath with constant
gentle shaking. The DCs were washed three times
with PBS (—} and used for intraperitoneal injection.

2.3. Tracking of GFP (green fluorescence protein)-
labeled BM-derived DCs in vivo

The method of construction of the recombinant
adenoviral vector containing the GFP gene and
generation of adenovirus was described before [7].
After a 7-day-culture, DCs were harvested and
resuspended at 5X10% cells per ml. Supernatant of
adenovirus containing GFP ¢DNA (AdGFP) or mock
virus was added to DCs at mulliplicity of infection
(MQI} of 100 and incubated for 2h. After two
washes, the cells were incubated for another 24 h
with GM-CSF and IL-4. 1X10’ Hamster DCs
transduced with GFP ¢cDNA (DC-GFP) or mock
DCs were resuspended in 200 ul of PBS (—) and
injected intraperitoneally (i.p.) into the hamsters.
After 24h, omentum, mesenteric and paraaortic
lymphnodes were resected and single cell suspen-
sions were made. Fluorescence-positive cells were
measured using a FACSCalibur (Beckton-Dickinson,
SanDiego, CA).
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2.4. Adenoviral-retroviral sequential infection

PGHAMI cells with 50% confluency on a 6 cm
culture plate were infected with the adenovirus
containing a human amphotropic retrovirus receptor
¢DNA (1< 10® PFU) for an hour [7]. After a change
of medium to DMEM supplemented with 10% FBS,
they were incubated at 37 °C overnight. Then they
were infected with the retrovirus containing cDNAs of
EGFP (Clontech) and Ampho [8] by adding viral
stock with polybrene (8 pg/ml) (adenoviral-retroviral
sequential infection method; manuscript in prep-
aration). At 2 h after the infection, the medium was
teplaced with DMEM supplemented with 10% FBS
and incubated overnight. Blasticidin (108 pg/ml) was
added to the medium and maintained until colonies
were formed. GFP-expressing PGHAM-1 cells were
used for the DC-based treatment model in animal
experiments.

2.5. Animal experiments

The cohorts consisted of hamsters injected with
PBS (—), DCs or DCs-+1lysate. On day 0, all hamsters
were inoculated into the pancreas (orthotopically)
with 2 X 10° non-transduced or GFP gene-transduced
PGHAM-1 cells. On day 3, 9 hamsters per group were
injected i.p. with PBS (—), 1X107 DCs, or 1X107
tumor lysate-pulsed DCs per an animal. The injections
of vehicle or DCs were repeated 2 more times at
weekly intervals. On day 24, one week after the final
injection, three hamsters from each group were
sacrificed for the measurement of resected tumor
weight and metastatic nodule numbers and the
investigation of CTL activity using spleen cells. A
small amount of resected tumor from each group was
also used for histological examinations. All 6
remaining hamsters were monitored until death, and
the therapeutical effect on survival time was analyzed,
The therapeutical effect on GFP-expressing tumor-
inoculated hamsters was investigated using a
digital CCD camera (Hamamatsu Photonics K.K.,
Hamamatsu, Japan).

2.6. CTL assays

Spleens were harvested from three hamsters per
group on day 24, 7 days after the last DC injection,
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and used for the assay of CTL activity. The method of
CTL assay was described before [6]. Briefly, spleen
cells (5X10%ml) were co-cultured with irradiated
(18,000 rads) PGHAM-1 cells (5X 10°/ml) in 6-well
plates for 5 days. Restimulated spleen cells were used
as effectors for the 3'Cr relcase assay. PGHAM-1 cells,
DDTIMEF-2 cells as an irrelevant tumor or YAC-1 cells
as a target of NK cells were labeled with Na, °'CrO,.
The labeled cells were mixed with effector cells at
various E/T ratios in 96-well flat bottomed culture
plates for 4 h. The method of measuring the radioac-
tivity in supernatant was described previously [6].

2.7, Statistical analysis

Statistical differences were analyzed using the two-
lailed Student’s ¢ test, Survival in vive was analyzed
by comparing differences in mean survival times
using the Kaplan-Mejer method. A comparative
analysis of survival times between groups was then
made using the Logrank test. Values of P <0.05 were
considered statistically significant.

3. Results
3.1. Tracking of GFP-labeled BM-derived DCs in vivo

Almost all (more than 85%) GFP cDNA-trans-
duced hamster DCs were GFP-positive and the MFI
was very high, 5147 (data not shown). In vivo, the
frequency of fluorescence-positive cells in the lymph
node cell suspension was highest in omental lymph
node tissue (6.8%, Fig. 1). No significant number of
positive cells was seen in other Iymph node tissues.

3.2. Inhibition of tumor growth and peritoneal
dissemination

On day 24, 7 days afier the last DC injection, 3
hamsters from each group were harvested and the
remaining tumors were investigaled. Tumor weight
and the number of metastatic nodules were signifi-
cantly reduced in the groups treated with DC or
DC+lysates compared with the PBS group (Table 1).
The amount of bloody ascites was also decreased
in the groups injected with DC or DC+lysates,
Interms of external appearance of hamsters, there was
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Fig. 1. Tracking of green fluorescence protein (GFP)-labeled BM-derived hamster DCs in vivo. Hamster DCs (1% 10") transduced with GFP
cDNA (DC-GFP) or mock gene (DC-mock) were injected intraperitoneally into hamsters. After 24 h, omenturn, mesenteric and paraaortic
lymph nodes were harvested and fluorescence-positive cells were measured using a FACSCalibur. Each column represents the mean+SD of

lymph node samples from three hamsters.

a marked difference between the PBS group and the
treated groups; remarkable abdominal distention was
noted in the PBS group, whereas in the treated groups,
the abdomen looked fiat (data not shown). There was
also a significant difference in the number of
metastatic nodules and ascites between the DC
group and DC+ lysate group (Table I). Additionally,
in the GFP-expressing PGHAM-1 tumor treatment
model, DC+lysate group showed no significant GFP
spot compared with the PBS group, which showed
multiple GFP spots in accordance with melastatic
lesions (Fig, 2).

3.3. Cytotoxic T cell activity against PGHAM-1
tumors after intraperitoneal injection
of BM-derived DCs

The patterns of CTL activity induced by ip.
injected BM-derived DCs and DC pulsed with tumor

Table 1

lysate were consistent with the anti-tumor activity of
these groups shown in PGHAM-1 tumor-bearing
hamsters, CTL assays revealed that the DC and
DC+1lysate groups showed more potent CTL activity
against PGHAM-1 tumor cells than the PBS control
group (P <0.01, Fig. 3) at E/T ratios greater than 11.
In addition, the DC+lysate group exhibited greater
CTL activity than the DC group at E/T ratios greater
than 33 (P<0.05). Antibody-based blocking test for
CTL activity also demonstrated that anti-CD8 MoAb
inhibited moderately but significantly DC-stimulated
CTL activity by 32 and 38% in DC alone and
DC+lysate group, respectively (data not shown). No
significant differences in NK activity were detected.
Most importantly, CTL activity against DDTiMF-2
sarcoma cells, another irrelevant tumor syngeneic to
Syrian hamsters, was not induced at any treated
group. These results suggested that tumor-specific
CTL activity may be an important key factor to

Inhibition of pancreatic cancer growth and peritoneal dissemination by DC injections

Groups Tumor weight (g) No. of tumor nodules Ascites (ml)

PBS 2224075 29.0+9.27 16.0%4.48

DC 1.01 1085 (P=0.0482) 10.644.72 (P=0.0053) 4.55+3.10 (P=0.0103)
DC+Iysate 0.24+0.39 (P=0.0061) 1.60£2.61 (P=0.0014) 0 (P=0.0014)

The data show the mean SD from three hamsters. Values in parentheses indicate P values for the DC or DC+ysate group compared with (he
PBS group.
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Fig. 2. Remarkable growth suppression of orthotopically inoculated
PGHAM-1 tumor after repeated DC vaccinations. (A) and (B)
PGHAM-1 cell-inoculated hamster treated with PBS. Multiple
turnor nodule disseminations were seen in the peritoneal cavity
(arrows). (C) and (D) GFP-positive PGHAM-1 cell-inoculated
hamsters treated with DCs+tumor lysates. {(A) and (C) regular
image, (B) and (D) GFP image overlayed.
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the anti-tumor effects of tumor lysate-pulsed DC
against PGHAM-1 tumors.

3.4. Histological observations in PGHAM-1 tumors
Jrom hamsters treated with tumor lysate-pulsed DCs

FGHAM-1 tumors from hamsters injected with
tumor lysate-pulsed DCs showed a remarkable less of
viable tumor cells and massive necrosis with heavy
infiltration of mononuclear and polymorphonuclear
leukocytes (data not shown).

3.5. Survival analysis

All hamsters in the PBS group died within 4 weeks
of the inoculation of PGHAM-1 cells. In contrast,
almost all hamsters from the treated groups were still
alive after 4 weeks (Fig. 4). The mean survival time
was significantly longer for the DC and DC+lysate
groups than PBS group (DC+lysate 48.8 days, DC
35.0 days versus PBS 25.0 days; P<0.01 by Logrank
test). In addition, survival in the DC+-lysate group
was demonstrated to be significantly prolonged
compared with the DC group (P <0.05).

4. Discussion

To date, several therapeutic attempts to control
peritoneal disseminations of pancreatic cancers have

PGHAM-1 50 DDT1MF-2 50 YAC-1

504| —°— P8S —o— PBS —o0-- PBS
— —e— DC 404 [—— DC 404|—e— DC
g
£ 40| —»— DC+ys. —&— DCtlys. —i&— DC+lys.
- 301 20
2 30+
=
= Py 20 - 20
.g N -/
4] = 10 101

o ¥ T 1 0 T T T o T T 14
11 1:33 1:100 1:11 1:33 1:100 1:11 1:33 1:100
E/T ratio E/T ratio E/Tratio

Fig. 3. CTL activity induced by tumorJysate-pulsed DCs in hamsters orthotopically inoculated with PGHAM-1 cells. On day 24, spleen cells were
harvested from 3 hamsters per group and pooled, The spleen cell suspension (2.5 X 10° per ml) was co-cultored with 2.5 X l(_)s per m! of irradiated
(180 Gy) PGHAM:1 cells, Restimulated spleen cells were used as effectors in a > Crrelease assay. Killing activities of effector cells at various E/T
ratios against (A) PGHAM-1 cells, (B) DDTIMF-2 cells and (C) YAC-1 cells are shown. Data show the mean+ SD of triplicate samples.
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Fig. 4. Prolonged survival of umor-bearing hamsters treated with DCs pulsed with tumor lysate, All hamsters in the PBS group died within 4
weeks of the inpculation of PGHAM-1 cells. Meanwhile, almost all hamsters from the treated groups survived. Mean survival time was
significantly Jonger for the DC and DC +lysate groups than PBS group {DC+lysate 48.8 days, DC 35.0 days versus PBS 25.0 days; P <0.0] by

Logrank test).

been reporied [9-14]. One group of therapeutic
modalities is based on gene therapy. Aoki et al. [9]
demonstrated that the herpes simplex virus thymidine
kinase (HSV-TK) gene could be transduced intraper-
itoneally into tumor cells by way of an injection of
DNA-lipopolyamine complex, but the feasibility of
the gene-delivery system is not clear. Another group
uses tumor-antagonizing agents like NK4, a four-
kringle fragment of hepatocyte growth factor (HGF).
Tomiocka et al. [13] reported that NK4 inhibited tumor
growth, peritoneal dissemination and ascites accumu-
lation in orthotopic nude mice inoculated with human
pancreatic cancer cells into the pancreas, and that the
simultaneous targeting at both tumor angiogenesis
and the HGF-mediated metastasis might contribute to
the anti-tumor effect.

However, few studies of immune cell-based
therapeulic approaches based on intensification of
the host-defense against pancreatic cancer have been
reported. Previously, we demonstrated that hamster
BM-derived DCs treated with tumor lysates exhibited
obvious anti-tumor effects and caused a tumor-
specific CTL induction in hamsters inoculated
subcutaneously with syngeneic pancreatic cancer
cells [6].

In the present study, as a next step, anti-lumor
effect of lysate-treated DCs against peritoneal dis-
semination of hamster pancreatic cancer was
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investigated in vivo. To sum up the results of this
study, in the group treated with DC<-tumor lysates,
the growth of orthotopically inoculated tumor cells,
PGHAM-1 cells, and ascites production were signifi-
canily inhibited. In addition, even in the survival
analysis, the injections of DC+lysates had a greater
beneficial effect on the survival of tumor-bearing
hamsters than PBS or DC injections alone. For
another interesting thing, there was an obvious
difference of the strength of cellular immune response
including CTL or NK activity against tumor cells
between subcutaneously (previously described) and
the present intraperitoneally tumor-bearing hamsters.
Specifically, CTL killing activity against pancreatic
cancer cells at the E/T ratio of 100, was much higher
in subcutaneous model (more than 60%) than
intraperitoneal model (around 40%, Fig. 3). The one
of reasons may be the site of tumor or DC vaccination,
which is an immunologically fmportant issue. Sub-
cutaneous injection of DCs is an easy way 1o migrate
to regional lymph nodes, trigger the activation of
naive T cell, and expand tumor-specific CTLs. On the
other hand, intraperitoneal way of DC injection might
has some problems that tumor cells in the site or
peritoneal macrophages could hinder inducing potent
anti-tumor CTLs by means of Th2 cytokines or cell to
cell conatct. Second, the difference of target pancrea-
tic cancer cells may be another reason. PGHAM-1 cell
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is rapid-growing pancreatic cancer cells with high
malignancy compared with HPDINR cell used in
subcutaneous model. Probably, it is easily considered
that the induction of positive cellular immune
response in the abdominal cavity of PGHAM-1-
inoculated hamsters is a difficult protocol without a
strong adjuvant effect like DCs.

It can be speculated that the anti-tumor effects on
peritoneal dissemination by PGHAM-1 cells were
mediated by well-known biological mechanisms; cell
migration and Th1 cytokine production. In the first
instance, injected DCs transduced with the GFP gene
were demonstraled to migrate to the omentum-
associated lymphoid tissues, which are anatomically
equivalent to milky spots. It is generally considered
that omental milky spots act as the first line of host
defense in the peritoneal cavity because macrophages,
the major cellular component of the spots are
dedicated to facilitating phagocylosis and the proces-
sing of circulation antigens and foreign bodies
generated from the peritoneal cavity [15-17]. In
addition, the administration of a biological response
modifier (BRM) is reported to activale macrophages
in the milky spots and promote their migration into the
peritoneal cavity [18]. On the other hand, given that
intraperitoneally injecied tumor cells tend to invade
the milky spots and form tumor nodules, omenta}
milky spots are also closely involved in the dis-
semination of cancer cells [19]. Taken these findings
into consideration, the migration of injected DCs
treated with tumor lysates to the milky spots seems to
be an immunologically important event which
probably triggers the stimulation and expansion of
tumor-specific CTL closely linked to a significant
anti-tumor effect in vivo.

In the second instance, the PCR analysis revealed
that hamster DCs stimulated with tumor lysates
upregulated 11.-12 gene transcription, that is 1o say,
IL-12 protein production in our study (data not
shown). IL-12, a Thl cytokine generated by antigen-
presenting cells like DCs, is demonstrated to have
various effects on effector cells and tumor cells;
tumor-specific CTL production or NK cell activation
is easily promoted and additionally anti-angiogenic
effects and FAS upregulation on tumor cells. Also our
previous report demonstrating that intratumoral injec-
tion of genetically modified mouse DCs producing
IL-12 p70 showed a remarkable anti-tumor effect on
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B16-bearing mice supporis the efficacy of IL-12 [20].
In the present study, there might be other mechanisms
besides DC migration and IL-12 production mediating
the final tumor-specific CTL production and the
inhibition of tumor growth.

Even though tumor lysate-pulsed DC therapy is not
a novel modality, from a clinical point of view, it is
worth applying DC-based immunotherapy (o the
treatment of intractable pancrealic cancers, especially
peritoneal disseminations. It is recommended that this
therapeutical approach should be tested in a phase I
clinical irial because there is still no effective
treatment for advanced pancreatic cancers.
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Identification of an epigenetically silenced gene, RFX1, in human glioma
cells using restriction landmark genomic scanning
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Te identify the CpG islands differentially methylated in
human glioma, we performed restriction landmark geno-
mic scanning with a CpG methylation-sensitive enzyme,
We found 12 spots, the intensity of which was entirely lost
or decreased in both the human glioma tissues examined
as compared with that in matched normal Iymphocytes,
indicating aberrant methylation of these CpG islands in
gliomas. The expression of RFXI, one of the genes
associated with the methylated CpG islands, was
frequently decreased in human glioma cell lines and
tissues. We also demonstrated that the isolated CpG
island located in the seventh intron of the RFX1 gene had
enhancer activity and was hypermethylated in all of the
glioma tissues and cell lines analysed, but not in normal
brains or lymphocytes. Treatment of glioma cells with a
demethylating agent, 5-azacytidine, resulted in the
expression of RFX1, indicating that the silencing of the
RFX1 gene may be attributable to its methylation. RFX1
has been implicated in transcriptional downregulation of
the proto-oncogene c-myc. By expression of the RFX1
gene, the cellular proliferative activity of glioma cells was
suppressed. Taken together, these results suggest that the
RFX1 gene may be epigenetically silenced in human
gliomas and involved in glioma tumorigenesis.
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Introduction

Methylation patterns are established in a tissue-specific
manner early during wmammalian development,
mediated by a combination of demethylation and de

novo methylation of cytosine residues, primarily at CpG
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dinucleotides (Melki er a/,, 1999). The methylation
pattern is maintained through subsequent cell divisions
by the action of a DNA methyltransferase enzyme.
Although most CpG dinucleotides are methylated in
normal cells, the CpG islands in gene promoters remain
essentially unmethylated. In cancer cells, aberrant
hypermethylation occurs in the CpG-rich promoter
regions, associating with inactivation of tumor suppres-
sor genes (Melki er al., 1999).

Glioma is the most frequent and malignant human
brain tumor. Genelic events in glioma have been
extensively analysed, such as EGFR amplification/
overexpression, PTEN mutation, p33 mutation, homo-
zygous pl6™** deletion, and loss of heterozygosity on
chromosomes 1p,10q, and 19q (Humphrey er ai., 1988;
Fults er al., 1992; Sidransky et al., 1992; Di Cristofano
et al.,, 1998, Whang er al., 1998; Rasheed er al.,, 1999;
Yamada and Araki, 2001). Recent studies have sug-
gested that gliomas display a high frequency of
methylation, including promoter methylation of the
RBI gene (Hatada et al., 1991; Nakamura er al., 2001),
but only a few targets of methylation have been
identified so far.

Restriction landmark genomiic scanning (RLGS) was
developed as a high-speed screening method for
identifying multiple genomic alterations (Hatada et ai.,
1991; Costello et al., 2000; Itano er al., 2000). In RLGS,
genomic DNA is digested with specific restriction
enzymes and then subjected to direct isotopical end-
labeling at the resiriction sites. These end-labeled
restriction fragments are separated by two-dimensional
electrophoresis and detected as discrete spots on an
RLGS profile. When a CpG methylation-sensitive
enzyme, Notl, is used as the landmark enzyme,
approximately 2400 DNA fragments representing CpG
islands can be displayed by this technique (Smiraglia
et al., 1999),

In the present study, we used RLGS with the No/l
enzyme to detect CpG islands aberrantly methylated in
gliomas, and analysed the expression of genes associated
with the isolated Cp(Q islands, The expression of RFXI,
one of the genes associated with the methylated CpG
islands, was decreased in human- gliomas. RFX] is a
transcriptional downregulator of the proto-oncogene c-
myc (Chen er al., 2000). We further analysed the
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relationship between the methylation status and expres-  the human glioma samples examined as compared with
sion of the transcriptional regulator gene RFXI1 in  that in matched normal lymphocytes (Figure 1). To
gliomas, and the function of this gene as a tumor  analyse the sequences of the 12 spots, Noil/Psi
suppressor. fragments were isolated from the RLGS gels. CpG

: islands have a GC content of greater than 50% and the
CpG ratio as calculated by the formula, {(number of
Results CpGs)/(number of ‘guanines)(numbe‘:r of cytosines)}
(number of nucleotides analysed), is 0.6 or greater
. , o (Gardiner-Garden and Frommer, 1987). In this study,
Jdentification of methylated CpGs in gliomas all of the Noil/Pst] clones analysed (11f12) showed a
To identify the CpG islands differentially methylated in ~ GC content of more than 50% (Table 1). Moreover, six
human glioma, we performed RLGS with a CpG  clones showed a CpG ratio of more than 0.6. The other
methylation-sensitive enzyme, NotI, on two human clones, except clone no. 1, also had a CpG ratio close to
glioma samples and matched normal lymphocytes. Each 0.6, and all of these clones, including clone no. 1, were
RLGS profile had about 2400 spots representing the  located near CpG islands (data not shown). These
corresponding loci of genomic DNA (data not shown). results suggest that the fragments isolated by RLGS
In this study, approximately 300 spots were analysed in  with Nozl may have sequence characteristics related to
the central part of the RLGS profiles, where the spots  those of CpG-island DNA. To identify potential gene
showed the best resolution. We found 12 spots, the  regions associated with these CpG islands, we per-
intensity of which was entirely lost or decreased in both ~ formed BLAST searches of nucleotide databases for
) i+ Glioma‘l
W e (GBBOY |
Figure 1 RLGS profile of human gliomas and matched normal lymphocytes. The intensity of the 12 spots was entirely lost or
decreased in both the human glioma samples as compared with that in matched normal lymphocytes when RLGS was performed with
the methylatien-sensitive enzyme Norl
Table 1 ldentification of each of the Norl/Psi] fragments and analysis of the GC content ard CpG ratio
Clone no. Chromosome GC% CpG ratio® Related gene - Location Funtction of gene
1 19 65 0.53 RFX1 Intron Transcription regulator
2 15 54.4 0.77 None .
3 12 60.9 0.59 BGT-1 ¥ Neurotransmitter transporter
4 Not identified ) :
5 5 63.8 0.67 ADAMTS? Intron Protease
6 2 64.6 0.94 HOXD9 5 Transcription factor
7 9 63.8 0.59 None
8 15 67.8 0.59 FKSG83 Exon and intron Unknown
9 14 583 0.78 CGI-112 protein s Unknown
10 X 67.3 0.61 None
1 12 67.1 0.58 ALK-] ¥ Intracellular signal transducer
12 2 64.4 0.91 None
*CpG ratio; {{(number of CpGs)/(number of guanines)(number of cytosines)} {number of nucleotides analysed) of each clone
Oncogene
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each of the 11 clones, and identified seven genes that
may be aberrantly methylated in gliomas.

Analysis of gene expression by RT-PCR

To examine the relationship between CpG methylation
and gene expression, we analysed the expression pattern
of these seven identified genes by RT-PCR in a human
normal brain tissue, glioma tissues, and glioma cell lines.
The expressions of RFX1, BGT-1 (unpublished data),
and HOXD9 (unpublished data) in the glioma speci-
mens were significantly different from those in normal
brain tissue. We focused on the analysis of RFX1 in this
study, because expression of the RFX1 gene was found
to be frequently decreased in human glioma cell lines
(5/5) and tissues (6/9) (Figure 2). The PCR products
were confirmed to be specific for the RFX1 gene by
sequencing (data not shown).

Methylation of a CpG island in intron 7 of the RFX1 gene

The BLAST search of nucleotide databases revealed
that the isolated CpG island associated with the RFX1
gene was located in the seventh intron of .the gene

(Figure 3a). To examine the methylation status of the- .

CpGs in the seventh intron of the RFX1 gene in detail,
bisulfite sequencing was performed. As shown. in

Figure 3b, in the RFX1 gene region spanning intron 7,
the entire regions of the bisulfite-PCR products in the

glioma cell lines and tissues were densely methylated,
whereas the corresponding CpG islands in normal
peripheral blood mononuclear cells (PBMCs) and brains
were hypomethylated. Thus, CpGs in the RFX] region
spanning intron 7 were confirmed to be hypermethylated
in human gliomas. However, the CpG island in the
5" UTR region (—473 to —32) of the RFX1 gene did not
show any aberrant methylation in U251 ghoma cells
(data not shown).

Enhancer activity of intron 7 of the RFX1 gene.

To examine the role of the RFX1 region spanning intron
7 in gene transcription, we analysed the enhancer
activity of the seventh intron by reporter gene assay.
The PCR-amplified intron 7 of the RFX1 gene, which is
not methylated, was subcloned into the pGL3-Promoter
vector downstream of the luciferase reporter gene driven
by the SV40 promoter in both orientations. The reporter
gene assay revealed that the positive control vector
pGL3-Control, containing the SV40 promoter and
enhancer, increased the expression of the luciferase
reporter gene to approximately four times as much as
that in the pGL3-Promoter vector containing the SV40
promoter only (Figure 4). The pGL3-Promoter vectors

Glioma eell lines Glioma tissues

il [ |

Glioma tissues

©
& m o e E W 2 = »
'szgéﬁsaasa EE2IEs
ETEBH8IZCO0OO0 80U L0

Figure 2 RT-PCR analysis of the RFX1 gene in human normal
brain tissue and glioma cell linesftissues. The expression of the
RFX1 gene was decreased in glioma cell lines (5/5} and tissues (6/9)
as compared with that in normal brain tissue

with the seventh intron of RFX1 in both orientations
showed a 2- to 3.5-fold increase in the expression as
compared with the pGL3-Promoter vector. These results
suggest that the seventh intron ¢f RFXI1 has enhancer
activity and the expression of RFX1 may be controlled
by the seventh intron region in human gliomas.

Re-expression of RFX1 in glioma cells by treatment with
S-azacytidine andlor trichostatin A

To examine the role of methylation and histone
deacetylation in the silencing of RFX1 expression in
human gliomas, we treated the human glioma cell line
U251 with 5-azacytidine (5-aza-C), a methyltransferase
inhibitor, and/or trichostatin A (TSA), a histone
deacetylase inhibitor, RT-PCR analysis revealed that
treatment with 5-aza-C induced an increase in RFXI1
expression (Figure 5). Combined treatment with 5-aza-C
and TSA resulted in a greater induction of RFXI
expression. These results suggest that DNA methylation
may cause the silencing of RFX1 expression in human

_gliomas,

Cell growth suppression by RFX1

The expression of RFXI, which is a transcriptional
repressor of the proto-oncogene c-myc, was shown to be
frequently downregulated in human gliomas. To analyse
the function of RFX1 in gliomas, we examined the
relationship between RFX]1 expression and the cellular
proliferative activity in gliomas. Thymidine uptake of
U251 glioma cells was measured 48h after gene
transfection for the analysis of cellular proliferative
activity. Western blot analysis revealed that U251
glioma cells did not express the RFXI protein
(Figure 6a). The RFXI1-transfected U251 cells showed
the RFX1 protein expression (Figure 6a) and a
significant inhibition of the cellular proliferative activity
as compared with that of U251 cells or U251 cells
transfected with the control vector (Figure 6b), These
results suggest that RFX1 may be involved in the
cellular proliferative activity in gliomas.

A 4

Figure 3 Analysis of CpG methylation. (a) Schematic representation of the genomic position of RLGS clone no.1 and the CpG island
in intron 7 of the RFX] gene. The black boxes show the exons of RFX1. A CpG plot was drawn using GENETYX-MAC, Ver.11
(Software Development Co. Ltd) with modification. In the sequence, CpG dinucleotides are shown in bold and are numbered below
each site. (b) Methylation maps derived from bisulfite sequencing analysis of human glioma cell lines, glioma tissues, normal brains,

and normal lymphocytes
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Luciferase activity
{% of pGL3-Promoier)

0 L 1 )
pGL3-Conirnl pGLI-RFX sense  pGL3I-RFX antisense pGL3-Basic

Figure 4 Analysis of the enhancer activity of intron 7 of the RFX1
gene. pGL3-Promoter vector contains the SV40 promoter up-
stream of the Juciferase reporter gene. The region of the seventh
intron of the RFX] gene was subcloned into the pGL3-Promoter
vector downstream of the luciferase gene in both sense (pGL3-RFX
sense) and antisense (pGL3-RFX antisense) orientations. pGL3-
Control vector, which contains the SV40 promoter and enhancer
sequences, was used as a positive control vector. pGL3-Basic
vector, which lacks eucaryotic promoter and enhancer sequences,
was used as a negative control vector. The seventh intron of the
RFX1 gene enhanced the expression of the reporter gene driven by
the SV40 promoler. The values indicate the luciferase activities
compared to that obtained in the pGL3-Promoter vector contain-
ing the SV40 promoter alone (% of pGL3-Promoter) .

5-aza-C
& TSA

E
5
o

RFX)

m B-nc“n

Figure 5 Re-expression of RFXI after treatment with a methyl-
transferase, 5-aza-C, and/or a histone deacetylase inhibitor, TSA.
RT-PCR analysis of the RFXI gene was performed after the
treatment of U251 human glioma cells with 5-aza-C, TSA, or both
5-aza-C and TSA . . : E

Discussion

In this study, we analysed the methylation status of CpG
islands associated with tumorigenesis in glioma speci-
mens by RLGS with a CpG methylation-sensitive
enzyme, Norl, and potential gene regions associated
with the CpG islands were identified. When RLGS is
performed with a CpG methylation-sensitive enzyme,
alterations in RLGS spots indicate several types of
genomic changes. Loss or appearance of a spot may
indicate deletion or mutation of genomic DNA, as well
as DNA methylation or demethylation. An increase in
the intensity of a spot may mean gene amplification or
demethylation of another allele, whereas a decrease in
the intensity may indicate allelic changes or methylation
of one allele. In this study, all of the 11 spots isolated
from approximately the 300 RLGS spots analysed, the
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Figure 6 Suppression of the proliferative activity of glioma cells
by transient expression of the RFX1 gene. (a) Western blot analysis
of RFXI1. RFXI1 was not expressed in the control U251 cells or
U251 cells transfected with the control vector pFLAG. The RFX1
prolein was detected in cells transfected with pFLAG-RFX]1 using
an anti-RFX1 polyclonal antibody. (b) H]thymidine uptake assay
in U251 human glioma cells. The proliferation of RFX1-expressing
U251 glioma cells was significantly reduced as compared with that
of control U251 glioma cells or U251 cells transfected with the
control vectoer pFLAG

intensity of which was either entirely lost or decreased in
gliomas as compared with that in normal lymphocytes,
possessed the sequence characteristics of CpG islands
(Table 1). Sequence analysis revealed that no mutation
or deletion was present in any of the DNA fragments
isolated from the glioma samples (data not shown).
More than 80% of the Nod sites lie in CpG islands
(Lindsay and Bird, 1987). A recent report indicated that
aberrant CpG-island methylation in cancer takes a
tumor-type-specific pattern, and that significant prefer-
ential methylation of CpG islands was observed in
gliomas (Costello et 4/, 2000). In addition, Costello e al.
also performed an RLGS analysis with NotI of glioma
in combination with an analysis of high-resolution
deletion’ maps from microarray-based comparative
genomic hybridization, and the results suggested
that aberrant CpG-island methylation rarely occurs
together with deletions (Zardo er al, 2002). In our
study, three of the 11 CpG islands (clenes 1, 3, and 6)
were confirmed to be aberrantly methylated in
gliomas by bisulfite sequencing (unpublished data).
Taken together, our results suggest that RLGS with
the Noi!l enzyme is a useful method to analyse the
methylation status of CpG islands, and aberrant
methylation of CpG islands was found to occur
frequently in gliomas.

Methylation of CpGs within the promoter region of
genes is often associated with transcriptional inactiv-
ation. The expression analysis of the identified genes
related with the methylated CpG islands revealed that
the expression of the transcriptional regulator RFX1
was decreased in glioma tissues and cell lines as
compared with that in normal brain tissue {Figure 2).



To evaluate whether the transcriptional inactivation of
the RFXI gene was due to DNA methylation, we
studied the effect of the DNA methyltransferase
inhibitor 5-aza-C on the expression of the RFX1 gene
in glioma cells, Treatment with 5-aza-C induced re-
expression of RFX1 in the glioma cells, suggesting that
DNA methylation may suppress transcription of the
RFX1 gene. In addition, treatment with the histone
deacetylase inhibitor TSA concomitantly with 5-aza-C
induced even greater expression of RFXI1, suggesting
that deacetylation of histones may also play a role in the
suppression of transcription of the RFX1 gene.

Regarding the region of DNA methylation, while the
seventh intron was hypermethylated in all the glioma
cell lines and tissues analysed, no aberrant methylation
was detected in the promoter region of the RFX1 gene
in glioma cells. The reporter gene assay revealed that the
seventh intron has enhancer activity in relation to gene
transcription. Transcriptional repression of the Keratin
18 gene is due to the methylation of a CpG in the intron
enhancer element (Umezawa et al., 1997). Methylated
DNA-binding proteins, such as MeCP-2, bind DNA
with a single CpG methylation, and can inhibit
gene transcription (Meehan et al, 1992). Although
it is necessary to further apalyse the mechanisms of
the gene transcription of RFX1, differential methylation
of CpGs within the enhancer element may play an
active role in suppressing the expression of RFXI in
gliomas.

RFX1 belongs to the family of genes having an
evolutionarily conserved DNA-binding domain named
the winged helix (Emery et al., 1996; Gajiwala et al.,
2000). RFX1 binds and regulates the enhancers of a
number of virus and cellular genes, including the proto-
oncogene c-mye (Chen et al., 2000; Katan-Khaykovich
and Shaul, 2001). The expression of c-myc is repressed
by the binding of RFX1 to the intron 1 element.
RT-PCR analysis revealed that RFXI1 expression is
frequently decreased in human glioma tissues and
glioma cell lines. Moreover, re-expression of RFX1 in
glioma cells by gene transfection caused inhibition of the
cellular proliferative activity. Therefore, it is considered
that RFX1 may be involved in glioma tumorigenesis as
a tumor suppressor.

Materials and methods

Tumor samples and cell lines

Tumor tissues (glioblastoma, GB4, GBI13, GBle, GBI17,
GB38, and GB41; anaplastic astrocytoma, GB35; anaplastic
oligoastrocytoma, GB30; and mixed glioma {(WHOQO grade 11),
(GB26) and adjacent non-neoplastic brain tissue specimens
were obtained from glioma patients who were operated on at
the Department of Neurosurgery, Keio University School of
Medicine. All the samples were frozen in liquid nitrogen
immediately after collection and stored at —80°C until
preparation of the DNA samples. Written informed consent
for the study conducted in confermity with the Institutional
Review Board guidelines was granted by all of the patients.
The human glioma cell lines, T98G, U8TMG, and Al72,
obtained from the American Type Culture Collection, and
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U251 and GI-1, obtained from the RIKEN GENE BANK,
were cultured in Dulbecco’s modified Eagle’s medium (Sigma,
St Louis, MO, USA) supplemented with 10% fetal bovine
serum (JRH Biosciences, USA).

RLGS profile analysis

RLGS was performed according to published protocols
(Hatada e7 al., 1991). Briefly, high-molecular-weight genomic
DNA isolated from tumor tissues and PBMCs (Blin and
Stafford, 1976) was digested with Nesl and Pvull restriction
enzymes, and the Norl-derived 5 protruding ends were *2P-
labeled. After first-dimension separation of the **P-labeled
DNA fragments in agarose disc gels, a second digestion was
conducted in sitw using Pstl. The resulting DNA fragments
were separated perpendicularly on a polyacrylamide gel. The
separated DNA fragments were visualized by autoradiogra-
phy. The RLGS profiles were digitized on a VXR-8 Digitizer
(Vidar Systems Corporation, Hendon, VA, USA) and the
positions and intensities of the spots were analysed on a
Macintosh computer (System 9.2; Apple Computer Inc., CA,
USA) with Adobe Photoshop 5.0] (Adobe Systems Incorpo-
rated, CA, USA).

Isolation and sequence analysis of the DNA fragments on the
RLGS profile

The DNA fragmenis on the RLGS profile were electro-eluted
and purified by phenol/chloroform/iscamyl alcohol extraction,
followed by ethanol precipitation. The eluted DNAs initially
ligated the Norl and PsiI adapters. The ligated fragments were
amplified by PCR using a primer set with specific sequences for
each adapter. The PCR products were subcloned into the
pGEM-T Easy vector (Promega, Madison, WI, USA). The
sequencing reactions were performed with the BigDye
Terminator Cycle Sequencing Ready Reaction kit (PE Applied
Biosystems, Warrington, UK). BLAST searches of the
resultant sequences were performed in the databases provided
by the National Center for Biotechnology Information
{(NCBI).

RT-PCR analysis

Total RNAs were isolated from human glioma tissues and cell
lines using Trizol (Gibco BRL). Total RNA from normal brain
tissue was purchased from BD Biosciences Clontech. Synthesis
of cDNA was performed on 10ug from total RNA using
reverse transcriptase XL (AMYV) (Takara, Tokyo, Japan), and
transcribed in a final volume of 100 ul. Using Takara Taq™
(Takara, Tokyo, Japan), 1 a4l of cDNA template was amplified
in a 25-ul reaction mixture containing 0.1 uM of each primer.
The primer combinations were as follows: RFXI, sense
5-GAA GAT GGA AGG CAT GAC C-Y and antisense
§-GGC TCT TGG CAA AGT TCC-3; GAPDH, sense
5-TGA ACG GGA AGC TCA CTG G-¥ and antisense
§-TCC ACC ACC CTIG TIG CTG TA-3'; f-actin,
sense 5-GTC GAC AAC GGC TCC GGC ATG TGC-¥
and antisense 5'-GGA TCT TCA TGA GGT AGT CAG TCA
(-3, The PCR conditions were as follows: RFX1, 94°C 5 min,
94°C lmin, 57°C lmin, and 72°C lmin over 30 cycles;
GAPDH, 94°C 5min, 94°C 1 min, 58°C I min, and 72°C 1 min
over 25 cycles; and S-actin, 94°C Smin, 94°C 1 min, 68°C
1 min, 72°C 2 min over 20 cycles.

Bisulfite genomic sequencing

Bisulfite conversion was performed with I pg of genomic DNA
and the reapents provided in the Intergen’s CpGenome DNA
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