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Expression of Dihydropyrimidine Dehydrogenase, Thymidylate
Synthase, p53 and p21 in Metastatic Liver Tumor from
Colorectal Cancer after 5-Fluorouracil-based Chemotherapy

SHIGERU YAMAGISHI, HIROSHI SHIMADA, TAKASHI [SHIKAWA, SHOUICHI FUIJII,
KUNIYA TANAKA, HIDENOBU MASUI, SHIGEKI YAMAGUCHI,
YASUSHI ICHIKAWA, SHINJI TOGO and HIDEYUKI IKE

Yokohama City University Graduate School of Medicine,
Department of Gastroenterological Surgery, Yokohama, Japan

Abstract. Background: The expression of genes thought to be
related 10 5-FU chemosensitivity has been extensively
tnvestigated. However, little data is available on the expression
patterns of these genes after chemotherapy. Patients and
Methods: We investigated the expression of four genes, DPD,
TS, p53 and p21, in the metastatic liver lesions obtained from
colorectal cancer patients who had been treated with hepatic
arterial infusions of S-fluorouracil(5-FU)-based chemotherapy.
Results: Expression of DPD, TS and p53 in the metastatic liver
lesions was significantly higher in the chemotherapy-response
group than in the no response group. In the response group,
viable cancer cell nests were seen in confined spaces
surrounded by fibrous tissue. It was of interest that these cancer
cells in the response group showed conspicuous
immunoreactivity of DPD, TS and p33. Conclusion: An
analysis of genes involved in 5-FU sensitivity revealed that
suyviving tumor cells exhibited resistance characteristics,
indicating that the chemotherapy regimen should be altered,
even in partially responding cases, unless the response is
pathologically complete.

Pharmacogenetic markers of tumor cells have been
intensively investigated using molecular biology technologies
to predict chemosensitivity to 5-fluorouracil (5-FU) in
colorectal cancer patients. Among them, dihydropyrimidine
dehydrogenase (DPD) and thymidylate synthase (TS) are the
most promising genes that have been used clinically in
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2155), Fax: +81-45-261-9492, e-mail: s-gishi@kmc.mhe.east.ntt.co.jp

Key Words: Colorectal cancer, liver metastasis, chemotherapy,
gene.
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gastrointestinal cancer treatment. However, none of these
genes are absolute predictors of 5-FU sensitivity.

Neoadjuvant chemotherapy has been proposed as an
alternative approach to conventional surgery as an initial
management strategy with the aim of improving the outcome
of cancer patients. Strategies aimed at downstaging large or
multifocal tumors and the control of micrometastases to
enable curative resection by neoadjuvant chemotherapy have
attracted much attention. Recently, in the field of breast
cancer research, a sub-analysis of the National Surgical
Adjuvant Breast and Bowel Project B-18 (NSABP B-18) trial
revealed that a pathological complete response was the only
reliable marker for selecting cases that were sensitive to a
specific drug, resulting in an improved survival period (1).

In our institution, the resection of liver metastases for
colorectal cancer has been actively performed after 5-FU-
based chemotherapy via hepatic artery infusion. Although
the survival advantage of hepatic arterial infusion over
systemic therapy has been debated, the efficacy of this
treatment with regard to tumor reduction was shown to be
advantageous. We have used this procedure to treat patients
with primarily unresectable metastases confined to the liver.

In this study, we examined the expression of DPD, TS,
P53 and p2l in surgical specimens of liver metastases
obtained from patients after chemotherapy.

Patients and Methods

Samples. Surgical specimens of synchronous or metachronous
bilobular multiple liver metastatic tumors from 12 patients were
obtained at Yokohama City University, Japan. The patients
comprised 5 males and 7 females with a median age of 57.8 years
(range, 41-74 years) (Table I). Since none of the 12 patients exhibited
metastases at sites other than the liver, surgical resection was
performed after 5-FU-based chemotherapy via hepatic arterial
infusion. The treatment regimen was as follows: an infusion of 5-FU
(500 mg/body) or 5-FU (500 mg/ body) + I-Leucovorin (150 mg/
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Table I. Patient characteristics.

Primary  Age Gender  Response Depth n DPD DPD TS TS pa3 p33 p2l  p2l
tumor pri meta pri meta pri meta pri  mecta
rectum 59 F PD+NC se 1 2 0 0 0 0 0 1 0
rectum 41 F PD+NC $s 4 2 0 0 0 4 0 0 0
colon 33 M PD+NC se 1 0 2 0 0 0 0 0 0
colon 43 M PD+NC N 1 2 0 2 0 6 0 0 0
colon 31 F PD+NC mp 1 - 3 - 1 - 3 - 0
colon 74 M PD+NC si 0 1 3 L 1 0 0 0 0
colon 67 F PR sS 2 2 6 1 4 0 0 2 2
colon 63 F PR se 4 0 4 0 2 12 8 0 0
calon 54 F PR 55 2 1 4 I 1 9 9 2 1
rectum 69 M PR sS 0 0 4 2 [§ 9 12 6 i
colon 59 M PR ss 2 0 9 I 1 ) 6 1 0
colon 55 F PR ss 1 4 4 0 3 0 0 1 0

pri: primary lesion
metla metastatic lesion

body) + Cisplatinum (10 mg/ body) was administered every day for 5
days, and this cycle was repeated every 2 weeks for up to 4 cycles.
None of the patients had received any other chemotherapy or
radiotherupy treatments prior to the hepatic arterial infusicrs of
5-FU. Paraffin-embedded archival samples of their primary colorectal
lesions were also examined. The study was approved by the
institutional review board of the Yokchaa City University Sciool
of Medicine, Japan.

Clinical evaluarion. The chemotherapy response was determined by
comparing the volume of the liver metastases before and after
chemotherapy. A CT scan was performed after the 4 treatment cycles
had been completed, and the results were evaluated using the World
Health Organization (WHO) criteria (2). A complete response (CR)
was defined as the complete disappearance of all intrahepatic tumor
formation, and a partial response (PR) was defined as a reduction in
the tumor volume by 50% or more. measured as the sum of the
products of the two largest perpendicular diameters of all visible
lesions. No change (NC) was defined as a reduction in tumor volume
of less than 50% or an increase of less than 25%. An increase in
tumor volume of 25% or more or the appearance of new liver lesions
was defined as progressive disease (PD).

Antibocies. Rabbit anti-recombinant human DPD polyclonal
antibody (dilution=1:500; The Second Cancer Laboratory, Taiho
Pharmaceuticul Co, Saitama. Jupan.), 7§ polyclonal antibody
(RTSSA, dilution=1:8300: The Sccond Cancer Laboratory, Taiho
Pharmaccutical Co.). mouse monoclonal antibody against p53
protein (DO-7, dilution = 1:100; DAKO, Glostrup, Denmark) and
p21 protein (OP64, dilution=1:100: Oncogene Research Products,
Cambridge MA, USA) were used as the primary antibodies for the
immunohistochemical staining.

Iminunohistochemistry

(i) DPD. Tissue sections (4 um thick) were cut from cach block,
deparaffinized in xylene, rehydrated with graded ethanol and
immersed in TBS. Endogenous peroxidase activity was quenched
with 3% hydrogen peroxide in distilled water for 15 minutes. DPD

protein expression was evalualed using the avidin-biotin complex
immunohistochemical technique and a rabbit polyclonal antibody
to recombinant human DPD. To block the nonspecific binding of
the primary antibody, a normal rabbit serum (DAKO X901)
dilution in TBS was used for 20 minutes. After removing the
blocking solution, the DPD antibody (2 mg/ml) was applied for 60
ninutes in a humidified chamber at room temperature. The
sections were then incubated with biotin-conjugated swine anti-
rabbit immunoglobulins for 20 minutes {DAKO-E333). followed by
avidin-biotinylated peroxidase complex for 30 minutes. After
developing the color reaction product with a freshly prepared 3.3'-
diaminobenzidinc chromogen solution for 5 minutes, the sections
were counterstained with light hematoxylin for 10 seconds,
dehydrated in a series of ethanols, cleared in xylene, mounted and
covered with glass coverslips. Positive and negative controls were
included in each experiment.

(i) TS, p53 and p2l. Tissue specimens (4 wm thick) were fixed in
formalin and embedded in paraffin wax. After dewaxing, the
sections were treated with 3% hydrogen peroxidase solution in
methanol for 20 minutes to block endogenous peroxidase activity.
The sections were then heated in a 0.01 M citrate buffer (pH 6.0)
for 3-minute periods in a microwave oven for antigen retrieval.
Non-specific antibody bindings were blocked using 10% normal
bovine serum in PBS at 37°C for 15 minutes for the p33 and p2/
staining procedures and normal goat serum for the TS staining
procedure. The sections were then incubated with the primary
antibodies described in the previous section. The sections were
incubated at room temperature for 10 minutes with a byotinylated
anti-mouse IgG + IgA + 1gM (for monoclonal primary antibody)
for p53 and p2/ staining, and with a biotinylated anti-rabbit 1gG
for TS staining. The sections were then incubated at room
tempgrature with peroxidase conjugated streptavidin and Elite
ABC solution, respectively. The peroxidase reaction was developed
using a 3.3"-deaminobenzidine tetrahydrochloride solution (Sigma
Chemical Co, St. Louis, MO, USA) and 0.03% hydrogen peroxide.
The sections were counterstained with hematoxylin, dehydrated
and mounted in a routine fashion. Positive controls and negative
controls were always included in all experiments.
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Figure 1. Typical expression of DPD, TS. p53 and p21 genes after chemotherapy w: surgical specinens of liver metasteses A Expression of DPD. B:
Expression of TS, C: Expression of pS3, D: Expression of p2! (magnification, x400).

(iif) Quantitation. Three representative fields were examined, more
than 1000 tumor cells were randomly selected und the number of
positive ceils was counted at magnification x200. The expression of
these proteins were evaluated according to the method described
by Sinicrope er al. (3). In brief. positive-staining tumor cells were
expressed as a percentage of the total number of tumor cells and
assigned to one of the following five categories: class 0, <577 class
Lo 5% to 25%; class 2. 257 to 50%: class 3, 50% to 75%: and class
4, =75%. The intensity of the immunostaining was scored as
follows: I, weuak: 2. moderate; 3, intense. These two scores were
then multiplied. When heterogeneous levels of protein expression
were found within a tumor (in multiple sections from different
paraffin-embedded blocks of the same tumor), the highest protein
expression score obtained for that lesion was used.

Statistical analyses. Dr. SPSS software for Windows was used for
the statistical analyses: statistical significance was defined as
p<0.05.

Results

Chemotherapy via hepatic arterial infusion was successfully
performed in all 12 cases with no severe complications. The
total 5-FU dosage was 32001500 mg (mean=+SD). Clinical
evaluations revealed that the liver tumors in 6 of the 12
patients partially responded to the treatment, although no
complete responses occurred. In the remaining 6 cases. the
tumors did not change in size or progressed after treatment
(Table I).

Immunohistochemistry for the 4 genes was successfully
performed in all 12 cases. DPD and TS were clearly
observed in the cytoplasm of the cancer cells, while D53
and p21 were observed in the nuclei of the cancer cells.
Representative cases are shown in Figure 1. Since half of
the patients exhibited partial responses to the treatment,
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DPD TS

p=0.004

p=0.012

p33 p21
p=0.028 n.3
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Figure 2. Compurison of mwetastatic liver lesions in the PR group and the NC+PD group. The expression levels of DPD. TS and p33 were significantly

figlier in the PR group than in the NC+PD group (1<0.03).
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Figure 3. Comparison of primary lesions in the PR and NC+PD groups. No significant differences in the expression levels of the 4 genes were seen

berween the PR and NC+PD groups.

we compared the expression levels of these 4 genes in the
chemotherapy response and no response groups. The
mean scores for DPD, TS and p53 immunoreactivity were
significantly higher in the response group than in the no
response group. All of the differences were statistically
significant, as shown in Figure 2. However, the scores for
p21 were not significantly different between the two
groups.

In the response group, viable cancer cell nests were seen
in confined spaces surrounded by fibrous tissue. It was of
interest that these cancer cells in the response group showed
conspicuous immunoreactivity of DPD, TS and p53.

When the primary colorectal lesions from the archival
samples were examined, no significant differences in the
scores for any of the 4 genes were found between the
response and no response groups (Figure 3).
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Discussion

The cxpression of genes thought to be related to 5-FU
chemosensitivity has been extensively investigated in the hope
that methods for predicting 5-FU sensitivity might be
established. However, little data is available on the expression
patterns of these genes after chemotherapy. In our institute,
the hepatic arterial infusion of 5-FU-based chemotherapy is
routinely performed in patients with multiple liver metastases
to improve the curative rescction rate. Using surgical
specimens, we examined the expression of 4 genes in liver
tumors obtained from patients after chemotherapy. Although
the number of cases in this study was limited, the expression
rates of DPD, TS and p53 were significantly higher in the
response group than in the no response group These findings
suggest that the surviving tumor cells have both malignant
and 5-FU-resistant characteristics.

DFD is the initial, rate-limiting enzyme in the catabolism
of fluoropyrimidines, through which more than 80¢¢ of
administered 5-FU is eliminated. Thus, the activity of this
enzyme limits the efficacy of 5-FU treatment and is
associated with tumor resistance to 5-FU (4.5). The
intratumoral expression level of TS is considered a
prognostic factor for survival in patients with colorectal
cancer (6-8), although the ability of this marker to predict
5-FU chemosensitivity is controversial (9). The main
pathway by which anticancer drugs induce apoptosis is a
p33-dependent pathway (10,11). Normal p53 protein has
tumor-suppressing properties, and mutations in the p33
gene result in the disruption of critical growth-regulating
mechanisms (12-14). p53 is also related to the malignancy
of tumors and/or tumor resistance to chemotherapy. We
previously reported that p21 expression was correlated with
the inhibiting activity of 5-FU (15). suggesting that p2/ may
be a marker of 5-FU sensitivity.

These findings suggest two hypotheses: i) cells that are
sensitive to 5-FU undergo apoptosis. but those that are
resistant survive after chemotherapy, and ii) 5-FU exposure
induces a mechanism that leads to drug resistance. The first
hypothesis is feasible, but no direct evidence hus been
obtained to support this idea. Howcever. Michael er of.
examined TS expression in colorectal liver metastases after
chemotherapy and found that previous fluorourscil
exposure seemed to increase the resistance of the tumor
cells to regional floxuridine via 7S up-regulation (16).
Nishiyama et al. performed an in vitro study on 5-FU
exposure to examine changes in the expression of various
genes, including TS, DPD and MRP. Although the results
were very complicated, making their interpretation difficult,
DPD and TS expression tended to increase in 5-FU-resistant
cell lines after exposure to S-FU (17). The mechanism of
5-FU chemoresistance is impossible to explain using the
results of the present study alone.

However, the present findings may support the data
obtained by the NSABP B-16 study on preoperative
chemotherapy in patients with breast cancer (1). The
outcome of chemotherapy was better in women whose
tumors showed a pathological complete response than in
women whose tumors exhibited a clinical partial response
or a clinical no-response (relapse-free survival rates, 85.7%.
76.9% and 63.9%, respectively). Unless the cancer celis are
totally killed by the drugs, remnant tumor cells survive and
the prognosis of the patient does not improve. These
findings strongly suggest that the initial chemotherapy
treatment should be changed to one with a different
mechanism, such as switching anthracycline to taxane. in
patients with breast cancer who exhibit anything but a
pathological complete response.

We also examined the expression of the 4 genes in the
primary colorectal cancers obtained from this patient series.
because liver ‘metastases specimens obtained before
chemotherapy were not available. No significant differences
in the immunoreactivity of the 4 genes were seen between
the response and the no response groups. Some differences
in gene expression between the primary colorectal tumor
cells and the metastatic liver tumor cells may  exist.
Therefore, it is not clear whether the 5-FU administration
altered the expression of the 4 genes in the metastatic liver
tumors after chemotherapy in the 2 groups.

Cancer chemotherapy has gradually improved with the
production of new drugs exhibiting unique mechanisms and
modifications. Hepatic resection after chemotherapy
provides useful information enabling sccond-line
chemotherapy treatments to be optimized. The results of
this study suggest that a partial responsc may not be
sufficient to improve the prognosis of colorectal cancer.
Single-drug use limits the efficacy of treatment, while
combination or sequential usage. like modified 5-FU,
camptothecin and taxane regimens, may improve the
prognosis of colorectal cancer patients.
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Feasibility of autonomic nerve-preserving surgery for advanced
rectal cancer based on analysis of micrometastases
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Background: Autonomic nerve preservation has been advocated as a means of preserving urinary and
sexual function after surgery for rectal cancer, but may compromise tumour clearance. The aim of this
study was to determine the incidence of micrometastasis in the connective tissues surrounding the pelvic
plexus.

Methods: The study included 20 consecutive patients who underwent rectal surgery with bilateral
lymph node dissection for advanced cancer. A total of 78 connective tissues medial and lateral to the
pelvic plexus and 387 lymph nodes were sampled during surgery. All connective tissue samples and 260
lymph nodes were examined for micrometastases by reverse transcriptase~polymerase chain reaction
(RT-PCR) after operation. All patients were followed prospectively for a median of 36-0 months.
Results: Of 245 histologically negative lymph nodes, 38 (15-5 per cent) were shown by RT-PCR 1o
harbour micrometastases. However, micrometastases to tissues surrounding the pelvic plexus were
detected in only two (3 per cent) of 78 tissues, that is in two of 20 patients. Clinical follow-up showed
that the two patients had a poor prognosis owing to distant metastases.

Conclusion: Autonomic nerve-preserving surgery may be feasible for advanced rectal cancer, but study
of more patients positive for micrometastases is required.
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Published online 26 September 2005 in Wiley InterScience (www.bjs.co.uk). DOI: 10.1002/bjs.5 141

Introduction

The complex flow patterns of lymphatic fluid around
the rectum were investigated in 1951 by Sauer and
Bacon'. They regarded the lateral ligament as the tissue
in which the inflow of lymphatic fluid from the rectum
first occurs en route to the internal iliac artery. However,
the high incidence of urinary and sexual dysfunction
after rectal cancer surgery gradually led surgeons to
realize that the lateral ligament plays an important
role in postoperative urinary and sexual function?. The
pelvic autonomic nerve system is comprised of the
superior hypogastric plexus, hypogastric nerves, pelvic
plexus (inferior hypogastric plexus) and pelvic splanchnic
nerves’. The lateral ligament of the rectum consists
of a neurovascular bundle derived from the combined
redistributing sympathetic and parasympathetic nerves of
the system, and dissection injury to these nerves may cause
problems.

Copyright © 2005 British Journal of Surgery Society Ltd
Published by John Wiley & Sons Lid

Inclusion of total mesorectal excision (TME) in
rectal cancer surgery can improve the rate of cure,
Dissection of the rectum at the layer of TME allows
preservation of the pelvic autonomic nerves, reducing
postoperative urinary and sexual morbidity’~7. Extensive
pelvic lymphadenectomy involving resection of both pelvic
autonomic nerves and lateral lymph nodes was employed
in Japan from the 1970s to the early 1980s with the aim
of reducing local recurrence of rectal cancer®. However,
postoperative urinary and sexual dysfunction invariably
ensued, leading to marked reduction in quality of life.
More recently, efforts have been made to preserve urinary
and sexual function and to achieve local control of cancer,
by a combination of autonomic nerve-preserving surgery
and lateral lymph node dissection’ 12,

Recent pathological studies have warned against auto-
nomic nerve preservation because histologically proven
cancer foci might exist in the autonomic nerves

British Journal of Surgery 2005; 92: 1444-1448
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and surrounding connective tissues, and lead to local
recurrence!*1*. To aim of the present study was to exam-
ine the incidence of micrometastases in the region of the
pelvic plexus by reverse transcriptase—polymerase chain
reaction (RT-PCR) analysis, which is more sensitive than
conventional histological diagnosis!*16.

Patients and methods

The study included 20 consecutive patients who underwent
rectal cancer surgery with bilateral lymph node dissection
at the Graduate School of Medicine, Osaka University
between October 1999 and May 2001, Demographic data
are shown in Tuble 1. Tumours were located 0-10 (median
6-5) cm above the anal verge and diagnosed before surgery
as advanced cancer (T2, T3 and T4)'. The operative

Table 1 Clinical characteristics of patients

Median {range) age {years) 63.5 (35-92)
Sex ra* = M1 F) 15:5
Surgical procedure

Low anterior resection 9

Abdominoperineal resection 7

Hartmann resection 3

Total pelvic exenteration 1
Autonomic nerve preservation

Bilateral 18

Unilateral 2
TNM stage

| 4

il 7

I [

Y 3
Histological type

Well differentiated 1

Moderately differentiated 16

Poorly differentiated 2

Mucinous 1
Tumour location (cmy)”

<6 g

> 6 11

*Distance from anal verge. TNN], tumour node metastasis.

1445

procedures are summarized in Table 1. Curative resection
was performed in all patents. Tumour stages determined
by postoperative histological examination are shown in
Table 1. Two patients with lateral node metastasis
without distant organ metastasis were included in stage
Il (T#ble 2). Nine patients with stage IIT or IV tumours
were treated with 5-fluorouracil-based chemotherapy but
none had radiation therapy. The patients were reviewed
at least every 3 months after operation with blood tests
such as measurement of carcinoembryonic antigen (CEA),
and underwent computed tomography (CT) or magnetic
resonance imaging (MRI) every 6 months. The study
protocol was approved by the Human Ethics Review
Committee of Osaka University Graduate School of
Medicine and a signed consent form for the study was
obtained from each patient.

All patients underwent radical resection with autonomic
nerve preservation and lymph node dissection'!. The
following is a brief description of the surgical procedures,
with schematic presentation in Fig. I, focusing on the
collection of specimens. After isolating the sigmoid colon,
the mesorectum was dissected from the parietal fascia of
the sacrum at the layer of TME to preserve the hypogastric
nerves, and the medial side of the pelvic plexus was exposed.
Atthisstage, the connective tissues of the medial and lateral
sides of the pelvic plexus were meticulously sampled taking
care not to injure the plexus, with four specimens being
obtained from each patient. However, if the tum: ur had
macroscopically infiltrated the pelvic plexus, only tissue
from the lateral side was collected because the infiltrated
pelvic plexus was dissected en bloc with the tumour. The
specimens were promptly frozen in liquid nitrogen and
stored at —70°C pending RINA extraction. A total of 78
connective tissues were obtained from 20 patients (Table 2).

After removing the tumour and performing lateral
node dissection, the lymph nodes were sampled from
the mesorectum and the lateral area along the internal
iliac artery and the obturator nerve outside the boundaries
of TME (Fig. I). In 12 patients, cach of the 260 lymph

Table 2 Metastasis to lymph nodes and tissues surrounding pelvic plexus

g

Upper iympﬁ e

. No. of Lateral lymph
TNM stage patients nodes (HEy - - . noded (HE)
! 4 0 0
1 7 0 0
i [S] 6 2
[\ 3 3 3

Site of metas

-Sut¥ival at 1 Year

| Relapse free Overall

o o &
OO N B

Values in parentheses are nurnher of tissues; HE metastasis detected by histological examination with haematoxylin and eosin staining. TNM, tumour

node metastasis.

Copyright © 2005 British Journal of Surgery Society Ltd
Published by John Wiley & Sons Ltd
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Fig. 1 Schematic presentation of the pelvic autonomic nerve
system and connective tissues surrounding the pelvic plexus. The
connective tissues comprise fat and lymphatic vessels including
the middle rectal artery. The medial dssue is cquivalent vo the
lateral igament and the lateral tissue is located outside the
boundaries of total mesorectal excision, between the plexus and
internal iliac artery

node samples was halved, with one part being subjected to
conventional histological diagnosis and the other being
frozen in liquid nitrogen and stored at -70°C untl
extraction of RINA. In the other eight patients. 127 samples
were collected and subjected to histological diagnosis enly.
Total RNA was extracted by a single-step method
as described previously'®. Complementary DNA was
generated with avian myeloblastosis virus RT using
the procedure outlined by the supplier (Promega,
Madison, Wisconsin, USA). CEA and otokeratin 20
(CK-20) transcripts were used as sensitive markers for
micrometastases, and phorphobilinogen deaminase (PBGD)
transcript was used to check for the presence of mRNA in
samples'*. PCR products were analysed by electrophoresis
on 2 per cent agarose gels stained with ethidium bromide.
The reproducibility of ¢cDNA products was checked by
repeated RT-PCR and gel electrophoresis. The sensitivity
of PCR was determined by detecting CE4 and CK-20
transcripts in serial dilutions of a human colonic cancer cell
line (HT29) mixed with human lymphocytes: the detection
sensitivity was 100 H'T29 cells among 10° lymphocytes.

Resuilts

The presence of PBGD products was confirmed in dll
78 connective tissue specimens and 260 lymph nodes
examined for micrometastases by RT-PCR. The diagnosis

Copyright © 2005 British Journal of Surgery Society Ltd
Published by John Wiley & Sons Ltd

was positive if bands specific for CE4 or CK-20 were
present!. :

The 260 lymph nodes were collected from 12 patients
(median 22 per patient). The appearance of both CE4 and
CK-20 mRINAs was verified in all 15 histologically positive
lymph nodes. Of the 245 histologically negative lymph
nodes, 38 (155 percent) harboured micrometastases
(Table 3).

Metastases were identified histologically in the upper
lymph nodes within the mesorectum in nine of 20 patients,
and in the lateral Iymph nodes along the internal iliac
artery and the obturator nerve in five of 20, suggesting that
many patients had very advanced cancer. Direct tumour
invasion into the right or left pelvic plexus was observed
macroscopically in two patients with stage IV disease. The
pelvic plexus on the atfected side was therefore resected en
bioe with the tumour, whereas that on the other side was
preserved.

Eighteen of 20 paticnts had neither CEA nor CK20
mRNA in the four connective tissues surrounding the
bilateral pelvic plexus. Two of three patients with stage
IV disease were pasitive for both CEA and CK20 mRNA
in the lateral tissue from the resecred pelvie plexus, but
all other tssues surrounding the preserved pelvic plexus
were negative. Micrometastases were identified in two
(3 per cent) of 78 sumples of connective tssue surrounding
the pelvic plexus, that is in two of 20 padents (Tuble 2). All
five patients with lateral node mictastasis had metastasis to
the upper lymph nodes. but onlv two had micrometastases
to the connective tissues surrounding the pelvic plexus.

;

1 year after surgery, five of 20 patients had developed
local recurrence or distant metastases, despite undergoing
curative surgery and postoperative chemotherapy, and
three had died from cancer (Zuble 2). Of three patients
with pelvic recurrence, one patient showed relapse in the
lateral area of the pelvis despite lateral node dissection,
and two patents developed recurrent tumour in the
rectum after a Hartmann's procedure. The autonomic

Table 3 Lymph node metastases detected by reverse
transcriptase~polymerase chain reaction and histological
examination with haematoxylin and eosin staining

Haematoxylin and eosin
Positive 15 0 15
Negative 38 207 245

RT-PCR, reverse transcriptase—polymerase chain reaction.
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nerve system was preserved completely in 18 patients and
unilaterally in two; no recurrence was found in this region
by repeated follow-up CT and MRI. The overall survival
rate, estimated by the Kaplan—Meier method, of the 18
patients without micrometastases surrounding the pelvic
plexus was 94 per cent at 1 year and 88 per cent at 3 years.
Neither of the patients with micrometastases was alive at
1 year after surgery.

Discussion

The lateral ligament is still regarded as a pathway of
lymphatic vessels (middle lymphatic flow) from the lower
rectum towards the lateral lymph nodes"!®. However,
in the present study micrometastases to the connective
tissues, including the lateral ligament, were identified by
highly sensitive RT-PCR analysis in only two patients with
distant metastases. Three of five patients with both upper
and lateral lymph node metastases had no micrometastases
in the connective tissues. A partial explanation for
the discrepancy between the presence of lymph node
metastases and the very low incidence of micrometastases
to the connective tissues might be that lazeral lymph node
metastases developed via lower lymphatic flow rather than
via middle lymphatic flow through the lateral ligamen-1%,

The autonomic nerve system was completely preserved
in all but two patients in the present study, However,
no local recurrence in the region of the preserved nerve
system was observed by CT and MRI during follow-up.
Contrary to expectation, micrometastases to the connective
tissue surrounding the pelvic plexus were rare, verifying
the feasibility of nerve preservation without oncological
compromise in most patients.

Neither patient with micrometastases in the tissues
surrounding the pelvic plexus survived for 1year after
surgery. Ueno er a/.!* performed complete dissection of
the autonomic nerve system and pelvic lymph nodes with
the aim of achieving local control in 61 patients with
rectal cancer. They reported spread of cancer cells to
the autonomic nerves in nine patients (15 per cent), six
with Dukes’ C and three with Dukes’ ‘D’ lesions. The
patients with Dukes’ C tumours underwent curative radical
resection, but all developed recurrence within 1 year and
none survived for 4 years. The circumferential resection
margin for TME is located inside the pelvic plexus whereas
the pelvic nerve plexus and the lateral tissue are situated
outside the margin. It has also been documented that TME
in patients with tumour involvement of circumferential
resection margin is associated with a poor prognosis?’.

The present results indicate that any patients with
micrometastases in the preserved pelvic plexus already have

Copyright ® 2005 British Journal of Surgery Society Ltd
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advanced cancer, so their prognosis is unlikely to be affected
by local recurrence that might develop if the autonomic
nerves are preserved. Management of such patients should
focus on maximizing the quality of remaining life.

The follow-up period in the present study was
relatively short (median 36.0 months). However, some
5080 per cent of local recurrences occur within 2 years
after rectal cancer surgery, with a peak at 6—12 months?!.
"The follow-up period should therefore have been sufficient
for the analysis.

Based on examination of micrometastases, these results
suggest that the autonomic nerve system should be
preserved wherever possible, even in surgery for advanced
rectal cancer. However, study of more patients positive for
micrometastases is needed.

Acknowledgements

"This work was supported by a Grant-in-Aid for Cancer
Research from the Ministry of Education, Science, Sports
and Culture Technology, Japan.

References

1 Sauer I, Bacon HE. Influence of lateral spread of cancer of
the rectum on radicability of operation and prognosis. Am 7
Surg 1951; 81: 111-120.

2 Bernstein WC, Bernstein EF. Sexual dysfunction following
radical surgery for cancer of the rectum. Dis Colon Rectum
1966; 9: 328-332.

3 LeeJF, Maurer VM, Block GE. Anatomic relations of pelvic
autonomic nerves to pelvic operations. Arch Surg 1973; 107:
324-328.

4 Heald RJ, Ryall R. Recurrent cancer after restorative
resection of the rectum. Br. Med. 7. (Clin Res Ed) 1982; 284:
826-827.

5 Murty M, Enker WE, Martz J. Current status of total
mesorectal excision and autonomic nerve preservation in
rectal cancer. Semin Surg Oncol 2000; 19: 321-328.

6 Pocard M, Zinzindohoue F, Haab F, Caplin S, Parc R,
Tiret E. A prospective study of sexual and urinary function
before and after total mesorectal excision with autonomic
nerve preservation for rectal cancer. Surgery 2002; 131:
368-372.

7 Enker WE. Potency, cure, and local control in the operative
treatment of rectal cancer. Arch Surg 1992; 127: 13961401,
discussion 1402.

8 Koyama Y, Moriya Y, Hojo K. Effects of extended systematic
lymphadenectomy for adenocarcinoma of the
rectum ~ significant improvement of survival rate and
decrease of local recurrence. 7pn ¥ Clin Oncol 1984; 14:
623-632.

9 Matsuoka N, Moriya Y, Akasu T, Fuyjita S. Long-term
outcome of urinary function after extended

www.bjs.co.uk British Journal of Surgery 2005; 92: 14441448

—397—



1448

10

11

13

14

15

lymphadenectomy in patients with distal rectal cancer. Eur 7
Swurg Oncol 2001; 27: 165~169.

Saito N, Koda K, Nobuhiro K, Takiguchi K, Oda K, Soda H
et al. Nerve-sparing surgery for advanced rectal cancer
patients: special reference to Dukes C patients. World 7 Surg
1999; 23: 1062-1068.

Mori T, Takahashi K, Yasuno M. Radical resection with
autonomic nerve preservation and lymph node dissection
techniques in lower rectal cancer surgery and its results: the
impact of lateral lymph node dissection. Langenbecks Arch
Surg 1998; 383: 409-415.

Maas CP, Moriva Y, Steup WH, Kiebert GM,

Kranenbarg WM, van de Velde CJ. Radical and
nerve-preserving surgery for rectal cancer in The
Netherlands: a prospective study on morbidity and functional
outcome. Br 7 Surg 1998; 85: 92-97.

Yamakoshi H, Tke H, Oki §, Hara M, Shimada H. Metastasis
of rectal cancer to lymph nodes and tissues around the
autonomic nerves spared for urinary and sexual funcrion. Dis
Colon Rectun: 1997; 40: 1079~1084.

Ueno H, Mochizuki H, Fujimoto H, Hase K, Ichikura T.
Autonomic nerve plexus involvement and prognosis in
patients with rectal cancer. Br J Surg 2000; 87: 92-90.
Miyake Y, Yarnamoto H, Fujiwara Y, Ohue M, Sugita Y,
Tomita N er a/. Extensive micrometastases to lymph nodes as

Copyright © 2005 British Journal of Surgery Society Ltd
Published by John Wiley & Sons Ltd

—398—

16

17

18

19

21

www.bjs.co.uk

T. Matsumoto, M. Ohue, M. Sekimoto, H. Yamamoto, M. lkeda and M. Monden

a marker for rapid recurrence of colorectal cancer: a study of
lymphatic mapping. Clin Cancer Res 2001; 7: 1350-1357.
Noura S, Yamamoto H, Ohnishi T, Masuda N,

Matsumoto T, Takayama O et a/. Comparative detection of
lymph node micrometastases of stage II colorectal cancer by
reverse transcriptase polymerase chain reaction and
immunohistochemistry. 7 Clin Oncol 2002; 20:

4232-4241.

Sobin LH, Wittekind C (eds). UICC: TNM Classification of
Malignant Tumours (6th edn). Wiley-Liss: New York,

2002.

Chomeczynski P, Sacchi N. Single-step method of RNA
isolation by acid guanidinium thiocyanate-~phenol-
chloroform extraction. Anal Biochern 1987; 162: 156~159.
Takahashi T, Ueno M, Azekura K, Ohta H. Lateral
ligament: its anatomy and clinical importance. Semin Surg
Oncol 2000; 19: 386-395.

Birbeck KF, Macklin CP, Tiffin NJ, Parsons W, Dixon MF,
Mapstone NP et 4/. Rates of circumferential resection margin
involvement vary between surgeons and predict outcomes in
rectal cancer surgery. Ann Surg 2002; 235: 449457,
Kapiteijn E, Marijnen CA, Nagtegaal ID, Putter H, Steup
WH, Wiggers T er al. Preoperative radiotherapy combined
with total mesorectal excision for resectable rectal cancer. N
Engl 7 Med 2001; 345: 638-646.

British Journal of Surgery 2005; 92: 14441448



INTERNATIONAL JOURNAL OF ONCOLOGY 26: 1217-1226. 2005

Methylation and expression of p16'N¥4 tumor suppressor gene
in primary colorectal cancer tissues

BYUNG NO KIM!, HIROFUMI YAMAMOTO!, KIMIMASA IKEDA?, BAZARRAGCHAA DAMDINSUREN',
YURIKA SUGITA!, CHEW YEE NGAN!, YUJIRO FUJIE!, MINORU OGAWA', TAISHI HATA',
MASATAKA IKEDA', MASAYUKI OHUE!, MITSUGU SEKIMOTO', TAKUSHI MONDEN#,
NARIAKI MATSUURA? and MORITO MONDEN!

'Department of Surgery and Clinical Oncology, Graduate School of Medicine. “Department of Pathology.
School of Allied Health Science, Faculty of Medicine, Osaka University; 3Dcpm'tment of Surgery,
Toyonaka Municipal Hospital; 4Department of Surgery, NTT West Osaka Hospital, Osaka. Japan

Received September 30, 2004; Accepted December 2, 2004

Abstract. It is known that p16!™%* tumor suppressor gene
expression in colon cancer cells is repressed by methylation
at the CpG island of promoter, but in vive silencing of pl6
gene is not fully understood. Some studies showed that
primary colorectal cancer {CRC) tissues often overexpress
the p16 protein, while others showed the high incidence of
p16 methylation. The aim of this study was to clarify pl16
gene regulation in vive. We used real-time methylation-
specific PCR (MSP) to examine density of p16 methylation,
and immunchistochemistry, Western blot analysis to determine
P16 protein expression. Methylation was detected in 5 CRC
cell Tines tested and 9 of 21 (42.9%) CRCs. Four of 5 CRC
cell lines did not express pl6 mRNA, but 6 of 9 CRCs did
express pl6 mRNA even with methylation. Real-time MSP
showed that CRC tissues had a wide variety in methylation
density (methylation index: 0.28-0.91) and that highly
methylated CRC ussues displayed significantly lower pl6
mRNA expression than those with no-methylation or low-
methylation. Immunchistochemistry showed that the majority
of CRCs (53 of 55: 96.4%) overexpressed the pl6 protein.
Low pl6 expression was associated with lymph node meta-
stasis (p=0.003) and large tumor size (p=0.048). Western
blot in a subset of non-tumor and tumor samples showed a
consistent overexpression of the pl6 protein. These results
showed that CRC tissues displayed variable methylation
density, which may be characteristics of p16 gene methylation
in vivo. Our data suggest that a low pl6 expression due to
methylation may contribute to tumor enlargement and
expansion of CRC.
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Introduction

The progression of the cell cycle is controlied by the cyclin-
dependent kinasc (CDK)/cyclin complex countered by
CDK inhibitors (CKlIs) (1,2). Cyclin DI/CDK4, CDK6 and
cyclin E/CDK2 control the progression from the G1 to S phase
of the cell cycle. Based on their structural and functional
characteristics, CKls are classified into two groups, the p21%:!!
family, which includes p27%! and p57%+2, and another group,
which consists of pl ¥4 (hereafier designated pl6), pl SNk,
p18INKd and pl9NK4 The pl6 gene is localized on chromo-
some 9p21 and the p16 family can form complexes with CDK4,
CDK6 and D-type cyclins (3-5). Overexpression of INK4
proteins can arrest cells in the G1 phase through inhibition of
cyclin D/CDK activity (6). On the other hand, pl6-deficient
mice develop spontancous tumors at an carly stage and arc
highly sensitive to carcinogens, suggesting that p16 is a tumor
suppressor gene (7). Indeed, deletions and mutations of the
pl6 gene are frequently present in primary cancers of the brain,
biliary tract, lung, pancreas and esophagus (8-12), although a
panel of cancer cell lines tends to retain pl6 gene alterations
more frequently (3). There is also cvidence that p16 expression
is down-regulated by de novo methylation of 5' CpG islands in
the p16 promoter region (13,14).

In colorectal cancer (CRC) cell lines, expression of the
pl6 protein was reported to be undetectable and inactivation
of pl16 is thought to be a common alteration in CRC (15). It
appears that deletion or loss of the p16 gene is rare in CRC
(13,16,17) and the alternative pathway for inactivation of the
p16 gene is thought to be methylation of its promoter (13,14).
In CRC tissues, there is evidence that the p16 gene promoter
is methylated in 29-55% of primary cancer tissues (13,18-22),
whereas in non-neoplastic colonic mucosa the p16 promoter is
hardly methylated (18,23). These findings invoke the notion
that p16 gene inactivation via methylation may be involved
in carcinogenesis of the colorectum.

However, recent immunohistochemical studies have shown
that the majority of CRC tissues (64-82%) expressed the p16
protein, while normal mucosa displayed negative or very low
expression (24,25). This overexpression of p16 in CRC tissues
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is somewhat paradoxical in view of the possible role of p16 as
a tumor suppressor gene, indicating that the above scenario on
human CRC tumorigenesis via pl6 inactivation may not be
quite as simple in vive. The question then arises as to how
methylation and overexpression of the p16 gene can coexist
in a significant fraction of CRC tissues? One clue to this
puzzle might be the difference in methylation density of the
CpG island in the p16 promoter between cell culture systems
and primary CRC tissues, since it is reported that the level of
transcriptional repression is dependent on methylation density
(26,27). Although many studies have examined the incidence
of pl16 methylation alone or p16 expression alone in vivo
(18-23), no study has yet simultaneously examined the degree
of methylation and p16 gene expression in CRC tissues. To
address this question, we examined p16 methylation and p16
gene expression in CRC tissue samples together with control
experiments using CRC cell lines. Real-time methylation-
specific PCR (MSP) was also performed in methylation-
positive CRC tissue samples. An extended immunohisto-
chemical z’xna]v:i@ was conducted to clucidate the functional
significance of the pl6 protein in CRC tissues. Qur aata
provide a rationale for methylation-associated regulation of
pl16 expression in primary CRC tissues.

Materials and methods

Cell lines and tissues. The human breast epithelial cell Tine
HBL 100, human CRC cell lines HCT116, SW480, LoVo,
HT29, DLDI, human breast cancer cell line MDAMB458.
and human glioblastoma cell line T98G were obtained from
the Japanese Cancer Research Resources Bank and ATCC
(American Type Culture Collection). These cells were cultured
in RPMI-1640 (Nissui. Tokyo, Japan) or DMEM medium
(Nikken Bio Medical Laboratory, Kyoto. Japan). supplemented
with 100 units/ml penicillin, 100 LLO/’m streptomycin and
10% fetal bovine serum at 37°C in 5% CO,.

A total of 55 samples of CRC tissues together with adjacent
non-neoplastic mucosa were obtained from patients who
underwent surgery at the Department of Surgery and Clinical
Oncology, Osaka Universily, between 2000 and 2001, The
age of the patients ranged from 28 to 81 years (mean age: 61
years). The resected surgical specimens were fixed in 10%
buffered formalin, dehydrated in graded ethanol, and embedded
in paraffin. Tissue sample of sufficient quantity was frozen
immediately in liquid nitrogen and stored at -80°C until use
for reverse transcription-polymerase chain reaction (RT-
PCR), methylaticn assay or immuncblotting. Samples of
non-neoplastic mucosa were cxcised at least 5 cm lateral to
the tumor. The study protocol was approved by the Human
Ethics Review Committee of Osaka University, Graduate
School of Medicine.

Immunostaining. The tissue specimens fixed in 10% buffered
formalin were sliced into 4-pum thick sections, deparaffinized

in xylene and rehydrated with graded concentrations of

ethanol. Immunostaining was performed using the Vectastain
ABC peroxidase kit (Vector Laboratories, Burlingame, CA)
after boiling for antigen retrieval, as described in our previous
studies (28,29). Anti-p16™K¢ polyclonal antibody, which
was raised against a full-length recombinant GST-p16 fusion

KIM er al: pl6 METHYLATION AND EXPRESSION IN COLORECTAL CANCER

protein, was purchased from PharMingen (San Diego, CA).
The primary antibody was applied to the sections at a dilution
of 1:400. The human breast epithelial cell line HBL100, which
expresses a high level of pl6, and the glioblastoma cell line
T98G in which the pl6 gene is inactivated by homozygous
deletion, were used as positive and ncgative controls,
respectively (30). For the absorption test, the immunogen
was obtained from PharMingen.

Evaluation of immunohistochemistry. Inflammatory cells
served as positive internal controls and nuclear staining for
pl0 was considered positive as reported previously (30-32).
Ten fields in each specimen were randomly selected and
examined under high power magnification and >500 cells
were counted in order to determine the labeling index (LI,
which represented the percentage of cells that were pl6-
positive. The samples were then classified into three groups
according to the value of LI group A consisted of tissue
samples that contained >50% pl6-positive cells, group B
contained 10-50% pi6-positive cells, and group C contained
<10% pl(w«positivc cells. Staining was repeated at least twice
to eliminate possible technical crrors, and the results were
reproducible.

Western blot analysis. Approximately 5x10° cells or 100 mg
of tissue were homogenized and lysed in 1.0 ml of lysis
buffer comaining 50 mM Tris {pH 8.0), 150 mM NaCl, 0.5%
NP40, 1 mM PMSF. 10 pg/ml aprotinin and 10 pug/ml
leupeptin. and then placed on ice for 10 min. The lysates
were clarified by centrifugation at 15,000 x g for 25 min at
4°C. The protein samples were subjected to SDS-PAGE
(15% geis) and immunoblotting was performed as described
in our previous studies (28- 30). The final dilution of the
imary antibody was 1:1,000.

RNA extraction and RT-PCR analysis. Total RNA was
extracted with a single-step method using TRIzol reagent
(Invitz‘bgen Corp., Carlshad, CA), and ¢cDNA was generated
using avian myeloblastosis virus reverse transcriptasc
(Promega, Madison. WI). Semi-quantitative analysis for
expression of pl6 mRNA was performed by the multiplex RT-
PCR technique, using GAPDH (glyceraldehyde-3-phosphate
dehydrogenase) as the internal standard (33,34). To minimize
the inter-PCR difference, PCR was performed with GAPDH
and p16 primers in identical tubes under unsaturated conditions,
as described in our previous studies (33,35,36). PCR reactions
were performed in a total volume of 25 pl of reaction mixture
containing 2 il of cDNA template, 1X Universal PCR buffer,
2 mM deoxynucleotide triphosphates, 20 pmol of primer for
p16, 4 pmol of each primer for GAPDH, and 1 unit of Tagq
DNA Polymerase (AmpliTaq Gold; Roche Molecular Systems,
Inc., Alameda, CA). The primer set for p16 was designed to
be localized in exon 1 and exon 2 of the p16 gene, flanking
intron 1 and tested to ensure amplification of cDNA only, so
that amplification of potentially contaminating genomic DNA

~ could be avoided. The sequences of these PCR primers were

as foHows: p16 sense primer, 5-AGC CTT CGG CTG ACT
GGC TGG-3"; p16 antisense primer, 5'-CTG CCC ATC
ATC ATG ACC TGG A-3". The primers for GAPDH were
synthesized as described previously (34). The sizes of the
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