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Abstraet. To decrease local recurrence and increase disease free survival,
various preoperative therapies for patients with advanced rectal cancer
have been studied. Cis-diamminedichloroplatinum (1I) (CDDP) has be-
come one of the most widely used cancer chemotherapeutic drugs. 1t has
also been found to have radiosensitizing properties. In this experimental
study, the efficacy of chemoradiotherapy using a novel CDDP supposi-
tory, and one with mixed micelles, was examined in a rabbit VX2 rectal
tumor model. Rabbits were divided into four groups: conmtrol group,
irradiation (R) group, CDDP suppository plus irradiation (CR) group,
and mixed micelles plus CDDP suppesitory plus irradiation (CMR)
group. Tumor growth ratios were reduced significantly in the CR and
CMR groups as compared with the ratio in the control group. Micro-
scopically, response rates of main tumors were 0%, 33.3%, 70.0%, and
91.7%, respectively. The number of metastatic lymph nodes in the CR and
CMR groups decreased significantly compared to the control group and
the R group, The microscopic response rates of metastatic lymph nodes
‘were 0%, 11.1%, 40.0%, and 41.7%, respectively. Lung metastases were
observed in three rabbits in the R group, and in one rabbit in the CMR
group. Tissue platinum concentrations both in tumors and in regional
lymph nodes increased significantly when mixed micelles were used,
Chemoradiotherapy using the CDDP suppository and mixed micelles was
effective for local control in the rabbit VX2 rectal tumor model.

Preoperalive chemoradiotherapy for the treatment of primary
rectal cancers has been regarded as an effective adjuvant to sur-
gery [1-8]. It is thought to reduce local recurrence, increase the
feasibility of sphincter-preserving surgery, and improve survival.
Autonomic nerve-sparing surgery combined with preoperative
chemoradiotherapy has been provided for advanced rectal cancer
patients, for the purpose of reducing local recurrence and pre-
serving genitourinary function [9]. The widely used drugs in
preoperative chemoradiotherapy were 5-fluorouracil, leucovorin,
cisplatin, oxaliplatin, folinic acid, and tegafur suppository [1-9].
The purpose of this experimental study was to investigate the
effects of chemoradiotherapy, using a novel cis-diamminedichlo-
roplatinum Il (CDDP), or cisplatin suppository and mixed mi-
celles in rabbit VX2 rectal tumors.
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Materials and Methods
VX2 Tumor Inoculation into Rabbit Rectum

Female Japanese white rabbits, weighing approximately 3 kg
each, were anesthetized with 25 mg/kg pentobarbital via the
auricular vein. VX2 tumor cells (Funabashi Farm, Chiba, Japan)
were maintained subcutaneously in the intact rabbits. Before
inoculation, tumor tissue specimens were collected aseplically,
and single cell suspensions were prepared in saline. VX2 cells (5
x 10° cells in 0.5 m! of saline) were inoculated into the posterior
rectal wall, 1.5 cm from the anal verge, with a 27-gauge needle.
Two weeks after inoculation, the tumors grew to an average
diameter of 20 mm, with a small amount of erosion on the top.
All animals received humane care, in compliance with the
guidelines in “Principles of Laboratory Animal Care,” formu-
lated by the National Society for Medical Research, and the
Guide to the Care and Use of Laboratory Animals prepared by
the Institute of Laboratory Animal Resources, (U.S.) National
Research Council, and published by the National Academy
Press, revised in 1996.

Preparation of CDDP Suppositories

The CDDP powder (100 mg, Nippon Kayaku Co. Tokyo, Japan)
was mixed with a base (a mixture of polyethyleneglycol 500 (15 g)
and polyethyleneglycol 4000 (15 g)), and melted at 70°C. The
melted mixture were poured into molds and cooled to 10°C to
form rod supposilories 20 mm in length and 8 mm in diameter.

- The CDDP content in each suppository was 5 mg {10, 11].

Preparation of Mixed Micelles

For the enhancement of the intestinal absorption of CDDP,
mixed micelles were administered with CDDP suppositories.
Mixed micelles were composed of 1 M linolenic acid, 1 M so-
dium taurocholate (NaTC), and distilied water (1000 mi). These
mixtures were subjecled to ultrasonic waves for 4 minutes at
0°C.
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Table 1. Changes in tumor diameters.

389

Group 14 day (mm) 22 day (mm) Growth rate (%)
Control (n = 13) 194 + 3.6 312 + 83 614 + 339 prm——
R(n =09 21.1 + 3.2 289 + 8.6 36.8 + 36.1 *
CR (n = 10) 19.9 + 3.1 221 £7.3 10.9 * 303 i
¥

CMR (n = 12) 189 + 1.8 18.5 + 49 -1.7 £ 254 —

Data are expressed as mean S.D.

*p = 0.002.

t:p = 0.001.

Yy < 0.0001.

R: irradiated group; CR: CDDP Suppositories plus irradiation group; CMR: CDDP Suppositorius plus micelles plus irradiation group.

Irradiation

An x-ray unit (Varian Nelac 1018, CA) was operated at 10 million
V, delivering radiation to the tumor at a dose rate of 500 cGy/min.
Anesthetized rabbits were placed in a supine position, and the
entire pelvis was irradiated from one portal (12 cm x 10 ¢cm) . The
total dose was 6 Gy (3 Gy/fraction, 2 times). No rabbit died after
irradiation.

Experimental Design

The rabbits were divided into four groups as described below. In
every group except the control group, rabbits were irradiated twice,
14 and 19 days after inoculation of VX2 tumor. No other treatment
was provided in the control group (2 = 13). Only irradiation (3 Gy/
fraction x 2) was provided in the R group (n = 9).In the CR group
(n = 10), CDDP suppositories were administered (1 rod/fraction),
followed by irradiation 1 hour later. In the CMR group (n = 12),
CDDP suppositories were administered just after enemas of 3 m} of
mixed micelles each, followed by irradiation 1 hour later.

In every group, the anus was sutured after treatment, and
opened 6 hours later. In each group, rabbits were killed by rapid
intravenous administration of pentobarbital 22 days after inocu-
lation, and the rectal tumor, regional lymph nodes, liver, lungs, and
kidneys were immediately removed and fixed by 10% formalin.
Lungs and livers were cut into 5-mm slices. Tissues were embed-
ded in paraffin, sliced 3 pm thick, then stained with hematoxylin
and eosin. They were then examined histologically. Body weight
and tumor diameter were measured 14 and 22 days after inocu-
lation. Because rectal tumors were palpable from the surface of the
skin, tumor diameter was measured together with the skin with
calipers. The thickness of the skin was assumed to be same in all
rabbits. Platinum concentrations in tumors and regional lymph
nodes were measured by atomic absorption spectrometry.

Platinum Plasma Concentration Curves

A CDDP suppository alone, a CDDP suppository and mixed
micelles, and an intravenous CDDP (5 mg) solution were
administered once each, and platinum plasma concentrations
were measured in each group 15, 30, 60, and 90 minutes, and 2, 4,
6, and 24 hours after administration (n = 3, each group).

Statistical Analysis

Statistical analysis was carried out by means of Student’s r-test,
the Mann-Whitney U-test, and Fisher’s exact probability test. All

p values < 0.05 were considered significant. All group data were
presented as mean standard deviation (S.D.).

Results
Body Weight Change

On day 14, the body weights of rabbits in each group were about 3
kg. Body weight changes from day 14 to day 22 were ~0.10 kg in
the control group, ~0.06 kg in the R group, ~0.14 kg in the CR
group, and -0.14 kg in the CMR group. Body weight changes
were not significantly different between groups.

Changes in Tumor Diameter

Table 1 shows tumor diameter changes among rabbits, On day 14,
tumor diameters were about 20 mm in all groups. Tumor growth
ratios were reduced significantly in the CR and CMR groups as
compared with the ratio in the control group. When compared
with the ratio in the R group, the ratio was not reduced signifi-
cantly in the CR group, but the ratio was reduced significantly in
the CMR group (Table 1, Fig. 1).

Microscopic Changes in Tumors

Microscopic changes in tumors were evaluated on maximum cut
surfaces. Central necrosis of the tumor, which was observed in all
tumors in the control group, was excluded. Histological effects
were evaluated according to the Japanese classification of colo-
rectal carcinoma in 5 grades, from grade 0 to grade 3 (Table 2)
[12). Effective response was defined when grade 1b, 2, or 3
changes were observed. Response rates were 0% in the control
group, 33.3% in the R group, 70.0% in the CR group, and 91.7%
in the CMR group (Table 3, Fig. 2).

Regional Lymph Node Metastasis

There was no significant difference between the groups as to the
total number of regional lymph nodes recorded. The number of
metastatic lymph nodes was not significantly different between the
conirol group and the R group. The number of metastatic lymph
nodes in the CR and CMR groups was significantly lower compared
to the control group and the R group. The same result was observed
with regard to the metastatic rate, a ratio of the number of meta-
static lymph nodes to the number of total lymph nodes (Table 4).

Microscopic Changes in Metastatic Lymph Nodes

Microscopic changes in metastatic lymph nodes were evaluated
in much the same way as the main tumor. The response rates
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Fig. L. Macroscopic findings of VX2 rectal tumors 22 days after inoculation. A. control group, B. R (irradiation) group, C. CR (CDDP + irradiation)
group, D. CMR (CDDP + mixed micelles + irradiation) group. Bar: 1 cm; CDDP: cis-diamminedichloro platinum.

Table 2. Histological criteria.

Grade 0 No change
Neither necrosis nor cellular or structural change can
be seen throughout the lesion.
Grade | Mild change
la Necrosis or disappearance of the tumor is present in
less than /3 of the lesion, or only cellular or
structural changes are visible
in variable amounts.
b Necrosis or disappearance of the tumor is present in less
than 2/3 of the lesion.
Grade 2 Moderate change
Necrosis or disappearance of the tumor is present in more
than 2/3 of the lesion, but viable tumor cells still remain.
Grade 3 Severe change

The whole lesion falls inlo necrosis and/or is replaced by
fibrosis, with or without granulomatous changes. No
viablc tumor cells are observed.

were 0% in the control group, 11.1% in the R group, 40.0% in
the CR group, and 41.7% in the CMR group. Response rates
of metastatic lymph nodes in each group were lower than re-
sponse rates in the main tumor. No metastatic lymph nodes
were observed in three rabbits each in the CR and CMR
groups {Table 5).
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Lung and Liver Metastases

No lung metastases were observed in the control group or the CR
group. Lung metastases were observed in three rabbits in the R
group, and one rabbil in the CMR group. In every case, they were
multiple metastases to the bilateral lung (Fig. 3). Lung metastatic
rates were higher in the R group than in the control and CR
groups, with marginal statistical significance. No liver metastases
were found in any of the groups (Table 6).

Platinum Tissue Concentration

Platinum tissue concentrations increased significantly in both tu-
mors and regional lymph nodes when mixed micelles were used

(Fig. 4).

Platinum Plasma Concentration Curves

Platinum plasma concentrations in the mixed micelles group
rose up to 10 times higher than in suppository group 30
minutes after administration, and maintained high levels. In
the intravenous group, plasma concentrations rose rapidly to
their maximum levels 15 minutes after administration of
CDDP, and fell more rapidly thereafter than in the other two
groups {Fig. 5).
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Table 3. Microscopic changes in main tumor.
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Group Grade 0 Grade la Grade 1b Grade 2 Grade 3 Response rate® (%)
Control (n = 13) 13 0 0 0 0 0 —
*®
R(n = 19) 0 6 3 0 0 133 T
*k
CR (n = 10) 0 3 5 2 0 700 =5 b1
i)
CMR (n = 12) 0 i 4 7 0 97
“Mann-Whitney U-test.
*n < 0.001.
p = 0.06.
**p = 0.08.
p = 0.002,

group (grade 2). Hematoxylin and eosin, x 100.

Discussion

Various preoperative chemoradiotherapies have been studied for
the purpose of decreasing local recurrence and increasing dis-
ease-free survival in cases of advanced rectal carcinoma [1-9]. In
this study, we' investigated the efficacy of chemoradiotherapy,
using cis-diamminedichloroplatinum I1 (CDDP) suppositories in

rabbit VX2 rectal tumors. Two weeks after inoculation, VX2 tu-
mors grew to a diameter of about 20 mm, with superficial ulcer-
ation. This model is thought to be useful for the study of regional
cancer therapy [13].

Cisplatin or CDDP, is a potent cytotoxic agent for use against
a wide range of tumors, and it has become one of the most
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Table 4. Regional lymph node metastasis,
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Number of metastatic Metastatic rate (%)

Group Number of lymphnodes
tymphnodes
Control (n = 13) 58 £ 2.1 48 £ 21 — 81.5 + 20.0 |
** tt
R =29) 64 + 1.5 47 + 1.7 — 72.8 + 244
i I
CR (n = 10) 52 + 20 19+ 19 324 + 329 |
* *
CMR (1 = 12) 56 + 1.4 14 £ 13 — 232 + 185 —
Data are expressed as mean S.D.
*p < 0.001.
;p = 0.004.
p = 0.008.
**p = 091.
fp = 0.44.
Table 5. Microscopic changes in lymph node metastasis.
Group Grade 0 Grade la Grade 1b Grade 2 Grade 3 Meta (-) Response rate® (%)
Control (n = 13) 13 0 0 0 0 0 0 —
*
R =29 1 7 0 1 0 0 1 —
*¥
CR (n = 10) 0 3 4 0 0 3 571 — 1
%
CMR (n = 12) 0 4 3 2 0 3 55.6
*Mann-Whitney U-test.
*p = 0.06.
p = 0.69.
**p = 0.09.
p = 0.07.
Table 6. Metastasis to lung and liver.
Group Lung® Liver

Fig. 3. Microscopic findings of multiple metastases in lung (R group).
Hematoxylin and eosin, x10.

widely used cancer chemotherapeutic drugs. It was also found to
have radiosensitizing properties [14-16]. There are several
mechanisms that could contribute to the production of this kind
of supra-additivity: (1) inhibition of repair of sublethal radiation

Control (n = 13)

Rn=9 3 0
B
CR (n = 10) 0 0

CMR (n = 12) i 0

* Fisher’s exact probability test.
*p = 0.06.
= 0.09.

damage, (2) radiosensitization of hypoxic cells, and (3) tumor
reoxygenation subsequent to CDDP administration [17]. In
addition, CDDP causes a greater-than-additive antitumor effect
when administered a short time before a single dose of radiation
[17].

Drug-delivery methods designed to increase the concentration
of drug relative to the surrounding tissues may allow CDDP to
function effectively as a radiosensitizing agent [18] . In this series,
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Fig. 5. Platinum plasma concentration curves.
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we studied both the efficacy of chemoradiotherapy using CDDP
suppositories, and the efficacy of adding mixed micelles as a
means of increasing CDDP concentration in turors. It may be
speculated that the mechanism for inducing intestinal absorption
of CDDP by mixed micelles is as follows [19-21]: The micellar
state may facilitate incorporation of the lipid component of mixed
micelles into the mucosal membrane. The incorporated lipid
interacts with the polar region of the membrane phospholipids
and enhances the fluidity and permeability of the mucous mem-
brane. Consequently, CDDP can cross the mucosal membrane
easily. In our study, CDDP concentrations in both tumors and
regional lymph nodes were significantly higher in the CMR group
than in the CR group. These results indicate that mixed micelles
had increased CDDP concentrations in tumors and in lymph
nodes.

The tumor growth rate was significantly lower in the CR and
CMR groups than in the control group. As regards microscopic
changes in the main tumors, response rates were higher in the CR
and CMR groups than in the R group. Local control of the main
tumor seemed to be better in the CR group than in the R group,
and it was better in the CMR group to an even greater degree. It
was not possible, however, to differentiate the simple additive
effect from the synergistic effect.

As to the therapeutic effect on regional lymph nodes, the
number of metastatic lymph nodes and the metastatic rates were
significantly lower in the CR group than in the R group. Response
rates of microscopic changes in metastalic lymph nodes were
higher in the CR and CMR groups than in the R group. Although
response rates of metastatic lymph nodes were lower than those
of main tumors in all groups, chemoradiotherapy was also effec-
tive for regional lymph nodes.

Lung metastases were observed in three rabbits in the R group,
and one rabbit in the CMR group. Luna-Pérez et al. reported that
the presence of metastatic lymph nodes in the postirradiated
specimen was an ominous prognostic factor for survival, and that
such patients should be considered for adjuvant chemotherapy
[22]. Qian et al. suggested that radiation might promote hepato-
cyte growth factor (HGF)-induced malignant biological behaviors
of certain pancreatic cells through the upregulated HGF/c-Met
signal pathway [23]. Koda et al. reported that some distant
metastases were observed in the preoperative chemoradiotherapy
group, and that this was why adjuvant chemoradiotherapy did not
necessarily improve overall survival for rectal cancers, even when
the local recurrence rate was reduced [24]. Moreover, Koda et al.
insisted that necadjuvant chemoradiotherapy impaired natural
killer cell activity in selected patients [25]. These results indicate
the necessity for concurrent chemotherapy and/or immunother-
apy while performing preoperative radiotherapy.

In conclusion, chemoradiotherapy using CDDP suppository
and mixed micelles is effective for local control in rabbit VX2
rectal tumor model.
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Denervation of the Neorectum as a
Potential Cause of Defecatory Disorder
Following Low Anterior Resection for

Rectal Cancer
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PURPOSE: The aim of this study was to determine whether
denervation of the sigmoid colon during low anterior resec-
tion contributes to the postoperative motility characteris-
tics of the neorectum and to the defecatory function of
patients. METHODS: Sixty-seven patients who underwent
either low or ultralow anterior resection for rectal cancer
were evaluated. In accordance with the length of denervat-
ed neorectum, each patient was assigned to either the short-
denervation or long-denervation group, determined by
whether the inferior mesenteric artery was divided. Colonic
propagated contraction was then measured by means of
intraluminal pressure monitoring. Transit time was calcu-
lated with orally administered radiopaque markers. RE-
SULTS: Propagated contraction down to the neotrectum was
significantly less common in the long-denervation group
(14/36) than in the short group (12/15, P < 0.05), whereas
spastic minor contraction at the neorectum was signifi-
cantly more common in the long-denervation group (21/36)
than the in shott group (3/15, P < 0.05). Colonic transit
time below the sigmoid colon was significantly longer in
long group (6.4 hours) than in the short group (3.4 hours,
P < 0.01). Although motility disorder of the neorectum was
correlated with clinical defecatory malfunctions, including
multiple evacuations, urgency, and soiling, no significant
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correlation was noted between the length of the denervated
neorectum and the defecatory disorders. CONCLUSIONS:
Motility of the neorectum following low anterior resection
appears degraded by intraoperative maneuvers that cause
denervation of the remnant sigmoid colon. Motility disorder
of the neorectum, but not the length of the denervated
neorectum causing the disorder, correlates well with sev-
eral defecatory malfunctions. This finding suggests that
postoperative defecatory disorder as a result of low anterior
resection is caused by many factors in addition to denerva-
tion of the neorectum. [Key words: Rectal cancer; Low an-
terior resection; Defecatory function; Neorectum,; Denerva-
tion; Motility disorder]

D

tal part of the sigmoid colon are removed along with

uring standard low anterior resection (LAR) for
rectal cancer, most of the rectum and some dis-

accompanying vessels and nerve supplies during
lymph node dissection. Because the healthy rectum
and sigmoid colon are double innervated with as-
cending fibers from the pelvic plexus and descending
fibers that run along the internal mesenteric artery
(IMA),! the surgery-related maneuvers result in a de-
nervated colonic segment of a length that varies from
case to case (Fig. 1).

When the IMA is transected at its origin during re-
moval of the specimen, most of the remaining sig-
moid colon and the descending colon become a de-
nervated colonic segment when the ascending fibers
from the pelvic plexus and the descending fibers
around the IMA are transected. In some cases, the
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denervated colonic segment may be short if the IMA
and some sigmoid colon arteries have been preserved
along with the descending nerve fibers. However, the
ascending nerve fibers originating from the pelvic
plexus are always compromised (Figs. 1B, 1C). In
most cases, the neorectum is reconstructed with the
denervated sigmoid colon segment, thus the function-
ality of the neorectum may contribute to the patient’s
defecatory status following LAR for rectal cancer.

In the present study, we evaluated the correlation
between motility characteristics and the length of the
denervated neorectum to determine whether func-
tional disorders of the neorectum contribute to post-
operative defecatory status. Possible surgical maneu-
vers for LAR that preserve postoperative defecatory
function are also discussed.

PATIENTS AND METHODS
Patients

Sixty-seven patients (35 men and 32 women; age
range, 40-81 years; median age, 63 years) who un-
derwent either LAR (n = 45) or ultralow anterior re-
section (n = 22) for middle or lower rectal cancer were
enrolled in the present study. Informed consent was
obtained from all patients. A colonic J-pouch of 6 to 7
cm in size Was constructed with a side-to-side colo-
colic anastomosis by use of a linear stapler in 11 pa-
tients; 4 of these patients underwent pouch-anal anas-
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Figure 1. A. Innervation of
healthy rectum and sigmoid
colon. Both are double
innervated with both
ascending nerve fibers from
the pelvic plexus and
descending nerve fibers
which run along the internal
mesenteric artery (IMA). B.
Long denervation of the
neorectum when the IMA is
transacted at its origin during
removal of the specimen. C.
Short denervation of the
neorectum when the IMA
and some sigmoid colon
arteries are preserved
together with the descending
nerve fibers.

denervated
segment

tomosis via the transanal handsewn method and the
remaining 7 patients underwent a mechanical anasto-
mosis with a circular stapler. A side-to-end anastomo-
sis with a short stump was performed with a stapler in
18 cases and a straight end-to-end anastomosis by
means of the double-stapling technique was per-
formed in 38 cases. In this series, 11 patients received
preoperative radiation therapy. The interval between
initial surgery and postoperative physiologic study
was one year in 31 cases (46 percent), two years in 10
cases (15 percent), and more than three years in 26
cases (39 percent) (Table 1).

Evaluation of Defecatory Dysfunction

Within one month before or after each examina-
tion, patients were interviewed with a self-
administered questionnaire about their recent defeca-
tory status. The patients were then categorized into
groups according to the degree of defecatory dysfunc-
tion. The questionnaire consisted of 20 questions
about bowel movement frequency, degree of ur-
gency, multiple evacuations, and fecal soiling. Pa-
tients were first divided into three groups as follows:
“severe urgency,” in which a patient always or often
could not defer defecation for ten minutes; “mild ur-
gency,” in which a patient only sometimes experi-
enced such urgency; and “no urgency,” in which a
patient was always able to defer defecation for ten
minutes. Next patients were divided into two groups
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Table 1.
Patient Background and Length of
Denervated Neorectum

Length of
Denervated Neorectum
Short Long P
Factor (n=17) (n=50) Value®
Gender <0.05
Male 6 33
Female 11 17
Period from operation <0.01
1 year 16 16
2 years 0 10
>3 years 2 24
Operation method NS
Low anterior resection 9 36
Ultralow anterior resection 8 14
Reconstruction NS
End-to-end 4 34
Side-to-end 10 8
J-pouch 3 8
Preoperative radiation NS
Yes 1 10
No 16 40

NS = not significant.
2Chi-squared test.

on the basis of evacuation frequency as follows: “mul-
tiple evacuations,” in which a patient needed to use
the toilet more than three times an hour for comple-
tion of evacuation, and “negative multiple evacua-
tions,” in which a patient was able to evacuate each
time satisfactorily with one or two toilet visits. Fecal
soiling was categorized on the basis of previously re-
ported criteria, which take into account the degree
and frequency of incontinence,” as follows: “soiling,”
in which a patient experienced fecal incontinence
with liquid stool more than once a month, and “nega-
tive soiling,” in which a patient rarely or never expe-
rienced incontinence. In addition, patients also cat-
egorized their own defecatory status as excellent,
good, fair, poor, or totally unsatisfactory.

Monitoring of Contraction Waves

A 3-mm-wide pressure transducer that consisted of
four sensors 20 cm apart was specially manufactured.
At the time of postoperative follow-up colonoscopy
performed on patients who underwent low or ultra-
low anterior resection, the tip of the catheter was in-
troduced up to the cecum. Following completion of
the routine examination, the position of the catheter
was adjusted under x-ray so that the fourth sensor was
located inside the neorectum, which was approxi-
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mately 10 cm from the anal edge. In most cases, the
first sensor was located at the transverse colon, the
second around the descending colon close to the
splenic flexure, and the third around the sigmoid co-
lon—descending colon junction. The catheter was then
connected to a pressure amplifier (Nihon Koden Inc,,
Tokyo, Japan) and contractions of the colon were re-
corded as variations in intraluminal pressure. Patients
were then asked to lie quietly for 30 to 60 minutes to
monitor colonic motility. Waves with high amplitude
(=20 mmHg) of more than ten seconds in duration
were regarded as contraction waves. Contraction
waves that originated at sensor 1 or 2 and propagated
accordingly down to the neorectum (sensor 4) were
called “propagated waves.” When there was at least
one propagated wave seen during the examination
period, the patient was allocated to the positive prop-
agated-wave group. The monitoring of contractions
was successfully performed in 51 patients from whom
consent was obtained.

Calculation of Transit Time

Colonic transit time was determined in 48 patients
by means of Sitzmarks capsules (Konsyl Pharmaceu-
ticals Inc., Fort Worth, TX), which consist of 20 radi-
opaque markers within a gelatin capsule. On three
consecutive days, a Sitzmarks capsule was taken with
water after dinner. On Day 4, two flat-plate abdominal
x-rays were taken of the patient in the supine and
upright positions. From one day before to the day of
completion of the examination, patients were asked
not to take laxatives or other medicines that might
affect intestinal motility. Segmental colonic transit
time was calculated with the computerized Sitzmarks
Analysis Program (Kaigen Inc., Osaka, Japan), which
is based on Arhan et al’s theory.® In this theory, the’
number of markers that pass through one intestinal
point exhibits a bell-shaped distribution curve. By
measuring the total time for all radiopaque markers to
pass each colonic segment, the mean passage time in
the corresponding colonic segment was calculated.
The transit times of the ascending colon, transverse
colon, descending colon, and neosigmoid colon and
neorectum were calculated.

Statistical Analysis

Continuous variables were analyzed with the Stu-
dent’s ttest. Categoric variables were analyzed with
the chi-squared test. Ordered categories were ana-
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Figure 2. Pattern of
contraction waves seen in

A) (B (8] (D) patients who underwent low
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lyzed with Wilcoxon’s signed-rank test. All statistical
calculations were performed by means of the SPSS®
program (SPSS, Inc., Chicago, IL) under the direction
of a statistician. A £ value of <0.5 was considered to
indicate statistical significance.

RESULTS

Length of Denervated Neorectum

Of the 67 patients, the IMA was divided at its origin
in 35 patients with advanced-stage tumor and N2
(more than 3) lymph node metastases suspected ei-
ther preoperatively or intraoperatively. In another 15
patients with N1 (I to 3) lymph node metastases sug-
gested, the IMA was preserved but the surrounding
tissue was removed for lymph node dissection. In 50
patients, the descending nerve fibers that otherwise
would have serviced the neorectum were compro-
mised during [ymph node dissection. Thus, the neo-
rectums of these 50 patients were composed of long
denervated segments of sigmoid colon (the long-
denervation group; Fig. 1B). In contrast, in the re-
maining 17 patients without any lymph node metas-
tases diagnosed preoperatively or intraoperatively,
the superior rectal artery was divided at its origin,
thereby preserving the descending nerve fibers that
service the neorectum. The descending nerve fibers
along with the IMA and several sigmoid colon arteries
were preserved in these patients (the short-
denervation group; Fig. 1C). Table 1 summarizes pa-
tients’ characteristics based on the theoretical length
of the denervated neorectum. Male patients who had
received the operation more than three years ago
tended to have a long denervated neorectum.

“Pattern of Colonic Motility After Low
Anterior Resection

Of the 67 patients, colonic motility was measured in
51 cases by a pressure transducer. Figure 2 summa-
rizes the pattern of colonic contractions following
LAR. In this examination, we focused on two major
findings: existence of strong propagated contractions
down to the neorectum (sensor 4), and existence of
spastic minor waves in the neorectum (sensor 4; Fig.
2). Contraction waves were categorized and detected
as follows: Type A, strong contraction waves that
propagated don to the neorectum without any spas-
tic waves, found in 17 patients; Type B, strong con-
tractions that diminished at the neorectum and were
not associated with spastic waves, found in 9 patients;
Type C, strong contractions accompanied by spastic-
waves at the neorectum, found in 9 patients; and Type
D, spastic waves only irregularly seen at sensor 4
without any propagated waves, found in16 patients,

Segmental Colonic Transit Time and
Colonic Motility

The mean segmental colonic transit time in relation
to propagated contraction down to the neorectum is
summarized in Table 2. The transit time at the neo-
sigmoid colon or neorectum was longer (with mar-
ginal statistical significance) in patients who did not
have propagated contraction waves down to the neo-
rectum (Type B or Type D) than in patients who had
propagated contractions (Type A or Type C). No other
difference in transit time was observed at any other
colonic segment among the various motility patterns;
spastic waves did not correlate with segmental co-
lonic transit time (data not shown).
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Table 2.
Mean Segmental Colonic Transit Time in Relation to Propagated Contraction Waves

Mean Transit Time (hours)

Positive Propagated Contractions

No Propagated Contractions

Colonic Segment (n=14) (n=18) P Value®
Ascending colon 129 +9.6 13.1+54 NS
Transverse colon 87 +42 8.6=x59 NS
Descending colon 43+35 59+46 NS
Sigmoid colon/neorectum 3721 65+50 0.06
Total 297 +8.8 34.5+10.8 NS

NS = not significant.
2Student's t-test.

Length of Denervated Neorectum and
Colonic Motility

Monitoring of colonic contraction with a pressure
transducer revealed that 12 of 15 patients (80 percent)
who belonged to the short-denervation group had
propagated contraction waves (Types A and C; Fig.
2), which was a significantly higher percentage than
that seen in the long-denervation group (38.9 percent;
P <0.01; Table 3).

In contrast, 21 of 36 patients (58.3 percent) in the
long-denervation group showed spastic waves at the

neorectum (Types C and D; Fig. 2) irrespective of the -

existence of propagated contraction waves, which
was a significantly higher percentage than that seen in

the short-denervation group (20 percent; P < 0.05;

Table 3).

The mean transit time in relation to length of the
denervated neorectum is summarized in Table 4. The
transit time at the neosigmoid colon or neorectum
was greatly prolonged in patients with a long dener-
vated neorectum. In contrast, the transit time at the
transverse colon was only slightly prolonged in pa-
tients with a short denervated neorectum.

Motility of Neorectum and
Defecatory Function

Table 5 summarizes the correlation between co-
lonic contraction pattern and defecatory disorders.
The loss of propagated contraction correlated well
with urgency and slightly with multiple evacuations.
There was no correlation seen between propagated
contraction and soiling. By contrast, spastic minor
contractions in the neorectum correlated significantly
with several major defecatory disorders, specifically
urgency, multiple evacuations, and major soiling (# <
0.01). The loss of propagation and occurrence of

spastic minor contractions in the neorectum also cor-
related with patients’ self-assessment of bowel func-
tion. The majority of patients who did not have a
spastic neorectum (24/26) and most patients with
propagated waves (23/26) replied that theirfunction
was either satisfactory or fair.

Length of Denervated Neorectum and
Defecatory Functions

Table 6 summarizes the correlation between length
of the denervated neorectum and clinical defecatory
disorders seen in patients, Patients with a long dener-
vated neorectum tended to have multiple evacua-
tions; however, the difference did not reach statistical
significance.

DISCUSSION

Functional disorders in defecation following LAR
for rectal cancer have often been discussed as post-
operative sphincter malfunctions. Manometric studies
have revealed that anal resting pressure and maxi-
mum squeeze pressure are both degraded following
surgery,® with reduced anal sensation’ or reduced
physiologic rectoanal inhibitory reflex.® These
sphincter malfunctions may be caused by direct injury
during surgery’ or be a result of denervation to the
internal sphincter,® which is controlled by the hypo-
gastric nerve.’ In addition to postoperative malfunc-
tion of the sphinctet, compliance of the neorectum
constructed at the LAR is also reported to contribute to
postoperative defecatory function,'® although low
compliance may recover with time, unlike damage to
the anal sphincter.'! Similarly, the volume' and di-
ameter 2 of the neorectum have been reported to cor-
relate with postoperative bowel functioning.

More recently, efforts have been made to evaluate
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Table 3.
Length of Denervated Neorectum and Colonic Contraction Pattern

Contraction Pattern of Neorectum

Pattern A Pattern B Pattern C Pattern D
Long denervation (n = 36) 8 7 6 15
Short denervation (n = 15) 9 2 3 1
Table 4.
Mean Colonic Transit Time in Relation to Length of Denervated Neorectum
Mean Transit Time (hours)
Short-Denervation Group Long-Denervation Group
Colonic Segment (n=11) (n=237) P Value
Ascending colon 124 6.7 18.4+71 NS
Transverse colon 11.7x£5.3 8659 <0.05
Descending colon 49+3.4 6.6+53 NS
Sigmoid colon/ neorectum 34+186 64+54 <0.01
Total 30.1+7.4 34.4 111 NS
NS = not significant.
Table 5.

Colonic Contraction Pattern and Defecatory Disorders

Propagated Contractions

Spastic Neorectum

Yes No Yes No
(n=28) (n=25) PValue (n=25) (h=26) P Value

1) Urgency <0.012 <0.01®
None 16 8 7 17
Mild 9 12 12 9
Severe 1 5 6 0

2) Multiple evacuations <0.05° 0.01°
Yes 8 16 17 7
No 18 9 8 19

3) Major soiling NS® <0.01°
More than sometimes 4 6 9 1
Almost none 22 19 16 25

4) Patients’ self-assessment of defecation <0.01% <0.01®
Excellent 7 5 2 10
Good 11 11 11 11
Fair 5 2 4 3
Poor 3 6 7 2
Unsatisfied 0 1 1 0

NS = not significant.
#Wilcoxon's signed-rank test.
bChi-squared test.

the motility of the neorectum. Oya et al. reported that
the time-activity curve of evacuation seen in cases of
a neorectum closely correlated with postoperative
bowel functions following anterior resection.*® Seike
et al. showed that patients who complain of evacua-
“tion difficulty postoperatively tend to have a high vol-
ume of left-sided colon gas, which suggests a motility
disorder at the neosigmoid or neorectum.*® In healthy
individuals who have not undergone any surgery, rec-

tal function has been reported to play a major role in
fecal continence®® and chronic constipation.*’

In the present study, we evaluated the dynamic
motility characteristics of the neorectum in conjunc-
tion with motility of the oral colonic segments to de-
termine if collaborative movements of the postopera-
tive residual colon correlate with evacuative
malfunction following LAR. We found that the prop-

agated contraction waves that originated from the up-
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Table 6.
Length of Denervated Neorectum and Defecatory Disorders

Length of Denervated Neorectum

Long Short P

(n = 50) (n=17) Value

1) Urgency NS®
None 20 10
Mild 21 7
Severe 9 0

2) Multiple evacuations 0.07°
Yes 27 5
No 23 12

3) Major soiling NSP
More than sometimes 12 2
Almost none 38 15

4) Patients’ self-assessment of defecation NS®
Excellent 8 5
Good 19 9
Fair 11 2
Poor 11 1
Unsatisfied 1 0

NS = not significant.
aWilcoxon's signed-rank test.
PChi-squared test.

per part of the colon disappeared at the neorectum in
25 of 51 patients (Fig. 1). The loss of propagation at
the neosigmoid colon or neorectum seemingly corre-
lated with the tardiness of transit in that part of the
bowel. Clinically, most patients who showed a loss of
propagating waves also experienced multiple evacu-
ations and urgency, which suggests that their evacu-
ation each time was incomplete because of a motility
disorder of the neorectum. We would like to empha-
size that the patients who showed loss of propagating
waves predominantly had a long denervated neorec-
tum, in which the IMA was either divided or its sur-
rounding tissue was removed for lymph node dissec-
tion at the time of surgery (Table 3).

The other important finding regarding contraction
pattern was the existence of spastic minor contrac-
tions at the neorectum. Although having a spastic
neorectum did not correlate with segmental transit
time, a spastic neorectum was very closely associated
with clinical symptoms such as multiple evacuations,
urgency, and major soiling. Importantly, spastic con-
traction was more commonly seen in patients with a
long denervated neorectum (Table 3). This finding
suggests that denervation of the neorectum during
surgery may be a causative factor of the spastic neo-
rectum and of the loss of contraction waves to the
neorectum.

The long denervated neorectum, which is the result
of dissection of the IMA or its surrounding tissue, may

cause motility disorders in the neorectum constructed
during LAR for rectal cancer. No significant correla-
tion was noted between the length of the neorectum
and the manifestation of defecatory disorders, which
suggests that many other factors also contribute to
postoperative defecatory function. Denervation to the
neorectum may be one factor that indirectly relates to
and exerts influence on postoperative function.
Therefore, IMA and the surrounding nerve fibers
should be preserved whenever feasible. Further study
is warranted to elucidate the influence of IMA dissec-
tion on functional outcome for defecation. In addi-
tion, a time-course study is needed to investigate
whether these motility disorders will recover with
time, given that patients’ clinical symptoms some-
times gradually improve.
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Background & Aims: The early detection of colorectal
cancer is desired because this cancer can be cured
surgically if diagnosed early. The purpose of the present
study was to determine the feasibility of a new method-
ology for isolating colonocytes from naturally evacuated
feces, followed by cytology or molecular biology of the
colonocytes to detect colorectal cancer originating from
any part of the colorectum. Methods: Several simulation
studies were conducted to establish the optimal meth-
ods for retrieving colonocytes from any potrtion of feces.
Colonocytes exfoliated into feces, which had been re-
trieved from 116 patients with colorectal cancer and 83
healthy volunteers, were analyzed. Part of the exfoliated
colonocytes was examined cytologically, whereas the
remainder was subjected to DNA analysis. The extracted
DNA was examined for mutations of the APC, K-ras, and
p53 genes using direct sequence analysis and was also
subjected to microsatellite instability (MSI) analysis.
Results: In the DNA analysis, the overall sensitivity and
specificity were 71% (82 of 116) of patients with colo-
rectal cancer and 88% (73 of 83) of healthy volunteers.
The sensitivity for Dukes A and B was 72% (44 of 61).
Furthermore, the sensitivity for cancers on the right side
of the colon was 57% (20 of 35). The detection rate for
genetic alterations using our methodology was 86% (80
of 93) when the analysis was limited to cases in which
genetic alterations were present in the cancer tissue.
Conclusions: We have developed a new methodology for
isolating colonocytes from feces. The present study de-
scribes a promising procedure for future clinical evalu-
ations and the early detection of colorectal cancers,
including rightside colon cancer.

olorectal cancer is one of the most common ma-
lignancies worldwide. In Japan, colorectal cancer
is the third and second leading cause of death from

cancer in men and women, respectively.! However,
colorectal cancer is curable by surgical resection if
diagnosed at a sufficiently early stage. This incentive
has prompted investigators to develop new methods
enabling the early diagnosis of colorectal cancer and
has led to the introduction of cancer screening pro-
grams in many countries. For mass cancer screenings,
a simple, economic, and noninvasive method of cancer
detection is desired. The Hemoccult test is currently
used in many countries for this purpose.?-¢ However,
this test is nonspecific and is not sufficiently sensitive
to detect early stage colorectal cancer, although a
higher sensitivity has been reported for advanced-
stage colorectal cancer.” Radioimmunoassays using tu-
mor markers, such as carcinoembryonic antigen, also
are not suitable for the detection of early cancer,
although such tests can be used to monitor patients for
an increasing tumor burden or tumor recurrence. Di-
agnosis by barium enema study and fiberoptic colonos-
copy is accurate but time-consuming, expensive, and
invasive. Therefore, an urgent need exists to establish
a sensitive, reliable, and noninvasive method for the
detection of colorectal cancer at an early stage.

To date, several screening methods for colorectal
cancet based on the detection of mutated DNA in
feces have been reported.®-2° These methods, however,
are time-consuming and are not sufficiently sensitive.
The major reason for this inaccuracy is the fact that

Abbreviations used in this paper: APC, adenomatous polyposis coli;
MS|, microsatellite instability; OMIM, Online Mendelian Inheritance in
Man.
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nucleic acids in feces are derived from an enormous
number and variety of bacteria and normal cells. Ac-
cordingly, the proportion of genes derived from cancer
cells in feces is as low as 1%, at most.® This makes the
application of gene-detecting methods difficult in
clinical practice.

We previously reported that the expression of CD44
variants in exfoliated colonocytes isolated from feces
according to the Percoll centrifugation method could
serve as a4 noninvasive diagnostic marker for early colo-
rectal cancer.” However, the repetition of the Percoll
centrifugation method was found to distort the morphol-
ogy of the exfoliated colonocytes. Accordingly, the sen-
sitivity of this method also appeared to be unsatisfactory
because of the low retrieval rate of the exfoliated colono-
cytes. Another study described a processing method that
involved scraping or washing the stool’s surface with a
buffer to collect exfoliated colonocytes.?? In the ascend-
ing colon, however, the feces remains unformed. There-
fore, most cancer cells exfoliated from the walls of the
ascending colon would be incorporated into the inner
core of the feces during the course of its formation. Thus,
recovering cancer cells that originated from the ascend-
ing colon might be difficult using methods that involve
scraping or washing solid feces.

Under these circumstances, we succeeded in develop-
ing a new, very effective methodology that allows the
simple isolation of exfoliated colonocytes from not only
the sutface but also the central portion of feces while
maintaining the colonocytes’ initial morphology. Cur-
rently, we are attempting to apply a molecular biologic
tool to purified colonocytes exfoliated into feces to detect
cells from early colorectal cancers, including right-side
colon cancer.

Materials and Methods
Study Design

This was a prospective study conducted between De-
cember 2002 and August 2004. The study protocol was re-
viewed and approved by the Institutional Review Boatd of the
Narional Cancer Center, Japan. Written informed consent was
obtained from all patients and healthy volunteets. No modi-
fications to the protocol procedures were made duting the
coutse of the study.

Study Population

A total of 116 patients with histologically confirmed
colorectal cancer and 83 healthy volunteers were enrolled. The
healthy volunteers consisted of 37 men and 46 women with no
appatent abnormalities, such as adenoma ot catcinoma (includ-
ing hyperplastic polyps), found during a total colonoscopy
petformed at the National Cancer Center Research Center for
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Table 1. Characteristics of Patients and Healthy Volunteers

Patient Healthy volunteer
Characteristic (N = 1186) (N = 83)

Age! y

Mean 62.0 58.4

Range 32-82 40-70
Sex, no (%)

Male 69 (59.5) 37 (44.6)

Female 47 (40.5) 46 (55.4)
DNA, ng/gram of stool

Mean 570.8 175.3

Range 2.0-7462.8 0.2-1907.5
Tumor location, no (%)

Cecum 6(5.2)

Ascending colon 23(19.8)

Transverse colon 6(5.2)

Descending coion 7(6.0)

Sigmoid colon 21 (18.1)

Rectum 53 (45.7)
Size, mm

Mean 40.0

Range 4.0-120.0
Histology, no (%)

w/D 55 (47.4)

m/D 56 (48.3)

P/D 2(1.7)

Mucinous carcinoma 2(1.7)

Carcinoid tumor 1(0.9)
Depth, no (%)

T1 10 (8.6)

T2 32(27.6)

3 71(61.2)

T4 3(2.8)
Dukes' stage, no (%)

A 30(25.9)

B 31(26.7)

c 53 (45.7)

D 2(1.7)

W/D, Well-differentiated adenocarcinoma; M/D, moderately differen-
tiated adenocarcinoma; P/D, poorly differentiated adenocarcinoma.

Cancer Prevention and Screening. The median age of these
volunteets was 58.4 yeats (range, 4070 years). The charac-
teristics of the patients and healthy volunteers ate summarized
in Table 1. All the patients with colorectal cancer had undet-
gone susgical resection of their primary tumor at the National
Cancer Center Hospital, Tsukiji, ot at Hospital East, Kashiwa,
Japan. The median age of the patients was 62.0 yeats (range,
32-82 years). There were 69 men and 47 women patients. The
primary tumors were located in the following sites: rectum in
53 patients, sigmoid colon in 21 patients, descending colon in
7 patients, transverse colon in 6 patients, ascending colon in
23 patients, and cecum in 6 patients. The clinical stage of the
patients according to Dukes' classification was as follows:
Dukes’ stage A in 30 patients, stage B in 31 patients, stage C
in 53 patients, and stage D in 2 patients.

Stool Samples

Before surgical resection, stool samples were ob-
tained from 116 patients with colorectal cancer. Stool sam-
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ples were also obtained from 83 healthy volunteers a few
weeks after they had undetgone a total colonoscopy. Natu-
rally evacuated feces from subjects who had not taken
laxatives were used as stool samples. Each patient was
instructed to evacuate into a polystyrene disposable tray (AS
one, Osaka, Japan) measuring 5 X 10 cm in size at home
and bring the sample to the teception counter at the
outpatient clinic or the Cancer Prevention and Screening
Centet of the National Cancer Center. The samples were
collected and transferred to a laboratory at which they were
allowed to stand at room temperature. Preparation of the
stool samples for examination was conducted within 16
hours after the evacuation.

Magnetic Beads

Dynabeads Epithelial Entich are uniform, supetpara-
magnetic, polystyrene beads (4.5-um diameter) coated with a
mouse IgG1 monoclonal antibody (mAb Ber-EP4) specific for
the glycopolypeptide membrane antigen Ep-CAM, which is
expressed on most normal and neoplastic human epithelial
tissues (Dynal, Oslo, Norway). Ep-CAM is widely expressed in
the highly proliferative cells of the intestinal epithelium, from
the basal cells to cells throughout the crypts at the basolateral
membranes, and only the apical membrane facing the lumen is
negative. The development of adenomas has been reported to
be associated with increased Ep-CAM expression, and Ep-
CAM over expression (mAb GA733) has frequently been dem-
onstrated in colotectal carcinomas.?3-

Simulation Studies

A series of simulation studies were conducted to es-
tablish the optimal conditions for rettieving HT-29 colorectal
cancer cells from feces. Feces from healthy volunteers wete
divided into several portions, each of which was seeded with
100 wL HT-29 cells (1 X 10%/approximately 5 g feces). The
cells were retrieved under several different conditions as fol-
lows: use of a Hank’s solution and 25 mmol/L Hepes butfer
(pH 7.35); processed feces of 5, 10, or 30 g volurne; filter with
a pote size of 48, 96, 512, or 1000 pm; incubation of homog-
enized solution with magnetic beads at 4°C or room tempet-
ature; application of 20, 40, 80, 200, or 400 pL magnetic
beads; incubation of homogenized solution with magnetic
beads under gentle rolling at 15 rounds/minure in a mixet for
10, 20, 30, or 40 minutes; and the reaction time between the
cell-magnetic bead complexes and a magnet on a shaking
platform for 0, 2, 10, 20, 30, 40, 50, or 60 minutes. Finally,
the cell retrieval trate calculated for the magnetic beads
method under the conditions determined to be the most
suitable for this simulation study was compared with that
calculated for the Percoll centrifugation method. The re-
trieval rate was calculated by dividing the number of cells
that bound to the retrieved beads by the number of cells
initially added to the feces. The cells were counted using a
NucleoCounter (ChermnoMetec A/S, Allergd, Denmark).
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Isolation of Exfoliated Cells From Feces

The procedure was conducted using the most suitable
and optimal conditions determined by the simulation study
(Figure 1). Apptoximately 5-10 g of naturally evacuated feces
were used to isolate exfoliated cells. Feces were collected into
Stomacher Lab Blender bags (Sewatd, Thetford, United King-
dom). The stool samples were homogenized with a buffer (200
ml) consisting of Hank’s solution, 10% fetal bovine serum
(FBS), and 25 mmol/L Hepes buffet (pH 7.35) at 200 rpm for
1 minute using a Stomacher (Seward). The homogenates were
then filtered through a nylon filter (pote size, 512 pm),
followed by division into 5 pottions (40 mL each). Subse-
quently, 40 pL of magnetic beads were added to each homog-
enized solution portion, and the mixtutes were incubated fot
30 minutes under gentle rolling in a mixer at room tempet-
ature. The samples on the magnet were then incubated on a
shaking platform for 15 minutes at toom temperature. Colono-
cytes isolated from 5 tubes were smeated onto slides and then
stained using the Papanicolaou method. The remainder of the
samples was centrifuged, and the sediments were stored at
—80°C until DNA extraction.

Extraction of DNA

Fresh tissue samples were obtained from the surgically
resected specimens of 116 patients with colorectal cancer. The
samples were snap frozen in liquid nitrogen within 20 minutes
of their arrival at the pathologic specimen reception atea and
were stored in liquid nitrogen until analysis.

Genomic DNA was extracted from each tumor tissue spec-
imen using a DNeasy kit (QIAGEN, Valencia, CA). Genomic
DNA was also extracted from colonocytes isolated from feces
using the SepaGene kit (Sanko-Junyaku, Tokyo, Japan).

Direct Sequence Analysis

Direct sequencing was conducted to identify muta-
tions in the APC codon 1270-1594, in codons 12 and 13
of the K-ras gene, and in exons 5, 6, 7, and 8 of the p53
gene.

The PCR primers used in this study were as follows: APC
(5'-AAACACCTCAAGTTCCAACCAC-3', 5'-GGTAATTT-
TGAAGCAGTCTGGGC-3"); Kwras  (5'-CTGGTGGAG-
TATTTGATAGTG-3', 5'-CCCAAGGAAAGTAAAGTTIC-
3"), p53 exon 5 (5'-GCCGTCTTCCAGTTGCTTTAT-3,
5’ CCAAATACTCCACACGCAAAT-3"), p53 exon 6 (5'-
CATGAGCGCTGCTCAGATAG-3', 5'-TGCACATCTCAT-
GGGGTTATAG-3"); p53 exon 7 (5'-CITGGGCCTGTGT-
TATCTCCTA-3', 5'-AAGAAAACTGAGTGGGAGCAGT-3");
and p53 exon 8 (5'-ACCTCTTAACCTGTGGCTTC-3', 5'-
TACAACCAGGAGCCATTGTC-3").

The sequence primets used in this study were as follows: APC
(5'-CAAAAGGCTGCCACTTGCAAAG-3', 5'-AAAATAAAG-
CACCTACTGCTG-3', 5'-GAATCAGCCAGGCACAAAGC-3";
K-ras (5"-CTIGGTGGAGTATTTIGATAGTG-3"); p53 exon 5
(5'-CCAAATACTCCACACGCAAAT-3'); p53 exon 6 (5'-
CATGAGCGCTGCTCAGATAG-3");, p53 exon 7 (5'-AA-
GAAAACTGAGTGGGAGCAGT-3'); and p53 exon 8 (5'-
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Figure 1. Schematic of proce-
dure for isolating colonocytes
from feces.

A NEW METHOD FOR COLORECTAL CANCER DIAGNOSIS 1921

(1) Sample
Add feces (5-10g) in Hanks’ solution 200mL (25mM HEPES buffer, 10%
FBS) in Stomacher Lab Blender bag.

(2) Filtration

Q Filtrate the homogenates through a nylon filter (pore size, 512 um).

(3) Incubation

Dynabeads® Epithelial Enrich (40 pL)

1111

50 ml tube

Divide the homogenates into five portions (40 mL each), add 40
uL of magnetic beads into each homogenized solution portion.
Incubate for 30 minutes under gentle rolling at 15 rounds/minute
in a mixer at room temperature.

{4) Separation

Place the tube in the magnet (Dynal MPC-1® ), shake it on the
piatform for 15min.

Remove the supernatant, Add 1000 pl of Hanks' solution to the tubes.
Transfer the bead suspension to a new microcentrifuge tube.
Place the tube in the magnet (Dynal MPC-S® ) .

{6) Retrieve

g

Remove the supernatant.
Apply Papanicolaou stain, or
store at-80° C until DNA extraction.

ACCTCTTAACCTGTGGCTTC-3"). Each
sequenced by direct sequencing using the Big Dye Tetmi-
nator v 3.1/1.1 cycle kit (Applied Biosystems, Forester City,
CA).

All obtained sequences were aligned with previously
published sequences (National Center for Biotechnology
Information [NCBI} Genbank accession No. M74088
[APCY, M54968 {K-ras}, and X54156 {p53]) for each of the

fragment was

target genes and were analyzed using Phred/Phrp/DNASIS
pro (Hitachi Softwate Engineering, Tokyo, Japan). The
presence and nature of each mutation were confirmed by
repeated PCR and sequencing.

BAT26

The BAT26 gene, an indicator of microsarellite insta-
bility (MSI), was amplified by PCR. Each fragment was elec-
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