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Internal Hernia Through the Mesenteric Opening
After Laparoscopy-Assisted Transverse Colectomy
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Abstract: We report a case of a rare complication in laparoscopic
colectomy. A 55-year-old woman underwent a laparoscopy-assisted
transverse colectomy for fransverse colon cancer. On the 5th post-
operative day, she developed bowel obstruction. Decompression by
a long intestinal tube failed to resolve the bowel obstruction. She
underwent operative intervention. Abdominal exploration showed je-
junal loop caused by a strangulation forming on an internal hernia
through the mesenteric opening at the anastomotic colonic stumps,
which had not been sutured during the previous operation. Our ex-
perience might indicate the need for closure of small mesenteric
opening after laparoscopic colectomy.
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55-year-old woman was admitted to our hospital for

surgical treatment of transverse colon cancer. Colono-
scopic study demonstrated a 4.5 X 5.0-cm protruded lesion in
the transverse colon. Biopsies were performed, and the results
showed well-differentiated adenocarcinoma. The patient under-
went a laparoscopy-assisted transverse colectomy for trans-
verse colon cancer. Intracorporeal ligation of tumor-feeding
vessels (middle colic vessels) at their origins was performed
initially. After mobilization of hepatic and splenic flexures, the
bowel loop was delivered under a wound protector through a
6-cm midline incision of the upper abdomen. The division of
the marginal vessels and functional end-to-end anastomosis was
performed extracorporeally with linear staplers (PROXIMATE
Linear Cutter 75; Ethicon Endo-Surgery, Cincinnati, OH). The
mesenteric opening region resulting from bowel resection was
not closed for preference. After the closure of the minilapar-
otomy, the anastomosis and the small mesenteric opening
region were checked laparoscopically and found to be normal
without internal hemia. On postoperative day (POD) S, she had
nausea, vomiting, and abdominal distention. Plain abdominal
x-ray film revealed air-fluid levels in the left upper quadrant
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(Fig. 1). This finding was thought to be compatible with an
adhesive small bowel obstruction initially. Surgery was not
chosen because her clinical symptoms and plain x-ray film
improved after decompression by a long intestinal tube. Body
temperature, pulse, and white blood cell count were within
normal limits. There were no signs of clinical indication of
strangulation suggesting a need for urgent surgery. She was
treated conservatively with bowel rest and total parenteral
nutrition. Despite this treatment, high-volume output from
a long intestinal tube persisted (1606-3000 mL/day), and, on
POD 15, an upper gastrointestinal radiologic contrast study
demonstrated obstruction of the proximal jejunum (Fig. 2).
She eventually underwent surgical intervention. At laparotomy,
there was jejunal loop caused by a strangulation forming on
an internal hemia through the mesenteric opening at the
anastomotic colonic stumps, which had not been sutured dur-
ing the previous surgical procedure. A part of jejunum, 80 cm
in length corresponding to 5 to 85 cm of the jejunum from
Treitz’s ligament was strangulated (Fig. 3). After lysis of the
adhesions and relieving of the strangulation, the jejunal loop
was returned to the abdomen. The operation was concluded by
sealing the mesenteric opening and closing. the wall of the
abdomen in layers. The postoperative course was uneventful.
At 11 months’ follow-up, there was no clinical or radiographic
evidence of recurrence of the cancer or the internal hernia,

DISCUSSION

Laparoscopic adhesiolysis for small bowel obstruction
was first reported in 1991." Laparoscopic adhesiolysis has
been shown to decrease the incidence, extent, and severity of
intraabdominal adhesions when compared with open approach,
thus potentially decreasing the recurrence rate for adhesive
sthall bowel obstruction.®® We expected this patient with
a complete obstruction cansed by adhesions preoperatively
(Fig. 2) to not be a good candidate for laparoscopic adhesiolysis.?

Laparoscopy-assisted colectomy (LAC) becomes the pro-
cedure of choice for colonic disease at many facilities world-
wide*® There are many recognized advantages of LAC,
including decreased pain, improved cosmesis, decreased post-
operative ileus, shortened hospital stay, and more rapid return to
normal activities.

The frequently reported complications after LAC are
incisional infection, anastomotic fistula, abdominal abscess,
intestinal obstruction, incisional hemia, perineal hernia, and
others.”*3 Intestinal obstruction is one of the common
complications after LAC. The incidence is reported to be
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FIGURE 1. Plain abdominal x-ray. Air-fluid levels in the left
upper quadrant.

FIGURE 2. Upper gastrointestinal radiologic contrast study.
The arrowhead is pointing obstruction of the proximal
jejunum. The stomach is excluded upper side (arrows).
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FIGURE 3. Intraoperative photograph. The jejunum (A) has
herniated through the mesenteric opening (arrows) in the
anastomotic colonic stumps (B). C, Distal side of the jejunum.

0.7%—2.7%.5* The most frequent cause of intestinal ob-
struction is Richter’s hernia at the trocar site. Internal hernia,
hetniation of the internal organs through defects in the
intraabdominal cavity, is not a common cause of intestinal ob-
struction. Intestinal obstruction secondary to internal hernia
after laparoscopic surgery is a rare event. Such conditions have
been reported after laparoscopic Roux-en-Y gastric bypass,'>'¢
laparoscopic donor nephrectomy,'” and laparoscopic Nissen
fundoplication.!® However, few data exist regarding the com-
plications of postoperative internal hernia after LAC.

A total of 269 patients underwent LAC without closing
the mesenteric opening between April 2001 and October 2004
at our institution. This is the first case (one of the 269 patients;
0.37%) of internal hernia through the mesenteric opening after
LAC. The data on the incidence of small bowel obstruction
from internal hernia after LAC are scarce. In 1996, Kok et al'!
reported a case of small bowel hemia through a.mesenteric
defect after laparoscopy-assisted sigmoidectomy. In 1998,
Elio et al'® reported the case of ileal volvulus on internal
hernia after laparoscopy-assisted left hemicolectomy. In 1999,
Kawamura et al?° reported the case of transmesenteric hernia
after laparoscopy-assisted sigmoidectomy. To the best of our
knowledge, only the above-mentioned cases were reported in
the literature. :

© 2005 Lippincott Williams & Wilkins
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Internal Hernia After Laparoscopic Colectomy

The omission of closing the mesenteric opening can
expose the patient to the risk of small bowel obstruction from
internal hernia. Although this complication is a rare event, it
involves significant morbidity in an otherwise healthy patient
who has undergone LAC.

Duepree et al* reported that the incidence of both
ventral hernia and postoperative small bowel obstruction after
laparoscopic resection is lower than that of after open surgery.
There have been reported only 3 patients with small bowel
obstruction from internal hernia after LAC, and the incidence
is very low.!*!%?® It would seem safe to assume that there is
no need to close the mesenteric opening in all cases of lapa-
roscopic colectomy. But if the mesenteric opening is small,
then it is likely to cause internal hernia, and our experience
might indicate the need to close the mesenteric opening by
suturing or clipping after bowel resection. However, more
cases are required to explain the indication for closure of
mesenteric opening to prevent this complication.
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Flat and Depressed Lesions of the Colorectum

SHIN-EI KUDO and HIROSH! KASHIDA

Digestive Disease Center, Showa University Northern Yokohama Hospital, Chigasaki-chuo, Tsuzuki-ku, Yokohama, Japan

Although flat and depressed-type lesions are found by
regular endoscopic view, maghification and pit pattern
observation are vital parts of a precise diagnosis of the
lesion. The depressed-type lesions have a prominent
tendency to show malignant character, and the recogni-
tion and timely treatment of this lesion is inevitable in
improving the morbidity and mortality from colorectal
cancer. A magnifying colonoscope has the capability of
a regular colonoscope with an additional feature: mag-
nification. With chromoscopic techniques, the surface
pattern of the mucosal pits can be observed, The pit-
pattern classification correlates well with actual histo-
logic findings and provides important additional infor-
mation before endoscopic treatment of the lesion.

he depressed-type colon cancer first was described in

1977.% The occurrence of its lesion is accepted
widely and riow is reported throughout the world.? The
advent of commercially available magnifying video-
colonoscopes with high-power resolution in 1993 accel-
erated the study of the microstructure of colonic lesions.
The combination of chromoscopy and magnifying
colonoscopy is useful for detecting small localized lesions
for the differential diagnosis and for determining not
only the lateral margins but also the depth of a lesion.*
We use colonoscopes with magnification routinely for
colonoscopic examinations. Therefore, we can perform
detailed examination with magnification immediately at
the time a lesion is found in the colon. The openings of
the colonic crypts are referred to as pizs, and the specific
arrangement of the openings of the glands in various
kinds of lesions is called the pit pattern.*> The aim of this
study was to clarify the characteristics and importance of
flat and depressed lesions of the colorectum.

Materials and Methods

Our database consists of prospectively collected data of
consecutive patients who underwent colonoscopic examinations
for any indication over a period of 20 years: from 1985 to 2004.
The colonoscopic examinations were petformed with magnifying
colonoscopes (CF 240ZI, 260AZI, or 200ZL; Olympus, Tokyo,
Japan). When a lesion was suspected or identified, chromoscopy
was performed with .2% indigo carmine dye and, in addition,
.05% crystal violet dye as indicated. All resected lesions were

documented with pit-pattern findings, diameter, and final patho-
logic findings. The number of endoscopically or surgically treated
neoplastic lesions was 21,262, The lesions were divided into 3
groups: protruded, flat-elevated, and depressed. The pit patterns,
or microstructures of the surface of the lesions, were classified as
type I, 1, IIs Gmall), I (large), IV, VI (irregular), or VN
(nonstructutal), as previously reported (Figure 1).6 Indigo carmine
dye accumulates in the glandular orifices, which usually clarifies
the pit pattern. However, in some lesions, especially those with
type IlIs and type V pit patterns, the openings ate too nattow, too
distorted, or too sparse for enough dye to be retained. In such
cases, crystal violet dye is used, which stains the absorbent epi-
thelium of the colon and makes the pit pattern conspicuous.

Results

The rates of invasive cancer in early colorectal
neoplasms that appear as protruded and flat elevated
lesions between 6 and 10 mm in diameter were 1.3% and
.18%, respectively (Table 1). The invasive rate with
depressed lesions for the same size group was 43.2%. On
magnifying colonoscopy, most (95.7% and 95.7%) pro-
truded and flat neoplasms showed type IIIL or IV pit
pattern. Bighty-six percent of the depressed lesions were
characterized by type IIIS, VI, or VN pit pattern. The pit
patterns correlated well with the final histologic diagno-
sis (Table 2). Type 1IIs, IIIL, and IV pit patterns were
typical of adenomas, and were seen only rarely in invasive
cancers (0%, 3.3%, 2.3%, respectively). On the other
hand, 88.9% of type VN lesions were invasive.

Discussion

The gross appearances of early colorectal neoplasms
are divided into 3 categories: protruded, flat elevated, and
depressed.” Recognition of depression is very important
because depressed lesions often are associated with invasive
cancer when they are very small. Detecting a tiny area with
a slight color change is important; some lesions look
slightly reddish and some look pale or discolored. Bleeding
spots, interruption of the capillary network pattern, ot
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slight deformation of the colonic wall may suggest the
existence of a depressed lesion. The depressed-type colorec-
tal cancers either can be absolutely depressed or accompa-
nied by a slightly elevated margin. Sorne lesions with
depression are elevated as a result of submucosal invasion
and proliferation of the turmot cells.? Such lesions must not
be mistaken for ordinary elevated neoplasms because they
are quite different from each other in biological behavior.
Chromoscopy is useful for confirming small colorectal le-
sions, for determining their lateral extent, and for clarifying
their gross configuration; this is useful especially in deter-
mining the presence or absence of depression within the
lesions.

There is some confusion about the depressed and flat
lesions.® Lesions that are called flaz adenomas are not
absolutely flat, but often are elevated slightly. It is true
that some adenomas appear to have a depression and

CLINICAL GASTROENTEROLOGY AND HEPATOLOGY Vol. 3, No. 7

Figure 1. Pit pattern ciassification. (A4) Type i:
normal roundish pits; (B) type Il: large star-
shaped pits; (C) type lils: small roundish pits;
(D) type Nl long tubular pits; (E) type v:
branched pits; (F) type Vi irregular pits; (G)
type Vi: nonstructural pit pattern. Types  and
Il are non-neoplastic pit patterns. Types llis,
i, and IV are adenomatous pit patterns.
Types Vi and VN are cancerous pit patterns.

resemble depressed-type eatly cancers; the depression in
a depressed lesion is rather extensive and clearly demar-
cated. In contrast, the depression in flat elevated adeno-

" mas actually is an ill-defined pseudodepression with only

a thorny or groove-like appearance. Depressed lesions are
not part of flat adenomas but should be regarded as a
different entity, because the latter almost invariably arc
benign. Invasive rates in flat elevated adenomas are
slightly lower than but not remarkably different from
those in protruded polyps. Flat lesions usually are benign
or only focally malignant and grow very slowly, not
becoming invasive until they are rather large. In contrast.
depressed lesions apparently grow rather rapidly, advanc-
ing at an early stage. The depressed-type lesions are
reported not to have K-ras point mutation, although
their genetic alterations are not clear.'® It is certain that
they arise without adenoma-carcinoma sequence.8

Table 1. Rate of Submucosal (T1) Cancer in Early Colorectal Neoplasms

Size (mm)
0-5 6-10 11-15 16-20 21+ Total
Depressed 20/249 64/148 49/70 19/22 14/16 166,505
8.0% 43.2% 70.0% 86.4% 87.5% 32.9%
Flat-elevated 2/6573 2/1120 13/533 19/182 61/276 g7,/8684
.03% .18% 2.4% 10.4% 22.1% 1.1%
Protruded 0/5909 57/4464 85/1095 64/387 65/218 271/12,073
0% 1.3% 7.8% 16.5% 29.8% 2.2%
Total 22/12,731 123/6732 147/1698 102/591 140/510 534/21,26%
A7% 2.1% 8.7% 17.3% 27.5% 2.5%

NOTE. Data from April 1985 to August 2004.
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Table 2. Pit Pattern and Histology of the Lesion

Adenoma
Pit Cancer
pattern Low grade High grade (T1 stage) Total
i 1984 464 0 2448
81.0% 19.0%
v 266 261 18 545
48.8% 47.9%
lils 21 21 1 43
48.8% 48.8%
Vi 32 140 59 231
60.6% 25.5%
Vi 0 8 64 72
88.9%
Total 2303 894 142 3339

NOTE. Dala from April 2001 to August 2004.

Dye spraying can be used during routine examination
with an ordinary colonoscope, but it is especially useful
when combined with magnifying colonoscopy. The mag-
nified view can be obtained instantaneously simply by
slightly rotating the magnification knob of the scope or
stepping on the foot controller. Zoom colonoscopes have
all the basic funcrions of conventional colonoscopes;
therefore, they can be used during routine examinations
with an ordinary view. The combination of chromoscopy
and magnifying colonoscopy is useful for the differential
diagnosis of a colorectal lesion and for predicting the
depth of a cancer because it enables one to observe the
detailed structure of the lesion. There is definite corre-
larion between the gross appearance and the pit pattern
of a colorectal lesion.”!! Depressed lesions present with
type I1Is or V pit pattern; the larter implies that the
lesion is cancerous. Almost all flat and protruded neo-
plasms have type IIIL or IV pits. )

There also is correlation berween the pit pattern and
the histology of the lesion. The pit patterns are useful for
distinguishing neoplastic lesions from nonneoplastic
changes. In neoplastic lesions, pit-pattern analysis 1s
useful for distinguishing between low-grade adenomas
and invasive cancers. The majority of the lesions thar
present only type IIIs, IIIL, or IV pits are low-grade
adenomas. Type V pit pattern is typical of cancers and
can be subdivided into 2 subtypes. In deeply invasive or
advanced cancers the surface of the lesion is rough and
often ulcerated; therefore it almost is devoid of pits and
looks nonstructural. Such a pit pattern is named type VN
(nonstructural [N]). In severely dysplastic adenomas and
minimally invasive carcinomas, the pit pattern is not
completely nonstructural, but faitly irregular. Such an
irregular pit pattern is named type VI (irregular [1]).

Treatment selection should be based on an accurate
prediction of cancer invasion of the colorectal lesions."?

FLAT AND DEPRESSED LESIONS S35

We suggest the use of the highly accurate pit-pattern
diagnosis for the determination of treatment. The lesions
with type I or II pit pattern almost always are nonneo-
plastic; therefore, they need not be treated except for
submucosal tumors such as carcinoids. Those with type
I01s, 1101, or IV pit pattern usually are benign adenomas
that can be treated endoscopically. The lesions with type
VI encompass a variety of lesions from benign adenoma
to invasive carcinoma. Therefore, lesions with type VI pit
pattern first are treated endoscopically, and additional
surgical colectomy and Jlymph node dissection is consid-
ered after the histologic analysis of the excised specimen.
The lesions with type VN pit pattern usually are invasive
cancers that should be referred for surgery.

Limitations

It cannot be denied that there are some limita-
tions to the pit-pattern diagnosis because pit patterns are
the changes of the surface of lesions and do not permit
direct analysis of the deeper part. However, the changes
in the deeper layers also are reflected on the surface to

some extent; therefore, pit patterns generally are more

. . ]
useful in practice.’?

Conclusions

Flat, and especially depressed, lesions are impot-
tant in the colorectum. Chromoscopy is important for an
accurate diagnosis of these lesions. The pit-pattern anal-
ysis helps predict the histology of the lesions and there-
fore is useful in determining the treatment selection.
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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 ISHIKAWA, SHOUICHI FUIJIIL,
KUNIYA TANAKA, HIDENOBU MASUI, SHIGEKI YAMAGUCH]I,
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 to 5-FU chemosensitivity has been extensively
investigated. 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 5-fluorouracil(5-FU)-based chemotherapy.
Resulis: 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,
vigble cancer cell nests were seen in confined spaces
surrounded by fibrous tissue. It was of interest that these cancer
cells in the vresponse group showed conspicuous
immunoreactivity of DPD, TS and p53. Conclusion: An
analysis of genes involved in 5-FU sensitivity revealed that
surviving 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, dikydropyrimidine
dehydrogenase (DPD) and thymidylate synthase (TS) are the
most promising genes that have been used clinically in
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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 breagt
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 p21 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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—326—



ANTICANCER RESEARCH 25: 1237-1242 (2005)

Table I. Patient characteristics.

Primary Age Gender Response Depth n DPD DPD TS TS ps3 p53 p21  p2l
tumor pri meta pri meta pri meta pri meta
rectum 59 F PD+NC se 1 2 0 0 0 0 0 1 0
rectum 41 F PD+NC ss 4 2 0 0 0 4 0 0 0
colon 55 M PD+NC se 1 0 2 0 0 0 0 0 0
colon 45 M PD+NC se 1 2 0 2 0 6 0 0 0
colon 51 F PD+NC mp 1 - 3 - 1 - 3 - 0
colon 74 M PD+NC si 0 1 3 1 1 0 0 0 0
colon 67 F PR ss 2 2 6 1 4 0 0 2 2
colon 65 F PR se 4 0 4 0 2 12 8 0 0
colon 54 F PR s8 2 1 4 1 1 9 9 2 1
rectum 69 M PR s8 0 0 4 2 6 9 12 6 1
colon 59 M PR s8 2 0 9 1 1 9 6 1 0
colon 55 F PR 88 1 4 4 0 3 0 0 1 0

pri: primary lesion
meta: 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
radiotherapy treatments prior to the hepatic arterial infusions 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 Yokohama City University School
of Medicine, Japan.

Clinical evaluation. 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).

Antibodies. Rabbit anti-recombinant human DPD polyclonal
antibody (dilution=1:500; The Second Cancer Laboratory, Taiko
Pharmaceutical Co, Saitama, Japan.), TS polyclonal antibody
(RTSSA, dilution=1:800; The Second Cancer Laboratory, Taiho
Pharmaceutical 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.

Immunohistochemistry

(i) DPD. Tissue sections (4 pm thick) were cut from each 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

1238

protein expression was evaluated using the avidin-biotin complex
immunohistochemical technique and a rabbit polyclonal artibody
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
minutes in a humidified chamber at room temperature. The
sections were then incubated with biotin-conjugated swine anti-
rabbit immunoglobulins for 20 minutes (DAKO-E353), followed by
avidin-biotinylated peroxidase complex for 30 minutes. After
developing the color reaction product with a freshly prepared 3,3’-
diaminobenzidine 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.

(ii) TS, p53 and p21. Tissue specimens (4 um 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 p53 and p21
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 + IgM (for monoclonal primary antibody)
for p53 and p21 staining, and with a biotinylated anti-rabbit IgG
for 7S staining. The sections were then incubated at room
temperature 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 DFD, TS, p53 and p21 genes after chemotherapy in surgical specimens of liver metastases. A: Expression of DPD, B:
Expression of TS, C: Expression of p53, D: Expression of p21 (magnification, x400).

(iif) Quantitation. Three representative fields were examined, more
than 1000 tumor cells were randomly selected and the number of
positive cells was counted at magnification x200. The expression of
these proteins were evaluated according to the method described
by Sinicrope et 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, <5%; class
1, 5% to 25%; class 2, 25% to 50%:; class 3, 50% to 75%; and class
4, 275%. The intensity of the immunostaining was scored as
follows: 1, weak; 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 scoze 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 p53
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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Figure 2. Comparison of metastatic liver lesions in the PR group and the NC+PD group. The expression levels of DPD, TS and p53 were significantly

higher in the PR group than in the NC+PD group (p<0.05).
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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

between 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.
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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 expression 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 resection 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.

DPD 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 comsidered 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
p53-dependent pathway (10,11). Normal p53 protein has
tumor-suppressing properties, and mutations in the p53
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 p21 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 eévidence has been
obtained to support this idea. However, Michael et al
examined TS expression in colorectal liver metastases after
chemotherapy and found that previous fluorouracil
exposure seemed to increase the resistance of the tumor
cells to regional floxuridine via TS 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 5-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 cells 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 second-line
chemotherapy treatments to be optimized. The results of
this study suggest that a partial response 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 colorecta] cancer patients.
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