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Abstract

AIM: To clarify the usefulness of immunohistochemical
molecular markers in predicting lymph node metastasis
of submucosal colorectal cancer.

METHODS: We examined microvessel density, lymphatic
vessel density, the Ki-67 labeling index, expression of
MUC1 and Matrix metalloproteinase-7 (MMP-7) in tumor
cells, and expression of cathepsin D in stromal cells at
the invasive front by immunostaining of samples resected
from 214 patients with submucosal colorectal cancer.
Pathologic features were assessed on hematoxylin-eosin-
stained samples. We evaluated the relations between
clinicopathologic/immunohistochemical features and
lymph node metastasis.

RESULTS: Lesions of the superficial type, with an
unfavorable histologic grade, budding, lymphatic
involvement, high microvessel density (= 40), high
lymphatic vessel density (= 9), high Ki-67 labeling
index (= 42), and positivity of MUC1, cathepsin D, and
MMP-7 showed a significantly high incidence of lymph
node metastasis. Multivariate analysis revealed that
high microvessel density, unfavorable histologic grade,
cathepsin D positivity, high lymphatic vessel density,
superficial type, budding, and MUC1 positivity were
independent risk factors for lymph node metastasis.

A combined examination with four independent
immunohistochemical markers (microvessel density,
cathepsin D, lymphatic vessel density, and MUC1)
revealed that all lesions that were negative for all
markers or positive for only one marker were negative
for lymph node metastasis.

CONCLUSION: Analysis of a combination of immuno-
histochemical molecular markers in endoscopically
resected specimens of submucosal colorectal cancer
allows prediction of curability regardless of the pathologic
features visible of hematoxylin-eosin-stained sections.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Endoscopic mucosal resection (EMR) has become a major
curative treatment for early colorectal cancer (CRC) without
lymph node (LN) metastasis'™. As previously reported,
the depth of submucosal invasion, histologic grade at
the deepest invasive portion, and vascular involvement
are significant predictive markers for LN metastasis of
submucosal CRC™". According to the Japanese guidelines
for treatment of CRC, curative endoscopic resection of
submucosal CRC must satisfy all of the following criteria:
(1) achievement of complete resection, (2) diagnosis of
the carcinoma as well- or moderately differentiated, (3)
a depth of invasion of less than 1000 um, and (4) no
evidence of vessel involvement™”. 1f, after endoscopic
treatment, the specimens do not meet these criteria,
additional surgery is recommended. However, it has been
reported that submucosal CRC shows LN metastasis
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with probability of 3.6% to 16.2%"**" and even if
additional surgical treatment is performed, LN metastasis
is not found in many patients. Therefore a marker that
predicts LN metastasis more effectively than evaluation
with hematoxylin-eosin (HE)-staining of endoscopically
resected specimens is needed.

The proliferation, infiltration, and metastasis of
cancer involve several steps, each of which is associated
with many molecular factors. It was reported that
microvessel density (MVD), expression of Ki-67, MUC1
and matrix metalloproteinase-7 (MMP-7) in tumor
cells and cathepsin D expression in stromal cells at the
invasive front correlated significantly with LN metastasis
from submucosal CRC"", Recently, a novel marker for
lymphatic vessels, an antibody recognizing podoplanin that
selectively stains lymphatic vessels, has become available!"”,
It has been reported that lymphatic vessel density (LVD)
is significantly related to LN metastasis of some mali-
gnancies! ", and we have also reported that LVD
correlates significantly with LN metastasis of submucosal
CRC™,

It has been clarified that CRC cells at the site of deepest
invasion have higher malignant and metastatic potentials
than do cells in other parts of the tumor™">'**+%,
therefore, for predicting LN metastasis of submucosal
CRC, various kinds of markers should be evaluated at the
site of deepest penetration.

In this study, our purpose was to evaluate the
significance of several immunohistochemical markers for
prediction of LN metastasis and to examine whether these
markers are clinically applicable.

MATERIALS AND METHODS

Tissue samples

We studied 214 submucosal CRCs that were resected
surgically or endoscopically from 214 patients at Hiroshima
University Hospital or an affiliated hospital during the
period January 1992 through December 2004. All patients
gave informed consent to this study. No patients had a
history of inflammatory bowel disease. No lesion satisfied
the criteria for curative endoscopic resection according to

the Japanese guidelines for the treatment of submucosal
CRC ™. Additional surgical treatment was performed for
patients who had undergone endoscopic resection, and
the presence of LN metastasis was evaluated. The entire
tumor was cut into parallel 2 to 3-mm-thick sections, and
the portion of deepest submucosal invasion was selected
for microscopic examination. All regional LN at the para-
colorectal artery and along the main artery supplying the
primary tumor were resected and cut into two or three
sections.

Tumor size, location, macroscopic type, depth of
submucosal invasion, histologic grade, vessel involvement,
budding, number of LNs examined per patient and LN
metastasis were determined on the basis of histologic
reports according to the World Health Organization
classification system™. Lymphatic vessel involvement in
all specimens was assessed on podoplanin-immunostained
specimens. Macroscopic type was described as protruded
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or superficial'”. The depth of submucosal invasion was
measured as reported previously'™ and classified as less
or greater than 1000 pum!”". Histologic grade was assessed
at the deepest portion of the tumor according to the
most unfavorable histologic features and was classified as
favorable or unfavorable as previously reported . Budding
was defined as an isolated single cancer cell or a cluster
composed of fewer than five cancer cells as previously
reported 7. After selection of one field (X 200) where
budding was most prevalent, a bud count was performed.
A field with five or more buds was regarded as positive.
The number of LNs examined per patient was classified as
less or greater than 15. The cut off level was defined based
on minimum number of LNs to analyze recommended in

clinical practice guidelines for colorectal cancers"".

Immunohistochemistry

Consecutive 4-um-thick sections were cut from each
paraffin-embedded sample and immunolabeled.
Immunohistochemical labeling was done with the
immunoperoxidase method following antigen retrieval
with 0.1% trypsin (37°C, 30 min). The primary antibodies
were anti-CD34 monoclonal antibody (Nichirei,
Tokyo, Japan)“zj, a mouse monoclonal antibody against
podoplanin (AngioBio, Del Mar, CA)"* anti-Ki-67
monoclonal antibody MIB-1 (Immunotech SA, Marseille,
France)!"”, anti-MUC1 monoclonal antibody (KIL-6)""",
anti-cathepsin D monoclonal antibody (NCL-CDm,
Novocastra Laboratoties, Newcastle, UK)M, and anti-
human MMP-7 monoclonal antibody (141-7B2, Daiichi
Fine Chemicals, Toyama, japan)“sj. Immunohistochemistry
was carried out with an LSAB kit (DAKO, Glostrup,
Denmark) as reported previously '

Interpretation of immunostaining

Microvessels and lymphatic vessels were identified as
CD34- and podoplanin-positive capillaries, respectively
(Figure 1A and B). Vessel density was assessed on
immunolabeled specimens by light microscopy in areas of
tumor containing the greatest numbers of capillaries and
small venules (so-called hot spots) at the site of deepest
submucosal penetration as described previouslymj. After
three hot spots were identified at low magnification, a
vessel count was performed at X 400 for MVD and at
X 200 for LVD. The mean count of the three fields was
calculated. Carcinoma cells were considered positive
for Ki-67 when unequivocal diffuse or dot-like brown
nuclear staining with MIB-1 was visible (Figure 1C). The
Ki-67 LI was defined as the mean percentage of Ki-67-
positive tumor cells per 1000 cancer cells counted in three
randomly chosen microscopic fields at the site of deepest
invasion. MVD, LVD, and Ki-67LI were classified as high
or low with the cut off level defined based on the mean of
results, respectively. Expression of MUCT was considered
positive if distinct staining of the luminal surfaces or
cytoplasm was seen in at least 10% of the tumor cells
(Figure 1D). Cathepsin D expression in stromal cells was
examined at the border of the invasive front and was
defined as the mean percentage of stromal cells showing
cathepsin D-positive staining per 1000 stromal cells
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Figure 1 Immunohistochemical stainings of CD34 (A), podoplanin (B), Ki-67 (C), MUC1 (D), cathepsin D (E) and MMP-7 (F) (A, B: x 200; C-F: x 400).

counted in three randomly chosen microscopic fields
(Figure 1E). Cathepsin D expression in stromal cells was
considered positive when at least 15% of stromal cells
were stained. MMP-7 expression was considered positive
when cytoplasmic staining was visible in at least 10% of
tumor cells at the invasive front (Figure 1F).

Two investigators blinded to patient status examined
all samples. In cases of disagreement, the slides were
reviewed, and consensus was reached.

Analysis of clinicopathologic features and
immunohistochemical markers

Data were evaluated by Chi-square or Fisher’s exact test.
To clarify the relative importance of each risk factor
for LN metastasis, multivariate analysis with logistic
regression using stepwise method in selecting variables
was performed. Furthermore, we analyzed a combination
of the significant immunohistochemical markers by
multivariate analysis to identify cases without LN
metastasis. All statistical analyses were performed with
JMP software (SAS Institute, Cary, NC). P values of less
than 0.05 were considered significant.

RESULTS

Incidence of LN metastasis in relation to clinicopathologic
features

LN metastasis was detected in 28 (13.1%) of 214
patients. The incidence of LN metastasis in relation
to clinicopathologic features is shown in Table 1. The
incidence of LN metastasis was significantly high in cases
with superficial type lesions (P = 0.0311), unfavorable
histologic grade (P = 0.0026), budding (P < 0.0001), and
lymphatic vessel involvement (P = 0.0012). Tumor size,
location, depth of invasion, venous vessel involvement and
number of LLNs examined were not associated with LN
metastasis.

Table 1 LN Metastasis in relation to clinicopathologic features

of submucosal CRC

Clinicopathologic features n LN positive (%) P value

Size (mm) <20 159 20 (12.6) NS
>20 55 8 (14.6)

Location Rectum 61 8 (13.1) NS
Colon 1158 20 (13.1)

Macroscopic type Protruded type 145 14 (9.7) 0.0311
Superficial type 69 14 (20.3)

Depth of invasion (um) < 1000 25 1(4.0) NS
= 1000 189 27 (14.3)

Histologic grade Favorable 198 22 (11.1) 0.0026
Unfavorable 16 6 (37.5)

Budding Negative 175 13 (7.4) <0.0001
Positive 39 15 (38.5)

Lymphatic Negative 148 12 (8.1) 0.0012

involvement' Positive 66 16 (24.2)

Venous involvement Negative 166 20 (12.1) NS
Positive 48 8 (16.7)

Number of LNs <15 128 16 (12.5) NS

examined >15 86 12 (14.0)

Total 214 28 (13.1)

"Identified by podoplanin immunostaining. NS: not significant. LN: lymph
node; CRC: colorectal cancer.

Incidence of LN metastasis in relation to
immunohistochemical molecular markers

The incidence of LN metastasis in relation to immuno-
histochemical molecular markers is shown in Table 2.
MVD ranged from 12 to 102 per field, with a mean of
39.4 £ 19.2. We split patients into two groups, a high
MVD (= 40) group and a low MVD (< 40) group. LVD
ranged from 2 to 26 per field, with a mean of 9.06 * 4.79.
Patients were assigned to a high LVD (= 9) group or a
low LVD (< 9) group. The Ki-67 LI ranged form 12.4
to 88.7, with a mean of 41.8 = 15.8. The Ki-67 LI was
classified as high (= 42) or low (< 42). The incidence of
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Table 2 LN metastasis in relation to immunohistochemical

molecular markers in submucosal CRC

Table 4 Incidence of LN metastasis of submucosal CRC in

relation to MUC1 and cathepsin D expression

Immunohistochemical markers n LN positive(%) P value

MVD Low 88 2(2.3) <0.0001
High 126 26 (20.6)

LVD Low 109 5(3.8) 0.0002
High 105 23 (18.9)

Ki-67 LI Low 90 7 (7.8) 0.0499
High 124 21 (16.9)

MUC1 Negative 108 5 (4.6) 0.0002
Positive 106 23 (21.7)

Cathepsin D Negative 85 3(3.5) 0.0008
Positive 129 25 (19.4)

MMP-7 Negative 103 8(7.8) 0.0263
Positive 111 20 (18.0)

Total 214 28 (13.1)

LN: lymph node metastasis; CRC: Colorectal cancer; MVD: microvessel
density; LVD: lymphatic vessel density; MUC1: mucin 1; LI: labeling index;
MMP-7: matrix metalloproteinase-7.

Table 3 Multivariate analysis of risk factors for LN metastasis

of submucosal CRC

Risk factors P value Odds ratio
MVD-High 0.0008 16.67
Histologic grade-Unfavorable 0.0116 11.73
Cathepsin D-Positive 0.0071 8.41
LVD-High 0.0027 7.65
Macroscopic type-Superficial 0.0029 7.27
Budding-Positive 0.0160 4.36
MUCI1-Positive 0.0266 3.96
Lymphatic involvement-Positive NS -
Ki-67 LI-High NS -
MMP-7-Positive NS =

LN: lymph node metastasis; CRC: colorectal cancer: NS: not significant.
MVD: microvessel density; LVD: Lymphatic vessel density; MUC1: mucin 1;
LI labeling index; MMP-7: matrix metalloproteinase-7.

LN metastasis was significantly high in cases with high
MVD (P < 0.0001), high LVD (P = 0.0002), high Ki-67 LI
(P = 0.0499), MUC1 positivity (P = 0.0012), cathepsin D
positivity (P = 0.0008), or MMP-7 positivity (P = 0.0263).

Multivariate logistic regression analysis of
factors related to LN metastasis

Factors predictive of LN metastasis are shown with odds
ratios in Table 3. Multivariate analysis showed high MVD,
unfavorable histologic grade, cathepsin D positivity, high
LVD, superficial type, budding, and MUCI positivity to be
independent risk factors for LN metastasis.

Identification of lesions without LN metastasis
by combining immunohistochemical molecular
markers

We examined the value of combining four independent
immunohistochemically-determined molecular
markers (MVD, cathepsin D, LVD and MUC1) for
prediction of LN metastasis. Pairing of the following
immunohistochemical markers allowed recognition of
cases without LN metastasis: cathepsin D negativity
and MUCT negativity (Table 4), low MVD and MUC1

www.wjgnet.com

Cathepsin D expression MUC1 expression

Negative Positive
Negative 0/49 (0) 3/36 (8.3)
Positive 5/59 (8.5) 20/70 (28.6)"

LN: lymph node metastasis; CRC: Colorectal cancer. MUCT: mucin 1. °P <
0.0001 vs cathepsin D negative and MUCI negative group.

Table 5 Incidence of LN metastasis of submucosal CRC in

relation to MUC1 expression and MVD

MVD MUC1 expression

Negative Positive
Low 0/51 (0) 2/37 (5.4)
High 5/57 (8.8) 21/69 (30.4)"°

LN: lymph node metastasis; CRC: colorectal cancer. MVD: microvessel
density; MUCT: mucin 1. °P < 0.0001 vs MVD low and MUC1 negative group.

Table 6 Incidence of LN metastasis of submucosal CRC in

relation to cathepsin D expression and MVD

MVD Cathepsin D expression
Negative Positive

Low 0/33 (0) 2/55 (3.6)

High 3/52 (5.8) 23/74 (31.1)°

LN: lymph node metastasis; CRC: colorectal cancer. MVD: microvessel
density. °P < 0.0001 vs MVD low and Cathepsin D negative group.

Table 7 Incidence of LN metastasis of submucosal CRC in

relation to number of positive immunohistochemical markers

No. of positive markers' n Cases with LN metastasis (%)
0 13 0(0)

1 44 0 (0)

2 76 4(5.3)

3 54 7 (13.0)

4 27 17 (63.0)

Total 214 28 (13.1)

"Microvessel density, cathepsin D, MUC1 and lymphatic vessel density. LN:
lymph node metastasis; CRC: colorectal cancer.

negativity (Table 5), and low MVD and cathepsin
D negativity (Table 6). No other combinations were
predictive for absence of LN metastasis (data not shown).
The incidence of LN metastasis is shown in relation to
the number of positive immunohistochemical markers in
Table 7. All lesions that were negative for all markers or
positive for only one marker were without LN metastasis.
As the number of positive immunohistochemical markers
increased, the incidence of LN metastasis increased.

DISCUSSION

MVD is a measure of angiogenesis and has strong
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prognostic value in patients with CRC™™. We reported
previously that angiogenesis plays an important role in
metastasis and that MVD correlates significantly with LN
metastasis of submucosal CRC'"™. Tt has also been reported
that lymphangiogenesis is an important factor in the
metastasis of various cancers and that LVD is significantly
related to LN metastasis of some malignancies' . We
have also reported that LVD is significantly related to LN
metastasis of submucosal CRC*!. Ki-67 is a proliferation
antigen and is reported to have prognostic significance
in various types of cancers” ™. MUCT is reported to
inhibit cell-cell adhesion among epithelial cells™**, and its
expression correlates significantly with malignant potential
of advanced CRC*"*. Tt was reported that Ki-67 LI
and MUCT1 expression correlated significantly with LN
metastasis of submucosal CRC™™. Cathepsin D, a member
of the aspartic protease family, is an acid lysosomal
enzyme that correlates directly with the prognosis of
patients with cancer of various organs™™ ™. Cathepsin
D expression in both cancer cells and stromal cells was
reported to correlate significantly with LN metastasis of
submucosal CRC"". In that study, multivariate analysis
revealed that cathepsin D expression in stromal cells
was an independent risk factor for LN metastasis but
that expression in cancer cells was not"'”, MMP-7 has
proteolytic activity against a wide spectrum of extracellular
matrix components and plays an important role in
carcinoma invasion and metastasis through degradation of
the extracellular matrix™"*, Previous studies have shown
that MMP-7 expression correlates significantly with LN
metastasis and distant metastasis of submucosal CRC">*",
Our present study also indicated that MMP-7 expression
correlates with LN metastasis of submucosal CRC.

Although there have been reports regarding the
relation between molecular markers and LN metastasis
of submucosal CRC, it is still not clear which marker
is most useful. Moreover, molecular markers in this
study are useful for predicting the possibility of LN
metastasis, but we must be able to accurately predict the
presence of LN metastasis in individual patients. Our
present study revealed the importance of four molecular
markers and showed that immunohistochemical analysis
of these markers in combination allows identification
of patients without LN metastasis regardless of other
clinicopathologic risk factors.

Endoscopic treatment is indicated for scanty invasive
submucosal CRC because of the very low incidence of
LN metastasis” """, According to the Japanese guidelines
for treatment of submucosal CRC™"| for a lesion that
does not satisfy the criteria for curative EMR, we have
to consider additional surgical treatment. In the present
study, we excluded cases that satisfied the criteria of the
Japanese guidelines for treatment of CRC for curative
endoscopic treatment and tried to identify cases without
LN metastasis. The incidence of LN metastasis was only
13.1% in the present study. To reduce the frequency
of unnecessary additional surgeries after endoscopic
treatment, predictors of LN metastasis regardless of
pathologic features of HE-stained sections are needed.
The immunohistochemical staining method used in the

present study may be applicable in clinical practice because
it is convenient and very stable. To apply this methodology
to endoscopically resected submucosal CRCs, complete
resection, including the submucosa around the deepest
invasive portion, is required because evaluation at the site
of deepest penetration is needed. By providing a total
biopsy specimen, EMR can serve as an important method
for diagnosis.

In conclusion, immunohistochemical analysis of
molecular markers individually and in combination at the
site of deepest penetration of submucosal CRC can allows
prediction of the existence of LN metastasis regardless
of the pathologic risk factors identified with HE staining;
Our results may broaden the indication for curative
endoscopic treatment of submucosal CRC and may reduce
the number of unnecessary additional surgeries performed
after endoscopic treatment.
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