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Abstract

AIM: To determine whether the mast cell (MCs) and
tumor-associated macrophage (TAMs) counts have any
correlation with clinical outcome in colorectal cancer, and
to investigate whether MCs undergo phenotypic changes
in colorectal cancer.

METHODS: The MC and TAM counts were determined
immunohistochemically in 60 patients with colorectal
cancer and the depth of invasion, lymph node metastasis
rate, distant metastasis rates, and survival rates were
compared between patients with low (less than the mean
number of positive cells) and high (more than the mean
number of positive cells) cell counts.

RESULTS: Both patients with a low MC count and patients
with a low TAM count had significantly deeper depth of
invasion than those with a high MC count and those with
a high TAM count (P<0.01 and P<0.01 respectively).
Patients with a high MC count and patients with a high
TAM count were significantly higher showing significantly
lower rates of lymph node metastasis, distant metastasis
than those with a low MC count and those with a low
TAM count. There were significant positive correlation
between MC counts and TAM counts (r= 0.852, P<0.01).
In both cancerous tissue and normal colorectal tissue,
the predominant MC phenotype was MCy.. The 5-year
survival rate estimated was significantly lower in both
patients with a low MC count and patients with a low
TAM count than in those with a high MC count and those
with a high TAM count (P<0.05 and P<0.01 respectively).

CONCLUSION: There appears to be a direct relationship
between the number of MCs and clinical outcome in

patients with colorectal cancer, even though MCs exhibited
no significant phenotypic changes. TAM count is of value
to predict the clinical outcome or prognosis. It is more
beneficial for estimating biological character of colorectal
carcinoma to combine MC and TAM counts.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Numerous cells of immunosurveillance are known to
microscopically infiltrate in cancers. These infiltrating
immunosurveillance cells, including mast cell (MCs) and
tumor associated macrophages (TAMs), have been found
to reflect a tumot-telated immune response.

In the fight against cancer, MCs have been shown to
play several roles. While some studies report on the antitumor
functions of MCs including natural cytotoxicity!"! and the
release of antitumor compounds®, in addition to the
enhancement of the cytotoxic activation of mainly peritumoral
eosinophils and macrophagesP®*®), others suggest a direct
relationship between MCs and tumor angiogenesis?™'?. Many
theories have been advanced as to the reasons for the antitumor
functions of MCs, in particular as to whether phenotypic
changes occur in the presence of cancer cells!" . It is well
known that human MCs are conventionally divided into
two types depending on the expression of different proteases
in their granules: MCs positive only for tryptase (MCr) and
MCs positive for both tryptase and chymase (MCrc).
Phenotypic changes have been reported in pathological
conditions including helminth infections, sarcoidosis and
allergic alveolitis"*"). Unlike the definitive studies alteady
mentioned, however, few researches have demonstrated a
clear correlation between MCs and tumor toxicity in
colorectal cancer, and, as yet, the MC phenotype in lung
cancer has not been characterized.

Although TAMs have the potential to mediate tumor
cytotoxicity and to stimulate antitumor lymphocytes?, it is
still unclear whether TAMs can predict tumor prognosis.

The purpose of this study was to determine: (1) whether
a direct correlation exists between the number of these
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inflammatory cells (MCs and TAMs) and the clinical
outcome of patients with colorectal cancer, and (2) whether
these MCs undergo phenotypic changes in colorectal cancer.

MATERIALS AND METHODS

Materials
A total of 60 carcinomas of the colon and rectum (35 men
and 25 women, mean age: 67.9 years, range 48-80 years)
were selected from our department and affiliated hospitals
between 1995 and 2002. We also obtained 20 “normal”
colon and rectum specimens (mean age = 59 years, age
range 41-86 years, male:female = 12:8) from the biopsy
and autopsy files of our department. Depth of invasion
was graded according to the standard TNM classification.
All specimens were immediately fixed in neutral-buffered
formalin and embedded in paraftin wax. Several 4-pm serial
sections were obtained from each case. They were subjected
to immunohistochemical analysis.

Methods

Mast cell immunohistochemical staining and estimation
of mast cell phenotype™ To distinguish MCy and MCyc,
two serial sections were stained for both chymase and
tryptase, both of which were known to be contained in the
granules of MC cytoplasm, using the EnVision method and
the streptavidin-peroxidase conjugated method (S-P)
methods!"¥.

After deparaffinization and rehydration, for antigen
retrieval the sections were microwaved at 750 W for 10 min.
the specimens were incubated with 3% H,0,, for 10 min to
quench endogenous peroxidase activity, and incubated with
1.5% non-immune goat serum for 20 min to suppress
nonspecific binding of subsequent reagents. Then they were
incubated with two primary antibodies, namely primary
antibody CC1 (monoclonal mouse anti-human MC chymase,
Novocastra, dilution = 1:500), and primary antibody AA1
(monoclonal mouse anti-human MC tryptase, Novocastra,
dilution = 1:1 000) for 60 min at 25 C. After washing with
PBS, the slides were subsequently incubated respectively
with Polymer Helper (PV9000 kits, Zhongshan Bio Corp.,
Beijing, China) for 20 min and biotin-conjugated goat
anti-mouse IgG antibody for 15 min. Then, after washing
again with PBS, the sections were incubated respectively
with poly peroxidase-goat-anti-mouse IgG antibody for
30 min and streptavidin-peroxidase complex (SP Kkits,

[ - 1 % Ig®
A ‘- % B
h "
W v [
R -: ! 1 L 1 .\_." -
‘ n oy - e B ..?- .
.8, SR | :
] S " o .
Bl 1
* 5 o o
e i
Y "
s & 5L "8 II- T B . i"
'u i P i = R
. * / 5 " ' i
Mt - & [] 5 et Wl
e ¥ o= L R a *
- b we Sk F o 1 i e

Zhongshan Bio Corp., Beijing, China) for 15 min.
Diaminobenzidine was used as chromogen to yield brown
reaction products. Nuclei were counterstained with Harris
hematoxylin.

Using light microscopy, the mean number of chymase-
positive MCs/total MCs pet 5 fields with the most abundant
infiltration at a magnification of 400X was counted, and the
ratio was calculated. Chymase-positive MCs were considered
to be MCyc, all others, MCr.

TAMs immunohistochemical staining
After deparaffinization, for antigen retrieval, the sections
were microwaved at 750 W for 10 min and the sections
were incubated in 3% hydrogen peroxide for 10 min in
order to devitalize endogenous peroxidase. Deparaffinized
and rehydrated specimens were heated in 10 mmol/L citrate
buffer, pH 6.0, for 10 min in an autoclave at 120 C. After
cooling to room temperature for 30 min, the specimens
were incubated with normal goat serum for 15 min at
37 “C. Then they were incubated with monoclonal antibody
against CD68 (Zhongshan Bio Corp.) for 60 min at 37 C,
followed by the S-P technique using an S-P kit (Zhongshan
Bio Corp., Beijing, China) and diaminobenzidine as the
chromogen. Nuclei were counterstained with Harris
hematoxylin.

The mean number of TAMs per 5 fields with the most
abundant infiltration at a magnification of 400X was counted.

Statistical analysis

Correlation between the degree of infiltration by each cell
type and the various clinicopathologic factors was analyzed
using the Student’s #test, Mann-Whitney U test, ¥’ test,
and Pearson correlation was performed for correlation
analysis between MCs and TAMs. Survival curves were
constructed using the Kaplan-Meier method and differences
were tested using log-rank statistics. The level of critical
significance was assigned at P<0.05.

RESULTS

Immunohistochemical staining of MCs (tryptase, chymase) and
TAM (CD68)

Immunohistochemical staining indicated that tryptase,
chymase and CDG68 were localized in the cytoplasm. Infiltrating
MCs and TAMs were distributed primarily in the invasive
area of the cancers (Figure 1). At X400 magnification, the
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Figure 1 Immunohistochemical staining of MCs phenotype and TAMs A: Immunostaining for MC tryptase, x200; B: Immunostaining for MC

chymase, x200; C: Immunostaining for macrophages (CD68), x400.
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mean number of total MCs was 59.2, and of TAM 81.2.
Of the 60 patients, 27 had 59 or more MCs and were
ascribed to the high level of MCs infiltration group, while
the remaining 33 patients had 58 or less MCs and were put
into the low level of MCs infiltration group. Twenty-nine
patients had 81 or more TAMs and were denoted by the
high level of TAM infiltration group, while the remaining
31 patients had 80 or less TAMs and were denoted by the
low level of TAM infiltration group.

Correlation between the expression of each antigen and
various clinicopathologic factors

Table 1 shows the correlation between the expression of
each antigen and the various clinicopathologic factors.
Patients with a low level of MC infiltration had significantly
deeper depth of invasion than those with a high level of
MC infiltration (P<0.01). The percentage of patients with
a high level of MC infiltration was significantly higher in
lymph node metastasis-negative cases (59.3%) than those
with a low MC count in lymph node metastasis-negative
cases (27.3%, P<0.05), and higher in distant metastasis-
negative cases (74.1%) than in distant metastasis-negative
cases (48.5%, P<0.05).

Table 1 Correlations between MC and macrophages infiltration
and the various clinicopathologic factors

MCs TAMs
High! Low? High® Low*

Age (yr)° 61.2 57.2 58.3 59.7
Sex”

Male 13 22 16 19

Female 14 11 13 12
Histological grade of carcinoma®

Well 12 9 14 10

Moderate 11 14 12 12

Poor 4 10 3 9
Depth of invasion”

Superficial Ta-T1 19° 10 19¢ 9

Invasive T2-T4 8 23 104 22
Lymph node metastasis’

Positive 11* 24 12¢ 22

Negative 16* 9 17¢ 9
Distant metastasis’

Positive 7* 17 8¢ 18

Negative 20? 16 21° 13

'Patients with a high level of MCs infiltration. *Patients with a low level of
MCs infiltration. *Patients with a high level of TAMs infiltration. *Patients
with a low level of TAMs infiltration. *Student’s ¢-test. ‘Mann-Whitney test.
7y? test. °P<0.05, °P<0.01, °P<0.05, “P<0.01.

Patients with a low TAM count had significantly deeper
depth of invasion than those with a high TAM count
(P<0.01). The petcentage of patients with a low TAM count
was significantly higher in lymph node metastasis-positive
cases (71.0%) than those with a high TAM count in lymph
node metastasis-positive cases (41.4%, P<0.05), and in lymph
node metastasis-positive cases (58.1%) than in lymph node
metastasis-positive cases (27.6%, P<0.05).

Estimation of MC phenotype
With regard to mast cell subpopulations, MCr always

predominated over MCr in each group. The percentage of
MCrand MCrc in colorectal cancer group and normal group
is shown in Table 2. The percentage of MCr was 22.6%,
and that of MCrc was 77.4% in colorectal cancer. Although
the quantities of MCrand MCyc were significantly higher
in the tissue of colorectal carcinoma than in normal
colorectal tissue, there were no significant differences in
this percentage between normal groups and colorectal
cancer groups (Table 2).

Table 2 Proportion of MC; and MCy in colorectal cancer and normal

MCrc(mean+SD)  MCr(mean+SD) Total

Normal group
(n=20)

Colorectal cancer

101432 (74.3%) 3509 (25.7%) 13.642.1 (100%)

45.8+10.6 (77.4%) 13.4+4.9 (22.6%) 59.249.3 (100%)

group (1=60)

MCr, mast cell positive for tryptase. MCrc, mast cell positive for tryptase and
chymase. The percentage of MCr and MCrc was not significant in both groups
(P>0.05, ¢ test).

The percentage of MCr and MCyc in colorectal cancer
with various histological grades was all approximately 25%
and 75% respectively. There were no differences in the
percentage of MCr and MCyc among well, moderately and
pootly differentiated tumors (Table 3).

Table 3 Proportion of MC; and MCr in colorectal cancer with various
histological grades

Histological grade MCic(mean+SD) MCr(mean*SD) Total

of carcinoma

Well (n=21) 50.8412.5 (80.5%) 12.3+5.1 (19.5%) 63.1£10.1 (100%)
Moderate (n =25) 42.249.1 (73.0%)  15.6%3.3 (27.0%) 57.8+8.2 (100%)
Poor (n=14) 44.7+8.5 (80.0%)  11.2+4.7 (20.0%) 55.9+5.3 (100%)

MCr, mast cell positive for tryptase. MCrc, mast cell positive for tryptase and
chymase. The percentage of MCr and MCrc was not significant in every group
(P>0.05. y? test).

Correlation between MCs and TAMs
There was significant positive correlation between MC and
TAM counts (Figure 2. » = 0.852, P<0.0001).
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Figure 2 Correlation between MCs and TAMs.
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Figure 3 Survival analysis. A: Survival comparison between patients with a high level of MC infiltration and those with a low level of MC
infiltration (Kaplan-Meier method); B: Survival comparison between patients with a high level of TAM infiltration and those with a low level
of TAM infiltration (Kaplan-Meier method); C: Survival comparison between patients with a high level of both MC and TAM infiltration and
those with a low level of both MC and TAM infiltration (Kaplan-Meier method).

Survivalanalysis

Survival at 5 years was 59.3% in patients with a high MC
count compared to 33.3% in those patients with a low MC
count. Overall survival was significantly shorter for patients
with a low MC count than those with a high MC count
(Figure 3A, log-rank test, P<0.01).

Survival at 5 years was 65.5% in patients with a high
TAM count and 25.8% in patients with a low TAM count.
There is a significant difference observed between the two
groups (Figure 3B, log-rank test, P<0.01).

Twenty-one patients had a high level of both MC and
TAM infiltrations. This group’s survival rate at 5 years
(76.2%) was higher than the patients with a low level of
both MC and TAM infiltrations (25.0%, Figure 3C).

DISCUSSION

In this study, we evaluated the relationship between MCs
and the clinical outcome in 60 randomly selected patients
with colorectal cancer, and found a significant correlation
between MC count and patient prognosis. Similar observations
have been repotted in lung cancet!"”as well as breast cancet!"”.
These results suggest that MCs may exert a cytotoxic effect
on cancer cells.

The effector components in the MC granules that suppress
tumor cell activity have not been clearly identified. MCs
contain the serine proteases, tryptase and chymasel’™. One
study indicates that MC proteases may kill tumor cells directly
by destroying surface structures on tumor cells and indirectly
by altering the medium in a fashion analogous to the effect
of arginasel".

In addition to these effector components, experimental
studies have shown that MC chymase induces the accumulation
of macrophages, neutrophils and other inflammatory cells
in vivo®. Furthermore, MC enhances the cytotoxic activation
of mainly petritumoral macrophages and eosinophils®*® and
may indirectly exert a cytotoxic effect on cancer cells. These
suggestions that MCs may inhibit the malignant progression
of carcinomas are supported in our study by the higher
number of MCs in High Group, which had a better
prognosis than Low Group, which had fewer MCs.

Other studies, however, have reported on the relationship

between MCs and tumor angiogenesis®!**). Secreting MCs
are able to induce and enhance angiogenesis via multiple, in
part, interacting pathways®). As has been demonstrated, MC
secreting products such as basic fibroblast growth factor?!
and histamine®? may act directly on endothelial cells by
stimulating their migration and proliferation. VEGF, a well-
demonstrated mediator secreted by MCs, may contribute
to angiogenesis®!. Recently, MC tryptase was found to be a
novel and potent angiogenic factor®. On account of this
information, MCs may be seen to play a role in promoting
tumor growth. However, our results, in addition to other
studies, indicate that MCs are cytotoxic to cancer cells.
Because of these conflicting reports, further studies are
required to ascertain whether MCs enhance host immunity
against cancer cells or accelerate tumor growth.

Several studies have focused on MC phenotypes in
order to identify the effector components of MCs and
their particular roles. Because phenotypic changes have been
reported in pathological conditions including helminth
infections, sarcoidosis and allergic alveolitis!'*"”, we were
interested in determining whether MCs might undergo
phenotypic changes in colorectal cancer. The present study
revealed: while there was significant difference in the
quantities of MCr and MCrc between colorectal cancer
and normal colorectal tissue, no difference was found in
the proportion of MCr and MCrc between colorectal cancer
and normal colorectal tissues. This finding suggests that
both MCr and MCrc may equally proliferate or infiltrate
in colorectal cancer.

It is well known that TAMs have numerous functions
and, when activated, TAMs inhibit cancer growth and
destroy cancer cells™). To date, a significant difference in
the degree of TAM infiltration has been reported with regard
to human bladder cancer®!. However, whether correlation
exists between the degree of TAM infiltration and cancer
progression and prognosis remains unclear. Our results
demonstrate that TAMs may exert a suppressive function
against cancer progression and occurrence of regional lymph
node metastasis and distant metastasis. Furthermore, a high
level of TAM infiltration had some impact on prognosis.
Therefore, TAM infiltration may manifest sufficient
systemic anti-tumoral effect.

In the present study, there was significant positive correlation
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between MC counts and TAM counts, and 16 patients with a
high level of both MC and TAM infiltration (76.2%) survived
for 5 years after surgery. MC secreting product-chymase
induces the accumulation of macrophages, neutrophils
and other inflammatory cells 77 ivo®. Furthermore, MC
also enhances the cytotoxic activation of TAMs and
eosinophils®®. Our findings support those results by showing
that the cooperative interaction of TAMs and MCs is
important for anti-tumoral immunoreaction.

In conclusion, MC and TAM count were found to have
a direct relationship with clinical outcome in patients with
colorectal cancer. From these results, we presume that MCs
and TAMs may play an important role in the enhancement
of host immunity against cancer cells and that an increase
in MCs and TAMs may improve the postoperative prognosis
of patients with colorectal cancer. It is beneficial for
estimating biological character of colorectal carcinoma to
combine MC and TAM counts. Further studies are required
with respect to MC phenotyping to confirm whether or not
changes do indeed occur in the presence of colorectal
cancet.
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