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Abstract: The ability of macrophages to adapt to their environment has led to the identification of two
main polarized phenotypes of macrophages. First M1 macrophage (classical) is associated with chronic
inflammation, cancer initiation and promotion and the reduction of cancer risk by treatment with anti-
inflammatory drugs. Second, M2 macrophage (or alternative), a high density of these tumor-associated
macrophages correlates with poor prognosis and show mostly protumoral functions, promoting tumor cell
survival, proliferation, and dissemination. The study aimed to detect of the distribution of different
subtypes of macrophages clinical specimens of colorectal carcinoma (CRC), and how they are integrated
with tumor features. Total of 47 patients with colorectal carcinoma were enrolled in this study, among of
these patients 26 (55%) males and 21(45%) females, with a range age from 37 years to 72 years, mean
age (54.5 year), with 1:1.2 ratio between female and male. Immunohistochemistry was used to detect
nitric oxide synthase 2 (NOS2) as a marker for the M1 macrophage phenotype and the scavenger receptor
CD163 as a marker for the M2 macrophage phenotype with CD68 as general marker of detection
macrophage in tissue. Results recorded that NOS2 with score 3 appeared high frequency (34.04%)
fallowed by 25.53% to score 2. NOS2 showed association with age groups <50 years, gender, right site,
poorly differentiated, and mucinous types of cancers. As a markers of TAM1, CD163 recorded, high
frequency (44.68%) for score 1 followed by score 2 in  17.02%, and association with gender, in female,
left site, poorly differentiation, and mucinous cancers.
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Introduction

Colorectal cancer is one of the most
frequent malignancies in the Western
world. Worldwide, approximately 1, 2
million people developed colorectal
cancer in year 2008 and the disease
related mortality was about 36% (1,2)
The disease affects slightly more men
than women and sporadic colon cancer
is considered to be a disease of the
elderly with a median age at diagnosis
of 70 years (3).More than 90% of the
colorectal cancers occur sporadically,
which means that affected patients do
not have a family history of colon
cancer (4).

Macrophages represent up to 50% of
the tumor mass, and they certainly
operate  as  fundamental actors.
Macrophages constitute an extremely
heterogeneous population; they
originate from blood monocytes, which
differentiate into distinct macrophage
types, schematically identified as M1
(or classically activated) and M2 or
alternatively activated (5).

(TAMSs), which constitute a significant
part of the tumor-infiltrating immune
cells, have been linked to the growth,
angiogenesis, and metastasis of variety
of cancers, including breast and cervical
cancers and transitional cell carcinomas
most likely through polarization of
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TAMs to the M2 (alternative)
phenotype (6).

The role of macrophages in tumor
progression has been shown to be
double-edged, since these cells can both
promote  tumor  rejection (M1
macrophages) and stimulate tumor
growth (M2 macrophages). In brief,
pro-inflammatory, or classically
activated M1 macrophages, exerting
important functions in host defense as
well as bactericidal and tumoricidal
activity, are held against anti-
inflammatory, or alternatively activated
M2 macrophages, playing important
functions in immune regulation, tissue
remodeling and tumor progression (7).

M1 macrophages (classically activated
cells) originate upon encounter with
IFN-_ and microbial stimuli such as
LPS and are characterized by IL-12high
and IL-23 production and consequent
activation of polarized type |1 T cell
response  (5). In  general, M1l
macrophages act as soldiers: they
defend the host from viral and microbial
infections, fight against tumors, produce
high  amounts of inflammatory
cytokines, and activate the immune
response.

M2 macrophages are diverse, but in
general are involved in T helper 2 (Th2)
response, have an immunoregulatory
function, and orchestrate encapsulation
and containment of parasites and
promote tissue repair, remodeling, and
tumor progression (8).In case of M2
polarization, several mechanisms for a
worse prognosis have been proposed. A
positive feedback loop has been
identified between tumor cells and
macrophages that propagates the growth
and promotes the survival of colon
cancer cells (9). Based on the M1
versus M2 paradigm of macrophage
polarization (10).TAM express low
levels of the major histocompatibility

complex class Il and reduced
antimicrobial and anti-tumor activity,
while increasing  production  of
mediators that promote angiogenesis,
such as vascular endothelial growth
factor and cyclooxygenase-2 (COX-2)—
derived prostaglandin E2, as well as the
anti-inflammatory  cytokine  IL-10
(11).0On the other hand, distinct types of
M2 cells differentiate when monocytes
are stimulated with I1L-4 and IL-13
(M2a), with immune complexes/TLR
ligands (M2b), or with IL-10 and
glucocorticoids (M2c) (5). M2 cells are
workers of the host: they promote
scavenging of debris, angiogenesis,
remodeling and repair of
wounded/damaged tissues. Of note, M2
cells control the inflammatory response
by  down-regulating  M1-mediated
functions.

NOS2.

However, NOS2, which is a Cat2-
independent isoform, is predominantly
regulated through gene expression
during a variety of stress conditions
including inflammation and generates a
larger quantity of NO for a sustained
period (12). The two facets of nitric
oxide (NO.) action, one as an important
regulator of cellular function and the
other as its toxic response, after
inflammation toward invading
pathogens, are well-established (13).
However, there is  considerable
controversy  and  confusion in
understanding its role in cancer biology.
It is said to have both tumoricidal as
well as tumor promoting effects which
depend on its timing, location(4).For the
above data we tried to evaluate the
phenotypes of TAM in cancer tissues
using molecules expressed by them.
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Materials and methods

This study enrolled 47 patients that
attended the GIT center, Baghdad
hospital and private hospitals, from
April,2013 to February,2014. The
procedures to obtain human colon
cancer  tissues and follow-up
information are in accordance with the
Ethical Principles for Medical college
ethical council.Biopsies and colon
cancer tissues were collected from
surgeries performed from April, 2013 to
February, 2014. The forty seven
patients with age range from 37 to 72,
mean age 54.5 years with female to
male ratio 1:1.2. The inclusion criteria
was, without pre-operative
chemotherapy or radiotherapy. All of
the cases that satisfied the inclusion
criteria were included in this study.
Histological evaluation was based on
the World Health Organization criteria.
Tumor stage was evaluated according to
the International Union against Cancer
TNM classification  system.Samples
were fixed with 10% buffered
formalinized saline, for preparation the
paraffin embedded tissue blocks to
histological evaluation and
immunohistochemical staining tests.

Histological evaluation  specimens,
slides from fixed paraffin embedded
tissue blocks were stained with
haematoxylin — eosin stain and
subsequently  evaluated by an
experienced pathologist. Four-um thick
tissue sections were de-waxed in xylene
and rehydrated through graded alcohols.
Antigen retrieval was carried out using
microwave at middle-to-high
temperature for 8 min, low-to-high
temperature for 5 min, and then cooled
down at room temperature for 20 min.
mouse anti-human CD163 antigen

monoclonal antibodies ,Rabbit anti-
human nitic oxide synthase2(NOS2)
monoclonal antibodies(recognizing M1
macrophages) ,and rabbit anti-human
CD68 antigen monoclonal antibodies
(recognizing M2 macrophages) were
obtained from (Abcam-UK).
Immunohistochemical  staining  of
individual marker was performed using
the HRP/DAB detection IHC kit and
test was performed according to the
manufacturer's instructions.
Development of brown color was
scored according to (15). Sections were
then counterstained with hematoxylin
and mounted in an aqueous mounting
medium. Five representative high-
power fields (x 400 magnification) per
tissue section were selected using an
Olympus microscope (Olympus, Tokyo,
Japan). The number of nucleated cells
with positive staining for the phenotypic
marker in each area was counted.
Scoring system was;score 1;no or weak
stain,score 2;moderate,score 3
strong/robust and score 4; massive
infiteration.

Results
Sex and Age Distribution

From the 47 patients with colorectal
carcinoma 26(55%) were males and
21(45%) were females ,Figure (1), with
a range age from 37 years to 72 years,
mean age (54.5 year), with 1:1.2 ratio
between female and male. The patients’
age were classified into two group first
50> years (38.29%), second group 50<
years 29 (61.70%) Figure (2).
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Figure 1: The sex distribution of CRC
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Figure 2: The age group frequency in CRC

Morphological differentiation (53.19%), and (31.91%) poorly
differentiated Figure 3.

As regards with grades of colorectal

carcinoma, it was observed that

(14.89%) cases of well differentiated,

(53.19%), moderate differentiated and
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Site of tumor consistent (51.06 %) of all cases and
. _ . patients, with left site (36.17 %) and
Patients with CRC were classified (12.76 %) in the rectum from all cases.

according to the site of tumor location
as shown in Figure (4), right site
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Figure 3:The morphological distribution of CRC
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Figure 4: Site of tumor distribution in CRC
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Tumor  Associated
TAM1

In general CD68 used as marker for
detection macrophage in tissue figure
5(A,B), As a markers of TAM1 used
INOS2Figure 6 (A,B), the results

Macrophage

recorded depended five scores, score 3
appeared high frequency 34.04%
compared with 25.53% to score 2
Figure 7.

Figure 5: surface staining by immunohistochemistry with DAB chromgen and Myer’s hematoxlyin
detection CD68 with CRC, A:-low power, B: - high power
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Figure 6: cytopasmic staining by immunohistochemistry with DAB chromgen and Myer’s
hematoxlyin detection NOS2 with CRC, A:-low power,B:- high power
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Figure 7: NOS2 frequency in patients with colorectal carcinoma

15.38% in male, while in male 38.46%
score 3 compared 28.57% in female
Table 1.

TAML1 related with gender

NOS2 showed associated with gender,
in female score 2 appeared 38.09% vs

Table 1: NOS2 related with genders in patients with CRC

Sex Score 0 Score 1 No/% Score 2 No/% Score 3 No/% core 4 No/% Total
No/%
Female 0 3(14.28) 8(38.09) 6(28.57) 4(19.04) 21
Male 1 8(30.76) 4(15.38) 10(38.46 3(11.53) 26
1 11 12 16 7 47

X2=5.27,P 0.260
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TAML1 related with site of tumor

NOS2 was shown close associated with
the site of tumors, score 2 and 3 in left
site was recorded high percentage with
35.29% and 47.05% respectively, while
in right site score 3 and 1was showed

high percentage with 33.33% and
37.5% respectively, while in rectum
score 2 and 4 showed high percentage
with 50% and 33.33% respectively,
Table2.

Table 2: NOS2 related with site of tumor in patients with CRC.

Site of tumor | Score 0 No/% | Score 1 No/% | Score 2 No/% | Score 3 No/% | Score 4 No/% Total
Right 0 9(37.5) 8(33.33) 4(16.66) 24
Left 1(5.88) 1(5.88) 8(47.05) 1(5.88) 17
Rectum 0 1(16.66) 0 2(33.33) 6
1 11 16 7 47

CRC. X2 =15.026, p=0.0586

TAM1 related with morphological

with same score, while score 1 appeared

features high percentage in moderate
poorly differentiated was appeared high differentiated, Table3.
associated with score 3 with 53.33%,
followed by well differenced in 42.85%
Table 3: NOS2 related with morphological feature in patients with CRC
Grade of tumor | Score0 Score 1 Score 2 Score 3 Score 4 total
Well 0 1(14.28) 2(28.57) 3(42.85) 1(14.28) 7
Moderate 1(4) 9(36) 6(24) 5(20) 4(16) 25
Poor 0 1(6.66) 4(26.66) 8(53.33) 2(13.33) 15
1 11 12 16 7 47

X2=7.969, P 0.436
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TAM 1 related with age groups score 2 was recorded high percentage in
group 2 with 34.48 compared with
NOS2 score 3 showed high percentage groupl,Table 4.
frequency with group 1 38.88% vs

31.03% in same score in group 2, while

Table 4: related of age groups with NOS2 in CRC patients

Age Score 0 No/% | Score 1 No/% Score 2 No/% Score 3 No/% Score 4 No/% total
groups
50> 0 6(33.33) 2(11.11) 7(38.88) 3(16.66) 18
50< 1(3.44) 5(17.24) 10(34.48) 9(31.03) 4(13.79) 29
1 11 12 16 7 47

X2=4.488. p=0.34397274

TAML1 related with mucinous percentage recorded in mucinous, while
score 3and 2 shown in 30.23% and
NOS2 appeared close associated with 27.90% in non-mucinous Table 5.

mucinous, score 3 and 4 high

Table5: related NOS2 with mucinous and non-mucinous in CRC patients

Site of tumor |Score 0 No/%| Score 1 No/% | Score2 No/% | Score 3 No/% | Score 4 No/% Total
Mucinous 0 0 0 3(75) 1(25) 4
Non 1(2.32) 11(25.58) 12(27.90) 13(30.23) 6(13.95) 43
mucinous
1 11 12 16 7 47
X2=4.68P=0.32094

Tumor  Associated Macrophage2 five scores, score 1 appeared high
TAM2 frequency 44.68% followed by score 2

in 17.02% to Figure8 , 9.

As a markers of TAM2 we used
CD163, the results recorded depended
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Figure 8: CD163 frequency in patients with CRC patients




Iragi Journal of Biotechnology

219

Figure 9: surface staining by immunohistochemistry with DAB chromgen and Myer’s hematoxlyin

detection CD163 with CRC, A:-low power, B:- high power

while in male high percentage 38.46%
recorded in same score, Table 6.

TAM2 related with gender

CD163 showed associated with gender,
in female score 1 appeared 52.38%

Table 6: CD163 related with genders in patients with CRC

Gender Score 0 Score 1 Score 2 Score 3 Score 4 Total

Female 2(9.52) 11(52.38) 2(9.52) 5(23.80) 1(4.76) 21
Male 2(7.69) 10(38.46) 6(23.07) 6(23.07) 2(7.69) 26
Total 4 21 8 11 3 47

X2=1.962 p=0.7427
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TAM?2 related with site of tumor

CD163 was shown close associated
with the site of tumors, score 1 was
recorded high percentage in left and
right site with 35.29% and 50%,

followed by score 3, 20.83% and
23.52% respectively, while in rectum
score 3 was showed high percentage

with 33.33% table 7.

Table 7: CD163 related with site of tumor in patients with CRC

Site of tumor Score 0 Score 1 Score 2 Score 3 Score 4 Total
Right 2(8.33) 12(50) 4(16.66) 5(20.83) 1(4.14) 24
Left 1(5.88) 8(47.05) 3(17.64) 4(23.52) 1(5.88) 17
Rectum 1(16.66) 1(16.66) 1(16.66) 2(33.33) 1(16.66) 6
4 21 8 11 3 47

X2=3.347 P=0.91073

TAM2 related with morphological
feature

All types of differentiated was appeared
high associated with score 1 with 60%,

42.85% and 36% in poorly, well and
moderate differenced respectively table
8.

Table 8: CD163 related with morphological feature in patients with CRC

Grade of Score 0 Score 1 Score 2 Score 3 Score 4 total
tumor
Well 0 3(42.85) 1(14.28) 2(28.57) 1(14.28) 7
Moderate 4(16) 9(36) 2(8) 9(36) 1(4) 25
Poor 0 9(60) 5(33.33) 0 1(6.66) 15
4 21 8 11 3 47

X2=14.5, p=0.06962



Iragi Journal of Biotechnology 221

TAM2 related with age groups followed by score 3 with 22.22% and
24.13 in groupl and 2 respectively table
CD163 score 1 was shown high 9.

percentage frequency in both groups,

44.44% and 44.82% respectively,
Table 9: related of age groups with CD163 in CRC patients
Site of Score 0 Score 1 Score 2 Score 3 Score 4 total
tumor
50> 1(5.55) 8(44.44) 3(16.66) 4(22.22) 2(11.11) 18
50< 3(10.34) 13(44.82) 5(17.24) 7(24.13) 1(3.44) 29
4 21 8 11 3 47

X2=1.341, p 0.85438

TAM?2 related with mucinous

CD163 was appeared close associated
with mucinous, score 1 was shown high
percentage recorded in mucinous with

100%, while score 1 and 2 was shown
high percentage with 39.30% and
18.60% in non-mucinous respectively
table 10.

Table 10: relation of CD163 with mucinous and non-mucinous in CRC

Type of Score 0 No/% | Score 1 No/% Score 2 No/% | Score 3 No/% | Score4 No/% | Total
tumor
Mucinous 0 4(100) 0 0 0 4
Non mucinous 4(9.30) 17(39.53) 8(18.60) 11(25.58) 3(6.97) 43
4 21 8 11 3 47

X2=5.413, p=0.24748
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Discussion

TAM Associated with CRC:A CRC
specimens were stained  byusing
immunohistochemistry for nitric oxide
synthase 2 (NOS2) as a marker for the
M1 macrophage phenotype and the
scavenger receptor CD163 as a marker
for the M2 macrophage phenotype with
using CD68 as general marker of
detection macrophage in tissue,to
determine the degree of infiltrating
macrophages with a M1l or M2
phenotype in these specimens.

The average infiltration of NOS2 and
CD163 expressing macrophages along
the invasive tumor front was semi-
quantitatively evaluated using a four-
graded scale, according toForssellet
al.,(2007)(15).

High macrophage infiltration has been
correlated to improved survival in
colorectal cancer (CRC). Tumor
associated macrophages (TAMs) play
complex roles in tumorigenesis since
they are believed to hold both tumor
preventing (M1 macrophages) and
tumor promoting (M2 macrophages)
activities (16).

An inflammatory tumor
microenvironment has been suggested
as the hallmark of cancer progression
(17).  Analysis of the immune
contexture, the location, density and
functional orientation of immune cells
and how it is integrated with tumor
molecular  features can  provide
important  information on  patient
prognosis as well as prediction of the
response to various treatment (18, 19).
In this study no relation of NOS2 + or
CD163 + macrophage infiltration was
found to gender, age, grade, site of

tumor and mucinous histology. These
results were in agreement with (16).
Furthermore, patients harboring tumors
highly infiltrated by NOS2+ cells may
had a significantly better prognosis than
those infiltrated by few NOS2+ cells.
The relation between infiltrating
macrophages of M2 phenotype and
prognosis in CRC has been previously
analyzed in a few studies. According to
(20), like results in our study, stromal
infiltration of CD163 + M2
macrophages in CRC may correlated to
a significantly improved survival .

In many clinical studies it has been
observed that a high infiltration of
TAMSs correlates to a poor prognosis
and TAMs are thus suggested to be of
M2 phenotype that promote tumor
progression. However, we and others
have recently seen that high amounts of
TAMs in CRC (20-22).

That high infiltration of M1
macrophages is correlated to a better
prognosis in CRC in a stage dependent
manner. However, in CRC the increased
infiltration of M1 macrophages at the
tumor front was found to be
accompanied by a concomitant increase
in M2 macrophages, therefore, we
suggest that the presence of M1
macrophages is favorable for survival in
patients with CRC, despite the parallel
presence of M2 macrophages. Finally
we concluded that macrophages play an
important role at the tumor front,
secreting factors that in many ways
might affect both the tumor and
surrounding stromal cells, including
other cells of the immune system.
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