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Background/aim
Colorectal cancer (CRC) is one of the most frequent cancers worldwide with one of
the highest mortality rate. CD163 is a 130-KDa transmembrane protein, known to
be involved in hemoglobin clearance by functioning as a receptor for
hemoglobin–haptoglobin complex. Several studies have demonstrated that
CD163 is expressed on some cancer cells, and its expression is associated
with poor clinical prognosis. This study aimed to evaluate CD163 to assess the
distribution of macrophages in invasive margins and intratumoral infiltration area,
using computerized image analysis, to evaluate its prognostic value and its
association with other clinicopathological characteristics in colorectal carcinoma.
Patients and methods
The present study enrolled 80 formalin-fixed paraffin-embedded CRC surgical
specimens, obtained from the Department of Pathology of National Research
Centre, Egypt, and examined for the expression of CD163 in CRCs by
immunohistochemical techniques. The morphometric analysis was done on the
invasive margins and intratumoral infiltration area in each slide.
Results
The study cases of colorectal carcinoma patients, 46 (57.5%) cases were diagnosed
as adenocarcinoma and rest 34 (42.5%) cases were mucinous carcinoma. Twenty-
two cases (22/80) showed a low intratumoral infiltration area and moderate invasive
margin. CD163+ intratumoral infiltration significantly correlated with age, tumor site,
tumor type, lymph node status, andmetastasis. On the other hand, CD163+ invasive
margins significantly correlated with tumor grade, tumor classification, metastatic
status, tumor stage, and Duke’s classification.
Conclusion
Invasive front of the tumor is the most suitable area for the evaluation of tumor-
associated macrophages that is important in detecting prognostic prediction of
colon cancer and its clinical outcome. So, it can be considered as an ideal
prognostic marker in the treatment of colon cancer.
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Introduction
Colorectal cancer (CRC) is one of the most frequent
cancers worldwide with one of the highest mortality
rate. CRC results in more than 600 000 deaths
annually, with more increasing mortality rate [1]. In
Egypt, colorectal carcinoma is the seventh most
common cancer, representing 3.47% of male cancers
and 3% of female cancers. Early diagnosis of CRC
improves five-year survival to about 90% compared
with 8% when diagnosed at an advanced stage of the
disease [2,3]. Although patients with CRC are usually
treated with surgical resection combined with
chemotherapy, their prognosis is poor and so it is
necessary to develop new strategies of treatment [4].
Consequently, there is increasing needs for improved
prognostic and predictive markers in CRC that help
guide treatment decision. Recent studies have
h | Published by Wolters Klu
indicated that aggressiveness of the tumor and
therapy resistance is affected with action between
tumor cells and the microenvironment [5].

Cancers are not only formed of malignant cells, but
they are formed of a complex environment of stromal
cells, including vascular cells, macrophages, fibroblast,
and inflammatory cells. There are many studies that
confirmed that densities and localization of tumor-
associated macrophages (TAM) are associated with
poor clinical outcome in many types of solid cancers,
such as bladder, renal, gastric, and prostate cancers.
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mailto:noha.nazeeh@gmail.com


44 Journal of The Arab Society for Medical Research, Vol. 18 No. 1, January-June 2023
The presence of TAM in tumor stroma predicts worse
prognosis, while its location in tumor islets indicates
better CRC survival [6]. Some studies have confirmed
that higher macrophage infiltration correlated with
worse prognosis and advanced stage of the tumor [7].

Immunotherapy with immune checkpoint inhibitors
has recently an important role in cancer treatment. The
effect of immunotherapy can be improved by tumor-
infiltrating lymphocytes; its function is regulated by
M2 macrophages in the tumor microenvironment
(TME) especially solid tumors [8].

Macrophages are plastic cells that respond and adapt to
external stimuli; they are present in TME as one of the
most abundant cells which function in response to
signals of the microenvironment either stromal or
tumor cells [9]. Recently, the most known models of
macrophages are M1which are activated macrophages.
They can promote antitumor immune response and
wound healing. M2 is an alternatively activated
macrophage, which is anti-inflammatory, plays an
important role in promoting tumor growth,
lymphangiogenesis, angiogenesis, migration, and
intravasation of tumor cells, thus leading to
suppression of antitumor immune response [8,10].

CD163 is a 130-KDa transmembrane protein, known
to be involved in hemoglobin clearance by functioning
as a receptor for the hemoglobin–heptoglobin complex
[8]. Now, CD163 is widely used as a marker for
macrophages and monocytes. Several studies have
demonstrated that CD163 is expressed on some
cancer cells, and its expression is associated with
poor clinical prognosis as in breast cancer and
bladder cancer [11]. However, the monocyte–
macrophage marker CD163 has not been widely
investigated in CRC patients [12]. Shabo et al. [13]
suggested that CD163 expression in cancer cells is
caused by cell fusion between macrophages and
cancer cells.

Considering all the above points, the present study is
designed to set up the value of CD163 to assess
macrophage distribution in invasive margins and
intratumoral infiltration area, using computerized
image analysis, to evaluate its prognostic value and
its association with other clinicopathological
characteristics in colorectal carcinoma.
Patients and methods
Specimens and study design
Paraffin blocks from 80CRC cases were retrospectively
obtained from the Department of Pathology of
National Research Centre, Egypt, and database of
cases were reviewed. Cases who underwent surgery
were included in this study, and patients who had
adjuvant therapy or chemotherapy were excluded.
Two sections each of 4 μm thickness were cut from
paraffin blocks using a Leica RM 2155 microtome.
One section was stained with hematoxylin and eosin
for histopathological evaluation and grading. The other
section was mounted on positively charged glass slides
for immunohistochemical staining.
Ethical approval
The present study was conducted with the Code of
Ethics of theWorld Medical Association, according to
the principles expressed in the Declaration of Helsinki.
This study was approved by the Ethics Committee of
National Research Center, Cairo, Egypt, under
approval number 16/308.
Histopathology
The histopathological characteristic was reviewed
and diagnosis was verified by two pathologists.
Clinicopathological data were retrospectively
collected from records and summarized.
Immunohistochemistry
CD163 marker is used as a specific marker to detect
M2 macrophages (function). The paraffin blocks were
cut by microtome at 4 μm thickness. Sections were
mounted on positively charged slides. The slides were
incubated at 37°C overnight for accurate adhesion of
the section on the slide. Tissues were depraffinized;
hydrated endogenous peroxidase activity was blocked
with 3% methanol in hydrogen peroxidase for 10min.
Following antigen retrieval in a water bath at 98°C
with Tris EDTA, pH9 (CD163 : 40min), the primary
antibody was incubated CD163 : 30min (1 : 100) at
room temperature. After washing, the labeled polymer
secondary antibody was added to the slide, and
peroxidase activity was detected using
diaminobenzidine-tetrahydrochloride liquid plus
substrate chromogen system. The reaction was
stopped with distilled water, and the sections were
counterstained with hematoxylin and mounted on
Richard-Allan Scientific mounting medium
(Thermo Fisher Scientific, Waltham, Massachusetts,
USA). For positive control, normal human tonsil was
used, and for negative control, primary antibody was
replaced by normal mouse serum. Following
immunohistochemistry, the slides were visualized
and photographed using the light microscope
Olympus CX41 with DB 12 Olympus digital
camera (Olympus Optical Corp., Ltd, Tokyo,
Japan).



Table 1 Clinicopathological features of colorectal carcinoma
patients

Clinicopathological features Number of patients
(N=80) [n (%)]

Sex

Male 36 (45)

Female 44 (55)

Age (years)

<60 40 (50)

≥60 40 (50)

Tumor size

<4.5 28 (35)

≥4.5 52 (65)

Tumor site

Right 34 (42.5)

Left 26 (32.5)

Rectum 20 (25)

Tumor type

Adenocarcinoma 46 (57.5)

Mucinous 34 (42.5)

Tumor grade

I 0

II 74 (92.5)

III 6 (7.5)

T-classification

T1 2 (2.5)

T2 6 (7.5)

T3 52 (65)

T4 20 (25)

N-classification

N0 34 (42.5)

N1 20 (25)

N2 26 (32.5)
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Image analysis immunoscoring
The morphometric analysis was performed at the
Department of Pathology, National Research
Center, using a Leica Qwin 500 Image Analyzer
(Leica Imaging Systems Ltd, Cambridge, UK).
Morphometric analysis was carried out on CD163
immunostained slides. The slides to be examined
were placed on the stage of the microscope. The
light source was set to the required level. Successful
adjustment of illumination was checked for on the
monitor.

The density of CD163 was determined by quantitative
evaluation by screening the sections and selecting at
least five different fields with high cellular areas.
Morphometric analysis was done on the invasive
margins and intratumoral infiltration area in each
slide stained with CD163 using objective lens with a
magnification of ×200. The positive stained cells were
masked automatically by a blue mask, which is known
as the binary image. We use a software program to
measure the area percentage of the detected features in
the binary image automatically in a frame area of
3905.5 μm2, and the results appeared in a table
form. The area percentage of each of CD163
positively stained cells was determined as an area per
field in micrometer square using the interactive
measurement software of the system. Overlapping
nuclei were not measured. Any area of necrosis as
well as processing-related artifacts were erased.
M-classification

M0 72 (90)

M1 8 (10)

Stage

I 6 (7.5)

II 26 (32.5)

III 40 (50)

IV 8 (10)

Duke’s classification

A 0

B 34 (42.5)

C 38 (47.5)

D 8 (10)
Statistical methods
All data were collected, revised, coded, and entered into
the Statistical Package for the Social Sciences (IBM
SPSS), version 23.1 New Orchard Road, Armonk,
New York 10504-1722, United States. The
quantitative data were presented as mean, SD, and
ranges when parametric and median. Also, qualitative
variables were presented as number and percentages.
The comparison between groups regarding qualitative
data was done using the χ2 test. P values of less than
0.05 were considered to indicate statistical significance.
Results
The study population included 80 CRC patients: there
were 36 (45%) males and 44 (55%) females. The age of
the patients ranged from 22 to 82 years, 40 (50%) of
themwere less than 60 years. Tumor size ranged from 2
to11 cm; 52 (65%) of them were≥4.5 cm. According to
their sites, 34 (42.5%) were in the right colon, 26
(32.5%) in the left colon, and 20 (25%) were located
in the rectum. Forty-six cases were diagnosed as
adenocarcinoma and the rest 34 cases were
diagnosed as mucinous carcinoma. Table 1 shows all
the clinicopathological characteristics of the studied
cases.
Immunoscoring of CD163+ at invasive margins and
intratumoral infiltration area
Fifty-four cases showed low intratumoral infiltration of
CD163+ cells, with mean area percent of 2.75±3.21and
ranging from 0.31 to 4%.Twelve cases showed
moderate intratumoral infiltration CD163+ cells



Table 2 Immunostaining of CD163+ intratumoral infiltration
and invasive margin located cells within the tumor tissue

Low Moderate High

CD163+ intratumoral

Number of patients 54 12 14

Range (%) 0.31–4 4.1–7.9 8–15.27

Mean±SD 2.38±3.22 4.72±1.30 11.44±2.83

CD163+ invasive margin

Number of patients 32 36 12

Range (%) 0.45–1.5 1.6–3.9 4–7.68

Mean±SD 1.35±0.69 2.68±1.34 5.47±1.42
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with a mean area percentage of 4.72±1.3 and ranging
from 4.1 to 7.9%. Fourteen cases showed high
intratumoral infiltration of CD163+ cells with mean
area percentage of 11.44±2.83and ranging from 8 to
15.27% (Table 2).

On the other hand, regarding invasive margins of
CD163+ cells, 32 cases showed low expression, with
mean area percentage of 1.35±0.69 and ranging from
0.45 to 1.5%. Thirty-six cases showed moderate
expression with mean area percentage of 2.68±1.34
Table 3 CD163+ intratumoral infiltration and clinicopathological features of cases

Low (N=54) Moderate (N=12) High (N=14) Total (N=80) [n (%)] P value

Sex

Male 28 2 6 36 (45)

Female 26 10 8 44 (55) 0.150

Age (years)

<60 22 8 10 40 (50)

≤60 32 4 4 40 (50) 0.040*

Tumor size

<4.5 26 0 2 28 (35)

≥4.5 28 12 12 52 (65) 0.070*

Tumor site

Right 18 8 8 34 (42.5)

Left 20 2 4 26 (32.5)

Rectum 16 2 2 20 (25) 0.001*

Tumor type

Adenocarcinoma 32 6 8 46 (57.5)

Mucinous 22 6 6 34 (42.5) 0.020*

Tumor grade

I 0 0 0 0

II 50 12 12 74 (92.5)

III 4 0 2 6 (7.5) 0.500

T-classification

T1 2 0 0 2 (2.5)

T2 6 0 0 6 (7.5)

T3 34 8 10 52 (65)

T4 12 4 4 20 (25) 0.220

N-classification

N0 20 8 6 34 (42.5)

N1 16 2 2 20 (25)

N2 18 2 6 26 (32.5) 0.001*

M-classification

M0 50 10 12 72 (90)

M1 4 2 2 8 (10) 0.050*

Stage

I 4 2 0 6 (7.5)

II 18 4 4 26 (32.5)

III 28 4 8 40 (50)

IV 4 2 2 8 (10) 0.110

Duke’s classification

A 0 0 0 0

B 22 6 6 34 (42.5)

C 28 4 6 38 (47.5)

D 4 2 2 8 (10) 0.230

*Significant difference at P value less than 0.05 using the χ2 test.
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and ranging from 1.6 to 3.9%. Twelve cases were highly
expressed of invasive margins CD163+ cells with mean
area percentage of 5.47±1.42 and ranging from 4 to
7.68% (Table 2).

CD163+ intratumoral infiltration of expressed cells
significantly correlated with age, tumor site, tumor
type, lymph node status, and metastasis (Table 3).
On the other hand, CD163+ invasive margins of
expressed cells was significantly correlated with
tumor grade, tumor classification, metastatic status,
tumor stage, and Duke’s classification (Table 4).
Table 4 CD163+ invasive margin and clinicopathological features o

Low (N=32) Moderate (N=36)

Sex

Male 12 20

Female 20 16

Age (years)

<60 16 16

≤60 16 20

Tumor size

<4.5 16 10

≥4.5 16 26

Tumor site

Right 12 16

Left 8 12

Rectum 12 8

Tumor type

Adenocarcinoma 20 18

Mucinous 12 18

Tumor grade

I 0 0

II 28 34

III 4 2

T-classification

T1 2 0

T2 4 2

T3 20 26

T4 6 8

N-classification

N0 14 18

N1 10 10

N2 8 8

M-classification

M0 30 34

M1 2 2

Stage

I 4 2

II 10 14

III 16 18

IV 2 2

Duke’s classification

A 0 0

B 14 18

C 16 16

D 2 2

*Significant difference at P value less than 0.05 using the χ2 test.
Comparison between intratumoral infiltration and
marginal CD163+ expressed cells
Twenty-four cases (24/80) showed low expression of
CD163+ cells in both intratumoral infiltration area and
invasive margin. Twenty-two cases (22/80) showed low
intratumoral infiltration area and moderate invasive
margin. Eight cases (8/80) showed low intratumoral
infiltration area but high at the invasive margin
(Table 5).

Examination of all specimens under light microscope
showed high CD163+ at the invasive margin than
f cases

High (N=12) Total (N=80) [n (%)] P value

4 36 (45)

8 44 (55) 0.670

8 40 (50)

4 40 (50) 0.150

2 28 (35)

10 52 (65) 0.240

6 34 (42.5)

6 26 (32.5)

0 20 (25) 0.530

8 46 (57.5)

4 34 (42.5) 0.500

0 0

12 74 (92.5)

0 6 (7.5) 0.007*

0 2 (2.5)

0 6 (7.5)

6 52 (65)

6 20 (25) 0.018*

2 34 (42.5)

0 20 (25)

10 26 (32.5) 0.640

8 72 (90)

4 8 (10) 0.050*

0 6 (7.5)

2 26 (32.5)

6 40 (50)

4 8 (10) 0.040*

0 0

2 34 (42.5)

6 38 (47.5)

4 8 (10) 0.038*



Table 5 Comparison between CD163 intratumoral and CD163 invasive margin located cells in the tumor tissue

CD163 intratumoral CD163 invasive margin Low [n (%)] Moderate [n (%)] High [n (%)] Total [n (%)] P value

Low 24 (75) 4 (12.5) 4 (12.5) 32 (100) 0.043*

Moderate 22 (61) 6 (16.7) 8 (22.3) 36 (100)

High 8 (66.6) 2 (16.7) 2 (16.7) 12 (100)

Total 54 (100) 12 (100) 14 (100) 80 (100)

*Significant difference at P less than 0.05 using the χ2 test.

Figure 1

Immunohistochemical staining of CD163+ macrophages in colorectal carcinoma: (a) high infiltration in the invasive margin, (b) low infiltration of
intratumoral cells (original magnification ×200).

Figure 2

Immunohistochemical staining of CD163+ macrophages in colorectal carcinoma showing (a) moderate infiltration in the invasive margin and (b)
low intratumoral infiltration (original magnification ×200).
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intratumoral invasion (Fig. 1) and moderate CD163+
at both sites: the invasive margin and intratumoral
invasion (Fig. 2), while low CD163+ at the invasive
margin than intratumoral invasion (Fig. 3), and finally
the CD163+ expression is moderate at the invasive
margin with high intratumoral invasion (Fig. 4).
Discussion
CRC is the third primary cause of death in the world.
TME, which includes many factors such as fibroblast,
blood vessels, immune cells, paracrine glands, and
extracellular matrix, plays a vital role in tumor
progression, so it becomes an important aspect in



Figure 4

Immunohistochemical staining of CD163+ macrophages in colorectal carcinoma showing (a) moderate infiltration at the invasive margin and (b)
high intratumoral infiltration (original magnification ×200).

Figure 3

Immunohistochemical staining of CD163+ macrophages in colorectal carcinoma showing (b) low infiltration invasive margin, (b) moderate
intratumoral infiltration (original magnification ×200).
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oncology research. In particular, innate immune cells
present in the microenvironment participates in several
stages of tumor progression, and TAMs have an
important role in tumorogenesis by supporting tumor
progression, angiogenesis, invasion, andmetastasis [14].

TAMs are one of the most dynamic cells in CRC that
are associated with cancer development. The plasticity
of macrophages determines the polarization state and
the function of macrophages differentiate with its
phenotype and tumor type. M1 is related to the
early stage of the tumor that can induce
inflammatory response and phagocytosis, while M2
polarization inhibits antitumor immune response
with changes in the TME. In most human cancers,
a large number of TAMare significantly related to poor
disease prognosis [15].
CD163, a macrophage-associated molecule, has been
suggested to be a predictive biomarker in patients with
solid tumors. So, it has great potential to be a
therapeutic target for solid tumor treatment [8].
Kwak et al. [7] used the M2 phenotype-associated
macrophages to conduct an immunoquantitative
analysis of advanced CRC using CD163+
macrophages in primary lesions.

TAMs are distributed in different anatomical locations
in colon cancer, either in the center of the tumor or
invasive front of the tumor. This different location may
include variation in different biological and prognostic
characteristics [16].

In the present study, we used quantitative evaluation of
area percentage of the positive cells to determine the
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density of CD163 in intratumoral infiltration area and
invasive margin site in cases of CRC by
immunohistochemistry.

Some previous studies have proved the correlation of
M2 macrophages with clinicopathological parameters
on different anatomical localizations [16]. In our study,
the central expression of CD163-positive cells had
significant correlation with age of the patient, site,
and type of cancer. Moreover, CD163 immune
expression was associated with lymphatic invasion
and metastasis. This also was confirmed by Kwak
et al. [7], who showed that CD163 expression in the
CRC tissue was related to the degree of lymphatic
metastasis and poor survival. Also, with our line of
results [14] it has been shown that M2 macrophages is
present in high concentrations at the invasive margin,
but also fewer was found in the intratumoral area. So,
this leads to remodeling of lymphatic networks, thus
helping the invasion of tumor cells and promoting
metastasis.In our study, we found that increased
CD163+ macrophages expression at the invasive site
of the tumor significantly correlates with metastatic
status of the tumor, Duke’s classification, tumor grade,
and stage. This is in agreement with Kwak et al. [17]
and Ding et al. [18], who confirmed that CD163+
TAM infiltration at the invasive front of the tumor is
significantly related to poor prognosis of CRC patients
and may play a role in increased invasion and spread of
the tumor. On the opposite side [19], Huang and
colleagues had proved that there was no relation
between CD163 expression and both grade and
stage of cancer. Algars et al. [20] showed that
interstitial infiltration of CD163+ TAMs in
colorectal carcinoma was associated with significant
improvement in survival rate and may have a antitumor
role. On the opposite side, Shabo et al. [13] proved that
macrophage density of the stroma was related to poor
survival.
Conclusion
These results showed that invasive front of the tumor is
the most suitable area for the evaluation of M2 TAM
that is important in detecting prognostic prediction of
colon cancer and its clinical outcome. Therefore, the
presence of CD163+ at the invasive front is considered
an ideal prognostic marker in the treatment of colon
cancer.
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