DOI:10.31557/APJCP.2025.26.4.1429
Musashi-2 and CD163+TAM in Colorectal Cancer

RESEARCH ARTICLE

Editorial Process: Submission:12/03/2024 Acceptance:04/14/2025

Prognostic Role of Musashi-2 Immunohistochemical Expression
and CD163+ Tumor- Associated Macrophages in Colorectal
Cancer Progression

Dalia Mohamed Hemeda'*, Ahmed El-Mesery', Mie Ali Mohamed?, Zeinab
Mohammed Ahmed Gawesh?, Waleed Elnahas®, Mahmoud Abdel-Aziz Soliman'

Abstract

Background: Preoperative assessment of colorectal cancer requires a multimodal approach including clinical,
radiographic, biochemical and colonoscopic assessment with histologic review of biopsies that provides valuable
information regarding tumor grading and other significant prognostic factors that aid in determination of the appropriate
treatment. The association between Musashi-2 expression and clinicopathological features and its prognostic significance
in CRC patients is still controversial. Our study is designed to investigate the expression and prognostic significance
of MSI2 and CD163+Tumor associated macrophages in colorectal cancer patients. Methods: Prospective longitudinal
study was designed including 114 CRC cases from Tropical Medicine Department and Oncology Center, Mansoura
University Hospitals, during the period from July 2021 to October 2024, all cases were diagnosed by colonoscopy then
underwent radical surgery with biopsies which were examined by IHC staining for MSI2 and CD163+TAM using tissue
microarray technique trying to find out their correlation with clinicopathological parameters and patients prognosis.
Results: Among 114 CRC cases, high MSI2 expression was detected in 49 (43%). MSI2 expression was significantly
related to grade of differentiation (P = 0.001%*), depth of invasion (P = 0.001%*), lymph node metastasis (P=0.001*), TNM
stage (P = 0.001*) and hepatic metastasis (P = 0.009*). Multivariate analysis spotted MSI2 expression as a predictor
for Overall survival in CRC (P = 0.015%) and disease free survival (P = 0.008*). CD163+TAM showed a significant
correlation to grade of differentiation (P = 0.001%*), depth of invasion (P = 0.05%), lymph node metastasis (P =0.001%),
TNM stage (P = 0.001%*), and hepatic metastasis (P = 0.007*). Multivariate analysis spotted CD/63+TAM expression
as a predictor for OS in CRC (P =0.037*) and DFS (P = 0.003*). Conclusion: MSI2 and CD163+TAM are independent
prognostic factors for the overall survival and disease free survival and can predict poor prognosis in CRC patients.
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Introduction

Colorectal cancer (CRC) is an exceptionally frequent
illness worldwide. There are roughly 408,000 new cases
with colorectal cancer and 196,000 deaths per year,
ranking second in terms of incidence and fourth in terms of
mortality [1]. Individuals residing in developed countries
are at higher risk of CRC, while the residents of the
developing world are at lower risk for this cancer, despite
a decrease in CRC cases overall in developed countries,
the occurrence of early onset CRC (under 50 years old)
is rising in both developed and developing regions. This
indicates a need for more research into the risk factors and
prevention methods for this type of cancer worldwide [2].

Even with improvements in treatment, colorectal

cancer continues to pose a significant healthcare concern
and has poor prognosis in advanced stages and carries high
risk of recurrence [3]. The musashi (MSI) family is RNA-
binding Proteins acts as a posttranslational repressor of
target mRNA [4]. MSI2 seems to be a potential prognostic
biomarker and therapeutic target for cancer patients [5].
MSI2 has been proved to be significantly up-regulated
in various cancers, such as ovarian carcinoma (OC) [5],
non-small cell lung cancer (NSCLC) [6], colorectal
cancer (CRC) [7] and cervical cancer (CC) [8]. MSI2
expression have drug resistance effect; specifically, it
boost resistance to tyrosine kinase inhibitors targeting
the epidermal growth factor receptor (EGFR), which are
useful for patients with EGFR mutations in NSCLC [9].
High levels of MSI2 expression are linked to negative

!Department of Tropical Medicine, Mansoura University, Mansoura, Egypt. Department of Pathology, Faculty of Medicine,
Mansoura University, Egypt. *Department of Surgical Oncology, Oncology Center, Mansoura University, Mansoura, Egypt.

*For Correspondence: dr.ttaatty91@yahoo.com

Asian Pacific Journal of Cancer Prevention, Vol 26 1429



Dalia Mohamed Hemeda et al

outcomes in various solid tumors and blood cancers [5].

The crucial role of the tumor microenvironment (TME)
in tumor development spans from initiation and chronic
inflammation to tumor progression and therapy response
[10]. Generally, macrophages in cancer have the ability
to both promote and inhibit tumor growth depending on
various signals such as cytokines, chemokines, antibodies,
and myeloid checkpoints [11]. The M2 type of tumor-
associated macrophages supports the progression of
tumors. CDI163 is expressed in M2 macrophages [12].
CD163+tumor associated macrophages (TAM) has great
potential to be used as a biomarker to evaluate early tumor
recurrence, and patient survival [13].

The value of Musashi-2 expression in CRC remains
indefinite and needs more investigation. Furthermore,
the reports on Musashi-2 are often conflicting. This work
aimed to evaluate immunohistochemical expression of
Musashi 2 and CD163+ TAM and its impact on clinical
characteristics and tumor staging as useful biomarkers
for tumor aggressiveness in colorectal cancer in Egyptian
patients.

Materials and Methods

Observational Prospective longitudinal study, started
from July 2021 and continued to October 2024, including
160 recently diagnosed CRC patients by colonoscopy with
biopsies collected from Tropical Medicine Department
and Oncology Center, Mansoura University Hospitals.
Among this patients, 46 cases were excluded (25 cases
due to loss their follow up, 10 cases received neoadjuvant
chemotherapy and 11 cases were not operable). Finally this
study included 114 pathologically confirmed colorectal
cancer cases as well as patients with synchronous hepatic
metastasis, excluding other distant metastasis. Other extra
colonic malignancy patients and patients who received
neoadjuvant chemotherapy and/ or radiotherapy were
also excluded.

After obtaining a written informed consent from all
patients, demographic and clinicopathological data of
the enrolled cases including age, sex, medical history
(Diabetes Mellitus and smoking), tumor markers including
CEA and CA19-9; cut-off values were 5.0 ng/mL and 37
U/mL, respectively [14] and family history of CRC were
collected. All of our cases underwent radical surgery with
free safety margin then spacimens descripted as regard
(site, morphological type, histological type, grade of
differentiation, local infiltration, lymph node invasion)
then THC staining was done for these specimens. Then
each tumor was assigned a stage according to the latest
American Joint Committee on Cancer (AJCC) TNM
staging criteria, 8th edition. After surgery 3-Year Follow
up data were collected including Disease Free Survival
(DFS) that was considered as the period from the date of
primary radical surgery to the date of 1st treatment failure
in the form of local recurrence or distant metastases.
Overall Survival ( OS ) was calculated from the date of
diagnosis to the end of follow up period or death. All
data were reported by regular follow up visits of all our
patients and by our calling center-follow up for patients’
condition and health.
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Immunohistochemical Staining

Sections from formalin-fixed, paraffin-embedded
(FFPE) tissue blocks were deparaffinized and hydrated
by standard approaches using tissue microarray technique
to evaluate Musashi-2 and CD163+TAM in colorectal
biopsies using the following antibodies: Musashi-2
antibody: Rabbit monoclonal Antibody at dilution of
1:100, (Catalog No. A19814). CD163 antibody: Rabbit
Polyclonal Antibody, IgG, at dilution of 1:100, (Catalog.
No. 400100295).

Immunohistochemical evaluation

Slides were scored in an independent manner by two
pathologists who were blinded to the patients’ data. MSI-2
was expressed in CRC tissues and mainly localized in
the cytoplasm of the cancer cells [15]. The percentage
o positive cells was rated as follows: 0, (0%); 1(<10%),
2(10-50%) ,3 (51-80% ) and 4( >80% ) The intensity of
staining was graded semi-quantitatively as follows: 0, no
staining; 1, weak staining; 2, moderate staining and 3,
strong staining. The staining index (SI) was calculated by
multiplying the staining intensity score and the percentage
of stained tumor cells. A SI of <4 was defined as low MSI2
expression, whereas a SI of >4 was defined as high MSI2
expression [16].

CD163 is a macrophage-specific antigen expressed
mainly by M2 macrophages. Non-neoplastic cells
stained with CD/63 were estimated as TAMs. The
positive expression of CD/63 was defined as granular
cytoplasmatic or cytoplasmatic and membrane staining
pattern [17]. The percentage of positive cells was rated
as follows: 0 (0%); 1 (< 10%); 2 (10% to 50%); 3 (51%
to 80%); and 4 (> 80%) and defined as staining extension.
The staining intensity was scored into the following scale:
0, no staining; 1, weak staining; 2, moderate staining and 3,
strong staining [ 18]. The H-score was calculated as extent
x intensity [1]. H score 4 was considered the median, so
we defined H score of <4 as low CD163+TAM expression,
whereas H score of >4 as high CD163+TAM expression.

Statistical analysis and data interpretation

SPSS software version 25 (SPSS Inc., PASW statistics
for Windows version 25) carried out the data analysis.
Chicago: SPSS Inc. Qualitative data were described using
numbers and percentages. For non-normally distributed
data, the median (the middle number between the lowest
and highest values) was used to define the data. For
normally distributed data, the mean+SD was used after
the Kolmogorov-Smirnov test was used to check for
normality. The significance of the obtained results was
judged at the (<0.05) level. Chi-Square, Fischer exact test,
and Monte Carlo tests were used to compare qualitative
data between groups as appropriate. * Kaplan-Meier test:
utilized to calculate OS and DFS by utilizing log-rank
tests to detect the effect of predisposing factors affecting
survival. Cox regression was used to assess predictors of
survival with the calculation of the hazard ratio.

Results

Patients’ demograghic and clinicopathological



Table 1. Demographic and Clinicopathological
Characteristics Studied Cases
N=114 %

Age / years
Mean +SD 52.11+12.84
(Min-Max) (22-75)

<50 42 36.8

>50 72 63.2
Sex

Male 61 53.5

Female 53 46.5
Medical history 45 39.5
Family history 18 15.8
Type

Exophytic 74 64.9

Ulcerative 40 35.1
Tumor site

Left 51 44.7

Right 42 36.8

Rectum 21 18.4
Grade of differentiation

Poor 30 26.3

Moderate 75 65.8

Well 9 7.9
Histological type

Mucinous adenocarcinoma 18 15.8

Adenocarcinoma 96 84.2
Hepatic Mets

No 97 85.1

Yes 17 14.9
Depth of invasion

T2 15 132

T3 86 75.4

T4 13 11.4
lymph node

NO 68 59.6

N1 25 21.9

N2 21 18.5
TNM

1 12 10.5

I 56 49.1

11T 45 39.5

v 1 0.9
CEA

Low 66 57.9

High 48 42.1
CA19-9

Low 66 57.9

High 48 42.1
Musashi-2 score
Negative 9 7.9
Low (<4) 56 49.1
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Table 1. Continued

N=114 %
Musashi-2 score
High (>4) 49 43
CD163 score
Negative 10 8.8
Low(<4) 56 49.1
High (>4) 48 42.1

characteristics are described in Table 1.

According to the mentioned criteria for MSI2 and
CD163+TAM (Table 2): among 114 CRC cases, high
MSI2 expression was detected in 49/114 (43%) Figure 3.
High MSI 2 expression was significantly related to the
grade of differentiation (P =0.001%*), the depth of invasion
(P = 0.001%*), lymph node metastasis (P = 0.001%),
tumor TNM stage (P = 0.001%*), hepatic metastases (P
= 0.009*) and tumor marker (P = 0.001*) There were
no observed associations between MSI2 expression and
other clinicopathological parameters (Table 2). High
CD163+TAM expression was detected in 48/114 (42.1%)
Figure 4 showed a significant correlation the grade of
differentiation (P = 0.001%*), the depth of invasion (P =
0.05%*), lymph node metastasis (P = 0.001*), tumor TNM
stage (P = 0.001*), and hepatic metastasis (P = 0.007*)
and tumor marker (P = 0.001*) There were no observed
associations between CD/63 expression and other
clinicopathological parameters (Table 2).

Univariate analysis and Cox regression showed
statistically significant relationship between OS and
grade of differentiation (P=0.023%*), hepatic metastasis
(P=0.006*), Lymph node invasion (P=0.009*), TNM
staging (P=0.001%*), CEA level (P=0.02) and CA19-9 level
(P=0.019), Table 3. Univariate analysis and Cox regression
showed statistically significant relationship between DFS
and grade of differentiation of tumor (P=0.03*), Lymph
node invasion (P=0.032*), CEA level (P=0.016*), CA19-9
level (P=0.02%), Table 3.

Multivariate analysis spotted MS72 high expression as
an independent prognostic predictor for DFS (Figure 1A,
P = 0.008*) and OS in CRC (Figure 2A, P = 0.015%).
Multivariate analysis spotted CD/63+TAM high
expression as an independent prognostic predictor for
DFS (Figure 1B, P=10.003*) and OS in CRC (Figure 2B,
P=0.037%).

Discussion

Colorectal cancer (CRC), one of the most common
human malignancies, accounts about 10% of cancer
mortality and incidence worldwide [19]. Despite the
significant advances in the diagnosis of CRC, the survival
rate decreases for patients diagnosed with metastatic and
regional disease. The reported overall median survival
time of CRC is only 1.1 years; therefore, understanding
about biological factors with impact on CRC is very
important [20]. MSI2 protein regulates cancer invasion,
metastasis and development of more aggressive cancer
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Table 2. Correlation between Musashi-2, CD163+TAM with Clinicopathological Findings among Studied Cases

Musashi 2 CD163+TAM
Negative Low High Test of Negative Low High Test of
N=9(%) expression expression significance N=10(%) expression  expression significance
N=56(%) N=49 (%) N=56(%) N=48(%)
Age / years
<50 1(11.1) 22 (39.3) 19 (38.8) ¥=2.78 5(50) 16 (28.6) 21 (43.8) 1=3.38
>50 8(88.9) 34 (60.7) 30 (61.2) P=0.249 5(50) 40 (71.4) 27 (56.2) P=0.185
Sex
Male 5(55.6) 33 (58.9) 23 (46.9) =1.53 4 (40) 33 (58.9) 24 (50) 1=1.63
Female 4(44.4) 23 (41.1) 26 (53.1) P=0.466 6 (60) 23 (41.1) 24 (50) P=0.442
Medical history 2(22.2) 22 (39.3) 21 (42.9) =136 4 (40) 23 (41.1) 18 (37.5) %*=0.139
P=0.507 P=0.933
Family history 1(11.1) 7(12.5) 10 (20.4) =139 3(30) 9 (16.1) 6(12.5) =191
P=0.499 P=0.384
Type
Exophytic 5(55.6) 36 (64.3) 33 (67.3) 1*=0.483 9 (90) 35(62.5) 30 (62.5) ¥=3.03
Ulcerative 4 (44.4) 20 (35.7) 16 (32.7) P=0.785 1(10) 21(37.5) 18 (37.5) P=0.220
Tumor site
Left 3(33.3) 27 (48.2) 21 (42.9) =436 5(50) 25 (44.6) 21 (43.8) =130
Right 3(33.3) 17 (30.4) 22 (44.9) P=0.359 3(30) 19 (33.9) 20 (41.7) P=0.861
Rectum 3(33.3) 12 (21.4) 6(12.2) 2 (20) 12 (21.4) 7 (14.6)
Grade of differentiation
Poor 0 5(8.9) 25 (51.0) 1=29.84 0 3(5.4) 27 (56.2) ¥*MC=41.6
Moderate 7(77.8) 45 (80.4) 23 (46.90 P=0.001* 8 (80) 46 (82.1) 21 (43.8) P=0.001*
Well 2(22.2) 6(10.7) 1(2.0) 2 (20) 7(12.5) 0
Histological type
Mucinous adenocarcinoma 0 6 (10.7) 12 (24.5) 1=5.56 1(10) 6 (10.7) 11 (22.9) ¥=3.17
Adenocarcinoma 9 (100) 50 (89.3) 37 (75.5) P=0.062 9 (900 50 (89.3) 37 (77.1) P=0.205
hepatic Mets
No 9 (100) 52(92.9) 36 (73.5) ¥*MC=9.45 10 (100) 52(92.9) 35(72.9) ¥*MC=10.02
Yes 0 4(7.1) 13 (26.5) P=0.009* 0 4(7.1) 13 (27.1) P=0.007*
Depth of invasion
T2 5(55.6) 9 (16.1) 1(2.0) ¥*MC=20.28 2 (20) 11 (19.6) 2(4.20 ¥*MC=9.48
T3 4(44.4) 41(73.2) 41 (83.7) P=0.001* 8 (80) 41(73.2) 37(77.1) P=0.05*
T4 0 6(10.7) 7(14.3) 0 4(7.1) 9(18.8)
Lymph node
NO 8(88.9) 45 (80.4) 15 (30.6) ¥*MC=30.79 10 (100) 48 (85.7) 10 (20.8) ¥*MC=53.67
N1 1(11.1) 5(8.9) 19 (38.8) P=0.001* 0 6(10.7) 19 (39.6) P=0.001*
N2 0 6(10.7) 15 (30.6) 0 2 (3.6) 19 (39.6)
TNM
1 4 (44.4) 7(12.5) 1(2.0) ¥MC=32.7 2 (20) 10 (17.9) 0 ¥*MC=43.63
I 4 (44.4) 36 (64.3) 16 (32.7) P=0.001* 6 (60) 38 (67.9) 12 (25.0) P=0.001*
111 1(11.1) 13 (23.2) 31(63.3) 2 (20) 8(14.3) 35(72.9)
v 0 0 1(2.0) 0 0 1(2.1)
CEA
Low 9 (100) 39 (69.6) 18 (36.7) =18.72 9 (90) 44 (78.6) 13 (27.1) 1=32.74
High 0 17 (30.4) 31(63.3) P=0.001* 1(10) 12 (21.4) 35(72.9) P=0.001*
CA19-9
low 9 (100) 42 (75) 10 (20.4) 1=38.79 10 (100) 46 (82.1) 5(10.4) 1=62.98
high 0 14 (25) 39 (79.6) P=0.001* 0 10 (17.9) 43 (89.6) P=0.001*
CD163
Negative 1(11.1) 9 (16.1) 0
Low 8(88.9) 35(62.5) 13 (26.5) ¥MC=38.71
High 0 12 (21.4) 36 (73.5) P=0.001*

1>, Chi-Square test; P, Probability value; *, statistically significant (P<0.05).
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Figure 1. Kaplan-Miere Curve Showing Effect of MSI2 Score (A) and CD163 score(B) on disease free survival of

studied cases

phenotypes, including drug resistance [21].

Tumor associated macrophages are one of the most
dynamic cells in CRC that are associated with cancer
development. The function of macrophages depends
on with its phenotype and tumor type. M1 is related to
the early stage of the tumor that induce inflammatory
response and phagocytosis, while M2 polarization inhibits
antitumor immune response. In most human cancers, a
large number of TAM are significantly related to poor
disease prognosis [22].

CD163+TAM 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 [23].

We aimed to identify the biomarkers that are most
relevant to the prognosis of CRC, so we evaluated
immunohistochemical expression of Musashi-2 and

CD163+TAM and its effect on clinical characteristics
and tumor staging as useful biomarkers for prognosis and
aggressiveness of colorectal cancer.

We found that Musashi-2 has positive correlation with
grade of differentiation of tumor, lymph node invasion,
hepatic metastasis and TNM staging, in colorectal cancer
patients. In agreement to that Huang et al. [24] documented
that MSI2 has been implicated in cancer progression,
particularly in the regulation of cell proliferation,
metastasis, migration and invasion in pancreatic cancer.

Univariate and multivariate analysis showed that
MSI2 is consider predictor for poor OS and DFS, which
was similar to Kharin et al. [25] results who stated that
MSI2 expression is elevated during CRC progression, and
associated with poor prognosis. Depletion of MSI2 reduces
CRC cell growth. Additionally, He found that elevated
expression of MSI2 is associated with pre-cancerous
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Table 3. Univariate and Multivariate Analysis for Predictors of Both DFS &OS among Studied Cases

Disease Free Survival

Overall Survival

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

DFS DFS (6N (6N
Median DFS HR B HR Median OS P value B HR
(95%CT) (95%CI) (95%CT) (95%CT) (95%CI)
Age / years
<50 25 (19.56-30.4) R 31.68 (29.57-33.80) R
>50 24 (19.39-28.61)  0.995 (0.630-1.57) 32.23(30.41-34.04) 0.842 (0.428-1.66)
Sex
Male 24 (21.13-26.87) R 32.16 (30.36-33.95) R
Female 25(18.75-31.24)  0.955 (0.617-1.48) 31.88 (29.74-34.03) 0.824 (0.430-1.58)
Medical history
No 26 (21.94-30.06) R 31.81 (30.06-33.56) R
Yes 22 (19.26-24.74) 1.23(0.79-1.91) 32.36 (30.11-34.61) 0.873 (0.441-1.72)
Family history
-ve 24 (21.12-26.88) R 31.96 (30.47-33.44) R
+ve 25(20.01-29.99)  0.891(0.491-1.62) 32.38 (28.59-36.18) 0.740 (0.287-1.91)
Type
Exophytic 25(21.26-28.74) R 32.69 (31.3-34.09) R
Ulcerative 24 (17.83-30.17) 1.16(0.741-1.82) 30.78 (27.84-33.72) 1.32 (0.685-2.53)
Tumor site
Left 28 (24.5-31.49) R 31.66 (29.17-34.15) R
Right 20 (16.04-23.96) 1.56(0.964-2.51) 31.76 (29.87-33.64) 1.61 (0.79-3.23)
Rectum 26 (20.39-1.61) 1.08(0.596-1.96) 33.47 (31.18-35.76) 0.963 (0.370-2.51)
Grade of differentiation
Poor 12 (11.11-12.88) 5.08(2.08-12.42) 1.1 3.01(1.12-8.14)  24.17 (20.78-27.55) 18.18 (2.45-135.13) 2.42 11.31 (1.4-91.27)
Moderate 30(27.45-32.55) 1.12(0.482-2.63) 0.175 1.19(0.498-2.85) 34.77 (33.83-35.69) 1.14 (0.145-9.01) 0.461 1.58 (0.197-12.78)
Well 30 (28.61-31.38) R R 35.44 (34.42-36.47) R R
Histological type
Mucinous adenocarcinoma 19 (16.92-21.08) 1.89(1.11-3.25) 0.008 1.01(0.529-1.92)  31.76 (29.51-34.02) 1.96 (0.951-4.05)

Adenocarcinoma

25 (21.16-28.84)

R

R

32.08 (30.48-33.67)

R

Dalia Mohamed Hemeda et al

B, regression coefficient; R, reference group; Kaplan-Meier test, used to calculate OS and DFS to detect effect of risk factors on survival. Cox regression was used to assess predictors of survival with calculation of Hazard
ratio
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Table 3. Continued

Disease Free Survival Overall Survival

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
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DFS DFS (ON] oS
Median DFS HR B HR Median OS P value B HR
(95%CI) (95%CI) (95%CT) (95%CI) (95%CTI)

Hepatic Mets

No 25(21.14-28.86) R 32.36 (30.85-33.88) R R

Yes 20 (11.93-28.07) 1.53 (0.87-2.68) 30.08 (26.82-33.34) 2.70 (1.34-5.45) 0.994 2.70 (1.34-5.45)
Depth of invasion

T2 29 (24-33) R R 35.60 (34.84-36.36) R

T3 24 (19-28) 2.16 (0.993-4.72) 0.439 1.55(0.695-3.46)  31.76 (30.19-33.34) 6.40 (0.874-46.91)

T4 22(13.9-30.02) 3.29(1.27-8.52) 0.736 2.09 (0.763-5.71)  29.64 (23.96-35.32) 8.83 (1.06-73.36)
LN

NO 30 (28.22-31.78) R R 35.33 (34.42-36.25) R 2.43 R

N1 20 (15.10-24.89) 2.75 (1.66-4.56) 1.06 2.88(1.09-7.58)  28.48 (25.04-31.92) 15.12 (5.01-45.68) 2.48 11.39 (2.08-62.53)

N2 12 (11.39-12.61) 4.18 (2.41-7.27) 1.23 3.44 (1.19-9.96)  25.57(21.81-29.33) 28.29 (9.53-83.97) 11.98 (1.86-77.12)
TNM

I-11 29 (26.06-31.94) R R 35.07 (34.09-36.05) R 25 R

aI-1v 18 (11.35-24.65) 2.55(1.65-3.92) 0.387 1.47 (0.596-3.64)  27.53 (24.91-30.14) 12.2 (5.08-29.33) 12.20 (5.08-29.33)
CEA

Low 30(27.15-32.85) R R 34.79 (33.68-35.92) R 0.937 R

High 17 (11.34-22.66) 2.84 (1.83-4.38) 0.627 1.87(1.12-3.12)  28.22(25.68-30.76) 7.30 (3.34-15.98) 2.55(1.15-5.69)
CA19-9

Low 30 (29.24-30.76) R R 35.96 (35.89-36.03) R R

High 16 (9.75-22.24) 3.58(2.28-5.6) 0.853 2.12(1.11-4.05)  27.49 (25.03-29.96) 68.86 (9.42-503.37) 2.45 11.63 (1.49-90.80)
CD163 2.59 (1.06-6.35)

Low 29 (25.94-32.06) R R 35.80 (35.53-36.07) R 0.954

High 14 (10.61-17.39) 4.45(1.07-18.51) 0.805 2.24(1.32-3.80)  26.78 (24.16-29.42) 35.68 (8.55-148.87)
MSI-2

Low 30.0 (28.39-31.60) R R 34.66 (323.36-35.96) R 1.86 R

High 18 (11.14-24.86) 2.88 (1.142-7.26) 0.972 2.64 (1.637-4.16)  28..27 (25.78-30.77) 3.67 (2.55-18.87) 6.4 (1.44-28.40)

B, regression coefficient; R, reference group; Kaplan-Meier test, used to calculate OS and DFS to detect effect of risk factors on survival. Cox regression was used to assess predictors of survival with calculation of Hazard
ratio
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cases

tubulovillous adenoma in the colonic mucosa, suggesting
it is an early event in transformation. In agreement to that,
Kharin et al. [8] found that high levels of MSI2 in primary
tumors were associated with shorter PFS regardless of
tumor stage. Elevated MSI2 expression in liver metastasis
linked to both poor PFS and OS.

In addition, Zong et al. [15] investigated the prognostic
values of MSI-2 expression in CRC patients in the group
combining stage I, II, III, and IV patients, revealed that
the OS of CRC patients with MSI-2 high expression was
significantly poorer than those patients with MSI-2 low
expression.

The correlation between the overexpression of MSI2

and the progression and poor prognosis of patients with
other solid tumors studied by Liu et al. [16] who identified
that high MSI2 expression was predictive of poor overall
survival in patients with early stage cervical cancer. Also,
Topchu et al. [6] stated a significant role for MSI2 in the
processes of carcinogenesis and the progression of the
NSCLC. High expression of MSI2 in late-stage tumors and
its correlation with decrease in patient survival suggest
a higher aggressiveness of the disease in this subset of
patients. Measuring MSI2 protein expression in primary
NSCLC tumors can be used as a novel potential prognostic
biomarker in NSCLC patients.

Therefore, Zong et al. [15] stated that the patients with

N-)

8

S

Figure 3. IHC of Musachi-2 in Different Cases of CRC. Negative expression (A), low Musachi expression (B). High
Musachi expression (C, D). (Original magnification: A, D 200x; B, C 400x).
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Figure 4. IHC of CDI63 in Different Cases of CRC. Negative expression (A), low CD163 expression (B). High
CD163 expression (C, D). (Original magnification: A, B 400x; C, D 200x).

MSI2 high expression might require strict surveillance or
adjuvant chemotherapy. Furthermore Liu et al. [26] Study
which showed that the MSI2 promote the development
of CRC, so MSI2 maybe a therapeutic target in CRC. In
contrast to us, Emadi-Baygi et al. [27] demonstrated that
the expression of MSI2 mRNA was decreased in grade
II compared with grade I gastric cancer tissue; however,
MSI2 mRNA expression did not differ significantly
between tumor and non tumor tissues and between
different tumor types in gastric cancer.

We found that CD163+TAM has positive correlation
with grade of differentiation of tumor, lymph node
invasion, hepatic metastasis, TNM staging, CEA level,
CA19-9 level in colorectal cancer patients. This also came
hand in hand with the study of Ma et al. [ 13] that proposed
CD163+TAM could be regarded as a biomarker for tumor
progression and clinical outcomes in CRC, where a low
expression may be seen in the early stages of development,
and high expression may suggest invasion, metastasis, and
alow survival rate. Up-regulated CD163+TAM expression
seemed to be a negative prognostic factor for CRC based
on the Cox analysis.

Contrary to us, Rey and his colleagues, [28] had proved
that there was no relation between CD163 expression and
both histological grade and TNM staging in contrast to
our study which found statistically significant relation
between CD163 expression and both grade and stage of
cancer this may be due to different ethnicity and including
patient received neuadjuvant chemotherapy.

In our study, Univariate and multivariate analysis
showed that higher CD163+TAM score is considered as a
predictor for poor OS and DFS, this is in agreement with
Xue et al. [29] who found that infiltration of CD/63+
TAMs in CRC tissues was an independent risk factor
for the prognosis of CRC patients, and high-level TAM
infiltration in CRC tissues was associated with poorer
OS and DFS.

Similarly, Kou et al. [30] proved that the high
expression of CD163 and CD133+TAM in combination
were positively associated with poor prognosis in
patients with CRC. Similar to our results on CRC, Yang
et al. [31] found that increased CD163+ TAMs in tumor
stroma in breast cancer were correlated with unfavorable
clinicopathological factors, and worse DFS and OS.

Also, Meisel et al. [32] worked on CD163+TAM
related spatial matrix in breast cancer, discovered that
the proximity of and the number of CD/63+ TAM cells
may be seen as separate predictive factors for the cancer
prognosis. According to Wei et al. [33] increasing CD 163+
TAM infiltration at the invasive front of the tumor is
significantly related to the poor prognosis of CRC patients
and may play a role in promoting the spread and invasion
of CRC.

However, a meta-analysis by li et al. [34] showed that
high density of TAMs in CRC tissue was significantly
associated with favorable 5-year OS but not with DFS.
This may be related to the different population and
having received chemotherapy before surgery. In contrary
to CRC, Zeiner et al. [35] showed that an increased
number of CD163-positive glioma-associated microglia/
macrophages in the tumor core was related to better
survival, However, the study used transcriptome analysis,
while we used immunohistochemistry to examine the
expressions.

Therefore, both MSI2 and CD163+TAM could be
considered a prognostic factors and later on may be a
promising therapeutic targets in the CRC. Our study
had some limitations as it was single center study and it
did not include the type of adjuvant chemotherapy the
patients received, which may affect their outcome. So we
recommend further multicenter studies including larger
number of patients and different ethnicities for longer
follow up period.

In conclusion, this study suggests that MSI2 and
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CD163+TAM are independent prognostic factors for the
overall survival and disease free survival and can predict
poor prognosis in CRC patients.
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