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Introduction:-

Colorectal cancer (CRC) is one of the most common visceral malignancies (1). And it is the fourth most common
cause of all cancer deaths (2).The tumorigenesis of CRC is one of the most studied tumor development in the world.
But with no clear etiology, or pathogenesis as in other malignancies (3).

Despite the increased knowledge and better understanding of cancer, the exact origin still not oblivious (4) Tumor-
initiating cells or cancer stem cells (CSCs) are present in small population of cells of many tumors; they are
responsible for tumor progression, metastasis, and chemo-radiation treatment resistance.

This new CSC model has given a new outlook on the cancer origin and tumor populations constitution by the
development of the heterogeneous hierarchy, shifting to a novel pattern that inspires new strategies to fight cancer

(5).

Many CSCs of surface markers are expressed in CRC, including CD133 (6), ALDHL1(7), the epithelial specific
antigens CD326, CD44, and CD166 (8).

The trans-membrane glycoprotein molecule, CD133 which has a molecular weight of 120 kDa on chromosome
4p15.32, is considered as a promising cell surface marker (9), Giving cancer cells the ability to self-renew, retain
tumorigenicity, and post- treatment tumor regeneration (10).

CD44is a hyaluronic acid receptor cell adhesion molecule, which is involved in cell growth, differentiation and
survival. CD44 plays a major role in cancer cell migration as it is associated with tumor initiation and colony
formation, as well as lymph node infiltration, stage, and prognosis (11). CD44+ sorted CRC cells displayed high
tumorigenicity, especially if combined with CD133+ cells, whereas CD44- cells could not form new tumors (12).

The host immune system is a microenvironmental factor that alters tumor development (13). A recent concern clears
the link between cancer and inflammation (14). Survival can be positively influenced by tumors Inflammatory
reactions (15) or alternatively can be associated with development of metastases and disease progression (16).

The most plentiful immune population in the tumor microenvironment are macrophages (17). The tumor associated
macrophages (TAMS) role in colorectal cancer tumorogenesis is complex, because they can both promote and
prevent tumor development (18). Mast cells are progeny of CD34+ hematopoietic stem cells involved in
hypersensitivity reactions (19). Some studies proved that MC plays an important role in innate and adaptive
immunity, intervening mainly in inflammatory processes and angiogenesis (20), closely inter linked processes, and
also related to development and progression of the tumor (21).

The idea that CRC pathogenesis might be induced by transformed CSCs was approved by several studies. CSCs
have the ability to self-renew and to unusually differentiate, associating also the interaction between the
microenvironment and Co-CSCs (22- 23).

We aimed by this work to examine the possible significance of CSCs and the inflammatory microenvironment in
CRC using immunohistochemistry. So we selected two putative cancer stem cell markers; CD44 and CD133 and
two inflammatory microenvironment members; TAMs and mast cells to compare their immunohistochemical
expression in primary CRC with and without metastases.

Materials and Methods:-

Study Design:-

A study, with 60 cases of radical resection specimens of CRC, collected as fresh samples and paraffin blocks from
archives of Pathology Department, Faculty of Medicine, Cairo University and a private laboratory, during the time
period between January 2015 and May 2016. Complete clinicopathological data of all cases were collected from the
pathology reports, including age, sex, site, size, tumor type ,vascular emboli, lymphatic invasion, and perineural
invasion, and grade.

Radiological work up was done also to assess the stage including TNM (according to American Joint Committee,
2010) and Duke's staging systems. Cases lacking proper data were excluded. The evaluation of
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immunohistochemical staining results was carried out blindly by three different pathologists (the researchers).
Institutional review board approval was obtained before the collection of data.

Histopathology and Immunohistochemistry:-

Formalin-fixed paraffin embedded sections from each tumor tissue block were cut at 3-5 micron thickness. One
section was mounted on a glass slide then stained with routine Haematoxylin and Eosin stain (H&E) for
histopathological re-evaluation. The other four sections were mounted on positive charged slides then
immunostained with anti CD133 antibody, anti CD 44 antibody, anti CD68 antibody(for detection of TAM's), and
anti CD117 antibody (for detection of mast cells).

133immunostaining:-

For an immunohistochemical analysis of the CD 133 protein, 4 um sections were de-waxed and rehydrated, and
antigen retrieval was performed by microwave heating for 15 min in a 10mM citrate buffer at pH 6.0. Next, the
sections were reacted with rabbit monoclonal antibody against the human CD133 proteins (1:100 dilution; clone
C24B9, Cell Signaling Technology, Danvers, MA, USA). Later on, a standard rapid En Vision technique (REAL™
EnVision™ Detection System, Peroxidase/DAB+, Rabbit/Mouse, Code K5007, Dako, Denmark) Sections on
adhesion microscope slides were deparaffinized using xylene then rehydrated with distilled water.To reduce
nonspecific background staining due to endogenous peroxidase, the slides were incubated in hydrogen peroxide for
5 minutes then washed in buffer 2 time. For more blockage of nonspecific background staining the slides were
incubated in super block for 10 minutes then washed in buffer 1 time. Then tissue sections were boiled in 10 mM
citrate buffer (Lab Vision Corporation. USA) for 20 minutes followed by cooling in room temperature for 20
minutes. Primary antibody was applied and incubated for 30 minutes at room temperature then washed in buffer 4
times. EconoTekbiotinylated Anti-polyvalent was applied and incubated for 30 minutes at room temperature then
washed in buffer 4 times. EconoTek HRP was applied and incubated for 30 minutes at room temperature then rinse
in buffer 4 times. DAB was prepared by adding 4 drops (200 ul) DAB chromogen to DAB substrate (5 ml.) then
applied to tissue sections and incubated for 10 minutes. Finally counter stained in hematoxylin for 3 minutes.

CD 44 immunostaining:-

Paraffin section from each case was processed for immunostaining using CD44 Std. / HCAM AB-4 (0.7 ml. of
antibody prediluted 0.05 mol/L Tris-HCI, pH 7.6 containing stabilizing protein and 0.015 mol/L sodium azide —
Thermo Fisher Scientific. UK) and EconoTek HRP Anti-Polyvalent (DAP) ready-to use (ScyTek Laboratories inc.
USA) detection system. The steps of processing were performed as before.

CD117 immunostaining:-

Same initial steps were performed. The sections then were reacted with rabbit polyclonal antibody for CD117
diluted at 1: 100 for 60 min at room temperature, and then were subsequently stained by the universal immuno-
peroxidase polymer method, according to the protocol provided by the manufacturer. Positive reactions were
visualized with diaminobenzidine, followed by counterstaining with haematoxylin. Mast cells were delineated by
CD117 immunostaining.

CD 68 immunostaining:-

The same steps for processing were undergone. Reagent provided was Ready-to-use monoclonal mouse antibody
provided in liquid form in a buffer containing stabilizing protein and 0.015 mol/L sodium azide, Clone: KP1,
Isotype: 1gG1, kappa. Immunogen was lysosomal fraction of human lung macrophages.

For each marker used a positive control was used and the primary antibodies were omitted in the case of negative
controls.

Interpretation of Immunohistochemistry:-

CD 133immunostaining interpretation:-

The whole sections were screened for CD133 expression and cases were segregated as, CD133 negative if absent
expression or less than 10% of tumor surface area, and CD133 positive (cytoplasmic and/or membranous
immunoreactivity) if CD133 staining was detected in more than 10% of the entire tumor area (24).
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CD 44 immunostaining interpretation:-

CD44 stained sections were examined at high power for immunohistochemical expression and were divided into
negative (no immunoreactivity in any cells) and positive (cytoplasmic and/or membranous immunoreactivity
present) (25).

CD68 immunostaining interpretation:-

The immunochistochemical CD68 was used to detect TAMs in peritumoralstroma then three areas with high density
of macrophages were selected with low power within or around tumor nests. Counting of macrophages was
performed by using a magnification of x 200 field (x 20 objective and x 10 ocular pieces)(26). They were classified
as O=negative, positive ones into 1= infiltration with mild intensity (< 5/ 10 HPF), 2 = infiltration with moderate
intensity (5-10/10 HPF), and 3 =infiltration with marked intensity (>10/ 10 HPF).

CD117 immunostaining interpretation:-

The scoring systems available, as that applied by (27), unfortunately classified the results into 0=no mast cells/
1=positive for mast cells. For more accuracy, we made a modification where we regarded the positive ones into 1=
infiltration with mild intensity (< 5/ 10 HPF), 2 = infiltration with moderate intensity (5-10/10 HPF), and 3
=infiltration with marked intensity (>10/10 HPF).

We evaluated the relationship between the markers expression and the available clinicopathological features of the
patients and also the relationship between the markers themselves.

Statistical Analysis:-

Computer software package Statistical Package for Social Sciences (SPSS) vs. 21 was used in the analysis. The
significance of the results were assessed by determining the probability factor "P" wvalue. A P value of less
than 0.05 was considered statistically significant. The numerical data were statistically presented in terms of range,
mean, standard deviation and median. Categorical data were summarized as percentages. Comparison between more
than two groups of means was done using a non parametric test equivalent to analysis of variances (Anova test).The
relation between variables was done using the pearson chi-square test, independent T test, Two way Anova, Yates'
correction of Chi-square test and Fisher's exact test for small sample size.

Results:-

The baseline characteristics of the 60 patients of this retrospective study showed that , ages ranged from 25 to 78
years with mean age (53.78+ 11.06) years, there was female preponderance (24 male and 36 female patients) with a
male to female ratio of 2:3. The lesions were colonic in 43 cases (71.7%) and rectal in 17 cases (28.3%). As regard
the histological type of colonic cancer, 42 cases (70%) were classified as invasive adenocarcinoma, 16 cases
(26.7%) were classified as invasive mucinous carcinoma and 2 cases (3.3%) as undifferentiated carcinoma. The
histological grade was Il in 52 (86.7%) of cases and Il in 8 (13.3%) cases. As regards the tumor stage (T stage), 8
(13.3%) cases presented with T2, 40 (66.7%) cases presented with T3, 6 (10%) cases presented with T4a and 6
(10%) casespresented with T4b. The tumor size ranged from 3 to 17 cm with a median of 6.75 cm. Lymph nodes in
26 (43.3%) cases had no metastatic deposits NO while in 34 (56.7%) of cases had lymph node metastasis. 10
(16.7%) cases presented with N1a, 14 (23.3%) presented with N2a while 10 (16.7%) cases presented with N2b. 42
cases (70%) showed no distant metastasis and 18 cases (30%) presented distant metastasis. 6 cases (10%) presented
with Mla and 12 cases (20%) presented with M1b. As regards Duke's stage, 6 cases (10%) presented with Duke's
B1, 18 cases (30%) as B2, 16 cases (26.7%) as C2 and 20 cases (33.3%) as D.

Stem cell markers:-

The expression of CD133 was negative in 37 (61.7%) cases (Figure 1) and positive in 23 (38.3%) cases (Figure 1),
while the expression of CD44 was negative in 33 (55%) and positive in 27 (45%) cases (Figure 2). The expression
of both CD133 and CD44 was positive in only 15 cases and both were negative in 25 cases.

The relation of the immunohistochemical expression of both CSC markers to different clinicopathological features
of the cases was summarized in table (1).

The only statistically significant relation for CD133 expression and the different clinicopathological features used
was for the (T) status of the tumor (P=0.012), while CD44 expression was significantly related to only both tumor
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size (P=0.006) and Dukes classification (P=0.019). The positivity of both markers was only significantly related to
metastasis (M) (P=0.023; Table 1).
Table 1:- Relation between CD133 and CD44 expressions in CRC and the clinicopathological factors.

Variable CD133 expression P- CD44 expression P- CD133/44 P-
-ve +ve value -ve +ve value -ve for | +vefor | value
N=37 N=23 N=33 N=27 one or both
both N=15
N=45

Age (yr)
<60 31 21 0.405 | 29 23 0.76 | 39 13 1
>60 6 2 4 4 6 2
Tumor site
Colon 27 16 0.776 | 23 20 0.708 | 35 8 0.069
Rectum 10 7 10 7 10 7
Tumor size
(cm)
<5 9 9 0224 |5 13 0.006 | 11 7 0.104
>5 28 14 28 14 34 8
T 0.012
2 6 2 2 6 6 2 0.902
3 27 13 25 15 0.152 | 31 9
4a 0 6 4 2 4 2
4b 4 2 2 4 4 2
N 0.631
0 15 11 11 15 19 7
la 6 4 4 6 0.084 |8 2 0.938
1b 0 0 0 0 0 0
2a 8 6 10 4 10 4
2b 8 2 8 2 8 2
M
0 27 15 0.319 | 25 17 35 7
la 2 4 2 4 0.448 |2 4 0.023
1b 8 4 6 6 8 4
Dukes
B1 6 0 0.187 |2 4 6 0
B2 9 9 9 9 0.019 | 13 4 0.179
C1 0 0 0 0 0 0
C2 10 6 14 2 14 3
D 12 8 8 12 12 8
Histo- grade 0.405
2 31 21 27 25 0.222 | 39 13 1
3 6 4 6 2 6 2
PNI 0.791
Absent 33 21 29 25 0.545 | 39 15 0.136
Present 4 2 4 2 6 0
LVI 0.791
Absent 33 21 29 25 0.545 | 41 13 0.619
Present 4 2 4 2 4 2

TNM: according to AJCC 2010
Histo-grade: Histologic grade

PNI: preineural invasion
LVI: lymphovascular invasion
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Table 2:- Relation between CD68 and CD117 expressions in CRC and the clinicopathological factors:

Variable CD68 expression | P-value | CD117 expression | P-value CD68/CD117
Oor 1+ | 2+or 3+ Oorl+ | 2+or3+ Oor 1+ | 2+, 3+
N=37 N=23 N=33 N=27 for one | for both P-

or both N=9 value
N=51

Age (yr)

<60 31 21 0.405 31 21 0.067 44 8 0.832

>60 6 2 2 6 7 1

Tumor Site

Colon 27 16 0.776 21 22 0.127 38 5 0.245

Rectum 10 7 12 5 13 4

Size(cm)

<5 7 11 0.018 13 5 0.079 15 3 0.813

>5 30 12 20 22 36 6

T

2 4 4 0.007 4 4 0.011 37 1 0.027

3 29 11 27 13 4 3

4a 4 2 0 6 3 2

4b 0 6 2 4 3

N

0 13 13 0.049 15 11 0.084 23 3 0.447

la 6 4 6 4 9 1

1b 0 0 0 0 0 0

2a 8 6 4 10 10 4

2b 10 0 8 2 9 1

M

0 23 19 0.095 29 13 0.003 39 3 0.034

la 6 0 2 4 4 2

1b 8 4 2 10 8 4

Dukes

Bl 2 4 0.115 4 2 0.001 6 0 0.120

B2 9 9 11 7 16 1

C1 0 0 0 0 0 0

C2 10 6 14 2 15 2

D 16 4 4 16 14 6

Histological

grade

2 33 19 0.466 29 23 0.760 46 6 0.056

3 4 4 4 4 5 3

PNI

Absent 35 19 0.132 29 25 0.545 45 9 0.278

Present 2 4 4 2 6 0

LVI

Absent 37 17 0.001 31 23 0.261 48 6 0.011

Present 0 6 2 4 3 3

TNM: according to AJCC 2010
Histo-grade: Histologic grade

PNI: preineural invasion

LVI: lymphovascular invasion
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Table 3:- Relation between the expressions of different used immunohistochemical markers

Other markers | CD133 expression P-value | CD44 expression P-value
-ve +ve -ve +ve
N=37 N=23 N=33 N=27
CD44 0.013
-ve 25 8
+ve 12 15
CD68
Oorl+ 23 14 0.92 25 12 0.013
2+ or 3+ 14 9 8 15
CD117
Oorl+ 25 8 0.013 21 12 0.137
2+ or 3+ 12 15 12 21

P value of less than 0.05 was considered statistically significant

g
byt
N ‘%ﬁ‘n

Figurel. Immunohistochemical staining of CD133 (A) negative staining (X100). (B) patchy staining of glandular

epithelium (XX100).
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Figure 2:- Immunohistochemical staining of CD44 showing cyt
(X100)
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Flgure 4 - Immunohlstochemlcal expressmn of CD117 demonstrates promlnent mast ceil condensatlon in
peritumoral stroma (X100)

Inflammatory markers:-

As regards CD68 expression, 16 (26.7%) cases were negative for CD68 while 44 (73.3%) cases were positive; 22
cases (36.7%) showed infiltration with mild intensity, 6 cases (10%) showed infiltration with moderate intensity
while 16 cases (26.7%) showed infiltration with strong intensity (Figure 3). While in CD117 expression, 12 cases
(20%) were negative and 48 cases (80%) were positive; 21 cases (35%) showed infiltration with mild intensity, 17
cases (28.3%) showed infiltration with moderate intensity and 10 cases (16.7%) showed infiltration with strong
intensity (Figure 4), and for statistical purposes in both markers we grouped the negatively stained cases with the
cases of infiltration with mild intensity(37 cases for CD68 and 33 for CD117) and the cases with infiltration with
moderate intensity with that with strong intensity (23 cases for CD68 and 27 for CD117). 9 cases only showed
infiltration with moderate to marked intensity for both CD68 and CD117 and only 4 cases that were negative for
both.

The relation of the immunohistochemical expression of both inflammatory markers to different clinic pathological
features of the cases was summarized in (Table 2).

The expression of CD68 was statistically significant only in relation to the tumor size (P=0.018), the T (P=0.007)
and the N (P=0.049) status of the tumor. The expression of CD117 was also significantly related to the T status of
the tumor (P=0.011) and it was also significantly related to M status (P=0.003) and Dukes classification of the tumor
(P=0.001). The CRC cases with infiltration of moderate and strong intensity for both markers had a strongly
significant relation to only the T status (P=0.027), the metastasis (M) (P=0.034) and the presence of lymphovascular
invasion (P=0.011; Table 2).

Finally, regarding the relation between all used immunohistochemical markers, the expression of CD133 was
significantly related to that of CD44 (P=0.013) and to that of CD117 (P=0.013) but was not related to the expression
of CD68 (P=0.92). CD44 expression was significantly related to CD68 expression (P=0.013) but not related to the
expression of CD117 (P=0.137; Table 3).
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Discussion:-

Colorectal cancer prevalence is still on the rise in the developing countries due to the ageing population associated
with a low in fruit and vegetables and high red meat, fat and processed food diet, despite of intense studies involving
CRC, still there is treatment resistance, poor disease relapse and survival (28).

It is widely accepted that Cancer stem cells (CSCs) constitute a biologically unique subset of stem like cells within
the tumor cell population bulk and contribute in CRC cancer stem cells tumor development (23).

CD133 and CD44 are main markers that have been associated with Co-CSCs. An important matter explains which
of these markers has the important influence on patient prognosis (28).

CD133+ CRC cells are more tumorigenic than CD133 negative ones (29). In our study CD 133 expression was
negative in 37 (61.7%) cases and positive in 23 (38.3%) cases, the percentage is near that of revised previous studies
(30, 31). A number of studies have demonstrated that CD133expression in CRC was correlated with recurrence,
metastasis, chemotherapy resistance and survival (32). However the immunohistochemical analysis of
CD133expression and its relevance to clinical and pathological features of CRC depends on sample type and size
(33).1n our work the only statistically significant relation for CD133 expression and the different clinicopathological
features used was for the (T) status of the tumor (P=0.012) which represents mostly the depth of invasion of the
primary CRC. This significant relation was found by other previous works (30- 31, 34).

Because CSCs in CRC cannot be identified by CD133 expression alone (34) we determined also in our study the
expression of CD44.The expression of CD44 was negative in 33 (55%) and positive in 27 (45%) cases. In a previous
study CD44 was negative in 13.6% of the studied CRC cases and on reviewing the literature different percentages
for CRC positive CD44 expression and this may be due different ways of its interpretation. In our study CD44
expression was significantly related to only both tumor size (P=0.006) and Dukes classification (P=0.019) and there
was no relation between its expression and other used clinicopathological features. However a previous study
showed a significant correlation between CD44 staining and CRC differentiation, as well as tumor stage and tumor
site (35). It is obvious that there is controversy over the relationships between CD44 and CD133 expressions and the
prognosis for colorectal cancer patients (31).

The expression of both CD133 and CD44 was positive in only 15 cases and both were negative in 25 cases. In a
previous study CRC cells sorted for CD44+ displayed high tumorigenicity, especially in combination with CD133+
cells, whereas CD44- cells could not form new tumors (12). This goes with our results as we found that the
positivity of both markers in the same cases was significantly related to metastasis (P=0.023).

The importance of the tumor microenvironment in promoting cancer initiation and tumor growth has been
increasingly recognized over the past decade (36).The tumor microenvironment is characterized by chronic
inflammation, which, instead of inhibiting tumor growth, favors tumor formation by stimulating cell proliferation,
activating CSCs, and promoting metastasis (37). Leading the tumor inflammatory response are tumor associated
macrophages (TAMSs) (38).

Thirty seven cases (61.7%) of our study group were negatively stained or showed infiltration with mild intensity of
CD68 in TAMs and twenty three (38.3%) cases showed moderate or strong infiltration intensity. The expression of
CD68 was statistically significant in relation to the tumor size (P=0.018), the T (P=0.007) and the N (P=0.049)
status of the tumor.

In a previous study a significant correlations were found between CD68 concentration in CRC and both the age of
the patients and Dukes classification (39), however in another study low number of CD68-positive cells in CRC was
significantly associated with several adverse clinical and histological tumor characteristics as the presence of
metastases in local lymph nodes, distant metastases, advanced tumor stage, tumor cell invasion of blood, lymph
vessels or perineural invasion and higher histological types (40). A correlation between high numbers of TAMs and
rapid disease progression andpoor patient outcome has been observed for decades (41). So, TAMs-CSC cross talk
was proposed. However a balance between pro- and anti-tumorigenic properties of TAMs may depend on their
interaction with cancer cells, other stromal cells, and the tumor microenvironment (42) or be influenced by the
degree of cell-cell contact (15).
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Among the cells of the immune system, the best represented in the peritumoral inflammatory infiltrate in CRC are
macrophages and mast cells (43). In our study the expression of CD117 was negative or showed infiltration with
mild intensity in 33 cases (55%) and infiltration with moderate or strong intensity in 27 (45%) of CRC cases.

Some studies have assessed a potential correlation between mast cell infiltration and colon cancer progression and
poor prognosis (44- 45) while, other studies did not prove this role in CRC (46).

Our results showed that the expression of CD117 was significantly related to the T status of the tumor (P=0.011) and
it was also significantly related to M status (P=0.003) and Dukes classification of the tumor (P=0.001).

The CRC cases with infiltration of moderate and strong intensity for both CD68 and CD117 had a strongly
significant relation to only the T status (P=0.027), the metastasis (M) (P=0.034) and the presence of lymphovascular
invasion (P=0.011).

Finally we assessed the relation between different markers used and we found that the expression of CD133 was
significantly related to that of CD44 (P=0.013) and to that of CD117 (P=0.013) but was not related to the expression
of CD68 (P=0.92). CD44 expression was significantly related to CD68 expression (P=0.013) but not related to the
expression of CD117 (P=0.137).The significant relation we found between CSC markers and inflammatory markers
may refer to a possible cross-talk between them which needs a confirmation.

Collectively, regarding the significant relation found between our studied markers and the presence of metastasis,
we found this true for cases with dual expression of CD133 and CD44, cases with high concentration of CD117 and
cases with high concentration of both CD68 and CD117.

To the best of our Knowledge no previous work studied the relation between the concentration of both TAMs and
mast cells and clinicopathological features in patients with CRC or the relation between CSC and the inflammatory
microenvironment in cases of CRC except very recently in review article that suggests a stem-like niche composed
of numerous cell types, including macrophages, is important for promoting CSC self-renewal and maintenance, and
likewise, CSC-derived factors induce pro-tumor signals in TAMSs and that a complex cross talk occurs between these
two cell types (23).

Conclusion:-

The significant relations between our studied markers and the clinicopathological features of CRC may refer to a
role played by both CSCs (CD133 and CD44) and inflammatory microenvironment (TAMs and mast cells) in CRC
progression, particularly distant metastasis, also the significant relation we found between different studied markers
may also refer to a possible cross-talk between them which needs further studies for confirmation.
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