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Abstract: Background: LGR5 is one of the most important stem cell markers for colorectal cancer
(CRC), as it potentiates Wnt/B-catenin signaling. The well-characterized deregulation of Wnt/B-
catenin signaling that occurs during adenoma/carcinoma sequence in CRC renders LGR5 a hopeful
therapeutic target. We assessed the immunohistochemical expression of LGR5 and B-catenin in
normal colonic and tumorous lesions with a clinicopathological correlation. Methods: Tissue blocks
and clinical data of 50 selected cases were included: 8 from normal mucosa, 12 cases of adenoma, and
30 cases of CRC, where sections were cut and re-examined and the immunohistochemical technique
was conducted using anti-LGR5 and anti-B-catenin to measure the staining density. Results: There
was no expression of LGR5 in normal mucosa compared to samples of adenoma and CRC samples.
The association analysis showed that CRC specimens were more likely to have strong LGR5 and
B-catenin expressions than the other two groups (p = 0.048 and p < 0.001, respectively). Specimens
with high-grade dysplastic adenoma were more likely to express moderate-to-strong expression of
LGR5 and B-catenin (p = 0.013 and p = 0.036, respectively). In contrast, there were no statistically
significant associations between LGR5 and B-catenin expression with grade and stage. Conclusion:
These results suggest and support the possible role of LGR5 as a potential marker of cancer stem
cells in sporadic colorectal carcinogenesis in addition to a prognostic value for LGR5 and B-catenin in
adenomatous lesions according to immunohistochemical expression density. A potential therapeutic
role of LGR5 in CRC is suggested for future studies based on its role in pathogenesis.

Keywords: colorectal cancer; cancer stem cell; LGR5; B-catenin; immunohistochemistry

1. Introduction

Colorectal cancer is the most prevalent malignancy of the gastrointestinal tract (GIT)
and causes more than 610,000 deaths worldwide every year. It is the fourth most frequent
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cancer in Egypt, accounting for 4.35% of total malignancies and 15.87% of digestive system
tumors. In the USA, CRC is the third most prevalent cancer in males after prostate and
lung cancer and in females following breast and lung cancer [1–4].

The pathologist’s role in managing patients with CRC has expanded significantly from
traditional histomorphologists to clinical consultants for oncologists, gastroenterologists,
and colorectal surgeons with the rapid advancement of therapy in the era of personalized
medicine [5].

Despite the continuous advances in the diagnosis of both primary and metastatic
CRCs, the cure rates and the long-term survival in this common type of cancer are still
limited [6]. Colon and rectal carcinomas usually start with abnormal noncancerous growth
areas in the intestinal inner lining called colorectal polyps [7]. However, less than 10%
of colorectal polyps have been seen transformed into invasive cancer [8]. This transition
process occurs very slowly and gradually over 10 to 20 years or more with the increasing
size of the raised polyp [9]. Later, the malignant cells may start to invade the lymphatic
and muscular nodes before starting to spread to other organs such as liver, lungs, and
bone [10]. The American Joint Committee of Cancer classified colon and rectal carcinomas
into five stages; Stage 0 is characterized by abnormal colonic cells or polyps seen on the gut
mucosa and is 100% curable with a surgical resection upon accurate and early detection.
Resection of such polyps is also considered the treatment of choice for stages I–II and is
usually associated with a 5-year survival rate in 36 to 74% of patients [6]. Unfortunately, in
the advanced stages of CRC, the survival rate drops to 6% or less due to the high risk of
tumor recurrence and distant metastasis to various organs [11].

Therefore, early and accurate diagnosis of CRC is crucial for preventing advanced
stages and complications; however, this early diagnosis of CRC and colorectal polyps in
symptomatic patients still remains a problem [12,13]. Moreover, the diagnosis of CRC is
a complex process involving a typical sequence of events related to the initial consulting
physician, the patient, and the healthcare system. Understanding this process, particu-
larly the patient-related factors, including the genetic basis, is the first step in identifying
the avoidable factors and reducing the serious effects of diagnostic delay on the tumor
prognosis [13].

The carcinogenesis process of the CRC is a heterogeneous process of different sets of
molecular changes influenced by various factors like age, gender, diet, smoking, alcohol
intake, gastrointestinal microbiota, exposure to hazardous environmental agents, viral and
bacterial infections, as well as the host immunity (host’s ability to respond to the recognized
factors) [14,15]. In the last decade, some recent epidemiological studies have stated that
obesity and lifestyle choices influence not only the risk of CRC development but also the
morbidity and mortality which are associated with this cancer [16,17]. Immunosuppression
is involved in the oncogenicity of CRC and also in the processes associated with tumor
invasion and the metastasis of such carcinomas [18].

Genetic factors have been linked to the CRC carcinogenesis process, where the mu-
tations of specific genes such as the oncogenes, tumor suppressor genes, and the genes
involved in the deoxyribonucleic acid (DNA) repair process may lead to the initiation of
colonic and rectal carcinomas [19,20].

The presence of chemotherapy-resistant cancer stem cells (CSCs) is thought to be
one of the primary causes of tumor recurrence, which is a clinical nightmare and still a
controversial process. These CSCs resist therapy abuse and re-establish the development of
tumors subsequent to therapy action, so new and non-toxic cancer therapy that can lead to
lasting clinical remissions is urgently needed [21].

Several signaling pathways, most notably the Wnt/β-catenin pathway, play an im-
portant role in maintaining the growth and functional integrity of CSC as well as in tumor
initiation and growth. Therefore, a better understanding of the signaling mechanisms in
CSC will aid in the development of new strategies for the treatment of such tumors [22].
The deregulation of the Wnt/β-catenin signaling pathway that is constitutively activated
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by genetic mutations into adenomatous polyposis coli (APC), or more rarely, β-catenin is
an essential event to the early progression to CRC [23,24].

Most sporadic colorectal cancers are known to be initiated by activation mutations of
the APC or β-catenin gene in the Wnt pathway, which results in β-catenin accumulation
and constitutive transcriptional activation by the β-catenin/T-cell factor complex [25].

Leucine-rich, G-protein coupled receptor 5 (LGR5) is also a Wnt target gene, marking
normal stem cells in various tissues, including the small and large intestines. During ordi-
nary intestinal homeostasis, the expression of LGR5 is limited to the stem cell compartment
located at the crypt base [26]. This expression of LGR5 is lost by the progeny of stem cells,
as they migrate up through the amplifying zone of transit and undergo differentiation.
Many studies have shown that CRC tissues maintain stem cell/progenitor hierarchies and
LGR5 acts like CSC markers [27,28].

Research has further demonstrated that the LGR5 gene plays a role in the process
of tumor progression, most likely due to this mutational activation of the Wnt/β-catenin
pathway [29]. However, the expression of the immunohistochemical marker of LGR5 in
sporadic CRCs and its clinical-pathological significance as well as its correlation with the
expression of the β-catenin pathway in CRC are still not fully explored [30]. In this study,
we aimed to evaluate the immunohistochemical expression of stem cell marker LGR5 and
its co-expression with B-catenin in sporadic colorectal carcinoma versus adenomas and to
assess the correlation of their expression with the clinicopathological characters.

2. Materials and Methods

A cohort study was conducted on 50 selected cases of colorectal specimens (8 cases
from normal mucosa taken in separate blocks from normal areas of colectomy specimens
(group one), 12 cases of adenoma (group 2), and 30 cases of CRC (group 3)). The specimens
were selected from the patients examined, diagnosed, and treated at Al-Azhar University
Hospitals from the period between March 2019 and March 2020. Inclusion criteria include
patients with sporadic CRC or colorectal adenoma during the study period with available
demographic data, related clinical data, and anatomical pathology materials (tissue blocks
and reports). Exclusion criteria include colitis-associated colorectal adenocarcinoma, cases
with extensively necrotic tumors, and cases lacking agreement on the histologic diagnosis,
grading, or scoring of the immunohistochemical markers.

2.1. Clinical (Internal Medicine) and Surgical Approach

The gastroenterologists from Al-Azhar University Hospitals clinically examined pa-
tients and proceeded with the colonoscopy procedure when indicated. Biopsies were taken
from suspicious colorectal lesions for histopathological examination, and if polyps were
found in the colon or rectum, a polypectomy was performed during the colonoscopy.

Surgical excision (radical surgery) with curative intent is considered the treatment
of choice for the majority of CRCs. The basic surgical principles included removal of the
major vascular pedicle feeding the tumor along with its related lymphatics, obtaining a
tumor-free margin (at least a 5 cm margin of the adjacent normal bowel from both sides).
Tumors in the transverse colon required transverse colectomy; no extended right colectomy
was performed for the cecum, ascending colon, transverse colon, splenic flexure, or upper
descending colon for the included cases. Descending and upper sigmoid colon lesions were
treated with left hemicolectomy.

The clinical data of patients belonging to these samples were collected from the
patients’ files and the clinicians in concern, and they included the age, gender, and tumor
site. Specimens were sent for histopathology examination in formalin 10% fixative material.

2.2. Histopathology Examination

Multiple sections were cut; one was stained by hematoxylin and eosin for histopatho-
logical re-examination by the authors with a careful remote discussion using telepathology,
while the other prepared sections were mounted on positive charged slides and immunos-
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tained with mouse monoclonal antibody against LGR5 and rabbit monoclonal antibody
against B-catenin for identification of stem cells. The histopathological examination was
performed by at least three histopathologists separately, and only cases with agreement on
the final diagnosis were included. Quality of the prepared sections and slides was assured
before examination by the histologists, histotechnologists and/ot the histopathologist.

2.3. Immunohistochemistry (IHC)

Immunohistochemical staining was carried out using Labelled Streptavidin-Biotin 2
System–Horseradish Peroxidase (LSAB2 System-HRP). The sections were deparaffinized
in xylen and rehydrated in graded alcohol to distilled water. Sections were subjected to
antigen retrieval by microwaving in 10 m of citrate buffer (sodium citrate, pH 6.0) for 30 min.
Endogenous peroxidase activity was stopped (blocked) using 0.3% hydrogen peroxide in
methanol for 15 min. At room temperature, the sections were incubated with anti-LGR5
(Santa Cruz Biotechnology Inc.; CA, USA) and anti-β-catenin (Transduction Laboratories,
Lexington, KY, USA) at dilutions of 1:100 and 1:250, respectively, for 12 h. They were then
stained by avidin–biotin and secondary antibodies according to the standard protocol and
the manufacturer’s recommendations for each antibody. Sections were counterstained
with hematoxylin stain, dehydrated, and mounted. We used a section of normal colonic
epithelial cells as a positive control for LGR5 and normal oral epithelium for B catenin. The
primary antibodies were replaced with PBS as a negative control for both markers.

2.4. Staining Evaluation

All antibody-stained sections were carefully examined and scored by three indepen-
dent pathologists. LGR5-positive staining was indicated as a brown color in the cytoplasm
with some membranous staining either in normal or tumor cells. Similarly, B-catenin-
positive staining was indicated as a brown coloration in the cell membrane in normal
cells, and in the cytoplasm or in the nucleus of the tumor cells. For each immunostaining
assay, the stain intensity was scaled as 0 (no stain), 1 (pale brown), 2 (brown), and 3 (dark
brown). The quantity of immunoreactive cells was calculated and estimated as 0 (≤5%
of total cells), 1 (6–25%), 2 (26–50%), 3 (51–75%), and 4 (>75%). Then, the raw data were
converted to the IHS score by multiplying the intensity and the quantity scores for each
antibody examined. An IHS of 9–12 was recorded as a strong immunoreactivity, 5–8 was
considered moderate, 1–4 was considered weak, and 0 was scored as negative in agreement
with previous studies [31].

2.5. Statistical Analysis

The collected data were computerized and statistically analyzed using SPSS program
(version 23.0; IBM Corp, Armonk, NY, USA). Fisher’s Exact test and the Student’s t test were
use to evaluate the association between histopathological features, grades, and stages (cate-
gorical and continuous, respectively) and the expression scores of IHC markers. p values of
<0.05 and <0.01 indicate significant and highly significant results, respectively.

3. Results
3.1. Histopathology and Patient Characteristics

Fifty archival paraffin blocks were used in the present study: 8 (16%) cases with a
normal mucosa adjacent to the tumor, 12 (24%) cases of adenoma, and 30 (60%) cases of
CRC. The clinical and histological criteria of the studied cases are summarized in Table 1.
Histological types include tubular, villous, and tubulovillous adenomas, and the carcinoma
cases include the conventional type and the mucinous adenocarcinoma.
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Table 1. Clinico-histological characteristics of the enrolled patients.

Count N (%)

Age Mean ± SD 49.64 ± 7.96

Sex
Male 30 60%

Female 20 40%

Tumor histology

Normal 8 16%

Adenoma 12 24%

CRC 30 60%

Histopathological types of adenoma

Tubular 2 16.67%

Tubulovillous 6 50%

Villous 4 33.33%

Histopathological types of CRC
Conventional type
adenocarcinoma 27 90%

Mucinous adenocarcinoma 3 10.00%

Stage of CRC

Stage I 8 26.7%

Stage II 8 26.7%

Stage III 9 30%

Stage IV 5 16.7%

Grade of CRC

Grade I 15 50%

Grade II 10 33.3%

Grade III 5 16.7%

The adenocarcinomas were composed of anastomosed and ramified glandular struc-
tures with uneven lumens formed mainly of epithelial columnar cells with a cylindrical or
pseudostratified aspect showing cytoplasm varied in abundancy within a homogeneous
pattern and enlarged nuclei seen with hypochromic, vesicular, or one small nucleolus. The
tumor glands presented empty lumens or lumens that were occupied by necrotic cells and
cytoplasmic fragments.

Mucinous carcinomas are characterized by large collections of extra-cellular mucins
within the extra-cellular environment, sometimes separated by tracts formed of fibroblasts
pertaining to connective tissue cells and also inflammatory cells. The cellular components
were greatly reduced when compared with the amount of mucin and formed of glands of
irregular sizes, shapes, and dispositions. Some areas of the examined tumors appeared to
be completely lacking glands and appeared to be formed of mucin lakes.

Tubular adenomas were given such a diagnosis if 75% of their tubular component
consisted of at least round or oval glandular (tubular) profiles. For villous types, the per-
centage of villosity defines the diagnostic terminology as follows: 20–80% = tubulovillous
adenoma; >80% = villous adenoma.

The association analysis showed that CRC specimens were more likely to have strong
LGR5 expression than the other two groups (normal and adenomatous groups) (p = 0.048).
The majority of grade I cases showed moderate expression; however, the majority of
grade II and III cases showed strong expression. Specimens of adenoma with high grades
of dysplasia were more likely to express moderate-to-strong expression of LGR5. The
expression was also increased with the stage of the tumor. On the contrary, no significant
association between LGR5 expression and grade or stage of CRC was found (Table 2)
(Figure 1).
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Figure 1. LGR5 Immunostaining: (A) tubular adenoma with weak membranous and focal cytoplas-
mic expression (×200); (B) villous adenoma with high-grade dysplasia showing strong cytoplasmic
expression with membranous staining (×200); (C) grade I colorectal adenocarcinoma with weak
cytoplasmic expression (×100); (D) mucinous adenocarcinoma showing strong cytoplasmic expres-
sion (×50).

Table 2. Correlation between LGR5 expression and the histopathological variables.

Colorectal Studied Cases No. %
Weak Moderate Strong

p-Value
No. % No. % No. %

Histopathological
types

Normal 8 16% 0 0.0% 0 0.0% 0 0.0%

0.048Adenoma 12 24% 5 41.67% 6 50.00% 1 8.33%

Carcinoma 30 60.00% 4 13.33% 14 46.67% 12 40.00%

Grade of Dysplasia
In Cases of
Adenoma

High
dysplasia 6 50% 0 0.00% 5 83.33% 1 16.67%

0.013
Low

dysplasia 6 50% 5 83.33% 1 16.67% 0 0.00%

Grade of CRC

Grade I 15 50% 3 20.00% 8 53.33% 4 26.67%

0.566Grade II 10 33.33% 1 10.00% 4 40.00% 5 50.00%

Grade III 5 16.7% 0 0.00% 2 40.00% 3 60.00%

Stage of CRC

Stage I 8 26.7% 3 37.50% 5 62.50% 0 0.00%

0.107
Stage II 8 26.7% 1 12.50% 3 37.50% 4 50.00%

Stage III 9 30% 0 0.00% 4 44.44% 5 55.56%

Stage IV 5 16.7% 0 0.00% 2 40.00% 3 60.00%

3.2. Correlation between B-Catenin Expression and the Clinico-Pathological Variables

Seven (87.50%) specimens of the normal mucosa adjacent to tumor had weak expres-
sion of B-catenin. On the other hand, half of the adenoma specimens had a moderate
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expression of B-catenin and half of the CRC specimens had a strong B-catenin expression.
The association analysis showed that CRC specimens were more likely to have strong
B-catenin expression than the other two groups (p < 0.001). On the contrary, there were no
statistically significant associations between B-catenin expression and the grade (p = 0.539)
or stage of CRC (p = 0.309) (Table 3) (Figure 2).
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Figure 2. Β-catenin Immunostaining: (A) tubulovillous adenoma with low-grade dysplasia show-

ing weak cytoplasmic expression with membranous staining (×200); (B) grade I colorectal adeno-
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Figure 2. B-catenin Immunostaining: (A) tubulovillous adenoma with low-grade dysplasia showing
weak cytoplasmic expression with membranous staining (×200); (B) grade I colorectal adenocarci-
noma with moderate cytoplasmic expression (×200); (C) grade II colorectal adenocarcinoma with
strong cytoplasmic and nuclear expression (×100); (D) mucinous adenocarcinoma showing strong
cytoplasmic and nuclear expression (×100).

Table 3. Correlation between B-catenin expression and the histopathological variables.

Colorectal Studied Cases NO. %
Weak Moderate Strong

p-Value
No. % No. % No. %

Histopathological
type

Normal 8 6% 7 87.50% 1 12.50% 0 0.00%

0.000Adenoma 12 4% 4 33.33% 6 50.00% 2 16.67%

Carcinoma 30 0% 4 13.33% 11 36.67% 15 50.00%

Grade of dysplasia
in adenoma

High 6 0% 0 0.00% 4 66.67% 2 33.33%
0.036

Low 6 50% 4 66.67% 2 33.33% 0 0.00%

Grade of colorectal
adenocarcinoma

Grade I 15 0% 2 13.33% 7 46.67% 6 40.00%

0.539Grade II 10 33.3% 2 20.00% 3 30.00% 5 50.00%

Grade III 5 16.7% 0 0.00% 1 20.00% 4 80.00%

Stage of colorectal
adenocarcinoma

Stage I 8 26.7% 2 25.00% 5 62.50% 1 12.50%

0.309
Stage II 8 26.7% 1 12.50% 2 25.00% 5 62.50%

Stage III 9 30% 1 11.11% 3 33.33% 5 55.56%

Stage IV 5 16.7% 0 0.00% 1 20.00% 4 80.00%
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3.3. Correlation between Combined Expression and the Clinico-Pathological Variables

In the twelve cases of adenoma, the LGR5 and B-catenin expressions were moderate
in 6/12 (50%) of the cases. Strong expression was present in one case (8.3%) to LGR5
and two cases (16.7%) to B-catenin, with a significant correlation between LGR5 and
B-catenin (p = 0.048). Similarly, 14 CRC cases (46.67%) show moderate expression for LGR5
and eleven cases (36.66) show moderate expression for B-catenin. Strong expression was
present in twelve cases (40%) for LGR5 and 15 cases (50%) for B-catenin with significant
correlation between LGR5 and B-catenin (p = 0.038; Figure 3).
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Figure 3. Comparison of LGR5 and B-catenin expressions in the included specimens.

4. Discussion

The highest colonic cancer incidence rates are recorded in parts of Europe (e.g., in
Slovenia, Hungary, Slovakia, Norway, and The Netherlands), Northern America, Aus-
tralia/New Zealand, and Eastern Asia (Japan, the Republic of Korea and Singapore). Rates
are elevated in Uruguay among genders, men and women, but Norway and Hungary
rank first in males and females, respectively. Rectal cancer incidence rates reveal a similar
regional distribution all over the world, although the highest rates are seen in Macedonia
among females and in the Republic of Korea among males. In most geographic regions of
Africa and in Southern Asia, rates of both colon and rectal cancer (colorectal cancer) tend to
be low [2]. In Egypt, CRC is still a challenging diagnostic challenge but ranked the fourth
most frequent cancer for 4.34% of total malignancies [2,32]. In 2020, more than 1.88 million
new cases were diagnosed as CRC with around 900,000 deaths [33]. Individuals are rou-
tinely screened for CRC using either stool-based tests or endoscopic methods including
flexible sigmoidoscopy and colonoscopy for early detection and to decrease the burden
on individuals and communities [34,35], as almost all CRCs originate from adenomas or
flat dysplasia then evolve into different morphologic gross patterns with invasion and
expansion [35,36]. It is clear that the tumor prognosis of CRC is related to early diagnosis,
for instance, the five-year survival following operation of CRC, diagnosed in the early
stage is over 80% compared to 40% in the advanced stage [35]. Therefore, an early and
deep understanding of the tumor pathogenesis is crucial for the improvement of colorectal
cancer’s diagnostic markers especially for non-hereditary (sporadic) carcinomas.

In colorectal cancers, CSC is suggested to be responsible for tumor initiation, growth,
metastasis [37], tumor progression, recurrence [38], and resistance to chemotherapy [39].
Conventional cancer treatments that kill proliferating cells unsystematically are unsuccess-
ful due to the survival of cancer stem cells. Therefore, therapies could be designed to target
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CSCs by inducing their differentiation or to eliminate inhibiting maintenance of stem-cell
state [40].

In the present study, immunohistochemical analysis of stem cell marker LGR5 was
carried in 12 cases of colorectal adenoma and 30 cases of colorectal carcinoma to determine
its co-expression with B-catenin as well as to assess the correlation of their expression with
the clinicopathological characters.

Considering these findings related to LGR5, in normal cases LGR5 expression was
negative in eight cases due to the paucity of immunopositive stained cells. 41.67% of ade-
noma cases showed weak expression and 50% showed moderate expression. Also, 46.67%
of carcinoma cases showed moderate intensity, and 40% showed strong intensity compared
with 8.33% of adenoma cases. The relation of LGR5 expression to the histopathological
types of specimens was statistically significant (p = 0.048) because of more intense LGR5
immunoreactivity in CRC and adenoma than in normal mucosa. This suggests a possible
role of LGR5 as a potential marker for cancer stem cells in colorectal carcinogenesis. These
findings are in agreement with the results of Zeng et al. published in 2013 [41].

Regarding the grade of dysplasia in adenoma, we found that five cases of low-grade of
dysplasia showed weak expression (83.33%), while in the high-grade dysplasia, five cases
(83.3%) showed moderate expression. This difference is statistically significant (p = 0.013).
This is similar to Baker et al. [42]. who mentioned that there was a generally higher level
of LGR5 expression within regions of high-grade dysplastic lesions than the regions of
low-grade dysplasia. This suggests an important role of LGR5 in the early molecular events
in adenomatous lesions. This finding is in accordance with Dai et al. [43]. On the contrary,
Takeda, et al. [25] found insignificant relationship between LGR5 expression and grade of
dysplasia of adenoma.

Concerning the grade of CRC cases, there was no significant (p = 0.539) difference
among the grades and intensity of LGR5 expression. However, the majority of grade I
showed moderate expression and the majority of grade II and III showed strong expression.
This finding is in accordance with Fan et al. [31] who suggests that LGR5 doesn’t have a
role in the maintenance of the status of cell differentiation in carcinoma. On contrary, Gao
et al. [44] found a significant relationship between LGR5 expression and tumor grade.

No significant association between the stage of tumor and the LGR5 expression was
detected in our study (p = 0.309). These results suggest that elevated immunohistochemical
expression of LGR5 does not contribute to the progression of the tumor, and it could not
be used as a potential unfavorable prognostic biomarker for CRC; however, the strength
of expression was increased with the stage of tumor; 50% of stage II, 55.56% of stage III,
and 60% of stage IV. Wu et al. [45] demonstrated that the high stage of CRC (stage IV) was
associated with high level of LGR5 expression and high risk of poor prognosis.

Considering these findings related to B-catenin, in our study B-catenin expression
was mainly confined within the membrane of normal colonic mucosa but progressively
increased to include cell membrane, cytoplasm and/or the nucleus in adenoma and car-
cinoma. Beta catenin is a part of the WNT signaling pathway to be degraded by the
degradation complex APC-Axin-GSK and it is a multifunctional protein complex, which is
a component of cell-to-cell adhesion. In adenoma and carcinoma, beta-catenin degradations
do not occur and cause increased accumulation of beta catenin in the cytoplasm. This
means that membranous and cytoplasmic expression of B-catenin increase with progression
of carcinogenesis. The relation of B-catenin expression to the histopathological types of
specimens was statistically significant (p = 0.000). These findings are in agreement with
the results of Fan et al. [31], Handjari et al. [46], and Wong et al. [47] who observed a
significant increase in B-catenin expression during the progression from normal epithelium
to carcinoma.

As regards grade of dysplasia of adenoma, a significant relationship was found be-
tween B-catenin expression and grade of dysplasia of adenoma (p = 0.036). This finding is
in accordance with Dai et al. [43]. This suggests an important role of beta catenin in the
early molecular events in adenomatous lesions. On the contrary, Silva et al. [48] found
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insignificant relationship between B-catenin expression and the grade of dysplasia of
adenoma.

In our study, there was no significant association between the expression of B-catenin
and the grade of CRC (p = 0.539), this suggests that B-catenin doesn’t have a role in
maintenance of the status of cell differentiation in carcinoma. On the other hand, Kazem
et al. [48] found a significant relationship between B-catenin expression and tumor grade.

According to stage, there was also no significant association between the expression
of B-catenin and stage (p = 0.309) suggesting that B-catenin doesn’t have a role in the
progression of the tumor. This is in contrast to Kazem et al. [49] and Fan et al. [31] who
found that B-catenin expression has a positive correlation with advanced tumor stage.

In our study, a statistically significant relationship was found between LGR5 and
B-catenin expression (p = 0.038). This finding is in accordance with He et al. [30], Said
et al. [50], Femia et al. [51] and Fan et al. [31]. On the contrary, Takeda et al. [25] found that
LGR5 expression was not significantly associated with the expression of β-catenin. These
results suggest potential involvement of LGR5 in colorectal carcinogenesis via WNT/B-
catenin pathway.

Due to its key role in tumorigenesis, LGR5 expression has shown a significant correla-
tion with the survival of patients according to many previously published studies which
explored unfavorable prognostic results in CRC [45,52–54]. However, contrary results have
been suggested by certain reports for the correlation between LGR5 staining scores and the
prognosis of CRC [5], for example, a genetic study published in 2012 by Ziskin et al. [55]
and an immunohistochemical study published in 2019 by Shekarriz et al. [56] reported
that LGR5 expression was not seen significantly associated with the aggressiveness of
colorectal tumors. The limitations of our study include lack of correlation with other assays
for LGR5 and B-catenin assessment in addition to the number of the studied cases which is
recommended to be increased in the future studies focusing on LGR5 expression in normal
intestinal mucosa cases and also studying the clinical differences such as therapy response
and survival.

5. Conclusions

Our study suggests a possible role for LGR5 as a potential marker of cancer stem cells
in colorectal carcinogenesis in sporadic CRC and in the early molecular events in adenoma-
tous lesions but does not have a role in the maintenance of the status of cell differentiation
or in the progression of the CRC, however, expression density was significantly associated
with the adenomatous grade and a significant difference was shown between adenoma
and carcinoma. β-catenin expression also positively correlates with LGR5 over-expression,
suggesting the potential involvement of combining LGR5 and β-catenin immunohisto-
chemical markers and degree of expression in the colorectal diagnostic panel for adenoma
and carcinoma.
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