
Abstract. Background/Aim: Cluster of differentiation 133
(CD133) and leu cine-rich orphan G-protein-coupled
receptor 5 (LGR5) are the most putative stem cell markers
for colorectal cancer (CRC), and are associated with poor
prognosis of patients with CRC. However, the role of CD133
and LGR5 in the inflammation–dysplasia–carcinoma
sequence has not been fully elucidated. We examined the
expression of CD133 and LGR5 in ulcerative colitis-
associated CRC (UC-CRC; n=20) and UC-associated
colorectal dysplasia (n=16) by immunohistochemistry.
Results: The rate of CD133-positive cases in UC-CRC was
significantly higher than that in dysplasia (p=0.026), but
that of LGR5 expression was not. Moreover, LGR5
expression was significantly positively associated with p53
expression (p=0.03), whereas CD133 expression positively
correlated with p53 expression, but not significantly
(p=0.10). Conclusion: CD133 may play an important role in
tumor development in the context of the inflammation–
dysplasia–carcinoma sequence. LGR5-positive cancer stem
cells may play a critical role in the development of UC-CRC,
particularly upon loss of p53 function.

It is generally recognized that patients with extensive and
long-standing ulcerative colitis (UC) have an increased risk
of colorectal cancer (CRC). This relationship was first
reported in 1925, wherein Crohn and Rosenberg documented
a case of rectal carcinoma occurring in a patient with UC (1).
More recently, Eaden et al. reported that the cumulative risk

of UC-associated CRC (UC-CRC) was 1.6%, 8.3%, and
18.4% after 10, 20, and 30 years of disease duration,
respectively (2). The cause of UC-CRC is considered to be
the accumulation of inflammatory changes associated with
colonic epithelial injury, repair, and regeneration, and the
disease is believed to occur in an inflammation–dysplasia–
carcinoma sequence. To ascertain tumor aggressiveness in
the context of this sequence, p53 expression has been used
(3, 4), However, there is a need for other biomarkers that can
predict the degree of tumor malignancy.

Recent reports have shown that cancer stem cells (CSCs)
are involved in tissue regeneration and carcinogenesis in
sporadic CRC. From this hypothesis, it stands to reason that
CSCs may contribute to the inflammation–dysplasia–
carcinoma sequence. The CSC theory suggests that cancers
are hierarchically organized, with only a small population of
cancer cells maintained as CSCs, capable of both self-
renewal and differentiation. Over the past few years, several
CSC surface markers have been identified in both
hematological disorders (5) and solid tumors. Among these,
cluster of differentiation 133 (CD133) and leucine-rich
orphan G-protein-coupled receptor 5 (LGR5) are now
thought to be the most putative surface markers for
colorectal CSCs. The cell-surface marker CD133, also
known as prominin-1, is a five-transmembrane glycoprotein
with a molecular weight of 120 kDa, and is localized at
membrane protrusions (6). Although its cellular function is
not clear, two studies from 2007 reported CD133 to be a
candidate marker for CSCs (7, 8). Specifically, Ricci-Vitiani
et al. demonstrated that CD133-positive tumor-initiating
cells were able to self-renew and differentiate, as well as re-
establish tumor heterogeneity upon serial transplantation (7).
In addition, O’Brien et al. showed that CD133-positive cells,
but not CD133-negative ones, formed tumors when injected
into immunodeficient mice (8). Moreover, results from two
recent meta-analyses suggested that CD133 expression is
significantly associated with shorter patient survival, and
may play an important role in CRC progression (9, 10).
Finally, in our recent study evaluating CD133 expression in
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colorectal polyps, we reported that the expression of this
marker was associated with tumor differentiation (11).

LGR5 is a glycoprotein hormone receptor with a seven-
transmembrane domain, and is a reported target of the
WNT–β-catenin signaling pathway, the latter of which is
important for the maintenance of colonic crypts (12).
LGR5 is considered to be a stem cell marker in the small
intestine and colon, because LGR5 was demonstrated to be
localized at the base of small intestinal crypts, and LGR5-
positive cells were found to be able to generate intestinal
epithelial cells of multiple lineages (13). In addition, two
previous meta-analyses demonstrated that LGR5
expression was associated with tumor progression and
poor prognosis (14, 15).

Although CD133 and LGR5 have both been associated
with advanced tumors, the roles of these markers in the
inflammation–dysplasia–carcinoma sequence have not been
fully elucidated. Therefore, the aim of this study was to
examine the expression of CD133 and LGR5 in UC-CRC
and UC-associated colorectal dysplasia using immunohisto-
chemistry, and to identify the stage at which CD133 and
LGR5 expression increases in this sequence.

Materials and Methods
Patient samples of UC-CRC and UC-associated colorectal
dysplasia. A total of 20 patients with UC-CRC and 16 with UC-
associated colorectal dysplasia were included in this study. In this
study, there were no exclusion criteria. All patients were
surgically treated at the University of Tokyo Hospital between
February 1990 and January 2014. In this study, we examined the
primary tumor (such as the most advanced lesion) in each case,
even though multiple cancerous and dysplastic lesions were
observed in a given colorectal specimen of many patients.
Resected specimens were immediately fixed in 10% buffered
formalin and embedded in paraffin. Pathological diagnoses of
primary tumors and lymph nodes were confirmed with
hematoxylin-and-eosin staining by the Department of Pathology
at the University of Tokyo. UC-associated colorectal tumors were
assessed in accordance with Inflammatory Bowel Disease/
Dysplasia Morphology Study Group criteria, and graded as low-
grade dysplasia (LGD), high-grade dysplasia (HGD), or CRC
(16). The study protocol was approved by the University of Tokyo
Graduate School of Medicine Ethics Committee on March 8,
2013 [Review Number 10056-(2)], and written informed consent
was obtained from all patients.

CD133 and LGR5 immunohistochemical staining. In order to
analyze CD133 and LGR5 expression, two 4-μm-thick sections
were immunohistochemically stained as described below. The
sections were deparaffinized in xylene and hydrated through a
graded series of ethanol, and endogenous peroxidases were blocked
with 0.3% hydrogen peroxide in methanol for 25 min. After
washing with phosphate-buffered saline (PBS), heat-induced antigen
retrieval was performed in 0.01 M sodium citrate buffer (pH 6.0)
using an autoclave. After washing in PBS, non-specific proteins
were blocked with 5% bovine serum albumin for 30 min. Each slide

was then incubated overnight at 4˚C with primary anti-CD133
(AC133; Miltenyi Biotec, Auburn, CA, USA) and rabbit anti-LGR5
(Clone EPR3065Y; Epitomics, Burlingame, CA, USA) at a dilution
of 1:100. After three washes with PBS, slides were then incubated
with the Dako Envision kit (Dako, Carpinteria, CA, USA) according
to the manufacturer’s recommendations. After three washes with
PBS, each slide was then incubated for 3 minutes in a chromogenic
solution containing 2% 3,3’-diaminobenzidine tetrahydrochloride
and 0.3% hydrogen peroxide in 50 mM Tris buffer (pH 7.6).
Mayer’s/Lillie-Mayer’s hematoxylin was used for counterstaining.
Finally, the sections were dehydrated through a graded series of
ethanolic solutions, incubated in xylene, and mounted. Renal tubules
were used as positive controls, and for a negative control, antibodies
were replaced with PBS.

Evaluation of CD133 and LGR5 immunostaining. CD133 positivity
was defined as >5% positively stained cancer cells, consistent with
results from our previous study of CD133 expression in colorectal
polyps and cancer (11, 17). Moreover, LGR5 positivity was defined
as >50% positively stained cancer cells, in accordance with our
previous study of LGR5 expression in rectal cancer tissue after
chemoradiotherapy (18). The sections were independently analyzed
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Table I. Clinicopathological features of patients with ulcerative colitis
(UC)-associated colorectal cancer and dysplasia. 

Variable                                                                                          Value

Gender, n                                        Male                                          22
                                                        Female                                      14
Age at UC onset, years                  Median±SD                        33.0±13.8
Age at operation, years                  Median±SD                        50.0±13.5
Duration of UC                              <10 Years                                   8
                                                        ≥10 to <20 Years                      12
                                                        ≥20 Years                                  16
Extent of inflammation, n              Total colitis                               35
                                                        Left-sided colitis                       1
Primary site of main tumor, n       Cecum                                        1
                                                        Transverse                                 1
                                                        Desending                                  5
                                                        Sigmoid                                     7
                                                        Rectum                                     22
T-Stage of main tumor, n*             Low-grade dysplasia                 4
                                                        High-grade dysplasia               12
                                                        T1                                               7
                                                        T2                                               1
                                                        T3                                               8
                                                        T4                                               4
Histological type, n                        Low-grade dysplasia                 4
                                                        High-grade dysplasia               12
                                                        Well                                           13
                                                        Mod                                           3
                                                        Muc                                            2
                                                        Signet-ring cell                          2
Lymph node metastasis, n             Absent                                       32
                                                        Present                                       4

Well: Well-differentiated; Mod: moderately differentiated; Muc:
mucinous; SD: standard deviation. *TMN Classification of Malignant
Tumors, 7th edition.



by two surgical pathologists (S.K. and J.K.) in a blinded fashion.
Any discrepancies were resolved by discussion. Subsequently, we
analyzed the correlations between LGR5 or CD133 expression and
patient clinicopathological features.

Statistical analysis. Correlations of CD133 and LGR5 expression
with patient clinicopathological features were evaluated with the
Chi-squared test, Fisher’s exact test, or unpaired t-test, as
appropriate. All statistical analyses were performed with JMP Pro
11.0.0 (SAS Institute, Cary, NC, USA). An association was
considered significant when p<0.05.

Results
Clinical characteristics of patients with UC-CRC, and UC-
associated colorectal dysplasia. The characteristics of the 36
patients are summarized in Table I. There were 22 male and
14 female patients, with a median age at UC onset of 33
years (range=16-62 years) and a median age at surgery of 50
years (range=26-83 years). Thirty-five patients (97.2%) had
total colitis, while one patient (2.8%) had left-sided colitis.
Among the 20 patients with UC-CRC, lymph node
metastases were detected in four (20.0%). 

CD133 expression in UC-CRC and UC-associated colorectal
dysplasia. CD133 expression was detected on the luminal
surface but not in the cytoplasm of colorectal tumor glands.
In some glands, intraglandular cellular debris was also
CD133-positive (Figure 1). This expression pattern was
consistent with previous reports of sporadic CRC (11, 17). 

Evaluation of primary tumors revealed that 14 out of 36
cases (39%) were CD133-positive; these included three
HGD cases (25%), and 11 UC-CRC cases (55%). The rate
of CD133 positivity in UC-CRC was significantly higher
that in UC-associated colorectal dysplasia (p=0.025) (Table
II). No associations between CD133 expression and other
clinicopathological factors, such as duration of UC,
histological type, and the presence or absence of lymph
node metastases, were observed. Finally, the rate of CD133-
positivity, as well as p53-positivity, in right colonitis tended
to be higher than that in left, but not significantly (p=0.07
and p=0.10, respectively).

LGR5 expression in UC-CRC and UC-associated colorectal
dysplasia. Similarly to previous reports of sporadic CRC,
LGR5 expression was detected in the cytoplasm of UC-CRC
and UC-associated colorectal dysplasia cells (Figure 2).
LGR5 expression was detected in 28 cases (78%), including
two LGD cases (50%), 10 HGD cases (83%), and 16 UC-
CRC cases (80%). No associations between LGR5
expression and tumor (pT) stage were found. Moreover, no
associations between LGR5 expression and other patient
clinicopathological features were detected; however, we did
observe that LGR5 expression was significantly positively
associated with p53 expression (p=0.03) (Table II).

Discussion

In the present study, we examined the expression patterns of
CD133 and LGR5 in UC-CRC and UC-associated colorectal
dysplasia. The rate of CD133 positivity in UC-CRC was
significantly higher than that in dysplasia (p=0.026), but
LGR5 expression was not associated with tumor grade.
Although neither CD133 nor LGR5 expression was
associated with other patient clinicopathological features,
LGR5 expression was significantly positively associated
with p53 expression (p=0.03). Moreover, CD133 expression
tended to be positively correlated with p53 expression, but
not significantly (p=0.10).

Many previous studies concerning associations between
immunohistochemical expression of CSC markers, such as
CD133 and LGR5, and CRC patient clinicopathological
features and survival have been reported. In fact, a number of
studies, including two meta-analyses, have shown reduced
overall survival among patients with CD133-positive CRC (9,
10). It is well established that almost all CRCs arise from
adenomas, in accordance with the adenoma–carcinoma
sequence theory. Recently, we examined the expression of
CD133 in adenomas to clarify the stage at which CD133
expression increases in this sequence (11). We demonstrated
that 17.9% of colorectal adenomas were positive for CD133
expression by immunohistochemistry, and that CD133
expression was positively associated with the degree of
adenoma differentiation. Therefore, these data suggest that
CD133 may play an important role in tumor development.
However, to the best of our knowledge, only one report has
investigated the behavior and distribution of CD133
expression in UC-CRC and dysplasia, and the role of CD133
in the inflammation–dysplasia–carcinoma sequence has not
been fully investigated. Specifically, Yasuda et al. investigated
CD133 expression in UC-CRC and inflamed colonic
epithelium using real-time reverse-transcription polymerase
chain reaction, and demonstrated that the level of CD133
expression in inflamed colonic epithelium was significantly
lower in patients with UC with a longer duration of disease
than in those with a shorter duration (19). They also examined
CD133 expression in a small number (n=6) of UC-CRC cases.
In the present study, we examined 20 UC-CRC cases and 16
cases of UC-associated colorectal dysplasia, and demonstrated
that CD133 expression was associated with the degree of
differentiation. These data are consistent with the proposed
inflammation–dysplasia–carcinoma sequence, and suggest that
CD133 may play an important role in tumor development in
this context. Furthermore, our results indicate that evaluation
of both CD133 and p53 expression by immunohistochemistry
may be a useful diagnostic tool or biomarker for early
detection of UC-CRC.

With respect to LGR5, previous studies, including two
meta-analyses, demonstrated that LGR5 expression was
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associated with tumor progression and poor overall survival
in sporadic CRC (14, 15). In addition, in colorectal adenomas,
Takeda et al. reported that LGR5 expression in the lower crypt
was positively associated with tumor grade (20). Moreover,
Yang et al. showed that cytoplasmic expression of LGR5
increased with progression from normal mucosa to adenoma
then to adenocarcinoma (21). However, no studies of
immunohistochemical LGR5 expression have been reported in
UC-CRC and dysplasia. Therefore, in the present study, we
evaluated the association between LGR5 expression and
patient clinicopathological factors. Associations between
LGR5 expression and the degree of differentiation were not
observed, inconsistent with the inflammation–dysplasia–
carcinoma sequence. Specifically, the rates of LGR5 positivity
were 50% (2/4) in LGD, 83% (10/12) in HGD, and 80%
(16/20) in UC-CRC. One possible explanation for this result
is that increased expression of LGR5 may occur in early

stages of UC-CRC tumorigenesis. As a result, further studies
evaluating CD133 and LGR5 expression in a larger number
of cases of UC-CRC and dysplasia are needed.

In the current study, we that showed LGR5 expression
was positively associated with p53 expression (p=0.03), and
that CD133 expression tended to be positively correlated
with p53 expression but not significantly (p=0.10). Davidson
et al. demonstrated that stem cell-specific p53 deletion
greatly enhanced colonic tumor size and incidence in a
mouse model of colitis-associated cancer (22). This study
also suggested that the loss of p53 function in stem cells
enables colonic tumor formation only when combined with
DNA damage and chronic inflammation. Our results were
consistent with these findings, suggesting that CSCs may
play a critical role in the development of UC-CRC,
particularly in the setting of p53 loss. However, further
studies to this end are necessary.
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Table II. Cluster of differentiation 133 (CD133) and leucine-rich orphan G-protein-coupled receptor 5 (LGR5) expression in ulcerative colitis (UC)-
associated colorectal cancer and UC-associated colorectal dysplasia.

Variable                                                                                                      CD133 immunohistochemistry                      LGR5 immunohistochemistry

                                                                                                             Present             Absent           p-Value          Present               Absent           p-Value
                                                                                                              (n=14)              (n=22)                                  (n=28)                 (n=8)                  

Gender, n (%)                                         Male                                    8 (36%)          14 (64%)           0.69            19 (86%)             3                       0.12
                                                                Female                                6 (43%)            8 (47%)                                9 (64%)             5                         
Age at UC onset, years                          Median±SD                       35.5±23.6         27.0±15.1         0.89             33.0±26.7         31.5±32.1          0.76
Age at operation, years                          Median±SD                       53.0±13.0         49.0±14.0         0.35             51.0±13.6         49.0±13.8          0.55
Duration of UC                                       <10 Years                            2 (25%)            6 (75%)           0.71              5 (63%)            3 37%)              0.84
                                                                ≥10 to <20 Years                5 (42%)            7 (45%)                                9 (75%)            3 (25%)              
                                                                ≥20 Years                            7 (44%)            9 (56%)                              14 (88%)            2 (12%)              
Extent of inflammation, n (%)               Total colitis                       13 (37%)          22 (63%)           0.20            27 (77%)            8 (23%)            0.59
                                                                Left-sided colitis                1 (100%)          0 (0%)                                  1 (100%)          0 (0%)                
Primary site of main tumor, n (%)        Cecum                                 1 (100%)          0 (0%)             0.07              1 (100%)          0 (0%)              0.73
                                                                Transverse                           1 (100%)          0 (0%)                                  1 (100%)          0 (0%)                
                                                                Desending                           1 (25%)            4 (75%)                                4 (80%)            1 (20%)              
                                                                Sigmoid                               4 (57%)            3 (43%)                                5 (71%)            2 (29%)              
                                                                Rectum                                7 (32%)          15 (68%)                              17 (77%)            5 (23%)              
pT Stage of main tumor, n (%)              Low-grade dysplasia          0 (0%)              4 (100%)         0.026*          2 (50%)            2 (50%)            0.72*
                                                                High-grade dysplasia         3 (25%)            9 (75%)                              10 (83%)            2 (17%)              
                                                                T1                                        2 (29%)            5 (71%)                                4 (57%)            3 (43%)              
                                                                T2                                        1 (100%)          0 (0%)                                  1 (100%)          0 (0%)                
                                                                T3                                        6 (75%)            2 (25%)                                7 (88%)            1 (12%)              
                                                                T4                                        2 (50%)            2 (50%)                                4 (100%)          0 (0%)                
Histological type, n (%)                         Low-grade dysplasia          0 (0%)              4 (100%)                              2 (50%)            2 (50%)              
                                                                High-grade dysplasia         3 (25%)            9 (75%)                              10 (83%)            2 (17%)              
                                                                Well                                     6 (46%)            7 (54%)           0.82            10 (77%)            3 (23%)            0.91
                                                                Mod                                     3 (100%)          0 (0%)                                  3 (100%)          0 (0%)                
                                                                Muc                                     1 (50%)            1 (50%)                                2 (100%)          0 (0%)                
                                                                Signet-ring cell                   1 (50%)            1 (50%)                                1 (50%)            1 (50%)              
Lymph node metastasis, n (%)              Absent                               11 (34%)          21 (66%)           0.15            24 (75%)            8 (25%)            0.26
                                                                Present                                3 (75%)            1 (25%)                                4 (100%)          0 (0%)                
p53 Immunohistochemistry, n (%)        Negative                              5 (26%)          14 (74%)           0.10            12 (63%)            7 (37%)            0.03
                                                                Positive                               9 (53%)            8 (47%)                              16 (94%)            1 (6%)                

Well: Well-differentiated; Mod: moderately differentiated; Muc: mucinous; SD: standard deviation. *Evaluation in UC-CRC versus UC-associated
colorectal dysplasia. 



Our data should be interpreted with caution due to the
limitations of our study. Firstly, our study was limited by its
retrospective nature, as well as the small number of patients
included. Secondly, the analytic methods used to evaluate
CD133 and LGR5 expression, including antibody used, method
of evaluation, and cutoff scores for the definition of positive
staining, have not been standardized. Further prospective,
large-scale studies that use identical methodologies are needed.

In conclusion, we demonstrated that CD133 expression was
positively associated with UC-associated colorectal dysplasia
and UC-CRC tumor grade. Our findings suggest that CD133
may play an important role in tumor development in the
context of the inflammation–dysplasia–carcinoma sequence.
With respect to LGR5 expression, our data suggest that LGR5-
positive CSCs may play a critical role in the development of
UC-CRC in the setting of p53 loss of function.
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Figure 1. Immunohistochemical detection of cluster of differentiation 133 (CD133) in ulcerative colitis-associated colorectal cancer. A:
Immunohistochemical CD133 expression was localized to the glandular-luminal surface of tumor epithelial cells and the intraglandular debris of
shed tumor cells (original magnification: ×40). B: Hematoxylin and eosin staining of a serial section (original magnification: ×40).

Figure 2. Immunohistochemical detection of leucine-rich orphan G-protein-coupled receptor 5 (LGR5) in ulcerative colitis-associated colorectal
cancer. A: Immunohistochemical LGR5 expression was detected in the cytoplasm of tumor cells (original magnification: ×20). B: Hematoxylin and
eosin staining of a serial section (original magnification: ×20).
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