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Nuclear Expression of CD133 Is Associated with Good
Prognosis in Patients with Colorectal Adenocarcinoma
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Abstract. Background/Aim: Prominin-1 (CD133) has been
suggested as a potential marker of cancer stem cells (CSCs)
in various cancer types. The aim of this study was to compare
CD133 expression between adenoma cells, colorectal
adenocarcinoma (CRAC) cells, and tumor microenvironment
cells (TMEs) in terms of the adenoma—carcinoma sequence
and to investigate the clinicopathological value of CDI133
expression in CRACs as a prognostic marker. Materials and
Methods: A total of 58 adenomas and 132 primary and 27
metastatic CRACs were examined for CDI133 expression by
immunohistochemistry. The cytoplasmic and nuclear
expression levels of CD133 were scored by semi-quantitative
methods. Results: Adenomas showed significantly lower
cytoplasmic and nuclear CDI133 expression than CRACs
(p<0.001). Among the CRACs, primary CRACs demonstrated
higher cytoplasmic and nuclear expression levels of CD133
than metastatic CRACs (p<0.001). Furthermore, decreased
nuclear CD133 expression in CRACs was correlated with a
poor outcome, including disease-free survival (DFS), by
univariate and multivariate analyses (p=0.012 and p=0.039).
For TMEs, adenomas showed a significantly higher CD133
expression than CRACs (p<0.001), and decreased expression
of CDI133 in CRACs was correlated with shorter DFS by
univariate and multivariate analyses (p=0.004 and p=0.042).
Conclusion: Cytoplasmic and nuclear CD133 expression in
CRAC cells and TMEs may play an important role in early
CRAC carcinogenesis, while decreased CDI33 nuclear
expression in CRAC cells may contribute to CRAC metastasis.
Further prognostic and therapeutic stratification may be
performed according to CDI133 localization.
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Colorectal adenocarcinoma (CRAC) is one of the most
common types of lethal cancer in human. Its treatment is
determined primarily by the TNM staging system; however,
technical developments in molecular characterization have
enabled a better understanding of not only the etiology, but
also the response to stage-specific treatment of CRAC.
Cancer stem cells (CSCs) or tumor-initiating cells are
thought to be responsible for the recurrence or distant
metastasis of CRAC, as well as for chemo- and radio-
resistance (1, 2). The isolation and characterization of CSCs
are of great importance in the development of new
therapeutic strategies targeting these cells. The CSC theory
was initially proposed in leukemia and subsequently in solid
tumors, and many studies have focused on prominin-1
(CD133) as a candidate-specific marker for CSCs (3).

CD133 is a 120-kDa transmembrane glycoprotein,
preferentially localized in membrane protrusions and microvilli,
and may play a role in cell polarity and migration via cell—cell
and cell-matrix interactions. In addition, several studies have
demonstrated that CDI133 expression may serve as an
independent marker of prognosis and chemoresistance in CRAC
(4, 5). However, other studies have failed to establish a
correlation between CD133 expression and tumor progression
or survival, thus questioning its predictive value in CRAC (3).
CD133 expression is observed in normal colon mucosa and has
been also found in other normal tissues. CD133-positive cells
are distributed uniformly along the epithelium lining without
increased expression at the base of colonic crypts (6).
Cytoplasmic expression is thought to occur when CD133 is
transported from the plasma membrane to the cytoplasm during
endocytosis (7), which is putative in CRAC (3).

Considering that tumor microenvironment cells (TMEs)
consist of tumor-infiltrating inflammatory cells, extracellular
matrix, blood vessels, and a variety of associated stromal
cells and soluble proteins (8) that have been known to shape
tumor evolution (9, 10), it could be speculated that CD133-
positive TMEs may contribute to tumor development and its
progression.

To evaluate the role of CD133 in early carcinogenesis in
the colorectum, we compared the degree of cytoplasmic and
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nuclear CD133 expression between adenomas and primary
and metastatic CRACs. The distribution of CD133 in tumor
cells and TMEs was investigated using tissue microarrays
(TMAs) of human CRACSs, applying a semi-quantitative
method to determine the correlation between CD133
expression and clinicopathological parameters including
patient outcome.

Materials and Methods

Patients and specimens. Formalin-fixed paraffin-embedded (FFPE)
tumor samples from 58 patients with low-grade adenomas, 132
patients with primary CRAC and 27 patients with metastatic CRAC
were collected from the Department of Pathology of Chungnam
National University Hospital from 2002 to 2015. The specimens
were provided by the National Biobank of Korea, Chungnam
National University Hospital, Daejeon, South Korea. The
immunohistochemical studies using FFPE tissue waived the
prerequisite for informed consent for a retrospective comparison
study using FFPE tissues. The local human research ethics
committee of Chungnam National University Hospital and the
Institutional Review Board of Chungnam National University
Hospital (CNUH 2016-04-038) approved this study.

Two independent pathologists (Y-ML and K-HK) re-evaluated all
samples for grade and histological type. Additional clinical data
including sex, age, tumor size, histologic grade, pathologic TNM stage,
and disease-free and overall survival rates were also collected. No
patients had received chemotherapy or radiation before the operation.
Tumor staging was performed in accordance with the guidelines of the
8th edition of TNM Staging in Colorectal Cancer (11).

TMA construction and immunohistochemistry (IHC) analysis. A
TMA system was used to produce 2-mm-thick paraffin-embedded
TMA sections containing 30 holes for tissue columns. Core tissue
biopsy samples were taken from individual paraffin-embedded
sections and arranged in new recipient paraffin blocks. The TMA
blocks were cut into 4-um sections and placed on super frost-
charged glass microscope slides. The embedded tissue sections on
the microslides were deparaffinized with xylene and hydrated in a
graded alcohol series. The sections were heated in a pressure cooker
containing 10 mmol/l sodium citrate (pH 6.0) for 3 min at full
power for antigen retrieval. Blockade of endogenous peroxide
activity was performed using 0.03% hydrogen peroxide containing
sodium azide for 5 min. The sections were incubated at room
temperature for 1 h with a primary monoclonal mouse antibody to
CD133 (diluted 1:100; Novus Biologicals, Littleton, CO, USA). The
samples were washed and then incubated in labelled polymer-HRP
anti-mouse immunoglobulins (Dako EnVision+system-HRP [DAB],
Dako, Carpinteria, CA, USA) for an additional 20 min at room
temperature, followed by additional washing. After rinsing, the
chromogen was developed for 2 min. The slides were then
counterstained with Mayer’s hematoxylin, dehydrated, and cover
slipped. The primary antibody was omitted in the negative controls.
All immunostained slides were digitally scanned using a scanscope
(Aperio ScanScope CS System, Vista, CA, USA). Blind CD133
immunostaining evaluation and independent observations were
simultaneously performed. The modified Allred scoring system was
used for evaluating both the intensity of the immunohistochemical
staining and the proportion of stained CRAC cells (12). Staining
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intensity was scored as 0 (negative), 1 (weakly positive), 2
(moderately positive), or 3 (strongly positive). The percentage of
CD133-positive cells was also scored into five categories, with a
score of 1 for <1%, 2 for <10%, 3 for <33.3%, 4 for <66.6%, and
5 for 66.6-100% positivity. The intensity score was multiplied by
the percentage score to quantify CD133 expression, for which
cytoplasmic and nuclear expression were evaluated separately. For
categorical survival analyses, expression at median values was
regarded as high CD133 expression, with staining scores defined as
follows: for cytoplasmic expression, 0-9 was considered low
expression, while scores above 9 were considered high expression.
For nuclear expression, scores of 0-6 and above 6 were considered
low and high expression, respectively.

When assessing CD133 expression in TMEs, the tumor
proportion scoring system (TPS) was applied according to intensity
and localization (cytoplasmic or nuclear expression) in TMEs
covering the tumor area occupied by tumor cells, associated with
intratumoral and contiguous peritumoral stroma. A modified
VENTANA PD-L1 (SP142) assay was used (13,14). The TPS was
classified into four categories, with a score of 0 for 0, 1 for <1%, 2
for 21% and <5%, 3 for 25% and <10%, and 4 for 210%.

Statistical analysis. The association between cytoplasmic and
nuclear expression of CD133 in adenomas/CRACs and categorical
variables were analyzed by the Mann—Whitney U-test and
Kruskal-Wallis test, as appropriate. Postoperative overall survival
(OS) and disease-free survival (DFS) curves were estimated using
the Kaplan—-Meier method, and differences in the survival
distributions were evaluated using log-rank tests. Univariate and
multivariate survival analyses were performed using Cox’s
proportional hazard regression model. Statistical significance was
set at p<0.05 (IBM SPSS Statistics for Windows, version 24.0, IBM
Corp., NY, USA and R version 3.4.3).

Results

CD133 expression in the non-neoplastic mucosa of the
colorectum was exclusively localized to the luminal side of
the cell membrane. CD133 was not expressed in the
cytoplasm but was detected on the luminal side of the
cytoplasmic membrane in the non-neoplastic mucosa. The
cytoplasmic and nuclear expression levels of CD133 in
adenomas were significantly lower than those in CRACs
(»<0.001) (Figures 1 and 2).

The cytoplasmic and nuclear expression levels of CD133
were measured in 132 primary and 27 metastatic CRAC
samples, as summarized in Table I. In metastatic CRAC,
nuclear CD133 expression was decreased in samples with a
poor or undifferentiated histologic grade compared to those
with a well or moderate histologic grade (p=0.049). Higher
CD133 expression in TMEs showed positive correlations
with a lower histologic grade (well or moderate) and early
pathologic stage (Stage I) in the primary CRAC group
(<0.006 and p=0.020).

DFS and OS analyses were performed on a total of 132
primary and 27 metastatic CRACs. Low nuclear CD133
expression in CRAC cells and decreased CD133 expression
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Figure 1. CD133 expression in adenoma and CRAC patients. (A) The very low cytoplasmic and nuclear CD133 expression of tumor cells is shown
in contrast to the high CD133 expression in TME cells in adenomas (scale bar=200 um). (B) The high nuclear CD133 expression of invasive tumor
cells is shown in comparison to the low expression in TME cells, which is in contrast to that in adenomas (scale bar=200 pum).

in TMEs were statistically correlated with shorter DFS in
CRAC patients (p=0.012 and p=0.004) (Figure 3).
Univariate and multivariate analyses using Cox’s
proportional hazard regression model were performed for
sex, age, histologic grade, pathologic TNM stage, CD133
expression in CRAC cells and the degree of CD133
expression in TME cells (Tables IT and III). The multivariate
analysis of the Cox model showed lower nuclear expression
of CD133 in CRAC cells and decreased CD133 expression
in TMEs, suggesting that CD133 served as a favorable
prognostic factor indicative of shorter DFS (p=0.039 and
p=0.042) (Table III).

Discussion

CD133 is a cell surface transmembrane glycoprotein within
the cholesterol-rich lipid raft that was initially identified in
the neuroepithelium of endothelial progenitor cells. Although
its cellular function is not clear (7), CD133 is an important
marker for a number of different CSC lineages. CD133 has
been proposed as a specific marker for the isolation of CSCs
from brain tumors and prostate and liver carcinoma tissue
and has also been suggested as a candidate marker for CSCs
in CRACs (3).

Recent studies have shown two distinct staining patterns
for CD133: apical/endoluminal membrane staining and
cytoplasmic staining (7). In fact, the normal colon mucosa
includes CD133-positive cells (mainly goblet cells) at all
levels of the crypts. Examination of whole tumors revealed
weak CD133 expression in the non-neoplastic colon mucosa
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Figure 2. A total of 58 adenoma cases, 132 primary CRAC cases and
27 metastatic CRAC cases were examined. CDI133 expression was
assessed with a Kruskal—Wallis test (p<0.001 for each). The line in the
middle of each box is the median. The box length indicates the
interquartile range. The ends of the whiskers represent maximum and
minimum values.

compared to that in dysplastic and neoplastic tissues, with
most of this expression localized to cells at the base of the
crypts. Some authors proposed that apical/endoluminal
membranous CD133 staining is a characteristic of well-
oriented, polarized, and differentiated cells, while cytoplasmic
staining may be indicative of putative CSCs (7). In short, the
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Table 1. Univariate analysis comparing the nuclear and cytoplasmic CDI133 expression levels in tumor cells and CDI133 expression in tumor
microenvironment cells (TMEs) with clinicopathological variables in CRAC.

Characteristics No. Nuclear CD133 in tumor  Cytoplasmic CD133 in tumor CD133 expression in TMEs
Mean+SD p-Value Mean+SD p-Value Mean+SD p-Value

Primary colorectal adenocarcinoma

Age (year) 132 0.687 0.258 0.672
<65 77 6.5+£2.51 8.1£2.65 0.8+0.92
=65 55 6.3+£2.26 8.8+2.76 0.9+0.83

Gender 132 0.731 0.071 0.591
Male 85 6.4+2.33 8.7+2.84 0.8+0.84
Female 47 6.4+2.55 7.9+2.45 0.9+0.95

Histologic grade 132 0.624 0.094 0.006
low (I&II) 121 6.4+2.47 8.3+£2.75 0.9+0.89
High(III&IV) 11 6.0+1.55 9.4+2.29 0.2+0.41

Pathologic stage 132 0.851 0.750 0.020
I 21 6.4+2.52 8.4+2.42 1.3£1.11
I-1v 111 6.4+2.39 8.4+2.78 0.75+0.80

Pathologic stage 132 0.721 0971 0.105
I'and II 56 6.32+2.61 8.38+2.85 1.00+0.95
IIT and IV 76 6.46+2.25 8.42+2.63 0.72+0.81

Metastatic colorectal adenocarcinoma

Age (year) 27 0.902 0.309 0.675
<65 17 5.1+1.78 7.5+2.27 0.3+0.47
=65 10 5.1x045 8.4+2.68 0.4+0.52

Gender 27 0451 0.342 0.080
Male 16 5.3+1.44 7.3+2.63 0.5+0.52
Female 11 4.8+1.94 8.6+1.97 0.1+0.30

Histologic grade 27 0.049 0.869 0.576
Low (I&II) 23 5.3+1.66 7.8+2.49 0.3+0.47
High(III&IV) 4 3.8+0.50 8.0+2.31 0.5+0.58

Pathologic stage 27 N/A N/A N/A
I 0 N/A N/A N/A
II-1v 27 5.1+1.64 7.8+2.42 0.3+0.48

Pathologic stage 27 0519 0.074 0.370
I and II 1 6.0+N/A 3.0+ N/A 1.0+N/A 1.0
III and IV 26 5.0+1.66 8.0+2.26 0.3+0.47

N/A: Not applicable; TME: tumor microenvironment cell.

shift of CD133 from a membranous to cytoplasmic
localization is thought to underlie the transition of epithelial
cells towards a more invasive phenotype (3). Another study
on adenomas reported a 17.9% CDI133 positivity rate in
colorectal adenomas, a statistically significant increase
observed together with the atypical features and size of
adenomas (15). Notably, Chen et al. reported that nuclear
CD133 conferred optimal clinical outcomes in hepatocellular
carcinoma patients regardless of cytoplasmic expression and
that cytoplasmic CD133 was related to a poor prognosis (16).

In this study, using a total of 58 adenomas, 132 primary
CRAC cases and 27 metastatic CRAC cases, which
represented the spectrum from precancerous to cancerous
cells known as the adenoma-carcinoma sequence, we
compared the degree of cytoplasmic and nuclear CD133
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expression between adenomas and CRACs. Our finding that
adenomas showed significantly lower cytoplasmic and
nuclear CD133 expression than CRACs supports the
conclusion that CD133 is increasingly expressed both
qualitatively and quantitatively along the path to
carcinogenesis. For TMEs, adenomas showed significantly
higher CD133 expression than CRACs (p<0.001). We
suspect that CD133-positive TMEs in adenomas play a role
in tumorigenesis and tumor progression to CRACs. The
cytoplasmic and nuclear expression levels of CD133 were
the measured in a total of 132 primary and 27 metastatic
CRAC samples and evaluated their correlations with
clinicopathological parameters to identify prognostic
factors. The cytoplasmic and nuclear expression levels of
CD133 were decreased in metastatic CRACs and TMEs
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Table II. Univariate analysis of overall survival and disease-free survival in 132 patients with primary CRAC and 27 patients with metastatic CRAC.

Overall survival

Disease-free survival

p-Value HR 95%Cl1 p-Value HR 95%Cl1
Nuclear CD133 0.406 0.959 0.868-1.059 0.012 0.855 0.756-0.966
Cytoplasmic CD133 0.132 1.075 0.978-1.181 0.231 0.940 0.848-1.041
TME 0.261 0.847 0.634-1.131 0.004 0.531 0.346-0.816
Gender (male vs. female) 0.343 0.785 0.476-1.295 0.201 1.453 0.819-2.578
Age 0.011 1.030 1.007-1.054 0.178 0.983 0.959-1.008
Histologic grade (1&2 vs. 3&4) 0.546 0.755 0.304-1.877 0.535 1.342 0.530-3.394
pTNM stage (I&II vs. HI&IV) 0.001 2.667 1.504-4.732 <0.001 5.162 2.186-12.188

HR: Hazard ratio; CI: confidence interval; nuclear CD133: nuclear CD133 expression in cancer cells; cytoplasmic CD133: cytoplasmic CD133
expression in cancer cells; TME: CD133 expression in tumor microenvironment cell.

Table III. Multivariate analysis of overall survival and disease-free survival in 132 patients with primary CRAC and 27 patients with metastatic

CRAC.
Overall survival Disease-free survival
p-Value HR 95%Cl1 p-Value HR 95%Cl1

Nuclear CD133 0.287 0.943 0.846-1.051 0.039 0.868 0.759-0.993
Cytoplasmic CD133 0.205 1.067 0.965-1.178 0.429 0.953 0.846-1.073
TME 0416 0.877 0.639-1.204 0.042 0.631 0.405-0.984
Gender (male vs. female) 0.237 0.736 0.443-1.223 0.573 1.186 0.655-2.145
Age 0.008 1.033 1.009-1.058 0.685 0.994 0.968-1.022
Histologic grade (1&2 vs. 3&4) 0.620 0.785 0.302-2.041 0.996 1.003 0.377-2.665
pTNM stage (I&II vs. HI&IV) <0.000 2915 1.632-5.206 0.001 4.538 1.885-10.927

HR: Hazard ratio; CI: confidence interval; nuclear CD133: nuclear CD133 expression in cancer cells; cytoplasmic CD133: cytoplasmic CD133
expression in cancer cells; TME: CD133 expression in tumor microenvironment cell.

compared to primary CRACs (p<0.001). By multivariate
analysis, nuclear CD133 expression in CRAC cells and
CD133 expression in TMEs was decreased in patients with
a poor outcome, including poor DFS (p=0.039 and
p=0.042).

This finding suggests that CD133 may play a role in
carcinogenesis, especially the early carcinomatous stage,
with decreased expression associated with CRAC
progression. The different expression of nuclear CD133
between adenomas and primary and metastatic CRAC cells
suggests that the “lymphovascular invasion” and “evident
recurrence or metastasis” steps may consist of different
cancer developmental cells. In fact, Hongo et al.
demonstrated that cultured CD133" human colon cells,
cloned by a limiting dilution-culture method to produce
single-clone CD133* cells, contained a population of
CD133 cells, whereas almost no CD133% cells were found
using flow cytometric analysis among the single-cloned

CD133 cells after 30 days of culture (6). This result
suggests that CD133" cells might be upstream in the
differentiation process in relation to CD133~ cells and that
CD133* cells can differentiate into CD133~ cells in an
irreversible manner. Moreover, the authors reported that
CD133™ cells showed an increased ability to migrate
compared to CD133* cells and were more resistant to 5-
fluorouracil than CD1337 cells. These results were supported
by another study showing that metastatic colon tumors
comprise both CDI133" and CDI133™ epithelial cell
populations and that both CD133* and CD133~ subsets of
CD133* human metastatic colon cancers are capable of
initiating tumors in immunodeficient mice with a higher
growth rate when the CD133™ subset is xenografted (17).
Our results showing decreased CD133 expression,
prominently nuclear expression, in metastatic CRAC cells
compared to primary CRAC cells are consistent with those
of the previous study reporting higher cytoplasmic and
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Figure 3. Kaplan—Meier survival curves according to CDI133 expression in patients with CRAC (n=159). (A-C) CD133 expression with disease-
free survival (DFS) in CRAC patients. (D-F) CD133 expression with overall survival (OS) in CRAC patients. The curves show a significant
association between decreased nuclear CD133 expression in CRAC cells and a shorter disease-free survival (p=0.012) (A). The curves show a
significant association between decreased CD133 expression in tumor microenvironment cells (TMEs) in CRACs and a shorter disease-free survival

(p=0.004) (C).

nuclear expression of CD133 in malignant tumors, whereas
nuclear CD133 showed a negative correlation with disease
progression in hepatocellular carcinoma (16). Our finding
may imply that the change from CD133* cells in primary
CRAC to CD133" cells is dominant in metastatic CRAC. A
previous study (18) also demonstrated that CRACs showed
higher cytoplasmic expression of CD24 than adenomas,
another potential marker for tumor stem cells, with an
inverse correlation to OS and DFS in CRACs, which are
similar observations to those of the present study using
CD133 (17, 19-21). In fact, a previous study also showed,
using flow cytometric analysis, that the CD133* human
colon cancer subset is CD441°"CD24*, whereas the CD133~
subset is CD447CD24~ (17). As prognostic markers, CD133
and CD24 have shown inconsistencies. However, this may
be due their in unique stages of

to involvement
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carcinogenesis and evaluation of their localized expression
(cytoplasmic membrane vs. cytoplasm vs. nucleus) in
CRACs. More specifically, our results suggest that both
cytoplasmic and nuclear CD133 expression play crucial roles
in tumorigenesis, with higher expression observed in CRACs
than in adenomas. It is likely that CD133*-initiating
carcinogenic cells lose their cytoplasmic CD133 expression
but gain nuclear CD133 expression and become more
aggressive with tumor progression, suggesting that nuclear
CD133 originates from cytoplasmic CD133 and may play a
role in the metastatic process. Finally, there seems to be a
time-lag in losing CD133 antigenicity throughout the
cytoplasm and nucleus; therefore, the prognostic values of
cytoplasmic and nuclear CD133 expression are lost after a
certain stage of carcinogenesis (22). TMEs are composed of
tumor-infiltrating immune cells and non-epithelial cells
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expressing CD133 and should be considered as supporting
the establishment of CSCs. There is some evidence that
CD133* mesenchymal stem or multipotent stromal cells can
contribute to trans-differentiation and tissue repair (23, 24).
However, based on our investigation, it is unlikely that
TMEs also stimulate tumor initiation supported via higher
CD133 expression on TMEs in adenomas than in CRACs; in
other words, tumor cells are dependent on TMEs only in the
initial phase. However, as CRAC progresses, progressive
CRAC cells without the support of TMEs are needed for
further progression and metastasis. We suggest that CD133-
positive TMEs and CRAC cells are activated in a specific
step during cancer development, where CD133 is expressed
in the nuclei of CRAC cells and TMEs and targeting this
expression may serve as an effective anti-tumor strategy.

In summary, high cytoplasmic and nuclear expression
levels of CD133 in CRACs, compared to adenomas, could
indicate early malignant transformation. The observation that
the nuclear expression of CD133 in CRAC cells and
positivity of CD133 in TMEs were negatively correlated
with DFS supports the possibility of a carcinogenesis step-
specific role for CD133 and its potential as a prognostic
marker in CRACs, although caution is needed to interpret the
localization of CD133, specifically whether there is
expression in the nucleus or cytoplasm of tumor cells.
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