
Abstract. Aim: Cluster of differentiation 24 (CD24) is
known to be a putative marker of stem cell and tumor
metastasis. This study aimed to verify the clinicopathological
value of CD24 expression in colorectal adenocarcinoma
(CRAC). Materials and Methods: A total of seven whole-
tissue sections of malignant polyps including the sequence
non-neoplastic colorectal tissue–adenoma–CRAC, 48
adenomas and 161 CRACs arranged as tissue microarray
were examined by immunohistochemistry for CD24 protein
expression. Association of CD24 expression with
clinicopathological parameters were also studied. Results:
CD24 was not detected in normal mucosal epithelia.
Cytoplasmic CD24 expression was higher in CRAC than in
adenoma (p<0.001). In CRACs, cytoplasmic CD24
expression was inversely correlated with poor differentiation
(grades 1 to 3), tumor size, and pathological TNM stage (I to
III versus IV) (p=0.005, p=0.034, and p=0.006, respectively).
Statistical correlations between high CD24 expression and
longer overall and disease-free survival were found (p=0.023
and p=0.033, respectively). Conclusion: Our findings suggest
that up-regulation of CD24 expression in CRAC occurs at
malignant transformation but is a marker of good prognosis,
being down-regulated in pathological TNM stage IV. CD24
expression may be a challenging diagnostic marker in
differentiating early invasive CRAC from adenoma and may
serve as a prognostic marker in patients with CRAC.

Cluster of differentiation 24 (CD24), a small glycosylated cell
surface protein, was first reported as a glycosylphosphati-
dylinositol (GPI)-linked B-cell-related antigen in humans (1).
CD24 is physiologically expressed in various developing cells,
not just in pre-B-cells but also in keratinocytes, renal tubules,
developing epithelial cells, and regenerating muscles (2-5).
CD24 has raised considerable interest in tumor biology, with
functions in regulation of cell-to-cell interaction, cell growth,
cell motility and invasion (6, 7). CD24 overexpression has
been identified in many cancer types, including hematological,
breast, lung, prostate, and gastrointestinal cancer (8-14). CD24
has also gained attention as a potential marker for tumor stem
cells with other molecules such as CD44 and CD133 by
demonstrating tumorigenenic ability (15-17). 

Colorectal adenocarcinoma (CRAC), which is one of the
most common types of cancer in humans, is a leading cause of
mortality. CRAC is curative at an early stage but prognosis is
poor if it metastasizes (18). Prognostic factors, such as tumor
stage, histological type, tumor grade, and surgical margins, are
well known for CRAC (19). In addition to these conventional
factors, molecular markers are being researched to find
diagnostic, prognostic, and therapeutic implications for CRAC.
CD24 protein overexpression has been shown to be significant
in gastrointestinal tract cancer, including CRAC (6).

CD24 expression has been reported to be commonly up-
regulated in CRAC and benign adenoma (20, 21) and has
been shown to be a marker of poor prognosis (22). CRAC
typically develops in a multistep process to malignancy,
through various genetic alterations (20). We aimed to verify
CD24 protein expression patterns by immunohistochemical
staining in non-neoplastic epithelia, adenoma and CRAC, and
to determine the correlation between CD24 expression and
clinicopathological parameters, including patient survival.

Materials and Methods
Patients and specimens. We obtained 216 paraffin-embedded
colorectal samples collected from 216 patients who underwent
curative resection at the Chungnam National University Hospital,
Daejeon, South Korea, between 2002 and 2015. The tissues
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consisted of seven whole-tissue samples of malignant polyps
including the sequence non-neoplastic colorectal tissue–adenoma–
CRAC, 48 tissue microarray samples of adenoma with low-grade
dysplasia, and 161 tissue microarray samples of CRAC. None of
the patients had received preoperative chemotherapy or
radiotherapy. These specimens were provided by the National
Biobank of Korea, Chungnam National University Hospital,
Daejeon, South Korea. This study was approved by the
Institutional Review Board of the Chungnam National University
Hospital (CNUH 2016-04-038).

All cases were clinicopathologically reviewed by two
pathologists (KHK and MKY), and the two most representative
areas of viable tissue were selected and marked on the
hematoxylin and eosin-stained slides. Tissue microarray was
created by punching tissue columns (2.0 or 3.0 mm in diameter)
from the original paraffin blocks and inserting them into new
recipient paraffin blocks (each containing 30 holes for tissue
columns). The CRAC stages were determined according to the
Seventh Edition of the American Joint Committee on Cancer
Staging System (23).

Immunohistochemical analysis. The embedded tissue sections on
the microslides were deparaffinized with xylene and hydrated in
a graded alcoholic 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. Endogenous peroxidase
activity blocking was performed using 0.03% hydrogen peroxide
containing sodium azide for 5 min. The sections were incubated
at room temperature for 1 h with primary monoclonal mouse
antibody to CD24 (diluted 1:100; Abcam, Cambridge, UK). The
samples were washed and then incubated in labeled polymer-
HRP anti-mouse immunoglobulins [Dako EnVision+system-HRP
(DAB), Dako, Carpinteria, CA] 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
coverslipped. 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). Immuno -
histochemical staining was scored using digitally scanned files and a
light microscope. We used the Allred scoring system for evaluating both
the intensity of the immunohistochemical staining and the proportion
of stained epithelial cells (24). The intensity score (range: 0 to 3) and
the proportion score (range: 0 to 5) were added to obtain the total score
(range: 0 to 8). For categorical survival analyses, expression at the
median value or more was regarded as high CD24 expression. Each
sample was examined separately and scored by two pathologists (KHK
and MKY). Discrepancies in scores were discussed in order to obtain
a consensus.

Statistical analysis. The associations of CD24 immunohistochemical
expression and clinicopathological variables for the colorectal
neoplastic lesions were examined with Spearman’s rank correlation
coefficient, Mann–Whitney U-test, and Kruskal–Wallis test.
Postoperative overall and disease-free survival curves were determined
using the Kaplan–Meier method. Univariate and multivariate survival
analyses were assessed using log-rank test and Cox’s proportional
hazard regression model, respectively. Statistical significance was set
at p<0.05 (SPSS 21; IBM Corp., Armonk, NY, USA).

Results 

Differential expression of CD24 in adenoma and CRAC. The
cytoplasmic CD24 expression was evaluated in the seven
whole-tissue sections of malignant polyps containing both
non-neoplastic and neoplastic mucosa, a tissue microarray
containing 48 adenomas with low-grade dysplasia, and six
tissue microarray paraffin blocks containing 161 CRAC. The
adenomas expressed significantly lower CD24 levels than
did the CRACs (p<0.001) (Figure 1). All non-neoplastic
epithelia were negative for CD24 expression (Figure 2). 
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Figure 1. Comparison between the colorectal adenocarcinoma and
adenoma groups of the CD24 expression (Mann–Whitney U-test:
p<0.001). The line in the middle of the boxes is the median. The box
length indicates the interquartile range. The ends of the whiskers
represent maximum and minimum values.  

Table I. Correlation between CD24 expression and clinicopathological
factors in 161 patients with colorectal adenocarcinoma.

Variable                                  No.           CD24 expression          p-Value

Gender                                                                                           0.949a
    Male                                   99                 5 (Median)                     
    Female                                62                 5 (Median)                     
Differentiation                                                                              0.005b
    Grade 1                                 2               6.5 (Median)                   
    Grade 2                            142                 5 (Median)                     
    Grade 3                              17                 0 (Median)                     
Nodal metastasis                                                                           0.478a
    Absent                                81                 5 (Median)                     
    Present                                80                 5 (Median)                     
Pathologic stage                                                                            0.083a
    I-II                                      71                 6 (Median)                     
    III-IV                                  90                 5 (Median)                     
Pathologic stage                                                                            0.006a
    I-III                                   125                 6 (Median)                     
    IV                                       36                 3 (Median)                     

aMann-Whitney U-test; bKruskal-Wallis test.



Clinicopathological features and the CD24 expression pattern
in CRAC. We investigated 161 tissue microarray CRAC
samples with clinicopathological analysis. The 161 tissue
microarray samples were of CRAC located in the ascending
colon (n=34), transverse colon (n=9), descending colon (n=8),
sigmoid colon (n=49), and rectum (n=61). The patients ranged
in age from 26 to 89 years, with a mean of 64.83 years. The
161 tumors ranged in the largest diameter from 1.0 cm to 12.0
cm with a mean of 5.13 cm. CD24 expression negatively
correlated with age, tumor size, poorly differentiated CRAC,
and pathologic TNM stage (I to III versus IV) (p=0.039,
p=0.034, p=0.005, and p=0.006, respectively) (Table I). 

Both overall and disease-free survival analyses were carried
out on 122 patients with CRAC among 161 tissue microarray
samples from patients with CRAC. Kaplan–Meier survival
curves and log-rank tests showed significant association of
high CD24 expression with prolonged overall and disease-free
survival (p=0.023 and p=0.033, respectively) (Figure 3).
Multivariate analyses using the Cox’s proportional hazard
regression model were performed on age, sex, and CD24
expression. The multivariate analyses showed high CD24
expression to be a  prognostic factor indicative of good overall
and disease-free survival (p=0.019 and p=0.045, respectively)
(Table II).
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Figure 2. Representative photographs of CD24 immunostaining in four colonic malignant polyps A-D: Both normal and adenoma showed negative
staining in contrast to up-regulation of cytoplasmic CD24 expression detection in micro-invasive adenocarcinomas. Scale bar: 600 μm.



Discussion 

In this study, we investigated CD24 protein expression in
CRAC using immunohistochemistry. CD24 was up-regulated
in human CRAC compared to non-neoplastic colonic mucosa.
CD24 expression was not observed in normal epithelia, but
was mildly increased in adenoma and markedly increased in
CRAC. CD24 had dominant and diffuse cytoplasmic
immunoreactivity. Aberrant cytoplasmic accumulation of CD24
expression could be considered a marker of early CRAC
progression. Considering multivariate and univariate survival
analyses, CD24 expression demonstrated a prognostic impact
on CRAC. Cytoplasmic CD24 expression was inversely
correlated with poor differentiation (grades 1 to 3), tumor size,
and pathological TNM stage (I to III versus IV).

The significance of CD24 expression has been described
for carcinogenesis and putative cancer stem cell marker
characterization, but the reported results are conflicting
depending on tumor cell type or localization of CD24
expression. CD24 protein overexpression was significantly

associated with malignant transformation or poor survival in
prostate, hepatobiliary, and gastrointestinal tract cancer (12-
14, 22). However, CD24 underexpression or lack of
expression was also reported to have an unfavorable
relationship with clinicopathological parameters in breast and
ovarian cancer (25-27). 

The pattern and significance of CD24 protein expression
among patients with CRAC and its precursor lesion have
been evaluated in CRAC. Increased CD24 expression in
adenoma and carcinoma that was contrary to the low CD24
expression in normal adjacent mucosa was observed (20, 22).
Cytoplasmic, membranous, or nuclear expression patterns of
the CD24 marker were identified, even though CD24 is a
membrane-bound receptor (21). Positive luminal membrane
expression of CD24 by immunohistochemical staining was
seen to the same extent in adenomas and all stages of CRAC,
which indicates that CD24 expression is an early event in
CRAC carcinogenesis (20). Cytoplasmic CD24 expression
has generally been shown to correlate with higher tumor
grade, higher tumor stage, and metastasis, and was a marker
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Figure 3. Kaplan–Meier survival curves according to CD24 expression in patients with colorectal adenocarcinoma (CRAC) (n=122). Overall survival
(log-rank=5.186, p=0.023) (A) and disease-free survival (log-rank=4.541, p=0.033) (B).

Table II. Multivariate analysis results of overall and disease-free survival in 122 patients with colorectal adenocarcinoma. 

                                                                                    Overall survival                                                                  Disease-free survival

                                                                HR                      95% CI                    p-Value                           HR                    95% CI                     p-Value

CD24 (low vs. high)                             0.526               (0.308-0.899)                 0.019                          0.506             (0.260-0.985)                 0.045
Sex (male vs. female)                           0.679               (0.388-1.190)                 0.176                          1.487             (0.780-2.834)                 0.228
Age (range=26-89 years)                     1.039               (1.012-1.066)                 0.004                          0.980             (0.954-1.008)                 0.156

HR, Hazard ratio; CI, confidence interval. 



of poor prognosis in CRAC (22, 28-30). However, no
prognostic significance or loss of CD24 expression in
relation to poor outcome and unfavorable parameters in
CRAC has also been reported (21, 31, 32). 

A recent study of pancreatic ductal adenocarcinomas
showed that CD24 expression was exclusively up-regulated
in well-differentiated tumors, whereas CD24 expression was
absent in undifferentiated tumors (33). Our study supports
the previous study’s proposal that cytoplasmic CD24
expression inhibits tumor cell migration thus inhibiting
undifferentiated features (33, 34). 

In conclusion, our results demonstrate that up-regulation
of cytoplasmic CD24 expression in CRAC occurred at
malignant transformation but appears to have a favorable
prognostic impact on patient survival. Although the clinical
significance of CD24 is not completely understood, aberrant
cytoplasmic CD24 expression may be a challenging
diagnostic marker in differentiating early invasive CRAC
from adenoma and serve as a potential prognostic marker in
patients with CRAC.
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