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CD24 is a small membranous protein which may
participate in invasion of tumor cells. Present study
aimed at evaluation of prognostic significance linked to
immunohistochemical demonstration of CD24 expression and the proliferation index, Ki67 expression in ovarian cancers. The immunohistochemical reactions with
monoclonal CD24- and Ki67-specific antibodies were
performed in paraffin sections originating from 30 patients with ovarian cancer treated using cisplatin and
paclitaxel. Results of the reactions and analysis of the
clinical course of the patients were subjected to statistical analysis. Cases with cytoplasmic-membranous expression of CD24 (CD24c-m) were found to exhibit significantly shorter overall survival time (P=0.0002) and
progression-free period (P=0.0005). Cases with membranous expression of CD24 (CD24m) manifested a longer overall survival time (P=0.022). No relationship was
disclosed between expression of Ki67 on the one hand
and survival time and CD24 expression on the other. As
documented using chi square test, expression of CD24c-m
predisposed to relapses (P=0.012), progression (P=0.0362)
and to death (P=0.0034). Deaths were encountered significantly less frequently in cases with CD24m expression (P=0.0465). The studies demonstrated that CD24c-m
represented a strongly unfavorable prognostic indicator. The antigen represents an interesting target in the
search for novel therapeutic methods. The more aggressive course of cases with CD24c-m expression was not
linked to more intense proliferation of the tumor cells.

*

Introduction
Ovarian cancers are the most frequent gynecological
tumors of female sex. Due to their location and, linked to it,
late diagnosis as well as due to the aggressive course of the
disease, therapy of ovarian cancer seldom leads to cure. Despite introduction of new therapeutic modalities, proportion
of 5-year survival for all clinical stages of the cancer in the
recent 20 years did not exceed 40%. Seventy-five % of all
ovarian cancer cases are diagnosed at the III or IV FIGO
stage. In the groups only about 20% of the patients survive
5 years [7]. Therefore, in several centers intense search continues for new prognostic indices, which would permit intensification of therapy in high risk cases and which could
provide target for novel therapeutic modalities.
Membranous CD (cluster of differentiation) proteins
were originally described as specific markers of various subtypes of lymphoid cells. At present, expression of individual
CD antigens provides grounds for classification of hematological tumors [6]. In recent years, some of the CD antigens
have been demonstrated also on cells of epithelial tumors and
a proportion of them have manifested a significant relationship to the clinical course of the disease [12, 13, 15].
CD24 is a small membranous protein, typical for lymphocytes B [14]. Expression of the protein was demonstrated also
in the course of the development of pancreas [2], brain [19]
and in regenerating muscles [3]. The expression was noted
also in several types of neoplasms [9–11]. In 2002 we described CD24 expression in ovarian cancers [8]. In studies
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performed on 69 cases of ovarian cancer of variable histological type, advancement stage and applied therapy CD24
expression was demonstrated to be an unfavorable prognostic
factor. The prognostic significance of CD24 expression was
explained by participation of the protein in the process of neoplastic invasion. The study group of tumors was not uniform
in respect to histogenesis as well as grade, stage or applied
therapy. Due to low numerical force of the group no multivariate analysis was performed. Prognostic value of CD24 requires confirmation on larger groups of patients or on uniform
groups. Until now, relationships between CD24 expression
and exponents of tumor dynamics, such as proliferation, have
not been examined.
Ki67 represents a labile, non-histone protein present
in the cell nucleus. The protein is present in cells undergoing
a mitotic cycle. On the other hand its presence could not
have been detected in cells entering the G0 phase of the cell
cycle [17]. Expression of Ki67 used to be estimated in order
to determine the proportion of dividing cells. An unfavorable prognostic significance of elevated Ki67 expression
was demonstrated in biopsies of ovarian cancer, originating
from primary laparotomies [5, 20].
The present study aimed at examining prognostic
value of CD24 expression and of its relation to proliferation
intensity measured by Ki67 expression in a uniform group
of patients with ovarian cancer, treated with cisplatin and
paclitaxel.

Material and Methods
Patients
Immunohistochemical examination was performed retrospectively on tissue samples taken for routine diagnostic purposes. Thirty patients operated in 1999–2002 due to ovarian
carcinoma in the Department of Gynaecology and Obstetrics,
University Medical School in Poznañ were included in the
study. The cases were selected based on availability of tissue
and were not stratified for known preoperative or pathological
prognostic factors. The study was approved by an Institutional
Review Board (IRB) and the patients gave their informed consent before their inclusion into the study. Following the surgery all the patients were subjected to chemotherapy using
cisplatin and paclitaxel (Table 1). The patients were monitored by periodic medical check-ups, CA-125 serum levels,
ultrasonographic and radiological examinations.
Tissue samples were fixed in 10% buffered formalin
and embedded in paraffin. In each case, hematoxylin and
eosin stained preparations were subjected to histopathological evaluation by two pathologists. The stage of the tumors was assessed according to the International Federation
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TABLE 1
Patient and tumor characteristics
Characteristics

No. (%)

All patients

30 (100)

Age (mean 51.3)
≤50

13 (43)

>50–60

13 (43)

>60

4 (14)
Grade

1

3 (10)

2

13 (43)

3

14 (47)
FIGO

II

1 (3)

III

29 (97)
Histology

Serous

27 (90)

Other

3 (10)
Clinical response

Complete response

13 (43)

Stable disease

5 (17)

Progressive disease

12 (40)

Chemotherapy
Cisplatin/Paclitaxel

30 (100)

of Gynaecology and Obstetrics [21]. Tumors were graded
according to the Silverberg grading system [18].
Immunohistochemistry
Formalin-fixed, paraffin embedded tissue was freshly cut
(4 µm). The sections were mounted on Superfrost slides
(Menzel Gläser, Germany), dewaxed with xylene, and gradually hydrated. Activity of endogenous peroxidase was blocked
by 5-min exposure to 3% H2O2. All the sections studied were
boiled in the Antigen Retrieval Solution (DakoCytomation,
Poland). Then, immunohistochemical reactions were performed using the following antibodies:
1. mouse monoclonal antibodies (clone SN3) against CD24
(DakoCytomation, Poland) (dilution 1:100);
2. mouse monoclonal antibodies (clone MIB-1) detecting
Ki67 (DakoCytomation, Poland) (dilution 1:100).

CD24 and Ki67 in ovarian carcinoma

The antibodies were diluted in the Antibody Diluent,
Background Reducing (DakoCytomation, Poland). Tested sections were incubated with antibodies for 1 h at room temperature. Subsequent incubations involved biotinylated antibodies
(15 min, room temperature) and streptavidin-biotinylated peroxidase complex (15 min, room temperature) (LSAB+, HRP,
DakoCytomation, Poland). NovaRed (Vector Laboratories,
UK) was used as a chromogen (10 min, at room temperature).
All the sections were counterstained with Meyer’s hematoxylin. On every case, control reactions were included, in
which specific antibody was substituted by the Primary Mouse Negative Control (DakoCytomation, Poland).
Intensity of immunohistochemical reactions was evaluated
independently by two pathologists. In equivocal cases, the preparation was re-evaluated in common. In evaluation of CD24 expression intensity the previously described scale was employed
[9–11], which took into account location of the reaction: membranous (CD24m) or cytoplasmic-membranous (CD24c-m).
Cases with no CD24 expression or the expression in less than
10% of the cells were denoted by 0 while cases with presence of
CD24 in cancer cells were marked by 1. In the case of Ki67 percentage of cells manifesting the reaction was evaluated.

Statistical analysis
Statistical analysis of the results took advantage of Statistica 98 PL software (Statsoft, Poland). Relations between
individual variables were tested using the chi square test and
the ANOVA rank test of Kruskal-Wallis. Kaplan-Meier’s statistics and log-rank tests were performed using SPSS software
(release 10.0; SPSS Inc., Chicago, IL, USA) to estimate significance of differences in survival times. The length of progression-free survival was defined as the time between the primary
surgical treatment and diagnosis of a recurrent tumor or death.

Results
The immunohistochemical reactions yielded the following pattern:
1. staining for CD24 protein resulted in reactions of a cytoplasmic-membranous localization (CD24c-m) (Fig. 1A)
or membranous localization (CD24m) (Fig. 1B). CD24c-m
was demonstrated in 14 (47%) cases and CD24m in
11 (37%) cases. Only in 5 (17%) cases expression of
CD24 could not be demonstrated;

Fig. 1. Immunohistochemical localization of: A. Cytoplasmic-membranous
expression of CD24; B. Membranous expression of CD24; C. Ki67 expression in ovarian carcinoma sections. Orig. magn. 400×.
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2. staining for Ki67 resulted in color reaction of a nuclear
localization. In individual cases the reaction developed
in a variable proportion of cancer cells (Fig. 1C). Mean
proportion of cells manifesting the reaction amounted to
53% ± 23 SD.
At the first step of statistical analysis the chi square
test was used. Relations were examined between expression
of CD24 and Ki67 on the one hand and extent of differentiation of the tumors, development of relapses, response to
therapy and death of the patients. The following significant
relationships were disclosed:
1. relapses developed with a significantly higher frequency
in cases with CD24c-m expression (Table 2);
2. in cases with CD24c-m expression progress of the neoplastic disease was noted with a significantly higher frequency than full remission or stable disease (Table 2);
3. death was more frequent in cases with CD24c-m expression and significantly less frequent in cases with CD24m
expression (Table 2).
No relationship could be disclosed between expression of the proteins and the extent of tumor differentiation
(Table 2).
The ANOVA rank test of Kruskal-Wallis was used in order to examine a relationship between expression of CD24c-m
or CD24m and intensity of proliferation estimated by Ki67.
The analysis failed to disclose any relationships (P>0.05).
Using the analysis of Kaplan-Meier the complete survival
time and the period with no progression were compared between groups demonstrating (1) and those not demonstrating
(0) expression of CD24. In the case of Ki67 the study material
was subdivided into subgroups with lower than average and
that with the higher than average expression. The so prepared
calculations demonstrated that:
1. cases with CD24c-m expression exhibited a significantly
shorter total survival time and progression-free survival
time (Figs. 2A and 2B);
2. expression of CD24m predisposed the patient to a longer
total survival time (Figs. 2C and 2D);

TABLE 2
Relationships between pathological and clinical variables of
the study patients and expression of CD24 and Ki67 (chi
square test)
Studied
protein

Grade

Relapse

Response

Death

CD24c-m

0.0938

0.0012

0.0362

0.0034

CD24m

0.7755

0.2871

0.2399

0.0465

Ki67

0.4129

0.0636

0.1767

0.3613
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3. expression of Ki67 was not related to total survival time
or relapse-free survival time (P>0.05).

Discussion
Effect of CD24 on the course of neoplastic disease was
explained by the phenomenon originally described in 1997 by
Aigner et al. [1]. In their studies on P-selectin present on endothelial cell membranes and participating in the rolling phenomenon the authors demonstrated that CD24 represented its
ligand. CD24 interacted with the endothelial P-selectin, which
facilitated intra- or extravasation of the cell. Thus, CD24 may
participate in intravasation of tumor cells and, consequently,
with formation of metastases. The hypothesis was corroborated by Schindelmann et al. [16], who demonstrated that
CD24 expression in mammary cancer cells strongly correlated
with their augmented capacity to form metastases. The unfavorable prognostic significance of CD24 expression was demonstrated in various tumors, including ovarian, breast and
prostate cancers [8, 9, 11].
In the present group of ovarian cancer patients uniform in
respect to the applied therapy (postoperatively all the patients
received cisplatin and paclitaxel) and in respect to advancement stage (97% FIGO III, 3% FIGO II stage) prognostic
value of CD24 expression was examined using immunohistochemical reactions. Cases with CD24c-m expression
were found to exhibit a significantly shorter total survival time
and progression-free time. Expression of CD24c-m predisposed also to more frequent relapses of the disease, to progression of the process following chemotherapy and to death due
to the neoplastic process. Considering the fact that no relationship could be documented between expression of CD24c-m
and the proliferation exponent, Ki67, the more aggressive
course of cases with CD24c-m expression might be related to
their higher invasive capacity.
In our study we have demonstrated the up to now not disclosed phenomenon of favorable prognostic significance
linked to CD24m expression. Manifestation of CD24 of membranous location has been typical for cases with longer total
survival time. In analysis of the phenomenon one should keep
in mind that as many as 14 out of 19 (74%) cases negative for
CD24m have been in parallel positive for CD24c-m. It should
also be noted that statistical significance of the relation between CD24c-m and the survival time has been much higher
than that for respective relationship between CD24m and the
survival time (P=0.0002 and P=0.0222, respectively). In earlier studies [8–11] we have demonstrated also that cytoplasmic location of CD24 is prognostically particularly
unfavorable. The cytoplasmic-membranous location results
most probably from intensified expression of CD24. Presence
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Fig. 2. Relationship between CD24c-m expression and total survival time (A) or relapse-free survival time (B), between CD24m expression and total survival time (C) or relapse-free survival time (D). Cases with CD24c-m expression demonstrated shorter total survival time (P=0.0021) and relapse-free survival time (P=0.0013). Cases demonstrating expression of CD24m showed longer total survival time (P=0.0222) (Kaplan-Meier’s analysis).

of the protein in the cytoplasm may reflect membrane protein
turnover and transport of proteins from endoplasmic reticulum to the cell membrane.
Prognostic significance of Ki67 expression in ovarian
cancer is not unequivocal. Some authors have demonstrated
an unfavorable prognostic significance of higher Ki67 expression [5, 20] but others could not have detected such a relationship [4]. In our study we have not been able to
demonstrate relationships between Ki67 expression and
studied clinical and pathological variables.
Summing up, in our study we have demonstrated high
prognostic value of immunohistochemical estimation of CD24
expression in ovarian cancers. No relationships could be doc-

umented between CD24 expression and intensity of proliferation, measured using Ki67 protein. CD24c-m represents an interesting unfavorable prognostic index, the expression of which
in ovarian cancers should be regarded to indicate need for implementation of a more intense therapy. CD24 provides also an
interesting target for studies on novel therapeutic modalities.

References
1. Aigner S, Sthoeger ZM, Fogel M, Weber E, Zam J, Ruppert M,
Zeller Y, Vestweber D, Stahel R, Sammar M, Altevogt P: CD24,
a mucin-type glycoprotein, is a ligand for P-selectin on human tumor
cells. Blood 1997, 89, 3385–3395.

73

P. Surowiak et al
2. Cram DS, McIntosh A, Oxbrow L, Johnson AM, DeAzipurua HJ: Differential mRNA display analysis of two related but functionally distinct rat insulinoma (RIN) cell line: identification of CD24 and its
expression in the developing pancreas. Differentiation 1999, 64,
237–246.
3. Figarella-Branger D, Moreau H, Pellissier JF, Bianco N, Rougon G:
CD24, a signal-transducing molecule expressed on human B lymphocytes, is a marker for human regenerating muscle. Acta Neuropathol
(Berl) 1993, 86, 275–284.
4. Frutuoso C, Silva MR, Amaral N, Martins I, De Oliveira C, De
Oliveira HM: Prognostic value of p53, C-erB-2 and Ki67 proteins in
ovarian carcinomas. Acta Med Port 2001, 14, 277–283.
5. Garzetti GG, Ciavattini A, Goteri G, De Nictolis M, Stramazzotti D,
Lucarini G, Biagini G: Ki67 antigen immunostaining (MIB 1 monoclonal antibody) in serous ovarian tumors: index of proliferative activity with prognostic significance. Gynecol Oncol 1995, 56, 169–174.
6. Harris NL, Jaffe ES, Stein H, Banks PM, Chan JK, Cleary ML,
Delsol G, De Wolf-Peeters C, Falini B, Gatter KC: A revised European-American Classification of Lymphoid Neoplasms: a proposed
from the International Lymphoma Study Group. Blood 1994, 84,
1361–192.
7. Holschneider CH, Berek JS: Ovarian cancer: epidemiology, biology,
and prognostic factors. Seminars Surg Oncol 2000, 19, 3–10.
8. Kristiansen G, Denkert C, Schuelns K, Dahl E, Pilarsky C, Hauptmann S: CD24 is expressed in ovarian cancer and is a new independent
prognostic marker of patient survival. Am J Pathol 2002, 161,
1215–1221.
9. Kristiansen G, Pilarsky C, Pervan J, Stuerzebecher B, Stephan C,
Jung K, Loening S, Rosenthal A, Dietel M: CD24 expression is a significant predictor of PSA relapse and poor prognosis in low grade or
organ confined prostate cancer. Prostate 2004, 58, 183–192.
10. Kristiansen G, Schluens K, Yongwei Y, Denkert C, Dietel M, Petersen I: CD24 is an independent prognostic marker of survival in
non-small cell lung cancer patients. Br J Cancer 2003, 88, 231–236.
11. Kristiansen G, Winzer K-J, Mayordomo E, Bellach J, Schuelns K,
Denkert C, Dahl E, Pilarsky C, Altevogt P, Guski H, Dietel M: CD24
expression is a new prognostic marker in breast cancer. Clin Cancer
Res 2003, 9, 4906–4913.
12. Lee H-J, Kim E, Jee B, Hahn J-H, Han K, Jung KC, Park SH, Lee H:
Functional involvement of src and focal adhesion kinase in a CD99

74

13.

14.
15.

16.

17.
18.

19.

20.

21.

splice variant-induced motility of human breast cancer cells. Exp Mol
Medicine 2002, 34, 177–183.
Morris SF, O’Hanlon DM, McLaughlin R, McHale T, Connolly GE,
Given HF: The prognostic significance of CD44s and CD44v6 expression in stage two breast carcinoma: an immunohistochemical study.
EJSO 2001, 27, 527–531.
Pirucello SJ, Lebien TW: The human B cell-associated antigen CD24
is a single chain sialoglycoprotein. J Immunol 1986, 136, 3779–3784.
Righi L, Deaglio S, Pecchioni C, Gregorini A, Horenstein AL, Bussolati G, Spino A, Malavasi F: Role of CD31/platelet endothelial cell adhesion molecule-1 expression in vitro and in vivo growth and
differentiation of human breast cancer cells. Am J Pathol 2003, 162,
1163–1174.
Schindelmann S, Windisch J, Grundmann R, Kreienberg R, Zeillinger
R, Deissler H: Expression profiling of mammary carcinoma cell lines:
correlation of in vitro invasiveness with expression of CD24. Tumor
Biol 2002, 23, 139–145.
Scholzen T, Gerdes J: The Ki67 protein: from the known and the unknown. J Cell Physiol 2000, 182, 311–322.
Shimizu Y, Kamoi S, Amada S, Silverberg SG: Toward the development of a universal grading system of ovarian epithelial carcinoma:
Testing of a proposed system in a series of 461 patients with uniform
treatment and follow-up. Cancer 1998, 82, 893–901.
Shirasawa T, Akashi T, Sakamoto K, Takahashi H, Maruyama N, Hirokawa K: Gene expression of CD24 core peptide molecule in developing
brain and developing non-neural tissues. Dev Dyn 1993, 198, 1–13.
Surowiak P, Kaplenko I, Spaczyñski M, Zabel M: Expression of metallothionein (MT) and intensity of proliferation in ovarian cancers
treated with cisplatin and paclitaxel. Fol Morphol 2003, 62, 493–495.
UICC: TNM Classification of Malignant Tumors. Sobin LH, Wittekind Ch, eds. Wiley-Liss, New York 1997.

Address for correspondence and reprint requests to:
Pawe³ Surowiak, M.D., Ph.D.
Chair and Department of Histology and Embryology
University School of Medicine
Cha³ubiñskiego 6a, 50-356 Wroc³aw
Phone: +48 71 7840081
Fax: +48 71 7840082
E-mail: pawel.surowiak@interia.pl

