
CD24 Is Expressed in Ovarian Cancer and Is a New

Independent Prognostic Marker of Patient Survival

Glen Kristiansen,* Carsten Denkert,*
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CD24 is a small heavily glycosylated glycosylphosphati-

dylinositol-linked cell surface protein, which is ex-

pressed in hematological malignancies as well as in a

large variety of solid tumors. Very recently its expres-

sion in ovarian cancer has been found on RNA level by

chip analysis. We evaluated CD24 protein expression by

immunohistochemistry in 9 normal ovaries and 69 ep-

ithelial ovarian tumors (5 adenomas, 8 borderline tu-

mors, and 56 carcinomas) with known follow-up data.

Surface epithelium of normal ovaries as well as adeno-

mas did not express CD24. In borderline tumors CD24

was expressed in membrane in 75% of cases, whereas

cytoplasmic expression was detected in only one of

nine cases. In invasive ovarian carcinomas, a membra-

nous expression was detected in 84% and a cytoplasmic

expression in 59% of cases. In univariate survival anal-

ysis of all invasive ovarian carcinomas, a highly signif-

icant association of increased cytoplasmic CD24 expres-

sion with shortened patient survival (mean 98 months

versus 37 months, P � 0.0002, log rank test) was dem-

onstrated. Other significant prognostic parameters

were International Federation of Gynecology and Ob-

stetrics (FIGO) stage, Silverberg grade, patient age, un-

differentiated histological type, and metastatic disease.

We did not detect a significant correlation of CD24 with

these clinicopathological parameters. In multivariate

analysis, only CD24 and FIGO stage were independent

prognostic parameters. Our data suggest that the ex-

pression of CD24 as detected by immunohistochemistry

is a new independent molecular marker for shortened

survival time of patients with epithelial ovarian carci-

nomas. (Am J Pathol 2002, 161:1215–1221)

Ovarian cancer is the leading cause of death from gyne-

cologic malignancy in the United States and Europe, with

another 23,300 new cases expected for 2002 in the

United States alone.1,2 The high mortality rate is usually

ascribed to late diagnosis of this tumor, which lacks early

symptoms. But even in late stages of the disease, the

courses are highly variable. Clinicians and pathologists

have tried to predict the biology of the tumor and thus the

course of the disease in the individual patient to adjust

therapy accordingly. Well established conventional prog-

nostic markers are International Federation of Gynecol-

ogy and Obstetrics (FIGO) stage, grade, patient age, and

residual tumor.3 In addition to these clinicopathological

parameters, molecular markers are being sought and

established for a wide variety of tumors.4–9 To identify

novel potential diagnostic or therapeutic target genes we

screened electronic gene expression libraries.10 A gene

we identified as up-regulated in electronic ovarian cancer

libraries is CD24. This is a small, heavily glycosylated

mucin-like glycosylphosphatidylinositol (GPI)-linked cell

surface protein, which is physiologically expressed in

developing or regenerating tissue and also in granulo-

cytes, pre-B-cells, keratinocytes, and renal tubular epi-

thelium.11–20 In neoplasia its expression has been de-

scribed initially in hematological malignancies but also in

a large variety of solid tumors, eg, renal cell carcinoma,

small cell lung cancer, nasopharyngeal carcinoma, hep-

atocellular carcinoma, bladder carcinoma, glioma, breast

cancer, and, recently, in ovarian cancer.20–31 CD24 is a

ligand of P-selectin, an adhesion receptor on activated

endothelial cells and platelets, and thus might contribute

to the metastasizing capacities of CD24-expressing tu-

mor cells.32–36 To date very little is known about CD24 in

ovarian cancer. The aim of this study was to investigate

the expression of CD24 in ovarian cancer and to evaluate

its prognostic significance.

Patients and Methods

Patients

Tissue samples from 61 patients with epithelial ovarian

tumors which were diagnosed at the Institute of Pathol-

ogy, Charité Hospital, Berlin, between 1998 and 2001

were included in this study. Furthermore, nine cases with

normal ovaries from hysterectomy specimens resected

for non-ovarian disease were added. The cases were

selected based on availability of tissue and were not

stratified for known preoperative or pathological prognos-

tic factors. The tumor cases encompassed 56 cases with

histologically confirmed invasive ovarian carcinoma, 8
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borderline tumors (LMP tumors), and 5 cystadenomas.

Ages of the carcinoma patients ranged from 24 to 80

years (median 58 years). Clinicopathological character-

istics of the tumor set are described in Table 1. The stage

of tumors was assessed according to the International

Federation of Gynecology and Obstetrics. Tumors were

graded according to the Silverberg grading system. All

cases were reevaluated for grade and histological type

by the same pathologist (S.H.). Histology was determined

according to the criteria of the World Health Organization.

Immunohistochemistry

Formalin-fixed paraffin embedded tissue was freshly cut

(4 �m). The sections were mounted on Superfrost slides

(Menzel Gläser, Braunschweig, Germany), dewaxed with

xylene, and gradually hydrated. Antigen retrieval was

achieved by pressure cooking in 0.01 mol/L citrate buffer

for 5 minutes. The primary CD24 antibody (Ab-2, clone

24C02, Neomarkers, Fremont, CA) was diluted 1:100

using a background reducing dilution buffer from DAKO

(Hamburg, Germany). No other blocking agents were

used. The primary antibody was incubated at room tem-

perature for 2 hours. Detection took place by the conven-

tional labeled streptavidin-biotin (LSAB-kit, DAKO)

method with alkaline phosphatase as the reporting en-

zyme according to the manufacturer’s instructions. Fast

Red (Sigma-Aldrich, Munich, Germany) served as chro-

mogen. Afterward the slides were briefly counterstained

with hematoxylin and aqueously mounted.

For evaluation of the staining, two pathologists, who

were unaware of patient outcome, independently exam-

ined the slides. The membranous and the cytoplasmic

staining intensity of CD24 were evaluated separately and

scored semiquantitatively as CD24 negative, weak, mod-

erate, or strong positive. For Kaplan-Meier analysis, pa-

tients with tumors that showed a weak, moderate or

strong CD24 immunoreactivity were combined to a CD24

positive group and survival times were compared to pa-

tients with tumors negative for CD24.

Statistical Analysis

For statistical evaluation the SPSS software v. 10.0 was

used. We used Fisher’s exact test to assess the statistical

significance of the correlation between expression of

CD24 and clinicopathological parameters. For survival

analysis, we analyzed only the 56 patients with invasive

ovarian carcinoma by Kaplan-Meier analysis. Log rank

test was used to compare different survival curves. Mul-

tivariate survival analysis was performed on all parame-

ters that were found to be significant on univariate anal-

ysis using the Cox regression model. P values �0.05

were considered significant.

Results

CD24 Immunostaining in Different Ovarian

Lesions

Normal ovarian surface epithelium (9 cases) had no im-

munoreactivity for CD24 (Figure 1B, right), while normal

salpingeal mucosa showed a membranous staining of

the luminal cell surface with no cytoplasmic staining at all

(Figure 1A, left). Borderline tumors stained similar to sal-

pingeal epithelium with a moderate to strong membra-

nous staining in 6 of 8 tumors (Figure 1C), while only one

borderline tumor showed a weak cytoplasmic staining.

A moderate to strong membranous CD24 staining was

also observed in 84% of the invasive carcinomas (Figure

1, D–G). The membranous staining was significantly in-

creased in ovarian carcinomas and borderline tumors

compared to normal ovaries and cystadenomas (P �

0.0001; Table 2). In contrast to the benign lesions an

additional cytoplasmic staining was detected in 59% of

the invasive carcinomas. This difference was found to be

statistically significant (P � 0.04, Fisher’s exact test; Ta-

ble 2). The correlations between membranous or cyto-

plasmic CD24 staining and clinicopathological parame-

ters were investigated in univariate analyses. We found

no significant association of cytoplasmic CD24 staining

intensity and tumor type, grade, patient age, or FIGO

stage. Similarly, no correlations between membranous

CD24 immunoreactivity and these clinicopathological pa-

rameters were obtained (Table 3).

CD24 Expression and Patient Survival

In univariate survival analyses, cumulative survival curves

were calculated according to the Kaplan-Meier method.

Differences in the survival were assessed with the log-

rank test. First, we analyzed established prognostic pre-

Table 1. Clinicopathological Parameters of Patients with
Different Epithelial Ovarian Tumors or Normal
Ovaries

Parameter Number of cases

Total number 78
Histology
Normal ovaries 9
Cystadenomas 5
Borderline tumors 8
Invasive carcinomas 56

Serous 29
Mucinous 5
Endometrial 7
Clear cell 2
Transitional 1
Undifferentiated 12

pT stage
pT1 11
pT2 7
pT3 38

FIGO stage
I 10
II 6
III 36
IV 4

Silverberg grade
G1 11
G2 23
G3 22
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dictors of patient survival to confirm the representativity of

our tumor collective. Kaplan-Meier analysis demon-

strated a significant impact of well known clinicopatho-

logical prognostic parameters such as tumor grade (P �

0.007), FIGO stage (P � 0.001), metastatic disease (P �

0.0004), patient age (P � 0.015), and undifferentiated

histological type (P � 0.02) on patient survival (Figure 2,

C and D; Table 4).

The overall survival of all patients with ovarian carci-

noma was compared according to cytoplasmic or mem-

branous CD24 expression. Both expression patterns

were analyzed separately. The mean survival time for

patients with tumors without cytoplasmic CD24 staining

was 98 months compared to 37 months for patients with

tumors with cytoplasmic CD24 expression (P � 0.0002,

Figure 2A; Table 4). In contrast, the intensity of membra-

Figure 1. CD24 Immunohistochemistry. A: Physiological salpingeal mucosa with a strong luminally polarized membranous staining. B: Ovarian surface epithelium
without any signal. C and D: Membranous staining without cytoplasmic reactivity in a borderline tumor of the ovary (C) and a serous carcinoma (D). E: Serous
ovarian carcinoma with a weak cytoplasmic staining. F and G: Two invasive ovarian carcinomas with strong cytoplasmic staining, which is in part circumferentially
accentuated.
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nous CD24 staining was not predictive of patient survival

(P � 0.94, Figure 2B; Table 4).

Multivariate Survival Analysis

A multivariate progression analysis based on the Cox

proportional hazard model was performed to test the

independent value of each parameter predicting overall

survival. Cytoplasmic expression of CD24 as well as

other clinicopathological parameters that were significant

in univariate analysis (age, FIGO stage, grade, histolog-

ical type) were included in multivariate analysis (Table 5).

Cytoplasmic expression of CD24 was found to be an

independent prognostic factor for poor overall survival

(relative risk (RR) 7.77, 95% CI 2.3–26.8, P � 0.001). Of

the other parameters, only FIGO stage was demonstrated

as an independent prognostic factor (P � 0.003) for

overall survival, while undifferentiated histological type

was of borderline significance (P � 0.051).

Discussion

In this study we describe the expression of CD24 protein

as detected by immunohistochemistry in benign and ma-

lignant epithelial ovarian tumors. We confirm that CD24

protein is expressed in a subset of invasive ovarian tu-

mors, as predicted by our analysis of electronic gene

expression libraries and as recently found by others on

RNA level using chip-based transcript profiling.31 CD24

expression has been investigated in several human tis-

sues. It was described as a B-cell marker expressed

Table 2. Cytoplasmic and Membranous Expression of CD24 in Normal Ovaries and Benign and Malignant Ovarian Tumors

CD24
Invasive carcinomas

(n � 56; 100%)
Borderline tumors

(n � 8; 100%)
Cystadenomas
(n � 5; 100%)

Normal ovaries
(n � 9; 100%)

Cytoplasmic
Negative 23 (41.1%) 7 (87.5%) 5 (100%) 9 (100%)
Weak 12 (21.4%) 1 (12.5%) 0 (0%) 0 (0%)
Moderate 12 (21.4%) 0 (0%) 0 (0%) 0 (0%)
Strong 9 (16.1%) 0 (0%) 0 (0%) 0 (0%)

Membranous
Negative 5 (8.9%) 2 (25%) 5 (100%) 9 (100%)
Weak 4 (7.1%) 0 (0%) 0 (0%) 0 (0%)
Moderate 32 (57.1%) 4 (50%) 0 (0%) 0 (0%)
Strong 15 (26.8%) 2 (25%) 0 (0%) 0 (0%)

Table 3. Relationship Between Cytoplasmic CD24 Expression and Various Clinicopathological Factors in All Patients with Invasive
Ovarian Carcinoma

Characteristic All cases
Cytoplasmic

CD24-negative
Cytoplasmic

CD24-positive Significance

All carcinomas 56 (100%) 23 (41.1%) 33 (58.9%)
Age at surgery (years) 0.422*

�60 30 (100%) 14 (46.7%) 16 (53.3%)
�60 26 (100%) 9 (34.6%) 17 (65.4%)

Histological grade (Silverberg) 0.184†

G1 11 (100%) 7 (63.6%) 4 (36.4%)
G2 23 (100%) 7 (30.4%) 16 (69.6%)
G3 22 (100%) 9 (40.9%) 13 (59.1%)

Histological type 0.385†

Serous 29 (100%) 14 (48.3%) 15 (51.7%)
Undifferentiated 12 (100%) 3 (25%) 9 (75%)
Non-serous 15 (100%) 6 (40%) 9 (60%)

pT 0.934†

pT1 11 (100%) 5 (45.5%) 6 (54.5%)
pT2 7 (100%) 3 (42.9%) 4 (57.1%)
pT3 38 (100%) 15 (39.5%) 23 (60.5%)

pN 0.725*
pN0 14 (100%) 7 (50%) 7 (50%)
pN1 17 (100%) 7 (41.2%) 10 (58.8%)

pM 0.636*
pMX 52 (100%) 22 (42.3%) 30 (57.7%)
pM1 4 (100%) 1 (25%) 3 (75%)

FIGO stage 0.823†

I 10 (100%) 5 (50%) 5 (50%)
II 6 (100%) 2 (33.3%) 4 (66.7%)
III 36 (100%) 15 (41.7%) 21 (58.3%)
IV 4 (100%) 1 (25%) 3 (75%)

*Fisher’s test.
†�2 test.
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during development or in B cell neoplasia.11–13,21,22

Physiologically, CD24 is also expressed in the develop-

ing brain and pancreas, regenerating muscle, keratino-

cytes and renal tubules.14–20 In non-hematological ma-

lignancies, CD24 expression has been detected in renal

cell carcinoma, small cell lung cancer, nasopharyngeal

carcinoma, hepatocellular carcinoma, bladder cancer,

breast cancer, and glioma.20,23–30 As it is so widely ex-

pressed, CD24 expression cannot be used as a specific

marker for ovarian carcinomas.

In our study, we found no CD24 staining of normal

ovarian surface epithelium. Normal salpingeal mucosa

cells showed a membranous staining of the luminal bor-

der of which might be expected of a membrane bound

cell surface molecule, although the biological function of

CD24 in this organ is still unknown. In ovarian tumors we

observed another quality of staining. In addition to the

polarized membranous staining which was quite ubiqui-

tous, a variable degree of cytoplasmic staining emerged.

So far we can only speculate if this cytoplasmic expres-

sion of CD24 reflects an overproduction of the protein or

a disturbance of protein distribution or degradation within

the cell. Cytoplasmic CD24 expression was observed

only in invasive ovarian carcinomas and was not found in

normal ovaries and ovarian adenomas. In eight border-

line tumors only a single weakly positive case was de-

tected. Moreover, we found that cytoplasmic CD24 ex-

pression was a strong and independent predictor of short

overall survival as evidenced by Kaplan-Meier curves

and multivariate Cox proportional hazards regression

Figure 2. Univariate survival analysis of CD24 and other clinicopathological
parameters in all 56 invasive ovarian carcinomas. Cytoplasmic CD24 expres-
sion is a prognostic factor for poor survival (P � 0.0002, A), while membra-
nous expression of CD24 has no influence on patient survival (B). Other
prognostic parameters are FIGO stage (P � 0.001, C) and Silverberg grade
(P � 0.007, D).

Table 4. Univariate Survival Analysis (Kaplan-Meier): Survival Times of All Patients with Invasive Ovarian Carcinomas According
to Clinicopathological Factors and Cytoplasmic or Membranous CD24 Expression

Characteristic
No. of
cases

Mean survival time
(months � SE)

Median survival time
(months � SE) Log rank

Cytoplasmic CD24 expression 0.0002
Negative 23 97.8 � 11.8 n.r.
Positive 33 36.5 � 6.3 30.1 � 3.3

Membranous CD24 expression 0.94
Negative 5 66.0 � 22.5 n.r.
Positive 51 65.8 � 8.9 52.5 � 13.1

Age at surgery (y) 0.015
�60 30 82.8 � 11.2 n.r.
�60 26 39.3 � 7.2 32.7 � 4.3

Histological grade (Silverberg) 0.007
G1 11 109.9 � 10.3 n.r.
G2 23 36.1 � 5.8 34.6 � 7.9
G3 22 35.1 � 5.1 37.9 � 5.0

Histological type 0.02
Serous 29 66.3 � 10.5 52.5 � 12.1
Non-serous 15 69.2 � 8.9 n.r.
Undifferentiated 12 20.2 � 4.2 17.8 � 8.4

pT 0.08
pT1 11 99.6 � 8.5 n.r.
pT2 7 50.3 � 11.6 52.5 � 22.9
pT3 38 56.8 � 10.7 37.9 � 4.3

pN 0.19
pN0 14 66.8 � 9.0 n.r.
pN1 17 29.7 � 2.5 n.r.

pM 0.0004
pMX 52 69.6 � 8.7 52.5 � 13.7
pM1 4 9.4 � 5.2 0.8 � 5.3

FIGO stage 0.001
I 10 98.5 � 9.5 n.r.
II 6 47.6 � 12.5 52.5 � 39.1
III 36 62.4 � 11.4 37.9 � 8.1
IV 4 9.4 � 5.2 0.8 � 5.3

n.r., not reached.
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analysis. This leads to the question of the underlying

biological mechanism in this tumor.

There is in vitro evidence suggesting a pro-metastatic

role of CD24 in human tumor cells as CD24 can function

as a ligand to P-selectin.32–34 Physiologically P-selectin is

expressed by activated endothelial cells and platelets

and plays an important role in marginal adhesion and

migration of cells under shear forces in the bloodstream.

Its primary ligand is P-selectin glycoprotein ligand-1

(PSGL-1), which is expressed by neutrophils. It is con-

ceivable that CD24-expressing tumor cells can spread

more easily due to their capacity to form thrombi with

activated platelets or to adhere to endothelia in the blood-

stream, which has been shown for CD24 expressing

breast cancer cells.35 Still, it remains unclear whether this

P-selectin-dependent mechanism of hematogenous tu-

mor metastasis is the basis for the shortened survival we

observed in ovarian cancers with cytoplasmic CD24 ex-

pression. In ovarian carcinomas, hematogenous metas-

tasis is usually an infrequent and late event. In our study,

only four cases had known metastases at the time of

diagnosis. Three of these cases were positive for CD24.

It would be interesting to investigate the correlation be-

tween CD24 expression and metastasis for a larger num-

ber of metastatic ovarian carcinomas. Peritoneal me-

sothelial cells do not express P-selectin, so the initial

metastatic spread in the peritoneal cavity cannot be

based on CD24-P-selectin interaction. However, in ovar-

ian cancer the tumor-mesothelium interaction might be

mediated via a yet unknown CD24 ligand. Possibly, CD24

does not only implicate a higher metastatic potential (via

selectins) but also confers an increased invasiveness of a

tumor as observed in glioma by another yet unexplained

mechanism.26

So far, there are few reports of a prognostic significance

of CD24 expression in human tumors. In acute lymphatic

leukemia a reduction of CD24 expression appeared to pre-

dict a better prognosis.13 To our knowledge, this study

demonstrates for the first time a highly significant prognostic

value of CD24 expression in a solid non-hematological tu-

mor. Further confirming studies are needed to verify our

results to establish CD24 as a molecular prognostic marker

in ovarian cancer. This might aid the clinician to select an

appropriate therapy for the individual patient, eg, favoring a

more aggressive regimen in tumors with a strong cytoplas-

mic CD24 expression.

Another aspect of our findings is of importance, that is

that the expression of CD24 in ovarian cancer, which is in

part membrane bound, might bear therapeutic options if

targeted with therapeutic antibodies. Transplantation as-

sociated B-cell proliferative syndrome had been treated

with intravenous administration of CD21- and CD24-spe-

cific antibodies by Fischer et al37–39: in 16 of 26 cases a

remission could be achieved, and the treatment was

relatively well tolerated. As ovarian cancer is restricted to

the peritoneal cavity until late stages, a therapeutic intra-

peritoneal application of CD24 antibodies might be con-

sidered.

In summary, we found that CD24 is commonly ex-

pressed in ovarian cancer and that immunohistochemi-

cally determined CD24 expression is a strong and inde-

pendent molecular marker of prognosis in this disease.

The biological basis and significance of this phenomenon

is yet unclear and warrants further studies.
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