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ABSTRACT

Most ovarian carcinomas present at advanced stage,
principally as the result of dissemination to peritoneal sites.
Standard CD44 (CDA44S) is the principal receptor for hya-
luronic acid, and in vitro and animal studies have suggested
that the attachment of ovarian carcinoma cells to the peri-
toneal mesothelium involves the interaction between CD44S
on ovarian carcinoma cells and hyaluronic acid on mesothe-
lial surfaces. We, therefore, analyzed a series of ovarian
carcinomas for the expression of CD44S by immunohisto-
chemistry to see whether expression of this receptor by
tumor cells correlated with clinicopathological factors and
measures of patient outcome. Fifty-six fixed, paraffin-
embedded primary epithelial ovarian tumors were immuno-
stained with antibody to CD44S. Membrane staining was
considered positive, and results were correlated with stage,
grade, age, histology, and survival. Twenty-two (39%) tu-
mors were positive for CD44S. There was no correlation
between CD44 expression and histological type, grade, age,
or stage. However, CD44 expression was significantly asso-
ciated with survival in both univariate (P = 0.003) and
multivariate (P = 0.006) analyses. These results support a
role for CD44S expression in the spread of ovarian epithelial
cancer and suggest that expression of this molecule is a
significant independent predictor of survival in women with
this disease.

INTRODUCTION

cancer, as more than 70% of patients are diagnosed at an
advanced stage (2). Spread of ovarian cancer almost always
occurs within the abdominal cavity, with death resulting from
symptoms related to the intra-abdominal tumor mass. Although
lymphatic spread occurs with some frequency, hematogenous
dissemination of tumor is comparatively rare.

CD44 is a cell adhesion molecule that is expressed on the
cell membrane in either the standard form (CD44S) or as a
higher-molecular-weight form generated from mRNAs that in-
clude additional exons not present in CD44S mRNA (variant
CD44s). CD44s is the principal matrix adhesion molecule ex-
pressed by normal ovarian epithelium and ovarian carcinoma
cell lines, andin vitro binding of ovarian carcinoma cells to
mesothelium is inhibited by antibodies to CD44S but not by
antibodies to other adhesion molecules (3). Although metastatic
behavior in some other cancers has been correlated with expres-
sion of CD44 variants, i.p. spread of ovarian carcinoma cells
seems to be related exclusively to the expression of the standard
CD44 (4).

Further evidence for the role of CD44S in the metastatic
spread of ovarian cancer comes from animal studies, in which
i.p. inoculation of human ovarian carcinoma cells into athymic
nude mice results in disseminated tumor nodules that are dra-
matically decreased in number if tumor cells are preincubated
with antibodies to CD44 (5).

Correlations of expression of CD44S by tumor cells with
the extent of disease and survival in ovarian carcinoma patients
would be a significant step toward confirming the importance
CD44sS expression in the spread of human ovarian cancer. Thus
far, no such studies have been reported. We, therefore, evaluated
a series of fixed ovarian carcinoma specimens for expression of
CD44S and compared expression with clinical and pathological
factors as well as with outcome measures.

MATERIALS AND METHODS

Patient Population. Tissue blocks from fixed, paraffin-
embedded malignant ovarian epithelial tumors were retrieved
from the surgical pathology files of the RPEPatients with
primary epithelial ovarian cancer who were treated at RPCI and

Ovarian epithelial cancer was responsible for an estimate@vho had completed an epidemiological questionnaire provided
26,800 cases and 14,200 deaths in 1997 (1). Late stage & the initial roster of eligible patients. Patients with recurrent
diagnosis is responsible for the high mortality rate for this disease or those who had received adjuvant chemotherapy were
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specifically excluded from the analysis. Fifty-six patients had
tumor blocks available in the surgical pathology files, and
follow-up information was available on all of these patients
from the Tumor Registry. Patients were not selected on the basis
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Fig. 1 Selected tumors exhibiting varying degrees of CD44S membrane stagnimgoorly differentiated serous carcinomasrare foci of small
groups of positive celldy, tumor with scattered larger nests of positive cells in a background of negative tumor cells (most common pgditenny;
with most cells showing some membrane staining in all of the tumor nésssjuamous cell carcinoma with staining of most of the cells in all of
the areasx200.

of any other criteria. Stage was recorded by the Tumor Registrgonsisted of normal skin, which normally expresses CD44S.
using SEER (6) rather than FIGO (7) staging criteria. The SEERAny membrane staining of tumor cells was considered positive,
system is divided into local, regional, and distant disease. Al-and the percentage of positive cells as well as the intensity of
though SEER local disease corresponds to FIGO stage |, SEERaining was recorded. Any positive staining except for rare,
regional disease includes some FIGO stages Il and IlIC (ipsiisolated single cells was considered positive.
lateral pelvic peritoneal spread and retroperitoneal lymph nodes,  Outcome Measures. All of the patients were followed
respectively), and SEER distant disease includes other FIGQntil the time of analysis or until death. No patient was lost to
stages Il and IlIC (contralateral pelvic disease and inguinakollow-up. Outcome measures were overall survival and dis-
lymph node metastasis, respectively) as well as distant hemasase-free survival. These were correlated with clinical and path-
togenous dissemination (FIGO stage V). All of the researchological factors and with results of immunohistochemistry for
was carried out under a protocol approved by the RPCI InstituCp44S, p53, and p2£f/cPL Associations between CD44S
tional Review Board. expression and p53, p21, stage, differentiation, histology, and
Immunohistochemical Analysis. H&E-stained slides age at diagnosis were assessed using Fisher's exagfdests.
were reviewed to confirm that the blocks contained tumor.Associations were considered statistically significant if two-
Tumor type and grade were determined by one of the authorgijled Ps were less than 0.05. Kaplan-Maier curves were used to
(B. A.W.) based on modified WHO criteria (8). Sections (4- estimate survival probability as a function of time, and survival
M) were cut, deparaffinized, and stained with a monoclonalgifferences were analyzed by the log-rank test. A proportional-
antibody to standard CD44 molecule (CD44S, Bender MedSyshazards model was used to estimate and test the influence of
tems, Vienna, Austria) at a dilution of 1:50. Sections were Cp44S expression, stage, differentiation, and histology on sur-
subjected to heat-induced antigen retrieval for 15 min at 100°Gjyal.
in 10 mv citrate buffer before the addition of the primary
antibody. All of the staining was carried out using the avidin-
biotin method on a Ventana 320 Automated System (Ventand®RESULTS
Medical System, Tucson, AZ). Di-amino-benzidine was used as ~ The majority of tumors were serous (38 of 56; 67.8%),
the chromogen. Negative controls consisted of substituting amoorly differentiated (43 of 56; 76.7%) and high grade (49 of 56;
isotypic mouse IgG for the primary antibody. Positive control 87.5%). All of the positive tumor cells were characterized by
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Table 1 CDA44 positivity by histology, grade, and stage 1.2
No. of cases Positivityn (%) P
Histology 10 1
Serous 38 16 (42)
PD NOS 6 3(50)
Mucinous 5 0(0) 5 4
Clear cell 3 1(33) '
MMMT 2 1(50) T
Endometrioid 2 1 (50) . I
Total 56 22 (39) 0.566 . 1‘ CD44 negative
Grade 1
Well 5 1(20) 44
Moderate 8 4 (50) ' L—-l———l———i—————
Poor 43 17 (40) s
Total 56 22 (39) 0.558 R
Stage 3 CD44 positive
Distant 49 21 (43) E
Nondistant 7 1(14) 0.226 3 00 _ ] _ ] ] ] ]
apD, poorly differentiated; NOS, not otherwise specified; MMMT, 0 20 40 60 80 100 120 140

malignant mixed MUerian tumor.
Survival (months)

Fig. 2 Kaplan-Meier survival plots for women whose tumors ex-
pressed CD44S and for women whose tumors were negative for CD44S.

intense membrane staining. Most of the positive tumors had
single or multiple small foci of tumor cells exhibiting intense
membrane reactivity, with the majority of tumor cells negative.
Only rare positive tumors expressed CD44S in the majority Ofthat, of the three classes of adhesion molecules (integrins, se-
cells. Fig. 1 shows several tumors differing in the extent of|gctins and proteoglycans, the latter of which includes CD44S),
membrane immunoreactivity for CD44S. Twenty-two (39%) of onjy g1 integrins and CD44S were expressed by normal ovarian
56 primary tumors expressed CD44. Table 1 lists CD44S im-gpjthelial cells and ovarian carcinoma cells. Antibodies to
munohistochemical expression by histological type, grade, an¢cp44s, but not t@1 integrins, inhibited binding of carcinoma
stage. There was no significant association between histologicglg|is to mesothelial cellg vitro. The importance of CD44S for
type and CD44S expression, although 0 of 5 mucinous tumorggnesion was supported by their finding that malignant cells
expressed CD44S compared with 16 (43%) of 38 serous tumorgrom solid tumor, but not from ascites, both expressed CD44S
Higher grade tumors (grades Il and Ill) and those from patients;ng phound to mesotheliuim vitro. Mediation of binding by
with distant disease were more likely to be positive for CD44ShyaIuronic acid was confirmed by demonstrating that a signif-
(41.1versus20% and 43/ersusl4%, respectively), but this did icant fraction of binding could be prevented by pretreating
not reach statistical significance. mesothelial cells with hyaluronidase. Subsequent studies have

CDA44S expression was significantly associated with pooretgpown that the strength of adhesion of ovarian carcinoma cells
disease-free survival in univariate analysts< 0.003). Fig. 2 {5 mesothelial cells is correlated with the degree of CD44S
shows the Kaplan Meier survival curves for disease-free SUrexpression, and that transfection of CD44S-expressing cDNA to
vival. Fifty-eight % of the patients whose tumors did not expressyyeak binders restored adhesion to peritoneal mesothelium (4).
CD44S died in the follow-up period compared with 85% of  Animal studies have also provided support for the impor-
patients whose tumors expressed CD44S. Patients whose tUmGE§ce of CD44S expression in peritoneal adhesion by ovarian
were CD44-positive had a mean survival of 25 months (8D carcinoma cells. Inoculation of the peritoneal cavity of synge-
24 months) compared with patients with CD44-negative tumorsyejc mice with a mouse ovarian carcinoma cell line was asso-
whose mean survival was 52 months (SD42 months). I cjated with increased levels of hyaluronic acid in the ascites and
multivariate Cox regression analysis, CD44 was independently,creased hyaluronic acid deposition in the stroma of the mes-
related to survival, even after adjusting for age, histology, Stageentery at the sites of tumor cell attachment (9). Although only

and differentiation ® = 0.006). 10% of ascites cells were positive for CD44, this is the popu-
lation that attached to these sites. In another study, human
DISCUSSION ovarian carcinoma cells were inoculated in the peritoneal cavity

Most women dying from epithelial ovarian cancer succumbof athymic mice, and the ability of antibodies to CD44S to
to the effects of i.p. spread and growth of tumor, rather thaninhibit tumor formation was evaluated. The number but not the
from vascular or lymphatic dissemination. Ovarian cancer cellssize of tumor nodules was decreased, which is consistent with
attach to peritoneal mesothelial cells using adhesion moleculethe notion that the inhibition of CD44S decreases the opportu-
on the cell membrane. Several independent lines of evidencaity for attachment but once attached does not interfere with the
have suggested that CD44S is the principal matrix adhesiogrowth of the nodule (5).
molecule expressed by normal ovarian epithelium and ovarian  Hyaluronic acid has been implicated in the invasion and
carcinoma cell lines. Cannistra and colleagues (3) demonstratemietastasis of tumor cells in animal models (10, 11) and is found
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at high levels in certain tumor types (12) and in the serum of8. Benda, J. A., and Zaino, R. Histologic classification of tumors of the
some cancer patients (13, 14). A number of hyaluronic acid-ovary. In: J. A. Benda and R. Zaino (eds.), Gynecologic Oncology
binding proteins have been identified (15), but only two, Group Pathology Manual. Philadelphia: Gynecologic Oncology Group,
RHAMM and CD44, have been shown to mediate cell-stroma

. . . . .+ 9. Yeo, T. K, Nagy, J. A,, Yeo, K. T., Dvorak, H. F., and Toole, B. P.
interactions in tumors. RHAMM (receptor for hyaluronic acid Increased hyaluronan at sites of attachment to mesentery by CD44-

mediated motility) was identified as a cell-surface protein re-pqsjtive mouse ovarian and breast tumor cells. Am. J. Pathé8:
sponsible for the hyaluronic acid binding seen as a result of1733-1740, 1996.

H-ras-induced cell motility (16). RHAMM expression has been 10. Toole, B. P., Biswas, C., and Gross, J. Hyaluronate and invasive-
identified on human cancer cells (17, 18) and has been impliness of the rabbit V2 carcinoma. Proc. Natl. Acad. Sci. USA;
cated in tumor progression (18) RHAMM also seems to play a6299-6303, 1979.

direct role in cell transformation (19). The most well-studied 11- Turley, E. A., and Tretiak, M. Glycosaminoglycan production by
hyaluronan receptor in human tumors, however, has been CD4§11u(;gnelg18eEI‘énoma variants vitro andin vivo. Cancer Res45: 5098~
Expressiqn of many d@fferen.t variants ,Of the CD,4.4 moleculelz' éattifora, H., and McCaughey, W. T. E. Tumors of the Serosal
(CD44v) is possible by inclusion of a variety of additional exons Membranes, Ed. 3, Vol. 15, p. 61. Washington, DC: Armed Forces
not present in the standard (CD44S) transcript (20), some ofnstitute of Pathology, 1995.

which also bind to hyaluronan. Expression of these variants has3. Manley, G., and Warren, C. Serum hyaluronic acid in patients with
been correlated with adverse prognostic features in some tumgtisseminated neoplasm. J. Clin. PathéD; 626630, 1987.

types (21-23), but these findings have not been consistent (24}4. Delpech, B., Chevallier, B., Reinhardt, N., Julien, J. P., Duval, C.,

: ; ; :Maingonnat, C., Bastit, P., and Asselain, B. Serum HA (hyaluronic acid)
Two previous studies (4, 25) of CD44 expression and prognosi h breast cancer patients. Int. J. Canct#, 388390, 1990,

in epithelial ovarian cancer measured expression of varianh T : .
r_ather than standard C_:D44._ One s;udy demonstrated a corr_el@-?d-’rg?lseégB;g"‘ryl%g?.nan and its binding proteins. Curr. Opin. Cell
tion of CD44v expression with survival, (25), and the other did 16 ardwick, C., Hoare, K., Owens, R., Hohn, H. P., Hook, M.,
not (4). The current study is the first study to report the influencemoore, M., Cripps, V., Austen, L., Nance, D. M., and Turley, E. A.
of standard CD44 (CD44S) expression on survival in patientgVolecular cloning of a novel hyaluronan receptor that mediates tumor
with epithelial ovarian cancer. cell motility. J. Cell Biol.,117: 1343-1350, 1992.

In summary, we found that immunohistochemical expres-17- Teder, P., Bergh, J., and Heldin, P. Functional hyaluronan receptors

. - . - . P are expressed on a squamous cell lung carcinoma cell line but not on
sion of CD44S on ovarian epithelial cancers is a slgnlflcantOther lung carcinoma cell lines. Cancer R&&; 3908—3914, 1995.

mdepende_nt p_rog_nostlc factqr in this o_Ilsease. ThIS flnd_lng supyg. Wang, C., Thor, A. D., Moore, D. H., II, Zhao, Y., Kerschmann, R.,

ports previousn vitro and animal studies showing the impor- stern, R., Watson, P. H., and Turley, E. A. The overexpression of

tance of CD44S expression on ovarian tumor cells in peritoneaRHAMM, a hyaluronan-binding protein that regulates ras signaling,

dissemination. correlates with overexpression of mitogen-activated protein kinase and
is a significant parameter in breast cancer progression. Clin. Cancer
Res.,4: 567-576, 1998.
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