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Biomarkers in the Ovary 
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Abstract Alterations in specific oncogenes and tumor suppressor genes that serve as surrogate markers 
of malignant transformation have been identified in ovarian cancers. Overexpression of the HER-2/neu 
oncogene occurs in approximately 30% of breast and ovarian cancers. In most studies, HER-2/neu 
overexpression has correlated with poor survival. Although mutation of the K-vas oncogene has been 
found in some mucinous ovarian cancers, mutations in this gene appear to be more common in 
borderline ovarian tumors. Amplification of c-myc occurs in approximately 30% of ovarian cancers and 
is more frequently seen in serous cancers. Mutation of the p53 tumor suppressor gene, with resultant 
overexpression of mutant p53 protein, occurs in 50% of Stage III/IV and 15% of Stage 1/11 ovarian 
cancers. Most p53 mutations in ovarian cancers are transitions, which suggests that they arise spon- 
taneously rather than due to exogenous carcinogens. In contrast to the acquired genetic alterations 
described above that are a feature of sporadic ovarian cancers, a small fraction of epithelial ovarian 
cancers arise due to inherited genetic defects. Recently, the BRCAl tumor suppressor gene on 
chromosome 17q was identified and shown to be responsible for some cases of hereditary breast and 
ovarian cancer. Families in which mutations in this gene exist are usually characterized by early age of 
disease onset. Presently, it remains unclear what fraction of hereditary ovarian cancers are due to 
BRCAl mutations. 0 1995 Wiley Liss, Inc. 
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The risk of epithelial ovarian cancer is de- 
creased by factors that suppress ovulation (e.g., 
pregnancy, breast feeding, oral contraceptive 
pill); however, uninterrupted ovulation (nulli- 
parity) and hyperovulation (infertility drugs) 
have been associated with increased risk. This 
suggests that ovulation plays a critical role in 
ovarian carcinogenesis. There is evidence to sug- 
gest that uninterrupted ovulation may facilitate 
the development of ovarian cancer by increasing 
exposure to gonadotropins. In addition, the ovu- 
latory defect in the ovarian surface requires pro- 
liferation of epithelial cells, which may increase 
the frequency of spontaneous mutations. 

In the past decade, studies have begun to elu- 
cidate the complex sequence of molecular events 
involved in the pathogenesis of ovarian cancer. 
As with other cancers, ovarian cancer is thought 
to arise from sequential damage to oncogenes 
and tumor suppressor genes normally involved 
in regulation of cellular proliferation, differentia- 
tion, and senescence. Early genetic alterations 
likely result in a premalignant lesion with sec- 
ondary changes required for outgrowth of a clin- 
ically recognizable cancer. These genetic alter- 
ations can be identified using molecular tech- 
niques and can serve as surrogate markers of 
transformation in the ovary. 

ONCOGENES 
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Oncogenes encode proteins that ordinarily 
participate in growth stimulatory pathways in 
normal cells. Activation of these genes due to 
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amplification, translocation, or mutation contrib- 
utes to the development and maintenance of the 
transformed phenotype. 

Cell membrane receptors that bind peptide 
growth factors play an important role in trans- 
mitting growth stimulatory signals. These recep- 
tors are comprised of an extracellular ligand 
binding domain, a membrane spanning region, 
and a cytoplasmic tyrosine kinase domain. Our 
group and others have examined expression of 
specific peptide growth factor receptors includ- 
ing the epidermal growth factor receptor (EGFR) 
in ovarian cancers [l]. We found that EGFR was 
detectable in 77% of advanced stage epithelial 
ovarian cancers, and survival of patients whose 
ovarian cancers did not express detectable EGFR 
was significantly better than that of patients with 
EGFX-positive cancers. Similarly, Kohler and co- 
workers [2] found that the 40% of ovarian can- 
cers with the highest EGFR levels had the worst 
prognosis. Although EGFR expression varies 
between ovarian cancers, the number of recep- 
tors present in ovarian cancers is similar to that 
seen in normal ovarian epithelial cells 131 and 
gene amplification has not been noted. 

Slamon et al. [4] has shown that some human 
breast cancers express increased levels of the 
HER-2/ neu receptor tyrosine kinase, usually due 
to amplification of the number of copies of the 
HER-2ineu gene. Overexpression of HER-2/neu 
in breast cancer has been associated with poor 
survival. Slamon et al. [41 also found that HER- 
2/neu was overexpressed in one-third of ovarian 
cancers and increased expression was associated 
with poor survival. Similarly, we found that 32% 
of ovarian cancers overexpressed HER-2/neu 
relative to normal ovarian epithelium [5]. 
Patients whose cancers had normal HER-2ineu 
expression were more likely to achieve a nega- 
tive second-look laparotomy compared with pa- 
tients whose cancers overexpressed HER-2/neu. 
Additionally, survival of patients in our study 
whose cancers overexpressed HER-2/neu was 
strikingly worse than that of patients whose can- 
cers had normal expression. Although some stu- 
dies have not confirmed the association between 
HER-2/ neu overexpression and poor prognosis, 
increased expression was seen in a fraction of 
cases, suggesting that this is a useful biomarker 
associated with transformation [6,7]. 

The ras family of G proteins is also thought to 
play a critical role in regulating cellular prolifera- 

tion. It has been shown that G proteins often 
undergo point mutations in codons 12, 13 or 61 
during carcinogenesis, resulting in a constitu- 
tively activated molecule. ras Mutations do not 
appear to be a common feature of invasive se- 
rous epithelial ovarian cancers [%lo]; however, 
K-ras mutations have been noted more fre- 
quently in mucinous ovarian cancers, but these 
tumors account for a small fraction of epithelial 
ovarian cancers. In contrast, K-ras mutations are 
common in borderline epithelial ovarian tumors, 
occurring in 20-50% of cases [11,12]. Thus, stud- 
ies of the K-ras oncogene suggest that the mole- 
cular pathology of borderline tumors differs 
from that of invasive epithelial ovarian cancers. 
One possible interpretation of this data is that 
borderline tumors may be a distinct pathologic 
entity rather than an early stage of invasive can- 
cer. 

Proliferation occurring in response to signals 
generated at the periphery of the cell leads to 
changes in gene expression and DNA synthesis. 
In this regard, a family of genes whose products 
bind DNA and regulate gene transcription has 
been described. When overexpressed, these tran- 
scription factors can act as oncogenes. Among 
the transcriptional activating factors involved in 
stimulating proliferation, the myc family has 
most often been implicated in the development 
of human cancers. In this regard, amplification of 
the c-myc oncogene occurs in some epithelial 
ovarian cancers. A study analyzing 51 epithelial 
ovarian cancers found c-myc overexpression in 
37% of cases [13], and more frequently in ad- 
vanced stage serous cancers. 

TUMOR SUPPRESSOR GENES 

Tumor suppressor genes encode proteins that 
normally restrain proliferation at inappropriate 
times. Loss of tumor suppressor function usually 
involves deletion of one copy of the gene, fol- 
lowed by mutation of the second copy. 

Loss of p53 tumor suppressor gene function is 
the most frequent genetic event described thus 
far in human cancers. Normally, p53 protein in- 
hibits proliferation by binding to transcriptional 
regulatory elements in DNA. Beyond simply 
inhibiting proliferation, normal p53 is thought to 
play an active role in preventing cancer. In this 
regard, p53 functions as a surveillance mecha- 
nism; cells that have undergone genetic damage 
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are arrested in the GI phase of the cell cycle to 
allow for DNA repair. If DNA repair is inade- 
quate, p53 can trigger programmed cell death 
(apoptosis). 

It has been shown that many cancers have 
point mutations in one copy of the p53 gene 
which result in an inactive protein product that 
cannot bind DNA. As is the case for other tumor 
suppressor genes, mutation in one copy of the 
p53 gene is often accompanied by deletion of the 
second copy, leaving the cancer cell with only 
mutant p53 protein. While normal cells have low 
levels of p53 protein because it is rapidly degra- 
ded, mutant p53 proteins are resistant to degra- 
dation and overaccumulate in the nucleus. This 
relative overexpression of mutant p53 protein 
can be detected immunohistochemically. 

Our group and others have examined p53 in 
ovarian cancers. It has been shown that p53 im- 
munostaining is not seen in normal ovaries or 
benign epithelial ovarian tumors; nuclear stain- 
ing consistent with overexpression of mutant p53 
is seen in approximately 50% of advanced (Stage 
III/IV) cancers [14], 15% of early (Stage IA/B) 
cancers [15], and 4% of borderline tumors [161. In 
addition, mutations in the p53 gene have been 
identified in over 90% of ovarian cancers in 
which immunostaining is seen. The mutations 
are diverse, but occur in evolutionarily con- 
served regions of the gene (exons 5-8) that en- 
code functionally important parts of the molecule 
[14,15,17,18]. Amino acid changes in these critical 
regions lead to subtle alterations in the structure 
of the protein that prevent it from suppressing 
tumorigenesis. The majority of these mutations 
are transitions [17,18], suggesting that p53 muta- 
tions in ovarian cancers arise due to spontane- 
ously occurring DNA damage that accumulates 
with aging. 

Linkage analysis of several large familial 
breadovarian cancer kindreds initially sug- 
gested that this disease was caused by a gene 
residing on chromosome 17q21. Recently, this 
putative tumor suppressor gene (BRCA1) has 
been identified, and germline mutations in 
BRCAl have been shown to segregate with the 
disease in breast/ovarian cancer families [19,201. 
Presumably, affected individuals in these kin- 
dreds inherit one mutant copy of BRCA1, with 
tumor development dependent on subsequent 
loss of the second copy of the gene in a single 
cell. In this regard, allelic deletion in the region 

of chromosome 17q that includes BRCAl fre- 
quently occurs in familial breast-ovarian cancer 
cases. Although familial breast/ovarian cancer is 
relatively rare because loss of heterozygosity on 
17q also frequently occurs in sporadic breast and 
ovarian cancers, BRCAl might also be involved 
in the development of a fraction of these more 
common cancers. 

Initial analysis of sporadic breast and ovarian 
cancers found an 11 % (4/44) incidence of BRCAl 
mutations [191, including 3/32 breast cancers and 
1/12 ovarian cancers. BRCAl mutations in all 
four of these cases were found both in the cancer 
and the germline, indicating an inherited defect. 
In addition, all four of these patients were under 
45 years of age at diagnosis. BRCAl mutations 
were seen only in women with early onset can- 
cers; although only 15-20% of epithelial ovarian 
cancers occur before age 50, germline mutations 
in BRCAl may be responsible for a significant 
fraction of these cases. 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

Berchuck A, Rodriguez GC, Kamel A, Dodge RK, 
Soper JT, Clarke-Pearson DL, Bast RC Jr: Epidermal 
growth factor receptor expression in normal ovarian 
epithelium and ovarian cancer. I. Correlation of re- 
ceptor expression with prognostic factors in patients 
with ovarian cancer. Am J Obstet Gynecol 164:669- 
674, 1991. 
Kohler M, Janz I, Wintzer HO, Wagner E, Bauk- 
necht T The expression of EGF receptors, EGF-like 
factors and c-myc in ovarian and cervical carcinomas 
and their potential clinical significance. Anticancer 
Res 9:1537-1547, 1989. 
Rodriguez GC, Berchuck A, Whitaker RS, Schloss- 
man D, Clarke-Pearson DL, Bast RC, Jr: Epidermal 
growth factor receptor expression in normal ovarian 
epithelium and ovarian cancer. 11. Relationship be- 
tween receptor expression and response to epidermal 
growth factor. Am J Obstet Gynecol 164:745-750, 
1991. 
Slamon DJ, Godolphin W, Jones LA, Holt JA, Wong 
SG, Keith DE, Levin LJ, Stuart SG, Udove J, Ullrich 
A, Press M F  Studies of HER-2/neu proto-oncogene 
in human breast and ovarian cancer. Science 244:707- 
712, 1989. 
Berchuck A, Kamel A, Whitaker R, Kerns B, Olt G, 
Kinney R, Soper JT, Dodge R, Clarke-Pearson P, 
Marks S, McKenzie S, Yin S, Bast RC Jr: Overexpres- 
sion of HER-2/neu is associated with poor survival 
in advanced epithelial ovarian cancer. Cancer Res 
50:4087-4091, 1990. 
Rubin SC, Finstad CL, Wong GY, Almadrones L, 
Plante M, Lloyd KO: Prognostic significance of 



226 

7 .  

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

Berchuck 

HER-2lnat expression in advanced ovarian cancer. 
Am J Obstet Gynecol 168:162-169, 1993. 
Kacinski BM, Mayer AG, King BL, Carter D, Cham- 
bers s: Neu protein overexpression in benign, border- 
line, and malignant ovarian neoplasms. Gynecol 
Oncol44:245-253, 1992. 
Enomoto T, Inoue M, Perantoni AO, Terakawa N, 
Tanizawa 0, Rice JM: K-ras activation in neoplasms 
of the human female reproductive tract. Cancer Res 
50:61394145, 1990. 
Feig LA, Bast RC Jr, Knapp RC, Cooper GM: Somatic 
activation of rusK gene in a human ovarian carci- 
noma. Science 223:698-701, 1984. 
Haas M, Isakov J, Howell SB: Evidence against ras 
activation in human ovarian carcinomas. Mol Biol 
Med 4:265-275, 1987. 
Teneriello MG, Ebina M, Linnoila €3, Henry M, Nash 
JD, Park RC, Birrer MJ: p53 and Ki-rus gene muta- 
tions in epithelial ovarian neoplasms. Cancer Res 
53:3103-3108, 1993. 
Mok SCH, Bell DA, Knapp RC, Fishbaugh PM, 
Welch WR, Muto MG, Berkowitz RS, Tsao SW: Mu- 
tation of Ki-ras protooncogene in human ovarian 
epithelial tumors of borderline malignancy. Cancer 
Res 53:1489-1492, 1993. 
Tashiro H, Niyazaki K, Okamura H, Iwai A, Fuku- 
mot0 M: c-myc Overexpression in human primary 
ovarian tumors: Its relevance to tumor progression. 
Int J Cancer 502328-833, 1992. 
Marks JR, Davidoff AM, Kerns B, Humphrey PA, 
Pence J, Dodge R, Clarke-Pearson DL, Iglehart JD, 
Bast RC Jr, Berchuck A. Overexpression and muta- 
tion of p53 in epithelial ovarian cancer. Cancer Res 

Kohler MF, Kerns BJ, Humphrey PA, Marks JR, Bast 
RC, Berchuck A: Mutation and overexpression of p53 
in early-stage epithelial ovarian cancer. Obstet Gyne- 

51 ~2979-2984, 1991. 

16. 

17. 

18. 

19. 

20. 

col 81:643450, 1993. 
Berchuck A, Kohler MF, Hopkins MP, Clarke- 
Pearson DL, Humphrey PA, Bast RC: Overexpression 
of the p53 tumor suppressor gene is not a feature of 
benign and early stage borderline epithelial ovarian 
tumors. Gynecol Oncol52:232-236,1994. 
Kohler MF, Marks JR, Wiseman RW, Jacobs IJ, 
Davidoff AM, Clarke-Pearson DL, Soper JT, Bast RC, 
Berchuck A: Spectrum of mutation and frequency of 
allelic deletion of the p53 gene in ovarian cancer. J 
Natl Cancer Inst 85:1513-1519, 1993. 
Kupryjanczyk J, Thor AD, Beauchamp R, Merritt V, 
Edgerton SM, Bell DA, Yandell DW p53 Mutations 
and protein accumulation in human ovarian cancer. 
Proc Natl Acad Sci USA 904961496, 1993. 
Futreal A, Liu Q, Shattuck-Eidens D, Cochran C, 
Harshman K, Tavtigian S, Bennett LM, Haugen- 
Strano A, Swensen J, Miki Y, Eddington K, McClure 
M, Frye C, Weaver-Feldhaus J, Ding W, Gholami Z, 
Soderkvist P, Terry L, Jhanwar S, Berchuck A, 
Iglehart JD, Marks J, Ballinger DG, Barrett JC, 
Skolnick MH, Kamb A, Wiseman R: BRCAl muta- 
tions in primary breast and ovarian carcinomas. Sci- 
ence 266:120-122, 1994. 
Miki Y, Swensen J, Shattuck-Eidens D, Futreal A, 
Harshman K, Tavtigian S, Liu Q, Cochran C, Bennett 
LM, Ding W, Bell R, Rosenthal J, Hussey C, Tran T, 
McClure M, Frye C, Hattier T, Phelps R, Haugen- 
Strano A, Katcher H, Yakumo K, Gholami Z ,  Shaffer 
D, Stone S, Bayer S, Wray C, Bogden R, Dayananth 
P, Ward J, Tonin P, Narod S, Bristow PK, Norris FH, 
Helvering L, Morrison P, Rosteck P, Lai M, Barrett 
JC, Lewis C, Neuhausen S, Cannon-Albright L, 
Goldgar D, Wiseman R, Kamb A, Skolnick MH: A 
strong candidate for the breast ovarian cancer sus- 
ceptibility gene BRCAl. Science 266:6&71, 1994. 




