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Abstract  

Loss of heterozygosity (LOH) studies were performed to investigate the 
genetic differences which separate low-grade 0LG), high-grade (HG), and 
borderline epithelial ovarian carcinomas. 

Fresh tumor samples and blood were obtained from 58 patients (20 LG, 
34 HG, and 4 borderline tumor specimens) undergoing surgery for ovar- 
ian carcinoma at Mayo Clinic. Tumors were graded using a modified 
Broder's classification with invasive grades 1 and 2 considered LG, inva- 
sive grades 3 and 4 considered HG, and tumors with no evidence of 
stromai invasion classified as borderline. Polymorphism analysis was per- 
formed using 76 restriction fragment length polymorphisms and variable 
number of tandem repeats and 59 microsatellite markers representing all 
chromosome arms. 

Chromosome arms 6p, 17p, 17q, and 22q were found to be frequently 
lost in LG as well as HG tumors. Chromosome arms 13q and 15q were lost 
to a significantly greater extent in HG tumors compared to LG neoplasms 
(P = 0.003 and P - 0.08, respectively). Conversely, 3p loss was seen more 
frequently with LG tumors (P --- 0.02). The majority of LG tumors (65%) 
did not show frequent LOH in the ailelotype analysis. In fact, a subset of 
7 (7 of 20) LG tumors accounted for 76% of the total allelic loss in the LG 
category. These tumors showed LOH almost identical to that of the HG 
neoplasms. Borderline tumors showed a low rate of allelic loss. There were 
no common events found between borderline and invasive tumors. 

Our data suggest that most HG tumors and a subset of LG tumors 
share genetic alterations at putative tumor suppressor genes detected by 
LOH studies. Chromosome 6 and 17 losses appear to be early events while 
13q and 15q losses appear to be critical late events. However, a majority 
of LG tumors appear to develop as a consequence of an alternative mecha- 
nism(s) which is not detected by LOH studies. Possibilities include: 
(a) inactivation of tumor suppressor genes without LOH; (b) dominant 
negative gene(s) in which only one allele requires mutation; and (c) 
changes in dominant acting oncogenes. This unidentified phenomenon 
may be operative in borderline tumors as wall. 

Introduction 

Epithelial ovarian cancer is the leading cause of death from gyne- 

cological malignancies in the United States (1). The pathogenesis of 
ovarian cancer is poorly understood. Whether the more common high- 
grade lesions originate from preexisting benign or borderline or low- 
grade invasive neoplasms is unknown. 

Pathologically, invasive low-grade ovarian neoplasms are well dif- 
ferentiated and clinically have a much better prognosis than high 
grade lesions (2). Borderline malignant epithelial ovarian neoplasms 
occupy a separate category. Their histological appearance and bio- 
logical behavior are intermediate between the benign and frankly 
malignant ovarian neoplasms (3). Although borderline tumors are 
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cytologically malignant with evidence of cellular pleomorphism and 
mitotic activity, no stromal invasion is present (4). Patients with 
borderline tumors usually experience a prolonged survival even with- 

out the use of chemotherapy (5). 
Several studies have shown that gene alterations appear to play a 

major role in the development of ovarian cancer (6, 7). In an effort to 
identify genomic sites harboring potentially relevant TSGs 2 in ovarian 

cancer, several groups have analyzed allelic loss on specific chromo- 
somes and chromosome regions in this disease. Recent studies have 
found allelic aberrations on chromosomes lp, 3p, 5q, 6q, 7p, 8p, 9q, 
l l p ,  13q, 14q, 17p, 17q, 18q, 21q, 22q and Xp (8-16). These studies 
were performed primarily on high grade (grades 3 and 4) epithelial 

ovarian carcinomas. 
Currently there are very few published data addressing LOH spe- 

cifically in low grade (grades 1 and 2) and borderline epithelial 
ovarian carcinomas. If similar genetic alterations are noted in HG and 
LG tumors, albeit with fewer abnormalities in the LG tumors, then 
higher-grade lesions may have progressed through an earlier, clini- 
cally inapparent lower-grade counterpart. However, the absence of a 

common pattern of genetic aberration may suggest that LG and HG 

tumors have a separate pathogenesis. 
We have performed LOH studies on 20 invasive LG and 4 border- 

line epithelial ovarian carcinomas. We have also evaluated 34 invasive 
HG epithelial tumors. Twenty-eight of the HG carcinomas were re- 
ported in our initial paper (16), but all have been evaluated with more 
polymorphic markers since that report. In this analysis, a total of 135 

polymorphic markers from all chromosome arms were used. 

Materials and Methods 

Fresh tumor samples were obtained from 58 patients at the time of primary 
surgery for ovarian carcinoma at Mayo Clinic. The tumor was promptly frozen 
at -70~ and stored until the time of DNA extraction. Blood was obtained from 
each patient postoperatively for DNA extraction and establishment of Epstein- 
Barr virus-immortalized lymphocyte cell lines. 

All tumors were assigned a histopathological subtype and grade by a single 
pathologist (G. K.). A modified Broder's classification was used; grade 1 and 
2 invasive tumors were categorized as low-grade, and grade 3 and 4 invasive 
tumors as high-grade tumors. Tumors showing no evidence of stromal invasion 
were classified as borderline malignant neoplasms. Patients were clinically 
staged by following the current International Federation of Gynecology and 
Obstetrics classification (17). 

A cryostat machine was used to thinly slice the frozen tumor for hematoxy- 
lin and eosin stain to confirm that low grade or high grade tumor was present. 
Microdissection of the specimen was performed as described previously (16) 
for removal of normal tissue and to assure a maximum percentage of tumor in 
each specimen. Once this was complete serial sections were obtained for DNA 
extraction. All blood and tumor DNA extraction using phenol/chloroform 
purification was performed by previously described methods (18). 

z The abbreviations used are: TSG, tumor suppressor gene; LOH, loss of heterozygos- 
ity; HG, high-grade; LG, low-grade; RFLP, restriction fragment length polymorphisms; 
AOAL, average overall allelic loss; CI, confidence interval. 
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Table 1 LOH in LG and HG tumors by individual chromosome arm Following DNA extraction each blood and tumor pair was evaluated for 

DNA concentration. Once concentrations were satisfactory, restriction enzyme Chromo- LG loss/ HG loss/ 
digestion, electrophoreses, and Southern blotting (19) were performed on the some No. of inform- LG % inform- HG % Adjusted 
specimens. The resulting nylon membranes underwent hybridization with the arm markers ative LOH ative LOH pa 

use of specifically chosen DNA probes (RFLPs and variable numbers of lp 5 2/15 13.0 4/19 21.0 0.16 
tandem repeats) radiolabeled with 32p. The membranes were then placed in lq 3 1/19 5.3 ll/26 42.0 0.38 

2p 2 1/13 7.7 4/18 22.0 0.37 
film cassettes for autoradiography on Kodak XAR film. The radiographs were 2q 4 0/14 0.0 3/8 37.5 0.58 
independently interpreted by three reviewers (M. D., S. R., R. B.J.). 3p b 7 5/19 26.3 6/27 22.0 0.02 

Standard polymerase chain reaction analysis was performed to evaluate 3q 3 2/16 12.5 6/30 20.0 0.11 
LOH using appropriate microsatellite markers (20--22). Polymerase chain re- 4p 4 2/13 15.4 10/24 42.0 0.96 
action products for blood and tumor pairs were labeled by incorporation of 4q 2 1/17 5.9 3/13 23.0 0.48 

5p 2 0/7 0.0 5/16 31.0 0.73 
32p-labeled nucleotides and electrophoresed on a denaturing 6% polyacryl- 5q 4 3/1i 27.3 13/29 44.8 0.59 
amide/25% formamide gel which was dried and placed in a film cassette for 6p b 6 6/15 40.0 25/30 83.0 0.23 
autoradiography on Kodak XAR film. The autoradiographs were then inter- 6q b 6 3/8 38.0 17/31 55.0 0.63 
preted by three reviewers (M. D., K. D., R. B.J.). 7p 2 0/5 0.0 4/8 50.0 0.26 

Seventy-six RFLPs and variable numbers of tandem repeats and 59 micro- 7q 2 1/13 7.7 2/13 15.4 0.15 8p--q 5 1/17 5.9 6/13 46.0 0.41 
satellite markers were evaluated. Each chromosome arm was evaluated with 9p 3 0/10 0.0 6/13 46.0 0.21 
two or more markers with the exception of 16p (one marker only). Probe 9q 2 2/7 28.6 13/21 62.0 0.77 
locations were obtained from Human Gene Mapping 11 (23). 10p 2 0/10 0.0 4/26 15.4 0.12 

10q 5 1/12 8.3 2/16 12.5 0.07 
The interpretation of the autoradiographs was performed by evaluating lip 4 2/14 14.3 12/27 44.0 0.84 

signal intensities. Blood and tumor pairs were evaluated subjectively, as noted llq 2 3/12 25.0 4/11 36.4 0.44 
above, and in certain cases by computer-assisted quantitative densitometry 12p 2 1/8 12.5 1/17 5.9 0.01 
using NIH Image Software. Blood/tumor pairs were classified as homozygous, 12q 2 2/10 20.0 7/20 35.0 0.51 

13q b 8 2/18 11.0 22/29 76.0 0.003 
heterozygous without loss, heterozygous with loss, or indeterminant. 14q 3 3/14 21.4 6/11 54.5 0.75 

The LOH was determined for each chromosome arm. Fisher's exact tests 15q b 4 1/11 9.1 14/23 61.0 0.08 
(24) were used to compare the proportion of LOH in LG tumors with that of 16p 1 0/10 0.0 5/20 25.0 0.84 
the HG tumors. Two sided P values were calculated. Taking into account the 16q 2 2/18 11.0 5/12 42.0 0.82 

17p b 6 5/13 38.0 29/31 94.0 0.07 
group average LOH, we compared the relative LOH between the LG group and 17qb 7 6/19 32.0 27/30 90.0 0.02 
HG group. For every chromosome arm of each tumor, one was assigned if there 18p 2 1/4 25.0 0/5 0.0 0.13 
was LOH and zero was assigned if there was no LOH; then 16% (LG average 18q 3 3/10 30.0 12/22 54.5 0.9 
overall allelic loss) was subtracted for each tumor at each chromosome arm for 19p 3 2/13 15.4 13/26 50.0 0.64 

19q 4 2/16 12.5 3/18 16.7 0.08 
LG tumors and 39.5% (HG average overall allelic loss) was subtracted for each 20p 2 0/8 0.0 0/12 0.0 0.01 
tumor at each chromosome arm for HG tumors. The resulting value was the 20q 2 0/9 0.0 3/16 18.8 0.43 
increment of LOH percentage from the group baseline or average value. Two 21q 3 4/16 25.0 8/23 35.0 0.27 
sided P = 0.05 two sample t tests were used to compare the resulting values 22qh 4 5/15 33.0 14/21 66.7 0.7 
(Table 1, adjusted P value column). Xp 2 1/6 16.7 5/13 38.5 0.83 

Xq 2 2/12 16.7 8/16 50.0 0.73 

Results AOAL c 16.0% 39.5% 

Twenty invasive LG tumors were evaluated. There  were  6 serous 

cys tadenocarc inomas  and 7 mucinous,  4 endometrioid,  1 clear cell, 

and 2 mixed adenocarcinomas.  Four borderl ine tumors were  also 

evaluated (3 serous and 1 mucinous  adenocarcinoma).  These tumors 

were  then compared  to 34 invasive HG tumors,  including 24 serous, 

1 mucinous,  6 endometrioid,  1 clear cell, and 2 mixed adenocarcino-  

mas. Patients were  surgically staged. A m o n g  LG tumors,  8 were  stage 

I, 4 stage II, and 8 stage III. In the HG group, there were  3 stage I, 1 

stage II, 26 stage III and 4 stage IV. There  were  2 stage I and 2 stage 

III borderl ine tumors. 

Representat ive RFLP Southern blot and microsatelli te LOH data 

are illustrated in Fig. 1. 

The A O A L  was def ined as the ratio of  the number  o f  ch romosome  

arms showing allelic loss per total number  of  informative chromo-  

some arms for all tumors and was calculated for the subgroups o f  HG 

and LG tumors. The A O A L  in LG tumors was 16%. The A O A L  in HG 

tumors was ~().5~. Th8 difference in AOAL between LG and HG 
t u m o r s  w a s  h i g h l y  s t a t i s t i c a l l y  s i g n i f i c a n t  ( e  <z 0.OO1). T h e  A O A L  f o r  

all tumors was 30%. Specific loss for each chromosome arm is sum- 
marized in Table 1. Representat ive LOH data are illustrated in Fig. 1. 

In an effort to determine which  ch romosome  arms were  altered 

significantly more  than background,  we arbitrarily chose specific cri- 

teria for inclusion. We required that the percentage of  loss for a given 

ch romosome  arm be at least 1.5 t imes greater  than the A O A L  for that 

subgroup and that the lower 95% CI for the percentage of  loss be at 

or above the A O A L  (data not shown). With these criteria, 6p loss was 

a significant f inding in LG tumors. In addi t ion, losses  on 17p, 17q, and 

a Calculated accounting for AOAL for LG and HG categories. 
b Chromosome arms meeting criteria for significant LOH (see text). 
c Number of arms showing loss/total number of informative arms for all tumors. 

22q occurred in LG tumors at a f requency of  2 t imes that of  the LG 

A O A L  with a lower 95% CI just below the AOAL.  This does not rule 

out the possibility that ch romosome arms 5q, 9q, and 18q are biologi- 

cally relevant in the pathogenesis of  LG ovarian cancer, but they do 

not meet  our criteria. 

Using the same criteria in the HG tumors,  losses on 6p, 13q, 17p, 

and 17q were  significant. Also, 15q and 22q loss occurred at greater  

than 1.5 t imes the A O A L  with a lower 95% CI just below the AOAL.  

This does not negate the possibility of  ch romosome  arms 7p, 9q, 18q, 

19p, and Xq being biologically relevant in the pathogenesis  of  HG 

ovarian cancers,  but they do not meet  our criteria. 

To see if  the pattern o f  ch romosome  loss was different be tween LG 

and HG tumors, we then compared  the L O H  data for each chromo-  

some arm, adjusted for the grade-specific AOAL (Table 1, adjusted P 
value column).  The only chromosome region lost more commonly in 
LG tumors was 3p, with 5 of  19 LG tumors showing loss compared  

with 6 o f  27 HG tumors (P  = 0.02). Chromosome  arms lost more 
frequently in HG tumors included 13q (2 of  18 LG v e r s u s  22 o f  29 

HG, P = 0.003), 15q (1 o f  11 LG v e r s u s  14 of  23 HG, P = 0.08), 17p 

(5 o f  13 LG v e r s u s  29 o f  31 HG, P = 0.07), and 17q (6 of  19 LG 

v e r s u s  27 o f  30 HG, P = 0.02). 

Fol lowing adjustment  for the difference in A O A L  in the LG and HG 

tumors,  Table 1 contains other ch romosome arms showing significant 

differences be tween the two groups (LG v e r s u s  HG). These include 
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Pt 38 Pt 38 Pt 77 Pt 77 

Fig. 1. Autoradiographs demonstrating LOH re- 
suits for tumor (T) and blood (B) pairs. Examples 
represent loss of heterozygosity and no loss of het- 
crozygosity for patients 38 and 77 using Southern 
hybridization probes (pTtlIt55, plR4-3R) and mic- 
rosatellite markcrs (CYP 19) for chromosome 15. 
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chromosome arms 10q, 12p, 19q, and 20p, all of which show LOH 
less than AOAL for both LG and HG tumors. These findings are not 
included in the discussion of key events in the development of inva- 
sive epithelial ovarian carcinoma. 

Fig. 2 summarizes the patterns of allelic loss for selected chromo- 
some arms in individual tumors. Ninety-three % (28 of 30) of infor- 
mative HG tumors show LOH for 13q and/or 15q. In contrast, only 

two LG tumors show LOH at chromosome arm 13q and one at 15q. 
It is interesting to note that if LOH was observed on 13q or 15q with 
one marker, then all other informative markers on the same chromo- 
some arm showed loss as well. LOH mapped to chromosomes 6 
and/or 17 appears to be almost universal (95%) in the HG tumors. 
Loss on both chromosomes was a very common observation (84% for 
informative patients). LOH at both 13q and 15q is less common 
(67%). LOH at chromosomes 6 and/or 17 does occur in LG tumors but 
much less frequently (37%) than in HG tumors. However, all HG and 
LG tumors with 13q and/or 15q loss also show LOH at 6 and/or 17 
and generally both 6 and 17 (86%). For recombinant tumors, there 
were no new areas of deletion noted on chromosomes 6 or 17 from our 
previous paper (16). 

Our number of borderline tumors is small, but we found no losses 
common to the borderline and invasive tumors. Of the four borderline 
tumors, LOH was noted in only one tumor for one chromosome arm: 
10q. The only chromosome arm showing no LOH in any tumor, 
including borderline, low grade, or high grade, was chromosome 20p. 

D i s c u s s i o n  

In general, we documented LOH significantly less commonly in LG 
than in HG epithelial ovarian cancers. In the LG neoplasms, rates of 
LOH significantly greater than background were seen at 6p, 17p, 17q, 
and 22q. The only chromosome arm lost significantly more often in 
LG as opposed to HG tumors was 3p. Loss of heterozygosity in HG 
tumors was common on 6p, 13q, 15q, 17p, 17q, and 22q. 

Putative TSGs localized to these areas include p53 on 17p and 
BRCA 1 on 17q. These data also suggest that TSGs important in 
invasive ovarian carcinoma reside on chromosome arms 3p, 6p, 13q, 
15q, and 22q. RB1 is a likely candidate TSG on 13q. However, ifRB1 
mutations are found to be absent in these tumors, then 13q likely 
harbors another critical gone involved in the development of epithelial 
ovarian cancers. The recently described D B M  (disrupted in B-cell 
malignancy) TSG in chronic lymphocytic leukemia may be another 

candidate gone on chromosome 13 (25). To our knowledge, this report 
i s  t h e  f i r s t  d e m o n s t r a t i o n  o f  f r e q u e n t  c h r o m o s o m e  1 5  l o s s  i n  a t u m o r  

system. 
In this study we elected not to use fractional allelic loss to charac- 

terize average background allelic loss as described by Vogelstein et al. 
(25). We feel that the fractional allelic loss biases the background or 
overall loss by weighing more heavily those chromosomes probed 
with multiple markers (i.e., 17q). Instead we propose the concept of 
AOAL which appears to be a more reasonable method of evaluating 
true background LOH when a variable number of markers are used for 
different chromosome arms. We included all chromosome arms in this 
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calculation (AOAL) because we believe it cannot be determined a 
priori which chromosome arms are biologically relevant. 

Genetic alterations of putative TSGs, reflected by LOH, appear to 
play a major role in the majority of HG epithelial ovarian carcinomas. 
Our data suggest that only a minority of LG tumors develop as a 
consequence of LOH similar to that seen in HG tumors. In fact, 
specific chromosomal loss in this subset of LG tumors is almost 
identical to the pattern of LOH noted in the HG tumors (namely 6p, 
6q, 17p, 17q, 22q). Adjusted LOH for 3p is significantly greater in LG 
as opposed to HG tumors, but it is interesting that four of the five 3p 
losses in LG tumors occurred in the subset of tumors showing frequent 
LOH at other chromosome arms, as are four of the five 22q LG losses 
(Fig. 2). Losses at 13q and 15q are rare in LG tumors overall (15%), 
but those showing loss (3 tumors) are in this same subset of seven LG 
tumors. Furthermore, most of the remaining LG losses occurred in this 
same subset of tumors (62.5%). 

The majority of our LG tumors (65%) did not show frequent LOH 
in the allelotype analysis. This observation has two major implica- 
tions. One is the possibility that we are missing LOH because we are 
screening only a small percentage of the genome. However, when 
compared to previous comprehensive allelotype studies of ovarian 
carcinoma (16, 26) and other tumor systems (27), our study evaluated 
the human genome in even greater detail. Moreover, deletions of small 
chromosomal regions do not appear to be frequent in ovarian carci- 
noma, inasmuch as we generally observed that LOH with one marker 
equated to LOH with all informative markers for a particular chro- 

1. 
mosome arm. This suggests that small deletions and recombination 
are rare whereas loss of the entire chromosome arm appears to be the 2. 
rule when a genetic event (LOH) does occur. Thus, we must consider 3. 
alternative mechanism(s), besides loss of TSGs, that contribute to the 
pathogenesis of most invasive LG epithelial ovarian carcinomas. Pos- 4. 
sibilities include: (a) inactivation of TSGs without LOH (e.g., by 
point mutation or binding by viral or nonviral oncoprotein); (b) al- 5. 
terations in the upstream or downstream cellular pathways in which 
TSGs are active; (c) dominant negative gene(s) in which only one 6. 
allele requires mutation; (d) generalized genomic instability, as re- 

7. 
flected by microsatellite alterations, recently described in colon car- 
cinomas showing low rates of LOH (28); (e) changes in dominant 
acting oncogenes, (f) epigenetic phenomena; (g)  polyclonality of the 8. 
neoplasms. With regard to generalized genomic instability (possibility 
d), we screened our tumors but did not find this genetic phenomenon 
to be present. Concerning clonality of the tumors (possibility g), we 9. 
did not perform clonality studies on our tumors, but there is good 
evidence to support the monoclonal nature of epithelial ovarian tu- 
mors (29, 30). 10. 

As previously mentioned, most HG tumors and a subset of LG 11. 
tumors appear to share genetic alterations at putative TSGs detected 
by LOH studies. In this group of tumors LOH at chromosomes 6 12. 
and/or 17 are almost universal (95%) with loss at both arms being very 
common (89% if informative for both chromosomes). LOH at 13q 13. 
and/or 15q does not occur as often as the 6 and/or 17 losses but is very 
prevalent, occurring in 88% of informative cases. All tumors with 14. 
LOH at 13q and/or 15q also had lost 6 and/or 17 and generally both 
(86%). These data suggest that 6 and 17 losses may be early events 15. 
with 13q and 15q LOH representing later events. In these tumors, 
LOH at chromosome 13q or 15q appears to be critical for the devel- 16. 
opment of a HG tumor. Of interest, two of the three LG patients with 
13q or 15q LOH have undergone second-look surgery. Both showed 

17. 
evidence of persistent disease. This is in contrast to a 20% recurrence 
rate in those LG tumors without 13q or 15q LOH (1 of 5). Although 

18. 
our numbers are small, these specific changes may mark a high risk 
group of LG tumors. Additionally, LG tumors with similar genetic 19. 
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alterations will need to be ascertained to confirm this possible asso- 
ciation. There is a large group of HG tumors showing LOH at both 
13q and 15q, but there are also groups of tumors which show LOH of 

either 13q or 15q, suggesting that either alteration is sufficient for 
development of a HG tumor. Similarly, in the LG tumors, LOH at both 
13q and 15q is not present in any tumor, but loss of 1 of the 2 
(following 6 and/or 17 LOH) may result in a LG tumor with a greater 
likelihood to recur. 

We evaluated only a small number of borderline tumors, but our 
data suggest that these tumors do not share areas of common loss with 
the invasive neoplasms. It is possible that borderline tumors arise by 
a mechanism similar to that of the majority of LG tumors, which does 
not involve LOH or is not detected by LOH studies. However, LOH 
studies for larger numbers of borderline tumors must be performed 
before conclusions can be drawn. A recent study (31) found ras gene 
alterations in borderline as well as invasive epithelial ovarian carci- 
nomas and they hypothesized a continuum from benign to borderline 
to invasive carcinoma. 

In summary, genetic alterations of putative TSGs appear to be 
important in the pathogenesis of HG ovarian cancers and a subset of 
LG neoplasms. However, other distinct mechanisms are probably 
critical for the development of LG and borderline epithelial ovarian 
carcinomas. 
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