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I．Introduction
  Ovarian cancer (OC) is the fifth leading 
cause of cancer-related death in women in 
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　Ovarian cancer (OC) is the leading cause of cancer-
related death for gynecological cancers. In particular, 
high-grade serous adenocarcinoma (HGSA) is the 
most common and aggressive type of OC. Although 
HGSA exhibits complex genetic alterations, including 
copy number alterations (CNAs), the molecular 
mechanisms of HGSA pathogenesis are not fully 
understood. Single-nucleotide polymorphisms were 
used to examine genome-wide alterations in ovarian 
HGSAs. In addition, mutations in TP53, KRAS, 
BRAF , and PIK3CA  were examined. The highest 
frequencies of gains in HGSA were found at 8q21-
24.3, 3q25.2-27.2, 1q43, and 20q13.33. The most 
frequent LOHs in HGSA were at 5q12.1-13.3, 4q22.2 
-24, 8p21.3-22, 16q22.2-23.1, and 22q13.31. In addition, 
regions of copy-neutral (CN)-LOHs (CN-LOH) in 
HGSA were detected at 17q21-25 and 17q11-13. The 
total lengths of the CN-LOHs were significantly 

greater in HGSA with lymph node metastasis than 
in that without lymph node metastasis. Although 
mutations in TP53  were frequent, mutations in 
KRAS, BRAF , and PIK3CA  were rarely found in 
the HGSA specimens examined. The total lengths of 
the gains were significantly greater in HGSA with 
TP53 mutation than in that without TP53  mutation. 
Additionally, concurrent TP53  mutation and CN-
LOH at 17p13.1 were frequently found in HGSA. 
Significant differences in gains between lymph node-
positive and -negative samples were observed at 
6q16.2-16.3, 6q22.31, and 16q13.2. Furthermore, there 
were significant differences in the regions of CN-LOH 
at 9p21-23. These findings suggest the usefulness of 
genome-wide alterations for the detection of novel 
frequent genetic alterations that may contribute to 
HGSA onset or progression. 
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the developed world 1). Although various 
types of cancers have been found in the 
ovaries, epithelial cancer is the most common 
type. Epithelial OC can be classified into 4 
types, including serous adenocarcinoma (SA), 
mucinous adenocarcinoma, endometrioid 
adenocarcinoma, and clear cell carcinoma 2, 
3). Serous epithelial ovarian cancer is the most 
common type, accounting for approximately 
two-thirds of cases 2, 3). Additionally, SA 
can be further classified into 2 categories 
(low- and high-grade) based on histological 
features and tumor grade. High-grade SA 
(HGSA) is more common than low-grade 
SA 2, 3). HGSA is characterized by high-
grade atypia, highly aggressive behavior, and 
poor prognosis; however, tumors are often 
sensitive to chemotherapy 2–5). Investigation of 
the biological characteristics of such tumors 
may provide important insights into the 
development of next-generation technologies 
for diagnosis and treatment.  
  Genomic instability (similar to chromosomal 
instability) is a hallmark of malignant tumors 
and is associated with impaired integrity of 
the genome 6–8). As a consequence, numerous 
genetic alterations and structural changes occur 
in tumor cells 6–8). When genomic instabilities 
occur repeatedly in tumor cells, the cells acquire 
growth advantages, suggesting that genomic 
instability may confer invasive ability on 
tumor cells 6–8). Recent studies have shown that 
genomic instability is closely associated with 
carcinogenesis in HGSA 6–8). Despite considerable 
efforts aimed at elucidating the molecular 
mechanisms of ovarian HGSA, many details of 
the pathogenesis of HGSA remain unknown. 
Mutations in KRAS, BRAF , and PIK3CA 
are rarely found in HGSA 2, 3). In contrast, 

TP53  mutations occur in 80% of HGSAs, and 
numerous chromosomal aberrations have been 
described in HGSAs 2–5). The recent recognition 
of HGSA suggests that mutations in TP53 and 
chromosomal instability are important molecular 
events in the pathogenesis of HGSA 9, 10).
  Genome-wide analysis of DNA copy number 
alterations (CNAs) has demonstrated the 
presence of many gains and losses 1, 6, 7). These 
alterations are thought to reflect chromosomal 
instabil ity in tumor samples 1, 6, 7).  The 
aim of the present study was to evaluate 
the molecular genetic data of this aggressive 
t umor  t o  d e t e rm i n e  whe t h e r  CNAs 
characterized a subset of HGSAs and whether 
CNAs were associated with TP53  mutations 
in HGSA. In addition, we examined whether 
the extent of CNAs was correlated with 
clinicopathological parameters, particularly 
lymph node status.   

II．Materials and Methods
　1. Patients
  The tissue specimens evaluated in this study 
included 30 cases of invasive HGSA obtained 
from Iwate Medical University. Histological 
diagnosis and grading was performed as 
previously described 11). In addition, histological 
diagnosis was made by expert pathologists 
(T.S. , N.U., and M.O.) after microscopic 
review of hematoxylin and eosin (HE)-stained 
slides derived from surgical specimens. 
Microscopically, HGSA showed papillary 
and solid growth with slit-like glandular 
lumens. The tumor cells were typically of 
intermediate size, with atypical large nuclei 
and occasional bizarre mononuclear giant cells 
exhibiting prominent nucleoli. Disease stage 
was determined using the TNM classification 
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of the Union for International Cancer Control 
(UICC) 12). The clinicopathological factors 
examined in this study included age, sex, 
location, differentiation, lymph node status, and 
tumor stage. 
  Patient consent was obtained, and the 
study was approved by the Iwate Medical 
University Institutional Review Board. 
　2.  Crypt isolation method
  Fresh tumor specimens were obtained from 
resected ovarian cancers. 
  Isolation of tumor glands was performed as 
previously described 13, 14). Briefly, fresh tumor 
samples were minced with a razor into small 
pieces and then incubated at 37℃ for 30 min
in calcium- and magnesium-free Hanks’ 
balanced salt solution (CMF) containing 30 
mM ethylenediaminetetraacetic acid (EDTA). 
The isolated glands were immediately fixed in 
70% ethanol and stored at 4°C.
  The fixed isolated glands were observed 
under a dissecting microscope (SZ 60; 
Olympus, Tokyo) and were processed routinely 
to confirm their features using paraffin-
embedded histological sections. Contamination 
by other materials, such as interstitial cells, 
was not evident in the samples examined in 
this study. 
　3.  DNA extraction
  DNA from tumor crypts was extracted by 
standard SDS proteinase K treatment. DNA 
extracted from the samples was resuspended 
in TE buffer (10 mM Tris-HCl, 1 mM EDTA 
[pH 8.0]) to the equivalent of 1000 cells/μL.
　4.  Analysis of mutations in the PIK3CA and 

TP53  genes
  Single-strand conformation polymorphism 
(SSCP) analysis was performed as previously 
described, with some modifications 14, 15). 

Briefly, the polymerase chain reaction (PCR) 
products (2 µL) were mixed with 10 µL of 
gel loading solution, denatured at 95 ℃ for 
5 min, and then kept on ice until loading. 
Nondenaturing 7.5% polyacrylamide gels were 
used for electrophoresis (Resolmax; ATTO 
Co., Tokyo, Japan). The gels were visualized 
by silver staining and photographed.
　Sequencing was performed on the original 
PCR products of exon 1 of the PICK3CA 
gene and exons 5–8 of the TP53 gene for 
all SSCP-positive samples. PCR products 
were recovered from 3% agarose gels by 
electrophoresis. Direct sequencing was 
performed using f luorescently labeled 
dideoxynucleotide triphosphates for automated 
DNA sequence analysis (Applied Biosystems 
373A sequencer; Applied Biosystems, CA, USA).
　5.  Analysis of KRAS and BRAF mutations
  Mutations in KRAS and BRAF genes were 
examined using a pyrosequencer (Pyromark 
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Table 1.  Clinicopathological findings of the adnexal 
               high-grade serous adenocarcinoma 

Total
    Age (range)
           median
Location

pTNM stage

Lymph node metastasis

Pathological grade

No. of cases

      59.5 (31-79)
      60
ovary
fallopian tube
I-II
III-IV
N0
N1
NX
1
2
3

30
 

   27 (90%)
    3 (10%)
   9 (30.0%)
  21 (70.0%)
 12 (40.0%)
  7 (23.%)

   11 (36.7%)
0

   4 (13.3%)
   26 (86.7%)

HGSA, high grade serous adenocarcinoma; N0, no 
regional lymph node metastasis; N1, regional lymph 
node metastasis; NX, regional lymph nodes cannot 
be assessed.



Q24; Qiagen,  NV, USA) ,  as previously 
described 16). Samples were amplified by PCR 
using a KRAS  v2.0 kit (Qiagen) according to 
the manufacturer’s protocols, as previously 
described 16). The purified biotinylated PCR 
product was set into PyroMark Q24 (Biotage, 
SE) with PyroMark Gold reagents (Qiagen) 
containing 0.3μM sequencing primer and 
annealing buffer.
　6. Single nucleotide polymorphism (SNP) 

array analysis
  Total genome copy number alteration 
(CNA) analysis was performed using an SNP 
array, as previously described 14, 17). CNA 
analysis was performed using an Illumina 
HumanCytoSNP-12 BeadChip (I l lumina, 
Inc. San Diego, CA, USA) with 299,140 SNP 
loci, according to the Illumina Infinium HD 
assay protocol. In the analysis of CNAs, the 
CNA value was calculated from the B allele 
frequency (BAF) and log R ratio (LRR) using 
the Illumina KaryoStudio software program 
(Plugin v3.0.7.0; Illumina), and chromosomal 
CNAs were classified as described below. The 
CNAs were classified using CNA partition 
algorithms. An LRR of 0 indicated a normal 
diploid region; an LRR of greater than 0 
indicated a copy number gain; and an LRR 
of less than 0 indicated a copy number LOH. 
BAF values range from 0 to 1; homozygous 
SNPs had BAFs near 0 (A-allele) or 1 (B-allele), 
whereas heterozygous diploid region SNPs had 
BAFs near 0.5 (AB genotype). Additionally, 
LRR and BAF data were used to identify 
regions of hemizygosity and copy-neutral 
LOH.
  To determine the overall chromosomal 
disruption in HGSA, we developed the 
chromosomal disruption index (CDI), which 

was defined as the total length of CNAs 
occurring within each chromosomal locus 18). 
The calculation method is shown below. 
　7. Calculation of the length of CNAs on a 

genome-wide scale in HGSA
  To quantify CNAs on a genome-wide scale, 
the total lengths of CNAs (losses + gains), 
total length of CNA gains, total length of CNA 
LOHs, and total length of CNA copy-neutral 
LOHs identified by the SNP-array analysis 
were calculated (CDI) as previously described. 
We used the total CNA length as an index 
representing the degree of chromosomal 
aberrations and assessed the relationship between 
CNA length (total CNA, CNA gain, CNA LOH, 
and CNA copy-neutral LOH) and HGSAs.
　8.  Statistical analysis
  Differences in TP53  mutation distributions 
between the 2 groups (TP53  mutation positive 
and TP53  mutation negative) were analyzed 
using Mann-Whitney U tests (PRISM6; 
GraphPad software, La Jolla, CA, USA). For 
statistical analysis of differences in lymph 
node metastasis among the 3 groups (N0, 
no regional lymph node metastasis; N1, 
regional lymph node metastasis; NX, regional 
lymph nodes cannot be assessed), Bonferroni 
corrections were performed. Differences with 
p values of less than 0.05 were considered 
significant.

III.  Results
　1. Mutations in the TP53, PIK3CA, KRAS , 

and BRAF genes
  All mutant bands detected by SSCP were 
sequenced and found to contain mutations. 
Mutations in TP53  were found in 66.7% (20/30) 
of carcinomas. The distributions of these 
mutations were as follows: 20% (4/20) in exon 
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5, 10% (2/20) in exon 6, 40% (8/20) in exon 7, 
and 30% (6/20) in exon 8. A base insertion was 
found in 1 case (exon 6) and resulted in a stop 
codon (codon 212–213: TTTCGA-TTTTCGA, 
T was inserted). 
  Among the 19 base substitutions, C to T 

transversions and G to A transitions were 
most commonly observed (10 cases, 50%). 
Other types of mutations were subclassified 
as G to C (1/20), A to G (2/20), G to T (4/20), C 
to A (1 of 20), and C to G (1/20). Furthermore, 
the frequencies of missense and nonsense 
mutations were 95% (19/20) and 5% (1/20), 
respectively.
  Only one mutation in the PIK3CA  gene 
(codon 1025, C to T transversion; 1/30, 3.3%) 
was detected in the HGSA samples examined. 
Although no BRAF mutations were detected 
in the HGSA examined in this study, 2 
mutations in KRAS (G to A transitions, 1/30, 
3.3%; G to C transition, 1/30, 3.3%) were found. 
　2.  Genomic alterations in HGSAs (Table 2 )
  Chromosomal CNAs were observed in all 
30 HGSAs. The average frequencies of CNAs 
across the entire genome are shown in Figure 
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 Table 2.  Mutation analysis of the adnexal high-grade      
              serous adenocarcinoma

Total 
Mutation
  TP53 
  PIK3CA 
  KRAS 
  BRAF 

30

  20 (66.7%)
    1 (3.3%)
    2 (6.7%)

0

HGSA, high grade serous adenocarcinoma; N0, no 
regional lymph node metastasis; N1, regional lymph 
node metastasis; NX, regional lymph nodes cannot 
be assessed.

No. of cases

   

Table 3. Frequent regions of copy number alterations in high-grade serous adenocarcinoma

Chromosomal loci
 8q23.3 
 8q24.22 
 8q24.13 
 8q23.2 
 3q26.2 
 8q24.21 
 3q26.31-26.32 
 3q26.1 
 8q24.3 
 8q24.23
 8q24.11-24.12  
 3q25.33 
 8q23.1 
 8q22.1 
 1q43 
 3q26.33-27.2 
 3q25.2-25.32 
 8q21.11 
 20q13.33 

frequency (% )
86.7
80.0
76.7
76.7
73.3
73.3
70.0
70.0
70.0
70.0
70.0
66.7
66.7
66.7
63.3
63.3
63.3
63.3
63.3 LOH, loss of heterozygosity; CNLOH, copy neutral loss of heterozygosity.

Gain LOH CN-LOH
a b c

Chromosomal loci
 5q13.1-13.2 
 4q22.3-24 
 5q12.3 
 4q22.2 
 5q13.3 
 5q12.1-12.2 
 8p21.3-22
 11p15.4 
 16q22.2-23.1 
 22q13.31 

frequency (% )
50.0
46.7
46.7
43.3
43.3
43.3
43.3
43.3
43.3
43.3

Chromosomal loci
 17q25.1-25.2   
 17q25.3 
 17q24.3 
 17q24.2 
 17q21.33-22  
 17q23.1-24.1  
 17q21.32 
 17q21.31 
 17q12-21.2  
 17p13.1-13.3  
 17q11.2 
 17p12

frequency (% )
83.3
80.0
80.0
76.7
76.7
73.3
70.0
60.0
56.7
53.3
50.0
50.0
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1. The mean total number of chromosomal 
aberrations per patient was 450, with an 
average of 210 gains (range: 63–424); the mean 
number of LOHs was 118 (range: 0–254), and 
the mean number of copy-neutral LOHs was 
122 (range: 12–451). Regions of gains detected 
in more than 60% of cases were identified at 
8q23.3, 8q24.22, 8q24.13, 8q23.2, 3q26.2, 8q24.21, 
3q26.31-26.32, 3q26.1, 8q24.3, 8q24.2, 8q24.11-
24.12, 3q25.33, 8q23.1, 8q22.1, 1q43, 3q26.33-
27.2, 3q25.2-25.32, 8q21.11, and 20q13.33 (Table 
3-a). Regions of LOHs detected in more than 
40% of the cases were at 5q13.1-13.2, 4q22.3-
24, 5q12.3, 4q22.2, 5q13, 5q12.1-12.2, 8p21.3-
22, 11p15.4, 16q22.2-23.1, and 22q13.31 in 
decreasing order of frequency (Table 3-b). On 

the other hand, regions of copy-neutral LOHs 
detected in more than 50% of cases were at 
17q25.1-25.2, 17q25.3, 17q24.3, 17q24.2, 17q21.33-
22, 17q23.1-24.1, 17q21.32, 17q21.31, 17q12-21.2, 
17p13.1-13.3, 17q11.2, and 17p12 (Table 3-c). No 
minimal common region was detected in the 
HGSAs, given that the alterations were found 
throughout the entire region. 
   A representative result for HGSA is shown 
in Figure 2. 
　3.  Relationship between TP53  mutations 

and CNAs located at 17p13.1 in HGSAs
  Concurrent TP53  mutation and LOH at 
17p13.1 were observed in 10 of 20 cases (50%). 
Additionally, concurrent TP53 mutation and 
copy-neutral LOH at 17p13.1 were observed in 

                         

Fig. 2. Representative images of high-grade serous adenocarcinoma. a) Macroscopic features of ovarian serous 
cancer. b) Low-power view of a lesion showing high-grade serous adenocarcinoma. c) An isolated tumor 
gland under a dissection microscope. d) High-power histological view of the isolated gland. e) Ideogram 
showing copy number alterations. Green, gains; red, LOHs; gray, copy-neutral LOHs.
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9 of 20 cases (45%). However, concurrent TP53  
mutation and gain at 17p13.1 were observed in 
only 1 of 20 cases (5%).
  4. Association of length of CNAs on a 

genome-wide scale and lymph node 
status in HGSAs

  No differences in the overall total lengths 
of CNAs were observed in HGSAs with or 
without lymph node metastasis. However, the 
total length of copy-neutral LOH in HGSAs 
with lymph node metastasis was longer than 

that of HGSAs without lymph node metastasis 
(p < 0.05; Figure 3). In addition, no differences 
in the total length of CN gain and LOH were 
observed between HGSAs with or without 
lymph node metastasis.  
　5. Association of CNAs with lymph node 

metastasis in HGSAs
  Next, we examined CNAs in HGSA based 
on lymph node status. Significant differences 
in the frequencies of gains at 6q16.3, 6q16.2, 
6q22.31, 8q11.21 and 16q13.2 were observed for 
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Fig. 3. Comparison of the total lengths of abnormal regions containing CNAs among 
patients without lymph node metastasis, patients with lymph node metastasis, and 
patients for whom lymph nodes were not sampled. 

Table 4. Comparison of copy number alterations between lymph node positive and negative groups

Chromosomal 
loci
   6q16.3
　6q16.2
　6q22.31
　8q11.21
   16p13.2

frequency (% )
7.7
7.7
15.4
84.6
15.4

CNLOH, copy neutral loss of heterozygosity; N0, no regional lymph node metastasis; 
N1, regional lymph node metastasis

Gain
N0 N0

frequency (% )
7.7
7.7
15.4
84.6
15.4

P-value
0.014
0.014
0.044
0.044
0.044

Chromosomal 
loci
   9q22.33
　9q22.1
　9q21.33
   9q22.32
　9q22.31
   9q22.2

frequency (% )
7.7
7.7
7.7
15.4
15.4
15.4

CN-LOH
N0 N0

frequency (% )
71.4
71.4
71.4
71.4
71.4
71.4

P-value
0.014
0.014
0.044
0.044
0.044
0.044



133Original: Genetic alterations in ovarian cancer

HGSAs with positive and negative lymph node 
metastasis. In addition, significant differences 
in the frequencies of copy-neutral LOH at 
9q22.33, 9q22.1, 9q21.33, 9q22.32, 9q22.31, and 
9q22.2 were observed for HGSAs with positive 
and negative lymph node metastasis. These 
results are summarized in Table 4.
　6. Association of the lengths of CNAs on a 

genome-wide scale with mutation status 
of the TP53  gene in HGSAs 

  The overall total length of CNAs in HGSAs 
with TP53  mutations was longer than that 
of HGSAs without TP53  mutations (p < 0.05; 
Figure 4). We analyzed genomic losses (LOHs 
and copy neutral LOHs) and gains separately. 
However, there were no significant differences 
in the total length of CNV gains between 
HGSAs with TP53  mutations and HGSAs 
without TP53  mutations. Additionally, no 
significant differences were observed in the 

total length of CNV losses between HGSAs 
with TP53  mutations and HGSAs without 
TP53 mutations. 

IV.  Discussion
  Genomic CNAs are thought to play a major 
role in the development and progression of 
human cancers 1, 6, 7, 19). Although many CNAs 
have been reported in ovarian cancers 1, 6, 7, 19), 
their genome-wide alterations are not 
fully understood. Many genetic alterations 
accumulate during the transit ion from 
preneoplastic conditions to the fully malignant 
phenotype in HGSAs 3–5). CNAs in cancer cells 
contribute to the acquisition of invasive ability 
in tumor cells 1, 16, 17). In this study, we focused 
on DNA copy number alterations occurring in 
HGSAs, as the most common histological type 
of ovarian cancer.   
  The identification and targeting of molecular 
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 Fig. 4. Comparison of the total lengths of abnormal regions containing CNAs among 
patients with TP53 mutations, patients without TP53 mutations, and patients for 
whom lymph nodes were not sampled.　



134 Tomoyuki Fukagawa, et al.

alterations are impaired by the rich stromal 
cells that overtake tumor cellularity 13–15). 
Ovarian cancer involves abundant amounts of 
stromal cells, which are present in the tumor 
tissue during tumor invasion 20, 21). In order to 
examine genetic alterations in tumor cells, 
isolation of tumor glands is essential 13–15). In 
the present study, the crypt isolation method 
was used to enrich the tumor cells in HGSAs. 
This method is easy and inexpensive; thus, it 
can be used to analyze molecular alterations 
in tumor cells obtained from routine clinical 
samples 13–15). Additionally, HGSAs are known 
to exhibit tumor heterogeneity in terms of 
histological feature 2, 3). Unfortunately, we could 
not accurately distinguish the differences in 
histological appearances of isolated tumor 
glands under a dissecting microscope. 
However, we believe that use of isolated 
tumor glands greatly contributes to accurate 
evaluation of genetic alterations in HGSAs. 
  The Cancer Genome Atlas (TCGA) is a 
reliable and widely accepted database; many 
researchers have used TCGA to evaluate 
genetic alterations in human cancers, including 
ovarian cancers 6). However, the platform for 
TCGA was different from that of our study 6, 17). 
Specifically, the differences in the genomic 
landscapes reflected in the magnitude of 
gains/losses observed in our results as 
compared with that in TCGA studies could 
be a reflection of the methods used for 
assessment of global genomic abnormalities 
among the studies 6, 17). Thus, data obtained 
from TCGA cannot be directly compared with 
our data 17). Although frequent copy number 
gains were common alterations in both data 
from TCGA and the present study, copy 
number losses were infrequently observed in 

data from TCGA 6), in contrast to our result. 
The difference between the result of TCGA 
and our result is considered to be one of the 
reasons that the crypt isolation method was 
used. Our findings also suggested that both 
gains and losses play an essential role in the 
carcinogenesis of HGSA. We believe that our 
results improve our understanding of the 
molecular characteristics of HGSA. 
　Copy number gains are frequently found in 
various cancers, including ovarian HGSAs 6), 
endometrial cancer 22), esophageal cancer 23), 
gastric cancer 24), and colorectal cancer 25). 
Acquisition of copy number gains is a main 
driving force for the development and 
progression of tumors 1, 6, 7). Frequent gains 
at chromosomal loci were observed at 8q21-
26, 3p25-26, and 20q13 in the present study. 
Although gains at 8q24, 8q26, and 3q26 were 
consistent with data from TCGA 6), gains at 
8q 21, 8q22, 8q23, 8q25, 3p25, and 20q13, which 
showed low frequencies in TCGA 6), were 
identified in our results. Thus, our findings 
suggested that gains at 8q21-26, 1p43, 3p25-26, 
and 20q13 may be closely associated with the 
progression of HGSA. 
  Previous studies have shown that tumor 
progression is characterized by frequent 
copy number losses in human cancers 1, 6, 26). 
LOHs occurring in tumor cells are important 
molecular alterations that play essential roles 
in colorectal carcinogenesis according to the 
oncogenic model established by Vogelstein 
et al 27). In our recent studies, however, LOH 
was found to be an infrequent genetic event 
in gastric cancer 17) and colorectal cancer 28).
Moreover, the current results suggested 
that ovarian HGSA may be characterized 
by a high frequency of LOHs. Wang et al. 
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examined LOH profiles in HGSAs using LOH-
based clustering analysis and correlated their
findings with clinical outcomes in HGSA 29). 
Their results showed that HGSA could 
b e  separated by LOH-based clustering 
into characteristic subgroups in 3 different 
cohorts 29). In addition, patients in the various
LOH clusters differed with respect to chemotherapy
resistance, and the extent of LOH was 
associated with progression-free survival 29). 
Thus, we suggest that the LOH pattern defined 
by genome-wide CNAs may represent a novel 
clinicopathological parameter for evaluating 
the molecular mechanisms of ovarian HGSA. 
  Copy-neutral LOH, defined as acquired 
uniparental disomy, is a type of copy number 
loss that is an important genetic event in 
human cancers 30). Copy-neutral LOH has 
been frequently reported in specific types 
of leukemia 30). However, recent studies 
have shown that copy-neutral LOH is also 
associated with the development of solid type 
tumors 26, 30). In the present study, copy-neutral 
LOH was frequently found in HGSAs. To the 
best of our knowledge, high frequency copy-
neutral LOH has not been reported in ovarian 
HGSA. Although the role of copy-neutral LOH 
is not fully understood in human cancers, 
researchers have proposed a link between 
genomic mutations and copy-neutral LOH, 
suggesting that mutations, including insertions, 
deletion, and point mutations, destabilize the 
DNA structure/function in such a way that 
copy-neutral LOH is directly promoted during 
mitotic recombination 30). According to this 
model, combination of copy-neutral LOH with 
mutations may enhance genomic instability, 
leading to increasing instabil ity at the 
chromosomal level (chromosomal instability) 

in tumor cells 26, 30). Thus, our findings further 
confirm that copy-neutral LOH plays a specific 
role in the progression of ovarian HGSA. 
  The high frequency of TP53  mutations 
in HGSA has been reported in previous 
studies 31, 32), consistent with our current 
results. This finding suggested that TP53  
mutations play a crucial role in carcinogenesis 
in HGSA 31, 32). In the present study, we 
examined the association between TP53  
mutations and copy-neutral LOH at 17p13.1 
in HGSAs. According to the 2-hit theory 
for bi-allelic genetic inactivation of tumor-
suppressor genes, the function of the TP53 
gene is suppressed 26). This mechanism is 
thought to be true for inactivation of genes, 
such as tumor-suppressor genes, and TP53 
provides a clear example of gene suppression 
in human cancers, including ovarian cancer 26). 
Copy-neutral LOH may represent a novel 
mechanism for inactivation of TP53  26). Our 
findings suggested that concurrent TP53 
mutations and copy-neutral LOH at 17p13.1, as 
detected in the present study, may enhance 
the effects of TP53 mutation within the tumor, 
thereby disrupting key regulatory pathways 
linked to the TP53 signaling pathway 30). Our 
results suggested that concurrent mutations 
and copy-neutral LOH at the corresponding 
locus may cause enrichment of deleterious 
mutations in tumor cells in HGSAs.
  In the present study, the total length of 
CNAs occurring in all chromosomes was used 
as the CDI 7, 18). Lymph node metastasis has 
not been reported in TCGA data.
 The CDI o f  copy -neutra l  LOHs was 
signif icantly higher in the lymph node 
metastasis group than in the non-metastasis 
group. In addition, the CDI (defined as the 
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level of genomic alterations) of copy number 
gains in the case of TP53  mutations, which 
are associated with invasive ability, was 
higher than that in cases without TP53  
mutations, supporting the aggressive nature 
of HGSA. We suggest that this index may be 
useful to assess the degree of chromosomal 
alterations and could be used to predict tumor 
aggressiveness by applying CDI in HGSA. 
  In the current study, differences in the 
frequencies of copy-neutral LOHs between 
HGSAs  w i th  o r  w i thou t  l ymph node 
metastasis were found at 9q21-22. Additionally, 
6q16.2-3, 6q22.31, and 16p13.2 were the most 
common loci at which gains were observed in 
HGSAs with lymph node metastasis. Several 
candidate genes were identified within these 
chromosomal loci; however, candidate genes 
associated with lymph node metastasis have 
not been identified in ovarian HGSAs. Despite 
this, our results may provide important 
insights into the roles of chromosomal 
alterations in the progression of HGSA. 

Candidate genes within these loci that are 
associated with lymph node metastasis should 
be explored in future studies. 

　V. Conclusions
  We performed a comprehensive examination 
of CNAs using isolated tumor glands obtained 
from ovarian HGSAs. Our findings illustrate 
the unique molecular profile that characterizes 
the aggressive behavior of HGSA. In addition, 
candidate chromosomal alterations obtained 
from our results should be confirmed to 
determine whether such alterations may be 
useful as novel molecular markers. 
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　卵巣癌は婦人科癌関連死の主要な原因の一つで , 卵
巣癌の中で漿液性腺癌は高頻度かつ予後不良な組織亜
型である．漿液性腺癌は複雑な遺伝子変化を示すが ,
分子発癌機序は完全には明らかにされていない . 一塩
基多型を用いて，漿液性腺癌のゲノムワイドな変化と
TP53 等の遺伝子変異と臨床病理学的特徴との関連に
ついて検討した．8q21 -24 . 3 に gain を ,5q12 .1 -13 . 3
に loss of heterogeneity (LOH) を ,17q21 -25 に Copy-
neutral (CN)-LOH を多く検出した．リンパ節転移陽

性群では CN-LOH 領域の総塩基長が有意に長かっ
た． TP53 変異は高頻度であったが，他の遺伝子変
異はほとんど確認されなかった． TP53 変異陽性群
では gain 領域の総塩基長が有意に長かった．リン
パ 節 陽 性 例 の gain は 6q16 .2 -16 . 3 , 6q22 .31 , 16q1 , 
CN-LOH は 9p21 -23 の領域で有意に高頻度であっ
た．これらの知見はゲノムワイドな遺伝子変化を検出
することで漿液性腺癌の発症，進行に関わる新規の
遺伝子変化を特定することに寄与する可能性がある．

要旨
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