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Abstract 
Objective: DNA copy number alterations and difference expression are fre-
quently observed in ovarian cancer. The purpose of this way was to pinpoint 
gene expression change that was associated with alterations in DNA copy 
number and could therefore enlighten some potential oncogenes and stability 
genes with functional roles in cancers, and investigated the bioinformatics 
significance for those correlated genes. Method: We obtained the DNA copy 
number and mRNA expression data from the Cancer Genomic Atlas and 
identified the most statistically significant copy number alteration regions 
using the GISTIC. Then identified the significance genes between the tumor 
samples within the copy number alteration regions and analyzed the correla-
tion using a binary matrix. The selected genes were subjected to bioinformat-
ics analysis using GSEA tool. Results: GISTIC analysis results showed there 
were 45 significance copy number amplification regions in the ovarian can-
cer, SAM and Fisher’s exact test found there have 40 genes can affect the ex-
pression level, which located in the amplification regions. That means we ob-
tained 40 genes which have a correlation between copy number amplification 
and drastic up- and down-expression, which p-value < 0.05 (Fisher’s exact 
test) and an FDR < 0.05. GSEA enrichment analysis found these genes were 
overlapped with the several published studies which were focused on the gene 
study of tumorigenesis. Conclusion: The use of statistics and bioinformatics 
to analyze the microarray data can found an interaction network involved.  
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The combination of the copy number data and expression has provided a 
short list of candidate genes that are consistent with tumor driving roles. These 
would offer new ideas for early diagnosis and treat target of ovarian cancer. 
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1. Introduction 

The mortality and incidence of ovarian cancer are the first and second among 
the female reproductive-system cancers, respectively [1]. Its early detection/diag- 
nosis is difficult; when symptoms manifest, pelvic or distant metastasis are usually 
observed [2], making complete removal of the tumor difficult, with 5-year-sur- 
vival still remaining in 30% [3] [4] [5]. To improve its early detection and thus 
survival, understanding the molecular pathways in this disorder may be critical, 
which may open new therapeutic strategies. 

The copy number aberration (CNA) is the structure variation of the different 
copy number in the special region of the genomic. From the genetic material of 
tumor tissue get the “driver CAN” is the main objective of the tumor diagnose 
and cytogenetic studies. Such alterations can indicate the genomic instability of a 
tumor and are a result of acquired somatic mutations in the evolution of tumor 
cells from a normal state to a neoplastic state. Therefore, characterization of ge-
nomic abnormalities may help elucidate the molecular pathogenesis of ovarian 
cancer as well as reveal the gentic markers of progression. 

Many different expression genes have been identified in the gene expression 
profile, while most of those genes may be the “passenger gene”, which have a 
limit affective for the tumor development [6] [7]. The key challenge has been to 
identify driver oncogenes or tumor suppressor genes that play important roles 
during tumor initiation and progression [8]. Genomic DNA copy number aber-
ration is an important type of genetic alteration observed in tumor cells, and it 
contributes to tumor evolution by alterations of the expression of genes within 
the region. Identified the over-expressed and amplification genes may be having 
a benefit, because these gene may represent driver gene aberrations [9]. 

Many studies had reported the CNA and different expression profile in the 
ovarian cancer, respectively [10]-[18], while few further studies had been carried 
out to explore the correlation between the amplification of CNA and gene ex-
pression. In this paper, we aimed at study the correlation between the amplifica-
tion of CNA and expression genes, we only analyzed the genes located in the 
chromosomal regions with recurrent aberrations. The purpose of this way was to 
pinpoint gene expression change that were associated with alterations in DNA 
copy number and could therefore enlighten some potential oncogenes and sta-
bility genes with functional roles in cancers, and investigated the bioinformatics 
significance for those correlated genes. 
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2. Material and Method 
2.1. Material 

In this study, we used the data from The Cancer Genome Atlas (TCGA) project. 
We downloaded 200 patients of ovarian cancer of the Level 2 copy number data 
and level 3 mRNA expression data from the DCC data portal, which used the 
same platform to measurement. We also download 50 patients of the normal 
ovarian tissue of the mRNA expression data. 

2.2. Array-Based CGH Analysis 

To identify possible regions of amplification, we segmented the level 2 copy 
number data using Circular Binary Segmentation (CBS) algorithm [19] [20]. It is 
included in Bioconductor package DNAcopy (http://www.bioconductor.org). To 
identify the significance regions of common aberrations across all hybridiza-
tions, the Genomic Identification of Significant Targets in Cancer (GISTIC) ap-
proach was utilized on the data [21].  

2.3. Integrated Analysis of the Copy Number Data and Expression  
Data 

The purpose of this study was to pinpoint gene expression change that were as-
sociated with alterations in DNA copy number and could therefore enlighten 
some potential oncogenes and stability genes with functional roles in cancers [22]. 

First, two-class unpaired Significance Analysis of Microarray (SAM) was used 
to find the genes, which located in the copy number amplification regions that 
have a differentially expressed between the tumor and normal samples. Genes 
with an FDR < 0.05 were considered to have significant differential expression 
and passed to the next stage.  

Next, we build two matrices: one expression and one CNA, which are gene 
(row) by sample (column). At this stage, the CNA matrix is binary: if copy 
number amplification occurs in a particular gene in particular sample the ele-
ment is one, otherwise the element is zero. Then, two-class unpaired SAM is 
used to find genes that are differentially expressed with respect to the copy 
number amplification status of a particular gene across the all tumor samples. 
Genes with an FDR < 0.05 are considered to have significant amplification-cor- 
related differential expression and are passed to further analysis. 

Last, an expression matrix is created, this time only containing genes deemed 
to have significant amplification-correlated differential expression in the pre-
vious step. Then, the matrix is converted to a diff-expressed binary matric with 
the following calculation: 1) the z-score for each expression matrix element is 
calculated with respect to that element’s row (i.e., gene specific); this is repeated 
for each row (gene). 2) For the diff-expressed binary, any element with a z-score > 
2.0 or z-score < −2.0 is 1, otherwise the element is 0. Then, Fisher’s exact p-value 
is calculated for each gene in the expression matrix by populating a two-by-two 
contingency table with a binary expression vector (category one) and the CNA 
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vector (category two); this process is repeated for each binary expression vector 
from the binary expression matrix. This calculation allowed us to recover only 
genes that had drastic amplification-correlated expression and to assign each 
correlation with an exact p-value. The entire process is repeated once for each 
amplification gene [23]. The entire process implemented in R language [24].  

3. Results 
3.1. Significant Regions of Copy Number Aberrations in Ovarian  

Cancer 

Figure 1 showed the copy number segments for the two samples, average of 444 
segments for per sample. In order to identify the significance regions of aberra-
tions from the large of copy number segments, we used the GISTIC method to 
the segments data. A genome-wide view of the CNAs in the 200 tumors is shown 
in the Figure 2(a) and the significance of amplification regions is shown in Fig-
ure 2(b). 

GISTIC analysis identified 48 regions of amplification along 21 chromosome 
arms (Figure 2(b)) distributed throughout the genome. The 48 significance am-
plification regions in the CNAs are shown in Table 1, including the frequency, 
the possible target genes, chromosome position, q-value. Several oncogenes pre-
viously known to have copy number changes in human ovarian cancer, such as 
CCNE, EVI1, MYC, FGFR3 and KRAS, were readily identified by GISTIC. 

3.2. Integrated Analysis of Copy Number Aberration and Gene  
Expression 

The corresponding gene expression probes within these CNARs were mapped to  
 

 
Figure 1. The CBS analysis of the sample TCGA.04.153.01 and TCGA.13.0766.01.Y-axis: The points are normalized log ratios, 
and the red lines are the mean values among points segments obtained by CBS; X-axis: the points are in alternate colors to in-
dicate different chromosomes. 
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Figure 2. (a) Genomic profiles of 200 ovarian cancers generated by array CGH. Each column in the right panel represents a tumor 
sample and rows represent gains and losses of DNA sequences along the length of chromosomes 1 through 22 as determined by 
segmentation analysis of normalized log2 ratios. The color scale ranges from blue (loss) through white (two copies) to red (gain). 
(b). GISTIC analysis of copy number gains in the ovarian carcinomas. The statistical significance of aberrations identified by 
GISTIC are displayed as false discovery rate q values to account for multiple hypothesis testing (q values: green line is 0.25 cut-off 
for significance).  

 
Table 1. Amplification peak regions identified by GISTIC. 

Region 
Position Frequency 

q-value Possible target genes 
(bp) (n = 97) 

1p36.13 16,659,022 - 17,183,605 51 (53%) 0.18 CROCC 

1p34.3 36,126,284 - 40,205,584 41 (42%) 0.18 ZC3H12A 

1p12 120,293,077 - 120,885,790 55 (57%) 0.18 FCGR1B, NOTCH2, FAM72B 

1q21.1 121,052,395 - 147,386,917 71 (73%) 0.03 SEC22B, NOTCH2NL 

1q25.3 181,472,491 - 184,901,679 57 (59%) 0.18 
NCF2, SMG7, ARPC5, RGL1, 

APOBEC4 

1q31.1 186,516,008 - 187,298,734 59 (61%) 0.18 FAM3C 

1q44 246,169,032 - 246,676,850 62 (64%) 0.19 

OR2M4, OR2T1, OR2T12, 

OR5BF1, OR2T4, OR2T6,  

OR2T33, OR2M7 

2p11.1 89,895,567 - 94,920,264 58 (60%) 0.1 RPIA 

2q21.2 132,471,910 - 132,793,712 47 (48%) 0.19 hsa-mir-560 

3p24.2 25,613,444 - 25,692,502 38 (39%) 0.19 RARB, TOP2B 
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Continued 

3q13.12 108,835,454 - 109,504,254 63 (65%) 0.19 CD47 

3q26.1 149,958,585 - 199,501,827 63 (65%) <0.01 LOC131149 

3q26.2 149,958,585 - 199,501,827 82 (85%) 0.01 EVI1 

3q29 149,958,585 - 199,501,827 63 (65%) 0.03 MUC20 

4p16.3 1,699,241 - 2,150,895 30 (31%) 0.19 FGFR3, LETM1, TACC3 

4p16.1 9,237,043 - 9,441,839 49 (51%) 0.11 DRD5 

5p15.33 294,790 - 1,910,716 59 (61%) 0.14 SLC6A3, LPCAT1, CLPTM1L 

6p22.1 29,534,184 - 29,867,232 41 (42%) 0.19 
GABBR1, HLA-F, MOG, OR2H2, 

UBD, OR2H1, MAS1L, ZFP57 

6p21.2 37,196,551 - 39,011,393 36 (37%) 0.19 ZFAND3, BTBD9 

6p11.2 57,456,627 - 57,770,427 53 (55%) 0.2 PRIM2 

7p11.1 57,668,501 - 62,153,587 44 (45%) 0.1 ZNF479 

7q35 143,295,037 - 144,980,187 50 (52%) 0.19 

ARHGEF5, TPK1, NOBOX, 

OR2A1, OR2A7, 

OR2A42, LOC402715 

8p11.23 39,341,525 - 39,586,202 48 (49%) 0.04 ADAM18 

8q11.23 54,372,799 - 56,339,971 63 (65%) 0.18 SOX17 

8q24.21 103,910,669 - 146,274,826 75 (77%) <0.01 MYC 

8q24.3 103,910,669 - 146,274,826 78 (80%) 0.01 

hsa-mir-939, NFKBIL2, FOXH1, 

FBXL6, CPSF1, CYHR1, 

VPS28, SLC39A4, GPR172A, 

KIFC2, ADCK5 

9q12 44,199,402 - 70,233,134 34 (35%) 0.19 
FAM75A7, ANKRD20A1, 

ANKRD20A3, FAM75A5 

10q11.22 45,554,718 - 47,074,823 42 (43%) 0.19 PPYR1, GPRIN2 

11p14.1 28,248,466 - 31,056,018 27 (28%) 0.18 
MPPED2, FSHB, KCNA4, 

C11orf46, METT5D1 

11q12.1 57,782,125 - 58,367,447 28 (29%) 0.18 

CNTF, LPXN, GLYAT, 

ZFP91, OR10W1, OR5B17, 

OR5B21, ZFP91-CNTF, 

OR5B2, OR5B12, OR5B3 

11q14.1 73,759,567 - 82,550,063 50 (52%) <0.01 

NDUFC2, THRSP, GAB2, 

USP35, ALG8, NARS2, 

KCTD21 

12p13.33 484,161 - 4,352,005 56 (58%) 0.19 

NINJ2, RAD52, ERC1, 

WNK1, WNT5B, FBXL14, 

B4GALNT3, HSN2 

12p12.1 23,441,745 - 26,538,410 53 (55%) 0.11 
BACT1, KRAS, LRMP, 

CASC1, LYRM5, LOC196415 
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Continued 

12q15 68,682,299 - 69,812,767 41 (42%) 0.19 CNOT2, PTPRB, PTPRR, KCNMB4 

13q34 108,575,398 - 113,862,013 30 (31%) 0.17 

ATP4B, F7, F10, GAS6, LAMP1, 

GRK1, TFDP1, CUL4A, PROZ, 

RASA3, ATP11A, MCF2L, 

TMCO3, DCUN1D2, PCID2, 

GRTP1, ADPRHL1, FAM70B, 

C13orf35 

14q11.2 21,538,432 - 22,052,798 68 (70%) 0.18 DAD1 

15q11.2 18,683,111 - 19,833,541 39 (40%) 0.19 LOC283755, A26B1 

16p11.2 32,553,403 - 33,527,453 45 (46%) 0.21 TP53TG3, LOC729355 

16q22.2 69,409,494 - 69,784,748 40 (41%) 0.2 HYDIN 

17q11.2 24,488,544 - 24,641,925 14 (14%) 0.2 MYO18A 

18p11.32 1 - 1,939,902 22 (23%) <0.01 
CETN1, TYMS, YES1, CLUL1, 

ENOSF1, COLEC12, C18orf56 

19p13.2 8,901,015 - 9,057,862 29 (30%) 0.17 MUC16 

19p13.12 9,508,932 - 19,427,990 50 (52%) 0.04 

hsa-mir-181d, RFX1, IL27RA, 

C19orf53, CC2D1A, ZSWIM4, 

C19orf57, PODNL1, CCDC130, 

MGC3207, LOC90379, RLN3, 

NANOS3 

19p13.11 9,508,932 - 19,427,990 56 (58%) 0.18 

JUND, PDE4C, RAB3A, 

LSM4, PGPEP1, KIAA1683, 

FKSG24 

19q12 32,545,048 - 45,897,521 50 (52%) <0.01 CCNE1 

19q13.2 32,545,048 - 45,897,521 40 (41%) 0.1 GMFC, SAMD4B, LRFN1, IL29 

20q11.1 28,080,971 - 29,321,250 55 (57%) 0.18 DEFB115 

22q11.23 22,642,520 - 22,759,550 45 (46%) 0.18 GSTT1 

 
139 unique genes. To evaluate whether the expression levels of the 139 genes 
were differentially expressed, we applied SAM statistical analyses on gene ex-
pression data between tumor and normal tissues. We identified 55 individual 
genes have significant differentially expressed (Figure 3). Among them, 45 genes 
showing concordance in the same directional change of both CNA and gene ex-
pressed were selected for further exploration. 

To further analysis these genes which have the same directional change of 
both CNA and gene expression, patients were divided into two groups as de-
scribed in the methods: the “copy number varied” group and the “copy number 
neutral” group. Next, for each one of such genes, an unpaired two class SAM 
method was applied to the two groups, by which we found 44 genes which can  
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Figure 3. The red line was the positive significant genes and the green line was the nega-
tive significant genes. 
 
influence the expression levels between tumor tissues with and without copy 
number alterations. To confirm the impact is the resulted of copy number alte-
ration, we performed Fisher’s exact test as the methods described, and identified 
40 genes lead to at least one of the 17,765 genes differentially expression. That 
means we obtained 40 genes which have a correlation between copy number 
amplification and drastic up- and down-expression, which p-value < 0.05 (Fish-
er’s exact test) and an FDR < 0.05. These results indicate that CNAs are impor-
tant elements in driving downstream gene signaling in ovarian tumorigenesis. 

3.3. Gene Set Enrichment Analysis (GSEA) 

In order to explored the 40 genes functional in the cancer progress and devel-
opment, we used the Molecular Signatures Database v4.0 in the GSEA investi-
gate gene sets. We found there have several gene sets was overlapped with our 
genes [15]-[20]. Among them, most gene sets were association with kinds of 
cancer. The gene sets detail description was in Table 2. 

4. Discussion 

It is well-known that there are many causative elements contributing to cancer 
progression and tumorigenesis, such as transcriptional dysregulations, sequence 
mutations, and genetic variations. Among these complicated factors, Copy Num-
ber Alterations (CNAs) have been widely reported to serves as a key driver of 
genetic variation [25]. In this study, we analyzed CNAs by array CGH. Frequent 
chromosomal regions with high levels of amplifications and deletions were iden-
tified from the study. Additionally, to account for the complex relationship be-
tween copy number and gene expression, we performed an integrated analysis 
on ovarian cancer to identify differentially expressed genes with concordant ge-
nomic alterations and explored the impact on the gene expression. Finally, gene 
set enrichment analysis was used to find these driver genes bioinformatics in-
formation. 
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Table 2. GSEA enrichment analysis. 

Gene set name Description 
Genes in  

Overlap (k) 
p-value FDR q-value 

NIKOLSKY_BREAST_CANCER_ 
8Q23_Q24_AMPLICON 

Genes within amplicon 8q23-q24 identified in a copy number  
alterations study of 191 breast tumor samples. 

6 <0.01 <0.01 

LIAO_METASTASIS 
Genes up-regulated in the samples with intrahepatic metastatic  
hepatocellular carcinoma (HCC) vs primary HCC. 

7 <0.01 <0.01 

SHEDDEN_LUNG_CANCER_ 
POOR_SURVIVAL_A6 

Cluster 6 of method A: up-regulation of these genes in patients with 
non-small cell lung cancer (NSCLC) predicts poor survival outcome. 

6 <0.01 <0.01 

OXFORD_RALA_OR_RALB_ 
TARGETS_UP 

Genes up-regulated after knockdown of RALA or RALB [GeneiD = 
5898; 5899], which were also differentially expressed in bladder cancer 
compared to normal bladder urothelium tissue. 

3 <0.01 0.01 

PUJANA_BRCA2_PCC_ 
NETWORK 

Genes constituting the BRCA2-PCC network of transcripts whose 
expression positively correlated (Pearson correlation coefficient, 
PCC > = 0.4) with that of BRCA2 [GeneID = 675] across a  
compendium of normal tissues. 

5 <0.01 0.03 

KONG_E2F3_TARGETS 
Genes up-regulated in MEF cells (embryonic fibroblasts) at 16 hr after 
serum stimulation and knockdown of E2F3 [GeneID = 1871] by RNAi. 

3 <0.01 0.04 

 
CNA analysis provided general insights into genomic alterations in ovarian 

adenocarcinoma and identified CNA regions were highly similar to those re-
ported previously [26] [27] [28] [29] [30]. Noticeably, gain at 3q26.2 was de-
tected at the highest frequency (85%) and 8q24.3 at the second (80%). Taken to-
gether, we speculated that identified CNAs, especially gain 3q26.2 and 8q24.3 as 
well as including candidate genes (EVI1, NFKBIL2, FOXH1, FBXL6, CPSF1, 
CYHR1, VPS28, SLC39A4, GPR172A, KIFC2, ADCK5), may play an important 
biological role in the pathogenesis in ovarian cancer. Indeed, a detail genomic 
analysis of gene EVI1 has been performed on ovarian cancer cells [31] [32]. Fur-
thermore, we also found some putative oncogenes in these CNARs, such KRAS, 
CCNE1, MYC. etc. 

Regarding the 174 genes residing in CNARs, significantly different expression 
associated CNAs was detected in 55 genes (40%). Among the selected genes, 45 
genes (82%) showed positive correlation between CNA and mRNA expression 
and 10 genes (18%) showed negative correlation. The most positively correlated 
gene, TACC3, was identified here but no functional study is available at this 
time. However, the second gene, CCNE1, has been shown to play an important 
role in the development and processes of ovarian cancer [33] [34] [35]. In addi-
tion, the elevated correlations of the 45 concordantly changed genes further evi-
denced that our statistical approaches are able to efficiently identify dysregula-
tion genes based on CNA. 

To further explore whether these 45 CNA-driven genes can affect the mRNA 
expression levels, the SAM statistical and Fisher exact test have been imple-
mented as describe in methods. After excluding those not affect mRNA expres-
sion levels (p-value < 0.05, Fisher’s exact test), only 40 (80%) genes remained for 
further analysis. The results shown that most copy number alterations can affect 
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the mRNA expression levels, especially those putative oncogenes of ovarian 
cancer as previously reported in the ovarian cancer research, such as CCNE1, 
KRAS, EVI1. 

5. Conclusion  

Based on these analyses, we believe that the identification of driver genes in tu-
mor amplicons can be greatly facilitated by studying gene expression patterns in 
conjunction with gene network data. The combination of the copy number data 
and expression has provided a short list of candidate genes that are consistent 
with tumor driving roles. 
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