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Amplification of the UQCRFS1 Gene in Gastric Cancers

Kyong Hwa Jun, Su Young Kim', Jung Hwan Yoon', Jae Hwi Song*, and Won Sang Park’
Departments of General Surgery and 'Pathology, College of Medicine, The Catholic University of Korea, Seoul, Korea

Purpose: The specific aim of this study is to unravel a DNA copy number alterations, and to search for novel genes that are associated
with the development of Korean gastric cancer.

Materials and Methods: We investigated a DNA copy number changes in 23 gastric adenocarcinomas by array-comparative genomic
hybridization and quantitative real-time polymerase chain reaction analyses. Besides, the expression of UQCRFS1, which shows ampli-
fication in array-CGH, was examined in 186 gastric cancer tissues by an immunohistochemistry, and in 9 gastric cancer cell lines, as
well as 24 gastric cancer tissues by immunoblotting.

Results: We found common gains at 48 different loci, and a common loss at 19 different loci. Amplification of UQCRFSI gene at 19q12
was found in 5 (21.7%) of the 23 gastric cancers in an array-comparative genomic hybridization and DNA copy number were increased in
5 (20.0%) out of the 25 gastric cancer in quantitative real-time polymerase chain reaction. In immunohistochemistry, the overexpression of
the protein was detected in 105 (56.5%) out of the 186 gastric cancer tissues. Statistically, there was no significant relationship between
the overexpression of UQCRFS1 and clinicopathologic parameters (P>0.05). In parallel, the overexpression of UQCRFS1 protein was con-
firmed in 6 (66.7%) of the 9 gastric cancer cell lines, and 12 (50.0%) of the 24 gastric cancer tissues by immunoblotting.

Conclusions: These results suggest that the overexpression of UQCRFSI gene may contribute to the development and/or progression of

gastric cancer, and further supported that mitochondrial change may serve as a potential cancer biomarker.
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Introduction

Gastric cancer occurs with a high incidence in Asia and is one
of the leading causes of cancer deaths worldwide.(1) In 2008, it ac—
counts for an 15.7% of all cancer occurrences in Korea.(2) There-
fore, gastric cancer remains a significant health burden worldwide.
Surgical removal is the treatment of choice in advanced gastric
cancer cases, whereas endoscopic mucosal resection can be curative
in early gastric cancer. Detection and removal of gastric cancer in

an early stage will contribute to reduce death due to gastric cancer.
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The clinical outcome of gastric cancer has gradually improved, but
the prognosis of patients at the advanced stage is still poor. Thus,
better understanding of the biology and development of molecular
test for early detection of gastric cancer are crucial in this respect.
Many solid tumors, including gastric cancer, show defects in the
maintenance of genomic stability, frequently resulting in DNA copy
number alterations.(3,4) Comparative genomic hybridization (CGH)
with total genomic DNA from test and reference cell population
was the first efficient approach to scanning the entire genome for
variations in DNA copy number. However, because of the difficulty
in obtaining sufficient metaphase chromosome spreads for clas—
sical banding analyses from primary cancer tissues, there is little
information on cytogenetic change of gastric cancer. ArrayCGH
with elements produced by spotting DNA made from genomic
clones, cDNAs, selected polymerase chain reaction (PCR) products,

and oligonucleotides is a more powerful tool for the rapid and ac—
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curate detection of specific gene copy number change, allowing the
identification of novel candidate genes in tumorigenesis. To date, a
number of reports have described the CGH analysis of gastric can—
cers.(4-6) Interestingly, it has been reported that gastric cancer is
a heterogenous disease at the genomic level and that different pat—
terns of DNA copy number aberrations are correlated to differences
in clinical behavior and patient outcome.(5,6) For example, the de—
gree of genetic change at the DNA ploidy level correlated well with
tumor stage in diffuse—type gastric cancers, while such a correlation
was poor in intestinal-type gastric cancer.(7,8)

The present study aimed to unravel DNA copy number altera—
tions in gastric cancers and to identify novel candidate genes that
may contribute to the development or progression of gastric cancer.
Therefore, we applied arrayCGH analysis to 23 gastric adenocar—
cinomas and found the UQCRFSI candidate gene with high-level
gains (amplification) and overexpression in gastric cancers.

Materials and Methods

1. Samples

Methacarn fixed paraffin-embedded, twenty three advanced
gastric cancer specimens were enrolled in this study. Of them, 14
cases were of the intestinal-type, 5 were of the diffuse-type and
4 were of the mixed-type. Approval was obtained from the insti-
tutional review board of The Catholic University of Korea, College
of Medicine (CUMC0O9U(43). There was no evidence of familial

cancer in any of the patients.

2. Microdissection and DNA extraction

The tumor cells were selectively procured from Hematoxylin
& Fosin stained slides using a laser microdissection device (ION
LMD, JungWoo International Co, Seoul, Korea). The surrounding
non—cancerous gastric mucosal cells were also obtained to study
the corresponding normal DNA from the same slides in all cases.
DNA extraction was performed using commercially available DNA
isolation kits (ATAamp DNA mini kit; Qiagen, Hilden, Germany).

3. Array-comparative genome hybridization (array
CGH) analysis
We used oligo arrayCGH microarrays (Agilent Technologies,
Palo Alto, CA, USA), which contained over 43,000 probes repre—
senting coding and noncoding human sequences. Genomic DNAs
extracted from the gastric cancers and corresponding gastric mu—

cosae were labeled with Cy5 and Cy3, respectively, and competi—

tively hybridized on the microarrays for 24 hours. After washing
microarrays, the microarrays were scanned using GenePix 4000B
microarray scanner (Molecular Devices, Sunnyvale, CA, USA) and
Feature Extraction Software (Agilent Technologies) was used to
calculate signal intensities of fluorescent dyes on each probes. Copy
number alterations spanning less than three probes were excluded

to increase specificity.

4. Quantitative real-time PCR method

Primers were designed using the Primer3.(9) The amplifica-
tion was performed in 20 ul containing 10 ul iQ SYBR Green
Supermix (BioRad, Hercules, CA, USA), 10 uM of each primer
and 1 ul of genomic DNA extracted from 25 frozen gastric cancer
tissues. The PCR reactions were run in LightCycler 480 II (Roche
Molecular Biochemicals, Mannheim, Germany) using the following
program: 95°C for 5 minutes and 45 cycles of 95°C for 30 seconds
and 60°C for 30 seconds and 72°C for 30 seconds. Two technical
replicates of each reaction were performed and B-actin was used
as internal control for normalization. The following oligonucleotide
primer pairs were used: for UQCRFESI 5-GGAAATTGAGCAG-
GAAGCTG-3 and 5-GGCAAGGGCAGTAATAACCA-3'; for B~
actin 5~GATGAGATTGGCATGGCTTT-3 and 5~CACCTTCA-
CCGTTCCAGTTT-3'. The standard curve method was used for
the quantification of the relative amounts of gene expression prod—
ucts. This method provides unit-less normalized expression values
that can be used for direct comparison of the relative amounts of
target DNA in different samples. We considered more than 1.5 fold
as an increased DNA copy number.

5. Expression of UQCRFS1 in gastric cancer cell lines

and tissues

Nine gastric cancer cell lines were cultured at 37°C in 5% CO,
in Dulbecco’s Modified Eagle’s Medium with 10% heat—inactivated
fetal bovine serum and were harvested 48 hours later. Twenty—
four frozen gastric cancer tissues were ground to very fine powder
in liquid nitrogen. These samples were suspended in an ice—cold
Nonidet P-40 lysis buffer (10 mM HEPES [pH 7.4], 142.5 mM
KCl, 0.2% Nonidet P-40, 5 mM EGTA) supplemented with 1 mM
dithiothreitol, 12.5 mM B-glycerophosphate, 1 uM Na;VO,, 1 mM
phenylmethylsulfonyl fluoride, and 1X protease inhibitor mix
(Roche Molecular Biochemicals). Cell lysates (40 pg total proteins)
were separated on 8% sodium dodecyl sulfate polyacrylamide gel
electrophoresis and blotted onto a Hybond—Polyvinylidene fluoride
transfer membrane (Amersham), which had been subsequently
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proved with anti-UQCRFS! (Abcam, Cambridge, UK), and then
incubated with secondary antibodies conjugated with horserad—
ish peroxidase. The protein bands were detected using enhanced
chemiluminescence Western blotting detection reagents (Amersham
Pharmacia Biotech, Buckinghamshire, UK). Equal loading of pro-
teins was confirmed by immunoblotting with an anti-B-actin and
anti—glyceraldehyde—3-phosphate dehydrogenase (GAPDH) anti—
body.

6. Immunohistochemistry for UQCRFS1

One hundred eighty six formalin—fixed paraffin—embedded
gastric cancer specimens were examined for UQCRFS1 im-
munostaining. Histologically, 61 cases were the intestinal-type,
93 were the diffuse-type and 32 were the mixed—type of gastric
cancer. The mean size of the tumors was 6.5 cm and 103 cases
were located in the middle or lower section of the stomach. Two
pathologists screened the histological sections and selected areas
with representative tumor cells. Two and one tissue core samples
from each cancer and a non—cancerous gastric mucosal area were
taken and placed in a new recipient paraffin block using a com—
mercially available microarray instrument (Beecher Instruments,
Micro—Array Technologies, Silver Spring, MD, USA), according to
established methods.(10)

For immunohistochemical analysis, tissue microarray recipient
blocks were constructed containing 186 gastric cancer tissues from
formalin—fixed paraffin embedded specimens. To maximize the
immunohistochemistry signal, two strategies were used: antigen
retrieval in citrate buffer and signal amplification with biotinylated
tyramide, as previously described.(11) Two micrometer sections
were incubated overnight at 4°C with UQCRFSI (1/100; Abcam)
antibody. Detection was carried out using biotinylated goat anti—
rabbit antibodies (Sigma, St. Louis, MO, USA), followed by incuba-
tion with a peroxidase-linked avidin—biotin complex. Diaminoben—
zidine was used as a chromogen, and the slides were counterstained
with Mayer’s hematoxylin. The specificity for anti-UQCRFSI
antibodies was confirmed in nine cancer cell lines by Western blot
analysis. Staining for the UQCRFSI antigen was determined as
positive when positive staining in cancer cells was stronger than
that of corresponding non—cancerous mucosa. Two pathologists
reviewed the results independently. As negative controls, the slides
were treated with replacement of the primary antibody by non—

Immune serum.

7. Statistical analysis

The Chi-square test for association was used to examine the
relationship between UQCRFESI expression and the clinicopatho—
logical parameters of gastric cancers. A P—value less than 0.05 was

considered to be of statistical significance.

Results

1. ArrayCGH analysis and amplification of UQCRFS1

ArrayCGH was successfully performed in 23 gastric cancer cas—
es. To identify tumor—specific genomic alterations, we normalized
the gastric cancer profiles against the matched gastric mucosae and
copy number changes, which were found in less than three cases,
were excluded. Loci with amplification were defined as a mean
test/reference ratio above 1.5 and loci with a test/reference ratio
below 0.5 were considered as losses. From twenty—three gastric
cancers, we found common copy number gains in 48 different loci
and common copy number losses in 19 different loci. Frequently
amplified chromosomal regions included 1p, 2q, 3pq, 4q, 5pq, 6pq,
Tpa, 8pa, 9pq, 10q, 11pa, 12q, 14q, 15q, 17q, 18q, 19q, 20pq, and
22q, and frequently deleted chromosomal region included 1p, 2q,
3q, 4q, Tp, 9p, 16p, 19pq, and 22q. These results are highly concor—
dant with previous CGH analysis of gastric cancer.(12,13) Among
the amplified genes were several oncogenes previously known to
be amplified in gastric cancer including ERBB2/HER2, c-myc and
CCNDI.(14,15)

Of them, gain at 19q12 locus, which the UOCRESI gene is
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Fig. 1. Array-comparative genome hybridization result showing am-
plification of chromosome 19q13 locus, which the UQCRFSI gene is
located, in gastric cancers.
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located, was found in 5 (21.7%) of 23 gastric cancer tissues and
normalized test/reference ratio was above 2.0. Thus, we selected
the UQCRFSI gene as a novel target gene associated with the de—
velopment or progression of gastric cancer (Fig. 1). Furthermore,
amplification of the UOCRFSI was confirmed by quantitative real—
time PCR and increased copy number of UQCRFSI was detected
in 5 (20%) of 25 gastric cancer DNAs (Fig. 2).

2. Immunohistochemistry of UQCRFS1 expression
A weak to moderate immunopositivity for UQCRFSI was
clearly marked on the cytoplasm and nucleus of corresponding
gastric mucosal epithelial cells and some lymphocytes (Fig. 3).
However, the surrounding stromal cells such as fibroblasts were
negative for UQCRFESI. Overexpression of the UQCRFES] protein
was detected in 105 (56.5%) of the 186 gastric cancers. Interestingly,

dysplastic cells in surrounding gastric mucosa also showed strong

DNA copy number (fold change)
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Fig. 2. Copy number change of UQCRFSI in gastric cancers. In real
time polymerase chain reaction, copy number ratio was calculated
based on the corresponding normal value of each case. UQCRFSI copy
number was increased more than 1.5 fold in 5 (20%) of 25 gastric can-
cer DNAs compared to the surrounding gastric mucosal tissue DNAs.
Cont = control; T = tumor.

Fig. 3. Immunostaining of the UQCRFSI protein in gastric cancer. Expression of the UQCRFSI protein in gastric cancers. Low-power view (x2,
magnification) of tissue cores stained for UQCRFS1. Immunostaining for UQCRFS1 was detected in cytoplasm and nucleus of non-cancerous gas-
tric mucosal epithelial cells (X200, magnification) (A, B). Overexpression of UQCRFSI protein was seen in well differentiated adenocarcinoma (C)

and moderate differentiated adenocarcinoma (D) (x200, magnification).
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Table 1. Relationship between the expression of UQCRFSI protein
and the clinicopathologic parameters

UQCREFSI
Parameter Total ~ P-value*
+ -
Site 0.2174
Upper 51 32 83
Lower 54 49 103
Size 0.7706
<6.5cm 58 43 101
26.5 cm 47 38 85
Depth of invasion 0.8625
EGC 12 9 21
AGC 93 72 165
Lauren 0.6092
Intestinal 37 24 61
Diftuse 52 41 93
Mixed 16 16 32
Lymph node metastasis 0.5904
0 2 2 4
1~6 35 29 64
7~15 63 49 112
=15 5 1 6
Lymphovascular invasion 0.9203
+ 100 76 176
- 5 5 10
5 year survival 47.4% 52.3% 0.9895
Total 105 81 186

EGC = early gastric cancer; AGC = advanced gastric cancer. *Chi-
Square test.

UQCREFSI expression (Fig. 3). UQCRFSI expression was found in
37 (60.6%), 52 (55.9%), and 16 (50.0%) of the following samples: 61
intestinal-type, 93 diffuse-type, and 32 mixed-type gastric can—
cers, respectively. UQCRFSI was strongly expressed in 103 (56.6%)
of 182 cases with lymph node metastasis. Statistically, there was
no significant relationship between UQCRES] overexpression and
clinicopathologic parameters, including tumor location, tumor size,
depth of invasion, histologic type, lymph node metastasis, lympho—
vascular invasion and 5 year survival rate (Chi-Square test, P>0.05)
(Table 1).

3. UQCRFS1 expression in gastric cancer cell lines
and tissues
The expression of the UQCRFSI protein was also examined
by immunoblotting using total proteins extracted from gastric can—
cer cell lines and tissues with anti-UQCRFSI antibody (Fig. 4).
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Fig. 4. Immunoblotting analysis of UQCRFS1 protein expression in
gastric cancer cell lines and tissues. Total cell lysates prepared from dif-
ferent cell lines and tissues were subjected to immunoblotting analysis
with UQCREFS], glyceraldehyde-3-phosphate dehydrogenase (GAP-
DH) and actin antibodies. Compared with UQCRESI expression in
corresponding con-cancerous gastric mucosa, expression of the protein
was increased in 6 (66.7%) of 9 gastric cancer cell lines and 12 (50.0%)
of 24 gastric cancer tissues, respectively.

Overexpression of the UQCRFS1 was found in 6 (66.7%) of 9 gas—
tric cancer cell lines and 12 (50%) of 24 cancer tissues. Actin and
GAPDH levels, as controls for loading, were consistent in these cell

lines and tissues.

Discussion

DNA copy number aberrations are hallmarks of various human
cancers. In this study, we investigated DNA copy number changes
in 23 gastric cancers by arrayCGH and found frequent chromo—
somal losses and gains in gastric carcinomas (Table 2, 3). Chro-
mosomal gains at 17q12, which the ERBB2 gene is located, and at
8922 region containing c-myc gene was frequently observed. Inter—
estingly, gain on chromosome 19q12 locus, which the UQCRFSI
gene is located, was observed in 5 (21.7%) of 23 gastric cancer
tissues, including 4 intestinal- and 1 diffuse-type gastric cancers.
Since the copy number ratio of test to normal DNA was more than
2 fold at this locus, we considered the UOCRFS! gene as novel tar—
get gene for gastric cancer development or progression. In quantita—
tive real-time PCR, increased copy number of the UOCRFSI gene
was detected in 5 (20%) in 25 gastric cancers. These results suggest
that amplification of the UOCRFSI gene is closely associated with
the development of gastric cancer.

Integration of genome-wide arrayCGH and protein expression
data has provided new information about the molecular mecha—
nisms of cancer development or progression. For example, up to

40~60% of the amplified genes have showed simultaneous overex—
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Table 2. Chromosomal gains detected in 3 or more of 23 gastric
cancers

Table 3. Chromosomal losses detected in 3 or more of 23 gastric
cancers

Chromosome Band Chromosome Band

1 1q21.3, 1q31.3, 1g42.3 1 1p36.13

2 2q21.1 2 2q11.2

3 3p21.1,3pl4.1, 3pl4.3, 3q26.33 3 3q26.1, 3928, 3q29

4 4q25 4 4q22.1,4q28.3, 4q31~4q32, 4933~4q35

5 5p13.3, 5p12, 5q23.1 7 7p15.3

6 6p21.31,6q24.2, 6q25.3 9 9p24.1,9p22.3,9p21.3

7 7pll, 7p12, 7q21.13, 7q36.3 16 16p12.2

8 8p11.21,8q21, 822, 8q24 19 19p13.2, 19q13.32, 19q13.42

9 9p13,9q22.2 2 22q11.23, 22q13.1
10 10924.32, 10925.1, 10¢26.3, 10426.3
11 11p11.2, 11p15.3, 11q13, 11q24.3, 11925 electrochemical potential coupled to adenosine triphosphate (ATP)
12 12q13.11, 12q14.3, 12q15, 12q24, synthesis to transfer electrons from ubiquinol to cytochrome c.
14 14q32.33 Mitochondrial dysfunction can result in excessive production of
15 15q26.1 reactive oxygen species, which stimulate the release of cytochrome
17 17q12,17q21, 17922 ¢ from mitochondrial inter-membrane space to the cytosol.(25)
18 18q22.3 Recently, UOCRFSI/RISP knockdown in breast tumor cell line
19 19q13~19q12 led to decreased mitochondrial membrane potential as well as a
20 20p13,20q13.33 decreased matrigel invasion.(26) Therefore, it is likely that amplifi-
22 22q13.32 cation or overexpression of UQCRFS! may induce mitochondrial

pression in primary tumors and cell lines.(16-18) The results of the
immunohistochemical experiments showed that overexpression of
UQCREFSI protein was present in 56.5% of the gastric cancers and
was demonstrated in the stepwise progression of normal mucosal
epithelial cell to dysplastic cells (Fig. 3). Its expression was not as—
sociated with the clinical/pathological parameters studied, including
tumor location, tumor size and lymph node metastasis, histological
type and the 5 year survival (Table 1). In addition, we confirmed
overexpression of the UQCRFSI protein in human gastric cancer
cell lines and tissues by Western blot (Fig. 4). According to the re—
port of Kim et al.,(19) two—dimensional electrophoresis proteomics
on the mitochondria—enriched fraction revealed high expression of
UQCREFSI in AGS gastric cancer cells. Furthermore, amplification
of UQCREFSI gene was found in breast cancer with high grade of
cancer cells, acute myeloid leukemia, and ovarian carcinoma.(20-
22) Taken together, our results suggest that overexpression of the
UQCRESI protein may contribute to the development of gastric
cancer.

The UQCRFSI, the Rieske Fe-S protein (RISP), is a key
subunit of the cytochrome bel complex (complex IIT) of the mi-

tochondrial respiratory chain.(23,24) This complex generates an

oxygen radical formation and rapid proliferation and invasion of
cancer cells by rapid synthesis of ATP. However, further functional
analysis of the UQCRESI gene will certainly broaden our under—
standing not only of the pathogenesis of gastric cancer but also of
the molecular mechanism involved in the mitochondrial respiratory
chain in cancer cells.

In conclusion, we investigated DNA copy number changes in
23 gastric adenocarcinomas by arrayCGH and found common gain
and loss in 48 and 19 different loci, respectively. Among them, we
report here UQCRFSI gene, which is located at 19q12, as a novel
target of gastric cancer development. The UQCRFSI gene was
amplified in 5 (21.7%) of 23 gastric cancers and overexpression of
the protein was found in 105 (56.5%) of 186 gastric cancer tissues.
In addition, we also confirmed overexpression UQCRFSI protein
in 6 (66.7%) of 9 gastric cancer cell lines and 12 (50%) of 24 gastric
cancer tissues by immunoblotting. All of these results suggest that
overexpression of the UQCRFESI gene may contribute to the devel—

opment or progression of gastric cancers.
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