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Analysis of copy number variation in 8,842 Korean individuals
reveals 39 genes associated with hepatic biomarkers AST and

ALT
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Biochemical tests such as aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) are useful for diagnosing pa-
tients with liver disease. In this study, we tested the association
between copy number variation and the hepatic biomarkers
AST and ALT based on 8,842 samples from population-based
cohorts in Korea. We used Affymetrix Genome-Wide Human
5.0 arrays and identified 10,534 CNVs using HelixTree soft-
ware. Of the CNVs tested using univariate linear regression,
100 CNVs were significant for AST and 16 were significant for
ALT (P < 0.05). We identified 39 genes located within the
CNV regions. DKK1 and HS3ST3B1 were shown to play roles
in heparan sulfate biosynthesis and the Wnt signaling pathway,
respectively. NAFT and NPYIR were associated with glyco-
protein processes and neuropeptide Y receptor activity based
on GO categories. PTER, SOX14 and TM7SF4 were expressed
in liver. DPYS and CTSC were found to be associated with di-
hydropyrimidinuria and Papillon-Lefévre syndrome pheno-
types using OMIM. NPY5R was found to be associated with
dyslipidemia using the Genetic Association Database. [BMB
reports 2010; 43(8): 547-553]

INTRODUCTION

The liver is the largest glandular organ in the human body. The
organ has many functions, including storage of glycogen, filtra-
tion of harmful substances such as alcohol, and maintenance
of normal glucose concentration. The liver also produces urea
and the majority of cholesterol in the body (about 80% of the
body) (http://www.mamashealth.com/) (1-3). Biochemical tests
for liver function are commonly used to diagnose patients with
liver disease. Aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) are two such biochemicals that are
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used as markers for evaluating liver injury (4-6). The ratio of
serum levels of AST/ALT is used as an indicator for the evalua-
tion of alcoholic liver disease. An AST/ALT ratio of less than
one implies moderate liver disease, such as nonalcoholic fatty
liver disease (NAFLD). In contrast, an AST/ALT ratio greater
than one implies severe liver disease, such as chronic hepatitis
or alcoholic fatty liver disease (7). Two loci (10g24.2 and 22
q13.31) have been identified as influencing the plasma levels
of ALT in three European populations (Switzerland: n = 5,636,
Italy: n = 1,200, London: n = 879) (8).

Genetic differences that exist between various human ge-
nomes are attributable in part to large-scale structural varia-
tions between individuals. Differences in copy number con-
tribute to changes in gene expression. Hence, DNA copy num-
ber variations (CNVs) contribute to genomic variation between
humans (9, 10). While many CNVs have been identified in hu-
man genomes, no studies have reported CNVs that are corre-
lated with liver disease. Research aimed at evaluating the ge-
netic variation between humans could contribute to our under-
standing of dosage effect and disease susceptibility (11, 12).
Many DNA structural variations in human genomes have been
identified in various populations (13, 14). Data from these
studies can be found in public databases such as the Database
of Genomic Variants (http://projects.tcag.ca/variation/; struc-
tural variation in “normal” populations) (15). However, CNV
association studies have been hindered in part by inadequate
standardization of CNV detection methods. Further, while an-
notated CNVs have been reported for Caucasians, Africans,
Chinese and Japanese, they may not appropriately reflect the
CNVs in the genomes of other ethnic groups (16).

While many studies have examined the biology of liver dis-
ease in humans, few have focused on the identification of liv-
er-associated CNVs; moreover, CNVs have not been identified
in Koreans. Accordingly, our study addresses three main ques-
tions. First, there are many tests that evaluate biochemical liver
function or liver enzymes. Therefore, what are the liver-asso-
ciated CNVs that are correlated with these biochemicals?
Second, while many CNVs have been annotated in Cauca-
sians, why have so few CNVs been reported in Koreans? Third,
if liver-associated CNVs in the genomes of Koreans are identi-
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fied, what are their biological significance? We also tried to
identify liver-associated CNVs in Koreans and determine their
biological significance. Therefore, we analyzed 8,842 un-
related Korean (Ansung and Ansan) individuals using an Affy-
metrix Genome-Wide Human 5.0 array and identified 10,534
CNVs using the Golden Helix software. Using univariate linear
regression, we screened 39 genes within CNVs associated
with the hepatic biomarkers AST and ALT. Data obtained from
the Korean Genome Association Study combined with the re-
sults of this report provide valuable CNV-related information
associated with liver disease.

RESULTS AND DISCUSSION

Analysis of serum liver enzymes

We first tried to identify CNVs associated with hepatic bio-
markers (AST and ALT) within the Korean population. For
these studies, the value of ALT was transformed to 1/square
root(y) while AST was transformed to 1/(y). The value of AST
ranged from 0.001 to 0.091 IU/L with a mean of 0.04 + 0.01,
and the value of ALT ranged from 0.03 to 0.27 IU/L with a
mean of 0.21 + 0.05. A beanplot is suitable for visualizing dis-
tributions of individual observations on a one-dimensional
scatterplot (17). We therefore used beanplots to compare the
distributions of AST and ALT between Korean subpopulations,
Ansan and Ansung (Fig. 1). Using the beanplot, we did not ob-
serve a difference between the two populations. However, we
did see a difference between men and women. Based on these
observations, we corrected for location, age and gender in our
statistical analysis model. Further, we computed Pearson’s cor-
relation coefficients to evaluate whether or not AST and ALT
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shared a conserved relationship. Our results showed that AST
had a significant (P < 0.05) positive correlation with ALT
(cor = 0.73).

Thirty-nine genes are associated with hepatic biomarkers

We identified 10,534 CNVs with a median size of 112 Kb
from 8,842 unrelated Korean individuals using the Golden
Helix software. These results were very different compared to
the size distributions and counts of CNVs in a previous study
(16). However, this result was similar to a previous result
based on a threshold of +0.4. This discrepancy was simple be-
cause CNVs defining criterion are very diverse depending on
the program or algorithm. Although univariate linear regre-
ssion is commonly used to identify single nucleotide poly-
morphisms (SNPs) (18), there have been no reports on its use
to discover CNVs. Therefore, a univariate linear regression
model was fitted to explain the impact of single CNV regions
on each quantitative trait. The positive B values of AST and
ALT were 4,200 and 5,384, respectively, whereas the negative
B values were 6,334 and 5,150, respectively. Highly sig-
nificant CNVs were visualized in Manhattan plots, including
100 loci for AST and 16 loci for ALT (Fig. 2). We detected 39
genes that were completely located within the CNV regions.
The gene lists, beta-coefficients and liver-associated pheno-
types are summarized in Table 1. Ten of the genes were associated
with liver phenotypes or diseases described in prior studies.

Heparan sulfate biosynthesis and Wnt signaling pathway are
enriched in AST and ALT

To examine the functional implications of our CNVs, we func-
tionally annotated genes located in our CNVs using the
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Fig. 1. Beanplots of the distributions of AST and ALT in 8,842 unrelated Korean (Ansung and Ansan) individuals. Thick lines denote the
average values of AST (A) and ALT (B). AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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Fig. 2. Visualization of genome-wide association data Manhattan plots of the degree of association (—logio P value) between 10,534 CNVs

for AST (A) and ALT (B) traits among 8,842 individuals. Black dots represent CNVs with P values < 0.05. Red dots represent liver-asso-

ciated genes identified in previous studies.

DAVID functional annotation tool (19). We identified several
biochemical pathways and Gene Ontology (GO) annotations
relevant to AST and ALT. Four genes (DKK1, DPYS, HS3ST3B1
and MAP3K7) had KEGG pathway information. The genes an-
notated using KEGG represented 10 biochemical pathways, in-
cluding that of heparan sulfate biosynthesis, pyrimidine and
beta-alanine metabolism and Wnt signaling. The HS3ST3B1
gene was found to be involved in the biosynthesis of heparin
sulfate, which is a polysaccharide complex synthesized in
most mammalian cells (20). The 3OST3B gene shows wide ex-
pression of multiple transcripts and is most abundant in the liv-
er (21, 20). DKK1 and MAP3K7 were found to be involved in
the Wnt signaling pathway, which plays an important role in
developing and regenerating the liver (22). DKKT expression
was down-regulated in fetal liver and inhibits Wnt signaling in
mammalian cells (23).

Glycoprotein process and neuropeptide Y receptor activity
are enriched in AST and ALT

The biological characteristics of 39 genes were detected using
GO categories. The analyzed functions are summarized in
Supplementary Table 1, and the enriched GO terms are vi-
sualized in Fig. 3. Enriched functions associated with liver bi-
ology were found to be related to glycoprotein biosynthetic
and metabolic processes (Fig. 3A). The liver produces the gly-
coprotein hormone that regulates production of bone marrow
platelets (http://review-center.net/metabolism/liver-metabolism-
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pathways-and-its-disorders/). Several glycoproteins, including
fibronectin, hyalurinic, laminin, merosin, nidogen and tenascin,
are expressed in fibrotic livers (24, 25). One such glycoprotein,
GP73 (Golgi protein), is up-regulated upon hepatitis viral in-
fection (26, 27). Enriched molecular functions associated with
liver biology include neuropeptide Y receptor activity (Fig.
3B). Neuropeptide Y was identified in human liver where it
regulates blood flow and secretion in the liver (28, 29).

Ten genes are associated with liver disease

Using the Genetic Association Database (GAD), we detected
one gene associated with liver disease, NPY5R. Neuropeptide
Y receptor Y5 (NPY5R) is known to be associated with dyslipi-
demia, a fatty liver disease. Marceau et al. (2010) showed dys-
lipidemia is an important risk factor for fatty liver disease (30).
Five genes (CTSC, DPYS, HS3ST3B1, PRM3 and SPATA?)
were shown to be correlated with human disease states using
OMIM. The genes annotated using OMIM represent nine dis-
ease phenotypes, including dihydropyrimidinuria, Papillon-
Lefévre syndrome (PLS) and Haim-Munk syndrome. DPYS and
CTSC were found to be associated with dihydropyrimidinuria,
a deficiency in dihydropyrimidinase (DHP), and PLS pheno-
types, respectively. The activity of DHP, which is exclusively
expressed in the liver, is characterized by increased excretion
of dihydrothymine and dihydrouracil (31, 32). Mutations in
the cathepsin C (CTSC) gene cause Haim-Munk syndrome and
PLS, a rare autosomal-recessive disease characterized by juve-
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Table 1. Thirty-nine genes associated with serum liver enzymes (AST and ALT)

Trait CNVR Gene® Beta-coefficient P value Liver-associated phenotype Literature (year)
AST  Chr4:164012707-164647495 NPY5R* -0.0126 7.43E-04 Dyslipidemia-caused fatty liver disease Marceau et al. (2010)

Chr4:164012707-164647495 NPY1R* -0.0126 7.43E-04 Neuropeptide Y receptor activity GO
Chr4:164012707-164647495 NAFT* -0.0126 7.43E-04  Glycoprotein process GO
Chr10:53731444-53843163  DKK1* -0.0071 1.38E-02 Wnt signaling inhibitor Fedi et al. (1999)
Chr11:87666857-87892347  CTSC* -0.0117 1.55E-02 Papillon-Lefévre syndrome Almuneef et al. (2003)
Chr8:105247995-105727124 TM7SF4* -0.0126 4.45E-02  Highest expression in liver Staege et al. (2001)
Chr8:105247995-105727124 DPYS* -0.0126 4.45E-02  Dihydropyrimidinuria Nyhan (2005)
Chr3:138809756-139122947 SOX14* -0.0113 4.80E-02 Lower level in adult liver Arsic et al. (1998)
Chr6:91257342-91444831 MAP3K7 -0.0108 5.85E-05
Chr4:164012707-164647495 TKTL2 -0.0126 7.43E-04
Chr15:54342294-54871765  ZNF280D -0.0152 1.22E-03
Chr15:54342294-54871765  TEX9 -0.0152 1.22E-03
Chr15:54342294-54871765  MNST -0.0152 1.22E-03
Chr2: 64521312-64568911 HSPC159 -0.0043 1.38E-03
Chr15:46811866-47497399  SHC4 -0.0176 8.10E-03
Chr15:46811866-47497399  COPS2 -0.0176 8.10E-03
Chr15:46811866-47497399  GALK2 -0.0176 8.10E-03
Chr15:46811866-47497399  SECISBP2L -0.0176 8.10E-03
Chr15:46811866-47497399  CEP152 -0.0176 8.10E-03
Chr15:46811866-47497399  EID1 -0.0176 8.10E-03
Chr2:224474138-224753508 SERPINE2 -0.0123 1.00E-02
Chr2:224474138-224753508 MRPL44 -0.0123 1.00E-02
Chr16:11261998-11292512  TNP2 -0.0026 1.11E-02
Chr16:11261998-11292512  PRM2 -0.0026 1.11E-02
Chr16:11261998-11292512  PRM3 -0.0026 1.11E-02
Chr16:11261998-11292512  PRM1 -0.0026 1.11E-02
Chr12:29089080-29470913  ERGIC2 -0.01 2.62E-02
Chr12:29089080-29470913  FAR2 -0.01 2.62E-02
Chr8:105247995-105727124 LRP12 -0.0126 1.45E-02

AST/ALT Chr10:16371836-16615099  PTER* 0.0143 1.50E-02 Low expression in liver Hou et al. (1996)
Chr10:16371836-16615099  C1QL3 0.0143 1.50E-02

ALT Chr17:14014164-14613835  HS3ST3B1* -0.009 4.97E-02 Abundant in liver Shworak et al. (1999)
Chr14:87637635-88374957  KCNK10 0.0142 5.18E-03
Chr14:87637635-88374957 ZC3H14 0.0142 5.18E-03
Chr14:87637635-88374957  PTPN21 0.0142 5.18E-03
Chr14:87637635-88374957  SPATA7 0.0142 5.18E-03
Chr14:87637635-88374957  EML5 0.0142 5.18E-03
Chr17:14014164-14613835  CDRT15 -0.009 4.97E-02
Chr17:14014164-14613835 MGC12916 -0.009 4.97E-02

“There are 39 genes (P value < 0.05) significantly selected for each trait; *The 10 genes identified as liver-associated in previous studies are in-
dicated by asterisks (*).

nile periodontitis. Pyogeneic liver abscesses are a well recog- MATERIALS AND METHODS
nized complication of neutrophil dysfunction in PLS (33). Four
genes (CTSC, DPYS, GALK2 and PTER) were found to be ac- Study subjects

tively expressed in human liver using BioGPS (34). This is evi- The Korea Association Resource (KARE) project was initiated

dent from gene expression patterns produced by the GeneAtlas
U133A data sets. Further, Pter expression was down-regulated
in mouse liver tissue (35).
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in 2007 for the large-scale genome-wide association analysis
of 10,038 unrelated Korean individuals. Among them, we se-
lected 8,842 chips for CNV analysis in order to obtain geno-
typing data for quality control (QC) purposes (36). Samples
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Fig. 3. Tree views of enriched GO categories Enriched GO cate-
gories are visualized for 39 genes found within CNVs associated
with AST and ALT. Numbers in parentheses at the left denote the
gene count within GO groups. The terms identified as liver-asso-
ciated in previous studies are indicated by asterisks (*).

with high heterozygosity, high missing genotype call rate, gen-
der inconsistencies, and individuals with cancer were excluded.
The average pair-wise identity-by-state values of identical or re-
lated individuals were higher than the computed values of
Korean sib-pair samples. As a result, 8,842 chips were ob-
tained for the Ansung (2,374 men and 2,263 women) and
Ansan (1,809 men and 2,396 women) population-based cohorts.
The mean age was 52.2 years (standard deviation 8.94). Re-
garding the participants, genomic DNA was isolated from pe-
ripheral blood.

CNVs discovery

Genome-wide variations were measured using an Affymetrix
Genome-Wide Human 5.0 array. We identified CNV regions
using copy-number analysis module (CNAM) and HelixTree
software version 7.0 (Golden Helix Inc., Bozeman, MT, USA)
(37). Copy number analysis was performed to create normal-
ized log2 ratios. Speicifically, the CNAM module was used to
read the Affymetrix CEL intensity files, normalize intensity val-
ues against reference samples and import log2 ratios. We used
all 8,842 chips as a reference. It should be mentioned that
generating a reference from other ethnic chips results in in-
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creased variability due to systematic differences. Therefore, in-
stead of using another ethnic sample or a small sample as a
reference, referencing all of the samples can decrease vari-
ability. The analysis parameters included a multivariate algo-
rithm, moving 5,000 window sizes, a maximum of 100 seg-
ments per window, a minimum of 10 markers per segment,
and P values less than 0.01 for pair-wise permutations (n =
1,000). The multivariate algorithm segmented all samples si-
multaneously, making it possible to perform the CNV associa-
tion study for all samples.

Screening CNV association tests

To explain the impact of the single CNV regions on each
quantitative trait, we performed univariate linear regression
(38). The additive genetic models included correlations for
sex, age and location of individuals. For multiple testing, sig-
nificance was determined using a P value and a Bonferroni
cutoff of 0.05. The intensity of each CNV associated with con-
tinuous response variables was tested via the following uni-
variate linear regression model.

For continuous variables,

Y = By +BiICNV + BArea + BAge + BCender + ¢
where is the p-vector of the coefficients. Statistical analyses were
performed using the statistical package R (http://www.r-project.
org/) (ver. 2.9).

Gene enrichment analysis

RefGene was downloaded from the UCSC Genome Browser
(ver. hg18; http://genome.ucsc.edu/). We detected genes that
were completely located within our CNV regions. To function-
ally analyze genes located in our CNVs, we performed two
analyses using the DAVID tool (ver. 6.7 Beta; http://david.abcc.
ncifcrf.gov/). The two functional tools we used included Gene
Ontology (39) and KEGG (Kyoto Encyclopedia of Genes and
Genomes) pathway analysis (40). Gene-disease associations
were obtained using OMIM (http://www.ncbi.nlm.nih.gov/sites/
entrez2Zdb=omim), the Genetic Association Database (http:/
geneticassociationdb.nih.gov/cgi-birn/index.cgi) and BioGPS (http://
biogps.gnf.org/#goto=welcome). All parsing was performed
using Python software (ver. 2.5).
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