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Screening of Dihydropyrimidine Dehydrogenase Genetic
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Dihydropyrimidine dehydrogenase (DPYD) is an enzyme that regulates the rate-limiting
step in pyrimidine metabolism, especially catabolism of fluorouracil, a chemotherapeutic
agent for cancer. In order to determine the genetic distribution of DPYD, we directly
sequenced 288 subjects from five ethnic groups (96 Koreans, 48 Japanese, 48 Han Chinese,
48 African Americans, and 48 European Americans). As a result, 56 polymorphisms were
observed, including 6 core polymorphisms and 18 novel polymorphisms. Allele frequencies
were nearly the same across the Asian populations, Korean, Han Chinese and Japanese,
whereas several SNPs showed different genetic distributions between Asians and other
ethnic populations (African American and European American). Additional in silico analysis
was performed to predict the function of novel SNPs. One nonsynonymous SNP
(+199381A > G, Asn151Asp) was predicted to change its polarity of amino acid (Asn,
neutral to Asp, negative). These findings would be valuable for further research, including
pharmacogenetic and drug responses studies.
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INTRODUCTION

Pharmacogenetics focuses on identifying the role of a gene of
interest that mediates drug-dependent mechanisms or triggers
adverse effects. Therefore, dealing with the gene of interest is
important to predict individual drug responses and toxicities.
Genetic variations in genes of interest that interact with a drug
may contribute to inter-individual differences in drug respons-
es and play an important role in the designing of drugs that act
on individuals with risk alleles. Recent pharmacogenetic studies
have highlighted the role of genetic variations in several genes
such as the UGT family, CYP family, EGFR, and Dihydropyrimi-
dine dehydrogenase (DPYD) (1, 2).

DPYD is the initial and rate-limiting enzyme of the pyrimi-
dine bases metabolic pathways, particularly fluorouracil (5-FU)
catabolism. Recent studies have revealed that more than 80% of
the medicated 5-FU, a commonly used chemotherapeutic
agent for solid carcinoma, is rapidly degraded through the ca-
tabolism pathway (3, 4). Genetic variations of DPYD can cause
an enzyme deficiency state, which results in severe toxicity or
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other adverse side effects such as DNA damage or RNA damage
caused by imbalance of the nucleotide pool (5-7). Several ge-
netic variations have been reported in previous studies.
DPYD*2A (rs3918290), located in the intron site, plays the role of
an alternative splicing variant, and other polymorphisms such as
DPYD*9A (rs1801265), DPYD*7 (rs72549309), DPYD*8
(rs1801266), DPYD*9B (rs1801267), and DPYD*10 (rs1801268),
affect DPYD enzyme activity in other ways (8-14).

In this study, we directly sequenced the DPYD whole gene in
288 subjects (96 Korean, 48 Japanese, 48 Chinese, 48 African
Americans, and 48 European Americans). We also analyzed the
linkage disequilibrium (LD) structures and minor allele frequen-
cies (MAFs) of the discovered single nucleotide polymorphisms
(SNPs) for the gene among the different ethnicities.

MATERIALS AND METHODS
Study subjects

DNA samples from 96 unrelated Korean individuals was pro-
vided by Soonchunhyang University, Bucheon, Korea. DNA
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samples from other ethnic groups was obtained from a large
panel of anonymous, unrelated DNA samples from the Human
Variation Panel, available through the Coriell Institute for Medi-
cal Research (Camden, NJ, USA). We specifically used sets of
DNA samples obtained from four distinct ethnic groups resid-
ing in the USA, including 48 Han Chinese, 48 Japanese, 48 Afri-
can Americans, and 48 European Americans individuals. The
sample size was sufficient to achieve the ethnic diversity (15).

Sequencing analysis of DPYD

Promoter, all exons, and exon-intron boundaries were PCR-am-
plified and directly sequenced using the ABI PRISM 3730 genetic
analyzer (Applied Biosystems, Foster City, CA, USA). Primers for
the amplification and sequencing analysis were designed using
Primer3 software (http://frodo.wi.mit.edu) based on the se-
quence of DPYD. The coding sequence of the gene was compared
with a GenBank sequence (Ref. genome seq.: NG_008807.1). In-
formation on the primers is listed in Supplementary Table 2.
Sequence variants were verified by chromatograms using Seq-
Man software (DNASTAR, Madison, WI, USA).

Statistical analysis

The chi-square tests were used to determine whether individual
variants were in Hardy-Weinberg equilibrium at each locus in
each population. Fisher’s exact test was calculated by using the
Statistical Analysis System 9.2 (SAS). For in silico analysis, we
used FastSNP (http://fastsnp.ibms.sinica.edu.tw), Expasy
(http://expasy.org/tools), and UTRScan (http://itbtools.ba.itb.
cnrit/utrscan) programs to predict the function of novel SNPs.

Ethics statement

The protocol and consent forms of this study were reviewed
and approved by the institutional review board of Sogang Uni-
versity (2010_690). Informed consent was submitted by the
subjects.

RESULTS

In order to discover DPYD SNPs, we directly sequenced 288
samples from five ethnic groups (Korean, Han Chinese, Japa-
nese, African American and European American). As a result,
56 SNPs were found, including 18 novel SNPs. Among the novel
SNPs, five (+199381A > G, Asn151Asp; +199404T > C, Phe158Phe;
+221378A > G, Vall62Val; +221531C > T, Asp213Asp; and
+841847T > C, Leu993Arg) were located in coding regions (Ta-
ble1).

MAFs and relative physical coordinates of all SNPs are shown
in Table 1 and Supplementary Fig. 1. Allele frequencies were
nearly the same among the Korean, Han Chinese, and Japanese
samples, whereas several SNPs showed different genetic distri-
butions between Asians and other ethnic populations (African
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American and European American). Among those SNPs, the
frequency of a core marker, *9A (rs1801265), in Asian popula-
tions was somewhat lower than in the African American and
European American samples (MAF: Korean = 0.016, Han Chi-
nese = 0.043, Japanese = 0.065, African American = 0.490, Eu-
ropean American = 0.177). In contrast, other core markers, *7
(rs72549309), *8 (rs1801266), *2A (rs3918290), *9B (rs1801267),
and *10 (rs1801268), were monomorphic in all the studied
populations.

In order to find significant differences in allele frequencies
between Korean and other ethnic groups, Fisher’s exact test
was additionally conducted (Supplementary Fig. 1). The test re-
sults indicated that there were significant differences between
Asians and other ethnic populations (African American and
European American) in the six SNPs (*9A, rs668296, rs2811178,
rs56160474, rs291592, and rs291593). Among them, a core
marker *9A (rs1801265) showed the most significant differenc-
es (P =6.61 x 10" and 2.47 x 10 for Korean vs African Ameri-
can and Korean vs European American samples, respectively).
Moreover, the reversal of major and minor alleles was observed
in rs291592 (C allele is major in Asians, but minor in African
American and European American). Also, genetic difference
was also observed within the Asians in rs291593 (T allele is
common in Korean and Han Chinese, whereas it is rarely found
in Japanese, African American, and European American). De-
tailed information about core markers such as star allele no-
menclature, position, allele change, amino acid change, and
any known roles in pharmacogenetics is presented in Table 1.

DISCUSSION

DPYD is an enzyme that takes part in a rate-limiting step of
5-FU catabolism. Previous studies have shown that the enzyme
deficiency state of the 5-FU degradation pathway causes dam-
age and degeneration of the central nervous system (8, 14, 16).
Thus DPYD is known as a biomarker of severe toxicity in che-
motherapeutic agents. Several DPYD polymorphisms have
been reported as clinical loci associated with a reduced level of
enzyme activity and severe 5-FU toxicity, and these polymor-
phisms are called “core markers” The most studied core mark-
ers are DPYD*9A (rs1801265) and DPYD*2A (rs3918290) (17-19).

The core marker *9A (rs1801265) is located in the coding re-
gion and induces amino acid change (cysteine to arginine) that
may affect enzyme activity. It is relatively common in Caucasian
populations (MAF > 10%), although DPYD enzyme activity is
not affected by the polymorphism (20-23). This polymorphism
is rare in Asian populations, but previous studies have reported
that the incidence of clinical presentation of enzyme deficiency
caused by heterozygous *9A (rs1801265) is significantly higher
than the wild type (P < 0.05) in the Chinese population (23-26).
In this study, frequency of *9A (rs1801265) showed a similar trend
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Table 1. Allele frequency of DPYD in study (n=288)

f i 23
SNPID Coordinate  Allele” b Position AA Change Alleles Minar allfe requency

Novel SNP rs# DPYD(14) KR HC JP AA EA
rs117514263 98387877 Promoter . G>A - 0.010 - -

-609C > T 98387224 Promoter . C>T 0.068 0.043 0.010 = -

-442A > C 98387057 Promoter . A>C - 0.011 - - -
rs72981745 98387035 Promoter . C>T - - - 0.052 -
rs61787828 98386955 Promoter . T>G 0.005 0.011 0.062 0.010 0.125
151801265 98348885 9A* Normal Exon2 C29R A>G 0.016 0.043 0.065 0.490 0177

+180351C>T 98206264 Intron3 . C>T - - - 0.010 -

+180409T > C 98206206 Intron3 . T>C - 0.010 -

+180600A > G 98206015 Intron4 . A>G - 0.010
1s72549309 98205967 7* Uncertain Exon4 [1011 TCAT _insdel -

+199381A > G 98187234 Exon5 N151D A>G 0.005 -

+199404T > C 98187211 Exon5 F158F T>C 0.005 0.021 - -

+199994T > A 98186621 Intron5 . T>A - 0.021 0.031 0.010

+200113A > G 98186502 Intron5 . A>G - - - 0.031

+200207C>T 98186408 Intron5 . C>T 0.005 - -
rs56066952 98186232 Intron5 . A>G - - - - 0.010
rs55684412 98186229 Intron5 . A>G 0.026 0.021 - 0.156 0.115

+201152G > A 98185463 Intron5 . G>A 0.010 - - - -

+221378A > G 98165237 Exon7 V162V A>G 0.005 - - - -
1$2297595 98165091 Exon7 M166V A>G 0.031 0.021 0.021 0.031 0.094

+221531C>T 98165084 Exon7 D213D C>T - - 0.042 - -
rs115232898 98165030 Exon7 Y186C A>G - - - 0.031 -
156668296 98164768 Intron7 . G>A 0.031 0.022 0.021 0.219 0117
151801266 98157332 8" Decrease Exon8 R235W C>T - - - - -
rs2786491 98060753 Intron8 . C>T - - - 0.094
15114968502 98060579 Intron9 . A>G - - - 0.010 -
rs56293913 98039541 Intron10 . T>C 0.021 0.021 0.021 0.043 0.146
1$61622928 98039437 Exon11 M406! G>A - - - 0.064 -
rs57918000 98015269 Exon12 N457N C>T - - - 0.022
15116364703 98015146 Exon12 Q498Q A>G - - - 0.011
1$55699321 97981508 Intron12 . G>A 0.043 0.042 0.021 -
156056384 97981506 Intron12 . A>G - 0.010 0.011 -
rs1801158 97981421 4* Normal Exon13 N534S G>A - - - - 0.096
rs1801159 97981395 5 Normal Exon13 1543V A>G 0.297 0.292 0.219 0.200 0.188
rs2786783 97981243 Intron13 . C>T 0.287 0.281 0.219 0.138 0.177
rs2811178 97981242 Intron13 . G>A 0.165 0.281 0.250 0.475 0.438
rs3918290 97915614 2A*  Decrease  Intron14  Splicing variant C>T - - - - -
rs12078940 97848041 Intron14 . A>C - - - 0.073 -

+538604C > T 97848011 Intron15 . C>T - - - 0.010 -
rs72728438 97847874 Intron15 . A>G 0.200 0.198 0.250 0.229 0.260
rs74104343 97770937 Intron17 . T>C - - - 0.022 -
rs1801160 97770920 6* Normal Exon18 V732 G>A 0.016 - 0.022 0.022 0.083
rs60511679 97770919 Exon18 V732G T>G - - - 0.011 -
rs12137711 97700589 Intron18 . G>A 0.047 0.011 0.033 0.021 0.074
151801267 97564154 9B*  Decrease Exon20 R886H G>A - - - - -

+838658C > T 97547957 Intron21 . C>T 0.010 -

+841847T > G 97544768 Exon22 L993R T>G - 0.010
151801268 97544627 10°  Uncertain Exon22 V995F G>T - - - -
15114096998 97544543 Exon22 P1023T C>A - - - 0.052 -
1$56160474 97544258 3'UTR . T>C - - - 0.115 0.177

+842533C>T 97544082 3'UTR . C>T - - - - 0.010
rs1042482 97543959 3'UTR . G>A 0174 0.104 0.156 0.010 0.094
rs291592 97543764 3'UTR . G>G 0.005 0.031 0.042 0.323 0.417
rs291593 97543752 3'UTR . C>T 0.395 0.375 0.479 0.260 0.271
rs41285690 97543470 3'UTR . A>G - - - - 0.021

+843187C > A 97543428 3'down C>A - - - - 0.010

*Alleles of core markers were verified from previous studies. (14, 19). -, monomorphic; T, core SNP; ¥, major and minor alleles determined by frequency of all subjects. KR, Ko-
rean; HC, Han Chinese; JP, Japanese; AA, African American; EA, European American.
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to that of previous studies (Supplementary Table 1).

Another important clinical locus, *2A (rs3918290), is in the
splicing recognition sequence of the intron region. Genetic
variation on this site can lead to deletion of the 165 base pair
corresponding to the nearby coding region (exon 14), and con-
sequently, the ceasing of enzyme activity (14). However, enzyme
deficiency caused by *2A (rs3918290) is known to be rare in both
Caucasians and Asians (Supplementary Table 1) (22, 24, 27, 28).

In addition, direct sequencing of DPYD in our study led to
the discovery of a number of novel SNPs. In order to predict the
function of the novel SNPs, in silico analyses were conducted
according to the position of the polymorphisms. As a result,
+842533C > T, located in the 3'-untranslated region (3'UTR),
was predicted to introduce an internal ribosome entry site
(IRES) motif. IRES allows the ribosome to bind to the mRNA in-
ternally and translate it rather than binding to the 5’ cap as nor-
mally occurs (29-31). Although IRES is involved in 5'UTR medi-
ated translation initiation, conserved secondary structures of
IRES can influence the 3'UTR stability (32, 33). Moreover, a re-
cent study in the Japanese population discovered a number of
3'UTR novel SNPs which were located near microRNA target
sites (34). In addition, a previous study reported that binding of
microRNA to 3'UTR negatively regulates the mRNA of target
gene (35). Moreover, two nonsynonymous SNPs (+199381A > G,
Asn151Asp and +841847T > G, Leu993Arg) were also found in
our study. Polarity of the amino acid was affected by the charge
of its side-chain (36). Polarity alteration between amino acids
was predicted that Asn151Asp may affect protein structure or
function (Asn, neutral; Asp, negative). Although frequency of
Asn151Asp was low or monomorphic in our study subjects, it
can be associated with the enzyme deficiency state.

Although PCR direct sequencing method was adopted for
estimating the frequency differences across different ethnic
groups and 48 samples per population is large enough to dis-
cover novel SNPs, a larger sample would be required to achieve
more detailed screening result. Also, no functional study was
conducted to further confirm the SNPs’ role, although in silico
analyses were performed to compensate for the lack of function-
al analysis to an extent.

In summary, the present study analyzed DPYD by directly
sequencing 288 subjects from five ethnic groups. This yielded
56 SNPs, including 9 core SNPs and 18 novel SNPs. Moreover,
we predicted the function of novel SNPs using in silico analyses.
Although a lack of functional studies might be a limitation of
the study, the results could make a valuable contribution to fur-
ther research, especially pharmacogenetic studies of drug re-
sponses.
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