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ABSTRACT  

 

 

Deoxycytidine kinase (DCK) is a rate-limiting enzyme in 

the activation of nucleoside analogs such as cytarabine 

(ara-C). Ara-C based chemotherapy has been a major 

element of standard acute myeloid leukemia (AML) 

treatment regimens for more than 40 years. However, 

resistance to ara-C is a major problem in treatment of 

patients with AML. The present study was undertaken to 

identify and to determine the association with DCK 

polymorphisms (364C>T, Pro122Ser) and ara-C based 

chemotherapy outcomes in Korean AML patients. Single 

Nucleotide Polymorphism (SNP) of DCK (364C>T) was 

genotyped in 55 Korean AML patients. Then, 364C>T was 

analyzed in a larger pool (n=336) to validate the 

frequency among Korean AML patients. In summary, the 

data implicate that in the chosen Korean AML patient 

group, 364C>T is not a significant factor in 

unresponsiveness to ara-C chemotherapy. The objectives 
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of the study reported here are: the confirmation of a 

known DCK polymorphism (364C>T) especially in Korean 

AML patients, and analyzing the correlation with the 

clinical outcomes after the induction of ara-C based 

chemotherapy. The findings suggest considerable ethnic 

differences in SNP of DCK and provide fundamental and 

further questions in future studies for genotyping DCK in 

Asian populations.  

 

---------------------------------- 

Keywords: acute myeloid leukemia, cytarabine, 

deoxycytidine kinase, polymorphisms, single nucleotide, 

genetic variation, ethnic groups 
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INTRODUCTION 

 

Acute myeloid leukemia (AML) is the most common type 

of leukemia in hematologic malignant disease.  It is a 

clonal hematopoietic disease caused by either inherited or 

genetic mutation [1]. Approximately 30% of AML patients 

carry recurrent chromosomal translocations and are 

grouped into a distinct AML category of the 2008 World 

Health Organization (WHO) classification of myeloid 

neoplasm [2]. AML is known to be a molecularly and 

clinically heterogeneous disease. Cytosine-arabinoside 

(ara-C)-based chemotherapy is widely used to cure this 

disease. Ara-C is one of the most effective therapy and 

common regimens for AML. It has been the most 

important element of standard AML treatment regimens 

since more than 40 years [3]. Two thirds of AML patients, 

who receive ara-C based chemotherapy regimens, are 

likely to achieve complete remission (CR). However, more 
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than 50% of patients suffer a relapse after attaining CR 

[4]. Unfortunately, a great majority of AML patients die 

from progressive disease after relapse.  

Ara-C is a deoxycytidine analog that blocks DNA 

synthesis. Cytarabine itself is inactive and it requires 

activation inside the cell by multiple phosphorylation steps. 

Key enzymes within the ara-C metabolic pathway are 

deoxycytidine kinase (DCK), cytidine deaminase (CDA), 

and deoxycytidylate deaminase (DCTD) [5]. During the 

metabolism of ara-C, DCK plays an important role. Ara-C 

enters the specific nucleoside transporter called hENT1. 

Once ara-C has entered the cell, it is phosphorylated by 

DCK to ara-CMP. Therefore, DCK is the most important 

kinase for activation of ara-C and is the rate-limiting 

factor of its cytotoxic activity [6, 7].  

Numerous studies have shown that resistance to ara-C is 

the major cause of treatment failure [8-10]. Resistance 

to ara-C has been reported to be related to deficient DCK 
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activity due to genetic alterations [11]. However, the 

response to ara-C is marked by significant inter-

individual differences and the development of ara-C 

resistance is still a problem [12]. Therefore, an 

understanding of the mechanisms of drug response, and 

more ideal use of anti-leukemic agents based on its 

individual drug resistance may be a desirable approach for 

the future development of AML chemotherapy [13].  

Identification of prognostic markers is a prerequisite in 

helping to decide suitable treatment modalities. Recent 

studies have verified that SNP analysis in DCK in 

Caucasian, African and European AML patients may be a 

prognostic parameter for survival and may help identify 

the impact on ara-C responses [14]. However, there have 

been no reports about the relation of SNP of DCK 

(364C>T) and its clinical response to ara-C for Korean 

populations. Therefore, the aim of our study was to 
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determine whether SNP of DCK has a favorable effect on 

prognosis in Korean AML patients.  

The objectives of the study reported here are: the 

confirmation of known DCK polymorphism (364C>T) in 

Korean AML patients, and analyzing the correlation with 

the clinical outcomes after the induction of ara-C based 

chemotherapy. In order to address this issue, SNPs of 

DCK were genotyped in 55 Korean AML patients. 9 SNPs 

were detected: pgm_360533, rs1486271, rs1580469, 

rs58443048, rs6446988, rs936868, rs9993633, 

rs4643786, and rs67437265. Among these genetic 

variants of DCK, we focused on 364C>T (rs67437265). 

Through this analysis, the study implicates that, in 

contrast to Caucasians’, Africans and Europeans AML 

patients treated with ara-C based chemotherapy, 364C>T 

has no effect on the outcomes in Korean AML patients. In 

conclusion, the findings suggest that there are 

considerable ethnic differences in genetic variations of 
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DCK, and provides fundamental and further questions in 

future studies for genotyping DCK in Asian populations. 
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MATERIALS AND METHODS 

 

1. DNA sample preparation (normal and tumor samples) 

Genomic DNA samples were prepared for whole exome 

sequencing (WES). They were freshly obtained from AML 

patients’ bone marrow at initial diagnosis. Subsequent 

bone marrow samples were aspirated if necessary 

according to the disease status of the patients. AML blast 

tumor cells were isolated from the bone marrow of each 

patient using Ficoll gradient separation. Matching patients’ 

saliva samples were collected as germline controls. Each 

tumor and control DNA was extracted via standard 

protocols of DNA purification. DNA samples for validation 

were obtained from our frozen stock as needed [15].  
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2. Whole Exome Sequencing 

The exomes were prepared and sequenced using the 

Solexa sequencing technology platform (HiSeq2000; 

Illumina, San Diego, CA, USA) following the 

manufacturer’s instructions. 3ug of genomic DNA was 

randomly sheared using the Covaris System to generate 

150-bp inserts. The fragmented DNA was end-repaired 

using T4 DNA polymerase and Klenow polymerase, and 

Illumina paired-end adaptor oligonucleotides were ligated 

to the sticky ends. The ligation mixture was analyzed by 

electrophoresis on an agarose gel. It was then sliced and 

purified into fragments of 200–250 bp. The purified DNA 

library was hybridized with the SureSelect Human All 

Exons probes set (Agilent, Santa Clara, CA, USA) to 

capture 50 Mb of targeted exons following the 

manufacturer’s instructions. The HiSeq2000 paired-end 

flowcell was prepared according to the manufacturer’s 

protocols using the captured exome library. Clusters of 
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PCR colonies were then sequenced on the HiSeq2000 

platform using the recommended protocols from the 

manufacturer. 

 

3. Validation study/ Frequency test by direct Sanger 

sequencing 

Promoter, all exons, and exon-intron boundaries were 

PCR-amplified and directly sequenced using the ABI 

PRISM 3730 genetic analyzer (Applied Biosystems, 

Foster City, CA). Primers for the amplification and 

sequencing analysis were designed using Primer3 

software (http://frodo.wi.mit.edu) based on the sequence 

of DCK. The coding sequence of the gene was compared 

with a GenBank sequence (Ref. genome seq.: 

NT_006216.14). Sequence variants were verified by 

chromatograms using SeqMan software. 
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4. Statistical analysis 

X2 tests were used to determine whether individual 

variants were in Hardy-Weinberg equilibrium at each 

locus in each population. For in silico analysis, FastSNP, 

Expasy, and UTRScan programs were used to predict the 

function of SNPs. 
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RESULTS 

 

SNPs of DCK were genotyped in 55 Korean AML patients 

in order to examine the association of DCK polymorphisms 

with chemotherapy outcomes. To address this issue, SNP 

genotyping analysis was performed using the IGA web 

browser, developed by Syntekabio, Corporation. Here, 9 

SNPs in total were detected: 7 SNPs in the intronic region 

(pgm_360533, rs1486271, rs1580469, rs58443048, 

rs6446988, rs936868, rs9993633), and two other SNPs in 

the 3 ’ UTR and exonic region, rs4643786 and 

rs67437265 respectively (Table 1). Among these genetic 

variants of DCK, the study was focused on a specific SNP, 

364C>T (rs67437265). This SNP is nonsynonymous and 

an amino acid change occurs from proline to serine at 

amino acid position 122 (364C>T in exon 3, Pro122Ser). 

As shown in Table 2, this SNP was detected in 10 out of 

55 patients (~18%). The validation study was done by 
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two techniques: IGV (Integrative Genomics Viewer) 

analysis, and the direct sanger sequencing. Through 

validation study, the results showed that 4 out of 10 

patients have the CT genotype (Figure 1 and Figure 2). 

The clinical parameter of 4 patients is shown in Figure 2. 

Patients G9 and G50 suffered a relapse after attaining CR. 

The other 2 patients, G41 and G43, did not achieve CR at 

all. Based on this clinical information, it was suggested 

that SNP of DCK (364C>T) might have affected the 

cytarabine treatment outcomes. Consequently, this 

suggestion has led to a frequency test in a larger pool of 

Korean AML patients’ index (n=336).  

The frequency test was done by direct sanger 

sequencing in 336 Korean AML patients. It was PCR-

amplified and directly sequenced using the ABI PRISM 

3730 genetic analyzer (Applied Biosystems, Foster City, 

CA). Primers for the amplification and sequencing analysis 

were designed using Primer3 software 
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(http://frodo.wi.mit.edu) based on the sequence of DCK 

(364C>T, rs67437265). Both primers were in exon 3 

(forward primer: 5’- GGA TTT TCC AGA CCT CAG 

ACA -3’, reverse primer: 5’- CCC AGC TCA GCC 

ATT CAT TA -3 ’ ). As shown in Table 3A, an 

examination of genotype and allele distribution of DCK 

genetic variant (Pro122Ser) was carried out for 336 

Korean AML patients. Among 336 patients, 37 patients 

showed the CT genotype, which is about 12%. The allele 

frequency of the CT genotype was 0.11. Heterozygosity 

and the Hardy-Weinberg equilibrium P-value was 0.104 

and 0.285 respectively (Table 3A). The response 

assessment after the 1st induction and their association 

with the DCKrs67437265 is shown in Table 3B. 183 out of 

336 patients received the 1st induction and the study 

focused on patients with the 1st induction treatment: CR in 

148 out of 183 patients (80.8%), and non-remission in 35 

out of 183 patients (19.1%). CC genotype patients were 
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much more likely to achieve CR compared to the CT 

genotype patients. Among 148 CR patients, 132 patients 

were CC genotype whereas 16 patients were CT genotype. 

We could anticipate patients with CT genotype were much 

less likely to achieve CR. However, the non-remission 

phase showed no differences in response based on the 

presence of DCK CT genotype. Through this analysis, two 

different DCK genotypes (CC/CT) in Korean population 

had no significant differences. 

In order to identify a better correlation between 

polymorphisms of DCK and ara-C response, we have 

narrowed down the subject to Korean secondary AML 

patients since a possible pattern was shown between CC 

and CT genotype. Therefore Korean secondary AML 

patients were selected from whole Korean AML patients 

(n=22) (Table 4). Selected 22 Korean secondary AML 

patients were divided into two groups: CR and non-

remission. 14 out of 22 patients achieved CR while 8 
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patients did not. As shown in Table 4, patients with the 

CT genotype were much less likely to achieve CR. At the 

non-remission stage, 4 patients with CC genotype failed 

to reach CR and other 4 patients with CT genotype 

attained CR. The secondary AML group seemed to have a 

significant difference between the CC and CT genotype, 

but 22 patients were not enough to predict and assure. 

Therefore, an additional frequency test was carried out in 

order to verify whether DCKrs67437265 is a significant 

factor in Korean secondary AML patients. This frequency 

test was done in a larger pool of Korean secondary AML 

patients ’  index by direct sanger sequencing (n=86) 

(Table 5). As a result, the allele frequency of the CT 

genotype was 0.163. Heterozygosity and the Hardy-

Weinberg equilibrium P-value was 0.150 and 0.411 

respectively (Table 5). The Hardy-Weinberg equilibrium 

P-value was too off than we have expected. Consequently, 

our study demonstrated that SNP of DCK, 364C>T, has no 
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correlation with the clinical outcomes of Korean secondary 

AML patients treated with ara-C chemotherapy.  
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Table 1. Genetic variations of DCK found in Korean AML 

patients (n=55). 
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Table 2. Genetic variant (DCKrs67437265, 364C>T) 

identified in 10 patients out of 55 AML patients. 
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Figure 1. Validation study done by IGV analysis (n=10). 
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Figure 2. Validation study done by direct sanger 

sequencing (n=4). Clinical parameter of 4 AML patients. 
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(a) 

 

Table 3. Genotype and allele distribution of DCK sequence 

variant (Pro122Ser) among Korean AML patients (n=336). 

(a) Distribution of CC/CT genotypes and the HWE p-

value. 

 

(b) 

 

Table 3. (b) Clinical parameter based on patients who 

have received 1st induction (n=183). 
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Table 4. Clinical parameter of Korean secondary AML 

(selected from whole population), based on patients who 

have received 1st induction (n=22). 
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Table 5. Genotype and allele distribution of DCK sequence 

variant (Pro122Ser) among Korean Secondary AML 

patients (n=86).  
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DISCUSSION 

 

Many recent studies have declared that DCKrs67437265 

have been identified in Africans, Europeans, and Chinese, 

which contributes to resistance to ara-C [14, 16, 17]. In 

contrast to these reported studies, our study has 

concluded that 364C>T (Pro122Ser) was not significantly 

associated with Korean AML patients. Even though this 

genetic variant is a widely known nonsynonymous SNP, 

experimental results may differ due to inter-ethnic 

variability [18]. Thus, the findings indicate considerable 

ethnic differences in DCK SNPs. In contrast to a recent 

report by Joerger. M. et al., our study evaluated that the 

DCK gene is not fairly common in Korean AML patients, 

whereas Joerger. M. et al. validated that the DCK gene is 

common in Caucasians [14]. There is still considerable 

inter-ethnic variability of DCK polymorphisms, and this 

may partially explain erratic inter-patient and inter-
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ethnic variability in response to ara-C based 

chemotherapy.  

The involvement of DCK inactivation in patients with AML 

resistant to ara-C chemotherapy is not completely 

understood [19]. Additional studies using other ara-C 

related genes in a larger number of Korean AML index 

should be conducted in order to confirm the association 

between clinical outcomes and the response to ara-C. 

Once confirmed, it is anticipated that genetic variants in 

DCK and other genes in the ara-C metabolic pathway 

could help, in part, to predict the intracellular levels of the 

active metabolite ara-CTP and hence responsiveness to 

ara-C. Although AML is a very heterogeneous disease 

with different subtypes that are of prognostic significance, 

the pharmacogenetics of ara-C could help in better 

understanding the drug responsiveness and guide in the 

development of individualized chemotherapy in cancer 

patients receiving nucleoside analogs [20]. In this study, 
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Korean secondary AML patients’ samples were selected 

by the types of preceding disorder by analyzing the sub-

group of patient’s clinical parameter. The group included 

myelodysplastic syndrome, primary myelofibrosis, and 

essential thrombocythemia. However to achieve a full 

understanding of the genetic basis of secondary AML 

group, future studies must be held by conducting an 

accurate categorization of samples.  

DCKrs67437265 was identified to have no direct 

correlation with the response of ara-C treatment 

outcomes in Korean AML patients. Through this study’s 

results, important leads for a number of questions to be 

addressed in future studies have come up. For example, 

rather than focusing on DCK individually among Korean 

AML patients, genotyping all other ara-C related genes 

together and determining the correlation with the 

response to ara-C may be an additional methodology. In 

addition, combination SNP-SNP interactions may help to 
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predict the drug response, rather than just a single-SNP, 

and considering the combination of multi-drug 

interactions and check whether if there is a correlation 

among drugs. These may provide a guide in developing 

individualized chemotherapy for Korean AML patients 

receiving ara-C based chemotherapy. 

In summary, studies of SNPs of genes coding for drug 

metabolism enzymes mediating the anti-leukemic effect 

should be explored. It is hoped that individualized therapy 

for Korean AML patients based on these new therapeutic 

predictors will further improve the overall outcomes of 

Korean AML patients.  
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국   
 

 

시시티 인산 효소 (Deoxycytidine kinase; DCK)는 

사이타라 (Ara-C)과 같  뉴클 시드 사체 (nucleoside 

analog)를 하는 속효소 이다. 사이타라  반 항 요법  

골 백 병  료하는 데에 쓰이는  료요법 , 

약 40  이상  월 동  사용 고 있다. 하지만, 사이타라  항

요법에 나타나는 내  골 백 병 자들  료하는 데

에 있어  가장 큰 장 이 고 있다.  

본 연구에 는, 시시티 인산 효소 단일 염  변이

(364C>T, Pro122Ser)  한국인 골 백 병 자들에 한 

사이타라  반 항 요법 결과  연  보고 인하  

하여 연구를 진행하 다.  55 명  한국인 골 백 병 자

들  상  시시티 인산 효소 단일염 변이(364C>T)를 

genotype 하 다.  이  입증하  하여  336 명  자

들  상  frequency test 를 진행하 고 도 해  한 실

험 방법 는 direct sanger sequencing  이용하 며, 336 명

 한국인 골 백 병 자들  DNA 를 사용하 다.  
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 근 발표   연구에 르면 백인 골 백 병 

자  국인 골 백 병 자에 는 시시티 인산 효소

가 사이타라  항 요법  임상 결과  연 이 있는 것  보고

 바 있다. 그러나 결과 , 본 연구에 는  발표  다른 

인종과는 달리, 한국인 골 백 병에 는 시시티 인산

효소가 사이타라  반 항 요법  내  명할  있는 주요 

인자가 닌 것  밝 다. 

 본 논  목  다른 인종  골 백 병 자에게

 인  시시티 인산 효소 단일 염  변이가 한국인 

골 백 병 자에 도 인 는지를 검증하는 것과 인  

시시티 인산 효소 단일 염  변이가 한국인 골 백 병 

자  사이타라  반 항 요법  임상결과  어떠한 연 이 있

는지를 분 하는 것이었다.  

결 , 본 연구는 시시티 인산 효소 (DCK) 단

일염 변이(SNP)  사이타라  임상결과  연  상당한 인종

 차이가 있  규명하 다. 이는 시  인종를 상  하는 

시시티 인산 효소 (DCK) genotyping 에 있어 , 추후  발

인 연구를 한 근본 이고 핵심 인 질  시하는 연구결

과이다. 
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일 염  변이,  변이, 인종 집단 
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