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To the editor.  

Chronic myeloid leukemia (CML), which is 

characterized by the overproduction of mature cells in 

the granulocytic series, is included in the group of 

chronic myeloproliferative neoplasms.1 It is the first 

disease ascertained as due to a specific chromosomal 

anomaly emerging from a reciprocal translocation 

between chromosomes 9 and 22. A chimeric gene 

denominated as the Philadelphia (Ph) chromosome is the 

product of the fusion of the Abelson oncogene (ABL) 

from chromosome 9q34 with the breakpoint cluster 

region (BCR) on chromosome 22q11.2, t 

(9;22)(q34;q11.2).1 

New approaches are tried to be developed in 

evaluating the prognosis and treatment response. DNA 

repair mechanisms create a new study area for CML and 

constitute the subject of our study. There are more than 

100 known DNA repair genes. Polymorphisms and/or 

functional gene variants occurring in these genes with 

environmental factors increase the cancer tendency by 

disrupting the DNA repair mechanism.2 

The ERCC2 (excision repair cross complementation 

group 2) gene acts on nucleotide excision repair (NER) 

and is located in the 13.3rd district of the Q part in the 

19th chromosome.5 Polymorphisms in the ERCC2 gene 

provide information about DNA repair capacity and 

cancer risk. ERCC2 repair gene polymorphisms are 

significantly associated with breast, colorectal, 

pancreatic, bladder, lung, esophageal cancers and 

hematological malignancies.3-5 

The XRCC1 (X-ray repair cross-complementing 

group 1) gene is one of the BER genes and is located in 

the 13.2 district of the q part in the 19th chromosome. 

This gene has 17 exons required to synthesize DNA 

proteins, including DNA polymerase.5 Polymorphisms 

in the XRCC1 repair gene have been investigated, 

especially in colorectal, breast, pancreatic, head and 

neck, lung, prostate, and skin cancers. 

The DNA repair protein XRCC4, also known as X-

ray repair cross-complementing protein 4, is a protein 

encoded in humans by the XRCC4 gene. XRCC4, an 

important non-homologous splice repair gene, acts as an 

essential scaffold protein between this complex and 

DNA Ligase IV in the DNA double-stranded break 

repair pathway process.6 

In our study, we aimed to examine the effect of 

ERCC2 (751), XRCC1 (399), XRCC4-Intron 3, and 

XRCC4 (-1394) gene polymorphism on CML, 

prognosis, and treatment response in patients. 

 

Patients and Methods. Sixty-two (62) CML patients, 

diagnosed and followed up in the Gaziantep University 

Hematology Clinic between January 2008 - January 

2016, and a control group of 70 healthy people were 

included in the study. In addition to demographic data 

such as age and gender, initial Sokal risk scores, 

presence of splenomegaly, initial laboratory values 

(hemoglobin, leukocytes, platelets), treatment 

preferences (imatinib or interferon alfa), responses at 18 

months according to European Leukemia Net (ELN) 

criteria, mortality, presence of any events, chromosome 

abnormalities, overall survival (OS) and event-free 

survival (EFS) durations (months) were recorded. The 

median age of all 62 patients included in the study was 

41 (range: 20-74) 

DNA isolation from peripheral blood leukocytes of 

CML patients and controls was performed using the 

saline precipitation method (Miller et al.).7 ERCC2, 

XRCC1, XRCC4-Intron 3, XRCC4 (-1394) gene 

polymorphism genotypes were analyzed by Polymerase 

chain reaction (PCR) and/or Polymerase chain reaction-

restriction fragment length polymorphism (PCR-RLFP) 

method.  

SPSS for Windows (version 13.0; SPSS, Chicago, 

IL) software was used for data analysis. Logistic 

regression analysis was used to determine the statistical 

significance of the differences between control groups 

and patients. The odds ratios (OR) and 95% confidence  
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Table 1. Clinical Features of the Chronic Myeloid Leukemia in Chronic Phase Patients. 

    n (%) 

Number of patients   62 

Age at diagnosis    41 (20-74)* 

Age ≥ 60 yrs   6 (9.7) 

Male/female    23 /39 (37.1/62.9) 

Splenomegaly   43 (69.3)  

Hemoglobin 12<g/dL   42 (67.7) 

Leukocytes > 50 x 109/L   38 (61.3) 

Platelets > 450 x 109/L   29 (46.8) 

Sokal risk score at diagnosis Low 12 (19.3) 

  Intermediate 28 (45.2) 

  High 22 (35.5) 

Initial treatment  Imatinib 400 mg/d 52 (83.9) 

  Interferon-α→imatinib 400 mg/d 10 (16.1) 

Mortality   2 (3.2)  

Event&   12 (19.3) 

Chromosomal abnormalities in addition to the Philadelphia 

chromosome  
  

4 (6.5) Trisomy 8 [2], 

monosmy 7, Trisomy 21 

Time after diagnosis, mo*   49.3 (6.1-168.4) 

Duration of imatinib, mo*   39.5 (5.2-103.4) 

ELN: European Leukemia Net, * median, mo: months, &death (2), progression to AP or blastic phase (2), loss of an MCyR (8). 
 

intervals were used for this analysis. The X2 test was 

used to compare the differences between the patient 

groups and the control group's DNA Repair Gene 

XRCC4 variable number tandem repeat (VNTR) at 

intron 3 and -1394), XRCC1, ERCC2 allele frequency. 

Fisher's test was used as needed. P values <0.05 were 

considered to indicate statistical significance. The 

Kaplan-Meier method was used to estimate the survival 

probabilities and the log-rank test to compare 

differences. The significance of risk factors was 

confirmed by applying The Cox stepwise regression 

analysis. In the multivariate analysis, the stepwise 

(backward) eliminated variables were used with a 

significance of less than 10%. 

 

Results. Looking at the molecular responses of the 

patients at 18 months, 42 were in the optimal (67.7%), 

13 were in the warning (21%), and 7 (11.3%) were in 

the failure group. End-of-study mortality was 3.2% with 

two patients (Table 1).  

Twelve (12) of the patients experienced any "event" 

(19.3%). Two of them were exitus (3.2%), 2 of them 

showed a progression to accelerated phase or blastic 

phase (3.2%), and 8 of them lost major molecular 

response (MMR) (12.9%). The median follow-up period 

was 49.3 months (6.1-168.4), and the median use of 

imatinib was 39.5 months (5.2-103.4) (Table 1). 

When the genotype differences for ERCC2, XRCC1, 

and XRCC4 (-1394) between CML and healthy controls 

were analyzed, there was no statistically significant 

difference found between the two groups (p> 0.05). 

When XRCC4-Intron 3 was examined, it was observed 

that there was a significant statistical difference in DD 

and II genotypes between CML and the control group (p 

= 0.018, p = 0.028). It was also observed that the DD 

genotype was 7.299 times protective factor for CML, 

and patients with II genotype have 2.379 times increased 

risk of CML (Table 2).  

Four different factors were found to be statistically 

significant for EFS. Young age (<60) (p = 0.020), 

absence of splenomegaly (p = 0.011), presence of low 

Sokal risk score at initial diagnosis (p = 0.0148) and 

presence of XRCC1 GG genotype (p = 0.033) were 

statistically significant for better EFS (Table 3, Figure 

1).  

 

Discussion. The literature data about DNA repair 

mechanisms in hematological malignancies is limited. 

In a study conducted by Salimizand et al.,8 simultaneous 

effects of polymorphism of three separate DNA repair 

genes were investigated on CML development. T allele 

of ABCB1 C3435T, T allele of XRCC1 Arg194Trp, and 

C allele of ABCG2 C421A polymorphisms were 

significantly higher CML patients compared to controls. 

TT genotype of ABCB1 and XRCC1 has been 

associated with a higher risk of developing CML.  

In a meta-analysis, Wang et al.9 examined the 

relationship between the Arg399Gln single nucleotide 

polymorphism (SNP) in the XRCC1 gene and the risk of 

leukemia. No association was found between XRCC1 

and CML. Among the articles discussed in this meta-

analysis, 2 of them were directly related to CML:  
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Table 2. Comparison of Frequencies of ERCC2, XRCC1, XRCC4 - Intron 3 and XRCC4 (-1394) gene Polymorphisms between Patients with 

Chronic Myeloid Leukemia and Healthy Controls. 

  Genotype CML Healthy Control OR 95% CI p 

   n a (%) n b (%)    

ERCC2 (751) AA 28 (45.2) 37 (52.9) 0.753* 0.264-2.146* 0.595* 

  AC 24 (38.7) 24 (34.3) 1.096* 0.362-3.317* 0.871* 

  CC 10 (16.1) 9 (12.8) 1.303& 0.492-3.451& 0.627& 

XRCC1 (-399) AA 25 (40.3) 25 (35.7) 1.582* 0.650-3.851* 0.312* 

  AG 22 (35.5) 24 (34.3) 1.485* 0.600-3.677* 0.393* 

  GG 15 (24.2) 21 (30) 0.745& 0.343-1.615& 0.558& 

XRCC4- Intron 3 DD 2 (3.2) 10 (14.3) 0.137* 0.027-0.708* 0.018* 

  DI 32 (51.6) 42 (60) 0.496* 0.232-1.058* 0.069* 

  II 28 (45.2) 18 (25.7) 2.379& 1.143-4.952& 0.028& 

XRCC4-1394 GG 15 (24.2) 17 (24.3) 0.793* 0.321-1.956* 0.614* 

  GT 20 (32.3) 26 (37.1) 0.768* 0.344-1.715* 0.520* 

  TT 27 (43.5) 27 (38.6) 1.229& 0.613-2.463& 0.598& 

an=62, bn=70, *:OR (95%CI) was adjusted by age and sex, &Fisher's Exact Test. 

 
Table 3. Univariate analysis (Logrank test) of ERCC2, XRCC1, XRCC4 - Intron 3 and XRCC4 (-1394) Gene Polymorphisms in 62 Patients 

with Chronic Phase -Chronic Myeloid leukemia. 

    n 
7-yr OS Log Rank 7-yr EFS Log Rank 

% p-value % (median mo) p-value 

All patients   62 97  74  

Gender Female 39 97  73  

  Male 23 96 0.683 75 0.650 

Age <60 56 96  78  

  ≥60 6 100 0.647 40 (25.8) 0.020 

Sokal risk score at diagnosis Low 12 100  100  

  Intermediate 28 100 0.137 85 0.014 

  High 22 90  38 (53.8)  

Splenomegaly Yes 43 95  61  

  No 19 100 0.342 100 0.011 

Hemoglobin (g/dL) <12 42 95  60  

  ≥12 20 100 0.333 89 0.116 

Leukocytes (x109/L) <50 24 100  89  

  ≥50 38 94 0.260 61 0.069 

Platelets (x109/L) <450 33 97  83  

  ≥450 29 96 0.922 65 0.357 

Initial treatment Imatinib  52 96  76  

  Interferon-α→imatinib  10 100 0.531 77 0.727 

ERCC2 AA 28 92  78  

  AC 24 100  82  

  CC 10 100 0.278 38 (53.8) 0.687 

XRCC1 AA 25 100  80  

  AG 22 90  54  

  GG 15 100 0.160 100 0.033 

XRCC4 – Intron 3 DD 2 100  50  

  DI 32 97  73  

  II 28 96 0.956 76 0.385 

XRCC4-1394 GG 15 100  79  

  GT 20 89  79  

  TT 27 100 0.097 70 0.704 

Sokal: patient's age, spleen size, percentage of blood blasts and platelet, *Median (month), OS: overall survival; EFS: event-free survival. 
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Figure 1. Kaplan-Meier Plots on Event-free Survival (EFS) 

According to XRCC1 genotypes.  

 

Deligezer et al.10 investigated the association of XRCC1 

gene polymorphism Arg399Gln with CML and could 

not obtain a significant difference among patient groups. 

Similarly, in our study, no relationship was found 

between this polymorphism and CML. Annamaneni et 

al.11 studied the XRCC1 effect on CML and 

polymorphisms of XRCC1, codon 399, 280 and 194; 

similarly, no significant difference was detected.  

Dhangar et al.12 investigated the correlation between 

clinical response to therapy between CML and XRCC1 

rs1799782, rs25487, and ERCC2 rs13181 

polymorphisms; no significant relationship was found. 

Banescu et al.13 also examined the relationship between 

CML and XRCC1 Arg399Gln, Arg280His, Arg194Trp, 

XRCC3 r241Met, and ERCC2 Lys751Gln 

polymorphisms and showed that the ERCC2 Lys751Gln 

genotype increases the risk of CML.  

Ozcan et al.14 investigated the place of ERCC2 and 

XRCC1 gene polymorphisms in different hematological 

malignancies. In his study, he showed that a decrease in 

the Gln / Gln genotype and the Gln allele in the ERCC2 

codon 751 and XRCC1 codon 399 polymorphisms play 

a protective role in AML, and an increase in Lys/Lys 

genotype in acute leukemia was associated with early 

relapse. 

Joshi et al.15 studied XRCC1 and ERCC2 

polymorphisms in myelodysplastic syndrome (MDS), 

showing that the progression of MDS to AML be the 

result of the gradual accumulation of DNA mutations 

that create a defect in DNA repair. DNA repair gene 

XRCC1 (Arg280His) (p = 0.05) and ERCC2 

(Lys751Gln) (p = 0.01). Polymorphisms were 

significantly higher in MDS patients compared to 

controls. There was a significant difference between 

RAEB I and XRCC1, being XRCC1 polymorphisms 

strongly associated with the advanced MDS subgroup.  

In our study, different from the other two main 

studies, we also had the opportunity to evaluate XRCC4 

and CML's relationship. When the genotype differences 

between CML and healthy control groups were 

statistically analyzed, no statistically significant 

difference could be found between them. However, 

when XRCC4-Intron 3 was examined, it was seen that 

there was a significant statistical difference in DD and II 

genotypes between CML and the control group. 

Additionally, it was observed that the DD genotype was 

7.299 times protective factor for CML, and patients with 

II genotype have 2.379 times increased risk of CML.  

The study also had some limitations. The most 

important limitation is the small patient population. It is 

thought that significant results can be obtained in terms 

of disease parameters and prognosis with the data in a 

larger patient group. Besides, only imatinib and 

interferon-related treatment results could be evaluated in 

our study. It would be more meaningful in terms of the 

literature to conduct a study on 2nd generation tyrosine 

kinase inhibitors (TKIs) throughout a broader period. 
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