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ABSTRACT   

This study evaluated the association of -401C/T and +452C/T polymorphisms of γ-

glutamyl hydrolase and the lack of response to methotrexate in acute lymphoblastic leukemia. 

Genotyping was performed 70 children with acute lymphoblastic leukemia and 140 without. 

Association between -401C/T polymorphism and lack of response was found (p=0.028), patients 

with -401T/T genotype have 10.83 (CI95% 1.30-90.14) more chance for a relapse of leukemia. 

No association was found between the +452C/T polymorphism and the response. Therefore, our 

investigation suggests that the -401C/T polymorphism in the γ-glutamyl hydrolase may be a 

factor that would generate this lack of response to methotrexate in patients with ALL while the 

+452C/T cannot. 
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1.  INTRODUCTION  

Acute lymphoblastic leukemia (ALL) is the most frequent type of cancer in children 

worldwide [1-3]. Mexico City has seen a significant increase in the incidence of ALL. Data 

from 1996 to 2000 show a rate of 63.7 per million children, one of the highest rates reported in 

the world. The National Institute of Statistics, Geography and Computing (INEGI) and the 

General Direction of Information in Health of the Secretary of Health, published that in the 

State of Guerrero, in the year 2005, leukemia occupied the second cause of death in children 

less than 15 years of age [4]. 

For five decades, methotrexate (MTX) has been an essential drug in treatment 

regimens for patients with ALL and is presently used in the treatment of a number of other 

neoplastic diseases, including osteogenic sarcoma, breast cancer, head and neck cancers, and 

non-Hodgkin’s lymphoma [5-8]. MTX efficacy is limited due to inherent and acquired 

resistance during treatment. However, approximately 80% of ALL children experience good 

clinical response [9-11]. After its entry into cells, MTX is rapidly converted to γ-glutamyl 

polyglutamates (MTXPG) through the action of folylpolyglutamate synthetase, which 

sequentially adds up to six glutamyl residues to MTX. MTX-PG directly blocks folate-

dependent enzymes that lead to inhibition of de novo thymidine and purine synthesis, arresting 

DNA replication and causing cell death [10, 12].  

γ−glutamyl hydrolase (GGH, also known as folypolyglutamate hydrolase, FPGH, EC 

3.4.19.9) is a peptidase that catalyses the removal of γ-linked polyglutamates, converting long-

chain MTX polyglutamate (MTXPG) into short-chain MTXPG and ultimately to MTX, 

causing the dimished therapeutic activity of MTX [13-15]. Several reports have shown that 

single nucleotide polymorphisms (SNPs) play an important role in the response to MTX 

treatment in patients with ALL [16-18]. GGH is altered by its polymorphisms, while the 

+452C/T polymorphism in codon 127 modifies the catalytic and hydrolytic activities of the 

enzyme on MTXPG in cells from B or T lineage, the -401C/T polymorphism is associated 

with resistance to MTX in patients with ALL [19-23]. 

Frequencies of the -401 C/T and +452C/T polymorphisms in the γ-glutamyl hydrolase 

gene in American, Korean, European, Caucasian and African-American populations have 

reported, however, in Mexico there are no reports of    -401C/T and +452C/T polymorphisms 

in the γ-glutamyl hydrolase gene in children with ALL so a possible association with lack of 
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response to methotrexate cannot be made. The objective of this study was to assess the 

association of -401C/T and +452C/T polymorphisms in the γ-glutamyl hydrolase gene with 

lack of response to MTX treatment in ALL children.  Our results suggest that the -401C/T 

polymorphism of GGH has to be determined to monitor efficacy and side effects of MTX in 

ALL patients.  
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 2. MATERIAL AND METHODS 

The study was carried out in the pediatric oncology service of the Cancer Institute of 

the State of Guerrero, Mexico, in the period from August 2005 to December 2008. We studied 

70 children with a diagnosis of ALL by bone marrow aspirate based on French-American-

British morphological criteria and cytochemical assays, treated with MTX according to the 

protocols 96091, 96092 or CIE-10: C9.1.0 of the Cancer Institute of the State of Guerrero [24] 

and those whose treatment changed for having had a relapse of ALL (> 25% of blasts in bone 

marrow after administration of MTX). We also included 140 children without ALL, with 

normal numbers of leukocytes (4.0-10 X 103 leucocytes/mm3) and without a family history of 

leukemia. The age range of the participants was from 1-18 years and all were residents of the 

State of Guerrero. Informed consent was obtained from all the individuals or their guardians, 

after a detailed briefing of the study purposes. This study was approved by the ethics 

committee of the Institute of Cancer of the State of Guerrero. 

2.1 Sample collection and DNA extraction 

Peripheral blood samples were taken from all participants and collected in tubes with 

anticoagulant (EDTA), the extraction of genomic DNA from leukocytes was made by the 

phenol-chloroform technique [25, 26]. 

2.2 Genotyping of genetic polymorphisms 

The -401C/T (ddsSNP; rs3758149) polymorphism were detected using a polymerase 

chain reaction-restriction fragment length polymorphism (PCR-RFLP) method reported by 

Dervieux et al. with some modifications [27]. Genomic DNA (100 ng) was amplified in 1X 

PCR buffer containing 200 µM of each dNTP (Applied Biosystems, Foster City, CA), 0.4 

μMol each of forward primer (5’-CGCTGCCTGGTTACCAAACT-3’) and reverse primer 

(TGTTTACGTCGATGTG GACTTCAG-3’), 0.5 units Taq DNA polymerase, Recombinant 

(InvitrogenTM life technologies, USA), and 1.5 mM of MgCl2, in a final volume of 25 μl. PCR 

conditions were an initial denaturation step of 5 min at 95° C, 40 cycles of 15 s at 94° C, 45 s 

at 60° C, 45 s at 72° C, and a final extension step of 10 min at 72° C. The amplified PCR 

products (109 pb) were subjected to enzymatic digestion at 55° C using 2.5 U Bsl I (New 

England Biolabs, Berverly, MA, U.S.A.). Digested products were analyzed on 10% 

acrylamide gel [28, 29]. Individuals with the -401CC genotype presented two fragments (61 
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and 48 pb), individuals with the -401CT genotype presented three fragments (109, 61 and 48 

pb) and those with the -401TT presented one fragment (109 pb).  

The +452C/T polymorphism (ddsSNP; rs11545078) was detected using a PCR-RFLP 

method reported by Chave et al. with some modifications [19]. Genomic DNA (100 ng) was 

amplified in 1X PCR buffer containing 200 µM of each dNTP (Applied Biosystems, Foster 

City, CA), 0.4 μMol each of forward primer (5’-GTGCCTATTTGGTTATGACA-3’) and 

reverse primer (5’-CTACTTACTAATCCTGCC CA-3’), 0.5 units Taq DNA polymerase, 

Recombinant (InvitrogenTM life technologies, USA), and 1.5 mM of MgCl2, in final volume of 

25 μl. PCR conditions were an initial denaturation step of 5 min at 95° C, 40 cycles of 15 s at 

94° C, 45 s at 55° C, 45 s at 72° C, and a final extension step of 10 min at 72° C. The 

amplified PCR products (286 pb) were digested with 2.5 U Ase I (New England Biolabs, 

Berverly, MA, U.S.A.) at 37° C. Digested products were analyzed on 3% agarose gel [28, 29]. 

The genotype was determined by digestion patterns of PCR products by Ase I (wild C allele: 

286 pb, mutant T allele: 177+109 pb). 

  

2.3 Statistical analysis 

The chi-square or Fisher’s exact tests were used for comparison of genotypes and allele 

frequencies among the ALL patients and the group of individuals without ALL. To estimate 

the relative risk of the lack of response to methotrexate in patients ALL associated with -

401C/T and +452C/T genetic polymorphisms, odds ratios (ORs) and 95% confidence intervals 

(CIs) were calculated using logistic regression models. The Hardy-Weinberg test was used to 

determine the genetic equilibrium in group of individuals without ALL. The value of p< 0.05 

was considered to be statistically significant. All statistical analyses were performed by using 

STATA software version 9.2.  
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3. RESULTS  

3.1 General characteristics of children with ALL  

We studied 70 children who suffered from ALL with a median age of 8 years. The 

predominant gender was male with 64.29% while there were 35.71% female patients. 92.86% 

of patients received a dose of MTX between 0.5-3 g/m2 weekly.  57.14% of the children with 

ALL had more than 1 year of treatment with MTX, while 68.57% had a relapse of ALL at 

some time of their treatment (Table 1).  

3.2 General characteristics of children without ALL 

We also included 140 children without ALL, in this group the range of age was from 1-

18 years with a median age of 10 years, normal leukocyte count (4.0-10X103leucocytes/mm3) 

and median of 7800 leukocytes/mm3. In this group, the children were 53.57% male and 

46.43% female (Table 1).  

 
Table 1. General characteristics of the population and clinical data 

of children with acute lymphoblastic leukemia 

Variable ALL patients  
n= 70  

Individuals without 
ALL 

n= 140 
Age (years)  7.65 + 4.67 9.99+  5.49 

Number of leukocytes/mm3  
13000 (5400-39000)a 

 
8000 (7000-9000)a 

Sex 

Male  
Female 

45 (64.29) 
25 (35.71) 

75 (53.57) 
65 (46.43) 

Status of participants    

Live  30 (42.86) 140 (100) 
Dead   40 (57.14) 0 
Weekly MTX dose     
< 0.5 g/m2 3 (4.29) 0 
0.5- 3.0 g/m2 65 (92.86) 0 
> 3.0 g/m2 2 (2.86) 0 
Time on MTX 

< one years   30 (42.86) 0 

> one years 40 (57.14) 0 

Relapse during treatment with MTX 
No 22 (31.43) 0 
Yes  48 (68.57) 0 
Data indicate n (%); mean + standard deviation (SD), a median (Percentiles 25-75) 
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3.3 Genotype distribution and allele frequency of -401C/T polymorphism of GGH in 

children with and without ALL 

The most frequent genotype of the -401C/T polymorphism in both groups was the 

homozygous C/C which was found in 62.86% of the children with ALL and 75% of children 

without ALL. 17.14% of children with ALL and 21.43% of individuals without ALL 

presented the heterozygote genotype C/T, while the homozygous genotype T/T was observed 

in 20% of individuals with ALL and on 3.47% of individuals without ALL (Table 2). The 

genotypic frequencies in children without ALL were found to be in genetic equilibrium 

according to the Hardy-Weinberg Law (p = 0.1391). The observed frequency of allele T was 

28.43% in children with ALL and 14.29% of children without ALL (Table 2).  

 

3.4 Genotype distribution and allele frequency of +452 C/T polymorphism of GGH in 

children with and without ALL 

The most frequent genotype of the +452 C/T polymorphism of GGH in both groups 

was the homozygous C/C, which was observed in a 94.29% in cases with ALL and in the 

96.43% of children without ALL, the heterozygote genotype C/T was observed in a 5.71% of 

individuals with ALL and a the 3.57% of individuals without ALL, whereas the homozygous 

genotype T/T was not observed in either group studied. The genotypic frequencies in children 

without ALL were found in genetic equilibrium according to the Hardy-Weinberg Law (p = 

0.8297). The T allele was observed in 2.86% of individuals with ALL and in 1.79% of 

individuals without ALL (Table 2). 
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3.5 Genotype distribution and allele frequency of SNPs in children with ALL that are 

MTX responders or MTX non-responders. 

The classification of children with ALL into MTX responders and MTX non-

responders was based on the presence or absence of relapse of ALL after administration of 

MTX. The distribution of SNP -401C/T found was that 22.92% of children with ALL MTX 

non-responders had the C/T genotype, compared with 4.55% for the MTX responders, 

whereas 27.08% of the MTX non-responders were carriers of the T/T genotype compared to 

4.55% of the MTX responders. The T allele was observed in a 38.54% of MTX non-

responders and in 6.82% of MTX responders. There are statistically significant (p=0.004) 

differences between the MTX responders and MTX non-responders (Table 3).  

Regarding the distribution of the +452C/T polymorphism, the C/T genotype was 

observed in 8.0%, while the T/T genotype was not observed in children who were MTX non-

responders, compared with MTX responders in which both genotypes were not observed. The 

T allele was found in 4.17% of MTX non-responders and absent in MTX responders, so when 

comparing the genotypic distribution to the allelic frequency, we found that there is no 

statistically significant difference between the MTX responders and MTX non-responders 

(p=0.301 and p=0.308, respectively) (Table 3).  

 

Table 3. Genotype distribution and allele frequency of -401 C/T and +452 C/T 
polymorphisms of GGH children with ALL responders and non-responders to MTX 

chemotherapy 
 Responders’ n (%) Non-responders n (%) p* 

-401 C/T 
Genotype    

    C/C 
    C/T 
    T/T 
Allele 
    C 
    T 

20 (90.90) 24 (50.00)  
1 (4.55) 11 (22.92)  
1 (4.55) 13 (27.08) 0.004a

 
41 (93.18) 59 (61.46)  

3 (6.82) 37 (38.54) < 0.001a

+452 C/T 
Genotype     

   C/C 22 (100) 44 (92.00)  
   C/T   0 (0.00) 4 (8.00)  
   T/T   0 (0.00) 0 (0.00) 0.301 
Allele  
    C 

                 
                 44 (100) 

 
92 (95.83)  

    T   0 (0.00) 4 (4.17) 0.308 
* p value was obtained by Fisher’s exact test. a Significant p<0.05. 
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3.6 Response to MTX based on the SNP -401C/T and +452C/T genotypes 

We found a statistically significant association between C/T and T/T of the SNP -401(p 

= 0.042 and p = 0.028, respectively) with lack of response to MTX, children with ALL 

carrying the -401T/T genotype showed a significant increase in the lack of response to MTX 

(odds ratio 10.83, 95% CI 1.30-90.14) compared with those carrying the -401C/C genotype 

(Table 4).  
 

Table 4. Association of -401 C/T polymorphism in GGH gene with 
the lack of response the MTX 

 n % OR CI 95% *p-value   

Genotypes    
     C/C 

 
44      

 
62.86 

 
1.00 

  

     C/T 12      17.14 9.17 1.09-77.24 0.042 
     T/T 14      20.00 10.83 1.30-90.14 0.028 
Odds ratio (OR); 95% confidence interval (CI);*p obtained by logistic regression 
analysis, taking the reference to CC genotypes. 

 

The +452C/T SNP were not associated with lack of response to MTX, because no 

individuals of the group of responders were carrying the genotype CT or TT (data not shown). 

Other variables including age, sex, leukocytes count at diagnosis, and MTX dose, were not 

associated with the lack response to MTX (Table 5). 

 

Table 5. Association the lack of response the MTX and the different 
covariables. 

 
 n % OR IC 95% p-value 

Sex      
Female  25 35.71 1.00   
Male  45 64.29 1.38 0.49-3.92 0.540a 

Age (years)              
1-6  34 48.57 0.54 0 .19-1.50 0.236 
7-12 24 34.29 1.60 0.53-4.83 0.405 
13-18 12 17.14 1.46 0.35- 6.03 0.600 
Leukocytes the diagnostic       
1000-10000  29 41.43 1.36 0.48-3.85 0.561 
10001-100000  34 48.57 0.54 0.19-1.50 0.236 
100001-290000  7 10.00 3.00 0.34-26.56 0.323 
Weekly MTX dose          
< 0.5 g/m2 3 4.29 0.91 0.08-10.64 0.942 
0.5-3.0 g/m2 65 92.86 0.52 0.06-4.98 0.574 
> 3.0 g/m2 2 2.86 0 0 0 
Odds ratio (OR); 95% confidence interval (CI), a taking the reference to female sex   
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4. DISCUSSION  

There have been attempts to explain the mechanisms by which patients show different 

response to the same drug used to treat ALL. The difficulty of explaining the response to 

drugs is due to the influence of genetic factors such as single nucleotide polymorphisms 

(SNPs) in genes encoding proteins and enzymes involved in the transport and metabolism of 

drugs, which have been associated with differences in the response to chemotherapy in several 

cancers [30]. However, there are few studies addressing the association of SNPs with response 

to methotrexate in patients with acute lymphoblastic leukemia. There are no studies in Mexico 

regarding the -401C/T and +452C/T polymorphisms of GGH, therefore, it was important to 

determine their distribution in the Mexican population and its association with the lack of 

response to MTX, due to the variation in response to MTX treatment in patients with ALL.  

The analysis of the genotypic frequencies for the -401C/T polymorphism showed that 

the homozygous C genotype was the most frequent in children with ALL (62.86%), followed 

by the homozygous T genotype (20%), and the least frequent was the heterozygous C/T with 

17.14%. These results differ (p=0.022) from that reported by Derveriux et al. in 2004 from the 

US population where they found that the frequency for the homozygous C genotype was 50%, 

35% for the heterozygous C/T genotype and 16% for the homozygous T genotype [27].  

While comparing the genotypic frequencies reported by Kim et al. in 2008 from the 

Korean population, where they reported a frequency of 66.5% for the homozygous C, 29.23% 

for the heterozygous C/T genotype and 4.62% for the homozygous T genotype [31], we found 

a statistically significant (p=0.013) difference, Mexican individuals showed a greater 

frequency of the -401C/T polymorphism of the GGH homozygous T genotype. This is 

probably due to the fact that both the US and Korean populations have different genetic 

background than the Mexican population, according to the National Mexican Institute for 

Genomic Medicine (INMEGEN), 65% of the genetics background of the Mexican population 

is not shared with any other population [32].  

Regarding the +452C/T polymorphism of the GGH gene, the genotypic frequencies we 

found were significantly different (p=0.017) from those reported in the Caucasian population 

by Cheng et al in 2004. They found a frequency of 80.6% for the homozygous C genotype, 

18.7% for the heterozygous C/T and 0.6% for the homozygous T genotypes [21]. In contrast, 

when comparing the Mexican frequencies with those reported for the Afro-American 
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population by Cheng et al in 2004, it was observed that there were no statistically significant 

differences (p=0.544). The frequencies reported were 91.3% for the homozygous C, 8.8% for 

the heterozygous C/T and 0.0% for the homozygous TT genotypes [21], this could be due to 

the fact that the population from the State of Guerrero in Mexico has 22% African genetic 

background according to the report by the INMEGEN in 2007 [32]. The finding in this study 

reflects in some way the ancestry of the population studied, in agreement with historical 

records indicating Guerrero and Veracruz States as the main entry points of African 

population during the Colonial period [33-35]. 

The -401C/T polymorphism has been associated with the increase in expression of 

GGH [15, 19]. Derveriux et al found that in patients with rheumatoid arthritis the individuals 

with the -401T/T genotype showed an increase in GGH activity that correlated with lack of 

response to MTX [27]. In this study, we found that those patients with ALL that had the -401 

C/T heterozygous C/T genotype, were 9.17 (CI95%1.30-90.14) times more likely  to relapse 

during treatment, while for those who had the T/T genotype it was 10.83 (CI95%1.3-90.14), 

compared to those patients that had the C/C genotype. These results were consistent with those 

reported by Chave et al, Yin et al and Derveriux et al. 

The lack of response to MTX in patients with the +452C/T polymorphism could be due 

to the fact that this polymorphism alters the catalytic activity of the enzyme, causing it to 

accumulate PG-MTX, as shown in in vitro assays in B- ligeage cells from ALL [12]. 

Even though there is a close relation between the +452C/T polymorphism and GGH 

activity and MTX response, we did not find an association between the +452C/T SNP and the 

lack of response to MTX in patients with ALL, coinciding with that reported by Van der 

Straaten, where no association between the +452C/T SNP and clinical response to MTX in 

patients with RA was found [36]. Other variables such as sex, age, leukocyte count and MTX 

dose were not associated with the lack of response to MTX (p>0.05), which indicates that 

these variables did not have an effect on the response to chemotherapy in children with ALL, 

agreeing with that reported by Dulucq et al in patients with ALL, Dervieux et al in patients 

with RA and Kim et al in women with cervical cancer, who they found that these variable 

have no effect on the response to chemotherapy [31, 37, 38]. 

Our study suggests that the -401C/T polymorphism of GGH affects the response to 

MTX in patients with ALL but that is not the case for the +452C/T polymorphism. However, 
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further studies are needed to identify the polymorphisms associated with the pharmacokinetics 

of MTX and to define other genetic, karyotypic, and epigenetic factors to individualize MTX 

therapy in patients with ALL based on pharmacogenomics.  
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