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Abstract
Aim: Ribavirin is known to inhibit the activity of 
S-adenosylhomocysteine hydrolase (AHCY) in erythrocytes. 
The aim of this study is to investigate the effect of AHCY gene 
variations and methylenetetrahydrofolate reductase (MTHFR) gene 
polymorphisms on ribavirin-induced anemia.

Methods: Patients receiving interferon and ribavirin treatment 
with a diagnosis of chronic hepatitis C were included in the study. 
Patients with and without anemia were allocated into two groups; 
anemia being defined as a ≥ 2-gram reduction in hemoglobin level. 
C677T and A1298C polymorphisms for MTHFR, and 5’UTR-34 
C→T, AHCY 112 C→T, AHCY Try143Cys A→G variations for 
AHCY were tested by PCR-RFLP method.

Results: The prevalence of anemia was 61.17% (52/85). There was 
no difference between the two groups in terms of gene polymorphisms 
or genetic variations. While genotype T/T of MTHFR C677T gene 
polymorphism was 6.029 times more prevalent in anemic patients; 
genotype C/C of MTHFR A1298C gene polymorphism was 3.586 
times more prevalent. However, these differences were statistically 
insignificant (p=0.137 and p=0.124, respectively). AHCY genetic 
variations are not risk factors for ribavirin-induced anemia. 

Conclusion: Genotype T/T for MTHFR C677T and genotype C/C 
for A1298C were more prevalent in patients with anemia. MTHFR 
gene polymorphism differences were not shown to be a contributing 
factor in ribavirin-induced anemia.
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fatal mutagenesis of the RNA genome [1]. Currently, the treatment 
of patents with hepatitis C consists of interferon-α and ribavirin 
combination therapy [2,3]. Combination therapy, in comparison to 
single-agent interferon treatment, leads to an increase in side effects 
[2-9]. Dose reductions are common; essentially, dose reductions are 
required in 10% of patients under combination therapy who develop 
anemia [2-5]. The major toxicity related to ribavirin use is hemolytic 
anemia. This side effect has been associated with the accumulation 
of ribavirin triphosphate in red blood cells (RBCs), leading to the 
inhibition of erythrocyte functions [10,11].

Hemolytic anemia, a complication of ribavirin treatment, may 
cause the discontinuation of treatment [12]. The anemia is potentially 
related to the accumulation of ribavirin in erythrocytes. Ribavirin 
undergoes phosphorylation into its active form once inside the 
erythrocyte, and accumulates, such that its intracellular concentration 
exceeds its concentration in the plasma [13]. Although the exact 
mechanism is still unclear, ribavirin phosphate is assumed to delay 
ATP-dependent transport systems by competing with ATP on the cell 
membranes of RBCs, thus potentially interfering with the erythrocyte 
membrane stabilization. 

Certain adenosine analogues such as ribavirin have been shown to 
inhibit the activity of S-adenosylhomocysteine hydroxilase (AHCY) 
in erythrocyte lysates [14]. Ribavirin (an inosinate dehydrogenase 
inhibitor), in addition to its recognized mechanisms of action, also 
has an inhibitory effect on the activity of AHCY, which may be an 
important component of its antiviral efficacy [14]. Homocysteine is a 
metabolic intermediate of demethylated methionine [15]. The first step 
in this reaction is the formation of S-adenosyl methionine (AdoMet), 
which is then demethylated into S-adenosylhomocysteine (AdoHcy) 
[15]. AdoHcy is hydrolyzed into adenosine and homocysteine 
(Hcy) by AHCY [15]. The thermodynamics of this reaction strongly 
induce AdoHcy synthesis. However, as both products are rapidly 
removed, the breakdown of AdoHcy is usually predominant in in vivo 
conditions [15]. 

AdoMet is an important methyl donor that participates in 
numerous transmethylation reactions [15]. AdoHcy, the metabolite 
of AdoMet, competes with the AdoMet binding sites, and is a 
strong inhibitor of methyltransferase enzymes, and a non-cytotoxic 
hypomethylation agent [16]. The concurrent reduction in AdoMet 
levels and increase in AdoHcy levels inhibit the methylation of various 
tissue components, including proteins, DNA, RNA, phospholipids 
and other small molecules [15]. Furthermore, these modifications in 
erythrocytes are not characteristic of patients with homocysteinemia 
and homocystinuria [17]. 

Methylenetetrahydrofolate reductase (MTHFR) is an important 
enzyme in folate metabolism [18,19]. MTHFR causes the irreversible 
conversion of 5,10 methylenetetrahydrofolate (5,10-methylenee 
THF), into 5-methyl tetrahydrofolate (5-methyl THF) [19-21]. 
5-methyl THF provides the methyl group for DNA methylation and 
methionine synthesis [20-22]. 5,10-methylenee THF, on the other 
hand, is utilized in the conversion of deoxyuridilate into timidilate, 
meanwhile being oxidated into 10-formyl THF for purine synthesis 
[20,21]. A polymorphism in the MTHFR gene (most commonly, 

Introduction
Ribavirin is a purine nucleoside analogue [1]. Even though its 

mechanism of action is still controversial, it widely prevents the 
replication of DNA and RNA viruses through the inhibition of inosine 
monophosphate dehydrogenase, an essential enzyme in the synthesis 
of guanosine triphosphate [1]. The final step of this chain is the 
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C677T polymorphism) diminishes enzyme activity [22,23]. The 
reduced MTHFR activity leads to a decrease in 5-methyl THF 
levels, and increases in 5,10-methylene THF levels and plasma 
homocysteine levels [18,20-23]. The prevalence of A1298C and 
C677T polymorphism greatly varies in different populations, and 
according to age [24]. When A1298 and C667T polymorphisms are 
heterozygous, the activity of the MTHFR enzyme is only 50-60% 
of the expected enzyme activity [24]. This activity is lower than the 
activity in subjects who are heterozygous for C677T polymorphism 
[24].

MTHFR is a key enzyme in single-carbon metabolism. 
Methyltetrahydrofolate, a product of the reduction of 
methylenetetrahydrofolate by MTHFR, provides methyl groups 
for various biological methylation reactions, and single-carbon 
units for timidine and purine synthesis [15-17]. It is also used as 
the methyltetrahydrofolate methyl donor in the catalysis of Hcy 
into methionine, by methionine synthetase [15,17]. The reduction 
in MTHFR activity results in the augmentation of Hcy levels. 
Intracellular Hcy is derived from AdoHcy by AHCY [15]. This is 
a dynamic, balanced reversible reaction that tends more strongly 
towards AdoHcy synthesis, rather than hydrolysis [15]. Therefore, 
the efficient metabolic removal of Hcy is necessary for the prevention 
of AdoHcy accumulation [15]. The toxicity of intracellular AdoHcy 
accumulation is the result of the inhibition of numerous AdoMet-
dependent methyltransferases [15]. The action of ribavirin is also 
dependent on AHCY [14]. Ribavirin may block all transmethylation 
processes through the increase in AdoHcy, that results from the 
interruption of the demethylated conversion of AdoMet into AdoHcy 
by inhibiting AHCY in the homocysteine metabolism. Thus, genetic 
modifications in MTHFR and AHCY may have a role in ribavirin-
induced anemia [25-29]. The aim of this study is to investigate the 
effect of AHCY gene variations and MTHFR genetic polymorphisms 
on ribavirin-induced anemia.

Materials and Methods
Patients

Patients who presented to our gastroenterology outpatient clinic 
were diagnosed with chronic C hepatitis, and received treatment with 
interferon (conventional or pegylated) and ribavirin (weight-adjusted 
dose; 800 mg/day for <65 kg, 1000 mg/day for 65-85 kg, and 1200 mg/
day for ≥ 85 kg) were included in this study. Patient data obtained 
from their medical records by retrospective screening. The ribavirin 
dose was reduced by 200 mg when hemoglobin levels were below 10 g/
dl, and ribavirin treatment was discontinued when hemoglobin levels 
were below 8.5 g/dl. A ≥ 2-gram decline in hemoglobin levels was 
significant in terms of treatment-related anemia. Patients were thus 
allocated into two groups: those with or without anemia. The date 
and treatment week of the lowest hemoglobin level was recorded. The 
delta hemoglobin level was calculated by the subtraction of the lowest 
hemoglobin value from baseline hemoglobin levels. Besides baseline 
hemoglobin, platelet count, AST, ALT, GGT, LDH levels and body 
mass index [Weight (kilograms)/Height (meters)2], concomitant 
therapies with ribavirin (conventional interferon or pegylated 
interferon), were recorded for all patients. Following approval by 
the Mersin University School of Medicine’s Ethics Committee 
(06.03.2006-8), informed written and verbal consent was obtained 
from all participants. 

DNA extraction and analysis

A blood sample was drawn from each individual. Venous blood 
samples were collected in tubes containing ethylenediaminetetraacetic 
acid (EDTA). DNA was extracted from whole blood by salting out 
procedure [30].

Molecular analysis of MTHFR C677T and A1298C 
polymorphisms

Polymerase Chain Reaction and Restriction Fragment Length 
Polymorphism (PCR-RFLP) assays were used to determine MTHFR 
C677T and A1298C polymorphisms. The primer pairs used were for-
ward 5’-TGAAGGAGAAGGTGTCTGCGGGA-3’, reverse 5’-AG-
GACGGTGCGGTGAGAGTG-3’ for MTHFR C677T polymorphism 
[23,24], and forward 5’-TGAAGGAGAAGGTGTCTGCGGGA-3’ 
reverse 5’-AGGACGGTGCGGTGAGAGTG -3’ for MTHFR A1298C 
polymorphism [22]. PCR was performed in a 25 μl volume with 100 
ng DNA, 100 μM dNTPs, 20 pmol of each primer, 1,5 mM MgCl2, 
1×PCR buffer with (NH4)2SO4 (Fermentas), and 1 U Taq DNA poly-
merase (Fermentas). Amplification was performed on an automated 
Thermal Cycler (Techne Flexigene, Cambridge, UK). PCR conditions 
were 2 minutes for initial denaturation at 95°C; 35 cycles at 95°C for 
45 seconds for denaturation, 1 minute at 60°C for annealing (30 sec-
onds at 64°C for MTHFR A1298C polymorphism), and 1.5 minutes at 
72°C for extension, followed by 7 minutes at 72°C for final extension. 
PCR products were digested with specific restriction enzymes. Diges-
tion of the PCR product was carried out using 10 U HinfI (Fermen-
tas), for MTHFR C677T polymorphism, and 10 U SatI (Fermentas) 
for MTHFR A1298C polymorphism, overnight at 37°C. The HinfI 
restricted products of MTHFR C677T; genotypes CC, CT and TT 
had band sizes of 198 bp, 198 bp/175 bp/23 bp and 175 bp/23 bp, 
respectively. The SatI restricted products of MTHFR A1298C; geno-
types AA, AC and CC had band sizes of 138 bp, 138 bp/119 bp/19 bp 
and 119 bp/19 bp, respectively. The digest products were resolved at 
120 V for 30-40 minutes on a 3.5% agarose gel containing 0.5 μg/ml 
ethidium bromide.

Molecular analysis of AHCY 5’ UTR-34 C→T, AHCY Exon 
2 Arg38Trp 112 C→T and AHCY Exon 4 Try143Cys A→G 
variations

PCR-RFLP assays were used to determine AHCY-34 C→T, AHCY 
112 C→T and AHCY Try143Cys A→G variations. The primer pairs 
used were forward 5’-CGCCACGCGCATATCCCTG-3’, reverse 
5’-CCCCCGCCACGAACAAGC-3’ for AHCY -34 C→T variations 
[31], and forward 5’-GTGACCGCCCCTCTTGGTTGG-3’ reverse 
5’-CCACCCTGGCACAGTCGTCTTC-3’ for AHCY 112C→T varia-
tions [32], and forward 5’-GTTGGGAAGGAGGTAGTTTTGGC-3’, 
reverse 5’-GCTGCTTGAGGTGATGGGAGTC-3’ for AHCY Try 
143Cys A→G variations [32]. PCR was performed in a 25 μl volume 
with 100 ng DNA, 100 μM dNTPs, 20 pmol of each primer, 1,5 mM 
MgCl2, 1×PCR buffer with (NH4)2SO4 (Fermentas), and 1 U Taq 
DNA polymerase (Fermentas). Amplification was performed on an 
automated Thermal Cycler (Techne Flexigene, Cambridge, UK). PCR 
conditions were 2 minutes for initial denaturation at 95°C; 35 cycles at 
95°C for 45 seconds for denaturation, 1 minute at 58°C for annealing 
and 1.5 minutes at 72°C for extension, followed by 7 minutes at 72°C 
for final extension. PCR products were digested with specific restric-
tion enzymes. Digestion of the PCR product was carried out using 
10 U MnlI (Fermentas) for AHCY-34C→T variations, and 10 U MbiI 
(Fermentas) for AHCY 112C→T variations, and 10 U SduI (Fermen-
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tas) overnight at 37°C. The MnlI restricted products of AHCY-34C→T 
variations; genotypes CC, CT and TT had band sizes of 148 bp/47 bp, 
148 bp/121 bp/47 bp/27 bp and 121 bp/47 bp/27 bp, respectively. The 
MbiI restricted products of AHCY 112C→T variations; genotypes CC, 
CT and TT had band sizes of 189 bp/149 bp, 338 bp/189 bp/149 bp 
and 338 bp, respectively. The SduI restricted products of AHCY Try 
143Cys A→G variations; genotypes AA, AG and GG had band sizes 
of 179 bp/171 bp, 179 bp/171 bp/120 bp/59 bp, and 171 bp/120 bp 
/59 bp, respectively. The digest products were resolved at 120 V for 
30-40 minutes on a 3.5% agarose gel containing 0.5 μg/ml ethidium 
bromide. 

A GeneRuler 100 bp DNA ladder marker (Fermantas), was used 
as a size standard for each gel lane. The gel was visualized under UV 
light, using a gel electrophoresis visualizing system (Vilber Lourmat 
Marne La Vallée, France). Genotyping was based upon independent 
scoring of the results by two reviewers, who were unaware of case/
control status.

Statistical analysis

The correlation between anemia and considered risk factors was 
determined by the multiple binary logistic regression models. The 
balance of genotypes, according to the Hardy-Weinberg principle, 
was evaluated by the chi-square test. The one-way variance analysis 
was used for delta values, in the comparison of carrier and normal 
genotypes, and comparison of the three genotypes. The comparisons 
for maximum hemoglobin reduction, delta Hb, ribavirin dose 
reduction, and ribavirin discontinuation and between genders were 
performed by the chi-square test. The statistical significance level 
was set at P<0.05. The SPSS (version 11.5) program was used for 
computerized data analyses.

Results
85 patients who had been diagnosed with chronic C hepatitis 

and received treatment with interferon (conventional or pegylated), 
and ribavirin combination therapy, were included in the study to 
determine MTHFR C677T, MTHFR A1298C gene polymorphisms 
and AHCY 5’ UTR-34 C→T, AHCY Exon 2 Arg38Trp 112 C→T, 
AHCY Exon 4 Try143Cys A→G variations. The allele and genotypes 
of MTHFR C677T, MTHFR A1298C gene polymorphisms and 
AHCY -34 C→T, AHCY 112 C→T, AHCY4 Try143Cys A→G gene 
variations were verified by PCR and RFLP methods. The prevalence 
of anemia was 61.17% (52/85). The ribavirin dose had been reduced in 
31 patients (36.47%), and discontinued in 9 (10.58%) patients. There 
was no difference between the two groups in terms of gender, body 
mass index, hemoglobin level, platelet count, ALT, AST, GGT, LDH, 
type of interferon, and gene polymorphisms and genetic variations 
(Table 1). In the comparison of risk factors between the two groups, 
patients’ age showed the only marked relationship. The risk of anemia 
increased 1.112-fold (OR) with age, and this result was statistically 
significant (p=0.009). The mean age of the 33 subjects in the group 
who did not develop anemia was 48.51 ± 8.15 years, while the mean 
age of the 52 subjects in the group who had anemia was 53.01 ± 8.21 
years (p=0.016). 

Of the 85 individuals with HCV that were included in the study, 
55 were female and 30 male. Mean age was 52.74 ± 8.55 years in 
female patients, and 48.56 ± 7.64 years in male patients (p=0.028). 
There was no correlation between gender and development of 
anemia (p=0.737). Ribavirin dose reductions were required in 28 

patients (25 female, 3 male) in the group with anemia (55.76%), 
and 3 patients (3 female) in the group without anemia (9.09%). 
The three dose reductions in the group without anemia were due 
to complaints of severe fatigue and weakness, despite Hb levels 
above 10 g/dl, and the difference between the two groups in terms 
of treatment discontinuation was significant (p=0.001). All 9 patients 
who discontinued treatment were female, and were in the group 
who developed anemia (p=0.019). In the comparison of genders in 
terms of genotype and allele distribution of gene polymorphisms and 
variations; there was no significant difference for MTHFR C677T, 
MTHFR A1298C, AHCY-34 C→T and AHCY 112 C→T (p=0.175, 
p=0.582, p=0.458 and p=0.458, respectively). The distribution of the 
AHCY Try143Cys A→G variation was constant between genders, and 
thus, a statistical analysis was not carried out. 

43 patients had received conventional interferon and ribavirin, 
while 42 patients had received pegylated interferon and ribavirin. 27 
of the 43 patients on conventional interferon and ribavirin (51.9%), 
and 25 of the 42 patients on pegylated interferon and ribavirin (48.1%) 
had developed anemia. There was no significant difference between 
treatment modalities in terms of the prevalence of anemia (p=0.543).

The lowest level of hemoglobin, 10.99 ± 1.72 g/dl, was reached 
in 9.74 ± 7.86 weeks, with an average of 2.51 ± 1.46 g/dl reduction. 
The lowest level of hemoglobin occurred in 11.84 ± 9.13 weeks in the 
group who developed anemia, and 6.42 ± 3.25 weeks in the group 
without anemia (p=0.002). The maximum drop in Hb levels was 
12.06 ± 1.36 g/dl in the group without anemia, and 10.31 ± 1.59 g/dl 
in the group who developed anemia (p=0.0001). Delta Hb was 1.12 ± 
0.80 g/dl anemia in the group without anemia, and 3.40 ± 1.03 g/dl 
in the group who developed anemia; this difference was statistically 
significant, i.e. delta Hb was higher in patients who developed anemia 
(p=0.0001).

Distribution of genotypes and alleles in MTHFR C677T 
gene polymorphism

Upon comparison of the two groups in terms of MTHFR C677T 

Criterion Group with Anemia 
(n=52)

Group without 
Anemia (n=33) p

Age (years, mean ± SD) 53.01 ± 8.21 48.51 ± 8.15 0.016

Gender (F/M) 33/19 22/11 0.737

Body Mass Index 27.03 ± 4.08 26.13 ± 3.37 0.316

Hemoglobin (g/dl) 13.70 ± 1.36 13.18 ± 1.82 0.135

Platelet count (/mm3) 192115 ± 62223 195303 ± 79336 0.837

ALT (IU) 82.30 ± 93.57 76,48 ± 72.61 0.762

AST (IU) 66.15 ± 71.78 62.66 ± 46.25  0.805

GGT (IU) 60.68 ± 68.11 48.69 ± 42.75 0.362

LDH (IU) 309.59 ± 80.57 319.45 ± 81.75  0.586

Time of hemoglobin 
reduction (weeks) 11.84 ± 9.13 6.42 ± 3.25 0.002

Minimum hemoglobin 
level (g/dl) 10.31 ± 1.59 12.06 ± 1.36 0.0001

Delta hemoglobin 3.40 ± 1.03 1.12 ± 0.80 0.0001

Dose reduction (n (%)) 28 (55.76) 3 (9.09) 0.001

Discontinuation of drug 
(n (%)) 9 (17.30) 0 (0) 0.019

Table 1: Patient characteristics.
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polymorphism, 52 of the 85 individuals carried genotype C/C 
(61.2%), 24 genotype C/T (28.2%), and 9 had genotype T/T (10.6%). 
Distribution according to gender was found to be 34 genotype 
C/C (61.8%), 13 genotype C/T (23.6%), 8 genotype T/T (14.5%) in 
female and 18 genotype C/C (60.0%), 11 genotype C/T (36.7%), 1 
genotype T/T (3.3%), in 30 male patients. There was no difference in 
distribution across genders (p=0.175) (Figure 1).

In the evaluation of the two groups in terms of MTHFR C677T 
polymorphism, 33 of the 52 anemic subjects were genotype C/C 
(63.5%), 12 genotype C/T (23.1%), and 7 genotype T/T (13.5%), while 
in the group without anemia (n=33), distribution of genotypes were 
19 (57.6%), 12 (36.4%) and 2 (6.1%), respectively (Figure 2).

In the evaluation of the mean reduction in hemoglobin levels, 
according to MTHFR C677T polymorphism, there was no difference 
between genotypes (p=0.623).

Genotype T/T of MTHFR C677T gene polymorphism was 6.029-
fold more prevalent in anemic patients, compared with genotype 
C/C. However, this result was statistically insignificant (p=0.137).

We investigated the balance of genotypes of MTHFR C677T 
gene polymorphism, according to the Hardy-Weinberg principle, 
in groups with and without anemia. While results were balanced in 
the group without anemia (chi-square=0.20, SD=2), results in the 
group that developed anemia was aberrant, according to the Hardy-
Weinberg principle (chi-square=7.5, SD=2, P=0.024). Our results 
show that genotypes C/C and T/T are more prevalent than would 
be expected in the group with anemia, while genotype C/T is less 
common than would be anticipated.

Distribution of genotypes and alleles in MTHFR A1298C 
gene polymorphism 

Upon comparison of the two groups in terms of MTHFR A1298C 
polymorphism, we were not able to obtain any results in 3 individuals. 
30 of the remaining 82 subjects had genotype A/A (36.6%), 27 
genotype A/C (32.9%), and 25 genotype C/C (30.5%). Distribution 
according to gender was found to be 20 genotype A/A (38.5%), 15 
genotype A/C (28.8%), 17 genotype C/C (32.7%) among the 52 
female patients, and 10 genotype A/A (33.3%), 12 genotype A/C 
(40%), 8 genotype C/C (26.7%), among the 30 male patients. There 
was no difference in distribution across genders (p=0.582) (Figure 3). 

Upon comparison of the two groups in terms of MTHFR 
A1298C polymorphism, of the 50 patients who developed anemia, 
18 were genotype A/A (36%), 14 genotype A/C (28%), 18 genotype 
C/C (36%), while the corresponding numbers in the group without 

anemia (n=32) was 12 (37.5%), 13 (40.6%) and 7 (21.9%), respectively 
(Figure 4).

In the evaluation of the mean reduction in hemoglobin levels 
according to MTHFR A1298C polymorphism, there was no 
significant difference between genotypes (p=0.159).

Although genotype C/C of the MTHFR A1298C gene 
polymorphism was 3.586-fold more prevalent in anemic patients 
compared with genotype A/A, this difference was statistically 
insignificant (p=0.124). We investigated the balance of genotypes 
of MTHFR A1298C gene polymorphism, according to the Hardy-
Weinberg principle, in groups with and without anemia, and found 
that while results were balanced in the group without anemia (chi-
square=0.91, SD=2), results in the group that developed anemia 
were aberrant according to the Hardy-Weinberg principle (chi-
square=7.68, SD=2, P=0.021). Our results show that genotypes A/A 
and C/C are more prevalent than would be expected in the group 
with anemia, while genotype A/C is less common than would be 
anticipated.

Distribution of genotypes and alleles in the AHCY 5’UTR-
34 C→T variation

Upon evaluation of the two groups in terms of AHCY-34 C→T 
variations, 84 of the total 85 subjects were genotype C/C (98.8%), 
and 1 genotype C/T (1.2%). We did not encounter any patients 
with genotype T/T. Upon comparison of the two groups in terms of 
AHCY-34 C→T, all 52 patients who developed anemia were genotype 
C/C (100%), while patients without anemia (n=33) were 32 genotype 
C/C (97%) and 1 genotype C/T (3%). Mean reduction in hemoglobin 
levels, according to AHCY variations, could not be evaluated due to 
the low prevalence in our study population.

Figure 1: Distribution of MTHFR 677 C/T genotypes according to gender 
(White columns indicate female, and gray columns male patients).
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Figure 2: Distribution of MTHFR 677 C/T genotypes by patient group (White 
columns indicate the group who developed anemia, and gray columns the 
group without anemia).
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Figure 3: Distribution of MTHFR 1298 A/C genotypes according to gender 
(White columns indicate female, and gray columns male patients). 
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Distribution of genotypes and alleles in the AHCY Exon 2 
Arg38Trp 112 C→T variation

In the evaluation of the two groups in terms of AHCY 112 C→T 
variations, 84 of the total 85 subjects were genotype C/C (98.8%) and 
1 was genotype C/T (1.2%); there were no genotype T/T subjects. 
Upon comparison of the two groups in terms of AHCY 112 C→T, all 
52 patients who developed anemia (%100) were genotype C/C, while 
patients without anemia (n=33) were 32 (97%) genotype C/C, and 1 
(3%) genotype C/T.

Distribution of genotypes and alleles in the 4.5. AHCY Exon 
4 Try143Cys A→G variation 

In the evaluation of the two groups in terms of AHCY Try143Cys 
A→G conversion, all 84 patients were genotype A/A (100%). We did 
not encounter any patients with genotype A/G or G/G. A statistical 
assessment was therefore not possible.

Discussion
Our study results indicate that C677T and A1298C polymorphisms 

of MTHFR and AHCY-34 C→T, AHCY 112 C→T, AHCY Try143Cys 
A→G variations of AHCY do not constitute a risk factor for ribavirin-
induced anemia. We determined that genotype T/T of the MTHFR 
C677T gene polymorphism is 6.029-fold more prevalent than 
genotype C/C in patients who develop anemia, but this difference was 
statistically insignificant (p=0.137). Meanwhile, genotype C/C of the 
MTHFR A1298C gene polymorphism was 3.586-fold more prevalent 
than genotype A/A in patients who develop anemia, but again, this 
difference was statistically insignificant (p=0.124). 

The superior efficacy of interferon (IFN)/ribavirin combination 
therapy, as opposed to single-agent treatment in patients with 
HCV infection has been demonstrated, and hemolytic anemia is 
an important side effect of treatment with ribavirin. Anemia is 
possibly the most important hematological defect related to IFN/
ribavirin therapy, and besides the decline in health-related quality 
of life, it may be the major influential factor of fatigue [31]. In 
a meta-analysis of three large studies comparing conventional 
interferon and pegylated interferon (Peginterferon), deterioration 
of the fatigue score was established as the main indicator of anemia, 
resulting in the discontinuation of treatment [32]. Untimely dose 
reduction or cessation of antiviral therapy undermines the efficacy of 
antiviral treatment. In multi-center clinical studies of IFN/ribavirin 
combination therapy for HCV infection, dose reduction due to 
anemia was required in 23% of all patients [33-35]. Discontinuation 

of therapy was rare in these studies. Conversely, the ratio of 
discontinuation was found to be higher in real-life settings (outside 
of clinical studies). Gaeta et al. [32] demonstrated that anemia was 
the leading cause of premature cessation of therapy in IFN/ribavirin 
combination treatment, responsible for 36% of all discontinuations, 
and that untimely cessation of therapy due to anemia occurred in 
8.8% of all patients. Significant anemia (hemoglobin <10 g/dL) is 
observed in 9-13% of patients receiving IFN/ribavirin treatment 
(99), moderate anemia (hemoglobin <11 g/dL) in 30% [36]. The 
average maximum reduction in hemoglobin levels was 3.1 g/dL with 
ribavirin plus conventional interferon, and 3.7 g/dL with ribavirin 
plus pegylated interferon [36-38]. Ribavirin causes various degrees of 
erythrocyte hemolysis in nearly all patients, and necessitates a dose 
reduction in 7-9% of patients under combination therapy [2,3,33-35].

The prevalence of anemia in our study was 61.17% (52/85). 
The higher frequency compared to that reported in the literature 
may be attributable to our definition of anemia as a ≥2 g/dl drop in 
hemoglobin levels. Ribavirin dosage was decreased in 31 patients 
(36.47%), and ribavirin treatment was discontinued in 9 (10.58%); 
these ratios are consistent with those reported in the literature [37].

Ribavirin concentrations reach steady state within 2-4 weeks 
with continuous dosing [38]. Hematocrit levels generally reach the 
lowest values within 2-8 weeks after initiation of therapy; this is the 
phase when ribavirin reaches its highest concentration. After this, 
hematocrit values are stable, and return to baseline values following 
cessation of therapy [39,40]. The patients in our study group showed 
a mean reduction of 2.5 g/dl in hemoglobin levels within 10 weeks 
after initiation of therapy, and minimum values of around 11 g/dl 
were reached within the following week.

Little is known about the mechanism of anemia developing during 
IFN/ribavirin combination therapy for HCV infection. Ribavirin 
causes dose-dependent and reversible hemolytic anemia. Once inside 
the red blood cells, ribavirin undergoes phosphorylation to its active 
form, that causes depletion of adenosine triphosphate and ribavirin 
triphosphate, which interrupts cellular functions, accumulates inside 
the erythrocytes [41,42]. The accumulation of ribavirin triphosphate 
inside the RBCs disrupts antioxidant mechanisms on the erythrocyte 
membrane and causes oxidative damage, which leads to the removal 
of the damaged erythrocytes by the reticuloendothelial system [42]. It 
has been demonstrated that interferon interrupts the compensatory 
reticulocyte response against ribavirin-induced hemolytic anemia, 
and that the suppression of bone marrow by interferon contributes to 
the anemia related to combination therapy [3,43].

When erythrocytes are exposed to in-vitro ribavirin, the osmotic 
fragility and deformability of red blood cells is maintained [44]. 
Ribavirin in high doses inhibits the release of erythrocytes from the 
bone marrow; ribavirin shortens the life cycle of erythrocytes (30-69 
days), and also diminishes erythrocyte mass [44,45]. 

Little is known about the variables that influence the development 
of hemolytic anemia in patients receiving treatment for HCV 
infection. A study on 244 patients with chronic HCV has reported 
that three factors have an effect on ribavirin-related hemolysis: pre-
treatment platelet count, the amount of interferon alfa administered, 
and haptoglobin phenotype [46]. A possible explanation that has 
been contended for haptoglobin phenotype, the third factor that 
affects anemia, is that haptoglobin phenotypes differ in the extent 

Figure 4: Distribution of MTHFR 1298 A/C genotypes by patient group (White 
columns indicate the group who developed anemia, and gray columns the 
group without anemia). 
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of intracellular migration of ribavirin or competitive intracellular 
migration of ribavirin [42]. 

Interferon alfa, acknowledged to have a suppressive effect on the 
bone marrow, contributes to anemia in these patients, when given 
in high doses [47,48]. Nomura et al. [47] established a significant 
correlation between the female gender, advanced age (>60 years), 
and weight-adjusted ribavirin dosage (>12 mg/kg), and anemia. The 
only factor that posed a risk for the development of anemia in our 
study was age. The risk of anemia increased 1.112-fold with age. Of 
the 85 subjects with HCV that were included, 55 were female and 30 
male. The mean age of female patients was statistically significantly 
higher than male patients. In both groups, the majority of individuals 
that required a dose reduction were female. All 9 patients who 
discontinued treatment were female. Despite these findings, we could 
not establish a correlation between gender and the development of 
anemia.

The decrease in hemoglobin levels during IFN/ribavirin 
combination therapy may be due the level of ribavirin in erythrocytes. 
Two studies that investigated the correlation between erythrocyte 
ribavirin concentrations and alterations in hematological criteria 
in patients receiving IFN/ribavirin therapy for the eradication of 
HCV, reported that the overload of ribavirin, and its phosphorylated 
metabolite inside the erythrocyte is related to the decrease in 
hemoglobin levels, that causes interferon/ribavirin-induced anemia 
[49,50]. 

Furthermore, in-vitro studies have shown that RBCs of patients 
who develop hemolytic anemia during HCV treatment are more 
susceptible to oxidative stress [50]. Marked differences have been 
ascertained in the oxidative stress markers and membrane proteins 
of patients, with or without a history of ribavirin-induced anemia 
[50]. These findings suggest that there exist risk factors related to 
erythrocytes for ribavirin-induced anemia. It has been suggested 
that the augmented susceptibility of erythrocytes to oxidative stress, 
and modifications in the erythrocyte membrane content may be a 
result of alterations in the AdoMet/AdoHcy ratio inside erythrocytes 
that is caused by ribavirin; however; this has not been investigated 
[51]. It has been shown that total cholesterol, total phospholipids 
and the cholesterol/phospholipid ratio distinctly increase in the 
erythrocyte membrane lipid contents in patients receiving IFN/
ribavirin treatment [52]. While phosphatidylcholine and the ratio 
of phosphatidylcholine/sphingomyelin ratio is diminished, other 
phospholipid fractions is increased [52]. These findings indicate that 
there are changes in the serum lipid and erythrocyte membrane lipid 
profile of patients with chronic HCV; who are treated with interferon 
and ribavirin [52]. It is particularly contended that these changes in 
the erythrocyte membrane lipids lead to a decrease in erythrocyte 
resilience and membrane viscosity, and may result in the hemolytic 
anemia related to IFN/ribavirin treatment [52].

The frequency of MTHFR A1298C lower than that of C677T, 
and the incidence of A1298C homozygosis is 9% [29,36]. We found 
a proportion of 36.6% genotype A/A, 32.9% genotype A/C, and 
30.5% genotype C/C for MTHFR A1298C. The incidence of A1298C 
homozygosis in our study is considerably higher than reported in the 
literature. We are unable to explain this higher ratio at this time. The 
reported incidence of MTHFR C677T homozygosis is 1-20% [53]. In 
the 85 patients in our study, we found a proportion of 61.2% genotype 

C/C, 28.2% genotype C/T, and 10.6% genotype T/T for MTHFR 
C677T. 

Gellekink et al. [25] investigated AHCY-34 C→T and AHCY 
112 C→T gene variations in 172 patients with recurrent venous 
thrombosis. They found a ratio of 96.5% genotype C/C, 3.5% genotype 
C/T, and no genotype T/T in AHCY-34 C→T [25]; 94.2% genotype 
C/C, 5.8% genotype C/T, and no genotype T/T in AHCY 112 C→T 
[25]. They concluded that this gene variation was a minor risk factor 
in recurring venous thrombosis [25]. In our study, we observed 98.8% 
genotype C/C, 1.2% genotype 2 C/T, and no genotype T/T for both 
AHCY-34 C→T and AHCY 112 C→T gene variations. We did not 
encounter any AHCY Try143Cys A→G alleles.

In conclusion, although both MTHFR and AHCY play an 
important role in methionine metabolism and hypomethylation, we 
could not establish any correlation in this first study, investigating the 
impact of genetic defects that may cause alterations in the activity of 
these enzymes on IFN/ribavirin-induced anemia. However, even if it 
does not pose a risk for the development of anemia, genotype T/T of 
the MTHFR C677T gene polymorphism was approximately 6-fold, 
and genotype C/C of the MTHFR A1298C gene polymorphism 
around 3.5-fold more prevalent in patients who developed anemia. 
Further studies are needed to conclusively verify the lack of any effect 
of these gene polymorphisms on IFN/ribavirin-induced anemia. 
Since the risk of ribavirin-induced anemia increases with age, elderly 
patients should be closely monitored for anemia during treatment.
Support

This study was supported by the Mersin University Scientific Research 
Projects Unit (Project Nr. SBE TTB ZA 2005 03 YL).

References

1. Cameron CE, Castro C (2001) The mechanism of action of ribavirin: lethal 
mutagenesis of RNA virus genomes mediated by the viral RNA-dependent 
RNA polymerase. Curr Opin Infect Dis 14: 757-764. 

2. Poynard T, Marcellin P, Lee SS, Niederau C, Minuk GS, et al. (1998) 
Randomised trial of interferon alpha2b plus ribavirin for 48 weeks or for 24 
weeks versus interferon alpha2b plus placebo for 48 weeks for treatment of 
chronic infection with hepatitis C virus. International Hepatitis Interventional 
Therapy Group (IHIT). Lancet 352: 1426-1432. 

3. McHutchison JG, Gordon SC, Schiff ER, Shiffman ML, Lee WM, et al. (1998) 
Interferon alfa-2b alone or in combination with ribavirin as initial treatment for 
chronic hepatitis C. Hepatitis Interventional Therapy Group. N Engl J Med 
339: 1485-1492. 

4. Saab S, Martin P (1999) Hemolytic anemia and the treatment of chronic 
hepatitis C. J Clin Gastroenterol 28: 289-290. 

5. Tappero G, Ballaré M, Farina M, Negro F (1998) Severe anemia following 
combined alpha-interferon/ribavirin therapy of chronic hepatitis C. J Hepatol 
29: 1033-1034. 

6. Di Bisceglie AM, Shindo M, Fong TL, Fried MW, Swain MG, et al. (1992) A 
pilot study of ribavirin therapy for chronic hepatitis C. Hepatology 16: 649-
654. 

7. Main J (1995) Future studies of combination therapy for chronic hepatitis C: 
optimizing response rates for each hepatitis C population. J Hepatol 23: 32-
35. 

8. Reichard O, Schvarcz R, Weiland O (1997) Therapy of hepatitis C: alpha 
interferon and ribavirin. Hepatology 26: 108S-111S.

9. Sparrelid E, Ljungman P, Ekelöf-Andström E, Aschan J, Ringdén O, et al. 
(1997) Ribavirin therapy in bone marrow transplant recipients with viral 
respiratory tract infections. Bone Marrow Transplant 19: 905-908. 

10. Shulman NR (1984) Assessment of hematological effects of ribavirin in 
humans. Clinical Applications of Ribavirin, Academic Press, New York, USA 
79-92.

http://www.ncbi.nlm.nih.gov/pubmed/11964896
http://www.ncbi.nlm.nih.gov/pubmed/11964896
http://www.ncbi.nlm.nih.gov/pubmed/11964896
http://www.ncbi.nlm.nih.gov/pubmed/9807989
http://www.ncbi.nlm.nih.gov/pubmed/9807989
http://www.ncbi.nlm.nih.gov/pubmed/9807989
http://www.ncbi.nlm.nih.gov/pubmed/9807989
http://www.ncbi.nlm.nih.gov/pubmed/9807989
http://www.ncbi.nlm.nih.gov/pubmed/9819446
http://www.ncbi.nlm.nih.gov/pubmed/9819446
http://www.ncbi.nlm.nih.gov/pubmed/9819446
http://www.ncbi.nlm.nih.gov/pubmed/9819446
http://www.ncbi.nlm.nih.gov/pubmed/10372922
http://www.ncbi.nlm.nih.gov/pubmed/10372922
http://www.ncbi.nlm.nih.gov/pubmed/9875657
http://www.ncbi.nlm.nih.gov/pubmed/9875657
http://www.ncbi.nlm.nih.gov/pubmed/9875657
http://www.ncbi.nlm.nih.gov/pubmed/1505907
http://www.ncbi.nlm.nih.gov/pubmed/1505907
http://www.ncbi.nlm.nih.gov/pubmed/1505907
http://www.ncbi.nlm.nih.gov/pubmed/8720292
http://www.ncbi.nlm.nih.gov/pubmed/8720292
http://www.ncbi.nlm.nih.gov/pubmed/8720292
http://www.ncbi.nlm.nih.gov/pubmed/9305674
http://www.ncbi.nlm.nih.gov/pubmed/9305674
http://www.ncbi.nlm.nih.gov/pubmed/9156264
http://www.ncbi.nlm.nih.gov/pubmed/9156264
http://www.ncbi.nlm.nih.gov/pubmed/9156264


Citation:  Altintas ZM, Altintas E, Sezgin O, Edgunlu TG, Ucbilek E, et al. (2013) The Effect of Genetic Variations of Methylene Tetrahydropholate Reductase 
Gene Polymorphisms on Ribavirin-Induced Anemia in Hepatitis C Patients. J Liver: Dis Transplant 2:1.

• Page 7 of 8 •

doi:http://dx.doi.org/10.4172/2325-9612.1000108

Volume 2 • Issue 1 • 1000108

11. Glue P (1999) The clinical pharmacology of ribavirin. Semin Liver Dis 19: 17-
24. 

12. Bizollon T, Palazzo U, Ducerf C, Chevallier M, Elliott M, et al. (1997) Pilot 
study of the combination of interferon alfa and ribavirin as therapy of recurrent 
hepatitis C after liver transplantation. Hepatology 26: 500-504. 

13. Laskin OL, Longstreth JA, Hart CC, Scavuzzo D, Kalman CM, et al. (1987) 
Ribavirin disposition in high-risk patients for acquired immunodeficiency 
syndrome. Clin Pharmacol Ther 41: 546-555. 

14. Fabianowska-Majewska K, Duley JA, Simmonds HA (1994) Effects of novel 
anti-viral adenosine analogues on the activity of S-adenosylhomocysteine 
hydrolase from human liver. Biochem Pharmacol 48: 897-903. 

15. Chiang PK, Gordon RK, Tal J, Zeng GC, Doctor BP, et al. (1996) 
S-adenosylmethionine and methylation. FASEB J 10: 471-480. 

16. De Cabo SF, Hazen MJ, Molero ML, Fernández-Piqueras J (1994) 
S-adenosyl-L-homocysteine: a non-cytotoxic hypomethylating agent. 
Experientia 50: 658-659. 

17. Perna AF, Ingrosso D, De Santo NG, Galletti P, Zappia V (1995) Mechanism 
of erythrocyte accumulation of methylation inhibitor S-adenosylhomocysteine 
in uremia. Kidney Int 47: 247-253. 

18. Rosenblatt DS (2001) Methylenetetrahydrofolate reductase. Clin Invest Med 
24: 56-59. 

19. Homberger A, Linnebank M, Winter C, Willenbring H, Marquardt T, 
et al. (2000) Genomic structure and transcript variants of the human 
methylenetetrahydrofolate reductase gene. Eur J Hum Genet 8: 725-729. 

20. Bagley PJ, Jacob S (1998) A common mutation in the methylenetetrahydrofolate 
reductase gene is associated with an accumulation of formylated 
tetrahydrofolates in red blood cells. Proc Natl Acad Sci U S A 95: 13217-
13220. 

21. Bailey LB, Duhaney RL, Maneval DR, Kauwell GP, Quinlivan EP, et al. 
(2002) Vitamin B-12 status is inversely associated with plasma homocysteine 
in young women with C677T and/or A1298C methylenetetrahydrofolate 
reductase polymorphisms. J Nutr 132: 1872-1878. 

22. Weisberg I, Tran P, Christensen B, Sibani S, Rozen R (1998) A second 
genetic polymorphism in methylenetetrahydrofolate reductase (MTHFR) 
associated with decreased enzyme activity. Mol Genet Metab 64: 169-172. 

23. Kim YL (2000) Methylenetetrahydrofolate reductase polymorphisms, folate, 
and cancer risk: a paradigm of gene-nutrient interactions in carcinogenesis. 
Nutr Rev 58: 205-209. 

24.  Födinger M, Hörl WH, Sunder-Plassmann G (2000) Molecular biology of 
5,10- methylenetetrahydrofolate reductase. J Nephrol 13: 20-33. 

25. Gellekink H, den Heijer M, Kluijtmans LA, Blom HJ (2004) Effect of genetic 
variation in the human S-adenosylhomocysteine hydrolase gene on total 
homocysteine concentrations and risk of recurrent venous thrombosis. Eur J 
Hum Genet 12: 942-948. 

26. Friedman G, Goldschmidt N, Friedlander Y, Ben-Yehuda A, Selhub J, et al. 
(1999) A Common mutation A1298C in human methylenetetrahydrofolate 
reductase gene: association with plasma total homocysteine and folate 
concentrations. J Nutr 129: 1656-1661. 

27. Frosst P, Blom HJ, Milos R, Goyette P, Sheppard CA, et al. (1995) A 
candidate genetic risk factor for vascular disease: a common mutation in 
methylenetetrahydrofolate reductase. Nat Genet 10: 111-113. 

28. Skibola CF, Smith MT, Kane E, Roman E, Rollinson S, et al. (1999) 
Polymorphisms in the methylenetetrahydrofolate reductase gene are 
associated with susceptibility to acute leukemia in adults. Proc Natl Acad Sci 
U S A 96: 12810-12815. 

29. van der Put NM, Gabreëls F, Stevens EM, Smeitink JA, Trijbels FJ, et 
al. (1998) A second common mutation in the methylenetetrahydrofolate 
reductase gene: an additional risk factor for neural-tube defects? Am J Hum 
Genet 62: 1044-1051. 

30. Miller SA, Dykes DD, Polesky HF (1988) A simple salting out procedure for 
extracting DNA from human nucleated cells. Nucleic Acids Res 16: 1215. 

31. Bernstein D, Kleinman L, Barker CM, Revicki DA, Green J (2002) Relationship 
of health-related quality of life to treatment adherence and sustained response 
in chronic hepatitis C patients. Hepatology 35: 704-708. 

32. Gaeta GB, Precone DF, Felaco FM, Bruno R, Spadaro A, et al. (2002) 
Premature discontinuation of interferon plus ribavirin for adverse effects: a 
multicentre survey in ‘real world’ patients with chronic hepatitis C. Aliment 
Pharmacol Ther 16: 1633-1639. 

33. Fried MW, Shiffman ML, Reddy KR, Smith C, Marinos G, et al. (2002) 
Peginterferon alfa-2a plus ribavirin for chronic hepatitis C virus infection. N 
Engl J Med 347: 975-982. 

34. Hadziyannis SJ, Sette H Jr, Morgan TR, Balan V, Diago M, et al. (2004) 
Peginterferon alfa-2a and ribavirin combination therapy in chronic hepatitis C: 
a randomized study of treatment duration and ribavirin dose. Ann Intern Med 
140: 346-355. 

35. PEG-Intron (2003) PEG-Intron (peginterferon alfa-2b) package insert 
Schering Corporation, Kenilworth, NJ, USA.

36. Maddrey WC (1999) Safety of combination interferon alfa-2b/ribavirin therapy 
in chronic hepatitis C-relapsed and treatment-naive patients. Semin Liver Dis 
19: 67-75. 

37. Lertora JJ, Rege AB, Lacour JT, Ferencz N, George WJ, et al. (1991) 
Pharmacokinetics and long-term tolerance to ribavirin in asymptomatic 
patients infected with human immunodeficiency virus. Clin Pharmacol Ther 
50: 442-449. 

38. Jen JF, Glue P, Gupta S, Zambas D, Hajian G (2000) Population 
pharmacokinetic and pharmacodynamic analysis of ribavirin in patients with 
chronic hepatitis C. Ther Drug Monit 22: 555-565. 

39. Tran TT, Martin P (2001) Chronic hepatitis C. Curr Treat Options Gastroenterol 
4: 503-510. 

40. Canonico PG, Kastello MD, Cosgriff TM, Donovan JC, Ross PE, et al. (1984) 
Hematological and bone marrow effects of ribavirin in rhesus monkeys. 
Toxicol Appl Pharmacol 74: 163-172. 

41. Jarvis SM, Thorn JA, Glue P (1998) Ribavirin uptake by human erythrocytes 
and the involvement of nitrobenzylthioinosine-sensitive (es)-nucleoside 
transporters. Br J Clin Pharmacol 123: 1587-1592. 

42. Van Vlierbergh H, Delanghe JR, De Vos M, Leroux-Roel G (2001) Factors 
influencing ribavirin-induced hemolysis. J Hepatol 34: 911-916. 

43. De Franceschi L, Fattovich G, Turrini F, Ayi K, Brugnara C, et al. (2000) 
Hemolytic anemia induced by ribavirin therapy in patients with chronic 
hepatitis C virus infection: role of membrane oxidative damage. Hepatology 
31: 997-1004. 

44. Furne JK, Springfield JR, Ho SB, Levitt MD (2003) Simplification of the end-
alveolar carbon monoxide technique to assess erythrocyte survival. J Lab 
Clin Med 142: 52-57. 

45. Hoofnagle JH, Di Bisceglie AM, Waggoner JG, Park Y (1993) Interferon 
alfa for patients with clinically apparent cirrhosis due to chronic hepatitis B. 
Gastroenterology 104: 1116-1121. 

46. Davis GL, Wong JB, McHutchison JG, Manns MP, Harvey J, et al. (2003) 
Early virologic response to treatment with peginterferon alfa-2b plus ribavirin 
in patients with chronic hepatitis C. Hepatology 38: 645-652. 

47. Nomura H, Tanimoto H, Kajiwara E, Shimono J, Maruyama T, et al. (2004) 
Factors contributing to ribavirin-induced anemia. J Gastroenterol Hepatol 19: 
1312-1317. 

48. Homma M, Matsuzaki Y, Inoue Y, Shibata M, Mitamura K, et al. (2004) 
Marked elevation of erythrocyte ribavirin levels in interferon and ribavirin-
induced anemia. Clin Gastroenterol Hepatol 2: 337-339. 

49. Inoue Y, Homma M, Matsuzaki Y, Shibata M, Matsumura T, et al. (2005) 
Erythrocyte ribavirin concentration for assessing hemoglobin reduction in 
interferon and ribavirin combination therapy. Hepatol Res 34: 23-27. 

50. Grattagliano I, Russmann S, Palmieri VO, Portincasa P, Palasciano, et al. 
(2005) Glutathione peroxidase, thioredoxin, and membrane protein changes 

http://www.ncbi.nlm.nih.gov/pubmed/10349689
http://www.ncbi.nlm.nih.gov/pubmed/10349689
http://www.ncbi.nlm.nih.gov/pubmed/9252166
http://www.ncbi.nlm.nih.gov/pubmed/9252166
http://www.ncbi.nlm.nih.gov/pubmed/9252166
http://www.ncbi.nlm.nih.gov/pubmed/3568539
http://www.ncbi.nlm.nih.gov/pubmed/3568539
http://www.ncbi.nlm.nih.gov/pubmed/3568539
http://www.ncbi.nlm.nih.gov/pubmed/8093102
http://www.ncbi.nlm.nih.gov/pubmed/8093102
http://www.ncbi.nlm.nih.gov/pubmed/8093102
http://www.ncbi.nlm.nih.gov/pubmed/8647346
http://www.ncbi.nlm.nih.gov/pubmed/8647346
http://www.ncbi.nlm.nih.gov/pubmed/7518395
http://www.ncbi.nlm.nih.gov/pubmed/7518395
http://www.ncbi.nlm.nih.gov/pubmed/7518395
http://www.ncbi.nlm.nih.gov/pubmed/7731153
http://www.ncbi.nlm.nih.gov/pubmed/7731153
http://www.ncbi.nlm.nih.gov/pubmed/7731153
http://www.ncbi.nlm.nih.gov/pubmed/11266034
http://www.ncbi.nlm.nih.gov/pubmed/11266034
http://www.ncbi.nlm.nih.gov/pubmed/10980581
http://www.ncbi.nlm.nih.gov/pubmed/10980581
http://www.ncbi.nlm.nih.gov/pubmed/10980581
http://www.ncbi.nlm.nih.gov/pubmed/9789068
http://www.ncbi.nlm.nih.gov/pubmed/9789068
http://www.ncbi.nlm.nih.gov/pubmed/9789068
http://www.ncbi.nlm.nih.gov/pubmed/9789068
http://www.ncbi.nlm.nih.gov/pubmed/12097662
http://www.ncbi.nlm.nih.gov/pubmed/12097662
http://www.ncbi.nlm.nih.gov/pubmed/12097662
http://www.ncbi.nlm.nih.gov/pubmed/12097662
http://www.ncbi.nlm.nih.gov/pubmed/9719624
http://www.ncbi.nlm.nih.gov/pubmed/9719624
http://www.ncbi.nlm.nih.gov/pubmed/9719624
http://www.ncbi.nlm.nih.gov/pubmed/10941256
http://www.ncbi.nlm.nih.gov/pubmed/10941256
http://www.ncbi.nlm.nih.gov/pubmed/10941256
http://www.ncbi.nlm.nih.gov/pubmed/10720211
http://www.ncbi.nlm.nih.gov/pubmed/10720211
http://www.ncbi.nlm.nih.gov/pubmed/15241484
http://www.ncbi.nlm.nih.gov/pubmed/15241484
http://www.ncbi.nlm.nih.gov/pubmed/15241484
http://www.ncbi.nlm.nih.gov/pubmed/15241484
http://www.ncbi.nlm.nih.gov/pubmed/10460200
http://www.ncbi.nlm.nih.gov/pubmed/10460200
http://www.ncbi.nlm.nih.gov/pubmed/10460200
http://www.ncbi.nlm.nih.gov/pubmed/10460200
http://www.ncbi.nlm.nih.gov/pubmed/7647779
http://www.ncbi.nlm.nih.gov/pubmed/7647779
http://www.ncbi.nlm.nih.gov/pubmed/7647779
http://www.ncbi.nlm.nih.gov/pubmed/10536004
http://www.ncbi.nlm.nih.gov/pubmed/10536004
http://www.ncbi.nlm.nih.gov/pubmed/10536004
http://www.ncbi.nlm.nih.gov/pubmed/10536004
http://www.ncbi.nlm.nih.gov/pubmed/9545395
http://www.ncbi.nlm.nih.gov/pubmed/9545395
http://www.ncbi.nlm.nih.gov/pubmed/9545395
http://www.ncbi.nlm.nih.gov/pubmed/9545395
http://www.ncbi.nlm.nih.gov/pubmed/3344216
http://www.ncbi.nlm.nih.gov/pubmed/3344216
http://www.ncbi.nlm.nih.gov/pubmed/11870387
http://www.ncbi.nlm.nih.gov/pubmed/11870387
http://www.ncbi.nlm.nih.gov/pubmed/11870387
http://www.ncbi.nlm.nih.gov/pubmed/12197842
http://www.ncbi.nlm.nih.gov/pubmed/12197842
http://www.ncbi.nlm.nih.gov/pubmed/12197842
http://www.ncbi.nlm.nih.gov/pubmed/12197842
http://www.ncbi.nlm.nih.gov/pubmed/12324553
http://www.ncbi.nlm.nih.gov/pubmed/12324553
http://www.ncbi.nlm.nih.gov/pubmed/12324553
http://www.ncbi.nlm.nih.gov/pubmed/14996676
http://www.ncbi.nlm.nih.gov/pubmed/14996676
http://www.ncbi.nlm.nih.gov/pubmed/14996676
http://www.ncbi.nlm.nih.gov/pubmed/14996676
http://www.ncbi.nlm.nih.gov/pubmed/10349694
http://www.ncbi.nlm.nih.gov/pubmed/10349694
http://www.ncbi.nlm.nih.gov/pubmed/10349694
http://www.ncbi.nlm.nih.gov/pubmed/1680594
http://www.ncbi.nlm.nih.gov/pubmed/1680594
http://www.ncbi.nlm.nih.gov/pubmed/1680594
http://www.ncbi.nlm.nih.gov/pubmed/1680594
http://www.ncbi.nlm.nih.gov/pubmed/11034261
http://www.ncbi.nlm.nih.gov/pubmed/11034261
http://www.ncbi.nlm.nih.gov/pubmed/11034261
http://www.ncbi.nlm.nih.gov/pubmed/11696276
http://www.ncbi.nlm.nih.gov/pubmed/11696276
http://www.ncbi.nlm.nih.gov/pubmed/6740667
http://www.ncbi.nlm.nih.gov/pubmed/6740667
http://www.ncbi.nlm.nih.gov/pubmed/6740667
http://www.ncbi.nlm.nih.gov/pubmed/9605565
http://www.ncbi.nlm.nih.gov/pubmed/9605565
http://www.ncbi.nlm.nih.gov/pubmed/9605565
http://www.ncbi.nlm.nih.gov/pubmed/11451176
http://www.ncbi.nlm.nih.gov/pubmed/11451176
http://www.ncbi.nlm.nih.gov/pubmed/10733558
http://www.ncbi.nlm.nih.gov/pubmed/10733558
http://www.ncbi.nlm.nih.gov/pubmed/10733558
http://www.ncbi.nlm.nih.gov/pubmed/10733558
http://www.ncbi.nlm.nih.gov/pubmed/12878986
http://www.ncbi.nlm.nih.gov/pubmed/12878986
http://www.ncbi.nlm.nih.gov/pubmed/12878986
http://www.ncbi.nlm.nih.gov/pubmed/8462800
http://www.ncbi.nlm.nih.gov/pubmed/8462800
http://www.ncbi.nlm.nih.gov/pubmed/8462800
http://www.ncbi.nlm.nih.gov/pubmed/12939591
http://www.ncbi.nlm.nih.gov/pubmed/12939591
http://www.ncbi.nlm.nih.gov/pubmed/12939591
http://www.ncbi.nlm.nih.gov/pubmed/15482540
http://www.ncbi.nlm.nih.gov/pubmed/15482540
http://www.ncbi.nlm.nih.gov/pubmed/15482540
http://www.ncbi.nlm.nih.gov/pubmed/15067629
http://www.ncbi.nlm.nih.gov/pubmed/15067629
http://www.ncbi.nlm.nih.gov/pubmed/15067629
http://www.ncbi.nlm.nih.gov/pubmed/16325463
http://www.ncbi.nlm.nih.gov/pubmed/16325463
http://www.ncbi.nlm.nih.gov/pubmed/16325463
http://www.ncbi.nlm.nih.gov/pubmed/16198661
http://www.ncbi.nlm.nih.gov/pubmed/16198661


Citation:  Altintas ZM, Altintas E, Sezgin O, Edgunlu TG, Ucbilek E, et al. (2013) The Effect of Genetic Variations of Methylene Tetrahydropholate Reductase 
Gene Polymorphisms on Ribavirin-Induced Anemia in Hepatitis C Patients. J Liver: Dis Transplant 2:1.

• Page 8 of 8 •

doi:http://dx.doi.org/10.4172/2325-9612.1000108

Volume 2 • Issue 1 • 1000108

in erythrocytes predict ribavirin-induced anemia. Clin Pharmacol Ther 78: 
422-432. 

51. Altintas E, Sezgin O (2004) S-adenosylhomocysteine hydrolase, 
S-adenosylmethionine, S-adenosylhomocysteine: correlations with ribavirin 
induced anemia. Med Hypotheses 63: 834-837. 

52. Tanaka H, Miyano M, Ueda H, Fukui K, Ichinose M (2005) Changes in serum 

and red blood cell membrane lipids in patients treated with interferon ribavirin 
for chronic hepatitis C. Clin Exp Med 5: 190-195.

53. Botto LD, Yang Q (2000) 5,10-Methylenetetrahydrofolate reductase gene 
variants and congenital anomalies: a HuGE review. Am J Epidemiol 151: 
862-877. 

Submit your next manuscript and get advantages of SciTechnol 
submissions

 � 50 Journals
 � 21 Day rapid review process
 � 1000 Editorial team
 � 2 Million readers
 � More than 5000 
 � Publication immediately after acceptance
 � Quality and quick editorial, review processing

Submit your next manuscript at ● www.scitechnol.com/submission

Author Affiliations                                           Top
1Department of Medical Biology and Genetics, Mersin University School of 
Medicine, Mersin, Turkey
2Department of Gastroenterology, Mersin University School of Medicine, 
Mersin, Turkey
3Department of Internal Medicine, Mersin University School of Medicine, 
Mersin, Turkey

http://www.ncbi.nlm.nih.gov/pubmed/16198661
http://www.ncbi.nlm.nih.gov/pubmed/16198661
http://www.ncbi.nlm.nih.gov/pubmed/15488656
http://www.ncbi.nlm.nih.gov/pubmed/15488656
http://www.ncbi.nlm.nih.gov/pubmed/15488656
http://www.ncbi.nlm.nih.gov/pubmed/16362799
http://www.ncbi.nlm.nih.gov/pubmed/16362799
http://www.ncbi.nlm.nih.gov/pubmed/16362799
http://www.ncbi.nlm.nih.gov/pubmed/10791559
http://www.ncbi.nlm.nih.gov/pubmed/10791559
http://www.ncbi.nlm.nih.gov/pubmed/10791559

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Patients
	DNA extraction and analysis
	Molecular analysis of MTHFR C677T and A1298C polymorphisms
	Molecular analysis of AHCY 5’ UTR-34 C→T, AHCY Ekson2 Arg38Trp 112 C→T and AHCY Ekson 4 Try143Cys A→
	Statistical analysis

	Results
	Distribution of genotypes and alleles in MTHFR C677T gene polymorphism
	Distribution of genotypes and alleles in MTHFR A1298C gene polymorphism 
	Distribution of genotypes and alleles in the AHCY 5’UTR-34 C→T variation
	Distribution of genotypes and alleles in the AHCY Ekson2 Arg38Trp 112 C→T variation
	Distribution of genotypes and alleles in the 4.5. AHCY Ekson 4 Try143Cys A→G variation 

	Discussion
	Support
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	References

