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Abstract
Purpose MTHFR (C677T and A1298C) and MTRR (A66G) polymorphisms have been reported to be
associated with the increased risk of cardiovascular diseases, pregnancy complications, and neural tube
defects, except megaloblastic anemia (MA). Therefore, here, we investigated the correlation between
MTHFR (C677T, A1298C) and MTRR (A66G) polymorphisms and the risk of MA.
Methods MTHFR (C677T, A1298C) and MTRR (A66G) mutations in 41 newly diagnosed MA patients and
40 controls were detected by real-time PCR.
Results We found that the homozygous mutant 677TT, rather than the heterozygous mutant 677CT, in MA
patients is more frequent than that in controls. However, no significant differences were noted in MTHFR
(A1298C) and MTRR (A66G) polymorphisms. In combined genotypes, the proportion of homozygous
mutations in patients was significantly higher than that in wild and heterozygous mutation types.
Furthermore, the clinical examination indices such as mean corpuscular volume, homocysteine, vitamin
B12, hemoglobin and red blood cells levels were more abnormal in MA patients with 677TT, 66GG and
66AG genotypes than those in wild genotypes. Finally, a linear correlation between scores and clinical
features of MA in scoring system was derived. High risk group exhibited higher prevalence rate of MA and
showed more abnormal clinical examination indices than those showed by the low risk group.
Conclusions The proportion of homozygous MTHFR (C677T, A1298G) and MTRR (A66G) mutations has
positive correlation with the morbidity of MA in China. The polymorphism scoring system might be useful
to assess the risk of MA effectively.

Background
Megaloblastic anemia (MA) is characterized by the presence of abnormally large red blood cells (RBCs) in
the peripheral blood and bone marrow, usually recognized by increased mean corpuscular volume (MCV)
[1]. The cause of MA may occur as a result of several fundamentally different mechanisms and demands
further clinical and laboratory assessment[2]. One of the most important factors is altered DNA synthesis
in all blood cells, usually resulting from vitamin B and/or folic acid deficiencies.
Recent studies found that methylenetetrahydrofolate reductase (MTHFR) and methionine synthase
reductase (MTRR) are two critical folate-metabolizing enzymes that play a role in remethylation of
homocysteine (Hcy) into methionine as well as in DNA synthesis[3,4,5,6]. The common polymorphisms in
MTHFR (C677T and A1298C) and MTRR (A66G) result in reduced MTHFR and MTRR activity in vivo,
which in turn leads to impaired folate metabolism and elevated Hcy concentrations. Abnormal folate
metabolism may lead to the development of cardiovascular diseases[7], pregnancy
complications[8], neural tube defects[9], and MA. Previous reports have indicated that MTHFR (C677T and
A1298C) and MTRR (A66G) polymorphisms are associated with an increased risk of the above-mentioned
diseases, except MA.
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Therefore, in this study, we detected the genotype of MTHFR and MTRR in MA patients and investigated
the association of MTHFR and MTRR polymorphisms with the risk of MA in a cohort of the Chinese
population. Based on these results, we established a complete set of scoring system, which will provide an
evidence for the risk prediction of MA.

Materials And Methods

Subjects
A total of 41 patients and 40 controls were recruited from Shengjing Hospital of China Medical University
between March and October 2017. All clinical data were collected on a spreadsheet. MA was identified
when peripheral blood examination showed anemia with MCV of >95 fL [3] accompanied with folic acid or
vitamin B12 deficiencies. Approval for the study was received from the Hospital Medical Ethics Committee
and all patients involved in the study provided their consent. Patients’ information is shown in Table 1.

Genotyping Protocols
DNA was extracted from EDTA anti-coagulated whole blood from all subjects (controls and patients) using
the TIANamp Genomic DNA purification Kit (TIANGEN Biotech, Beijing) and quantified by
spectrophotometry. Samples were screened for the C677T and A1298C polymorphism of MTHFR gene
and the A66G polymorphism of MTRR gene by ABI 7500 Real Time PCR System with MTHFR and MTRR
gene polymorphism detection kit (Yuanqi Bio-Pharmaceutical Co., Ltd, Shanghai). Genotype analysis was
performed with allele-specific fluorogenic oligonucleotide probes labeled with the FAM, CY5, and VIC
fluorogenic dyes following the manufacturer’s instructions.

Polymorphism scoring system of MA
We developed a polymorphism MA scoring system which was calculated according to MTHFR (C677T,
A1298C) and MTRR (A66G) polymorphism to assess the morbidity risk. The scores were assigned as
follows: wild type was assigned ’0’, heterozygote was assigned ’1’, and homozygote was assigned ’2’, and
the scores were calculated as the sum (MTHFR (C677T) + MTHFR (A1298C) + MTRR (A66G)). We also
defined the scores ≥3 as ‘high risk’, and scores <3 as ‘low risk’.

Statistical methods
Data were subjected to statistical analysis and were shown as mean ± standard deviation (SD).
Differences in mean values were analyzed using one-way analysis of variance (ANOVA). Comparisons
related to age, sex, red blood cells (RBC), hemoglobin (HGB), MCV, vitamin B12 (B12), and folic acid in
clinical characteristics were made by the Independent-Sample T or Mann-Whiney U test. Chi square test
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was performed to assess the Hardy-Weinberg equilibrium among each experimental group and compare
the differences among the populations with respect to allele and genotype frequencies. Spearman r test
was performed to analyze the correlation between the integration system and the risk of MA. Odds ratios
(OR) and 95% confidence intervals (CI) were calculated to assess the risk of association; P<0.05 was
considered statistically significant. All analyses were performed using SPSS13.0 software.

Results

Study group characteristics and distribution of
MTHFR (C677T, A1298C) and MTRR (A66G)
polymorphisms
Characteristics of the patients and controls are shown in Table 1. The HGB, vitamin B12, and plasma
folate levels and the RBC count were significantly lower in patients than in controls (P<0.05). Conversely,
the MCV and Hcy in patients were obviously higher than those in controls (P<0.01). However, the
distribution of other clinical characteristics such as gender and age between patients and controls did not
show significant differences (P>0.05).
The distribution of MTHFR (C677T, A1298C) and MTRR (A66G) alleles and genotypes in patients and
controls did not deviate from the Hardy-Weinberg equilibrium. As shown in Table 2, TT genotype frequency
of MTHFR (C677T) was higher in patients (31.7%) than in controls (10.0%, P<0.01), which was the
susceptive genotype for MA occurrence (OR = 0.171, 95% CI = 0.044–0.667). The T allele of MTHFR
(C677T) was more frequent in patients (53.7%) than in healthy subjects (32.5%, P<0.01) and it was closely
related to MA (OR = 0.416, 95% CI = 0.220–0.787). Moreover, no statistically significant difference was
observed in the distribution of the other genotypes, including CT (C677T), AC/CC (A1298C), and AG/GG
(A66G) genotypes, between patients and controls (P>0.05). The distribution of C (A1298C) and G (A66G)
alleles was not significantly different between patients and controls (P>0.05). However, in combined
genotypes, which were grouped into wild type (CC+AA+AA), heterozygous mutation type
(CC/CT+AA/AC+AA/AG), and homozygous mutation type (Table 2), the distribution of these three
genotype groups showed significant differences between patients and controls (P<0.05). In addition, the
proportion of homozygous mutations in patients was significantly higher and that of heterozygous
mutations in patients was significantly lower than those in the normal controls (P<0.05). The frequencies
of wild type, heterozygous type, and homozygous type in MA patients were 2.4% (1/41), 46.3% (19/41),
and 51.2% (21/41), whereas those in controls were 7.5% (3/40), 70.0% (28/40), and 22.5% (9/40),
respectively.

Comparison between clinical examination indices of
MA and genotypes
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The relationship between clinical features of MA, including vitamin B12, folic acid, MCV, RBC, HGB, and
Hcy, and the MTHFR or MTRR genotypes are shown in Table 3. TT genotypes had lower vitamin B12 level,
HGB level and RBC count than 677CC and 677CT genotypes of MTHFR (C677T) (P<0.05). In MTRR
(A66G) mutations, patients with AG genotypes showed lower vitamin B12 and higher MCV levels than
those with AA genotypes (P<0.05). Meanwhile, subjects with 66GG genotypes showed a higher MCV level
than those with 66AA genotypes (P<0.05). However, no significant differences in folic acid levels were
detected among 677CC, 677CT, and 677TT genotypes of MTHFR (C677T) (P>0.05). Furthermore, there
were no significant differences among the above six clinical examination indices in MTHFR (A1298C) (P>
0.05).

Comparison of clinical examination indices of MA
with polymorphism scoring system
The risk of MA was evaluated according to the clinical examination indices including MCV, vitamin B12,
folic acid, Hcy, and HGB levels and RBC count. The data displayed that the scores were positively
correlated with MCV and Hcy concentrations, but negatively correlated with HGB, folic acid, and vitamin
B12 concentrations and RBC count (Fig. 1, P<0.05).
Then the cases were divided into two groups according to the scores—low-risk group and high-risk group.
Higher MCV and Hcy levels (Table 4, P<0.05) and lower HGB, RBC, folic acid, and vitamin B12 levels were
noted in the high-risk group than in the low-risk group (Table 4, P<0.05). Moreover, the high-risk group
displayed a higher prevalence rate of MA than that did the low-risk group (36.6% vs 15.0%, Table 4,
P<0.05).

Discussion
MA is a type of large-cell hematopoietic anemia characterized by impairment of DNA synthesis in all
nucleated cells resulting in distinctive megaloblastic changes and ineffective hematopoiesis in the bone
marrow[10]. With diverse etiology, the pathogenesis of MA is generally considered to arise from vitamin
B12 and/or folic acid deficiency. However, whether there is susceptibility to genetic inheritance remains to
be understood.
It has been reported that the polymorphisms rs1801133 (C677T) on MTHFR and rs1801133 (C677T) on
MTHFR lead to a decrease in enzyme activity, causing Hcy accumulation in the body[11]. Hcy-injured
endothelial cells and vascular smooth muscle cells induce the activation of procoagulant factors to
maintain the body in a hypercoagulable state and promote thrombosis[12]. Polymorphisms of MTHFRand MTRR-related sites can also induce folic acid-related metabolic disorders, which led to the unstable
state of DNA chain[13]. Furthermore, the DNA strand fracture and chromosomal rearrangements and
separation would lead to MA development [14]. The interference with neural tube closure, results in Down
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syndrome[15], early recurrent spontaneous abortion[16], birth defects, cleft lip and palate, and other
diseases in early pregnancy[17].
Given the important role of MTHFR and MTRR in the metabolic pathway of folic acid and vitamin B12, we
first described the polymorphisms of MTHFR and MTRR in MA. We found that the homozygous mutant
677TT, rather than the heterozygous mutant 677CT, in MA patients is more frequent than that in controls,
suggesting that MTHFR (C677T) gene mutation may be closely related to MA development. However, we
could not find a correlation between MTHFR (A1298C) and MTRR (A66G) polymorphisms and etiology of
MA, possibly due to the limited number of samples. Besides the effects of single alleles on MA, the
combination effects of C677T, A1298C, and A66G were investigated. There were significant differences of
genotypic and allelic frequencies among wild type, heterozygous mutation type, and homozygous
mutation type between MA patients and controls.
We also found that MTHFR and MTRR gene polymorphisms were relevant to the incidence of MA,
inducing differences in correlation indices and morbidity. Vitamin B12 and HGB concentrations and RBC
count were lower and MCV and Hcy concentrations were higher in MA patients with TT genotype than in
wild genotype, but no significant difference was found in folic acid concentration because of the limited
number of cases. Vitamin B12 and MCV levels were also higher in GG and AG genotypes than in AA
genotype. Recent studies had shown that MTHFR 677TT genotype is associated with high Hcy and low
folic acid concentrations in β-thalassemia patients[18], and Li concluded that C667T, A1298C, and A66G
polymorphisms could elevate the risk of folate deficiency[19]. Lin also reported MA patients with vitamin
B12 deficiency and MTHFR (C667T) mutation[20] which was consistent with our results. Based on the
above data revealing genotype polymorphism relevant to MA indices, we hypothesized that genotype
polymorphism might be involved in MA pathogenesis. The homozygous mutant 677TT[21] can decrease
about 50%–60% of MTHFR activity, which might be the ultimate cause of abnormal physiological indices.
Finally, to our knowledge, for the first time, we built a polymorphism scoring system to verify the
effectiveness of the genotype in MA. Furthermore, the scoring system manifested that the higher the score,
the more HYPERLINK
“../../../AppData/Local/Youdao/Dict/Application/6.3.69.7015/resultui/frame/javascript:void(0);”abnormal
clinical examination indices are and the greater the MA risk will be, providing us a new tool to predict the
morbidity risk of MA based on the genotype.

Conclusions
Our results provided a new insight into the correlation between MTHFR (C677T, A1298C) and MTRR
(A66G) polymorphisms and the incidence of MA. MTHFR (C677T) is highly correlated with MA, and might
participate in its pathogenesis. Our study reveals the pathogenesis of MA at the level of molecular biology,
which is innovative and instructive for the prevention and treatment of MA.

Abbreviations
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MTHFR: Methylenetetrahydrofolate Reductase; MTRR: Methionine Synthase Reductase; MA:
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Tables
Table 1. Characteristics of patients and controls
Age (years)
Gender (M/F)
RBC (×1012/L)
HGB (g/L)
MCV (fL)
B12 (pg/mL)
Hcy (µmol/L)
Folic acid (ng/mL)

Patients (n = 41)
61.56 ± 17.48
20/21
1.80 ± 0.52

Controls (n = 40) P
59.23 ± 12.06
>0.05
18/22
4.54 ± 0.63
<0.05

71.85 ± 16.22
120.20 ± 9.83
67.68 ± 47.96
13.71 ± 1.47
11.19 ± 4.09

130.62 ± 12.57
91.11 ± 6.86
394.95 ± 189.13
9.13 ± 0.84
13.37 ± 5.20
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<0.05
<0.05
<0.05
<0.05
<0.05

RBC, red blood cells; HGB, hemoglobin; MCV, mean corpuscular volume; B12, vitamin B12; Hcy,
homocysteine.
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Table 2. Genotypic and allelic frequencies (%)
Genotypes

Patients (n = 41)

Controls (n = 40)

X2

P

OR (95% CI)

MTHFR(C677T)
CC

10 (24.4)

18 (45.0)

CT

18 (43.9)

18 (45.0)

1.306

0.253

1
0.556 (0.202–1.529)

TT

13 (31.7)

4 (10.0)

7.032

0.008

0.171 (0.044–0.667)

C

38 (46.3)

54 (67.5)

T

44 (53.7)

26 (32.5)

AA

28 (68.3)

25 (62.5)

AC

7 (17.1)

12 (30.0)

1.431

0.232

1.920 (0.654–5.636)

CC

6 (14.6)

3 (7.5)

0.595

0.441

0.560 (0.127–2.478)

A

63 (76.8)

62 (77.5)

C

19 (23.2)

18 (22.5)

0.01

0.919

AA

17 (41.5)

23 (57.5)

AG

20 (48.8)

15 (37.5)

1.601

0.206

0.554 (0.222–1.387)

GG

4 (9.7)

2 (5.0)

1.228

0.268

0.370 (0.061–2.257)

A

54 (65.9)

61 (76.3)

G

28 (34.1)

19 (23.7)

Alleles
1
7.388

0.007

0.416 (0.220–0.787)

MTHFR(A1298C)
1

Alleles
1
0.963 (0.462–2.005)

MTRR(A66G)
1

MTRR(A66G)

Combined genotypes

1
2.125

0.145

7.512

0.023

0.601 (0.302–1.195)

wild type
CC+AA+AA

1 (2.4)

3 (7.5)

19 (46.3)

28 (70.0)

1

heterozygous types
CC/CT +AA/AC+AA/AG
homozygous types

21 (51.2)

1.000

0.491 (0.047–5.084)

9 (22.5)

TT+AA/AC+AA/AG

11 (26.8)

4 (10.0)

0.117

0.121 (0.010–1.531)

CC/CT+CC+AA/AG

6 (14.6)

3 (7.5)

0.266

0.167 (0.012–2.368)

CC/CT+AA/AC+GG

2 (4.9)

2 (5.0)

1.000

0.333 (0.017–6.654)

TT+CC+AA/AG

0

0

TT+AA/AC+GG

2 (4.9)

0

0.400

0.333 (0.067–1.652)

CC/CT+CC+GG

0

0

TT+CC+GG

0

0

Note: CI, confidence interval; OR, odds ratio.
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Table 3. Comparison of clinical features of MA according to the different genotypes of MTHFR and
MTRR
Genotypes

Vitamin B12 (pg/mL)

Folic acid (ng/mL)

MCV(fL)

RBC (×1012/L)

HGB (g/L)

Hcy (µmol/L)

MTHFR C677T
CC
CT

244.68±36.68
263.04±40.99

12.84±0.85
11.52±0.57

101.89±2.88
104.60±2.56

3.52±0.26
3.24±0.26

109.64±6.49
101.69±5.47

9.88±1.56
10.42±1.07

TT

132.51±32.02*

10.68±0.94

112.42±4.30*

2.34±0.30*

86.76±7.39*

16.20±2.21*

220.23±28.41
286.81±57.07
161.25±48.88

11.76±0.51
12.95±1.01
9.65±1.31

105.74±2.22
101.77±3.50
110.18±5.87

3.06±0.22
3.53±0.28
2.85±0.47

98.60±4.76
112.94±6.80
92.67±10.52

11.43±1.03
9.64±1.55
15.37±4.03

11.44±0.62
12.45±0.62
10.45±2.29

100.38 ± 2.12
109.51±2.99*
113.65±5.98*

3.40±0.25
2.94±0.24
2.71±0.56

105.70±5.40
97.88±5.51
92.00±14.71

10.63±1.40
11.38±1.11
17.34±3.36

MTHFR A1298C
AA
AC
CC
MTRR A66G
AA
275.52±34.85
AG
175.78±34.12*
GG
233.30±71.65
*, P <0.05, compared to wild type
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Table 4. Comparison of clinical features and morbidity according to the scoring system
Genotypes
low risk (n=60)
high risk (n=21)
P value
3.36 ± 1.50
2.54 ± 1.31
0.029
RBC (×1012/L)
HGB (g/L)
MCV (fL)
B12 (pg/mL)
Hcy(µmol/L)
Folic acid (ng/mL)
healthy people
MA patients

105.42 ± 34.20
103.15 ± 16.54
262.63 ± 223.49
10.25 ± 7.40
12.90 ± 4.85
34 (85.0%)
26 (63.4%)

87.71 ± 29.18
113.50 ± 15.78
134.06 ± 144.20
14.86 ± 8.77
10.45 ± 4.12
6 (15.0%)
15 (36.6%)

0.038
0.015
0.004
0.022
0.043
0.028

RBC, red blood cells; HGB, hemoglobin; MCV, mean corpuscular volume; B12, vitamin B12; Hcy,
homocysteine.
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Figure 1
The correlation between integration system and the risk of MA. (A) The scores were positively correlated
with MCV levels. (B) The scores were negatively correlated with HGB concentrations. (C) The scores were
negatively correlated with RBC count. (D) The scores were positively correlated with Hcy concentrations.
(E) The scores were negatively correlated with folic acid concentrations. (F) The scores were negatively
correlated with vitamin B12 concentrations.
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