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Abstract: The enzymes serine hydroxymethyltransferase 1 (SHMT1) regulate key reaction in folate-mediated one-carbon metabolism. In the
current study we aimed to examine the possible association between SHMT! gene polymorphisms and childhood acute lymphoblastic leukemia
(ALL) in a sample of Iranian population. The rs9901160, rs2273027, rs9909104, rs1979277, and rs11868708 gene polymorphisms of SHMT1
were genotyped in 120 children diagnosed with ALL and 120 healthy children by the polymerase chain reaction restriction fragment length
polymorphism (PCR-RFLP). The results showed that rs9901160, rs2273027 as well as 1s1979277 polymorphism significantly increased the risk
of childhood ALL (P<0.05). While, rs9909104 polymorphism significantly decreased the ALL risk (P<0.05). The rs11868708 variant was not
associated with risk/protection of childhood ALL (P>0.05). In conclusion, our results suggest that the polymorphisms of SHMT] gene are asso-
ciated with childhood ALL risk in a sample of Iranian population. Further studies with larger sample sizes and different ethnicities are necessary

to verify our findings.
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Introduction

Acute lymphoblastic leukemia (ALL) is the most
common malignancy diagnosed in children, accounting
for about 25% of cancers in children younger than 15
years of age, and the peak onset arises at 2—5 years of
age worldwide (1-3). Although the etiology of ALL is
generally unidentified, it is known that genetic and envi-
ronmental factors play a critical role in disease develop-
ment (4-6).

The de novo pathway of thymidylate biosynthesis
requires three enzymes: thymidylate synthase (TYMS),
dihydrofolate reductase (DHFR), and SHMT1. SHMT1,
located on short arm of chromosome 17 (17p11.2), en-
codes a vitamin B6-dependent enzyme that catalyzes
the reversible transfer of the hydroxymethyl group of
serine to tetrahydrofolate to form 5,10-methylene tetra-
hydrofolate and glycine and the irreversible conversion
of 5,10-methylene tetrahydrofolate to 5-formyl tetrahy-
drofolate (7, 8). Formation of 5-formyl tetrahydrofolate
helps in maintaining one-carbon homeostasis during
the rapidly proliferative stages of development (8, 9).
Guerreiro et al (10) showed that SHMTI rs1979277
(C1420T) variant increased the risk of colorectal can-
cer (CRC). However, Hishida et al (11) found that this
variant significantly reduced the risk of malignant lym-
phoma. On the other hand, no significant association
was found between SHMT1 C1420T polymorphism and
breast cancer (BC) risk (12). Recently, a meta-analysis
performed by Zhao et al (13) showed that rs1979277
(C1420T) variant was associated with decreased risk
of BC among Asian populations, but not in Caucasian
groups. A meta-analysis achieved by Zhong et al (14)
suggest that SHMT1 C1420T polymorphism is not as-
sociated with overall cancer development, but might

decrease cancer susceptibility of Asians as well as
reduce leukemia risk. Skibola et al (15) reported that
Polymorphisms within SHMT1 in combination with po-
lymorphisms within 7YS and MS were associated with
decreased risk of adult ALL.

To date, a number of studies investigated the impact
of SHMTI polymorphisms on risk of childhood ALL
(16-20). However, the results of these studies remain
inconclusive. So, we performed case-control study to
find out the impact of SHMTI rs9901160, rs2273027,
1$9909104, 1s1979277, and rs11868708 polymorphisms
on ALL risk in a sample of Iranian population.
Materials and Methods

Patients

One hundred twenty children diagnosed with ALL
and 120 cancer-free age and sex matched healthy child-
ren in Zahedan, southeast Iran were enrolled in this case
control study.

The study design and enrolment procedure have
been defined previously (21-24). Local ethics commit-
tee of Zahedan University of Medical sciences appro-
ved the project, and informed consent was obtained
from parents of cases and controls. Genomic DNA was
extracted from peripheral whole blood by salting out
method (25).
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Figure 1. Electrophoresis pattern of polymerase chain reaction restriction fragments length polymorphism (PCR-RFLP) for detection of SHMT
rs1979277 (1A), rs2273027 (1B), rs9901160 (1C), rs9909104 (1D) and rs11868708 (1E) polymorphisms. Figure 14. M: DNA marker; Lanes 1
and 5: 151979277 TC; Lanes 2 and 4: rs1979277 CC; Lane 3: rs1979277 TT.

Figure 1B. M: DNA marker; Lane 1: rs2273027 AG; Lane 2: 1s2273027 AA; Lane 3: rs2273027 GG. Figure 1C. M: DNA marker; Lanes 1, 4, 7:
rs9901160 AG; Lanes 2 and 5: rs9901160 AA; Lanes 3 and 6: GG. FigurelD. M: DNA Marker; Lanes 1 and 3: rs9909104 AA; Lane 2: rs9909104
GG; Lane 4: 1s9909104 AG. Figure 1E. M: DNA Marker; Lanes 1 and 3: rs11868708 AG; Lanes 2 and 4: rs11868708 AA.

Genotyping

Genotyping of SHMTI 159901160 (non-genic),
rs2273027 (intronic variant), 1s9909104 (intronic va-
riant), 1s1979277 (Leu474Phe), and rs11868708 (intro-
nic variant), polymorphisms were determined by PCR-
RFLP method. The primers are listed in table 1. In each
0.20 ml PCR reaction tube, 1 pl of genomic DNA (~100
ng/ml), 1 ul of each primers and 10 pl of 2X Prime Taq
Premix (Genet Bio, Korea) and 7 ul ddH,O were added.
The PCR conditions for all SNPs were set as follows:
95 °C for 5 min, 30 cycles of 95 °C for 30 s, 60 °C for
rs11868708, 61°C 1s9901160, 64°C rs2273027, 62 °C
rs9909104 and 62 °C for rs1979277, for 30 s, and 72 °C
for 30 s and a final extension step of 72 °C for 5 min.
Then, 10 pl of PCR product is digested by appropriate
restriction enzyme (Table 1) and electrophoresed onto
2.5 % agarose gels containing 0.5 pg/ml ethidium bro-
mide and visualized under UV light (Figure 1).

Statistical analysis

Statistical analysis was performed using statistical
package, SPSS 20 software. Continuous and categorical
data were analyzed by independent sample t-test and y2
test, respectively. The association between genotypes
and ALL was estimated by computing the odds ratio
(OR) and 95% confidence intervals (95% CI) from lo-
gistic regression analyses. Haplotype analysis was done
using SNPStats software (26). The statistical level of
significance was considered as p< 0.05.

Results

The study group consisted of 120 ALL patients (70

male, 50 female; age: 5.9 + 3.8 years) and 120 healthy
children (57 male, 63 female; age: 5.6 + 2.1 years). No
statistically significant differences were found between
the groups regarding sex and age (p=0.121 and 0.522,
respectively).

The genotype and allelic frequencies of SHMTI
polymorphisms are shown in table 2. The results revea-
led that rs9901160 A>G variant increased the risk of
ALL in the codominant (OR=4.07, 95% CI=2.25-7.35,
p<0.0001, AG vs AA; and OR=6.64, 95% CI=2.71-
16.31, p<0.0001, GG vs AA), dominant (OR=4.49,
95% CI=2.54-7.93, p<0.0001, AG+GG vs AA), and
recessive (OR=2.92, 95% CI=1.29-6.62, p=0.013,
GG vs AA+AGQG) inheritance models. In addition, the
154132601 G allele increased the risk of ALL (OR=1.82,
95% CI=1.82-3.89; p < 0.0001) compared with T allele.

Regarding the rs2273027 A>G variant, our re-
sult proposed that this variant increased the risk of
ALL in codominant (OR=6.87, 95% CI=3.59-13.16,
p<0.0001, AG vs AA; and OR=7.98, 95% CI=3.51-
18.12, p<0.0001, GG vs AA), dominant (OR=7.16, 95%
CI=3.86-13.28, p<0.0001, AG+GG vs AA), as well as
recessive (OR=2.52, 95% CI=1.26-5.05, p=0.012, GG
vs AA+AG) inheritance models. The 1511980379 G al-
lele significantly increased the risk of ALL (OR=3.16,
95% CI=2.16-4.61, p< 0.0001) in comparison with T
allele.

Concerning 1s9909104 A>G polymorphism, the
result indicated that this polymorphism significantly
decreased the risk of ALL in codominant (OR=0.56,
95% CI=0.32-0.96, p=0.035, AG vs AA) inheritance
model. While, the rs9909104 G allele was not associa-
ted with the risk of ALL (OR=0.77, 95% CI1=0.53—-1.13,

46



G. Bahari et al. 2016 | Volume 62 | Issue 2

SHMT1I polymorphisms and childhood ALL risk.

Table 1. The primers used for detection of SHMT1 polymorphisms using PCR-RFLP methods.

SHMT1 Restriction
. Primer sequence (5°->3%) Fragment (bp)
polymorphism Enzyme

rs9901160 A>G A allele, 379;
Forward TCAGACATGGGAGTGGTCTTCA Tadl G allele, 266+113
Reverse TTGGGAGATGATCTTGAGAAACAG
rs2273027 A>G A allele, 164;
Forward GCAGTGGCAACTGCTTGGACTA FspBI G allele, 143421
Reverse CTGTAGCTACTGCATCCTTGTGCT
rs9909104 A>G A allele, 251;
Forward CCCATCTGCAGTTTATTATAAATGACT Taal G allele, 225+26
Reverse TAGTGAGATCTTGTTCTCCACAAAA
rs1979277 T>C T allele 292, C allele
Forward GTGTGGGGTGACTCATTTGTG Farl 180+112
Reverse GGAGCAGCTCATCCATCTCTC
rs11868708 A>G Acil A allele, 230;
Forward GTGACCTTGCTAAATTTGCTTATTCTAGC G allele, 202428
Reverse ACGGGACCACACAATGGAAAC

Table 2. Genotypic and allelic frequencies of SHMT1 variants in ALL patients and cancer-free subjects.

SHMT1 polymorphism Case n (%) Control n (%) OR (95%CI) p

rs9901160 A>G
Codominant
AA 25(20.8) 65 (54.2) 1.00 -
AG 72 (60.0) 46 (38.3) 4.07 (2.25-7.35) <0.0001
GG 23 (19.2) 9(7.5) 6.64 (2.71-16.31) <0.0001
Dominant

25(20.8) 65 (54.2) .
AG+GG 95(79.2) 55(45.8) 4.49 (2.54-7.93) <0.0001
Recessive
AA+AG 97 (80.8) 111(92.5) 1.00
GG 23(19.2) 9(7.5) 2.92(1.29-6.62) 0.013
Allele
A 122 (50.8) 176 (73.3) 1.00
G 118 (49.2) 64 (26.7) 2.66 (1.82-3.89) <0.0001
rs2273027 A>G
Codominant
AA 18 (15.0) 67 (55.8) 1.00
AG 72 (60.0) 39 (32.5) 6.87 (3.59-13.16) <0.0001
GG 30 (25.0) 14 (11.7) 7.98 (3.51-18.12) <0.0001
Dominant

18 (15.0) 67 (55.8) .00
AG+GG 102 (85.0) 53 (44.2) 7.16 (3.86-13.28) <0.0001
Recessive
AA+AG 90 (75.0) 106 (88.3) 1.00
GG 30 (25.0) 14 (11.7) 2.52(1.26-5.05) 0.012
Allele
A 108 (45.0) 173 (72.1) 1.00
G 132 (55.0) 67 (27.9) 3.16 (2.16-4.61) <0.0001
rs9909104 A>G
Codominant
AA 52(43.3) 37 (30.8) 1.00 -
AG 58 (48.3) 74 (61.7) 0.56 (0.32-0.96) 0.035
GG 10 (8.4) 9(7.5) 0.79 (0.29-2.14) 0.643
Dominant

52(43.3) 37(30.8) 1.00 -
AG+GG 68 (56.7) 83(69.2) 0.58 (0.34-1.00) 0.061
Recessive
AA+AG 110 (91.7) 111(92.5) 1.00 -
GG 10 (8.3) 9(7.5) 1.09 (0.42-2.80) 0.860
Allele
A 162 (67.5) 148 (61.7) 1.00 -
G 78 (32.5) 92 (38.3) 0.77 (0.53-1.13) 0.215
rs1979277 T>C
Codominant

17 (14.2) 63 (52.5) 1.00 -
TC 94 (78.3) 54 (45.0) 6.45 (3.43-12.13) <0.0001
CcC 9(7.5) 3(2.5) 11.12 (2.71-45.64) <0.0001
Dominant
TT 17 (14.2) 63 (52.5) 1.00
TC+CC 103 (85.8) 57 (47.5) 6.70 (3.58-12.52) <0.0001
Recessive
TT+TC 111(92.5) 117 (97.5) 1.00
CcC 9(7.5) 3(2.5) 3.29 (0.85-12.69) 0.135
Allele
T 128 (53.3) 180 (75.0) 1.00
C 112 (46.7) 60 (25.0) 2.62 (1.78-3.86) <0.0001
rs11868708 A>G
AA 75 (62.5) 78 (65.0) 1.00
AG 45(37.5) 42 (35.0) 1.11(0.66-1.89) 0.687
GG 0.0 (0.0) 0.0 (0.0) - -
Allele
A 195 (81.3) 198 (82.5) 1.00
G 45 (18.7) 42 (17.5) 1.09 (0.68-1.73) 0.813
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p=0.215) compared with A allele.

We found that the rs1979277 T>C polymorphism
significantly increased the risk of ALL in codominant
(OR=6.54, 95% CI=3.43-12.13, p<0.0001, TC vs TT;
and OR=11.12, 95% CI=2.71-45.64, p<0.0001, CC vs
TT), and dominant (OR=6.70, 95% CI=3.58-12.52,
p<0.0001, TC+CC vs TT) inheritance models. The
1s1979277 C allele significantly increased the risk of
ALL (OR=2.62, 95% CI=1.78-3.86, p<0.0001) compa-
red with T allele.

With respect to rs11868708 polymorphism, our
result failed to find any significant difference in geno-
type and allelic distribution between ALL and controls
(P>0.05).

As shown in table 3, haplotypes analysis suggested
that haplotypes GAATA, GGACA, GGATA, AAACA,
AGACA, GGGCQG, as well as AAGCG significantly
increased the risk of ALL (P<0.05) in comparison
with AAATA (rs9901160A/rs2273027A/ 1s9909104A/
131979277T/rs11868708A).

The association of SHMT! polymorphisms with pa-
tients’ clinical characteristics is presented in table 4. The
findings showed that r1s9901160 A>G variant was signi-
ficantly associated with WBC count only. Regarding
152273027 A>G polymorphism, the results showed that
this variant is significantly associated with Lymphade-
nopathy. The rs9909104 A>G variant was associated
with platelet count and the rs1979277 T>C variant was
associated with WBC and platelet counts. We found no
significant association between rs11868708 variant and
clinicopathological characteristics.

Discussion

Acute lymphoblastic leukemia (ALL) is a multi-
factorial disease influenced by genetic and environ-
mental factors. SHMT gene also plays a pivotal role in
folate metabolism pathway. It encodes a vitamin B6 de-
pendent enzyme that catalyzes the reversible conversion
of tetrahydrofolate to 5,10-methylene tetrahydrofolate
and serine to glycine, providing one-carbon units for
purine and pyrimidine synthesis. Two different isoforms
of SHMT protein are known: one is present in the cyto-
sol (cSHMT or SHMT1) and other in the mitochondrion
(mSHMT or SHMT?2) (8, 11). Variant of the SHMTI
gene with C1420T polymorphism has been known to

encode enzyme with the amino acid substitution of leu-
cine to phenylalanine and the functional significance is
still unknown (7, 10). Considering the important func-
tional role of SHMT1 in the production of methyl group
for multiple metabolic pathways, polymorphism in this
gene could mimic a folate deficiency, making this an
ideal gene candidate to study of the cancer (15).

In the current study we evaluated the impact of
SHMT]I polymorphisms on childhood ALL risk in a
sample of Iranian population. Our findings showed that
1s9901160, 1s2273027 as well as rs1979277 polymor-
phism significantly increased the risk of childhood ALL
(P<0.05). Whereas, rs9909104 variant significantly
decreased the ALL risk (P<0.05) and the rs11868708
polymorphism was not associated with risk/protection
of childhood ALL (P>0.05).

In contrast to our findings, Lightfoot et al (16) have
found no association between SHMT1 rs1979277 (1420
C>T) and risk of childhood leukemia.

SHMTI 1420 C>T (Leud474Phe), which reduces
circulating folate levels, thus shunting 5,10-MeTHF
toward DNA synthesis (27).

Lautner-Csorba et al (17) investigated rs1979277,
rs643333 and rs9909104 polymorphisms of SHMTI
gene in children with ALL and controls. Their findings
proposed that the 19909104 variant was weakly asso-
ciated with a reduced risk to ALL and the TC genotype
was associated with a lower survival rate compared to
TT genotype (80.2% vs. 88.8%; p=0.01).

In a population-based case—control study, Metayer
et al (18) evaluated rs11868708, rs9909104, rs2273027
and rs9901160 polymorphisms of SHMT! in childhood
ALL and controls. No single polymorphism or haplo-
type in the SHMT1 gene was associated with childhood
ALL risk in their study. Gast et al (19), de Jonge et al
(20), Yang et al (28) and Lightfoot et al (16) have found
no significant association between SHMTI 1s1979277
variant and risk of childhood ALL. A meta-analysis
performed by Vijayakrishnan et al (29) showed that
TC genotype of rs1979277 variant decreased the risk
of pediatric ALL compared to CC genotype. This fin-
ding is agreement with our results. We showed that
CT and CC genotypes significantly increased the risk
of ALL compared to TT genotype. Furthermore, the C
allele increased the risk of ALL compared to T allele.
Skibola et al (15) reported that CT as well as TT geno-

Table 3. Haplotype frequencies of SHMT1 polymorphisms in childhood ALL and control subjects.

rs s rs rs rs ALL Control

OR (95%CI) p

9901160 2273027 9909104 1979277 11868708 (frequency) (frequency)

A A A T A 0.0595 0.2152 1.00 -
G A A T A 0.155 0.101 14.42 (2.49-83.38) 0.003
G G A C A 0.1008 0.0243 155.30 (19.47-1238.75)  <0.0001
A A G T A 0.0469 0.1558 2.03 (0.42-9.97) 0.380
A G A T A 0.0662 0.0708 4.90 (0.78-3065) 0.091
A A G T G 0.0331 0.0695 1.28 (0.21-7.72) 0.792
G G A T A 0.1301 0.0443 20.80 (3.18-136.21) 0.002
A A A C A 0.0476 0.0713 17.16 (1.61-183.14) 0.021
A G A C A 0.0751 0.0525 14.26 (1.31-154.78) 0.031
G G G C G 0.009 0.0167 281.85 (4.83-16443.98) 0.007
A A G C G 0.0281 0.0278 34.17 (2.36-495.25) 0.010
A G G T A NA 0.0455 0.33 (0.01-19.71) 0.591
G A G T A 0.0337 0.007 5.48 (0.48-62.48) 0.174
G A A C A 0.0202 0.0209 1.22 (0.04-1541.80) 0.913
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p
0.987
0.528
0.408

rs11868708
AG+GG
26
19
5.6+3.4
32.1+48.2

44
31
6.1+4.1
40+51.4

rs1979277 p
TC+CC AA
0.269
12 58
5 45
5.6+3.4 5.9+3.8 0.585
54.3+65.8 34.2+46.9  0.006

TT

P
0.213
0.234
0.659

rs9909104
AG+GG
27 43
25 25
5.6+3.5 6.2+4.0
37.5+44.8  36.7+54.2

AA

p
0.795
0.994

rs2273027
AG+GG
11 59
7 43
5.243.6 6.0+3.8
35.0£40.2  37.4£51.9 0.436

AA

rs9901160 p
AG+GG
0.790
56
39
5.9+3.8 0.363
39.9+53.9 0.044

14
1
5.943.9
26.1+30.8

AA

Factors

Male

Female

Age at diagnosis
(Year)

WBC

(x10%mL)

w
)
72}

Table 4. Association of SHMT! gene polymorphisms with demographic and clinical features of patients.

type decreased the risk of adult ALL compared to CC
genotype. Lightfoot et al (30) have found no significant
association between SHMT1 1s1979277 variant and risk
of non-Hodgkin lymphoma.

In a meta-analysis performed by Zhao et al (13)
proposed that the SHMT1 rs1979277 (C1420T) poly-
morphism was associated with decreased risk of breast
cancer. While, Wang et al (31) conducted a meta-ana-
lysis and found that SHMT1 C1420T polymorphism do
not have a significant association with the risk of can-

8.1+7.5 0.904 74+2.1 8.249.1 0.302 7.4+2.3 7.9+7.5 0.718 7.3+2.1 8.7+11.1 0.286

6.8+2.6

8.1+7.7 0.640

6.8+2.4

Hemoglobin (g/dL)

o~ o el —
o N3 0 o0
e X <
s o = S
o
%
H ISR Q a Q@
]
o 2
g
H e v e -~ 8
&
i I
" N
vy — —
=1 < 3 o~
S w x <
IS S
~
vy
A ] = R =~ X
v
o0
" “
o
&
H L - bt S-S
= S
I ) <+
o~ < )
S = ) -
s o S S
a
b
o ® o —
huf n <+ aQ =~ &
=N
v
]
“
A g o - 2 o R
=N
Iy
N w0 <+
o o @ I
= S ~
s o = IS
=)
g
<+ © 0 <+
A = b = ® 5
o
v
<
%
33' s < =N IoN — =
=
=
+  ® ) o~
= S 0 A
< = *® ]
s S S <
5
) =~ o
j‘, 0 o N°) a o 0
= =
wy
©
g I 0 I
b S o« X~ BN
©
=1
z
-
=
2 g _5
= g s E
¥ £ 22
—_ 2 =
- E o g o 22 )
2E ¢ @ - @ > £z ¢ >
2= = Z = = = . = =
= 5 2 S S == & =]
2 § = = = s Sog = =
=S 8 F o E Z B =2 Z o
= = <] o = ] L 9= 2 o
al O ¥ z - - Z O= &~ z

cer overall. Otherwise, SHMT! C1420T polymorphism
may have a protective effect on colorectal cancer in
Asian population.

Genetic variants of one-carbon metabolism can af-
fect DNA synthesis, repair, and methylation. The basic
mechanisms of carcinogenesis by the variants are uracil
misincorporation into DNA causing DNA damage (32),
or aberrant methylation that causes the inactivation of
tumor suppressor genes and inactivation of proto-onco-
genes (33).
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It has been proposed that SHMTI t1s1979277
(C1420T) polymorphism is associated with reduce avai-
lability of methyl derivates for DNA synthesis as well
as remethylation of homocysteine (8, 11). According to
Anderson and Stover (34) report, this variant does not
affect catalytic activity, however, it results in accumu-
lation of altered protein in the cytoplasm, where it may
inhibit cellular methylation reactions by sequestering
5,10-methylenetetrahydrofolate.

The data regarding the impact of SHMT! on child-
hood ALL are inconsistent. There is no perfect reason
for the inconsistent results in diverse studies. Ethnic,
genetic, and/or environmental may interact in various
ways to either decrease or increase the risk of childhood
ALL in different areas.

In summary, our finding emphasizes the impact of
SHMTI polymorphisms on childhood ALL risk in a
sample of Iranian population. Larger sample sizes and
different ethnicities are necessary to confirm these fin-
dings.
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