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Research Highlights

(1) We explored the association of the microtubule-associated protein Tau (MAPT) gene with spo-
radic amyotrophic lateral sclerosis in the Chinese Han population.

(2) Two genetic variations in MAPT (105788 A > G in intron 9 and 123972 T > A in intron 11) were
detected in sporadic amyotrophic lateral sclerosis patients but not controls.

(3) MAPT might be a predisposing gene for sporadic amyotrophic lateral sclerosis in the Chinese
Han population.

Abstract

A previous study of European Caucasian patients with sporadic amyotrophic lateral sclerosis
demonstrated that a polymorphism in the microtubule-associated protein Tau (MAPT) gene was
significantly associated with sporadic amyotrophic lateral sclerosis pathogenesis. Here, we tested
this association in 107 sporadic amyotrophic lateral sclerosis patients and 100 healthy controls from
the Chinese Han population. We screened the mutation-susceptible regions of MAPT — the 3'and 5’
untranslated regions as well as introns 9, 10, 11, and 12 — by direct sequencing, and identified 33
genetic variations. Two of these, 105788 A > G in intron 9 and 123972 T > Ain intron 11, were not
present in the control group. The age of onset in patients with the 105788 A > G and/or the 123972
T > A variant was younger than that in patients without either genetic variation. Moreover, the pa-
tients with a genetic variation were more prone to bulbar palsy and breathing difficulties than those
with the wild-type genotype. This led to a shorter survival period in patients with a MAPT genetic
variant. Our study suggests that the MAPT gene is a potential risk gene for sporadic amyotrophic
lateral sclerosis in the Chinese Han population.
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INTRODUCTION

Sporadic amyotrophic lateral sclerosis is a
fatal neurodegenerative disorder, in which
loss of motor neurons in the spinal cord,
brainstem, and cerebral cortex leads to pro-
gressive paralysis™?. Symptoms selectively
involve the upper and lower motor neurons,
and many patients die within 3 to 5 years
after onset™ *. However, the etiology of spo-
radic amyotrophic lateral sclerosis remains
obscure. Many mechanisms, including viral
infection, autoimmune reactions, excitotoxic-
ity, metabolic/mitochondrial toxicity, abnormal
apoptotic processes, protein misfolding, al-
tered axonal transport, and gene mutations,
have been proposed to explain the underly-
ing pathogenesis*®. However, there is no
conclusive evidence that any of these me-
chanisms is responsible for even a small
fraction of sporadic amyotrophic lateral scle-
rosis cases.

Various genes that cause familial amyo-
trophic lateral sclerosis have been identified;
in contrast, the genetic aspects of sporadic
amyotrophic lateral sclerosis are poorly un-
derstood®. Putative susceptibility genes for
sporadic amyotrophic lateral sclerosis in-
clude vascular endothelial growth factor,
angiogenin'®, apurinic endonuclease’, he-
mochromatosis"'”, survival motor neuron
(SMN1, SMN2)"' and the paraoxonase
cluster on chromosome 7q (PON1, PON2,
PON3)™!. However, to date, no gene has
been conclusively determined to be respon-
sible for the pathogenesis of sporadic amyo-
trophic lateral sclerosis™. There is growing
evidence of the importance of variants in the
microtubule-associated protein Tau (MAPT)
gene as a potential risk factor for degenera-
tive diseases of motor neurons™™®. In addi-
tion, several neurodegenerative diseases are
strongly associated with MAPT genetic varia-
tions, especially in the mutation-susceptible
regions of the 3" and 5’ untranslated regions
(UTRs) and introns 9, 10, 11, and 120",
The Tau proteins, which stabilize microtu-
bules, are the products of alternative splicing
from the MAPT gene. When Tau proteins are
defective, and no longer stabilize microtu-

bules properly, they can result in dementia
or neurodegenerative disease®?!. Drugs to
modify neuronal microtubules might be a
therapeutic target in the survival of apoptotic
motor neurons during early stages of dis-
ease progression. Therefore, it is important
to investigate the genetic background of
sporadic amyotrophic lateral sclerosis, to
determine the neurodegenerative and po-
tential neuroregenerative processes?.

We previously investigated the association
of the dinucleotide polymorphism AO in the
MAPT gene with disease in 416 European
Caucasian patients with amyotrophic lateral
sclerosis and 242 controls. We demon-
strated that the AO polymorphism was highly
prevalent in sporadic amyotrophic lateral
sclerosis™”. To examine this in a different
population, here we investigated the asso-
ciation of the MAPT gene with sporadic
amyotrophic lateral sclerosis in the Chinese
Han population.

RESULTS

Clinical assessment of sporadic
amyotrophic lateral sclerosis patients

A total of 107 patients with sporadic amyo-
trophic lateral sclerosis, consisting of 72
men and 35 women, were included in this
study. These patients comprised 49 definite
cases, 35 probable cases, and 23 possible
cases, according to the El Escorial diagnos-
tic criteria®. The average age of symptom
onset was 52.7 =+ 12.5 years (range 34-73
years). The time to affirmative diagnosis
ranged from 1 month to 33 months, aver-
aging 5.2 £ 6.4 months. The onset symp-
toms were limb weakness in 44 patients
(44/107, 41.1%), muscle twitching in 29 pa-
tients (29/107, 27.1%), muscle wasting in
the hands in 23 patients (23/107, 21.5%),
and bulbar palsy in 11 patients (11/107,
10.3%). Upon development of the disease,
105 patients had limb weakness, 103 pa-
tients presented with muscle wasting, 89
patients complained of muscle twitching, 46
patients suffered from difficulty in swallowing,
and 31 patients endured breathing difficulty
during the different stages of disease.
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Physical examination revealed that the limb weakness
presented asymmetrically. Among the 105 patients with
limb weakness, 10 experienced single upper limb
weakness, 15 had muscle weakness in both lower limbs,
11 had muscle weakness in both upper limbs, 5 had
single lower limb weakness, 3 had unilateral limb weak-
ness, and 61 had muscle weakness in all limbs. Proximal
and distal muscle weakness was present in 91 patients,
of whom 21 presented with more proximal weakness, 40
with more distal weakness, and 30 with equal proximal
and distal weakness. There were 10 patients with iso-
lated proximal weakness and 4 patients with isolated
distal weakness. The intrinsic muscles of the hand were
prominently atrophied in 103 patients, especially involv-
ing the thenar and hypothenar muscles and the first in-
terosseous muscle. Muscle wasting distributed in the
upper limbs (74/103), lower limbs (58/103), tongue
(45/03), sternocleidomastoid (32/103), cervical muscles
(27/103), and chest muscles (2/103). There were 89
patients with muscle twitching, which occurred in the
hands (75/89), thighs (49/89), proximal muscles of the
upper limbs (42/89), tongue (45/89), distal muscles of the
lower limbs (32/89), and sternocleidomastoid (30/89).
Eighty-eight patients were identified with pyramidal signs;
69 patients manifested with different extents of hyper-
reflexia. All patients had normal sensory function.

Electromyography was performed in all 107 patients. All
patients revealed diffuse neurogenic lesions with pro-
longed duration, high amplitude, fibrillation potential, and
giant potential. Motor conduction velocity and distal mo-
tor latency were normal or slightly prolonged. All patients
underwent electromyography in the sternocleidomastoid,
and 79 of them showed neurogenic involvement. Six-
ty-seven patients underwent electromyography in the
paraspinal muscles, and 63 of them presented with a
neurogenic pattern. The serum creatine kinase level was
normal in 54 patients, elevated to 280-760 U/L in 32
patients, and was not determined in 21 patients. Cerebral
and cervical magnetic resonance imaging was performed
in 32 and 58 patients respectively; and no obvious
changes were identified.

Follow-up assessment was carried out in all patients.
The follow-up period ranged from 1.5 to 65 months (av-
erage 15.2 £ 17.3 months). By the last follow-up (Febru-
ary 2012), 67 patients had died, 19 patients had lost the
ability to move, and the remaining 21 patients had pro-
gressive disease. The time from disease onset to death
ranged from 3 months to 83 months (average 20.2 £ 15.7
months). The main causes of death were pneumonia
(47/67), breathing difficulties (12/67), asphyxia (5/67),
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and injury (3/67). Forty-three patients were administered
riluzole; however, there was no obvious efficacy.

Genetic analysis

We identified 33 nucleotide polymorphisms in the MAPT
gene in the 107 sporadic amyotrophic lateral sclerosis
cases (Table 1). A 105788 A > G heterozygous variant in
intron 9 was found in 16 sporadic amyotrophic lateral
sclerosis patients, and was absent from the controls
(Figure 1). The A and G allele frequencies were 92.06%
and 7.94% in sporadic amyotrophic lateral sclerosis pa-
tients, respectively, versus 100% and 0% in controls (P <
0.05). The frequency of the AA, GA, and GG genotypes
was 85.05%, 14.02%, and 0.93% in sporadic amyo-
trophic lateral sclerosis patients, respectively, and 100%,
0%, and 0% in controls (P < 0.05). A 123972 T > A he-
terozygous variant in intron 11 was identified in 15 spo-
radic amyotrophic lateral sclerosis patients, and was
absent from the controls (Figure 2). The T and A allele
frequencies were 92.99% and 7.01% in sporadic amyo-
trophic lateral sclerosis patients, respectively, and 100%
and 0% in controls (P < 0.05). The frequency of the TT,
TA, and AA genotypes was 85.98%, 14.02%, and 0% in
sporadic amyotrophic lateral sclerosis patients, respec-
tively, and 100%, 0%, and 0% in controls (P < 0.05). Only
one patient had both the 105788 A > G and 123972 T >
A variants.

Table 1 Genetic variations in the microtubule-associated

protein Tau (MAPT) gene identified in Chinese Han

sporadic amyotrophic lateral sclerosis patients

Position Polymorphism Position Polymorphism
3'UTR 135119delC Intron 9 103067C>T
3'UTR 135339G>T Intron 9 105711A>T
3'UTR 135583G>A Intron 9 105788A>G
3'UTR 136988insTG Intron 9 105842T>G
3'UTR 138299G>A Intron 10  107780G>A
3'UTR 138312A>G Intron 10 107962C>G
3'UTR 138340A>G Intron 10 108026G>C
3'UTR 138364A>G Intron 10  108052T>G/A
3'UTR 138431T>A Intron 10  119033A>T
5'UTR 72933A>G Intron 11 122298G>C
Intron 9 103402C>A Intron 11  123790C>G
Intron 9 105507A>G Intron 11 123972T>A
Intron 9 105514G>T Intron 11 123972TC>AA
Intron 9 105637insCCC Intron 11 123973C>A
Intron 9 105684T>C Intron 12 127096¢c>A/del
Intron 9 105814G>A

UTR: Untranslated region.

Genotype-phenotype correlations

We divided the sporadic amyotrophic lateral sclerosis
patients into a “genetic wild-type” group and “genetic
variant” group according to their two MAPT genotypes.
We then compared the groups for the following variables:
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age, sex, duration of symptoms before diagnosis, limb
weakness, muscle wasting, muscle twitching, bulbar
palsy, breathing difficulty, pyramidal signs, hyperreflexia,
sternocleidomastoid electromyography, serum creatine
kinase, survival time, and pneumonia rate.
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Figure 1 Chromatograms showing the A > G variant at
position 105788 in intron 9 of the MAPT gene.

(A) AA genotype; (B) AG genotype; (C) GG genotype. The
position of the variant is indicated by arrows.

A

cTTTG AC TG &G A TC &G C TG GGC & G C T
B crTtT 6 2C TG &6 & TC AGC TG 6C &6 €T

Figure 2 Chromatograms showing the T > A variant at
position 123972 in intron 11 of the MAPT gene.

(A) TT genotype; (B) TA genotype. The position of the
variant is indicated by arrows.

In the 105788 A > G variant group, the onset age was 34
to 67 years (average 47.5 + 11.3 years), which was sig-
nificantly younger than that in the 105788 A > G wild-type
group (P < 0.05). Moreover, the 105788 A > G variant
patients were more likely to have bulbar palsy and
breathing difficulties than were the 105788 A > G wild-
type patients (P < 0.01). There were no other significant
differences between the two groups (Table 2).

A similar relationship between the clinical features and
genotype was observed in the 123972 T > A variant
group (Table 3). In the 123972 T > A variant group, the
age of onset was from 37 to 72 years old (average 46.7 +
10.3 years); this was significantly younger than that in

the 123972 T > A wild-type group (P < 0.05). Moreover,
the 123972 T > A variant patients had a higher frequency
of bulbar palsy and breathing difficulties than did the
123972 T > A wild-type patients (P < 0.05). Thus, their
survival time was shorter (P < 0.01). There were no other
significant differences between the groups.

DISCUSSION

The sporadic amyotrophic lateral sclerosis patients in
this study underwent follow-up since the time of definite
diagnosis. Most patients first presented with asymme-
trical limb weakness or muscle wasting. An increasing
area of involvement and declining muscle strength were
progressive, and most patients died from breathing dif-
ficulties or asphyxia. All patients revealed diffused neu-
rogenic lesions with normal motor conduction velocity.
Therefore, all patients were clinically definite cases, al-
though there initially existed probable and possible cases

according to the El Escorial criteria®.

The MAPT gene spans 133.9 kb from the 5" UTR to the
end of the 3' UTR and contains 16 exons. Exons 1 and 14
are transcribed but not translated® 2. The formation of
MAPT mRNA is tissue-specific and developmentally re-
gulated by alternative splicing. In the human brain, exons
4A, 6, and 8 are not present in mRNA. Three coding ex-
ons (2, 3, and 10) are alternatively spliced and are specific
to adult brain™?*., Among the many identified MAPT mu-
tations, the majority are missense, deletion, or silent mu-
tations in the coding region, or intronic mutations close to
the splice-donor sites following exons 2, 3, or 10°. MAPT
mutations are categorized according to whether they di-
rectly affect Tau protein function and/or RNA splicing.
Mutations in exon 9, 11, 12, and 13 disrupt the interactions
between Tau and microtubules, thus reducing the ability of
Tau to promote microtubule assembly. Conversely, muta-
tions affecting alternative splicing result in a change to the
Tau isoform ratios®®". Mutations affecting splicing include
both missense and silent mutations in exon 10 and intron
mutations in the sequence closely flanking this exon. The
regions described above are called the muta-
tion-susceptible regions of the MAPT gene. These regions
are associated with an increased risk of neurodegenera-
tive disease!®?”,

The precise etiology of sporadic amyotrophic lateral
sclerosis remains unknown; however, increasing evi-
dence suggests that both genetic and environmental
factors are involved, and that inheritance is especially
important!™ 2.,
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notype of the MAPT 105788 A > G variant.

Table 2 Clinical variable analysis of Chinese Han patients with sporadic amyotrophic lateral sclerosis according to the ge-

>
Variable 105788 A> G cases

Non-105788 A > G cases

Non-105788 A > G and 123972

(n=16) (n=91) T >Acases (n=77)
Age (meanzSD, year) 47.5+11.3 53.6+13.4 54.6x14.% 0.042
Sex (male/female, n) 11/5 61/30 50/25 0.696
Duration before diagnosis 5.12+4.51 5.25+7.06 5.24+6.18 0.501
(mean+SD, month)
Limb weakness [n(%)] 16 (100) 89 (98) 75 (97) 0.954
Muscle wasting [n(%0)] 15 (94) 88 (97) 74 (96) 0.938
Muscle twitching [n(%)] 13 (81) 76 (84) 64 (83) 0.945
Bulbar palsy [n(%)] 12 (75) 34 (38) 21 (28)* 0.044
Breathing difficulty [n(%6)] 11 (69) 20 (22) 10 (13) 0.011
Pyramidal sign [n(%)] 13 (81) 75 (82) 63 (82) 0.964
Hyperrefelxia [n(%)] 11 (69) 58 (64) 48 (62) 0.861
Sternocleidomastoid 13 (81) 66 (73) 53 (69) 0.763
electromyogram [n(%)]
Creatine kinase [n(%)] 5(31) 27 (30) 23 (30) 0.924
Survival time (mean+SD, 10.5+6.9 21.91+15.7 24.3+18.4° 0.009
month)
Pneumonia ratio [n(%)] 9 (56) 38 (42) 29 (38) 0.516

3p < 0.05, °P < 0.01, vs. non-105788 A > G cases. Continuous variables were analyzed using Student’s t-test. Categorical variables were
compared using the chi-square test. There were significant differences in age, bulbar palsy, and survival time between 105788 A > G cases and
non-105788 A > G cases (P < 0.05, P < 0.01). MAPT: Microtubule-associated protein Tau.

MAPT 123972 T > A variant.

Table 3 Clinical variable analysis of patients with sporadic amyotrophic lateral sclerosis according to the genotype of the

Variable 123972 T > A cases Non-123972 T > A cases Non-123972 T > A and 105788
(n=15) (n=92) A> G cases (n=77)

Age (meanzSD, year) 46.7+10.3 53.7+12.9 54.6+14.7% 0.048
Sex (male/female, n) 10/5 62/30 50/25 0.894
Duration before diagnosis 5.31+4.94 5.22+5.89 5.24+6.18 0.837

(meanSD, month)
Limb weakness [n(%)] 15 (100) 90 (98) 75 (97) 0.956
Muscle wasting [n(%)] 14 (93) 89 (97) 74 (96) 0.930
Muscle twitching [n(%)] 12 (80) 77 (84) 64 (83) 0.914
Bulbar palsy [n(%)] 13 (87) 33 (36) 21 (27)% 0.037
Breathing difficulty [n(%)] 10 (67) 21 (23) 10 (13)* 0.020
Pyramidal sign [n(%)] 12 (80) 76 (83) 63 (82) 0.940
Hyperrefelxia [n(%)] 10 (67) 59 (65) 48 (62) 0.930
Sternocleidomastoid 13 (87) 66 (72) 53 (69) 0.645

electromyogram [n(%o)]
High creatine kinase [n(%)] 4 (27) 28 (30) 23 (30) 0.828
Survival time (mean+SD, month) 9.6+6.7 21.9+16.5 24.3+18.4 0.003
Pneumonia ratio [n(%)] 9 (60) 38 (41) 29 (37) 0.418

3P < 0.05, "P < 0.01, vs. non-123972 T > A cases. Continuous variables were analyzed using Student’s t-test. Categorical variables were
compared using the chi-square test. Age, bulbar palsy, breathing difficulties, and survival time were significantly different between 105788 A > G
cases and non-123972 T > A cases (P < 0.05, P < 0.01). MAPT: Microtubule-associated protein Tau.

The MAPT gene has been previously suggested to be a
susceptibility gene for sporadic amyotrophic lateral
sclerosis™ ¥, There is now considerable evidence that it
is involved in many neurodegenerative diseases, includ-
ing Alzheimer’s disease'®, frontotemporal dementia®”,
supranuclear palsy®, frontotemporal dementia with par-

kinsonism linked to chromosome 17%%, corticobasal de-

generation®”, Parkinson’s disease, and Pick’s disease".

Although most sporadic amyotrophic lateral sclerosis
cases are not classified as a tauopathy, sporadic amyo-
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trophic lateral sclerosis can present with neuropatholog-
ical findings that overlap with those of tauopathies, and
have similar clinical features®?. A susceptibility risk gene
does not have to cause gross pathological effects in a
neurodegenerative disease; for example, the APOE
gene in Alzheimer’s disease and the saitohin gene in
Parkinson’s disease do not directly cause pathogene-
sis™. It should be noted, however, that several previous
reports have not supported the pathogenicity of MAPT
gene mutations in sporadic amyotrophic lateral sclerosis.
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These include the recent report of Taes et al ¥, in which
the association between amyotrophic lateral sclerosis
and the MAPT H1/H2 polymorphism was studied in 3540
European patients with amyotrophic lateral sclerosis and
8753 controls. The results indicated that the H1/H2 po-
lymorphism did not influence amyotrophic lateral sclero-
sis susceptibility and did not affect the clinical pheno-
typel®. Thus, it remains uncertain whether MAPT is a
risk gene in sporadic amyotrophic lateral sclerosis. To
our knowledge, there is a paucity of information regard-
ing the possible association between MAPT variations
and sporadic amyotrophic lateral sclerosis in the Chinese
Han population. We sought to address that deficiency
here.

In the present study, we analyzed the MAPT 3' and 5’
UTRs and introns 9, 10, 11, and 12. We chose these
regions because many nucleotide changes have been
found in these regions or nearby***®. We identified two
variants, 105788 A > G in intron 9 and 123972 T > A in
intron 11, which were highly prevalent in Chinese Han
sporadic amyotrophic lateral sclerosis patients but were
not found in controls. These variants might be associated
with sporadic amyotrophic lateral sclerosis disease risk
in the Chinese Han population. Both variants are located
near exon 10 and may be involved in the regulation of
alternative splicing, affecting the Tau isoform ratios.

In our study, patients with either variant displayed a
younger age of onset than patients without a variant. Si-
milarly, patients with a variant were more prone to bulbar
palsy and breathing difficulties than patients without a
MAPT variant, which ultimately led to a shorter survival
period in patients with a genetic variant. Apoptosis might
be promoted by the abnormal Tau isoform ratios that
these variants might cause. In short, patients with 105788
A>Gor123972 T > A not only had a greater susceptibility
to sporadic amyotrophic lateral sclerosis than did patients
without a variant, but also tended to have worse clinical
progression and outcome. Our findings suggest that ge-
netic variation in MAPT is a risk factor for sporadic amyo-
trophic lateral sclerosis in the Chinese Han population.
However, because of the relatively small sample size of
the present study, we cannot draw firm conclusions. Fur-
ther studies with larger groups are necessary.

SUBJECTS AND METHODS

Design
Contemporary, non-randomized, controlled, retrospective
analysis.

Time and setting

A total of 107 sporadic amyotrophic lateral sclerosis pa-
tients were recruited at the First Affiliated Hospital of
Nanchang University, China, from July 1998 to January
2012. One hundred controls were collected from the
Health Examination Centre of the First Affiliated Hospital
of Nanchang University, China, during 2011.

Subjects

All recruited sporadic amyotrophic lateral sclerosis pa-
tients were from the Chinese Han population, with both
parents also of Chinese Han origin. Methods reported by
Serre et al *® were employed to rule out population strati-
fication within these samples besides relying on
self-reported ethnicity. The sporadic amyotrophic lateral
sclerosis patients were diagnosed according to the El

Escorial criteria of the World Federation of Neurology™!.

Patients were identified in the course of routine clinical
ascertainment of movement disorders in the Neurology
Department. All patients underwent brain and spinal
magnetic resonance imaging to exclude other neurological
diseases that mimic the clinical picture of amyotrophic
lateral sclerosis, such as tumors, demyelinating disorders,
hydrocephalus, and cervical myelopathy.

A total of 100 non-neurological Chinese Han individuals
were used as control subjects. None had a medical his-
tory of amyotrophic lateral sclerosis, Alzheimer’s disease,
ataxia, autism, bipolar disorder, brain aneurysm, demen-
tia, dystonia, or Parkinson’s disease, and none had any
first-degree relative with a known primary neurological
disorder. Control individuals were matched to the spo-
radic amyotrophic lateral sclerosis patients by age and
sex and comprised 47 men and 23 women; the mean
age at sample collection was 51.9 + 10.2 years (range
40-75 years).

All patients and controls gave written consent in accor-
dance with the Administrative Regulations for Medical
Institutions issued by the State Council of China, as well
as the Declaration of Helsinki .

Methods

Molecular analysis of the MAPT gene

Peripheral blood samples (elbow, 4 mL) were drawn, and
DNA was isolated using a Fastgene-DNAfast 5000 kit
(Fastgene Co., Ltd., Shanghai, China). Primers were
designed using Primer 3 software (http://primer3.wi.mit.
edu/; Table 4). Primer sequences were located in the 3’
and 5" UTRs plus introns 9, 10, 11, and 12 of the MAPT
gene. These comprise the mutation-susceptible regions
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of this gene.

Table 4 Primer sequences

o Product
Name Sequence (5'-3") size (bp)
3'UTR-1  Forward: AAA CAT GGC CACATC CAACA 601

Reverse: GCC AGC GCT CTC AAGACATC

3'UTR-2 Forward: ACAATG TCC CGAATT CCCAG 624
Reverse: AGG GCA GGG CAA CAT CTATG

3'UTR-3 Forward: ACG AGG TGT CTC TCACCC CC 630
Reverse: GAG TTT GTG CAAGGT CAG CG

3'UTR-4 Forward: GCACGC TGG CTT GTGATC TT 623

Reverse: AAG CGA GTG ATC TCA GCT
CCA

5'UTR Forward: AAATAA CGC TTG GGCAGG AA 305
Reverse: CTT GGT CTT GGT GCATGG TG

Intron 9-1 Forward: CAG CTC TCG GAG CCTCTC TG 581
Reverse: CAG CTC ACT GCAACC TCT GC

Intron 9-2 Forward: GCC TGG CCAACA TGG TAAA 601
Reverse: TCG ATC CCC TTC AAG AGT GG

Intron 10-1 Forward: TGC CAC CCATAG GTCAGCAT 631
Reverse: TGG GTT CAAGCG ATT CTC CT

Intron 10-2 Forward: AGG TGATCC ACCAGC CTT GA 555
Reverse: TGC CAA GTG GTG ATC CCAGT

Intron 11-1 Forward: CGC CAC TGC ACT TCAACC TA 537
Reverse: TTAGTT AGC CCC ATG CAG CA

Intron 11-2 Forward: AGC CAT GAAGCC AGC TGTCT 595
Reverse: CGT GGG CTT TAT TCC AGG

AAA
Intron 12-2 Forward: AGC GGA GTG AGC AGA GAT 572
CG

Reverse: ACC GTG CCCAGC TGTATT TT

Intron 12-2 Forward: TGG AAC CAT GCT TACTCC CC 611
Reverse: TGG CCT TCT CTT CCCACAGT

UTR: Untranslated region.

PCR reactions were carried out in a final volume of 50 uL
using Taq DNA polymerase (Takara, Dalian, China). The
cycling conditions included a hot start at 94°C for 5 mi-
nutes, followed by 30 cycles at 94°C for 30 seconds,
57-59°C for 30 seconds (depending on the primer pair),
and 72°C for 45 seconds followed by a 7-minute exten-
sion step at 72°C.

The specificity of the PCR was assessed by electro-
phoresis of the products on 1.5% agarose gels. PCR
products were purified and sequenced using an ABI
3730xI automated sequencer (Applied Biosystems,
Foster City, CA, USA) according to the manufacturer’s
instructions.

All identified nucleotide alterations were confirmed by
additional sequencing in the opposite direction. Se-
guences were compared with those in the National
Center for Biotechnology Information GenBank data-
base (chrl7: 41326624-41462546, MIM:157140, Ge-
nelD: 4137, NG_007398.1, Gl:167830493) and ana-
lyzed using DNAMAN software, v5.2.2 (Lynnon Corp.,
Berkeley, CA, USA).
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Statistical analysis

The association of the different clinical variables was
analyzed by univariate analysis. Statistical assessment
was conducted using the SAS statistical software pack-
age (SAS Institute Inc., Cary, NC, USA). Continuous
variables were expressed as mean + SD and were ana-
lyzed using Student’s t-test. Categorical variables were
expressed as absolute numbers and proportion of cases
and were compared using the chi-square test. Allele
frequency was determined via direct counting. Difference
in genotype distribution between the groups was ob-
tained using the chi-square test. A value of P < 0.05 was
considered statistically significant.
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