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Aim. To investigate the possible association of LIF gene polymorphism rs929271 with mild intellectual
disability (ID). Methods. The group of patients with mild (IQ score between 50 and 70) idiopathic intel-
lectual disability consisted of 64 individuals including 40 (62.5 %) males and 24 (47.5 %) females. The
control group consisted of 238 healthy volunteers from different regions of Ukraine. Polymorphic variants
of LIF gene rs929271 were detected using PCR followed by Hinfl RFLP analysis. Results. The data con-
cerning LIF genotypes and allelic variants distribution in ID patients and control group were obtained.
Statistical analysis shows significant differences at rs929271 for both genotype and allele frequency when
comparing ID cases and controls (p = 0.01 and 0.02, respectively). Conclusions. Our results suggest that
LIF gene polymorphism rs929271 is associated with idiopathic mild intellectual disability. Therefore, we
propose LIF as a new marker of genetic susceptibility for intellectual disability.
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Introduction

Intellectual disability is a neurodevelopmental disor-
der, affecting about 3 % of the population, and is as-
sociated with a series of social and medical handi-
caps [1]. The causes of intellectual disability vary
with the severity of the condition: moderate-to-se-
vere intellectual disability (IQ less than 50) is much
more likely to be due to a single pathological cause
(genetic or environmental) whereas mild ID (defined
as an IQ score between 50 and 70) is rather due to
the complex condition in origin [2].

Leukemia inhibitory factor (LIF) is a member of
the neuropoietic family of neurotrophins and was
found to regulate the neuronal phenotype and coor-
dinates astrocyte, oligodendrocyte, microglia, and
inflammatory cell responses [3—5]. Furthermore, LIF

is shown to act as a survival factor for neurons and
oligodendrocytes [6, 7].

Upon binding to the heterodimeric glycoprotein
130 (gp130)/LIF receptor (LIFR) complex, LIF acti-
vates several major intracellular signaling pathways
including ERK/MAPK signaling [8, 9]. It was discov-
ered that ERK/MAPK pathway is important for nor-
mal cognitive development and is required for cer-
tain types of synaptic plasticity [10, 11]. It was
shown that the mutations in genes coding for ERK/
MAPK pathway proteins and regulators such as
SYNGAP1 and RPS6KA3 cause non-syndromic in-
tellectual disability (NS-ID) and autism spectrum
disorders [12—16].

The leukemia inhibitory factor gene is located on
chromosome 22q12.1-q12.2 [17]. The T to G tran-
sversion 1$929271 is located in the 3 primed untrans-
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lated region of the LIF gene. This polymorphism is
suggested to reduce mRNA stability and finally may
have an effect on the amount of secreted LIF [18].
Previous reports have demonstrated that the LIF
gene variant (rs929271) may produce susceptibility
to vascular dementia, hebephrenic schizophrenia and
deterioration of working memory function [19, 20].

Aim of this study is to evaluate the possible asso-
ciation of the LIF gene polymorphism 1rs929271 with
mild intellectual disability.

Materials and Methods

DNA-samples were extracted from peripheral blo-
od leucocytes of unrelated volunteers from differ-
ent regions of Ukraine and ID patients by the stan-
dard phenol-chloroform method. Informed consents
were obtained from all the individuals participating
in our study.

The group of patients with mild (IQ score between
50 and 70) idiopathic intellectual disability consisted
of 64 individuals including 40 (62.5 %) males and 24
(47.5 %) females, where previous extensive genetic
investigations have revealed no abnormalities. All pa-
tients underwent physical and neurological examina-
tion (test used for 1Q: WISC III, WISC-R, WISC) and
standard G-banding karyotype analysis. DNA tests to
determine Fragile X status (FRAXA, FRAXE, FRAXF
loci) and Prader Willi/Angelman syndromes (PW/
AS) were performed to rule out the known genetic
causes of ID prior to further investigation. Array-CGH
analysis (400K resolution) revealed no any pathologi-
cal rearrangements in all patients.

The control group consisted of 238 individuals in-
cluding 128 (53.8 %) males and 110 (46.2 %) fe-
males. This group may be considered representative
for the estimation of DNA polymorphism frequency
in autosomal genes [21, 22].

The presence of LIF polymorphism rs929271
was examined by PCR-RFLP (restriction fragment
length polymorphism) analysis. Specific oligonucle-
otides, designed and synthesized in accordance to
corresponding sequences of LIF gene, were used as
primers: forward: 5’-GGGGACACAGAAACAAG
GACAGGG -3’ and reverse: 5~ AAGGGTCGGAT
CTGAGAGAATGGG-3’. Primers were designed us-

298 bp

159 bp
139 bp

M 1 2 3 4 5 6

Fig. 1. RFLP analysis of rs929271 LIF gene variant (2 % agarose
gel electrophoresis): M — molecular mass marker (Ladder 50
bp); 1, 2, — individuals with homozygous genotype TT; 3, 4 —
individuals with heterozygous genotype TG; 5 — individual with
homozygous genotype GG, 6 — negative control

ing a web-based PRIMER 3.0 program (http://work-
bench.sdsc.edu). We used the «<BLAST» program at
http://www.ncbi.nlm.nih. gov/blast to check for the
specificity of the primers. Hypothetical RFLP results

Table 1. Distribution of genotypes
and allele variants in investigated groups

Control group, ID patients,
n=238 n =64
Genotype, n (%)
TT 107 (45) 18 (28.1)
TG 106 (44.5) 35(54.7)
GG 25 (10.5) 11 (17.2)
TG+GG 131(55) 46(71.9)*
Allele, n (frequency)
T 320 (0.672) 71 (0.555)
G 156 (0.328) 57 (0.445)*

Note. N — number of individuals; * statistically reliable differ-
ence (P <0,05).
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were tested using NEB cutter V2.0 (http://tools.neb.
com/NEBcutter2).

The PCR amplification was performed in a final
volume of 25 pl containing 1 x PCR buffer, 1.5 mM
MgClI2,200 uM of each ANTP, 1 uM of each primer,
0.2 units of Tag-DNA polymerase and 200 ng of the
DNA template. The cycling conditions were as fol-
lows: initial denaturation at 95 °C for 5 min, 30 cy-
cles consisting of denaturation at 94 °C for 30 s,
annealing at 63 °C for 30 s, extension at 72 °C for 30
s and a final elongation step at 72 °C for 3 min. The
amplified fragments were digested with Hinfl. Di-
gestion was performed in 15 pl reaction volume con-
taining 1 X reaction buffer, 0.5 units of the restric-
tion enzyme and 10 pl of purified PCR product, in-
cubated at 37 °C overnight and analyzed in 2 %
standard agarose electrophoresis.

The results were statistically assessed using Ope-
nEpi software and Fisher’s 2 by 2 exact test, as well
as odd ratio (OR) calculation; p < 0.05 was consid-
ered to be statistically significant test [23].

Results and Discussion

The designed primers successfully amplified the
corresponding fragment (298 bp) of the LIF gene.
The T to G transition in rs929271 variant removes a
restriction site for endonuclease Hinfl. Thereby three
different patterns could be observed for the rs929271
variant after the restriction digestion: a 298 bp band
(for rs929271 T/T); a 298 bp, a 159 bp and a 139 bp
bands (for 1s929271 T/G); a 159 bp and a 139 bp
bands (1s929271 G/G) (Fig. 1).

Based on the RFLP analysis of the 1s929271 vari-
ant, the individuals were classified into three groups:
TT, TG and GG. Genotypes and allele frequencies of
the rs929271 polymorphism are presented in Table 1.
The observed genotype distributions showed no de-
viations from Hardy-Weinberg expectations in gener-
al population of Ukraine and in ID patients group.

It was determined that total frequency of hetero-
and homozygous carriers of the LIF gene rs929271
minor allele, in this case that of guanine (QG), is reli-
ably higher (p =0.01) in the ID patients group (71.9 %)
compared to the control group (55 %). The minor
G-allele occurred less frequently in the control gro-
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up — 0.328 than in the ID patients group — 0.445 (p =
=0.02). It was shown that the risk of mild ID devel-
opment increased for both hetero- and homozygous
carriers of minor rs929271 G-allele and the odd ratio
was 2.09 (95 % CI: 1.14-3.81).

Our results suggest that the LIF gene polymor-
phism 1s929271 is associated with idiopathic mild
intellectual disability. These data can be explained
by a decrease of LIF levels in the LIF gene 15929271
minor allele G carriers that in turn, may affect the
regulation of neurogenesis and neuroprotection at
least via LIF/ERK/MAPK signaling.

Therefore, we propose LIF as a new marker of
genetic susceptibility for intellectual disability. Fu-
ture investigations are necessary to explain the mo-
lecular mechanisms of the LIF involvement in ID
pathogenesis.
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P. B. I'ynkoBcekuid, JI. C. Bonkosa, JI. A. JliBmiuis

Acouianisa monximopgizmy rs929271
reHa Jeiikemisi-inridyrouoro ¢gpaxropa 3 inionarnunoro
JIETKOI0 iHTeJIeKTyaJbHOI0 He/li€31aTHICTIO

Mera. Jlocniautu MOXIIHBY acomiamito nomimopdismy 1s929271
reHa LIF 3 nerkoro inTenekryansHoto HemiesnarHictio (IH). Meto-
au. [pyma mamienTis 3 serkoro (IQ mix 50 1 70) imionaTnaHoro iHTE-
JICKTYaJIbHOO HEJTIE3MATHICTIO CKIIaaiacs 3 64 iHIUBIIB, BKIOYa-
104n 40 (62,5 %) gonoBikis i 24 (47,5 %) »xinku. KonrposbsHa rpyna
ciiaanacs 3 238 3710poBHX J00POBOIBLIB 3 PI3HUX PErioHIB YKpai-
uu. [Tomimopdni BapianTu 1$929271 rena LIF BusBisim 3a momo-
moroto TIJIP 3 nopaneumm Hinfl TI/IP® anamizom. Pesyasraru.
Bynu orpuMaHi 1aHi mpo po3Iojis TeHOTHIIIB 1 aJIeIbHUX BapiaHTIB
rera LIF B rpymi nanientis 3 IH i B koHTpOnkHii rpymi. CraricTid-
HHUI aHaIIi3 OKa3ye 3HAYMMI BiIMIHHOCTI 110 1$929271 sIK Ju1st 4acToT
TeHOTHIIIB, TaK 1 AJIeIbHUX BapiaHTIB MPX MOPIBHSHHI JTOCITIHKYBa-
HOI Ta KoHTpobHOI rpy1 (p = 0,01 1 0,02, BignosigHo). BucHoBKH.
Harmmi pesyssraty mokasyroTs, mo nomiMopdizm 1s929271rena LIF
aCOIIHOBaHMIA 3 JIETKOKO iMIOMATHYHOIO 1HTENEKTYabHO HEi€3-
narnictio. Tomy Mu nporioryemo LIF B sikocTi HOBOro Mapkepa re-
HETHYHOI CXMJIBHOCTI JI0 IHTENICKTYalIbHOT HE/TI€3IaTHOCTI.

Kawuosi caosa: ren LIF, inTenekryanbHa Hemie3naTHICTD,
noiMopQi3M, MOMyIISLis.

P. B. I'ynxoBckuid, JI. C. Bonkosa, JI. A. JIuBmmuig

Accouuanus noaumopdusma rs929271 rena
JelikeMHsi-HHrHONPYIomero ¢pakTopa ¢ HAMONATHYECKOI
JIErKOii MHTEJVIEKTYaJILHOI HeeecnoCcoOHOCThIO

Heas. McciaenoBarts BO3MOXKHYIO aCCOIHMAIMIO TTOTUMOphU3Ma
1s929271 rena LIF ¢ nerxoi WHTeNIEKTyalbHON HeleecHo-
cobnoctsio (MH). MeToas!. ['pyrma nanmenTos ¢ sierkoi (1Q mex-
ny 50 u 70) uanonariyeckod MHTEIUIEKTYalbHON HEAeecroco0-
HOCTBIO cocTos1a 13 64 MHIMBUIOB, BKIIodast 40 (62,5 %) Mmy»xuuH
u 24 (47,5 %) >xennmael. KontponsHas rpymma coctosna u3 238
37I0POBBIX JTOOPOBOJIBIEB M3 PA3HBIX PETHOHOB YkpawHbL. [Tomm-
MopdHble BapruaHTs! 15929271 rena LIF BeisBisum mocpencrsom
TP ¢ nocnenyrouum Hinfl TIAP® ananuzom. Pe3yabraThl.
Bbut NoJTy4YeHb! JaHHbIE O PacIIPeIe/ICHHH TeHOTUIIOB U aJUIeNb-
HbIX BapuanToB reHa LIF B rpynme namentos ¢ TH u B koHTpOmb-
HOH rpymme. CTaTuCTHYECKUH aHAIN3 TTOKa3bIBAaeT 3HAYUMBIC Pa3-
Jrgus 1o 15929271 Kax Ay 4aCTOT TeHOTHUIIOB, TaK H aJUIeNel pr
CpaBHEHUH HCCIIeAyeMoi 1 KoHTposbHOH rpym (p = 0,01 u 0,02,
COOTBETCTBEHHO). BpIBOABI. Harm pesynbrars! okasbIBaroT, 4To
nomumopdusm 1s92927 1rena LIF accormmpoaH ¢ Jierkoit uauormna-
THUYECKOM MHTEJIEKTyaIbHOI HeleecliocoOHOCThI0. [10aTOMy MbI
npeiaraeM LIF B kauecTBe HOBOrO Mapkepa TeHEeTHYECKOM Tpea-
PACTIONOKEHHOCTH K HHTEJIIEKTYaIbHON HeJleeCIIOCOOHOCTH.

KnwueBsbie caoBa:rex LIF, nuaTeIIEKTYaIpHAS HEeecno-
COOHOCTB, TTOIMMOP(U3M, TTOITYIISIIHS.
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