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According to the recent data the ubiquitin-proteasome system (UPS) is implicated in the pathogenesis of obesity.
Aim of our study was to evaluate a possible association between genetic variations in the PSMBS5 and PSMC6
genes and childhood obesity in the Latvian population. Methods. The rs11543947 (PSMBS5), rs2295826 and
152295827 (PSMC6) were genotyped in 94 overweight children versus 191 controls. Stratification was made by

family history and sex. Results. Heterozygous genotype at rs11543947 (PSMB5) manifested association with the

disease (P < 0.01) in total group and in patients with family history (OR = 2.445 [95 % CI 1.378—4.339] and OR =
=2.746 [95 % CI 1.427-5.283], respectively). This genotype was observed more frequently (P < 0.05) in males
with family obesity and in females without family history (P < 0.01).The heterozygotes at rs2295826 and
152295827 showed association (P < 0.01) in obesity (OB), in patients with family history (OR = 2.119 [95 % CI
1.207-3.718] and OR = 2.379 [95 % CI 1.249-4.533], respectively) and in males group. The rsl11543947/
r52295826-rs2295827 multi locus genotype heterozygous at all the studied loci and the haplotype represented by
the rare alleles were more frequent in obese children when compared to controls (P < 0.001 and P = 0.0001 res-
pectively). Conclusions. Genetic variations of the PSMBS5 (rs11543947) and PSMC6 (rs2295826 and rs2295827)
genes can influence childhood obesity in Latvians.
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Introduction. The ubiquitin-proteasome system (UPS)
has been recently shown to be implicated in the patho-
genesis of obesity (OB). It has been demonstrated that
plasma ubiquitin and proteasome levels inversely corre-
lated with a male body mass index in Southern Taiwan
and Japanese population [1, 2] and that the proteasome
dysfunction mediated the obesity-induced endoplas-
mic reticulum stress and insulin resistance in the liver
[3]. A significant association was found between gene-
tic variants of the PSMD9 gene and obesity-associated
phenotypes in Italians [4]. The mutation in the PSMBS
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gene has been reported to be associated with the autoin-
flammatory syndrome with lipodystrophy in Japanese
[5]. Earlier we have detected the association of the
PSMA3 gene polymorphisms with susceptibility to obe-
sity in Latvian children [6].

The current study was aimed to elucidate whether
the single nucleotide polymorphisms (SNPs) of the
PSMB5 (rs11543947) and PSMC6 (rs2295826 and
rs2295827) genes are associated with the children obe-
sity in the Latvian population.

Materials and methods. Case/control groups (94
obese children and 191 controls, respectively) were des-
cribed previously [6, 7]. The rs2295826 and rs2295827
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genotyping data for controls were extracted from
Sjakste et al. [7] and used in current study for the as-
sociation analysis. The study was approved by the Cent-
ral Medical Ethics Commission of the Latvian Ministry
of Health.

The PSMB5 (rs11543947) and PSMC6 (1s2295826,
rs2295827) genotyping procedures and analysis of amp-
lified and digested products were the same as published
previously [7, 8].

Single loci (SLGs) and multi locus rs11543947/
rs2295826-rs2295827 genotypes and alleles’ frequen-
cies were estimated by direct gene counting. The devia-
tions from the Hardy-Weinberg equilibrium and asso-
ciation/correlation analyses were tested by the y~ test
(allele, multi-loci genotype frequencies, recessive and
dominant, over dominant and multiplicative models)
using PAST (version 3.03) software for Windows [9].
Only 2 <OR < 0.5 was considered to be clinically signi-
ficant. DnaSP version 5 (http://www.ub.es/dnasp, [10])
was used to reconstruct the haplotypes from un-phased
genotypes, and to evaluate the nucleotide and haploty-
pe genetic diversity and pairwise linkage disequilib-
rium (LD) between the loci (D' and r°). Stratification
was performed by the sex and obesity family history.

Results and discussion. In both cases and controls
genotyping call rate was 100 %. Homozygotes on com-
mon alleles for all loci were observed more frequently
in controls than obese patients (more than 80 % and less
than 70 %, respectively) and the tendencies were similar
in children with and without family history (Table). The
dominant and multiplicative models [11] were the most
informative to reveal OB susceptible genotypes and alle-
les, respectively.

The rs11543947 heterozygous genotype showed a
modest (P <0.01) association with OB risk in total group
and in children with familial OB. A rare T allele was ob-
served more frequently (P < 0.05) in both these groups
than in controls. The rs2295826 and rs2295827 loci al-
leles in OB patients were found to be in full linkage (D'=
=1; " = 1), as it was previously reported for Latvian
controls [7]. These loci heterozygous genotypes were
found to be in association (P < 0.01) with OB and fami-
lial OB groups. Rare alleles manifested nominal asso-
ciation with the disease (P < 0.05).

The family background was found to be an obesity
risk factor (OR = 1.86 for mother; OR = 2.98 for sib-
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lings) among Chinese male youths [12]. A significant
difference (p < 0.01) was observed between the sub-
jects having the obesity family history and non-obese
controls in rs2348071 heterozygous genotype frequen-
cies at the PSMA3 locus [6]. Bennet et al. have shown
[13] that a greater predisposition to diabetes in Middle
Eastern immigrants may be explained by a more exten-
sive family history of the disorder.

In the current association study an interaction bet-
ween sexes and familial obesity was revealed. The
rs11543947 risk CT genotype and rare T allele were
found more frequently in males with family obesity (P <
0.05) and in females without family history (P <0.01).
The rs2295826 and 1s2295827 heterozygous genotypes
and minor alleles were associated (P < 0.01 and P <
0.05, respectively) with all OB subgroups in males.

Sex specific differences in incidence and severity
are also well known features for epidemiology of obe-
sity. The sex-influenced association of obesity with ge-
netic variations at the LYPLALI locus, which encodes a
lipase/esterase expressed in adipose tissue was sug-
gested [14]. Seven new loci exhibited marked sexual di-
morphism with a stronger effect on weight-hip ratio in
women than men (P for sex difference < 0.05 to P <
0.0001) [15].

Thus, our data on the importance of interactions bet-
ween the family history and sex for susceptibility for
childhood obesity confirm the previous reports. Ob-
viously having in our disposition a collection of a relati-
vely small number of samples we can't reach high statis-
tical reliability of results. The small number of subjects
and the wide range of values (reflected by large stan-
dard deviation) precluded reliable statistical confirma-
tion of this admission. However, even a study with small
subject number reveals the trend on the association of
the disease and can predict the common trends of as-
sociation also for larger sample groups collected in lar-
ger populations.

The rs11543947/rs2295826-1rs2295827 three locus
genotype heterozygous at all the loci involved was found
about four times more frequently in OB patients than in
controls (about 3 and 13 %, respectively) and showed to
be OB susceptible (P < 0.001). The multi locus T/G-T
haplotype represented by rare alleles of the studied loci
was more frequent (P =0.0001) in obese children when
compared to controls (0.5 and 6 %, respectively).
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SNPs association with childhood obesity in common cohort, with and without family history groups

Number (frequency %)

Statistically significant association

Gene/SNPID VA Genotype Control, n=191 ‘ OB, n=94 ‘ FH, n=159 ‘ NFH, n =32 P OR [95 % CI1]
PSMBS/rs11543947 T 34(8.90)  31(16.49) 21(17.80) 10(15.63) <0.05°®  2.021  [1.247-3.391]
- - - - <0.05™ 2216  [1.236-3.971]
- - - - >0.05"" - -
cc 159 (83.25) 63 (67.02)  38(64.41) 22 (68.75) - - -
CT 30(15.71)  31(32.98) 21(35.59) 10(31.25) <0.01%® 2445  [1.378-4.339]
- - - - <0.01"™ 2746  [1.427-5.283]
TT 2(1.04) No No No - - -
PSMCG6/rs2295826-
152295827 (D' = 1; G 40 (10.47)  33(17.55) 22(18.64) 10(15.63) <0.05°®  1.820  [1.109-2.987]
= 1)*
- - - - <0.05™ 1.959  [1.116-3.439]
- - - - >0.05"™" - -
AA 155 (81.15) 63 (67.02)  38(64.41) 23 (71.88) - - -
AG 32(16.75)  29(30.85)  20(33.90)  8(25.00) <0.01°®  2.119  [1.207-3.718]
- - - - <0.01™ 2379 [1.249-4.533]
- - - - > 0.05M" - -
GG 4(2.10) 2(2.13) 1(1.69) 1(3.13) - - -
Loci L1/L2-L3 - - - - - - -
gee;zgngous CT/AG-CT  5(2.62) 12(12.77)  7(11.86)  5(15.63) <0.001°®  9.018  [2.967-27.410]
Rare alleles haplotype T/G-T 2(0.52) 11(5.85)  7(5.93) 4(6.25)  0.0001°®  13.660  [2.895-62.524]

N o t e. OB patients were represented by 59 children with obesity family history, 32 children without family history and there were no data on
familial history of obesity in 3 cases. Abbreviations: OB — Obesity; FH — obesity with family history; NFH — obesity without family history.
*Alleles and genotypes frequencies of the rs2295826 and rs2295827 were found in full linkage. L1/L2-L3 corresponds to the rs11543947 and

1s$2295826-rs2295827 loci respectively.

Susceptibility of genes encoding proteasome subu-
nits to the immunity related disorders was studied pre-
viously in Latvians. The rs1048990 (PSMA6), 1s2295826
and rs2295827 (PSMC6), 152348071 (PSMA3) were
found to be associated with susceptibility to bronchial
asthma [16]. The rs2277460 (PSMA6), rs2295826 and
152295827 (PSMC6) and 1s2348071 (PSMA3) manifes-
ted association with juvenile idiopathic arthritis [8].
The rs2348071 (PSMA3) was found to be associated with
multiple sclerosis [17] and childhood obesity [6].

Obesity in the young characterized by visceral fat
accumulation has been shown to be a major risk factor
for adult-onset type 2 diabetes mellitus [18, 19], there-
fore, we cannot exclude in our cases a possibility of the
development of diabetes in adult age.

Conclusions. The genetic variation of PSMBS5
(rs11543947) and PSMC6 (rs2295826 and rs2295827)
14q proteasomes subunits can influence OB in Latvians.
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Acomiaris Mixk reHeTHaHUME Bapiantamu PSMBS5 i1 PSMC6
Ta IUTSYUM OKUPIHHSIM 3-TOMIX uteniB JlaTii

H. IMTapamonosa, C. Kymua, . Pymba-Pozendenze,
H. Coskcre, T. CpsikcTe

Pestome

32ion0 3 ocmanHimu danumu, YOIKGIMUH-3ANEIHCHA NPOMEACOMHA CUC
mema 6epe yuacmo y namoeenesi oxcupinns. Mema. Oyinumu mModiciu-
BUll 36 A30K MIdC 2eHeMUYHUMU 8APIAHMAMU NPOMEACOMHUX 2eHi8
PSMBS5 i PSMC6 ma cxunbHicmio 00 3ax60pto8ants OUMAYUM OHCUPIH-
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namy Jlameiiicoxiti nonynayuu. Memoou. Jloxycu rs11543947 (PSMBS),
152295826 irs2295827 (PSMC6) cenomunyeanu y 94 oimeil 3 naonuui-
Ko6010 6azoio iy 191 300po6ozco inousioa. OYinKy npooouu 3a acoyi-
ayiero 3 OHCUPIHHAM AK MAKUM, 3d CIMEUHON0 iCMopIeio ma 3a cmam-
mio. Pesynemamu. ['emeposzucommnutl 2eHomun, sikuil HAIeHCUms 00
snokycy rs11543947 (PSMBS5), susisuscst nomipro acoyitiosanum (P <
0,01) i3 3ax80pIOBAHHAM AK MAKUM | 3 OHCUPIHHAM 3 CIMEUHON0 ICMOo-
pieto (cnisgionowenns wancie CLLI = 2,445 [95 % /]I 1.378-4.339] i
CLI = 2,746 [95 % [I 1.427-5.283] sionosiono). Lleii cenomun nati-
yacmiuie Chocmepieascs y Ho0G6iKi6 i3 CIMelHoI0 iCMOpI€Elo 0XNCUPILHS
(P < 0,05) ma y xcinox 6e3 cimetinoi icmopii (P < 0,01). ['emeposucom-
Hi ecenomunu no n0Kycax rs2295826 i rs2295827 snaiioeno 6 nomipHiii
acoyiayii (P < 0,01) 6 ocrosHiil epyni 3aX80pi08anHs i y nayicHmie 3
cimeunoro icmopiero (CLU = 2,119 [95 % J]I 1.207-3.718] i CLI =
= 2,379 [95 % /]I 1.249—4.533] 6ionosiono), a maxoxc y 401086iKi6.
bacamonokycnuit cenomun rsl1543947/rs2295826-rs2295827, npeo-
cmasnenuil 2emepo3uomamil no 6CIX I0Kycax, I 2aniomun, npeocmaeie-
HUl PIOKICHUMY anesamu, 6yiu Hauuacmiuumu y epyni X0pux Ha 0xCu-
PDIHHSL NOPIGHAHO 3 KOHMpoabHoto epynoio (P < 0,001 i P = 0,0001 giono-
8i0n0). Bucnoexu. I'enemuuni sapiayii noxycie PSMB5 (rs11543947)
i PSMCG6 (rs2295826 i rs2295827) moarcyme 8naueamu Ha cCXuibHicnmy
00 3aX80PIOBAHHS OHCUPIHHAM Y Oemell Jlamsiticbkoi nonyasayii.

Knrouosi cnoea: PSMBS, PSMC6, SNPs, odicupinns, cimeline 0dicu-
PDIHHS, 63AEMOOisl 2eHOMUN—CMAmMb.

Acconuanus Mex 1y reHeTH4ecKuMu Bapuantamu PSMBS5 u PSMC6 n

JACTCKUM OXXKUPCHUEM Cpeaun s)kutenei Jlarun

H. ITapamonoga, C. Kymua, 1. Pym6a-Pozendenne,
H. Ceskcte, T. Cosikcre

Pestome

Coenacno nocneonum OAHHbIM, YOUKGUMUH-3AGUCUMAS NPOMEACOM-
nas cucmema ywacmeyem 6 namoeenese odxcupenus. Lenv. Oyenumo
BO3MOJICHYIO CBAA3b MECOY 2eHeMUUECKUMU 6APUAHMAMU NPOMeacom-
noix eenoe PSMBS u PSMC6 u noosepowcennocmoio 3ab0nesanuio dent-
cxum oocupenuem 6 Jlameuiickou nonyiayuu. Memoowt. JIokycwi
rs11543947 (PSMBS), rs2295826 u rs2295827 (PSMC6) cenomunu-
posanuy 94 oemeii ¢ uz6o1moynvim secom u 'y 191 300posozo unougu-
0a. OyeHKy npogoouU No ACCOYUAYUU C OAHCUPEHUEM KAK MAKOBbIM, C
cemetinoul ucmopuetl u ¢ notom. Pesynomamut. I'emeposucommbwiii 2e-
Homun, omuocswutics kK 1oKkycy rsl11543947 (PSMBS), oxazancs yme-
penno accoyuupogarnnvim (P < 0,01) ¢ 3ab6oneéanuem kak makogvim u
C odlcupeHuem ¢ cemelinoll ucmopuel (omuouweHue wancog O =
= 2,445 [95 % QU 1.378-4.339] u OILLl = 2,746 [95 % AU 1.427—
5.283] coomeemcmeento). Ddmom 2enomun nauboiee yacmo Habio-
oaucs y mydHcuun ¢ cemetinotl ucmopueti oxcupenust (p < 0,05) u y scen-
wun 6e3 cemetinoti ucmopuu (P < 0,01). I'emeposucomuvie 2enomunsi
no aoxkycam rs2295826 u rs2295827 naiioenvt 8 ymepennotl accoyua-
yuu (P < 0,01) 6 ocnosnoi epynne 3ab0ne8anus Uy nayueHmos ¢ ce-
metnou ucmopueu (OLL = 2,119 [95 % M 1.207-3.718] u Ol =
=2,379[95 % /1 1.249-4.533] coomeemcmeenno) uy mysxcuun. Mno-
eonoxycuolti cenomun rsl11543947/rs2295826-rs2295827, npedcmas-
JIeHHBIIL 2emepo3u2omamu o 6cem JOKycam, u aniomun, npeocmas-
JIeHHbII peOKUMU alensimu, Oblau Hauboiee uacmulmu 6 pynne 60b-
HbIX 0JHCUPeHUEeM N0 CpaHeHuto ¢ KonmpoavHou epynnotl (P < 0,001 u
P =0,0001 coomeemcmaento). Boreoowt. I enemuueckue gapuayuu io-
xycoe PSMBS5 (rs11543947) u PSMC6 (rs2295826 u rs2295827) mo-
2Ym GRUAMb HA NOOBEPICEHHOCTb 3A001e8AEMOCNU OICUPEHUEM Y Oe-
metl 8 Jlamsuiickou nonyasyuu.

Kniouesvie cnosa: PSMB5, PSMC6, SNPs, odxcupenue, cemelinoe
odicupenue, 83auMooeticmeue 2eHOmun—no.l.
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