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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 PSMB5 and PSMC6

genes and childhood obesity in the Latvian population. Methods. The rs11543947 (PSMB5), rs2295826 and

rs2295827 (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

rs2295827 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 rs11543947/

rs2295826-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 PSMB5 (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 PSMB8

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

477

ISSN 0233–7657. Biopolymers and Cell. 2014. Vol. 30. N 6. P. 477–480 doi: http://dx.doi.org/10.7124/bc.0008C3

� Institute of Molecular Biology and Genetics, NAS of Ukraine, 2014



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 (rs2295826,

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 �
2 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 r2). 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; r2 = 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-

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 rs2295827 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 LYPLAL1 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-rs2295827 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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Susceptibility of genes encoding proteasome subu-

nits to the immunity related disorders was studied pre-

viously in Latvians. The rs1048990 (PSMA6), rs2295826

and rs2295827 (PSMC6), rs2348071 (PSMA3) were

found to be associated with susceptibility to bronchial

asthma [16]. The rs2277460 (PSMA6), rs2295826 and

rs2295827 (PSMC6) and rs2348071 (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 PSMB5

(rs11543947) and PSMC6 (rs2295826 and rs2295827)

14q proteasomes subunits can influence OB in Latvians.
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Àñîö³àö³ÿ ì³æ ãåíåòè÷íèìè âàð³àíòàìè PSMB5 ³ PSMC6

òà äèòÿ÷èì îæèð³ííÿì ç-ïîì³æ æèòåë³â Ëàòâ³¿

Í. Ïàðàìîíîâà, Ñ. Êóï÷à, È. Ðóìáà-Ðîçåíôåëäå,

Í. Ñüÿêñòå, Ò. Ñüÿêñòå

Ðåçþìå

Çã³äíî ç îñòàíí³ìè äàíèìè, óá³êâ³òèí-çàëåæíà ïðîòåàñîìíà ñèñ-

òåìà áåðå ó÷àñòü ó ïàòîãåíåç³ îæèð³ííÿ. Ìåòà. Îö³íèòè ìîæëè-

âèé çâ’ÿçîê ì³æ ãåíåòè÷íèìè âàð³àíòàìè ïðîòåàñîìíèõ ãåí³â

PSMB5 ³ PSMC6 òà ñõèëüí³ñòþ äî çàõâîðþâàííÿ äèòÿ÷èì îæèð³í-
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Gene/SNP ID MA/Genotype
Number (frequency %) Statistically significant association

Control, n =191 OB, n = 94 FH, n = 59 NFH, n = 32 P OR [95 % CI]

PSMB5/rs11543947 T 34 (8.90) 31 (16.49) 21 (17.80) 10 (15.63) < 0.05
OB

2.021 [1.247–3.391]

– – – – < 0.05
FH

2.216 [1.236–3.971]

– – – – > 0.05
NFH

– –

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
OB

2.445 [1.378–4.339]

– – – – < 0.01
FH

2.746 [1.427–5.283]

TT 2 (1.04) No No No – – –

PSMC6/rs2295826-

rs2295827 (D' = 1;

r
2

= 1)*

G 40 (10.47) 33 (17.55) 22 (18.64) 10 (15.63) < 0.05
OB

1.820 [1.109–2.987]

– – – – < 0.05
FH

1.959 [1.116–3.439]

– – – – > 0.05
NFH

– –

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
OB

2.119 [1.207–3.718]

– – – – < 0.01
FH

2.379 [1.249–4.533]

– – – – > 0.05
NFH

– –

GG 4 (2.10) 2 (2.13) 1 (1.69) 1 (3.13) – – –

Loci L1/L2-L3 – – – – – – –

Heterozygous

genotypes
CT/AG-CT 5 (2.62) 12 (12.77) 7 (11.86) 5 (15.63) < 0.001

OB
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
OB

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

rs2295826-rs2295827 loci respectively.

SNPs association with childhood obesity in common cohort, with and without family history groups



íÿì ó Ëàòâ³éñüê³é ïîïóëÿöèè. Ìåòîäè. Ëîêóñè rs11543947 (PSMB5),

rs2295826 ³ rs2295827 (PSMC6) ãåíîòèïóâàëè ó 94 ä³òåé ç íàäëèø-

êîâîþ âàãîþ ³ ó 191 çäîðîâîãî ³íäèâ³äà. Îö³íêó ïðîâîäèëè çà àñîö³-

àö³ºþ ç îæèð³ííÿì ÿê òàêèì, çà ñ³ìåéíîþ ³ñòîð³ºþ òà çà ñòàò-

òþ. Ðåçóëüòàòè. Ãåòåðîçèãîòíèé ãåíîòèï, ÿêèé íàëåæèòü äî

ëîêóñó rs11543947 (PSMB5), âèÿâèâñÿ ïîì³ðíî àñîö³éîâàíèì ( Ð <

0,01) ³ç çàõâîðþâàííÿì ÿê òàêèì ³ ç îæèð³ííÿì ç ñ³ìåéíîþ ³ñòî-

ð³ºþ (ñï³ââ³äíîøåííÿ øàíñ³â ÑØ = 2,445 [95 % Ä² 1.378–4.339] ³

ÑØ = 2,746 [95 % Ä² 1.427–5.283] â³äïîâ³äíî). Öåé ãåíîòèï íàé-

÷àñò³øå ñïîñòåð³ãàâñÿ ó ÷îëîâ³ê³â ³ç ñ³ìåéíîþ ³ñòîð³ºþ îæèð³ííÿ

(P < 0,05) òà ó æ³íîê áåç ñ³ìåéíî¿ ³ñòîð³¿ (P < 0,01). Ãåòåðîçèãîò-

í³ ãåíîòèïè ïî ëîêóñàõ rs2295826 ³ rs2295827 çíàéäåíî â ïîì³ðí³é

àñîö³àö³¿ (P < 0,01) â îñíîâí³é ãðóï³ çàõâîðþâàííÿ ³ ó ïàö³ºíò³â ç

ñ³ìåéíîþ ³ñòîð³ºþ (ÑØ = 2,119 [95 % Ä² 1.207–3.718] ³ ÑØ =

= 2,379 [95 % Ä² 1.249–4.533] â³äïîâ³äíî), à òàêîæ ó ÷îëîâ³ê³â.

Áàãàòîëîêóñíèé ãåíîòèï rs11543947/rs2295826-rs2295827, ïðåä-

ñòàâëåíèé ãåòåðîçèãîòàìè ïî âñ³õ ëîêóñàõ, ³ ãàïëîòèï, ïðåäñòàâëå-

íèé ð³äê³ñíèìè àëåëÿìè, áóëè íàé÷àñò³øèìè ó ãðóï³ õâîðèõ íà îæè-

ð³ííÿ ïîð³âíÿíî ç êîíòðîëüíîþ ãðóïîþ (Ð < 0,001 ³ Ð = 0,0001 â³äïî-

â³äíî). Âèñíîâêè. Ãåíåòè÷í³ âàð³àö³¿ ëîêóñ³â PSMB5 (rs11543947)

³ PSMC6 (rs2295826 ³ rs2295827) ìîæóòü âïëèâàòè íà ñõèëüí³ñòü

äî çàõâîðþâàííÿ îæèð³ííÿì ó äåòåé Ëàòâ³éñüêî¿ ïîïóëÿö³¿.

Êëþ÷îâ³ ñëîâà: PSMB5, PSMC6, SNPs, îæèð³ííÿ, ñ³ìåéíå îæè-

ð³ííÿ, âçàºìîä³ÿ ãåíîòèï–ñòàòü.

Àññîöèàöèÿ ìåæäó ãåíåòè÷åñêèìè âàðèàíòàìè PSMB5 è PSMC6 è

äåòñêèì îæèðåíèåì ñðåäè æèòåëåé Ëàòâèè

Í. Ïàðàìîíîâà, Ñ. Êóï÷à, È. Ðóìáà-Ðîçåíôåëäå,

Í. Ñüÿêñòå, Ò. Ñüÿêñòå

Ðåçþìå

Ñîãëàñíî ïîñëåäíèì äàííûì, óáèêâèòèí-çàâèñèìàÿ ïðîòåàñîì-

íàÿ ñèñòåìà ó÷àñòâóåò â ïàòîãåíåçå îæèðåíèÿ. Öåëü. Îöåíèòü

âîçìîæíóþ ñâÿçü ìåæäó ãåíåòè÷åñêèìè âàðèàíòàìè ïðîòåàñîì-

íûõ ãåíîâ PSMB5 è PSMC6 è ïîäâåðæåííîñòüþ çàáîëåâàíèþ äåò-

ñêèì îæèðåíèåì â Ëàòâèéñêîé ïîïóëÿöèè. Ìåòîäû. Ëîêóñû

rs11543947 (PSMB5), rs2295826 è rs2295827 (PSMC6) ãåíîòèïè-

ðîâàëè ó 94 äåòåé ñ èçáûòî÷íûì âåñîì è ó 191 çäîðîâîãî èíäèâè-

äà. Îöåíêó ïðîâîäèëè ïî àññîöèàöèè ñ îæèðåíèåì êàê òàêîâûì, ñ

ñåìåéíîé èñòîðèåé è ñ ïîëîì. Ðåçóëüòàòû. Ãåòåðîçèãîòíûé ãå-

íîòèï, îòíîñÿùèéñÿ ê ëîêóñó rs11543947 (PSMB5), îêàçàëñÿ óìå-

ðåííî àññîöèèðîâàííûì ( Ð < 0,01) ñ çàáîëåâàíèåì êàê òàêîâûì è

ñ îæèðåíèåì ñ ñåìåéíîé èñòîðèåé (îòíîøåíèå øàíñîâ ÎØ =

= 2,445 [95 % ÄÈ 1.378–4.339] è ÎØ = 2,746 [95 % ÄÈ 1.427–

5.283] ñîîòâåòñòâåííî). Ýòîò ãåíîòèï íàèáîëåå ÷àñòî íàáëþ-

äàëñÿ ó ìóæ÷èí ñ ñåìåéíîé èñòîðèåé îæèðåíèÿ (p < 0,05) è ó æåí-

ùèí áåç ñåìåéíîé èñòîðèè (P < 0,01). Ãåòåðîçèãîòíûå ãåíîòèïû

ïî ëîêóñàì rs2295826 è rs2295827 íàéäåíû â óìåðåííîé àññîöèà-

öèè (P < 0,01) â îñíîâíîé ãðóïïå çàáîëåâàíèÿ è ó ïàöèåíòîâ ñ ñå-

ìåéíîé èñòîðèåé (ÎØ = 2,119 [95 % ÄÈ 1.207–3.718] è ÎØ =

= 2,379 [95 % ÄÈ 1.249–4.533] ñîîòâåòñòâåííî) è ó ìóæ÷èí. Ìíî-

ãîëîêóñíûé ãåíîòèï rs11543947/rs2295826-rs2295827, ïðåäñòàâ-

ëåííûé ãåòåðîçèãîòàìè ïî âñåì ëîêóñàì, è ãàïëîòèï, ïðåäñòàâ-

ëåííûé ðåäêèìè àëëåëÿìè, áûëè íàèáîëåå ÷àñòûìè â ãðóïïå áîëü-

íûõ îæèðåíèåì ïî ñðàâíåíèþ ñ êîíòðîëüíîé ãðóïïîé (Ð < 0,001 è

Ð = 0,0001 ñîîòâåòñòâåííî). Âûâîäû. Ãåíåòè÷åñêèå âàðèàöèè ëî-

êóñîâ PSMB5 (rs11543947) è PSMC6 (rs2295826 è rs2295827) ìî-

ãóò âëèÿòü íà ïîäâåðæåííîñòü çàáîëåâàåìîñòè îæèðåíèåì ó äå-

òåé â Ëàòâèéñêîé ïîïóëÿöèè.

Êëþ÷åâûå ñëîâà: PSMB5, PSMC6, SNPs, îæèðåíèå, ñåìåéíîå

îæèðåíèå, âçàèìîäåéñòâèå ãåíîòèï–ïîë.
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