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Aim. To determine genotype and allele disribution for the IFNL4 gene ss469415590 and examine it for linkage

with the IL28B gene rs12979860 in Ukrainian population. Methods. The studied group consisted of 100 unrela-

ted donors of Eastern European origin representing the population of Ukraine. Genotyping for the IFNL4 gene

ss469415590 was performed using the amplification-refractory mutation system PCR. Genotyping for the IL28B

gene rs12979860 was performed by the PCR-based restriction fragment length polymorphism assay. Results.

Genotype frequencies for both studied variants showed no significant deviation from those expected according

to Hardy-Weinberg equilibrium. Allelic distribution for ss469415590 was: TT – 0.665, �G – 0.335. Allelic fre-

quencies of rs12979860 were: C – 0.655, T – 0.345. The results of likelihood ratio test indicated a linkage dis-

equilibrium between the studied variants (p > 0.0001), the major alleles ss469415590 TT and rs12979860 C we-

re in phase. The genetic structure of Ukrainian population in terms of two studied polymorphic variants is simi-

lar to the European population presented in the «1000 genomes» project. Conclusions. Considering a tight lin-

kage revealed in Ukrainian population between the ss469415590 variant and rs12979860, a crucial genetic mar-

ker of chronic hepatitis C treatment efficiency, this polymorphism might be a promising target for further investi-

gation as a pharmacogenetic marker.
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Introduction. For the past several years wide-range stu-

dies have proven the association of the IL28B gene

rs12979860 with the antiviral therapy efficiency in pa-

tients with chronic hepatitis C (virus genotype 1) as well

as with the spontaneous viral clearance [1, 2]. However,

the exact molecular mechanism for such association re-

mained unclear. According to one of the hypotheses the

rs12979860 was expected to be linked to unknown at

that moment causal variant [2].

The progress in the field has been achieved recently

due to the discovery of previuosly unknown transcript

which expression in hepatocytes was activated by hepa-

titis C virus exposure [3]. It appeared that a new dinuc-

leotide polymorphic variant ss469415590 caused a fra-

me-shift mutation creating an open reading frame – the

IFNL4 (interferon lambda 4) gene [3]. This polymor-

phism was shown to be in a linkage disequillibrium

with rs12979860 in some populations [4] and hence is

being extensively studied now as a genetic marker of

sustained virological response in chronic hepatitis C pa-

tients [1–4].

The aim of the study presented was to determine ge-

notype and allele disribution for ss469415590 and exa-

mine it for the linkage with rs12979860 in Ukrainian

population.

Matherials and methods. The studied group con-

sisted of 100 unrelated donors of Eastern European ori-

gin representing the population of Ukraine. The infor-

med consent was obtained from all participants prior to

enrollment in the study. The study has been approved

by The Bioethical Committee of Institute of Molecular

Biology and Genetics of NAS of Ukraine.
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The material of the study was genomic DNA extrac-

ted from peripheral blood samples using standard phe-

nol–chloroform technique. Genotyping for the IFNL4

gene ss469415590 was performed using the amplifica-

tion-refractory mutation system (ARMS) PCR. Additio-

nal mismatches were introduced in the primers to avoid

the dimer formation.

The primers sequences were IFNL4�G: TCC TTT

ACA CGG TGA TCG CAG C; IFNL4TT: TCC TTT

ACA CGG TGA TCG CAG AA; and IFNL4com: TGA

TTG ACC CTG AGC CTG CG. The conditions for amp-

lification were as follows: initial denaturation at 95 °C

for 5 min, 30 cycles of 30 s at 95 °C, 30 s at 62°C, and

30 s at 72 °C, followed by 5 min final extension at 72 °C.

The amplification products of 299 bp were visualized

on 2 % agarose gel with ethidium bromide staining. Ge-

notyping for the IL28B gene rs12979860 was perfor-

med by the PCR-based restriction fragment length po-

lymorphism assay as described previously [5].

Statistical analysis has been performed using Gene

Pop statistical package [6]. The �
2 test was used to de-

tect deviations from Hardy-Weinberg equilibrium in ge-

notype distribution.

The likelihood-ratio test has been performed to esti-

mate the linkage disequilibrium between ss469415590 and

rs12979860. P < 0.05 was regarded as a significant value.

Results and discussion. The results of genotyping

for both studied polymorphic variants are presented in

Table 1. Genotype frequencies for both studied variants

showed no significant deviation from those expected ac-

cording to Hardy-Weinberg equilibrium. The �
2 values

for ss469415590 and rs12979860 equaled 0.91 and 0.42

respectively (df = 2). Allelic distribution for ss469415590

was: TT – 0.665, �G – 0.335. Allelic frequencies of

rs12979860 were: C – 0.655, T – 0.345.

The likelihood ratio test was performed to estimate the

genotypic linkage disequilibrium between ss469415590

and rs12979860. The results indicated that the studied

variants are tightly linked (p > 0.0001), the alleles

ss469415590 TT and rs12979860 C were in phase.

The recent data show substantial variation in the

ss469415590 and rs12979860 allele distributions bet-

ween different populations.

Therefore, a comparative analysis of the previously

reported ss469415590 and rs12979860 variant allele

frequencies [7] and the results obtained in this study

was performed (Table 2).

There was no difference between the ss469415590

and rs12979860 allele distribution reported for Europe-

an population and that obtained in this study. Respective

distributions for both polymorphic variants in Eastern

Asian, African, and Ad Mixed American populations

were significantly different from the Ukrainian one.
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rs12979860
ss469415590

D' r2

TT/TT TT/�G �G/�G

CC 40 0 0

1 0.956CT 2 49 0

TT 0 0 9

Table 1

Genotype frequency for studied polymorphic variants

Population
ss469415590

TT

ss469415590

�G

Fisher’s exact test results*

(2-tailed p-value)

European 0.691 0.309 0.4759

Eastern

Asian
0.934 0.066 0.0001

African 0.376 0.624 0.0001

Ad Mixed

American
0.564 0.436 0.0187

Ukrainian 0.665 0.335 –

Population rs12979860 C rs12979860 T
Fisher’s exact test results*

(2-tailed p-value)

European 0.682 0.318 0.4669

Eastern

Asian
0.925 0.075 0.0001

African 0.396 0.604 0.0001

Ad Mixed

American
0.558 0.442 0.0251

Ukrainian 0.655 0.345 –

*Calculated between respective population and Ukrainian populations.

Table 2

Comparative analysis of ss469415590 and rs12979860 allele



Conclusions. In this study we have presented the ge-

notype and allele distribution for the recently discove-

red ss469415590 in the IFNL4 gene in Ukrainian popu-

lation, obtained using ARMS-PCR. The genetic struc-

ture of Ukrainian population in terms of two studied po-

lymorphic variants is similar to the European popula-

tion presented by the «1000 genomes» project.

Taking into account a tight linkage revealed in Uk-

rainian population between the ss469415590 variant

and rs12979860, a crucial genetic marker of chronic he-

patitis C treatment efficiency, this polymorphism might

be a promising target for further investigation as a phar-

macogenetic marker.
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Äîñë³äæåííÿ âàð³àíòà ss469415590 ãåíà IFNL4 â ïîïóëÿö³¿ Óêðà¿íè

À. Ì. Êó÷åðåíêî, Â. Ì. Ïàìïóõà, Ë. À. Ë³âøèöü

Ðåçþìå

Ìåòà. Âñòàíîâèòè ðîçïîä³ë ãåíîòèï³â ³ àëåë³â çà âàð³àíòîì

ss469415590 ãåíà IFNL4, à òàêîæ äîñë³äèòè éîãî ç÷åïëåííÿ ç

rs12979860 ó ãåí³ IL28B â ïîïóëÿö³¿ Óêðà¿íè. Ìåòîäè. Äî ãðóïè äî-

ñë³äæåííÿ âõîäèëè 100 íåñïîð³äíåíèõ äîíîð³â ñõ³äíî-ºâðîïåéñü-

êîãî ïîõîäæåííÿ, ÿê³ ïðåäñòàâëÿþòü ïîïóëÿöèþ Óêðà¿íè. Âà-

ð³àíò ss469415590 ãåíà IFNL4 ãåíîòèïóâàëè ìåòîäîì àëåëü-ñïå-

öèô³÷íî¿ ÏËÐ, âàð³àíò rs12979860 ãåíà IL28B – ìåòîäîì ÏËÐ ç

ïîäàëüøèì àíàë³çîì ïîë³ìîðô³çìó äîâæèíè ðåñòðèêö³éíèõ ôðàã-

ìåíò³â. Ðåçóëüòàòè. ×àñòîòè ãåíîòèï³â çà îáîìà äîñë³äæåíè-

ìè âàð³àíòàìè â³äïîâ³äàëè î÷³êóâàíèìè çà ð³âíîâàãîþ Õàðä³-

Âàéíáåðãà. Ðîçïîä³ë ÷àñòîò àëåëåé äëÿ ss469415590 áóëî íàñòóï-

íèì: TT – 0,665, �G – 0,335; äëÿ rs12979860 – C – 0,655, T – 0,345.

Ðåçóëüòàòè òåñòó ñï³ââ³äíîøåííÿ ïðàâäîïîä³áíîñò³ çàñâ³ä÷ó-

þòü íåð³âíîâàãó çà ç÷åïëåííÿì ì³æ äîñë³äæåíèìè ïîë³ìîðô³çìà-

ìè (p > 0.0001), ìàæîðí³ àëåë³ ss469415590 TT òà rs12979860 C

ïåðåáóâàþòü ó ôàç³. Ãåíåòè÷íà ñòðóêòóðà ïîïóëÿö³¿ Óêðà¿íè çà

äâîìà äîñë³äæåíèìè ïîë³ìîðôíèìè âàð³àíòàìè ïîä³áíà äî ºâðî-

ïåéñüêî¿ ïîïóëÿö³¿, îïèñàíî¿ â ïðîåêò³ «1000 ãåíîì³â». Âèñíîâêè.

Áåðó÷è äî óâàãè ò³ñíå ç÷åïëåííÿ ì³æ âàð³àíòîì ss469415590 ³ âà-

æëèâèì ãåíåòè÷íèì ìàðêåðîì åôåêòèâíîñò³ òåðàï³¿ õðîí³÷íîãî

ãåïàòèòó Ñ ó ïîïóëÿö³¿ Óêðà¿íè – rs12979860, öåé ïîë³ìîðô³çì

âèäàºòüñÿ ïåðñïåêòèâíèì äëÿ ïîäàëüøîãî äîñë³äæåííÿ éîãî ÿê

ôàðìàêîãåíåòè÷íîãî ìàðêåðà.

Êëþ÷îâ³ ñëîâà: ss469415590, rs12979860, IFNL4, íåð³âíîâàãà

çà ç÷åïëåííÿì.

Èññëåäîâàíèå âàðèàíòà ss469415590 ãåíà IFNL4 â ïîïóëÿöèè

Óêðàèíû

À. Ì. Êó÷åðåíêî, Â. Í. Ïàìïóõà, Ë. À. Ëèâøèö

Ðåçþìå

Öåëü. Óñòàíîâèòü ðàñïðåäåëåíèå ãåíîòèïîâ è àëëåëåé ïî âàðèàí-

òó ss469415590 ãåíà IFNL4, à òàêæå èññëåäîâàòü åãî ñöåïëåíèå ñ

rs12979860 â ãåíå IL28B â ïîïóëÿöèè Óêðàèíû. Ìåòîäû. Â ãðóïïó

èññëåäîâàíèÿ âõîäèëè 100 íåðîäñòâåííûõ äîíîðîâ âîñòî÷íî-åâ-

ðîïåéñêîãî ïðîèñõîæäåíèÿ, ïðåäñòàâëÿþùèå ïîïóëÿöèþ Óêðàè-

íû. Âàðèàíò ss469415590 ãåíà IFNL4 ãåíîòèïèðîâàëè ìåòîäîì

àëëåëü-ñïåöèôè÷åñêîé ÏÖÐ, âàðèàíò rs12979860 ãåíà IL28B – ÏÖÐ

ñ ïîñëåäóþùèì àíàëèçîì ïîëèìîðôèçìà äëèíû ðåñòðèêöèîííûõ

ôðàãìåíòîâ. Ðåçóëüòàòû. ×àñòîòû ãåíîòèïîâ ïî îáîèì èññëå-

äóåìûì âàðèàíòàìè îòâå÷àëè îæèäàåìûìè ïî ðàâíîâåñèþ Õàð-

äè-Âàéíáåðãà. Ðàñïðåäåëåíèå ÷àñòîò àëëåëåé äëÿ ss469415590

áûëî ñëåäóþùèì: TT – 0,665, �G – 0,335, äëÿ rs12979860: C –

0,655, T – 0,345. Ðåçóëüòàòû òåñòà ñîîòíîøåíèÿ ïðàâäîïîäîáèÿ

óêàçûâàþò íà íåðàâíîâåñèå ïî ñöåïëåíèþ ìåæäó èññëåäóåìûìè

ïîëèìîðôèçìàìè (p > 0,0001), ìàæîðíûå àëëåëè ss469415590 TT

è rs12979860 C íàõîäÿòñÿ â ôàçå. Ãåíåòè÷åñêàÿ ñòðóêòóðà ïîïó-

ëÿöèè Óêðàèíû ïî äâóì èññëåäîâàííûì ïîëèìîðôíûì âàðèàíòàì

ïîäîáíà åâðîïåéñêîé ïîïóëÿöèè, îïèñàííîé â ïðîåêòå «1000 ãåíî-

ìîâ». Âûâîäû. Ñ ó÷åòîì òåñíîãî ñöåïëåíèÿ ìåæäó âàðèàíòîì

ss469415590 è âàæíûì ãåíåòè÷åñêèì ìàðêåðîì ýôôåêòèâíîñòè

òåðàïèè õðîíè÷åñêîãî ãåïàòèòà Ñ â ïîïóëÿöèè Óêðàèíû –

rs12979860, ýòîò ïîëèìîðôèçì êàæåòñÿ ïåðñïåêòèâíûì äëÿ

äàëüíåéøåãî èññëåäîâàíèÿ åãî â êà÷åñòâå ôàðìàêîãåíåòè÷åñêîãî

ìàðêåðà.

Êëþ÷åâûå ñëîâà: ss469415590, rs12979860, IFNL4, íåðàâíîâå-

ñèå ïî ñöåïëåíèþ.
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