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The aim of the study is to create a panel of informative STR-markers in HLA locus for the 
analysis of genomic rearrangements in different types of malignant tumors as well as for the 
selection of the HLA matched sibling for allogeneic transplantation. Methods. The preliminary 
screening of six presumed STR-markers located in the proximal, central and distal parts of the 
HLA chromosome region (6p21.31) was performed by agarose gel electrophoresis of the 
PCR-fragments. The accurate genotyping of the most promising STR-markers was carried out 
by electrophoretic separation of the PCR-fragments in a polyacrylamide gel on an automatic 
laser analyzer. Results. Based on the obtained results we have selected three STRs with the 
highest heterozygosity indexes (HI): D6S2678 – HLA class I (HI=91.4 %), DQIV – class II 
(HI=62.8 %) and D6S2925 – class III (HI=74.3 %) as potential markers for linkage and CNV 
study. Conclusion. We have demonstrated that the selected panel of markers allows us to ef-
fectively solve both tasks: detection of somatic rearrangements in different parts of HLA locus 
in tumor samples and HLA-haplotype determination to select a suitable related donor for 
transplantation.
K e y w o r d s: STR-marker, HLA-haplotype, allogeneic transplantation, cancer, somatic rear-
rangement.

Introduction

HLA (Human Leukocyte Antigens) on the 
short arm of chromosome 6 (6p21.31, 4 mil-

lion base pairs) encode cell surface glycopro-
teins of human Major Histocompatibility 
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Complex (MHC). More than 200 HLA-genes 
are organized into 3 chromosome loci accord-
ing to the functions of expressed antigens 
(class I-III). MHC proteins are involved in 
inducing and regulation of human immune 
response. The сlass I proteins form the com-
plex with an antigen for recognition by cyto-
toxic CD8+ T cells and are also involved in 
the initiation of transplant immunity. The сlass 
II molecules represent an antigen to CD4+ 
T-helpers and CD4+ T-inflammation cells and 
initiate the transplant immunity. The сlass III 
genes encode SS and SLP complement pro-
teins and TNF-α and TNF-β cytokines.

It is known that an increased rate of so-
matic rearrangements such as CNV (Copy 
Number Variations) leading to deletion and 
duplications in the HLA genes is one of the 
possible mechanisms of immune evasion in 
the development and progression of some 
types of cancers [1-3]. On the other hand, HLA 
haplotypes allow the selection of siblings that 
are HLA matched with a patient who is in need 
of an allogeneic transplantation [4]. Because 
of the 25 % probability of a sibling to inherit 
the same alleles of HLA locus as the patient, 
the favorable outcome of such transplantation 
is much higher than the selection by HLA 
phenotypes of a partially HLA-mismatched 
donor.

The short tandem repeat (STR) polymor-
phisms are the DNA-regions consisting of a 
polymorphic number of 2-6 nucleotides’ units, 
which occur frequently in the human genome 
and are widely used in different molecular 
diagnostic applications (parentage identifica-
tion, linkage studies, germline and somatic 
deletion/duplication identification and others) 
[5]. The main diagnostic characteristics of 

STRs are their heterozygosity indexes and the 
number of different alleles in the studied popu-
la tion. Therefore, to choose the panel of the 
most informative diagnostic STRs, the ge-
netic characterization of the chosen DNA-
markers is needed.

The aim of the study is to create a panel of 
informative STR-markers from three regions 
of the HLA locus for the analysis of genomic 
rearrangements in different types of malignant 
tumors as well as for selection of the HLA 
matched sibling for allogeneic transplantation.

Patients and Methods
The objects of our study are the DNA samples 
from blood leucocytes of 35 healthy volun-
teers, the members of 10 core families (both 
parents and children with confirmed biological 
paternity status) and from the surgical mate-
rial of 15 patients with ovarian tumors. The 
DNA samples used in the current study were 
taken from the previously collected DNA bio-
bank [6-7]. All participants involved in the 
DNA biobanking gave the informed consent 
to participate in the research studies.

For STR genotyping of the samples, PCR 
followed by fragment analysis was used. The 
preliminary analysis of six previously pub-
lished STR-markers from HLA locus [8-9] was 
performed using 2 % agarose gel for the sepa-
ration of STR-alleles. The most polymorphic 
markers were selected for further analysis. One 
of the PCR-primers for each selected STR-
marker amplification was labeled by Cy5 flu-
orescent dye fabricated by Methabion, 
Germany. PCR mixture (15μl) contained 1x 
FIREPol® Master Mix Ready to Load with 
7.5mM MgCl2 (Solis BioDyne), 60 μmol pri-
mers and 300 ng of gDNA. PCR was carried 
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out on 9200 Thermal Cycler (Applied 
Biosystems), 30 cycles, 60°C – annealing tem-
perature. The fragment analysis of the STR-
markers was carried out by electrophoretic 
separation of the PCR products in a 7 % de-
naturated poly acrylamide gel on the automat-
ic laser analyzer ALF-express II (Pharmacia 
Biotech). The allele discrimination and allelic 
imbalance were analyzed using ALF-express 
Fragment Manager Software.

The study of genomic rearrangements in the 
HLA region was performed using LOH analy-
sis of the STR-markers. The marker was in-
formative for the LOH-study if the patient’s 
normal sample was heterozygous of this mar-
ker. The limits of LOH value according to 
international recommendations were 0.67 > AI 
> 1.35 (AI – allelic imbalance). HLA haplo-
type linkage analysis of families was per-
formed for all family members (mother, father, 
and two or more siblings), in order to identify 
the informative STR markers to detect the 

HLA haplotypes of each family member. The 
STR marker was considered to be informative 
when both parents were heterozygous for this 
marker, and the STR-alleles differed in size in 
mother and father. In the case where parents 
were heterozygous for the same alleles, the 
marker was considered informative if the re-
cipient child was a homozygote for either of 
the two parental alleles.

Results and Discussion
We tested 6 STR-markers (2 each in proximal, 
central and distal areas of HLA-locus) on the 
DNA samples of conventionally normal indi-
viduals from Ukraine. According to the results 
of fragment analysis in agarose gel, 3 potential 
markers for the study of their informativeness 
were selected: D6S2678 (class I), DQIV 
(class II) and D6S2925 (class III), which ac-
cording to preliminary data had the highest 
heterozygosity indexes. To determine the exact 
size of PCR-products of the STR-markers se-

Fig.1. An example of allelic distribution of the marker D6S2678, ALF-fluorogram of the PCR products
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lected in the previous step, the analysis was 
performed using ALF express II (fig. 1).

Based on the results of the analysis of 35 
unrelated DNA samples, the heterozygosity 
index of each STR-marker was determined 
(Table 1). The selected STRs have been cha-
rac terized by the allele variety and the level of 
heterozygosity in the studied group.

A large number of alleles and high hetero-
zygosity indexes indicate that the selected 
STR-markers are highly informative for both 
LOH HLA-analysis and linkage HLA-
haplotype analysis.

Using the selected panel of markers, the pre-
liminary HLA-haplotype analysis in se ve ral core 
families (parents and children) and LOH analy-

Table 1. Diagnostic characteristics of the STR-markers of HLA-region

Marker HLA locus and genes N of alleles HI
D6S2678 Class I: HLA-E – HLA-C 12 91.4 %
DQIV Class ІI: DQB1–DOB 9 62.8 %
D6S2925 Class ІІI:HLA-В–MICB 11 74.3 %

HI – Heterozygosity Index

Fig. 2. Linkage analysis of HLA-haplotypes of D6S2925 and D6S2678 STR-markers: 1 – proband, 2 – mother, 3 – 
father, 4 –sibs. The proband and his sibling inherited the same HLA-haplotype from their father and different HLA-
haplotypes from their mother.
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sis in paired samples of ovarian tumor tissue 
(tumor-normal) were carried out. The examples 
of both types of analyzes are shown in figures 2 
and 3. The shown cases were fully informative.

LOH-analysis:
AR (allele ratio) – ratio of the intensity of 

the alleles in 1 sample: 

AR = Salele1 / Salele2; 
S – peak area of the allele

AI (allelic imbalance) – ratio of AR values 
of normal and tumor sample of the patient:

AI = ARnormal / ARtumor

The HLA-haplotype analysis revealed that 
the sibling could not be the fully matched 

donor to the patient as far as he inherited dif-
ferent HLA-alleles from mother by both STR-
markers. So, the offsprings in the current fa-
mily are partial HLA-matched relatives. 
Noteworthy, the HLA region is a hot spot of 
genomic rearrangements. Thus, to predict the 
crossing-over events and avoid misdiagnosis 
in a linkage analysis, we used 3 markers from 
different parts of the HLA-region. This allows 
us to determine the HLA haplotype that is 
inherited from mother and father by each child 
even in the case of crossing-over.

LOH-analysis detects partial deletion in 
HLA class III region in 2 out of 3 shown ova-
rian tumors (ov15 and ov23). In the studied 
group of 15 patients with ovarian cancer, 8 par-
tial deletions of at least one of the studied 
HLA-loci were identified. Thus, we may pre-

Fig. 3. ALF-fluorogram of PCR-fragments of D6S2925 in patients with ovarian cancer: 1, 3, 5 – tumor samples of the 
patients ov15, ov22 and ov23; 2, 4, 6 – the corresponding samples of normal tissues. AI(ov15)= 3.7; AI(ov22)= 0.9; 
AI(ov23)= 9.2.
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dict that these patients would have an incorrect 
response to immunotherapy due to impaired 
inflammatory processes [10]. However, to con-
firm this hypothesis, further research is needed 
in an enlarged group of patients as well as an 
analysis of expression of HLA-genes located 
in the somatic deletions’ region.

Conclusions
The analysis using the D6S2678 (class I), 
DQIV (class II) and D6S2925 (class III) STR 
markers allows us to determine the somatic 
rearrangements of the HLA region in malignant 
tumors, which could be used to predict the im-
munotherapy effectiveness and treatment out-
come in cancer patients. The current panel of 
markers could also be used to detect HLA 
matched sibling for allogeneic transplantation. 
This method is highly informative, inexpensive, 
and low labor-intensive; therefore, it could be 
recommended for a routine diagnostics.
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Панель STR-маркерів для аналізу зчеплення 
та CNV хромосомної ділянки 6p21.31

Н. В. Грищенко, О. П. Кіріченкова, В. В. Гордіюк, 
С. А. Кравченко, В. І. Кашуба

Метою дослідження є створення панелі інформативних 
STR-маркерів локусу HLA для аналізу геномних пере-
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будов при різних типах злоякісних пухлин, а також для 
вибору HLA-сумісного спорідненого донора для ало-
генних трансплантацій. Методи. Попередній скринінг 
шести передбачуваних STR-маркерів, розташованих в 
проксимальному, центральному та дистальному відді-
лах хромосомної області HLA (6p21.31), проводили за 
допомогою електрофорезу ПЛР-фрагментів в агароз-
ному гелі. Точне генотипування найбільш перспектив-
них STR-маркерів проводилося шляхом електрофоре-
тичного фракціонування ПЛР-фрагментів в поліакри-
ламідному гелі на автоматичному лазерному аналіза-
торі. Результати. На підставі отриманих результатів 
відібрано три STR-локуса з найвищими індексами 
гетерозиготности (ІГ): D6S2678 – HLA класу I (ІГ = 
91,4 %), DQIV – класу II (ІГ = 62,8 %) і D6S2925 – 
класуIII ( ІГ = 74,3 %) в якості потенційних маркерів 
для дослідження внутрісімейного зчеплення і аналізу 
CNV. Висновки. Продемонстровано, що обрана панель 
маркерів дозволяє ефективно вирішувати обидва за-
вдання: виявлення соматичних реорганізацій в різних 
ділянках локусу HLA в зразках пухлин і визначення 
HLA-гаплотипу для вибору підходящого родинного 
донора для трансплантації.

К л юч ов і  с л ов а: STR-маркер, HLA-гаплотип, 
алогенна трансплантація, рак, соматична реорганізація.

Панель STR-маркеров для анализа сцепления 
и CNV хромосомной области 6p21.31

Н. В. Грищенко, А. П. Кириченкова, 
В. В. Гордиюк, С. А. Кравченко, В. И. Кашуба

Целью исследования является создание панели ин-
формативных STR-маркеров локуса HLA для анали-

за геномных перестроек при различных типах зло-
качественных опухолей, а также для выбора HLA-
совместимого родственного донора для аллогенной 
трансплантации. Методы. Предварительный скри-
нинг шести предполагаемых STR-маркеров, распо-
ложенных в проксимальном, центральном и дисталь-
ном отделах хромосомной области HLA (6p21,31), 
проводили с помощью электрофореза ПЦР-
фрагментов в агарозном геле. Точное генотипирова-
ние наиболее перспективных STR-маркеров прово-
дилось электрофоретическим разделением ПЦР-
фрагментов в полиакриламидном геле на автомати-
ческом лазерном анализаторе. Результаты. На осно-
вании полученных результатов мы отобрали три 
STR-локуса с наивысшими индексами гетерозигот-
ности (ИГ): D6S2678 – HLA класса I (ИГ = 91,4 %), 
DQIV – класса II (ИГ = 62,8 %) и D6S2925 – класс 
III (ИГ = 74,3 %) в качестве потенциальных маркеров 
для исследования внутрисемейного сцепления и 
анализа CNV. Выводы. Продемон стри ро вано, что 
выбранная панель маркеров позволяет эффективно 
решать обе задачи: обнаружение соматических ре-
организаций в различных участках локуса HLA в 
образцах опухолей и определение HLA-гаплотипа 
для выбора подходящего родственного донора для 
трансплантации.

К л юч е в ы е  с л ов а: STR-маркер, HLA-гаплотип, 
аллогенная трансплантация, рак, соматическая реор-
ганизация.
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