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Introduction

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 I
(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.

Keywords: STR-marker, HLA-haplotype, allogeneic transplantation, cancer, somatic rear-
rangement.

HLA (Human Leukocyte Antigens) on the lion base pairs) encode cell surface glycopro-
short arm of chromosome 6 (6p21.31, 4 mil- 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 class 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 class
IT molecules represent an antigen to CD4+
T-helpers and CD4+ T-inflammation cells and
initiate the transplant immunity. The class III
genes encode SS and SLP complement pro-
teins and TNF-a and TNF- 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
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STRs are their heterozygosity indexes and the
number of different alleles in the studied popu-
lation. 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 (15ul) contained 1x
FIREPol® Master Mix Ready to Load with
7.5mM MgCl, (Solis BioDyne), 60 pumol 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 polyacrylamide 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 > Al
> 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
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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 1), DQIV
(class IT) 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-
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Fig.1. An example of allelic distribution of the marker D6S2678, ALF-fluorogram of the PCR products
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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 II: DQB1-DOB 9 62.8 %
D6S2925 Class III:HLA-B-MICB 11 74.3 %

HI — Heterozygosity Index

lected in the previous step, the analysis was A large number of alleles and high hetero-
performed using ALF express II (fig. 1). zygosity indexes indicate that the selected

Based on the results of the analysis of 35 STR-markers are highly informative for both
unrelated DNA samples, the heterozygosity LOH HLA-analysis and linkage HLA-
index of each STR-marker was determined haplotype analysis.

(Table 1). The selected STRs have been cha- Using the selected panel of markers, the pre-
racterized by the allele variety and the level of liminary HLA-haplotype analysis in several core
heterozygosity in the studied group. families (parents and children) and LOH analy-
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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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Fig. 3. ALF-fluorogram of PCR-fragments of D6S2925 in patients with ovarian cancer: /, 3, 5 — tumor samples of the
patients ov15, ov22 and ov23; 2, 4, 6 — the corresponding samples of normal tissues. Al(ov15)= 3.7; Al(ov22)= 0.9;

Al(0v23)=9.2.

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 = Salelel / Salele2;
S — peak area of the allele

Al (allelic imbalance) — ratio of AR values
of normal and tumor sample of the patient:

Al = ARnormal / ‘AI{tumOr

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-
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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 1),
DQIV (class IT) and D6S2925 (class IIT) 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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IManens STR-mapkepiB AJ1s1 aHAJII3Yy 34eNIeHH
Tta CNV XxpomocomHOi aiissnku 6p21.31

H. B. I'pumienxo, O. II. Kipiuenkosa, B. B. I'opzitok,
C. A. Kpagruenko, B. 1. Kamry6a

MeTor0 TOCIIPKEHHS € CTBOPEHHS MaHei iHpOpMaTHBHHX
STR-mapxkepiB nmokycy HLA ayst aHasi3y reHOMHHEX Tiepe-
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OyJI0B IIpH PI3HMX THITaX 3IOSKICHUX ITyXJIMH, a TAKOXK IS
Brbopy HLA-cymicHOTO CITopiIHEHOTO TOHOpa IS ajlo-
reHHUX TpaHciuianTaniil. Meronu. [TonepenHii ckpuHiHD
mecTH nependadyBanux STR-MapkepiB, po3TamoBaHux B
MIPOKCUMAIIEHOMY, IICHTPAJIBHOMY Ta AUCTAIIBHOMY BiIIi-
nax xpomocomHoi oonacti HLA (6p21.31), mpoBosuu 3a
noromororo enekrpodopesy [IJIP-pparmenTiB B arapos-
HoMy rerti. TouHe TeHOTHITYBaHHS HAOUTBIIT ITIEPCIIeKTHB-
Hux STR-MapkepiB MPOBOAMIIOCS IUISIXOM eNleKTpodope-
TaHOTO (ppakiionysanHs [1JIP-¢pparmeHTiB B omiakpu-
JIaMiTHOMY TeJli Ha aBTOMaTHYHOMY JIa3epHOMY aHali3a-
Topi. PesynsraTn. Ha mifcraBi orpuMaHux pes3ysbTaTiB
BimiOpano Tpu STR-j0Kyca 3 HalBUIIMH iHAEKCaMU
rereposurotHocTr (II'): D6S2678 — HLA xiacy I (II' =
91,4 %), DQIV — knacy II (II' = 62,8 %) i D6S2925 —
knacylll ( II' = 74,3 %) B sSIKOCTI MOTEHIIIMHIX MapKepiB
JUTSL TOCHIJDKEHHS BHYTPICIMEHHOTO 3UeTUICHHS 1 aHaJIi3y
CNV. BucHoBkn. [TpogeMoHCTpOBaHO, 0 00paHa MaHEb
MapKepiB T03BOIISIE €(PEKTUBHO BUpIITyBaTH OOMIBa 3a-
BIIAHHS: BUSIBIICHHSI COMaTHIHHX PEOPTraHi3alliii B pi3HUX
nistHKax J1okycy HLA B 3pa3zkax myxJiMH i BU3HAYCHHS
HLA-rammotuny s BHOOPY MiAXOMSAIIOTO POIUHHOTO
JIOHOpa JIJIsl TPaHCIUTAHTAITi1.

Kawuosi caosa: STR-mapkep, HLA-ramnorun,
aJIoTeHHAa TPAHCIUIAHTAIiSl, paK, COMaTHYHA PEOpraHizais.

MManean STR-MapkepoB AJ1s1 aHAJN3Aa CUHENJIEHHS
u CNV xpomocomHoii o01acTu 6p21.31

H. B. I'pumenxo, A. I1. Kupuuenkosa,
B. B. Topauiok, C. A. Kpasuenko, B. 1. Kamry6a

Ieanblo ncciaenoBaHus ABISETCA CO3JaHNE TTaHEIH HH-
¢dopmaruBabix STR-MapkepoB nokyca HLA s ananu-

32 TEHOMHBIX IIEPECTPOEK MPH PA3INYHBIX THUIAX 3710-
Ka4eCTBEHHBIX OITyXoJel, a Taioke st Beioopa HLA-
COBMECTHUMOTO POJCTBEHHOTO JJOHOPA JJIsl aJUIOT€HHOM
Tpancmiantauuu. Meroasl. IlpenBapurenbHblii CKpU-
HUHT TIecTd npenmnonaraemeix STR-mapkepos, pacmo-
JIOKEHHBIX B IPOKCUMAJIbHOM, IIEHTPAJILHOM U AUCTaNb-
HOM OTAeNaX XxpoMmocomHoi obmactu HLA (6p21,31),
MMPOBOAWJIM C TIOMOIIbIO dJiekTpodopesa III[P-
(parMeHTOB B arapo3HoM rejie. TOYHOE FeHOTHUITUPOBA-
Hue Hanbornee nepcnekTuBHBIX STR-MapkepoB mposo-
UI0CHh deKTpodopeTndeckuM pasneneaueM I[T1[P-
(parMeHTOB B NMOJIMAKPWIIAMHUIHOM Telle Ha aBTOMAaTH-
YeCcKOM Jla3epHOM aHanuzartope. PesyasTarsl. Ha ocHo-
BAaHWH MOJy4YCHHBIX PE3yJIETATOB MbI OTOOpanu TpH
STR-nokyca ¢ HAMBBICUIUMH WHIEKCAMU IFeTepO3UTOT-
noctu (UI'): D6S2678 — HLA xnacca I (MI' = 91,4 %),
DQIV — kmacca II (UT" = 62,8 %) u D6S2925 — xnacc
III (UT" = 74,3 %) B kauecTBe MOTEHIMATIBHBIX MAPKEPOB
JUISL MCCIIEIOBAHNSI BHYTPUCEMEHHOTO CUEIICHUS U
ananm3a CNV. BeiBoasbl. [IponeMoHCTpUpOBaHO, YTO
BBIOpaHHAs MaHelb MapKepoB Mo3BoyseT 3 ekTHBHO
pemate 06e 3amaun: OOHApY)KEHHE COMAaTHYECKHX pe-
opraHM3anuii B pa3IMYHBIX ydacTkax Jiokyca HLA B
obOpasiax omyxonei u onpeaeneane HLA-ramiotuna
JUTSL BBIOOPA MOIXOSIIETO0 POJACTBEHHOTO JOHOpa s
TPaHCIUIAHTAIMH.

Kawuesbie caosa: STR-mapkep, HLA-ramorumn,
aJJIOTeHHAs! TPAHCIUIAHTAIMSA, PaK, COMaTHYECKask peop-
TaHU3aIsL.
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