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sures may include the following: otolaryngology training should
be standardized for all of these countries, and a common board
examination should be administered; training programs should
be developed in countries that lack audiologist and speech ther-
apists; and countries with existing training programs should ei-
ther develop programs in countries lacking such programs or
open their doors to foreigners.
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Baenep P, ®acan a

Orisp orosapunriyaux nociayr y Henrpanbhiii Amepuui: Ilo-
Tpeba y KOMILIEKCHOMY BTPYYaHHi

I'noGan IHT Ayrpiu, Kynesin, Barmsrron

Binnpinenns ortonapunrosiorii, Kadenpa O3mgopoBunx Hayk,
VuiBepcuter M. Kelinrayh, [liBnenna Amepuka

Pestome. Y cBITI, 10 PO3BUBAETHCS, ICHYE ASDILMT y OCIYrax OTO-
JIAPUHTOJIOTIB 1 HECTa4a 3aKiIajiiB, 110 iX TOTYIOTh, & TAKOXK CIICLIIATICTIB 3
aynionorii Ta MOBHOI Teparil. Lle minTBepoKyeThCs PIBHULEIO Y SKOCTI
HaJlaHHsI MEAMYHOI TOIOMOTY MDK KpaiHamy 3 BHCOKMM pIBHEM 3apoOiTKy
1 KpaiHaMM 3 HU3BKUM PIBHEM 3apoO0iTKy. 3a JOMOMOIOK aHKET, MU
JIOCTIDKYBaM KpaiHu LleHTpanbHOT AMEpUKH (32 BUHATKOM JIEP/KaBU
Beni3) i BUABIIM HACTYITHI IPOOIeMU: HasBHICTb TOCITYT Ta OOJaqHAHHS 3
OTOJIAPHUHIONIOT, ayJioNoril i MOBHOI Tepaii; HasBHICTb IUX MOCIYT Y
CUIBCHKHX MICIEBOCTSIX. AHKETH Oyl PO3MOBCIOMKEHI €NIEKTPOHHOIO
TIOLITORO 1 FombMH. Ha koHrpeci 3 otonapunronorii y LenTtpanbhiidi Ame-
pyi y 2011 poui B Can CanbBanopi, Enp CanbpBagopi ix orpuMai oto-
JIAPUHTOJIOTH, ayioNory 1 MOBHI TepaneBTH. MU He 3[UBYBAIUCh, KOIU
JBHAMCH TIPO HEIOCTady Y MOCIYTaX, sIKi HAAIOThCs IPEICTABHUKAMUI
LUX TPHOX Npodheciii, a TakmK Mpo HEIOCTauy HABYAIBHUX 3aKIIaJIB, IO
TOTYIOT IIMX (paxiBiyiB. JlaHi, 310paHi i mpeacTaBieHi y oMy TOCTIPKEHHI,
CTaHyTh OCHOBOIO IS BIPOBA/DKECHHS MONAIBIINX 3MiH.

Knwwuosi cnosa: omonapunzonozia, BI'H, aydionozis, mosna
mepanis, Kpainu, wo poseuearomuca, Llenmpansna Amepuxa.
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Summary. Successful techniques of genetic engineering and gene
targeting depend on high activity of homologous recombination re-
pair. Strand breaks in plant and animal somatic cells are primarily re-
paired by non-homologous end joining, a competitor of homologous
recombination pathway. The objective of this study was to shift the
naturally occurring balance of double strand break DNA repair in cells
away from non-homologous end joining and towards homologous re-
combination. We hypothesized that this will improve the current meth-
ods for genetic engineering and ultimately practical applications like
gene therapy. We amplified full cDNA copies of the proteins Ku70,
Ku80, Rad51 and Rad54 using cDNA from Arabidopsis. The cDNA
were overexpressed in Rosetta cells and the proteins were sent away to
GenScript to obtain polyclonal antibodies. Generated antibodies were
tested for recognition of Arabidopsis Ku70 and Rad51 proteins. We
hypothesized that introducing the anti-Ku70 antibodies into cells would
deplete the amount of Ku70 and this would result in the shift of strand
break repair towards homologous recombination. In the future, we
will use cell-penetrating peptide to deliver the antibody and to test the
level of homologous recombination.

Key words: Ku70, Ku80, Rad51 and Rad52 proteins, generation
of anti-Ku70 and anti-Rad51 antibodies.

Introduction. Altering the balance between non-homolo-
gous end joining (NHEJ) frequency and homologous recombi-
nation (HR) frequency has been the focused direction of this
work. NHEJ involves among other proteins Ku70 and Ku80,
while homologous recombination utilizes Rad51 and Rad54 [7].
In S. cerevisiae Ku70 and Ku80 work in conjunction with ligase
IV and XRCC4 to ensure proper DNA repair via the NHE] path-

way|[7]. In vertebrate cells Ku70 and Ku80 form a heterodimer
that has a strong penchant for DNA ends and consequently binds
with the damaged DNA [3]. The DNA bound Ku70/Ku80 het-
erodimer associates with, stabilizes, and activates the DNA-PKcs
a catalytic subunit to form DNA-PK (DNA-dependent protein
kinase), a necessary component of the non-homologous end join-
ing pathway [9]. In studies investigating cell lines deficient in
Ku proteins, little ifany DNA-PK activity is seen indicating that
the cell requires the presence of the Ku70/Ku80 for proper DNA-
PK functioning and therefore also non-homologous end joining
[15]. The role of Ku proteins has been linked to the detection of
damaged DNA in all eukaryotic cells. Rad51 and Rad54 are
also conserved in eukaryotic cells and necessary elements of the
homologous recombination DNA repair pathway [2]. Rad51 is
very important for the HR DNA repair process because it catal-
yses the exchange of DNA between homologous strands by en-
couraging the association of the damaged DNA strand to its re-
spective complementary, template strand [7]. Rad51 requires
interaction with Rad54 for optimal efficiency and proper func-
tioning [11]. Animal studies have shown that inactivation of
Rad51 through artificial means results in early death of devel-
oping embryos while knockout studies of Rad54 show only an
increased sensitivity to agents that induce double stranded breaks
in DNA which emphasizes the essentialness of Rad51 and the
complementary actions of Rad54 [4].

The success of genetic engineering and gene targeting in
particular depends directly upon the activity of homologous re-
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combination repair pathway [6]. Currently concerns exist sur-
rounding the actual process of genetic modification and gene
therapy. Part of this worry relates to the imbalance between the
occurrence of homologous recombination and non-homologous
end joining in cell DNA repair. The insertion of the transgene
into the genome typically occurs through available breaks in the
genomic DNA. These breaks are often the results of mistakes in
replication and transcription as well as direct damage to DNA
via free radicals and other toxic metabolites. The cell has two
predominant ways to repair strand breaks — HR and NHEJ [10].
HR is quite specific because it makes use of its partner chromo-
some as a template. In contrast, NHEJ ligates the broken ends
together without the use of such a homologous template [10].
When the ends can not be ligated directly, the modification of
the broken ends occurs, followed by microhomology search and
subsequent rejoining via ligation. The repair via end joining thus
leads to insertions, deletions, and translocations. In vertebrates,
the breaks are repaired predominantly via NHEJ, thus reducing
the possibility of using somatic cells for efficient gene targeting
and gene therapy[16].

Taking into consideration all the mentioned above, it can be
hypothesized that a decrease in the amount of proteins required
for NHEJ would result in a decrease in the frequency with which
cells utilize NHEJ. This would in turn lead to a compensatory
increase in the frequency of usage of HR repair mechanism. Sim-
ilarly the overexpression of the proteins required for HR would
help fuel the compensatory increase in HR activity.

We hypothesized that delivery of antibodies against Ku70
or Ku80 proteins into cells used for gene targeting may decrease
the activity of NHEJ by binding and precipitating Ku70/Ku80
proteins. We further hypothesized that by limiting the availabil-
ity of resources required for proper completion of NHEJ, the
cell will compensate by relying more on homologous recombi-
nation and shift the balance in favor of HR when repairing breaks
in the cell’s DNA. The use of antibodies would make this shift
temporary so only a limited upset in this balance would occur.
Research by Pierce et al. (2001) [12]. has recently shown that
knockouts of either Ku70, XRCC4, or DNA-PK  in mammali-
an cells resulted in the increase of the frequency of occurrence
of HR, supporting our prediction that a compensatory shift can
occur [12]. As the first step in the aforementioned technique of
increasing gene targeting rate we attempted to purify Ku70 and
Rad51 proteins and to generate antibodies against them. We re-
port successful purification of these proteins and generation of
the anti-Ku70 and ant-Rad51 antibodies.

Methods

Primers used for the experiments

The Vector NTI program was used to design forward and a
reverse primers specific for Ku70, Ku80, Rad51 and Rad54 based
on previously determined sequences in Arabidopsis thaliana (see
Table 1). These were used together with PCR to amplify the
genes from a cDNA library. They were designed with consider-
ation for the availability of convenient restriction sites and melt-
ing temperature.

Table 1. The sequence of the primers designed for all four genes:
Ku70, Ku80, Rad51, and Rad54

Gene Primer Sequence
name

Ku70 |Ku70.for | ATGGAATTGGACCCAGATGATG

Ku70 |Ku70rev |TTATTTACCAATGTGAGTCAGAATCCG

Ku80 |KU80.for | ATGGCACGAAATCGGGAGG

Ku80 |Ku80rev |TTAGCTCTCGAGCATTGACTCITGIT

Rad51 |Rad51.for | AAAGGTACCATGACCACCATGGAACAG
CGCC

Rad51 |Rad51.rev | AAAGGTACCCTAT CAGTCCTTGCAGTCG
GTCACG

Rad54 | Rads4.for | AAAGGTACCATGGCCAGGCGCAGGCTC

Rad54 |Rad4.rev | AAAGGTACCCTAT CAGTGAGAGATGTA
CTGGA AGGCGAAG
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Table 2. PCR Reaction components for Ku70, Ku80, Rad51 and

Rad4
Ku70 and Ku80 Ragj(}sznd
HF 5X Buffer (50 mM) 10wl 10 ul
dNTPs (2 mM) Sul Sul
Forward Primer (10 uM) 1l 1 ul
Reverse Primer (10 uM) 1l 1ul
DNA Sl 0.5 ul
Phusion HF Polymerase (2 wul) 0.5 ul 0.5 ul
Gibco Pure Water 24.5u 32ul
Total Volume 50 ul 50 ul
No. of Cycles 35 32
Denaturation Temperature (°C) 98 98
Denaturation Time (s) 10 30
Amnealing Temperature (°C) 58 65
Amnealing Time (s) 30 30
Elongation Temperature (°C) 72 72

RNA purification and cDNA synthesis

RNA was extracted from frozen ground in liquid nitrogen
leaftissues (~ 100 mg) of A. thaliana using Trizol reagent (Mo-
lecular Research Center, Inc.). The concentration of the isolated
RNA was measured using the Amersham Pharmacia Biotech
Ultraspec 1100pro UV/Visible spectrophotometer. For cDNA
synthesis the RevertAid H Minus First Strand cDNA Synthesis
Kit (Fermentas) was used. For our purposes, Oli 20 (dT),
(100uM, 0.5pg/pl (15 A, w/ml)) was used. The primers and
the RNA (5-15 pg) were incubated at 70C for five minutes to
denature any double-stranded RNA pieces. Next the 5X Reac-
tion Buffer (250 mM Tris-HCI (pH 8.3), 250 mM KCl, 20 mM
MgCl,, 50mM DTT) was used to provide the appropriate chem-
ical condition. Nucleotides (10 mM) and a ribonuclease inhibi-
tor (RiboLock Ribonuclease Inhibitor; 20 u/uL) were added to
the mixture and incubated at 37bC for 2 min. Reverse tran-
scriptase (RevertAid H Minus M-MulV RT; 200 u/pL) finished
the procedure by constructing strands of DNA using the mRNA
as a template resulting in a single stranded cDNA library.

Isolation of Ku70, Ku80, Rad51, and Rad54

Arabidopsis cDNA was used as the template in the PCR re-
actions for amplification of Ku70 (1866 bp) and Ku80 (2043
bp) genes. Amplification of Rad5 1 (1029 bp) was done from the
plasmid pDEST::AtRad51, whereas amplification of Rad54
(2733 bp) — from plasmid pDEST::AtRad54. The PCR reac-
tions also included a 1x Phusion GC Buffer (1.5 mM MgCl,) to
provide optimal conditions for the PCR reaction, dNTPs (2 mM),
the appropriate forward and reverse primers (10 mM) (Table 1)
and Phusion HF polymerase (2 u/ml) (New England Biolabs,
Inc.) and ddH2O to the final volume of 50 ml. See PCR reaction
details in Tables 2. PCR products were excised from the gel and
purified using the QIAquick PCR Purification Kit (QIAGEN)
and used to clone into protein overexpression vector pET45b.

Cloning into pET45b plasmid

pET45b plasmid was selected for protein overexpression
because it utilizes strong bacteriophage T7 signals for transcrip-
tion and translation which allow for high expression of the cloned
gene. PCR fragments with genes of interest (Ku70, Ku80, Rad5 1
and Rad54) were cloned into pET45b plasmids, generating
pET45b::Ku70, pET45b::Ku80, pET45b::Rad51, and
pET45b::Rad54 plasmids. Cloning of intact gene fragments was
confirmed by sequencing,.

Induction and isolation of proteins

Rosetta 2 cells were transformed with pET45b::Ku70,
pET45b::Ku80, pET45b::Rad51, and pET45b::Rad54 plasmids.
Gene expression was induced using 1 mM IPTG in 10 mL of
LB/Carb,,/Cm,; The transformed Rosetta 2 cells were incubat-
ed at 37°Cwith ‘the IPTG enriched media at constant shaking
(200 rpm) for five hours. The protein was purified using “Proto-
col 18: FPLC Purification of 6x His-tagged Proteins using Ni-
NTA Superflow under Denaturing Conditions” and “Protocol
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Figure 1. PCR amplification of Ku70, Ku80, Rad51, Rad52
and Rad54 cDNA
A. 1% agarose gel. Lane 1 - 1kb DNA Ladder Plus; Lane 2 - Ku70
PCR product; Lane 3 - Ku80 PCR product.
B. 1% agarose gel. Lane 1 - 1kb DNA Ladder Plus; Lane 2 - Rad51
PCR product; Lane 3 and 4 - Rad52 PCR product; Lane 5 - Rad54
PCR product
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Figure 3. Overexpression of Ku70, Ku80 and Rad52 proteins
in Rosetta 2 cells

A. 10% Coomassie-stained PAGE gel. Lane 1 - PageRuler Plus
Prestained Protein Ladder; Lane 2 and 3 - Ku70; Lane 4 - Empty;
Lane 5 and 6 - Kug0.

10% Coomassie-stained PAGE gel. Lane 1 - PageRuler Plus
Prestained Protein Ladder; Lane 2 - empty; Lane 3 to 5 - Rad52; Lane
6 - empty; Lane 7 to 9 — Ku70
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Figure 2. Purification of Rad51 protein from Rosetta 2 cells
12% Coomassie-Stained PAGE gel. Lane 1 - PageRuler Plus
Prestained Protein Ladder; Lane 2 — Rad51; Lane 3 — Re-purified Rad51
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Figure 4. Western Blot using anti-his-tag antibodies

Lane 1 - PageRuler Plus Prestained Protein Ladder; Lane 2 — marker
for 15, 30, 55 and 70 kDA; Lane 3 - Ku70; Lane 4 - Rad51; Lane 5 -
Rad54

19: 6X His-tagged Protein Minipreps under Denaturing Condi-
tions” from the QIAexpressionist (QIAGEN) kit. Polyacryla-
mide gel electrophoresis (PAGE) using a 10% gel was used to
identify the purified protein samples. Western Blots were run to
further confirm the identity of the bands from the PAGE gels.
The isolated and purified Rad51 and Ku70 proteins were sent to
GenScript for antibody production. Polyclonal rabbit antibod-
ies obtained from GenScript were used to detect purified Rad51
and Ku70 proteins.

Results and Discussion

As the first step in the attempt to regulate the NHEJ and HR
activity in the cells, we decided to amplify cDNA and overex-
press main NHEJ and HR repair proteins. As a next step, we
have attempted to prepare antibodies against these proteins.

Ku70, Ku80, Rad5 1, Rad54 and Rad52 genes were success-
fully amplified from A. thaliana cDNA (Figure 1). The PCR
fragments were used for overexpression in pET45b plasmid.
Ku70, Ku80, Rad51 and Rad52 were successfully overexpressed
in Rosetta 2 cells, although Ku80 concentration was very low
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Figure 5. Western Blot analysis using GenScript anti-Rad51 antibodies

A. Reconstituted Pre-immune serum from Rabbit A. From left to right: Lane 1 — PageRuler Plus
Prestained Protein Ladder; Lane 2 - purified Rad51; Lane 3 — 1:10 dilution of Arabidopsis plant extract;
Lane 4 - undiluted Arabidopsis plant extract.

B. Reconstituted Antiserum after 4" Immunization from Rabbit A. From left to right: Lane 1 —
PageRuler Plus Prestained Protein Ladder; Lane 2 - purified Rad51; Lane 3 — 1:10 dilution of Arabidop-
sis plant extract; Lane 4 - undiluted Arabidopsis plant extract.

C. Reconstituted Pre-immune serum from Rabbit B. From left to right: Lane 1 — PageRuler Plus
Prestained Protein Ladder; Lane 2 - purified Rad51; Lane 3 — 1:10 dilution of Arabidopsis plant extract;
Lane 4 - undiluted Arabidopsis plant extract.

Reconstituted Antiserum after 4" Immunization from Rabbit B. From left to right: Lane 1 — PageR-
uler Plus Prestained Protein Ladder; Lane 2 - purified Rad51; Lane 3 — 1:10 dilution of Arabidopsis

To further confirm that the
products visualized on Com-
massie gel carried the his-tag,
we performed the Western blot
with the antibodies against the
his-tag. We were able to iden-
tify Ku70, Rad51 and Rad52
proteins, with corresponding
sizes of 70.4, 37 and 56 kDa,
respectively (Figure 4).

We then used the purified
Rad51 proteins to generate
polyclonal antibodies that can
be in the future used for deliv-
ering into mammalian cells.
Thepolyclonal anti-Rad51 an-
tibodies from Genscript when
tested on A. thaliana plant ex-
tract displayed a great degree
of nonspecific binding (Figure
5). However, when using a
purified Rad51 protein solu-
tion instead of the plant extract
it was clear that the polyclonal
antibody serums detected
Rad51 while the pre-immune
serums did not (Figure 6).

plant extract; Lane 4 - undiluted Arabidopsis plant extract

and the bands were hardly visible on the gel (Figure 2,3). After
being run through a 12% PAGE gels, the purified Rad51 protein
samples showed bands near the 35 kDa band of the PageRuler
Plus Prestained Protein Ladder (Fermentas), very close to the
size of native Arabidopsis Rad51 protein of 37 kDa (see Figure
2). The purified Ku70 protein samples showed bands between
the 70 kDa and 100 kDa bands of the PageRuler Plus Prestained
Protein Ladder (Fermentas) in a 10% PAGE gel, with the size of
native protein in Arabidopsis being 70.4 kDa (Figure 3).

—

Figure 6. Western Blot analysis using GenScript anti-Rad51
antibodies against purified Arabidopsis Rad51 protein

Reconstituted Antiserum after 4" Immunization from Rabbit B was
used. From left to right: Lane 1 — PageRuler Plus Prestained Protein
Ladder; Lane 2 - purified Rad51;

Lane 3 — 1:10 dilution of Arabidopsis plant extract; Lane 4 -
undiluted Arabidopsis plant extract;

Lane 5 — PageRuler Plus Prestained Protein Ladder
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It is not clear why the poly-
clonal anti-Rad51 antibodies
were not able to recognize

plant Rad51. There are four different homologs of Rad51 in
Arabidopsis, including Rad51B, Rad51C, Rad51D and
AtXRCC3 [1]. Although we used purified Rad51, the antibod-
ies may recognize several homologs, including truncated and
modified proteins, thus preventing us from identification of a
single protein band. As mentioned in the introduction, the fre-
quency of successful gene targeting events depends on the ac-
tivity of homologous recombination in the cell. That is, the high-
er is the HR frequency, the higher is the chance of integration of
the transgene at a specific genomic location. This is one of the
reasons the gene targeting is more efficient in the cells in which
HR repair is more frequent, such as dividing cells, including
embryonic stem cells [8]. Also, gene targeting and gene replac-
ing is much easier in the organisms with high frequency of HR,
such as yeasts [5] and Physcomitrella patens [14]. If our hy-
pothesis is correct, then downregulation of key HR proteins would
decrease the gene targeting frequency in the cells. In the future,
we will test this hypothesis by delivering purified anti-Rad51
antibodies into cells, followed by the analysis of HR frequency
and gene targeting efficiency. In addition, we will test whether
delivery of anti-Ku70 antibodies into cells may increase the HR
frequency as well as gene targeting events.
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Bixepcxem C., Tony6os A., Kosanvuyk 1.

Ounenns oisikiB Ku70, Ku80, Rad51 i Rad52 apa6inoncucy
Ta MOKOJIiHHA aHTUTLI aHTH-Ku70 i anTu-RadS1

Kadenpa 6ionoriunux Hayk, JIeTOpHAKCBKUH yHIBEpPCHUTET,
JlerOpumxk, Anbbepra, Kanana

Pe3tome. YcmilHi TeXHIKUM T€HHOI iH)KEHepil Ta TEHHOrO Tapre-
TUHTY 3aJI©KaTh BiJl BUCOKOI aKTMBHOCTI perlapyBaHHs I'OMOJIOTT4HOT
pexomOiHanii. Po3puBH HUTKH POCIMHHMX 1 TBAPMHHHUX COMATUYHHUX
KJITUH TOJIOBHUM YMHOM PEMapyIOThCS HETOMOJIOTIYHUM 3’ €THAHHAM
KIHIIiB, IUISIXOM MPOTHJICKHUM JI0 TOMOJIOTIYHOT pekoMOiHaltii. MeToro
JIAHOTO JOCIIHKEHHS OYy/I0 3MIHUTH HATYpaJbHO BUHUKAIOUMI OaaHc
penapyBaHHs nozABiiHOTO po3puBy HuTKH JJHK Bix HeromosoriyHoro
3’€IHAHHs KIHIIB 0 TOMOJIOTIYHOI pekomOiHallii. Mu 3po0uim npu-
IYIIEHHS, 110 11€ JO3BOJIUTh MOJIMIIUTH CY4acH1 METOIM T€HHOI IHXKe-
Hepii Ta, BpEIUTI-peIlT, IPAKTUYHI 3aCTOCYBaHHS, TaKi SIK T€HHA
Teparis. Mu nocwmnu noeHi komii kJJHK 6inkiB Ku70, Ku80, Rad511i
Rad54 suxopucrosytoun x/IHK apabigoncucy. Jani x/IHK Oynu
HAJUTMIIKOBO BUpaKeHi B KiiTmHax Rosetta i Bimicmani Ha GenScript,
100 OTpUMAaTH MOMIKJIOHAIBHI aHTUTLIA. [eHepoBaHi aHTUTLIA OyH
IIpOTECTOBaHi Ha HasBHIicTh OUIKiB Ku70 i Rad51. Mu npumyctum,
110 BBeACHHA aHTUTLT aHTU-Ku70 B KiiTHYE BU4eprae KuibKicts Ku70
111e IPU3BEIE A0 3MIHU PerapyBaHHs PO3PUBY HUTKH JI0 TOMOJIOTTYHOT
pexoMmOiHanii. B momanbioMy MU BUKOPUCTAaEMO KIITHHHO-TIPOHUKHI
MeNTUAM, 00 AOCTaBUTH AHTUTLIA 1 POTECTYBATH PIBEHb T'OMOJIO-
rigyaoi pexomOiHaIIii.

Knirouoei cnosa: oinku Ku70, Ku80, Rad51 i Rad52, noxoninna
anmumin anmu-Ku70 i aumu- Rad51.
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XpoMocoOMHa HecTalUIBHICTh CNIAIKOBOrO anapary y JiTeii paHHBOIO BiKy, XBOPHUX Ha YCKJIaJHEHY
MHEBMOHII0 Y MOEIHAHHI i3 3a1i301e(iIMTHOI0 aHeMi€I0
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JIBH3 «IBaHO-®PpaHKIBCHKUH HAI[IOHATIBHUNA MEIUYHUN YHIBEPCUTET»

Pe3tome. BUBUEHO IIMTOrCHETHYHI 3MiHU CIIAKOBOTO amapary y
JiTell paHHBOTO BIiKY, XBOPHX Ha YCKJIAJHEHY IHEBMOHIIO y IO€JHAHH]
13 3amizonedinuTHOO aHeMiero. [1OpIBHSIIBHIM aHAJIi30M 3MiH I'eHe-
TUYHOTO afapary AiTel, SKi XBOPUIM Ha YCKJIAJHEHY ITHEBMOHIIO Y
MOETHAHHI 13 3aJ1i30e(DILUTHOI0 aHeMieEro, OYIo JOBEACHO 1X 3aIeK-
HICTb Bifl CTYNEHS TSDKKOCTI aHeMil. BusBIeHO 30UIbIICHHS 4acTOTH
acollianiii akpoLIEHTPUYHUX XPOMOCOM Ta XPOMOCOMHHUX alepariii y
JIiTeH 3 YCKJIAJHECHOIO MMHEBMOHIEI0, TOPIBHSIHO 3 KOHTPOJEM, Ta
3AICKHICTh IUX MOKA3HUKIB Bifl CTYHEHS TOXKKOCTI 3ami30nediltuTHOT
aHeMii. BecraHoBiieHO, 1m0 HaWOUIBITY 34aTHICTE OO YTBOPEHHS
acorianiii MaroTe XpomMocomu 21, 15114, natimennry — 12 113 y koxHiH
rpymi xBopux Aitelt. Cepen THIIB XpOMOCOMHHUX abepauiil iieHTH-
(ikoBaHO XpOMAaTHIHI (OAMHOYHI ()parMEeHTH), XPOMOCOMHI (IapHi
(parMeHTH, TOOAMHOKI JUIICHTPUKH 1 aHOMaJIbHI MOHOLICHTPHKH ),
Jienenii Ta po3puBH XPOMOCOM. Y CIEKTpPi XPOMOCOMHHMX abepaiit
JIOBEJICHO TIepeBary AeJelliif JOBIOTO Iieya YeTBEPTOi Ta KOPOTKOIO
ieya 1’ sIToi 1 MOoCTOi XPOMOCOM.

Knwuosi cnosa: oimu, nneemonisn, anemis, acoyiayii akpo-
UEHMPUUHUX XPOMOCOM.

IMocTanoBKa MpodIeMH i aHATI3 OCTAHHIX JOCTIKEHb:
OpHi€ro 3 aKkTyalbHUX MPOOJIEM AWTIYOI MYTEMOHOIOTI, 110

TIOB’513aHO 3 BUCOKUM PiBHEM PO3IIOBCIOIKEHOCTI Ta CMEPTHOC-
Ti, € THeBMOHii. OcOOIMBOT yBary 3aCTyrOBYIOTH BHIIAIKH IIEpe-
0iry THEBMOHIi Ha TIi OOTSHKEHOro mpeMopOiHOro (hoHYy 4u
cymyTHBOI natonorii [ 1, 2]. Cepen 6araTbox IPHYHH, 10 MOXYTh
YCKJIa THIOBATH Mepedir MHEBMOHIT, € nedirur 3ami3a. B ocTanHi
POKH CIIOCTEpiraeThes 301IBIICHHS YMCIa XBOPHX HA THEBMO-
HiIO cepeq AiTell paHHBOrO BIKY, 1110 MPOTIKAE y MOEAHAHHI 13
3amizonedimutHOrO aHeMiero (3/IA) [2]. OmHuM 3 HAWMEHII OC-
BITJICHUX aCIEKTiB PO3IISHYTOI MPOOIEMH 3aJIMIIIAI0THCS ITOPY-
LIIEHHSI [(UTOTeHETHYHOTO TOMEOCTa3y IPH BHUIIEBKa3aHiH M0€1-
HaHil ratonorii. B qaHuii yac BcTaHOBJIEHHH 3B’ SI30K MiXK 3MiHa-
MU XpPOMOCOMHOTO arapary KJITHH 1 3anaieHHsM. [5, 6, 9]. 3o0-
KpeMa, B JIiTepaTypi OIMHUCAHO ITiIBUIIICHHS PiBHSI XPOMOCOMHHUX
riepeOyoB MPH TAKKX 3allaJIbHIX 3aXBOPIOBAHHIX OpOHXOJIEre-
HEBOI CHCTEMH, SIK XPOHIYHMI OpOHXIT, OpOHXiaJIbHA aCTMa, TOC-
Tpa mHeBMoHis [5, 11]. Cepen YMHHUKIB, SIKI IOPYIITYIOTH TeHe-
THYHY CTaOUIBHICT MPH 3aIiaileHHi OPOHXIB 1 JIETeHb, BUILISIOTH
HACTYTHI: BIUIMB iH(eKi1, BKIIFOYAIOYH IPSIMY UTOTCHETHYHY
JIif0 BIPYCIiB, @ TAKOX HelpsiMi e(heKTh OaKTepialIbHUX 1 BIpyCHUX
areHTIB; I IBUIIICHNI BUKHJI ME/IIaTOPiB 3aIaeHHs; KiJIbKICHY
Ta QYHKI[IOHAJIbHY HEOCTATHICTh KJIITUHHOI JIAHKY IMYHITETY.
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