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Introduction

Analysis of genetic chimerism is one of the main methods
to monitor the bone marrow engraftment after stem cells
transplantation. PCR amplification of short tandem repeats
(STR) utilizing the differences in the STRs length between
donor and recipient is used as a routine test for chimerism.
However, chimerism estimation is often complicated by
“stutter” PCR peaks appearing due to irregular DNA poly-
merase activity. Generally, these sequences are 4 nucleotides
shorter than a specific marker and may concur with a spe-
cific sequence of recipients DNA, thus hindering chimer-
ism estimation based on that locus. In our previous work,
we showed that percentage of the stutter peaks in total DNA
product is a locus- and patient-specific constant. Therefore,
we have derived a formula for the mixed chimerism cal-
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Figure 1. Formulas proposed for calculation of recipi-
ent-to-donor DNA ratio in presence of stutter peaks
(From: Kostritsa N., EHA Congress, 2017)

culation in the presence of stutter peaks. It was also shown
that the results of chimerism estimation by means of the for-
mulae proposed were similar for “stutter-complicated” and
“stutter-free” markers (p<0.05). The aim of our study was to
validate these formulas for different allelic statuses, includ-
ing cases with heterozygous uninformative donor allele that
overlay an informative allele of the recipient (Fig.1). The for-
mulas should be considered valid if the ratios of the stutter 1
to both peak 1 and peak 2 of the heterozygous STR allele are
constant. We expect this to be true, since the stutter peaks
are caused by irregular DNA polymerase activity and depend
on the product length and nucleotide sequence of the STR.

Materials and methods

The study was done with 20 DNA samples. Genomic DNAs
of donors and patients were isolated from bone marrow
specimens. Genetic chimerism was assessed by the STR-PCR
analysis with COrDIS Plus multiplex kit for amplification
of 19 polymorphic STR-markers and amelogenin loci. The
fragment analysis was performed on a 3130 Genetic Analyz-
er. The data processing was accomplished using GeneMap-
per v.4-0 software. The informative loci were chosen in ad-
vance by comparing pre-transplant patient DNA and donor
DNA. The ratios stutter-peak 1/peak 1 and the stutter-1/peak
2 in heterozygotes were calculated using standard formulae.
The variances of these ratios for each locus and patient were
then compared with respect to contribution of stutter com-
ponents to the total amount of the product.

Results

In twenty transplant cases at seven time points, we analyzed
the variances for the locus and patient in repeated measure-
ments (Fig. 2). The following mean variances were obtained:
0.01 for the ratio of a stutter-peak 1 to peak 1 in heterozy-
gote, and 0.014 for the ratio of stutter-peak to another het-
erozygote peak (peak 2). The variance for the contribution
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of the stutters to the total DNA from the previous study is
0.01. Thus, not only contribution of the stutters to the total
DNA amounts, but also the ratio of stutter to any heterozy-
gous peak can be considered an individual constant for each
locus and patient. Therefore, it can be used in the chimerism
calculation. However, in case of using stutter 1 and peak 2,
it is necessary to increase sensitivity to 1.5%. In cases of low
mixed chimerism, these loci are not recommended for the
chimerism calculation. The calculations for case A (Fig. 2)
will be made according to the formula 2 (Fig. 1), and, for
cases 2 and 3, according to the formula 1 as for the homozy-
gote, since the coinciding peak in this case may not be taken
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with a definite probability of DNA polymerase error, con-
stant for each particular sequence. However, due to random
fluctuations in the product quantity for the stutter 1/peak 2
ratio, the error is larger than for the stutter 1/peak 1 ratio.
Thus, the stutter-peaks are not an obstacle to a correct cal-
culation of gene chimerism. The stutter contribution to the
total amount of the product in a given locus may be consid-
ered constant for the chimerism calculations. Alternatively,
one may use a ratio of stutter-to-allele product at which it
was obtained due to DNA polymerase errors.

into account.
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Fig. 2. Variants of donor's stutter-peaks (red) and informative peakes (second row) overlay for heterozygous STR-al-
leles and mixed chimerism (third row, bottom): a) overlay of two stutter-peaks with two informative peaks (for this
case the validity of a formulae derived for the mixed chimerism calculation has been already proved previously;
Kostritsa N., EHA congress 2017); b) overlay of the first recipient's peak with the donor's stutter-peak, and another
one recipient's peak with donor's peak 2. In this case considering concurring peaks is not necessary for calculation
and formula for homozygous Case might be used. However, permanence of stutter-peak 1to peak 1 ratio still has to
be proved for this case; ¢) concurring of the first recipient's peak with the donor's stutter-peak 1, and the second
recipient's peak - with the donor's peak 1. In this case concurring peaks are also may not be considered for calcu-
lation and the formula for homozygote might be used, however the ratio of the stutter-peak to the peak 2 of the

heterozygote also should be proved to be constant.

Conclusion

The resulting formulae shown in Fig. 1 are valid for different
allelic combinations, since the ratio of any stutter to any ma-
jor peak in the heterozygote is a constant, which is associated
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Beepnenue

MOHUTOPUHT XMMepU3Ma — OCHOBHOI CIIOCOO KOHTPOJIA
Ipoljecca MpYDKUBIEHNS TPaHCIUIaHTaTa ITOCTIe a/UTOTEHHO
TPAHCIUIAHTALMM TeMOIIO3TUYECKUX CTBONOBBIX KJIETOK.
AMmmmdukanys KOpPOTKMX TaHAEMHBIX MOBTOpPOB (short
tandem repeats, STR-IIIIP) ncnombsyercsa B KadecTBe py-
THMHHOTO METOJIa OTIpefie/ieH s XMMeP13Ma I OCHOBBIBAETCS
Ha paszmmyHoi pmyHe STR B reHOMax JOHOpa ¥ peLnIINeH-
ta. O6pasoBaHme 60j1ee KOPOTKIX, Y€M OCHOBHOI IPOLYKT
(xak mpaBwWiIo, Ha 4 HYK/IEOTHAA KOPOUe), HOOOYHBIX IPO-
AYKTOB peakuyy (TaK Ha3bIBaeMBIX CTATTep-INKOB), KOTO-
pble MOTYT COBIIAJaTh CO CHEeIVI(PIIeCKIMI MeTKaMI peLy-
IIMEeHTa — yMeHbIIaeT KOMNYeCTBO NHPOPMATUBHBIX METOK
M OCJIOKHSET IOACYeT XMMepusMma. PaHee Mbl IOKa3asiu,
YTO BKJIAJ| CTaTTep-IMKa B obigee konmmaectso JHK siBisa-
eTCsl MHAVBY/Ya/IbHOJ KOHCTAHTON B KaXKIOM ajUlene Jyid
Ka)XX/JOTO IallMeHTa, B CBA3U C 4eM ObUIM HOMydeHsl (op-
MYJIBL IJI BBIYVIC/ICHUA XVMepH3Ma C Y4eTOM CTaTTep-I-
k0B (Kocmpuya H. u 0p., cOopHux me3ucos x KoHpepenyuu
«/Tomonocos6-2017»). Taxoxe 6blIa HOKa3aHa KOPPEKTHOCTD
UCIIONb30BaHMA JAHHBIX (QOPMYI M MX PaBHO3HAYHOCTb
knmaccuyeckuM (p<0,05). Llenp mccnemoBanms: mpoBepka
YHUBEPCATIbHOCTY JAHHBIX (GOPMYII /L1 Pa3HBIX a/UIeTIbHBIX
CTaTyCOB, B TOM 4YMCJIe IJIA CIy4as, KOIa B FeTepO3UTOTe
crarTep HeMH(GOPMATMBHOIO a/jens JOHOpPA COBHAJaeT C
MHPOPMATUBHBIM ajuIesieM pennmueHTa. PopMy/sl MOXHO
CUNTAThb YHUBEPCATIbHBIMU B TOM C/Iy4ae, eC/Ii OTHOIICHNUE
crarrepa 1 Kak K MKy 1, Tak U K IIMKY 2 TeT€PO3UTOTHI AB-
JISIETCS TTOCTOSTHHBIM.

Matepwuansi n metofbl

B uccneposanne Bxaodensl 20 obpasuos JHK. s STR-
[IIIP renomuoit JJHK 13 xocTHOro Mosra MCIoab30Bajn
COrDIS Plus - mynbrumiekcHslii Habop mia ammdu-
Kanyy 19 monumopdueix STR-MapkepoB u 1oKyca amesno-
reHyHa 4enoBeka. OparMeHTHbII aHaIM3 IPOBOMIM Ha
aHa/nMM3aToOpe HyKIeMHOBBIX KCIOT 3130 Genetic Analyzer.
O6paboTKy JaHHBIX NPOBOAVWIN C VICIIONb30BAHNEM IPO-
rpammHOro obecnedenuss GeneMapper v.4-0. ViHpopma-
TUBHBIE JIOKYChI OBIIM BBIOpaHbI paHee IyTeM CPaBHEHUS
JHK manuenta go tpancmnantauuu u JHK ponopa. ITo
CTaHJapTHBIM (OpMy/TaM ObIIM BBIYMCTEHBI OTHOLICHMS
crarTep 1/muk 1 u crartep 1/mux 2 B rereposurore. Juc-
IIEPCHIO 3TOTO OTHOIUEHMA /I KaXK[JOro JIOKyca M Taly-
€HTa 3aTeM CPAaBHMBA/IM C TAaKOBOJ M/ BK/Iajja CTaTTepa B
obliee KOMMIECTBO IPOAYKTA.

Pe3ynbrarsl

Ha ocnoBe ananmsa 20 METOK B 7 BpeMEHHBIX TOUKAX OBUIN
IIOJTy4€Hbl MHAVBUOYAa/IbHbIE NOUCHEPCUN I KaXXAo0ro
JIOKyCa M IIallM€HTa IIpM MOBTOPHbBIX M3MEPEHMAX, a 3a-
TeM IocuuTana cpepuasa pucnepcus: 0,01 i oTHOIIEHNA
CTaTTep-IMKa C «CBOEMY» UKy B rereposurore u 0,014 gia
OTHOLIEHMA CTATTEP-IIMKa K APYIrOMy IIMKY I'€TE€pO3UTO-
TBI, IIPM TOM, YTO OUICIIEPCUA /I BK/Iala CTaTTEPOB B 00-
myo JHK mo mpembigyiieMy MCCIeOBAHMIO COCTAaBIIAET
0,01 (Puc. 2). Takum 06pa3om, He TOMBKO BKJIAJl CTATTEPOB
B o6myo JHK, HO 1 oTHOlIeHMe cTaTTepa K JIHOOOMY U3
IINKOB T€TEPO3UTOTHI, MOXXHO CUNTATh VIHIIMBI/IIIyaHbHOﬁI
KOHCTAHTO A KaXX[0T0 JIOKyCa ¥ MalieHTa I UCIIONb30-
BaTh [P pacyeTe XMMEPU3Ma, OJHAKO B CIIy4Yae MCIOIb30-
BaHMs cTarrepa 1 u mmka 2 HeoOXOAVMO YBEIUUINTh ITOPOT
9yBCTBUTENBHOCTY A0 1,5%. IIpu HeGombIIMX 3HAUYEHUSIX
CMENIAHHOI0 XMMEpu3Ma MCIIO/Ib30BaTh TaKMe€ METKU HE
pexomenpyercs. Pacuer st cnydas A Ha Puc. 2 6yzer npo-
usBognThcA 10 popmyie 2 (Puc. 1), a pia crygaes 2 u 3 1o
¢dopmyne 1 (Puc. 1), KaK I TOMO3UTOTHI, IIOCKOIBKY CO-
BIIA/IAIONINII MK B JAHHOM C/Iy4Yae He yYUThIBAETCA.

3aKknyeHne

[Tony4ennsie ¢opmynel (Puc. 1) yHMBepcanbHbI A pas-
JIMYHBIX AJIEIbHBIX CTATYCOB, IIOCKONIbKY OTHOILIEHNE JTI0-
6oro cTaTTepa K m0O60MY OCHOBHOMY IIMKY B T€TEPO3UTOTE
ABJIAAETCA KOHCTAHTOIL, YTO CBA3AHO C OIpefie/leHHON Bepo-
atHocTbio oumbky JTHK-monuMepassl, IOCTOSHHONM A/
Ka)KJI0JI KOHKpPETHOI TocnefoBaTebHOCTY. OfHAKO U3-3a
CITyJalHbIX KOJeOaHMI KONMMYeCTBa IPOAYKTA [/l OTHO-
IIeHNs cTaTTep 1/muK 2 ommbKa HeCKOIbKO 6ofblie, deM
Ins oTHomeHMs ctarrep l/muk 1. Takum obpasom, crart-
Tep-NMKM He ABAITCA IMPENATCTBUEM IJISI KOPPEKTOro
pacdeTa xuMepusma. IIpu pacyerax B KauecTBe KOHCTAHTBI
PEeKOMEH/YeTCsl UCIIONb30BaTh BKJIAJl CTaTTEPOB B oOlee
KONMYECTBO TIPOAYKTA B JaHHOM JIOKYyCe M/IM OTHOIIEHMe
cTaTTepa K IPOAYKTY a/llefis, Ha KOTOPOM OH ObITI ITOTy4YeH
npu ounbke JHK-monnmepassl.
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