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Analysis of PCR-Based VN TR Markers to Evaluate Engraftment
Status after Bone Marrow Transplantation

Hyeung Jong Lee, M.D., Gui Jeon Choi, M.D., Hyo Jin Chun, M.D., Dong Seok Jeon, M.D., and Jae Ryong Kim, M.D

Department of Clinical Pathology, Keimyung University, College of Medicine, Taegu, Korea

Bakground : The evaluation of engraftment after BMT may be effectively accomplished by the
analysis of genomic polymorphism, such as variable number of tandem repeat (VNTR). Discrimina-
tion potential (PD) and allelic profile of VNTR locus might be varied widely between races and geo-
graphic areas. Thus PCR-based VNTR loci to establish test panel useful in evaluating engraftment
status of Korean patients after BMT were analyzed.

Methods : Thirty normal adults (15 males and 15 females), and each patient with acute lym-
phoblastic leukemia and severe aplastic anemia who had undergone allogeneic BMT were tested.
Genomic DNAs extracted from peripheral blood lymphocytes or hair follicles were subjected to
three PCR long tandem repeats (LTRs) and fifteen PCR short tandem repeats (STRs) loci analysis

using silver-stain mode of detection.

Results : The PCR sensivity of VNTR system tested, and detection limit of minor component in
mixing experiment, were 100 pg and 0.1%, respectively. The most informative marker was
ACTBP2 with 93.2% of PD, and 98.0% of actual PD (APD). The most informative test panel was
ACTBP2, D352386 and D1S1768 loci-combination with 99.6% of PD and 100.0% of combined

APD.

Conclusions : STRs, especially combination of ACTBP2, D352386, and D3S11768, were thought
to be very useful screening markers for evaluating engraftment status in nonsibling allogeneic
BMT. But most of allogeneic BMT are carried out between siblings, who have similar genetic mark-
er each other, so further evaluation is need in sibling-BMT. (Korean J Clin Pathol 1999; 19: 258-65)

Key words : Bone marrow transplantation, Engraftment, Polymerase chain reaction, Variable

number of tandem repeat
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Z70]2] 17712 Fo] PCR-VNTR AAFE AAlSHH oe 1
e 22419 oAt FARAM FF AAEFAY RIPR A
ABO¥3} HLAZ ] dX3l= FEAlY FFE ol o} SA7}
SAE o]y Zrold] 1871€ Foll AT

2. g

1) A=A DNAS| 22|

308 A a9t 2] FRte} 7t EAte] Fpold $9
SxEA 20 umLE AFEH Fioz AHEs o Ficoll-
Hypaque & ] YARHOZ galE B3t A

o % 52 B2 ZAE oy Aol AL F YYOBE of
A 50l 7 fAje] Rag 1004 AeT BxEes) B

2 phenol-chloroform® 2.2 DNAE £33 th

2) PCR IS

D1S80 (MCT118), D1S111 (336) ¥ ApoB % LTRe ¢
Aol 9%, FEWHETY] (common repeat unit, CRU) 9| A
71, A= PCR S A A7), diEe
A FR, ZH AEAY] H71MY 9 annealing +% 5
Table 10 EA|3%th D1S1586, D1S1597, D1S1587, D1S1614,
D1S518, D3S2388, D3S1768, D3S2386, D3S1765, D3S1752,
FGA, ACTBP2, D11S554, D21S11 ¥ HPRT %o Hair+=
Table 201 FEAIBIATE ZF AlLAIE vpo] QUoHF, &) ol A]
A\ zste] ARt

D1S80 PCR< GeneAmp PCR Reagent Kit (Perkin
Elmer, W) & ARS8t thadt 2 27102 At 50
4L PCR WHg-ol [1 mM MgClk, 014 mM2] dNTPs, 05 #4M
9] sense9} antisense A|RHA|, 25 @ Tag DNA polymerase
(Roche, ®]=), 50 ng %7 DNAJ]S GeneAmp 9600 (Perkin
Elmer, ")) thermal cycler® 94ColA 287} predenatura-
tiond}al, 94°ClA 20% denaturation¥} 62°Col|A] 20% anneal-
ing3t+ two-temperature 715 303] WHE-SlaL 72°CollA 10E

Table 1. Characteristics of the human long tandem repeat markers used the in this study

Marker Chromqsome CRU Expec?ed amplicon  Expected allele PCR primer sequence Annealing
location range (bp) size (bp) number temperature ('C)
D1S80 1 24 24 - 640 >29 5 -GAA ACT GGC CTC CAA ACA CTG 62
CCCGCCG
5 -GTC TTG TTG GAG ATG CAC GTG
CCCTIGC
D1S111 1 37 500 -1000 >13 5 -AAA GAC CAC AGA GTG AGG AGC 62
5 -TGT GAG TAG AGG AGA CCT CAC
ApoB 2 15 570 - 900 >12 5 -CCT TGT CAC TTG GCA AAT AC 62

5 -ATG GAA ACG GAG AAATTATG

Abbreviation: CRU, common repeat unit.
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Table 2. Characteristics of the human short tandem repeat markers used the in this studyused the in this study

Chromosome Expected amplicon  Expected allele . Annealing
Marker location CRU size (bp) number PCR primer sequence temperature (‘C)
D1S1586 1 GTA 91-118 8 5 -AGA AAC AAA CAG TTC CAT TGC-3' 55
5 -TCAAAG TTC TTT CTG TTT CAG TG-3'
D1S1597 1 TATC 155-179 6 5 -TTT ATT GAG ATATATTTGACATGC G-3 55
5 -AAG GAG GAA GCTTTTTGG A-3
D1S1587 1 ATA 144-168 6 5 -TTG CTT GAA CCC AGA GGAC-3 57
5 -CAA GTC TCC CCA TGG TAG TG-3
D1S1614 1 TTCC 268-293 8 5 -ATC TGA GGT GGA GAC CTT CC-3' 65
TCCC 5 -CAC AAG ACA GAG TAG AGA AAC AGC-3
D1S518 1 GATA 192-223 8 5 -TGC AGATCT TGG GAC TTC TC-3' 65
5 -AAA AAG AGT GTG GGC AAC TG-3'
D3S2388 3 GATA 101-125 4 5 -TCC ACT CAG TAC AGT CTG GG-3' 62
5 -GAT CCT GTG GTT GTC GAT C-3’
D3S1768 3 GATA 186-206 7 5 -GGT TGC TGC CAA AGA TTA GA-3' 60
5 -CAC TGT GAT TTG CTG TTG GA-3’
D3S2386 3 GATA 274-310 5 5 -AAG CTG TCC ATA CCA CAG CA-3 60
5 -TAC ATC ATC AGC TCT CTT GGG-3'
D3S1765 3 GATA 192-212 - 5 -TAT GGT GGT GCATGA CTG TC-3 57
5 -TGC ACC CAG CCATAATATCT-3
D3S1752 3 ATC 189-209 - 5 -ACA GTC ACATAC CTG GTACTG-3 55
5 -CTG AGAAGC TGA GCC ACATG-3
FGA 4028 TCTT 265 -297 11 5 -CCATAG GTT TTG AAC TCA CAG-3 55
5 -CTT CTC AGATCC TCT GAC AC-3'
ACTBP2 6 AAAG 229 -337 34 5 -AAT CTG GGC GAC AAG AGT GA-3' 60
D11S554 11p12 A3G/AAGG 177-281 8 5 -GGT AGC AGA GCAAGA CTGTC-3 55
-pll.2 5 -CAC CTT CAT CCT AAG GCA GC-3
5 -ACATCT CCC CTACCG CTATA-3
D21S11 21921 TCTA 197 -241 13 5 -GTG AGT CAATTC CCC AAG-3 60
ATCT 5 -GTT GTATTAGTC AAT GTT CTC C-3
HPRT Xq26 ATCT 269 -297 44 5 -CTC TCC AGA ATA GTT AGA TGT AGG-3' 55
5 -ATG CCACAG ATA ATA CAC ATC CCC-3
Abbreviation: See Table 1.
7} postelongationd}1th. ApoB¢} D1S111 PCRE PCR H3-o} voltol| A 5A17F 3-8 200 voltol A 12417 FAAEIR H719%
(02 mM dNTPs, 2 mM MgCl, 025 tM sense$} antisense 31th STRE 8 M urea’} 8% 6% denaturing polyacry-
Ak & DIS80H YU ZH0E Z=EZFHth DIS1586, lamide gelZ #418}%]2™, PCR productZ formamide loading
D1S1597, D1S1587, D1S1614, D1S518, D3S2388, D3S1768, buffer[80% formamide, 10 mM EDTA (pHS8.0), 1 mg/mL
D3S2386, D3S1765, D3S1752, FGA, ACTBP2, D11S554, xylene cyanol FF, 1 mg/mL bromophenol blue]$} &3 s}
D21S11 ¥ HPRT % STR XA A PCRE 50 wL9 PCR #t loadmg 3l2 1XTBE 202 1200 voltollA 2A17RHA] 34]
2ol (15 mM MgCl, 02 mM dNTPs, 05 uM sense$} F AN R A7)1958% T 271%9F & DNA bande Sil-
antisense Al2A, 194$] Tag DNA polymerase, 50 ng X3 ver Stain Kit [BF0]QUoH(F), ]2 2G5t 71A 3} &

DNA)E 94Col|A 287} predenaturationd}al, 94CollA 307+ 9th VNTR EAAe] ezt T2 Y scandhe] 4131 Th
9] denaturation® Table 29 HAIE 7} FX)2Le] 2FolA 30%

7} annealing, 72°Co|4 30% elongationdl= two-temperature 3) PCR ZE 0|2I= ZA}

3 SEMIE HE s
F71E 303] g 5 72°CollA 10427} postelongation 3H3ATH 7t VNTR #A7e] tiga A5 RIEE 1] flste] &
LTR-E native polyacrylamide gelol] Econo Sequencer & A DNA %& 10 ng, 1 ng, 100 pg, 10 pg, 1 pg, 0.1 pg &
NGB ol QoK F), BF]2 BARAL. 6% native  blank® 2Aske] PORS ST EE 4 FolAg 84
polyacrylamide gelo] PCR productE gel loading buffer o AEE 9392 W) VNTR EAAY] minor component
(0.25% bromophenol blue, 0.25% xylene cyanol FF, 15% o] thd PCR AZIAZ F9H37]) st A E(mixing

Ficoll type 400)$} 7+¢] loadingdte] 1XTBE €202 300 experiment) & AASIATE APWHE PCREY] 34} DNA
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2 100 ngl 2 AASA ZAIYL FojAe] DNAE 10 ng, 1
ng, 100 pg, 10 pg % 1 pgHA 108) A& g4 st} E343t ot
£ PCRS 7303l minor component & Fojx} A2 AE
FAE ZAkesith

3. VNTR EX|X}2| MHEAHO| 2

7 VNTR ZEAzF] Fojziel 32 Alxe 7|v2|5 e
E 73 4 e 58S 2] 93}, probability of discrimi-

nation (PD), combined PD (PDcom), calculated heterozy-
gosity (HETcal), observed heterozygosity (HETobs), actual
power of discrimination (APD) @ combined APD (APD-
com) ¢ FRARIS AESATHI, 15, 16].
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Fig. 13} Table 39149} 7Fo] D3S1768¢] A% dUEE 100
g0 o™, 7]El 359 LTRY} 145 STRE| AZE dUE: &
T 100 pgelUtt. Fig. 2014}k 7ol D3S17689] thall F=+ Al

10ng 1ng

100pg 10pg 1pg 0.1pg Blank

Fig. 1. Estimation of sensitivity of D3S1768 VNTR analysis. The
DNA that was homozygote in polymorphic alleles at the D3S1768
polymorphism was used to demonstrate the potential sensitivity
of this technique. DNA was serially diluted from 10 ng to 0.1 pg.
The D3S1768 VNTR was analyzed by PCR. After PCR, the prod-
ucts were resolved using 6% polyacrylamide containing 8 M
urea denaturing gel electrophoresis. The bands were visualized
by silver staining.

0.01 0.001 100% D

% R: 100 10 1 0.1

Fig. 2. Estimation of sensitivity of D3S1768 VNTR analysis by mix-
ing experiment. Two DNA specimens that differ in polymorphic
alleles at the D3S1768 polymorphism were used to demonstrate
the potential sensitivity of this technique. DNA from the recipient
(R) is diluted in DNA from the donor (D) in the indicated propor-
tions from 10% R to 0.001% R. The PCR products were resolved
and visualizde by the method described in Fig. 1.
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Genotype

Fig. 3. PCR amplification of tetranucleotide (AAAG) repeat poly-
morphism at the human (Korean) beta-actin related pseudogene
ACTBP2 (H-beta-Ac-psi-2) on chromosome 6. The predicted
length of amplifed sequence was expected to begin at base pair
176. The PCR products was analyzed by the method described
in Fig 1. Various informative indices, which were estimated from
58 chromosomes of unrelated 29 Korean individuals, were as fol-
lows: calculated heterozygosity (HETcal) = 93.6%, observed het-
erozygosity (HETobs) = 93.1%, probability of discrimination (PD)
= 93.2%, actual power of discrimination (APD) = 98.0%. And
number of observed alleles was 21, and allele types and fre-
quencies were as follows: E (0.017), F (0.017), G (0.068), H
(0.068), | (0.103), J (0.689), K (0.034), L (0.051), M (0.051), N
(0.034), O (0.051), P (0.086), Q (0.034), R (0.017), S (0.017), T
(0.068), U (0.103), V (0.034), W (0.034), X (0.034), and Y (0.017).

IJMIMMMKL JN LLIN IL KM LL KMKN JMJN IL LO MM KLLN KL IN KL MM IL HO KL KN KK MM
Genotype

Fig. 4. PCR ampilification of tetranucleotide (GATA) repeat poly-
morphism at the human (Korean) D3S2386 gene on chromo-
some 3. The genotypes are noted at the bottom of the figure. The
predicted length of the amplified sequence was 274 - 310 bp.
The PCR products was analyzed by the method described in
Fig. 1. Various informative indices, which were estimated from 58
chromosomes of unrelated 29 Korean individuals, were as fol-
lows: HETcal = 82.4%, HETobs = 75.9%, PD = 79.6%, APD =
82.8%. And number of observed alleles was eight, and allele
types and frequencies were as follows: H (0.0172), | (0.069), J
(0.103), K (0.190), L (0.241), M (0.224), N (0.121) and O (0.034).

¥ DNA FEE 100 nglZ 4ASHA st A Ax9
DNAE &331%S 9 minor component$! 2} MEo] A&

A= 01%0]0.01, 7|E 359 LTRF 145 STRY] 7% 3
)]

2. UNTR EX|X2| CHRIQIX} BM EM

ACTBP2+ ¥ A7} gle 2999 skl dd(dy 7t 15
= mo p
o

ol AR & ozt 1 PCRo|A DNA band7} £Z5|
A gob AYAAL), F 58710 ANAE BHS A% M @
& 2129 Uyt BARCR, 7 Y] ZRe 23
HIEE Fig, 30 MAISIATE D3S23862 959 tiFelapt &z

o, 7 YA $5 0 FANEE Fig. 4] BA8

5
t} 7]e} 1329 STR, 3%9 LTRY W<l £F 2 HETcal,
HETobs®} PD, APDE Table 39| S.oFst%it
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Table 3. Discrimination potential and other characteristics of VNTR markers

Mark Number of Discrimination potential Heterogeneity Detection limit Number of
arer chromosomes PD (%)/APD (%) HETcal/HETobs amount (ng) % % detected allele
LTR
D1S80 58 83.8/91.3 85.9/96.6 0.1 0.1 14
D1S111 60 70.1/66.3 75.1/66.7 0.1 0.1 9
Apo B 58 44.7/36.7 54.8/51.7 0.1 0.1 7
STR
D1S1586 58 74.0/77.8 78.2/79.3 0.1 0.1 9
D1S1597 58 66.5/71.4 72.4/82.8 0.1 0.1 5
D1S1587 58 65.7/62.8 71.8/84.6 0.1 0.1 6
D1S1614 58 62.0/51.7 69.0/55.6 0.1 0.1 6
D1S518 58 66.1/62.6 72.2[72.5 0.1 0.1 7
D352388 58 48.1/49.8 57.6/62.2 0.1 0.1 4
D351768 58 71.0/72.4 75.9/72.4 0.1 0.1 9
D3S2386 58 79.6/82.8 82.4/75.9 0.1 0.1 8
D3S1765 58 53.5/49.3 62.1/55.2 0.1 0.1 4
D3S1752 58 63.4/62.1 70.2/73.8 0.1 0.1 8
FGA 58 81.9/88.7 84.2/76.2 0.1 0.1 10
ACTBP2 58 93.2/98.0 93.6/93.1 0.1 0.1 21
D11S554 58 81.2/83.3 83.9/84.6 0.1 0.1 12
D21S11 58 66.3/66.0 72.3/75.9 0.1 0.1 6
HPRT 43 61.6/58.1 68.8/78.6 0.1 0.1 5

Abbreviations: PD, probability of discrimination; APD: actual power of discrimination; HETcal, calculated heterozygosity; HETobs, observed heterozy-

gosity.

Table 4. Characteristics of useful VNTR markers which can be
selected as tests for evaluation of engraftment status of BMT

Locus APD Annealing tempera-  Detection of PCR product
(%) ture of PCR('C) EP condition Silver-stain quality
STR
ACTBP2 98.0 60 Denature gel Excellent
FGA 88.7 55 Denature gel Good
D11S554 83.3 55 Denature gel Good
D3S2386 82.8 60 Denature gel Excellent
D1S1586 77.8 55 Denature gel Good
D3S1768 72.4 60 Denature gel Excellent
D1S1597 71.4 55 Denature gel Good
LTR
D1S80 91.3 62 Native gel Excellent
D1S111  66.3 62 Native gel Good

Abbreviations: APD, actual power of discrimination; EP: electrophore-
Sis.

3. ZT0|A AYUE] HIIE I8t TR EAIX[ ME

ARAFZES STRY ACTBP27F 7b4 E%3, LTRS
D1S80, FGA, DI11S554, D3S2386, D1S1586, D3S1768,
D1S1597 @ DIS1119] o]t o]2)dt VNTR ZAAt &5
o] AFEHIIE A AR ol&=7] SEiME ks
HAArzZIo) MZE 23 AAA ] FEo] Lolsljof B, Age]
ZPAANE HBAFEC] Folof gt o]2jgh 23S Table 49

Table 5. Actual power of discrimination in combination of VNTR
markers

Combination PDcom (%) APDcom (%)

Screening test

ACTBP2 93.2 98.0
ACTBP2 + D3S2386 98.7 99.8
ACTBP2 + D3S2386 + D3S1768 99.6 100.0
Additional test
D1S80 83.8 91.1
D1S80 + D1S111 95.0 97.5
D1S80 + D1S111 +ApoB 97.2 97.8
D1S80 + D1S111 +ApoB +FGA 99.5 99.5

D1S80 + D1S111 +ApoB +FGA +D11S55 499.9 100.0

Abbreviations: PDcom, combined probability of discrimination; APD-
com: combined actual power of discrimination.

QeoFslitt. ACTBP27} AHATE] 7P =%, S84 2
DNA band®] #=Ao] - £QOHZ o] V

PCR Z73 PCR ZZHE9 EXz70] Y3 D3S2386,
D3S1768349] o] At AEAAE Attty AdEden,
PDcom/ APDcom-& 99.6%/100.0% tH Table 5). Yz}AA}
VNTR EAAZ A2 AEs Foiat AZE 78T ¢ 8l
S u) AAERE FEAR 8¢l D1S80, D1S113% ApoB9
PDcom/ APDcom< 97.2%/97.8%°] 21, D1S80, D1S111,
ApoB, FGA ¢} D11S5542] PDcom/APDcom- 99.9%/100.0%
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Rpost D Rhair Rpost D Rhair Rpost D Rhair
. L .

- -y
D11S554 D3S1768 D1S80

Fig. 5. DNA typing of patient with acute lymphoblastic leukemia
(ALL), after 17 months of BMT. Selected markers were shown, in
which D11S554 was not informative, D1S80 was represented by
complete chimerism, and D3S1768 was represented by mixed
chimerism.

Abbreviations: Rpost, recipient peripheral blood after BMT; D,
donor peripheral blood; Rhair, recipient hair follicle after BMT.

Rpost D Rhair Rpost D  Rhair
EaE . 5

Rpost D Rhair

-*
-

D11S554 D3S1768 D1S80

Fig. 6. DNA typing of patient with aplastic anemia, after 18
months of BMT. Selected informative markers were shown such
as D11S554, D3S1768 and D1S80.

Abbreviations: See Fig. 5.
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AAEE Hlg £ Jde F4F ZAARE AT FAHAL
A3 ¥ AAe HLA 9 ZAF 9 DNA 971X 4E oA
BA So] 9lom[2], I ol wet dvlz=el ARAZE 2}
o|7} IS 4 AUTH1, 5, 7, 171,

AsA O84S Hol:= DNA EAAZE RFLP #A249}
VNTR ZEAA7E 9tk RFLP FA2E ALge] AlsAl DNAE
AgaiE AZslus W DNAS AH 27171 B3Ae Hole
RO Z southern blot'O.2 7k 8 & 4 gty walA AAL
WAZSH, 9404 minor component?] AE A= Y]
2H 9 1%904 10%3E2H o 1074e] A s
[4]. VNTR #FAZ= 5Y3 DNA @7IA o] whEs = T‘LZ
ojm, uHe 3] el] whe} theFet 1AL FEE Holn, vHEF
CRUSY 7|50l w2} microsatellite 2-& STRI} minisatellite
£& LTRZ 7% & 9lth STRE CRUS ¥HE H7|5+ 2-5
7, LTRY] A% 8-7070]H[8, 9, 11, 13, 18-20], o] AA|

of et EEEo] Sk VNTR thdlzke 3099F ol
T A4S Hole 49E JoH, PCRUSE AWt 7hsat
tH1]. Z12|B& 250 ng A% #& o) DNARE AW} 7h
ot Agtaad A7k 22 glo] RFLPHe s 4148t
duies AdEe BAAY] TR wel dold & YA
minor component®] & ff&ﬁl: AR 0.05%0A 1.0%9
Folm, o] uf % DNAY] &> 25004 50 ngeltH1, 2, 5, 12].

£ AN ol APFHE HHE A8 B A
= LTR 3%3} STR 15%% PCRYEOE ZZaly 2G40

o4 7z} tgelate DNA bandE Felsigleh 7+ ZAR}]
PCR 7% UL E %2 DNAY ¥E& £ o 100 pgol3lem,
E3439) A minor component?] A& A= 0.1%EA TS
HA[1, 2, 519 A9 gAstAth w3k ZF VNTRS] A}
2ot P AEARIE RS F YO E ZARR OE B
J[1, 2, 519k vlasl & wf oFgke] Ztolzt Stk welel] glo]
A ApoB7F 821%9] APD#S WERo] 840l & %X
Az H7FE QOS] B ATl 367%91 fr&/do] mf¢-
3o AR HrhEeh 23 9ol A$- FGA, ACTBP,
D11S554, D21S11 % HPRTY] PD7} 7H2} 953%, 99.4%,
988%, 94.3% "2 89.9%°10.2H alleleo] Ztz} 10, 44, 34, 13
2 8ol EH, & AFellMe PD7E 77} 81.9%, 93.2%,
81.2%. 66.3% 2 61.6%°19°H allelee] 247} 10, 21, 12, 6 %
572X ACTBP2E A8 thE FAAES] FEAFTES Wl
o]] u]gH H]*rz% Lo O ol /\ 0104 o]‘~ 7_} pHv‘g X]-/] E/\%o]
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