
ABSTRACT

Background: Allogeneic haematopoeitic stem cell
transplantation currently represents the only available
therapeutic approach in several malignant and non malignant
haematologic disorders. Evaluation of post-transplantation
chimerism by PCR has become a routine approach to
monitor its clinical outcome. Variable number tandem
repeat (VNTR) loci are a group of DNA sequences that
represents a source of highly polymorphic markers and
that have been employed for the evaluation of the state of
chimerism.

Material and Methods: In this work, seven VNTR
loci (Apo-B, 33.1, 33.4, 33.6, YNZ-22, D1S80 and H-Ras)
were studied in 158 donors for the relative distribution of
their various alleles and the discriminative power of the
different loci was studied in 105 patient/donor pairs. PCR
was used to amplify different loci and an informative locus
was selected for post-transplantation chimerism detection
in each patient. In our series 84 transplanted patients (34
post myeloablative and 50 post nonmyeloablative condi-
tioning regimens) were followed up for the state of chimer-
ism.

Results: Apo-B was the most polymorphic VNTR
locus with 12 detected alleles. The discriminative power
of different loci; excluding H-Ras, ranged from 46% to
58%. The 6 studied loci were informative in 95% of pa-
tient/donor pairs. The incidence of complete chimerism
(CC) was 91% post myeloablative and 63% post nonmy-
eloablative. The incidence of mixed chimerism (MC) was
6% post myeloablative and 20% post nonnmyeloablative
transplant. Autologous recovery (AR) occurred in 3%
postmyeloablative and 17% post nonmyeloablative trans-
plant.

 Conclusion: Assessment of chimerism is an indispens-
able tool to manipulate patients after nonmyeloablative
conditioning. It permits the evaluation of engraftment,
differential diagnosis of pancytopenia and early detection
of impending relapse or rejection after both myeloablative
and nonmyeloablative transplantation.
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INTRODUCTION

Allogeneic stem cell transplantation (ASCT)
is the  treatment of choice for many haematologic
diseases [4,39]. Successful allogeneic transplan-
tation is associated with engraftment of donor
cells in the recipient’s bone marrow, a condition
known as complete chimerism (CC). Engraftment
with coexistence of both donor and recipient-
derived haemopoeitic cells, the so called mixed
chimerism (MC), was considered by several
investigators a risk factor for the development
of subsequent relapse [5,7].

The need to differentiate between factors that
influence the outcome of allogeneic transplanta-
tion including graft failure or rejection, graft
versus host disease (GVHD), intercurrent infec-
tions and disease relapse necessitates post-
transplantation follow up of the  state of chimer-
ism [19]. The emergence of new approaches such
as nonmyeloablative stem cell transplantation
which intends to induce a state of MC as a mean
to reduce toxicity and as a platform for allogeneic
adoptive cellular immunotherapy requires the
detection of chimerism as an indispensable tool
[42].

Many methods have been used to characterize
the state of chimerism after BMT to determine
the success or failure of engraftment and to
detect recurrence of the disease. Early investi-
gators had to rely on techniques such as red
blood cell phenotyping, immunoglobulin isotype
analysis and cytogenetics to assess the chimeric
state [11,33,53,54]. Conventional cytogenetics for
chimerism testing has largely been replaced by

Journal of the Egyptian Nat. Cancer Inst., Vol. 14, No. 4, December: 275-287, 2002



276

fluorescence in situ hybridization (FISH) tech-
nique in sex-mismatched transplants using Y
chromosome -specific probes [18]. Limitations
of these techniques included limited degree of
polymorphism, poor sensitivity and required a
donor and recipient that are sex mismatched. A
variety of DNA based techniques have been
applied for chimerism analysis, including detec-
tion of restriction fragment length polymorphism
(RFLP) and polymerase chain reaction (PCR)
of Y chromosome or polymorphic genetic loci
namely variable number of tandem repeats
(VNTR) or short tandem repeats (STR) [48].

The use of variable number tandem repeats
(VNTRs), also known as minisatellites, which
are abundant throughout the human genome
allows distinction between the donor and the
recipient cells [46]. They provide a rich source
of polymorphic markers resulting from variation
in the number of copies of tandemly repeated
motif at each site or locus [24]. These markers
are inherited in a Mendelian fashion and can be
very informative when a locus has multiple
alleles. Introduction of the PCR as a method for
rapid amplification of the human minisatellite
regions has provided a powerful tool for assessing
chimerism. The main advantage of this method
is its enhanced sensitivity [26].

Monitoring of chimerism by PCR has become
a routine diagnostic approach in patients after
allogeneic bone marrow (BM) or peripheral
blood stem cell (PBSC) transplantation [3]. At
present, VNTR/STR  analysis is the approach
most likely to give reproducible informative data
after allogeneic transplantation [3]. A large num-
ber of VNTRs have been studied in various
populations [9,10,17]. The discriminative power
of a given VNTR depends on the number of
alleles and their distribution in the population
[30].

The aim of this work is to study certain
number of VNTRs that were previously reported
to be of value in chimerism detection, the relative
distribution of their various alleles in Egyptian
donor/recipient pairs, their discriminative power
and potential value in the detection of chimerism
in transplanted patients in both conventional
ablative and nonmyeloablative transplants.

PATIENTS AND METHODS

A total of 986 peripheral blood samples rep-
resenting 105 patients and 148 donors  presented

to BMT Unit, National Cancer Institute, Cairo
University and to Nasser institute between June
1999 and April 2002 were tested for seven dif-
ferent VNTR loci before allogeneic BMT.
Eighty-four patients were followed post-
transplantation including patients with severe
aplastic anaemia (SAA), n=8; Fanconi anaemia,
n=4; thalassaemia, n=5; CML, n=21; AML,
n=27; MDS, n=5;  ALL,n= 9; biphenotypic, n=1;
CLL, n=1; NHL, n=2 and multiple myeloma,
n=1.

The samples were divided into:
1- One hundred and forty eight donors who

were studied for the distribution of various alleles
of the studied VNTR loci as representatives of
the normal healthy population.

2- One hundred and five patient /donor pairs
(HLA identical siblings) prepared for allogeneic
transplantation were screened to evaluate the
discriminative and informative power of different
VNTR loci in the detection of chimerism. A
locus was informative if a unique band for the
recipient was detected.

3- Eighty four transplanted patients (34 post-
myeloablative and 50 post non-myeloablative
conditioning regimens) were followed up post
allogeneic transplantation using the informative
VNTR to detect the state of chimerism. CC was
considered when only donor pattern was present,
whereas MC was considered when both host and
donor patterns were present. When only host
cells were detected the patient showed autologous
recovery (AR). Follow up was performed at
engraftment and as indicated thereafter in patients
receiving myeloablative conditioning regimen
while in patients receiving nonmyeloablative
conditioning it was performed regularly at days
28 and 56 then as indicated thereafter.

• The myeloablative conditioning regimen
consisted of cyclosphosphamide 60mg /Kg /day
at days -3 and -2, combined with 250 cGY frac-
tion of total body irradiation (TBI) daily for 4
consecutive days starting from day -7, or a
combination of busulphan (myeleran) 4mg/
Kg/day X 4 and cyclophosphamide 60mg/Kg at
days -3 and -2 for patients with ALL, AML,
MDS, CML and NHL. Severe aplastic anaemia
patients received cyclophosphamide 50mg/Kg
X 4 at day -5 to day -2 combined with antithy-
mocyte globulin (ATG) 10mg/Kg/ day for 3 days
starting from day -5. Thalassaemic patients
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received busulphan 3.5mg/ Kg/ day for 4 days
starting from day -4 combined with cyclophos-
phamide 60mg/ Kg X 2 days starting from day
-3  in addition to ATG 11mg/kg/day for 10 days
starting from day -5. The nonmyeloablative
conditioning regimen consisted of fludarabine
30mg /m2/day for 4 days from day -7  combined
with melphalan 70mg/m2/day for 2 days (day -
3 and -2) or fludarabine 30mg/m2/day for 3 days
from day -4 combined with TBI 2000 cGY on
day -1.

• The regimen for the prophylaxis of GVHD
in case of myeloablative transplant consisted of
cyclosporine 3mg/Kg from day -1 till day +14
combined with methotrexate 15 mg/m2 on days
+1, +3 and +6. In case of nonmyeloalative trans-
plant, it consisted of cyclosporine 3 mg/Kg/day
from day -1, in addition to mycophenolate mofetil
(MMF) 2 gm/day from day +1, both were con-
tinued till day +28 followed by chimerism study.
On day+28, MMF was stopped, cyclosporine
was gradually withdrawn till day +56 in case of
CC or MC while it was abruptly discontinued
in case of autologous recovery (AR). Donor
lymphocyte infusion (DLI ) was given to patients
with MC or AR on day 56.

• Peripheral blood stem cell (PBSC) was
used in all patients.

• The infused allograft contained a median
of 9 X106 CD34 cells/ Kg (range 3.1-37.8 X 106

/Kg). For DLI, the median dose was 2 X 106/Kg
(range 1- 2.5 X 106).

Methods:
Ten to 20ml of heparinized peripheral blood

were collected. DNA extraction was performed
by the salting out technique [16]. PCR amplifi-
cation of seven different VNTRs loci ( Apo-B,
YNZ-22, 33.6, 33.1, 33.4, D1S80 and H-Ras)
was performed, all oligonucleotide primers were
synthesized commercially (Pharmacia), primer
sequences and amplification cycles (Tables 1,
2) were obtained from previously published data
[12,33,47]. All reactions were performed in a vol-
ume of 50ul containing 50mmol/L KCl,
10mmol/L Tris-HCl (pH 8.3), 1.5mmol/L MgCl2,
0.01%(wt/vol) gelatin, 12.5 pmol each primer
(Pharmacia), 250ng template DNA, 0.2 mmol/L
each dNTPs (Amersham Pharmacia) and 2.5
units Taq polymerase (Promega). Products were
separated on 2% agarose gel containing ethidium
bromide for 1 hour at 100 volts, visualized using

ultra violet transilluminator and photographed.
Alleles were characterized by their molecular
weight determined relative to a 1Kb DNA ladder
(Promega) run as a marker. The different alleles
of a given locus were numbered in an ascending
fashion according to the size of alleles detected
in the current study.

RESULTS

The number of cases tested and alleles de-
tected according to each VNTR used are present-
ed in table 3. The number of alleles detected at
each locus as tested in a group of donors was
lower compared to the maximum number report-
ed in the literature. The frequency and distribu-
tion of alleles of the tested VNTR loci using
information generated from DNA samples ob-
tained from a group of donors are presented in
fig. 1 (a,b). In our series the sizes of alleles
ranged from 435 bp to 1006 bp for Apo-B, from
666 bp to 2375 bp for 33.1, from 364 bp to 993
bp for 33.6, from750 bp to 1500 bp for 33.4,
from 238bp to 938bp for YNZ-22, from 488 bp
to 768 bp for D1S80 and from 1000  bp to 2500
bp for H-ras (Figs. 2,3). The heterozygosity
index ranged from 28% for YNZ-22 to 84% for
Apo-B (Table 4).

The discriminative power in the detection of
the state of chimerism in 105 patient and donor
pairs attending allogeneic transplantation was
calculated for the VNTR loci (Apo-B, YNZ-22,
33.6, 33.1, 33.4 and D1S80). It ranged from
46% to 58% (Table 5). For H-Ras, only 8 patient/
donor pairs were tested, it was informative in a
single pair. As one allele was present in 60% of
cases, this marker was excluded from chimerism
detection thereafter.

Using this panel of loci, informative differ-
ences were present in 80/84 (95%) of matched
donor- recipient pairs. Accordingly 4 patients
could not be followed up post nonmyeloablative
transplantation and will not be mentioned there-
after. Eighty patients were followed up post
allogeneic transplantation using the informative
VNTR locus. Apo-B was used in 25/84 (30%),
YNZ-22 in 20/84 (24%), D1S80 in 19/84 (22%),
33.6 in 10/84 (12%), 33.1 in 5/84 (6%) and 33.4
in 5/84 (6%). Patients receiving myeloablative
conditioning were evaluated at engraftment and
as indicated thereafter; patients receiving non-
myeloablative conditioning regimen were regu-
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larly tested at 28 and 56 days then as indicated
(Table 6 a,b) (Figs. 4,5).

In patients receiving myeloablative condi-
tioning, complete chimerism was detected in
31/34 (91%) of patients, while MC was detected
in 2/34 (6%); one thalassaemic patient maintained
a haemoglobin level between 9-11g% and the
other was suffering from severe aplastic anaemia
and relapsed 4 months after transplantation.
One/34 showed failure of engraftment; he was
suffering from SAA and died thereafter. In post
nonmyeloablative conditioning, complete chi-
merism was detected in 29/46 (63%) of patients
of which 2 (AML, n=1; MDS, n=1) reverted to
MC at day 56, the AML case showed persistent
MC post-DLI and relapsed 4 months after the
transplant, while the MDS case rejected the graft
5 months post transplantation. Mixed chimerism
at day 28 was detected in 9/46 (20%) (CML,
n:7; AML, n:2); of which 8 were followed up at
day 56. Four/8 (CML, n=2, AML, n=2) were
converted to CC after rapid tapering of immun-

osuppresion. One/4 (AML) is still in haemato-
logical remission at 11 months pot-transplanta-
tion, 1 CML case lost donor cells and reverted
to host phenotype (AR) after DLI but is still in
haematological remission at 14 months after
transplantation while the remaining 2 (AML
n=1, CML n=1) died from infection. The other
4/8 (all were CML) showed persistent MC at
day 56 after rapid tapering of immunosuppresion,
one of them was converted to CC at 3 months,
the other 3 had persistent MC after DLI and
relapsed within 3-5 months after transplantation.
Eight /46 (17%), who  were CML cases, showed
only host phenotype (AR) at day 28. Seven were
followed up after DLI; 2 achieved MC with one
changing into CC within 6 months after trans-
plantation and the other reverting to host pheno-
type and relapsed within 11 months after trans-
plantation. Four of the remaining 5 cases
subsequently relapsed within a period ranging
from 4-12 months of transplantation while 1 is
still in haematological remission after 10 months
of transplantation.
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Table (1): VNTR PCR primers.

Gene Sequence

 5’ CCTTCTCACTTGGCAAATAC 3’
 5’ ATGGAAACGGAGAAATTATG 3’
 5’ CGTGTCACCCAC_AAGCTTCT 3’
 5’ TGCTTTCTCCACGGATGGGA 3’
 5’ ATGGGGGACCGGGCCAGACC 3’
 5’ CCAGGAGGCCACCAGAACCT 3’
 5’ TGTGAGTAGAGGAGACCTCAC 3’
 5’ AAAGACCACAGAGTGAGGAGC 3’
 5’ TTGGGGGAGAGCTAGCAGGG 3’
 5’ CCTCCTGCACAGGGTCACCT 3’
 5’ GGTCGAAGAGTGAAGTGCACAG 3’
 5’ GCCCCATGTATCTTGTGCAGTG 3’
 5’ GAAACTGGCCTCCAAACACTCCCCGCCG 3’
 5’ GTCTTGTTGGAGATGCACGTGCCCCTTGC 3’

Apo-B

33.1

33.4

33.6

H-Ras

YNZ-22

D1S80

(Ref. 12)

(Ref. 47)

(Ref.47)

(Ref. 47)

(Ref.47)

(Ref.47)

(Ref.13)

Table (2): PCR conditions.

VNTR Locus
PCR

Denaturation Annealing Extension Cycles

Apo-B
33.1,33.4, 33.6 and H-ras
YNZ-22
D1S80

94ºC, 1min.
95ºC, 1min.
95ºC, 1min.
94ºC, 1min.

58ºC, 6min.
64ºC, 2min.
55ºC, 1min.
66ºC, 1min.

72ºC, 6min.
72ºC, 2min.
70ºC, 5min.

26
20
30
28

An initial 7 min. hot-start denaturation step was carried out at 100ºC for Apo-B, 33.1, 33.4, 33.6 and H-ras before addition of Taq polymerase.
After the last cycle PCR was ended by extra elongation step at 72ºC for 10 min. for  33.1, 33.4, 33.6 and H-ras, PCR reactions were
stoppedat 4ºC.
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Table (3): Number of cases examined and alleles detected
according to each VNTR used in tested pa-
tient/donor.

Number of alleles

14 (Ref.23)

10 (Ref.47)

13 (Ref.47)

9   (Ref.47)

14 (Ref.47)

16 (Ref.13)

11 (Ref.47)

Number TestedVNTR
Locus ReportedDetected

12

8

10

7

9

9

7

182 (38+72 couples)

104 (40+32 couples)

120 (34+43 couples)

73   (25+24 couple)

161 (33+64 couples)

92   (46 couples)

39   (23+8 couples)

Apo-B

33.1

33.6

33.4

YNZ-22

D1S80

H-Ras

Table (4): Heterozygosity index.

Allele Detected Reported

Apo-B

33.1

33.6

33.4

YNZ-22

D1S80

84%

73%

68%

71%

28%

79%

79% (Ref.47)

66% (Ref.24,38)

67% (Ref.24)
66% (Ref.38)

70% (Ref.24)

54%-89% (Ref.17)

81% (Ref.13)

Table (5): Discriminative power of different VNTR loci in
detection of chimerism following allogeneic
SCT.

Locus No.of
pairs

Non
discriminative

Discriminative

Haplo-
identical

Non-
identical %

Apo-B

33.1

33.6

33.4

YNZ-22

D1S80

72

32

43

24

64

46

31

16

21

13

27

22

37

12

19

10

19

20

4

4

3

1

18

4

57

50

51

46

58

52

Haploidentical: Sharing one allele.
Non-identical : No shared alleles.

Table (6-a): Status of chimerism in allogeneic PBSC trans-
planted patients receiving myeloablative con-
ditioning regimen.

State of chimerism

D+104: CC

D+ 40: MC

D+90:MC

4m: CC

6m: CC

D+66: CC

D+140: CC

D+50: CC

D+78: CC

D+50: CC

D+45: CC

6 m: CC

D+50: CC

D+80: CC

D+108:CC

DiagnosisUPN
OthersAt

Engratment

AR

CC

CC

CC

CC

CC

CC

CC

CC

MC

CC

CC

CC

CC

CC

CC

CC

CC

CC

CC

CC

CC

CC

CC

CC

CC

CC

CC

CC

CC

CC

CC

CC

SAA

SAA

SAA

SAA

SAA

SAA

SAA

SAA

Fanconi

Β Thalassemia

B Thalassemia

B Thalassemia

B Thalassemia

B Thalassemia

CML

CML

CML

AML

AML

AML

AML

AML

AML

AML

AML

AML

AML

AML (M4)

AML

ALL

ALL

ALL (CR2)

ALL

ALL

2

9

13

14

17

20

27

32

1

22

26

31

33

34

3

11

19

4

5

6

7

8

10

12

18

24

25

28

29

15

16

21

23

30

VNTR

Apo-B

YNZ-22

Apo-B

Apo-B

33.6

YNZ-22

Apo-B

Apo-B

Apo-B

33.4

Apo-B

D1S80

D1S80

D1S80

YNZ-22

33.1

D1S80

33.6

33.6

YNZ-22

Apo-B

Apo-B

Apo-B

Apo-B

33.1

Apo-B

Apo-B

Apo-B

D1S80

33.6

33.6

D1S80

D1S80

Apo-B

UPN: Unique patient number,               CC: Complete chimerism,
MC: Mixed chimerism,                           AR: Autologous recovery,
D: Day,                                                  M.:Month
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Table (6-b): Status of chimerism in allogeneic PBSC transplanted patients receiving nonmyeloablative conditioning regimen.

State of chimerism

CC

MC vs CC

MC

MC

CC

AR

CC
AR

AR
AR

MC

AR

AR

CC
MC

CC
CC
CC
CC
CC
CC
MC

CC
CC
CC
CC

CC
CC

CC
AR

CC

CC

CC
CC

CC

DiagnosisUPN OthersDay 28

CC
CC
MC vs CC
MC
MC
MC
MC

MC

AR

MC
AR

AR
AR

AR

CC
CC
AR

AR
AR

CC
MC

CC
CC
CC
CC
CC
CC
CC
CC
CC
MC
MC
CC
CC
CC
CC
CC
CC
CC
CC
CC
MC vs CC
MC vs AR

CC
MC vs CC
CC

CC
CC
CC
CC

Fanconi anaemia
Fanconi anaemia
Fanconi anaemia
Accelerated CML
CML
CML
CML

CML

CML

CML
CML

CML
CML

CML

CML
CML
CML

CML
CML

CML
CML

AML(M2)
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
MDS(RA)
MDS
MDS
MDS
MDS
ALL
ALL

ALL
ALL
Biphenotypic AL

CLL(stageII)
NHL
NHL
Multiple Myeloma

23
38
41
5
10
11
13

21

22

24
25

26
27

29

30
31
33

36
37

49
50

3
6
12
14
15
16
18
19
20
32
35
40
43
47
48
2
17
39
42
45
4
7

8
9
1

28
34
44
46

VNTR used

YNZ-22
YNZ-22
33.1
33.6
Apo-B
YNZ-22
YNZ-22

YNZ-22

Apo-B

D1S80
D1S80

D1S80
D1S80

33.4

33.1
D1S80
D1S80

Apo-B
YNZ-22

Apo-B
33.1

YNZ-22
D1S80
33.6
33.6
33.6
33.4
33.4
Apo-B
YNZ-22
YNZ-22
YNZ-22
D1S80
YNZ-22
YNZ-22
D1S80
YNZ-22
Apo-B
D1S80
YNZ-22
Apo-B
Apo-B
Apo-B

YNZ-22
Apo-B
33.6

Apo-B
D1S80
33.1
Apo-B

UPN: Unique patient number,                     CC: Complete chimerism,                     MC: Mixed chimerism,
AR: Autologous recovery,                           DLI: Donor lymphocyte infusion,         D: Day,                     M.:Month

Day 56

DLI 2:AR
DLI 1:AR
DLI 2:AR
D+ 98:AR
DLI 2:AR
DLI 1:AR
DLI 2:AR

DLI 1:AR
DLI 2:AR
DLI:AR
DLI 1:MC
D+65 post-DLI 1: CC
DLI 1:AR
DLI 2:AR

DLI 1: AR
DLI 2: AR

DLI 1:AR
DLI 2:AR

Days
+70,+80:MC 3 months:CC

D+ 102:AR

DLI :MC

4m.:CC

D+ 90: MC

Post-reinduction
MC vs AR

Post-reinduction AR
D+115:MC
D+220:CC

D+90: MC
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Fig. (2): Polymorphism of the VNTR locus Apo-B showing
6 different alleles.

Fig. (3): Polymorphism of the VNTR locus YNZ-22 show-
ing 4 different alleles.

Fig. (1-A).

Fig. (1-B).
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DISCUSSION

Allogeneic stem cell transplantation is an
effective, potentially curative treatment of ad-
vanced or high risk haematologic malignancies,
as well as other malignant and non-malignant
disorders [4,39,45].

To achieve successful engraftment in con-
ventional transplants, myeloablative preparatory
regimens have been used for the purpose of
reducing the cell burden of the leukemia clones
and suppressing or eliminating immunocompe-
tent host cells that might inhibit engraftment of
the incoming donor stem cells [8]. Chimerism
detection is used to assess engraftment and to
detect impending relapse. However, high dose
chemo-radiotherapy with allogeneic transplan-
tation is associated with significant morbidity
and mortality due to the toxicity of the prepara-
tory regimen, GVHD and the immunodeficient
state that accompanies the procedure [40]. Non-
myeloablative, relatively non-toxic and tolerable,
conditioning regimens have been designed, not
to eradicate malignancy but rather to provide
sufficient immunosuppression to achieve engraft-
ment and to allow induction of graft versus
leukemia (GVL) as the primary treatment. This
type of transplantation must be performed under
the guidance of chimerism status [14, 40, 41].

The chimerism status after allogeneic trans-
plant may be influenced by several factors such
as the conditioning regimen, GVHD prophylaxis
or treatment, the histocompatibility between the
recipient and the donor, the occurrence of acute
or chronic GVHD and the type of transplant [20].

The use of VNTR was a break through in
the detection of chimerism status. The first
described uses of VNTRs for chimerism analysis
relied on Southern hybridization. Subsequently,
PCR amplification of these loci was found to be
a reliable, rapid and sensitive alternative method
[26]. The number and frequency of detected al-
leles as determined by PCR reflected the level
of polymorphism at the tested loci. An informa-
tive locus is one for which at least one recipient
allele has a different number of repeats than the
donor allele(s) [51]. The discriminative power
of these loci depends on the number of alleles
detected and their distribution in the population
[30]. In this work, the lower number of alleles
detected in our series compared to those reported
in the literature [13,17,23,47] may be attributed to

Variable Number Tandem Repeat Polymorphism

Fig. (5): Follow up of chimerism in patient UPN 13 post-
nonmyeloablative transplant by amplification of
the VNTR locus YNZ-22. Lane 1: MW marker
(1kb); Lane 2: pre transplant pattern of the patient;
Lane 3: his donor pattern; Lanes 4, 5: represent
the patient at days +28 and +56 post transplanta-
tion  showing both patient and donor patterns
indicating mixed chimerism (MC); Lanes 6, 7
represent analysis of chimerism post DLI 1 and
2 respectively showing only patient pattern indi-
cating autologous recovery (AR). The patient
relapsed within 107 days after transplantation.

Fig. (4): Follow up of chimerism in patient UPN 27 post-
nonmyeloablative transplant by amplification of
the VNTR locus DIS80. Lane 1: MW marker
(1kb); Lane 2: pre transplant pattern of the patient;
Lane 3: his donor pattern; Lanes 4, 5: represent
the patient at day +28 and +56 post transplantation
showing only patient specific pattern indicating
autologous recovery (AR); Lane 6: represents
analysis of chimerism post DLI1 showing both
patient and donor patterns indicating conversion
to mixed chimerism (MC); Lane 7: represents
analysis of chimerism post DLI2 showing only
donor pattern indicating conversion to complete
chimerism (CC). The patient is in haematological
remission. UPN: unique patient number, MW:
molecular weight, DLI; donor lymphocyte infu-
sion.
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missing larger alleles due to preferential ampli-
fication of small ones [17], or to an indirect result
of the different PCR conditions or the subsequent
detection steps utilized [50], however, these
explanations are unlikely since the incidence of
heterozygosity in our series is comparable to
that reported in literature with the exception of
YNZ-22 (Table 4). Alternatively the lower num-
ber of alleles detected in our work could be a
real finding due to ethnic differences between
different populations. Being the first VNTR
study concerning the Egyptian population, we
don’t have other Egyptian data to compare with.
As the choice of VNTR in the study of chimerism
depends on its discriminative power (informa-
tivity), i.e. the number of polymorphic alleles
and their relative frequency [30], the allele fre-
quency distribution of the 7 VNTRs tested has
been determined. Although the alleles observed
in the different ethnic groups may be comparable,
the relative frequency may vary significantly
[9]. In our series, due to uneven distribution of
its alleles with one allele (nº2) constituting 60%
(Fig. 1), H-Ras was not informative and was not
used for the detection of chimerism. In this work,
heterozygosity index ranged from 28% for YNZ-
22 up to 84% for Apo-B, the high incidence of
homozygosity observed with YNZ-22 could be
due to misclassification of a heterozygous indi-
vidual as homozygous since small alleles are
preferentially amplified when present in a het-
erozygous state with a large allele [17]. However,
the undetected alleles, unlike its application in
population studies, may not be of value in the
study of chimerism as the aim is to find a dis-
criminative locus whether or not we are missing
an allele. The extent of polymorphism observed
at these loci makes them useful markers for
monitoring the state of chimerism following
allogeneic transplantation; the discriminative
power ranged from 46% to 58% in our series of
105 pairs of patients and donors screened for an
informative locus using these loci.

In our series, 84 allogeneic transplants were
followed for the state of chimerism post-
transplantation (34 using myeloablative and 50
using nonmyeloablative regimens). The system
adopted for screening for discriminative locus
comprised evaluation of Apo-B followed by
YNZ-22, D1S80 and 33.6 on account of better
separated bands and favorable amplification of
shorter alleles [17,51]. The alleles of 33.1 and
33.4 are of larger size and hence their amplifi-

cation is not as efficient. Accordingly Apo-B
was used in  30%, YNZ-22 in 24% and  D1S80
in 22%; the three together accounting for 76%
of our cases. Using this panel of loci, informative
differences were present in 95% of matched
donor-recipient pairs. The reported frequency
of informative VNTR loci varies at different
laboratories. Muniz et al. [30] reported a frequen-
cy of 37% for D1S80 in their recipient -donor
pairs; whereas Stuppia et al. [43] reported a
frequency of 44% for Apo-B and 25% for D1S80.
However, the comparison may not be absolutely
valid. We did not test all the loci for all the pairs,
this was done only for 14 pairs. Subsequently,
we developed a system of consequential testing
according to the most frequently informative
loci; once we obtained one the search was
stopped. However the difference could still be
partly true on account of ethnic variations and
the number and frequency of alleles for each
locus which will make their discriminative power
different in various populations [30].

Complete engraftment or complete chimerism
(CC) refers to the inability to detect recipient
cells which depends on the sensitivity of the
detection method [48]. In general the sensitivity
using VNTR-PCR is between 1- 5% depending
on the marker and the detected alleles [20,48,51].
In our series, as expected, the chimerism analysis
performed in the early post- transplant period
(on day+28 and +56) showed higher incidence
of CC, with myeloablative conditioning (91%)
than with nonmyeloalative (63%) as in the latter
strategy the recipient haemopoeitic system is
not completely ablated. In this work, 2 patients
(AML M4, n=1; MDS-RAEB, n=1) were con-
verted post-nonmyeloablative conditioning on
day 56 from CC to MC. The AML case showed
persistent MC post-DLI and relapsed 4 months
after the transplant, while the MDS case rejected
the graft 5 months post-transplantation. One
possible explanation for this finding might be
the level of sensitivity so that a low level of MC
could not be detected at day 28 which became
overt at day 56. Apparently, a residual malignant
clone that would have been revealed by minimal
residual disease (MRD) detection could not be
overcome by the nonmyeloablative approach.

When both host and donor cells are present,
 mixed chimerism (MC) is considered. Mixed
chimerism describes a dynamic balance between
host and donor haematopoietic cells and it may
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be a stable or transient phase [32,42]. In patients
undergoing non-myeloablative transplantation
the occurrence of transient MC was expected to
be more frequent compared to patients after
myeloablative conditioning. In our series the
incidence of MC was 6% post myeloablative
and 20% post nonmyeloablative regimens. The
latter figure is comparable to an incidence of
24% reported by Wasch et al. 2000 [52]. The
dynamics of MC correlates also with the under-
lying disease. In the current study, 2 patients
with anaemia ( aplastic anaemia, n=1; thalas-
saemia, n=1) had  persistent MC. It was an
important tool to differentiate between graft
failure and the other causes of pancytopenia in
severe aplastic anaemia [48] which was the case
in our patient (UPN 32) that ended to graft
rejection 4 months after transplantation. MC
could be detected in patients with anaemia over
a long period (220 days to 4 years) without graft
failure. MC is a common finding following SCT
for thalassaemia, often persists and is compatible
with long term cure [2,7]. Failure to change to
complete chimerism in these cases is not alarming
provided that the patient is keeping a transfusion
independent reasonable haemoglonin level. How-
ever, residual host cells > 30% have a significant
lower probability of disease free survival (DFS)
and a higher probability of clinical rejection [3].
In patients with malignancies, MC is most often
transient and conversion to CC, autologous
reconstitution or relapse occurs either spontane-
ously or following immune manipulation [42].
In this work, the incidence of MC correlated
with the underlying disease with a higher inci-
dence in CML (35%) than in other diseases. A
similar incidence of 35% in CML was reported
by Gonzalez et al. [22]. In both series, this was
probably due to less intensive conditioning. The
standard method for follow up of allogeneic
BMT in CML is the detection of BCR/ABL
chimeric gene by RT/PCR [34,37]. This method
is much more sensitive than detection of chimer-
ism by VNTRs. However, a sizable portion of
patients in long -remission after allogeneic trans-
plantation test BCR-ABL positive [21]. Its detec-
tion during the first 6 months has no clinical
significance and does not invite any clinical
intervention [29]. On the other hand, MC by
VNTR in CML may predict haematologic relapse
several months earlier  in patients who are per-
sistently BCR-ABL positive post transplantation
[36], calling  for immunotherapy by donor lym-
phocyte infusion (DLI).The effectiveness of

adoptive immunotherapy by donor lymphocyte
infusion (DLI) to produce clinical remission in
patients with MC is well documented especially
in CML [6,35,44]. A similar GVL effect can be
induced by  rapid tapering of immunosuppression
[1]. However, the efficiency of these interven-
tions has to be monitored by chimerism analysis.
In our series, transient MC converted to CC after
rapid tapering of immunosuppression was ob-
served in 5/8 (62%) of patients presented by MC
post nonmyeloablative regimen (CML, n=3;
AML, n=2). On the other hand, DLI failed to
convert the remaining 3 cases to CC who reverted
to host phenotype (AR) and relapsed within 3-
5 months after transplantation. Thus the analysis
of haematologic chimerism is a useful tool to
monitor the efficiency of DLI and other therapies
in avoiding or treating relapse in patients with
mixed chimerism.

The incidence and significance of MC fol-
lowing allogeneic transplantation has been the
subject of much investigation and debate. Some
studies have shown that MC is associated with
a higher incidence of relapse [7,25] whereas others
have found MC to possess little or no clinical
significance [15,49]. This controversy may be
attributed, at least partly, to differences in the
sensitivity of the methods used to detect MC [31,
42]. MC detection using VNTR or STR has a
sensitivity limit > 0.1%. However, detection of
MRD using a disease marker is much more
sensitive with a sensitivity up to 1 in 106. Sen-
sitivity may be increased using lineage- specific
analysis of chimerism [28,55]. However, in the
absence of specific tumor marker for MRD
analysis, chimerism testing is the only tool to
detect host cells [42].The recent studies using
PCR-based serial analysis of VNTR showed
that patients with increasing MC have the highest
risk of relapse [5,27,55] i.e. follow up rather than
a single determination will be more relevant to
predict impending relapse. The percentage of
recipient cells can be calculated from the relative
intensity of recipient-specific PCR products
compared with the sum of recipient and donor
specific PCR products [50].

In this work, graft failure with autologous
recovery was detected in one patient with aplastic
anaemia who received myeloablative regimen.
In the  group of patients who received nonmy-
eloablative conditioning, a higher proportion
presented with autologous recovery (8/46, 17%);
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all the cases were CML. Seven patients received
DLI and  the efficiency of the GVL effect was
monitored by chimerism analysis. Conversion
to MC occurred transiently in 2 patients, one
was subsequently converted to CC while the
other reverted to host phenotype and relapsed
within 11 months after transplantation. Although
the remaining 5 patients had persistent host
phenotype after DLI;  the onset of haematological
relapse varied from 4-12 months after transplan-
tation in 4 patients while haematological remis-
sion is still observed in one patient at 10 months
post transplantation. It is interesting to evaluate
whether the absence of molecular engraftment
within a certain time span post-transplant is
predictive of graft failure.

In conclusion, sequential molecular analysis
of chimerism using VNTRs after allo-SCT has
been shown to be useful for predicting engraft-
ment, graft failure, rejection or impending re-
lapse. It can help in the differential diagnosis of
pancytopenia after ASCT. It is a useful indicator
for the use and monitoring of DLI or other
immunomodulatory interventions.Though it is
less sensitive than MRD detection, yet it may
be the only available tool in a number of cases.
Moreover, chimerism anaslysis provides a ratio-
nal for assessing different conditioning regimens.
From our results we can conclude that measure-
ment of chimerism is not essential for detection
of engraftment in myeloablative transplantation
using conventional conditioning, however, it
may be useful in long term follow up to detect
heralding relapse. Nonmyeloablative regimen,
on the other hand, must be performed under the
guidance of  chimerism analysis to secure original
engraftment  and help decision on interventions
such as DLI. Sensitivity may be increased using
lineage-specific analysis. Quantitative evaluation
of the dynamics of MC is the best predictor of
impending relapse.
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