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Abstract

Most minimal residual disease-directed therapeinterventions in current treatment protocols fouse
lymphoblastic leukemia (ALL) are based on bone avarand peripheral blood testing. In this study, emeployed
real-time quantitative polymerase chain reactioralgsis (Real Time PCR) to examine minimal residlis¢ase
(MRD) in 28 patients (pts) with ALL, 36% receivingnsplantation from related donors and 64% reawjvtrans-
plantation from nonrelated donors. Determined MR&3ifivity ranged from positive below quantitativenge (2
pts, 7.17%), between 0.01 %4nd 0.1 % (1 pts, 3.57%), and higher than 0.1 % (6, #%.42%). Eight patients
were MRD negative and during observation the MREabree positive. Two patients determined to be MRditipe
(0.0001 %) in the early phase showed subsequergiaise of MRD load, while another two, who were raeiteed
to be positive in the later phase did not. We heal patients with strong positive MRD in which dgrisbservation
the MRD turned to negative due to clinical inteti@m However, for 5 patients with high MRD loa thduction
of remission was not obtained. As a perspectiveglacharacterized and homogenous patient cohastikhbe en-
rolled in a clinical study to investigate the impa€ post transplant MRD on the outcome.

Keywords: acute lymphoblastic leukemia, peripheral bloodh&marrow, minimal residual disease

Rezumat

Cele mai multe dintre intervaite terapeutice diregonate @tre boala minima reziduali in protocoale-
le curente de tratament pentru leucemia adihfoblastiei (LAL) sunt bazate pe testareaidivei osoasgi a
sangelui periferic. Tn acest studiu, s-a utilizattoda de analiz cantitativi a reagiei de polimerizare in larin
timp real pentru a examina boala minimezidual la 28 de paciefi cu leucemie acutlimfoblastiez (LAL),
36% primind transplant de la donori inrudisi 64% primind transplant de la donori neinrudiPozitivitatea
MRD determinat variaz: de la domeniul de cantite pozitiv sézut (doi pacien, 7,17%), intre 0,01 %i 0,1 %
(un pacient, 3,57%)i mai ridicat de 0,1 %s@se pacien, 21,42%). Opt pacighau avut rezultatele MRD nega-
tive si In timpul observailor MRD a devenit pozitiv. Doi pacigin ce au avut MRD pozitiv (0,0001 %) in faza
inifiala, au atat o crgtere ulterioagz a MRD, in timp ce @ldoi pacieni, ce au fost pozitivi in faza tarzie nu au
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aratat o cretere ulterioarz a MRD. Au fost doi pacigincu MRD puternic pozitiyi in timpul observailor MRD
a devenit negativ datoritinterveniilor clinice. Totusi, pentru cinci paciefi cu MRD ridicat nu s-a ainut indu-
cerea remisiunii. Cai perspectiv, ar trebui @ se faé@ o caracterizare a unui grup omogen de pagier sunt
introdusi Tntr-un studiu clinic Tn vederea invesiigj impactului post transplant al MRD asupra reattitlor.

Cuvinte cheie: leucemia acut limfoblastiez, snge periferic, Aduwi osoag, boaki minimi reziduak

Introduction

Allogeneic hematopoietic stem cell
transplantation (alloHSCT) is an effective post-
remission therapy in patients with ALL, but it is
associated with significant toxicity, so the op-
timal timing and use of this modality remains
an issue of debate. Increased advances in re-
duced-intensity transplant preparative regimens
and alternative donors have increased the ac-
cessibility to allogeneic transplantation (1, 2). A
risk adapted paradigm, using minimal residual
disease analysis, may help in the selection of
patients at highest risk for relapse, who may be-
nefit most from alloHSCT (3, 4).

Minimal residual disease is the name giv-
en to small numbers of leukaemic cells that re-
main in the patient during treatment, or afterttrea
ment when the patient is in remission (5, 6). MRD
is the major cause of relapse in cancer and leuk-
aemia (7, 8). Nowadays several very sensitive
molecular biology tests, based on DNA, RNA or
proteins are available, though these types of meth-
ods can measure levels of cancer cells in tissue

ous studies showing the superiority of bone mar-
row over peripheral blood as an investigational
material (14, 15).

In this article, we characterize the leuk-
emia of 28 patients, establishing allele specific
oligos (ASO) and measuring the MRD during
their follow up period after transplantation.

Materials and methods

Patient characteristics and samples
collection

Samples were collected from 28 patients
treated for ALL at the Children's Hospital of the
JW Goethe University, Frankfurt, Main, Ger-
many. From a total of 28 patients, 15 patients
were males, and 13 were females. The age aver-
age of patients was 10 years and 9 months, and
the range age of MRD patients was between 2-
23 years old. 10 patients (35.7%) received trans-
plantation from related donors (people) and 18
patients (64.3%) received transplantation from
nonrelated donors (people).

Informed consent was obtained from all

samples, sometimes as low as one cancer cell in a subjects and the experiments performed for this

million normal cells. In cancer treatment, particu-
larly leukaemia, MRD testing has important roles,
such as determining whether treatment has eradic-
ated the cancer or whether traces remain, compar-
ing the efficacy of different treatments, monitor-
ing patient’s remission status and recurrence of
the leukaemia or cancer and choosing the treat-
ment (9, 10). The tests are not simple, are often

part of research or trials, and some have been ac-

cepted for routine clinical use (11- 13).

Most minimal residual disease-directed
interventions in current treatment protocols for
acute lymphoblastic leukemia are based on bone
marrow testing, which is a consequence of previ-

investigation comply with current guidelines
and ethics. Bone marrow aspirates were collec-
ted from patients, and all analysis were carried
out with national and local ethical consent. All
samples are collected on EDTA recipients and
could be preserved a short period at 4°C.

Study Population

28 consecutive patients were analyzed
for MRD at the Children's Hospital of the JW
Goethe University, Frankfurt, Main, Germany.
Baseline characteristics are showTable 1.

From a total of 28 ALL patients, 14 pa-
tients were found to have a common type of ALL,
2 patients were found to have B-ALL, 4 patients
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Table 1. Patients Demographics

Patient ID Sex (M/F) Immunological type of ALL Age of Patient
1 M Common 5
2 F B-ALL 4
3 M Unknown 15
4 M Common 12
5 M pre-B-ALL 16
6 M Common 12
7 F Common 12
8 F Common 7
9 F Common 8
10 F B-ALL 9
11 M Common 13
12 F Common 12
13 F Common 4
14 M pre-B-ALL 7

15 M pre-B-ALL 23
16 M Common 22
17 M pre-B-ALL 12
18 M Common 7
19 M Common 19
20 F Unknown 10
21 F Unknown 12
22 M Common 8
23 F pre-T-ALL 10
24 M Common 14
25 F pre-T-ALL 2
26 F pre-T-ALL 14
27 M pre-T-ALL 13
28 F pre-T-ALL 3

were found to have pre-B-ALL, 5 patients were
found to have pre-T-ALL, 3 patients were found
to have an unknown type of ALL.

Target identification

Detection of patient specific junctional
regions of Immunoglobulin heavy chains (lg-
VH1.e-JHi6), Immunoglobulin kappa light chains
(IgVK|.|V-Jk1.5 or |gVK|.|\/-Jkl.s'K-deleting ele-
ment) gamma T cell receptors (TCRWV-Jy),
complete and incomplete delta T cell receptors
(TCRV31.5-331; V3,-Dds; DS,-Dds; D6-J01) and
deletions (TCRVW,-Jui2), complete and incom-

plete beta T cell receptors (TCRME-JM3.,, DI%.
»JR), and subsequent heteroduplex analysis
were performed as described in detail (16-18).

Nucleotide sequencing

PCR products were sequenced after elu-
tion of the appropriate PCR product from the ac-
rylamide gel. Sequencing was performed in both
directions with the Dye Terminator Cycle Sequen-
cing Ready Reaction Kit (Applied Biosystems,
Darmstadt, Germany) with the same oligonuc-
leotides used for screening PCR reactions. Ana-
lysis was performed on a 3100 ABI automated
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Table 2. Identified rearrangements characterizing ¢ukemia blasts at initial diagnosis
: : Marker 2 and
No. lg TCR-y TCR-% TCR-B Marker 1 and Oligonucleotide Oligonucleotide
VD2-DD3 IGHV6-3F01 VD2-DD3FO1
1 |IGHV6-D7-JH3| Vgo-JP1| VD2-J9 CTAGGAGAACTGGGGATCCA | TGTGACACCGGGGGT
VD2-J29
IGHV6-6F02
. ] ] Vg5-lgl.1/2.1F02 )
2 | IGHV6-D2-JH6| Vgl1-0P1|  VD2-39 COTGCTGRATGAGACTGGT | CCAGCTGCTACGGCAC
VH6-4F01
IGHV6-JH4 VH4-6F01
3 |iGvH4-D2-gHe| VO°1 | VD2DD3 CTGGTGGTGTATGCTACTTTTTAQ SAAGACE [OBCACCTAG:
, | 1IGVH4-D3-JH4 DD2-DD3 IGHVA-4F02 VD2-DD3FO01
IGHV1-D3-JH3 VD2-J29 CGCGGCTCGGAAGAGAAGTAT | CCTGCCGTACGGGGACT
. Valapi | VDZKDE | DB1-J2- Vd2JaFo1 Vg-JP1FOL
g VD2-353 | 7 CTTCCCGGCCAAGCA TGGGACFGGGCCGATAC
Vg5-Ig1.1/2.3F01
IGHV3-JH6 Ja9R02
® | iGkva-kpg | VOFI | VD229 TGAATCCTCAGCCGTGTC | CTATTACTBTSCCACE:
IGHV3-3F02
7| leHvens TGTGCGAGAGCCTCGAAG
IGHV3-4F02 VKII5-KdeFO0L
g |'GYHSDO ypaobs GCTATGGCAGCTGCTATGTAC- | CCAACAGTATAATAGT-
TAC TATTCCGTAAG
Ve0.9P2 DD2-5DD3F02
9 g VD2-VD3 GCCTTCCTAGAAGGGGATA
Vg3-JP2
0 | IGHV3-JH IGHV3-4F01
IGKV2-KC CTCAGACAACTATGACTAT
IGHV3-4F03
IGVH3-D7-JH4 VB27- IB2-4F01
11 Vgoe-J1 Jo4 | GTATTACTGTCCAAMGATA- | (ocacaecaacac

nucleic acid sequencer (Applied Biosystems) and
electropherograms were reanalyzed by visual in-

spection to check for ambiguous base readouts.

quantity and quality of DNA, RQ-PCR analysis
of the albumin gene was used (27).

I nterpretation of junctional sequences Results and Discussions
Variable (V), diversity (D), and joining
(J) elements of the immune receptor genes were
identified by comparison to known human
germline alleles using the IMGT/V-QUEST (19),
the BLAST (20), and IGBLAST (21) search.
Allele-specific  oligonucleotides were
used in combination with germ line TagMan
probes and germ line reverse primers for quantit-
ative real time PCR (22-25). Applied criteria for
determining the reliable quantitative range and the
maximum sensitivity are in accordance to pub-
lished guidelines of the ESG-MRD (26). To cor-
rect the MRD levels in follow-up samples for the

Techniques employed for MRD analys-
is rely on leukemia cell specific marker detec-
tion, which enables to distinguish blasts from
normal marrow cells. Those leukemia cell spe-
cific markers have to be detected with high
sensitivity, because of their small numbers.
Markers which are currently used are genetic
markers detected by PCR, and immunopheno-
typic markers detected by flow cytometry. It is
established that quantitative MRD data have a
higher predictive value than qualitative ones (6,
28-30). Sensitivity of the assay has to be accur-
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IGHV3-4F01 Vg-JP1FO2
12| IGVH3-D6-JH4|  Vg8-JP1 CGCCTTGTATTACCGGAGA | CCACCTGGGATAGAACCA
IGHV3-4F02
IGVH3-D1-JH4 IGHV1-5F01
13 Vg8-JP1 AGAGTGGGAGC-
IGVH118-JH4 GTACCAGCTGCCAGTACTG Sl
14| IGVH3-D3-JH5 VD2-DD3 IGHV3-6F02 VD2-DD3F01
IGVH3-D3-JH6 GTGTATTACTGTGCAAGGTTT | GCCTGTGACACCGGAT
VI3JI3F02
IGVH3-D6-JH4 IGHV3-4F01
15 1 ievis-as AACCCCAATCAGCGGAA CAGTGGTéﬁngTCAGG'
Vg5-Ig1.1/2.3F02
16 Vg2-J1 GGGCCGGGTGGTATAAGA
IGVHS-D3IH4| 031 | vD2-DD3 Vg5-1g1.1/2.3F01 VKIS-KdeF01
17| IGVH4-JH4 CCCCCTATGACCGAATGA TAT-
IGKV1-KDE TATAGTTTCCCCCCGACA
IGHV3-4F02
IGVH3-D2-JH4 VD2-DD3 IGHV2-6F02
18 GTAGTACCAGCTGCTAT-
DD2-DD3 GCCCTACGCAACGACTA vy
o Vg3JP5 | | VBlJ2- Jb2-7F01 Vg5-1g1.1/2.3F01
Vg10-J2 7 TGGGGACAGGGGTGAGA GGGACAGGCCCCCGT
2o | IGVAL-D3-JHa|  Vg2-J1 Vg5-1Ig1.1/2.3F02 Ja29R01
IGKV1-JL6 | Vg2-JP1 TATGATAGTAGTGGTTACCGACT | CTGAATTAGGCCCCCGA
VD2-DD3 Ja9R02 VD2-DD3F01
21 | IGKVI-KDE VD2-9 GTATCCCCCAGCCCTAG | CCTGTGACACCTAGGGCT
Ja29R01
IGVH6-JH4 VD2-J29 IGHV6-4F01
22 | Kintron-KDE VD2-J61 AGGCTCATAGTGGGAGCT CTTGG(T:/SAAQEGTCCT'
DD2-5DD3F02
23 DD2-DD3 ATTGTGCCTTCCTAGGGTG
IGHV3-4F01
) ] Vg5-Ig1.1/2.3F01
24 | IGVH3-JHA |  Vg3-02 cracd oL 2 0l GAGCAGCTg_I(_STCCTAAAA
D2-JH3 DB1-J2- IGHV3-4F01
25 D4-JH4 DD2-DD3 | “72 ™ | 1GACTACGGTGACCTCGACTAC
DBll'Jl' B2.5F01 Vg5-Ig1.1/2.3F02
26 VG232 DB2-J2- CGGGTGGAGGAGCAAGA TACTGTGCCACCTGT-
2 TAAGA
. Vg2-32 DB1-J1- Vg5-Ig1.1/2.3F02 TgaéFAOTZT(ég?_
Sil-Tal 2 ACAGGCTCCCCGCGA croprrect
JD1FO1
DD2-DD3 DD2-5DD3F01
28 TGTTTCATTGT-
DD2-JD1 TTTCATTGTGCCTTCCTACGA STITCATIC]
28 20 16 17 6
Total
o 71.43 57.14 60.71 21.43

ately determined in order to be able to detect ors; 64.28% have a rearrangement of delta T
below 1C. cell receptors; 21.42% have a rearrangement of

From a total of 28 ALL patients dia- beta T cell receptors. Of these 3 patients
gnosed by MRD, 71.42% were found to have a (10,71%) had 1 rearrangement, 4 patients
rearrangement of immunoglobulins; 89.29% (14,29%) had 2 rearrangements, 9 patients
have a rearrangement of gamma T cell recept- (32,14%) had 3 rearrangements, 10 patients
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(35,72%) had 4 rearrangements, 2 patients
(7,14%) had 5 rearrangementable 3.

All leukemikas can be regarded as a
clonal expansion of initial leukemic cells. These
clones can be characterized by junctional re-
arrangements of the immuno genes, which are
identifiable during the screening procedure.
After sequencing of the PCR products the junc-
tions could be identified with the help of online
tools like BLAST or IMGT and respective ele-
ments can be assigned. Nearly every junction of
rearranged V- D- and J-elements results in a
unique sequence providing the opportunity to
design patient specific primers, which are com-
plementary to this unique part. Within this
study we designed for every junction two dis-
tinguishable oligonucleotides and performed
functional testing with serial dilutions of leuk-
emia blast DNA in DNA of healthy volunteers.
Each primer was characterized with respect to
detection limit and quantitative range. Fre-
guently the unique sequences are suboptimal
for designing PCR primers, since the purin
pyrimidine ratio is unbalanced or sometimes
nucleotides are clustered. Therefore we estab-
lished simple rules for primer design. As a first
attempt, the primer should cover only one base
of downstream located germline element, while
the second version should cover several nucle-
otides of this element. Out of 46 primer tested,
56.52% of the first (short) version were re-
garded as the better ones and in 41.30% the
second version was superior.

We intended to establish two PCR
amplicons targeting unrelated rearrangements
per patient. In cases with more than two identi-
fied junctions we tested all per patient possibil-
ities and finally selected the most appropriate
ones. In cases where only one junction could be
identified, only one marker was used.

Following this strategy for 18 of 28 pa-
tients a two marker approach could be realized
(64.28%), and a one marker approach was re-
stricted to 10 patients (35.71%). Observation
period (as defined as the last available sample)

Revista Romanhde Mediciw de Laborator Vol. 20, Nr. 3/4, Septembrie 2012

was between 30 and 720 days post-transplant.
During this period 67.85% of all patients were
MRD negative. Of all samples which were de-
termined MRD positive, 2 patients (7.14%)
were positive below quantitative range, 1 pa-
tient (3.57%) between 0.01 % and 0.1 %, and 6
patients (21.42%) higher than 0.1 %.

We had eight patients with negative
MRD and during observation the MRD became
positive. Those patients (no 2 and 22) which
were determined postive MRD (0.0001 %) in
the early phase (D30 and D60) showed sub-
sequent increase of MRD load, while those who
were determined positive in the later phase (1
and 3 at day 400) did not. The latter might be
due to the end of the observation period or
might show interference with the immune re-
constitution resulted in wrong positivity, as de-
scribed by Fronkova et al. (3I)4ble 3.

We had two patients (2 and 23) with
strong positive MRD and during observation the
MRD turned to negative due to clinical interven-
tion. However, for 5 patients with high MRD
load the induction of remission was not obtained.

Conclusions

Real time PCR based detection of min-
imal residual disease in bone marrow distin-
guishes patients with respect to molecular re-
mission after allogeneic transplantation. Addi-
tionally, it can enable detecting dynamic
changes of MRD load during the observation
course. As a perspective, a well characterized
and homogenous patient cohort should be en-
rolled in a clinical study to investigate the im-
pact of post-transplant MRD on the outcome.
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Table 3. Results of MRD mesurement after transplarattion

No. D30 D60 D100 D200 D300 D400 D500
1 0 0 0 0 0 1,00E -06 1,00 E-06
2 0 1,00E-06 1,30E-01 1,10E-01 1,00E-06 0 0
3 0 0 0 0 0 1,00 E-06 1,00 E-06
4 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0
14 0 0 2,60E-01 7,00E-01 (recidive) - - -

15 0 0 0 0 0 2,50E-01 1,60E-02
16 0 1,00E-03 5,00E-04 0,00E+00 1,50E-04 3,00E-03 -
17 0 0 0 0 0 - -

18 0 0 0 0 0 0
19 0 0 0 0 0 0 0
20 0 0 1,70E-03 1,80E-01 - - -

21 0 0 0 0 - - -

22 1,00E-06 1,00E-06 1,00E-06 1,70E-02 1,70E-03 1,10E-02 -
23 1,10E-02 2,00E-03 2,60E-02 4,00E-03 1,00E-06 0 0
24 0 0 0 0 0 0 0
25 0 0 0 0 0 0 -

26 0 0 0 0 0 - -

27 0 0 0 0 - - -

28 0 0 0 0 - - -

e.g. 1.10E-02 represents 1.1 leukemia cell beriééitor 1.1 %; 1.70E-03 represents 1.7 leukemia betheath 1,000 or 0.17 %

Abbreviations list

ALL — Acute Lymphoblastic Leukemia

Real Time PCR — Real-time Polymerase Chain
Reaction

MRD — Minimal Residual Disease

alloHSCT - Allogeneic Hematopoietic Stem Cell
Transplantation

DNA — Deoxyribonucleic acid

RNA — Ribonucleic acid

ASO - Allele Specific Oligos

EDTA — EthyleneDiamineTetraacetic Acid

IgVH 1.6 JHi.6 — Immunoglobulin Heavy chains

IgV«.v-Jkiof -k-deleting element — Immunoglobulin
kappa light chain rearrangemnets

TCRVy.v-Jy —gamma T cell receptors

TCRV613'J61, V62'D63; D62'D63; D62-J61— delta T
cell receptors

TCRV(%.2+JR.5, DRI ..— beta T cell receptors

Variable -V, diversity — D, joining — J elemenfs o
the immune receptor genes
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