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ure is disease relapse, which can result from re-
sistant residual malignant cells in vivo or the in-
fusion of contaminating tumour cells collected
with the hemopoietic stem cells (HSC) [15,25].

LTMC in chronic myeloid leukemia (CML)
and acute myeloblastic leukemia (AML) were
shown to permit proliferation of normal hemo-
poietic progenitors while reducing leukemic
progenitor cell numbers [13,20,21,28]. LTMC
was also reported to be capable of sustaining re-
sidual normal hemopoietic proliferation and of
damaging at the same time the leukemic popu-
lation in marrow derived from patients with
ALL [8,9].

To monitor MRD in LTMC, several tech-
niques have been used including cytogenetic
analysis and Southern blotting. These tech-
niques, however, are either too insensitive or re-
quire many cells to detect MRD. PCR is a use-
ful and highly sensitive technique for monitor-
ing leukemic cell purging in various LTMC
systems. IgH chain gene rearrangements have
so far yielded information concerning tumour
clonality and consequently can allow monitor-
ing MRD in LTMC [10,26].

This work aimed at evaluating the efficacy
of LTMC on purging leukemic progenitors in
cases with acute leukemia on weekly basis us-
ing PCR technique to detect MRD among the
clonogenic cells.

PATIENTS AND METHODS

Twenty-three patients with acute leukemia
with age ranging from one to 17 years were en-
rolled in this study. The cell-lineage of almost
all the leukemia cases (22/23) was determined

ABSTRACT
Objective: Purging of leukemic cells from bone mar-

row harvested for autologous bone marrow transplantation
(ABMT) remains a challenge. This work aimed at evaluat-
ing the efficacy of long-term marrow culture (LTMC) on
purging leukemic progenitors in acute leukemia.

Design and methods: We planned to study the pres-
ence of immunoglobulin heavy (IgH) chain gene rear-
rangements by polymerase chain reaction (PCR) at diagno-
sis for bone marrow of 23 patients with acute leukemia.
LTMC was performed only for patients who showed posi-
tive IgH chain gene monoclonality at diagnosis. The effi-
ciency of purge was evaluated by PCR for monoclonal
IgH chain gene on weekly basis of LTMC.

Results: Of the 23 studied cases, 18 (78.26%) showed
positive clonal IgH chain gene at diagnosis. LTMC study
showed that 6/18 (33.33%), 3/18 (16.67%), 7/18 (38.89%)
and 2/18 (11.11%) underwent complete purging of the leu-
kemic progenitors at the first, second, third and fourth
weeks of culture, respectively. Follow up could be per-
formed for 14 positive ALL cases after induction of remis-
sion; 12/14 (85.7%) showed minimal residual disease
(MRD) while only two cases did not show MRD. Com-
plete purging of the latter two cases by LTMC occurred on
the second and third weeks of culture.

Conclusion: LTMC is a useful and successful method
for leukemic cell purging. LTMC should be undertaken at
initial diagnosis and on an individual basis. Each case
should be dealt with solely to determine at which week of
culture complete purging could be obtained for subsequent
autologous grafting of the purged marrow.

Key Words: Tumour cell purge - Long term marrow cul-
ture - Acute leukemia - IgH chain gene rear-
rangement.

INTRODUCTION

High-dose chemotherapy with autologous
peripheral blood or marrow hemopoietic cell
support is an effective therapy for a number of
malignancies such as patients with refractory
acute leukemia. A major cause of treatment fail-
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(Epo, Amgen) and 50 ng/ml stem cell factor
(SCF, Amgen). Pre-warmed Noble agar (0.3%)
at 39-40˚C was added to each culture tube,
mixed rapidly and immediately pipetted in ster-
ile 35-mm tissue culture dishes (Falcon, Subra,
Toulouse, France). Progenitor cell growth was
evaluated after 14 days incubation at 37˚C and
5% CO2 in humidified atmosphere [3,6].

LTMC assay:
Bone marrow MNCs (5x106) were isolated

and seeded into 25 cm2 tissue culture flask (Fal-
con) in a total volume of 10 ml of complete me-
dium consisting of minimal essential medium
(MEM)-Alpha medium 1x (Gibco) with 12.5%
FCS, 12.5% horse serum (HS, Gibco), 2 mmol/l
L-glutamine (Gibco), 10-4 mol/l 2-ME, 0.2
mmol/l inositol (Gibco), 20 µmol/l folic acid
(Gibco) and 10-6 mol/l freshly dissolved hydro-
cortisone (Sigma). IL3 (10 ng/ml) and G-CSF
(10 ng/ml) were added to the complete medium.
Culture flasks were incubated at 33˚C in a hu-
midified atmosphere with 5% CO2. They were
fed weekly by replacement of half of the
growth medium containing half of the non-
adherent cells with fresh complete medium. Af-
ter 5 weeks of culture, non-adherent cells and
adherent cells harvested by trypsinization were
pooled. The weekly-collected media containing
the non-adherent cells as well as the adherent
cells after the five week incubation were sub-
jected to DNA extraction and PCR amplifica-
tion for the monoclonal IgH gene rearrange-
ment to assess purging of tumour cells [2,7].
LTMC was not subjected to in-vitro application
of chemotherapeutic agents.

Detection of IgH monoclonality by PCR:
DNA extraction was performed by protei-

nase K digestion and salting out using standard
methods [18]. The IgH gene rearrangement was
amplified in a semi-nested two-round hot-start
PCR (Perkin Elmer) using consensus primers
(Table 1). Genomic DNA (100 ng) was added
to the first round PCR mix. The first round of
PCR involved 30 cycles of 94˚C for 1 minute,
60˚C for 1 minute and 72˚C for 1 minute with
framework 3 primer (FR3A) and LJH primer.
Two µl of the first round product were added to
the second round reaction mix and amplified by
20 more cycles with the above cycling condi-
tions using FR3A and VLJH primers. Both
PCR rounds were performed in a 50 µl reaction
containing 25 Taq PCR master mix (dNTP mix,

by immunophenotyping using flow cytometry
(FCM) (Becton Dickinson) and antibodies
against CD2, CD3, CD4, CD5, CD7, CD8,
CD10, CD13, CD19, CD20, CD22, CD24,
CD33, CD34, CD45, as well as HLA DR, cytµ
and Igκ. One case was only diagnosed by mor-
phology and cytochemistry-myeloperoxidase
(MPO), acid phosphatase (ACP), periodic acid-
Schiff (PAS), alpha naphthyl esterase [non-
specific esterase (NSE)], naphthyl AS-D chlo-
roacetate esterase [(CAE) specific esterase] -
but not by immunophenotyping as marrow sam-
ple at diagnosis was only sufficient to perform
the marrow culture. Also DNA index was cal-
culated using FCM [19].

Bone marrow of all patients was studied at
diagnosis for IgH chain gene rearrangements
using PCR. Short-term marrow culture was per-
formed at diagnosis to assess the clonogenic ac-
tivity of marrow progenitors. LTMC was com-
pleted only for patients who showed positive
monoclonal IgH gene rearrangements at diag-
nosis. The efficiency of tumour cell purge by
LTMC was also evaluated by PCR for IgH
monoclonality on weekly bases of culture.

Follow up to detect MRD could be per-
formed for only 14 patients with ALL at day 43
post induction. Patients with ALL had induc-
tion therapy of prednisolone, vincristine, dauno-
rubicin, asparaginase, VP-16, Ara-C and triple
intrathecal chemotherapy for CNS prophylaxis.
Patients were planned to receive high dose me-
thotrexate consolidation chemotherapy to be
followed by maintenance chemotherapy there-
after. Cranial irradiation was given for patients
with CNS III aiming at 24 Gy/3w/15 ttt at a lat-
er stage.

Short -term marrow colony forming assay:
Bone marrow mononuclear cells (MNCs,

1x105) were isolated using lymphocyte separa-
tion medium (Gibco, Life Technologies, U.K),
put in a sterile culture tube in 1 ml aliquot of
lscove's modified Dulbecco's medium 1x
(IMDM, Sigma, Saint Fallavier, France) con-
taining 10% fetal calf serum (FCS, Gibco) and
10-4 mol/l 2-mercaptoethanol (2-ME, Sigma).
Culture was stimulated with 10 ng/ml interleu-
kin-3 (IL-3, Amgen Inc, Thousand Oaks, Calif.
U.S.A.), 10 ng/ml granulocyte-colony stimulat-
ing factor (G-CSF, Amgen), 10 ng/ml granulo-
cyte macrophage-colony stimulating factor
(GM-CSF, Amgen), 3 U/ml erythropoietin



169Manal El-Masry & Tarek Hashem

Fig. (1): IgH chain gene rearrangements in cases # 14 & 2 at diag-
nosis, post induction and at different intervals of LTMC:
First lane: marker (ladder). Second lane: case no. 14 at diag-
nosis (positive M band at CDR2 between 150 and 300 bp).
Third lane: case no. 14 after induction (positive M band at
CDR2). Fourth lane: case no. 14 after first week of LTMC
(negative M band at CDR2, complete purging). Fifth lane:
case no. 2 at diagnosis (positive M band at CDR3 between 50
and 150 bp). Sixth lane: case no. 2 after induction (positive
M band at CDR3). Seventh lane: case no. 2 after first week of
LTMC (positive M band at CDR3). Eighth lane: case no. 2
after second week of LTMC (positive M band at CDR3).
Ninth lane: case no. 2 after third week of LTMC (positive M
band at CDR3). Tenth lane: case no. 2 after fourth week of
LTMC (negative M band at CDR3, complete purging).

nosis was observed in 12/14 (85.7%) patients
on day 43 post induction, that might signify a
minimal residual disease, while only two cases
(14.3%) did not show any residual band post in-
duction. Complete purging of the latter two cas-
es by LTMC occurred on the second and third
week of culture (Table 3).

Short-term culture results are shown in Ta-
bles (4,5). Correlation studies showed that pres-
ence of IgH gene monoclonal band at diagnosis
was associated with decreased number of clus-
ters detected by short-term culture (r = -0.6, p =
0.007) (Table 5). Significant correlation was
observed between time of complete purging as
compared to age, hemoglobin (HB) level, total
leukocytic count (TLC), percentage of BM
blast cells at initial diagnosis (BM1) and DNA
index (DNAI) (r = 0.6, -0.5, 0.74, 0.53, -0.6), (p
= 0.02, 0.04, 0.001, 0.03, 0.03), respectively
(Table 6).

Taq DNA polymerase, PCR buffer containing 3
mmol/l Mg Cl2) Qiagen) and completed to 50
µl by double-distilled water. If patients gave no
amplified product with FR3A for the comple-
mentarity-determining region 3 (CDR3), then it
was replaced by a framework 2 primer (FR2B)
for the complementarity-determining region 2
(CDR2). The first gave a monoclonal band be-
tween 50 and 150 bp, while the latter gave a
monoclonal band between 150 and 300 bp.
PCR products were separated on 6% polyacry-
lamide gels and then stained with 0.3 g/ml
ethidium bromide prior to visualization under
UV light. Samples were scored as monoclonal
band (M) at diagnosis if one or more distinct
band(s) were observed in the presence or ab-
sence of any polyclonal background. Samples
were scored as polyclonal (P) if only polyclonal
PCR product was observed. The same criteria
were used for marrow aspirates taken during in-
duction, with the additional criterion that the
monoclonal band(s) detected had to be of the
same molecular size as that detected at diagno-
sis [11,24]. All PCR results were repeated at
least twice to confirm the data.

RESULTS

This study included twenty-three patients
with acute leukemia. They were 13 males
(57%) and 10 females (43%) with male to fe-
male ratio 1.3:1. Their ages ranged from one to
17 years with a median age of 7 years.

A total number of 18/23 (78%) cases
showed positive IgH gene monoclonality at ini-
tial diagnosis; 13/18 (72.2%) showed IgH mon-
oclonal band at CDR3 between 50 and 150 bp
using FR3A primer, while 5/18 (27.8%)
showed IgH monoclonal band at CDR2 be-
tween 150 and 300 bp using FR2B primer (Ta-
ble 3).

LTMC study showed that 6/18 (33.33%), 3/
18 (16.67%), 7/18 (38.89%) and 2/18 (11.11%)
underwent complete purging of the leukemic
progenitors at the first, second, third and fourth
weeks of culture, respectively, as evaluated by
complete disappearance of the monoclonal IgH
gene rearrangement band which was detected at
initial diagnosis (Table 3, Fig. 1).

Follow up could be performed for 14 cases
with ALL in complete clinical and hematologi-
cal remission. A monoclonal IgH gene band of
the same molecular size as that detected at diag-

Table (1): Code and sequence of primers used for PCR
analysis.

Code of
primer

5` → 3` Sequence
of primer

FR3A
LJH
VLJH

FR2B

ACACGGC(C/T)(G/C)TGTATTACTGT
TGAGGAGACGGTGACC
GTGACCAGGGT(A/G/C/T)

CCTTGGCCCCAG
GTCCTGCAGGC(C/T)(C/T)CCGG(A/G)AA

(A/G)(A/G)GTCTGGAGTGG

1   2   3   4   5   6   7   8   9   10 Lane no

bp

300
150
50
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Table (2): Immunophenotyping of studied cases.

Marker
Case
No.

1
2
3
4
5
6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

CD
2

CD
3

CD
4

CD
5

CD
7

CD
8

CD
10

CD
13

CD
19

CD
20

CD
22

CD
24

CD
33

CD
34

CD
45

HLA
DR

Cytµ Igκ Cell-
lineage

-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
+
-
-

-
-
-
-

-
-
-
-
+
-
-
-

-
-
-
-
-
-
-
+
+
+

-
-
-
-

-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
+
-
-

-
-
-
-

-
-
-
-
+
-
-
-

-
-
-
-
-
-
-
-
-
-

-
-
-
-

-
-
-
-
+
-
-
-

-
-
-
-
-
-
-
+
+
+

-
-
-
-

-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
+
-
-

-
-
-
-

-
+
+
+
+
+
+
+

+
+
+
+
+
+
+
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-
-

+
+
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-

-
-
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-
-
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-
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+
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+
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-
+
+
+

+
+
+
+
+
+
+
-
-
-

+
+
-
-

-
-
-
-
-
-
-
-

-
-
-
-
-
-
+
-
-
-

+
-
-
-

+
+
+
+
-
-
-
+

-
-
-
-
+
+
-
-
-
-

-
+
-
-

-
-
-
-
-
+
+
-

+
+
+
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-
-
+
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-
-

+
-
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-
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-
-
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-
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-
-
+
+

-
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+
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-
-
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+
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-
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-

-
-
-
-
-
+
+
-

+
-
-
-
-
-
-
-
-
-

-
-
-
-

-
-
-
-
-
-
-
+

-
-
-
-
-
-
-
-
-
-

-
-
-
-

Pro-B-ALL
cALL
cALL
cALL
Pre-T-ALL
Pre-B-ALL
Pre-B-ALL
Precursor B-ALL

(transitional)
Pre-B-ALL
cALL
cALL
cALL
cALL
cALL
cALL
T-cell ALL (cortical)
T-with aberrant myeloid*
T-with aberrant myeloid*
ALL**
cALL
cALL
AML
AML

-
-
-
-
-
-
-
-

+
-
-
-
-
-
+
-
+
+

-
-
+
+

*   Cases No. 17, 18: T-with aberrant myeloid = T-lineage ALL with aberrant expression of myeloid-associated marker.
** Case No. 19: ALL (mostly T-cell ALL) was only diagnosed by morphology and cytochemistry (MPO: -ve, ACP: +ve focal pattern,

NSE: +ve discrete focal pattern, CAE: -ve, PAS: +ve discrete foci), as marrow sample at diagnosis was only sufficient to do marrow
culture but not sufficient to do immunophenotyping.

Table (3): PCR results pre- and post-induction.

PCR 1
PCR 2

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Positive
Positive
Positive
Positive
Positive
Positive
Positive

Positive

Positive
Positive

Positive
Positive
Positive

Negative
Negative
Negative
Negative
Negative

FR3A FR2B
Purging time (weeks) Cell-lineage

Positive

Positive
Positive

Positive

Positive

Positive
Positive
Positive
Positive
Positive
Positive
Negative
Positive
Positive
Positive
Negative
Positive
Positive
Positive

4
4
3
3
3
3
3
3
3
2
2
2
1
1
1
1
1
1

Pro-B-ALL
cALL
cALL
cALL
Pre-t-ALL
Pre-B-ALL
Pre-B-ALL
Precursor B-ALL (transitional)
Pre-B-ALL
cALL
cALL
cALL
cALL
cALL
cALL
T-cell ALL (cortical)
T-with aberrant myeloid marker
T-with aberrant myeloid marker
ALL (mostly T-cell ALL)
cALL
cALL
AML
AML

PCR 1: PCR results pre-induction.
PCR 2: PCR results post-induction.
FR3A : Framework 3A primer for detection of CDR3.
FR2B : Framework 2B primer for detection of CDR2.
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Table (4): Short-term culture results of 23 cases.

Variable Mean

Cluster (/105 MNCs)
Colonies (/105 MNCs)
Macroscopic colonies (/105 MNCs)

MinimumS.D. Maximum

125.9
51.71
8.6

78.3
70.68
20.4

64
9
0

Cluster: No. of cells < 50 cells.
Colony: No. of cells = or > 50 cells.
Macroscopic colony: size of colony by naked eye > 2 mm2.
MNCs: Mononuclear cells.

366
290
94

Table (5): Correlation between different data and results of PCR at diagnosis of 23 cases.

Age Hb

r
p

PlateletTLC LDH

0.12
0.65

-0.04
0.86

0.07
0.76

BM1  : BM blasts at initial diagnosis.
Macro: Macroscopic colonies.

0.17
0.46

BM1 DNAI Cluster Colony Macro

0.06
0.82

0.03
0.89

-0.16
0.57

-0.6
0.007**

-0.4
0.07

-0.08
0.71

Table (6): Correlation between different data and time of complete purging of 18 cases*.

Age Hb

r
p

PlateletTLC LDH

0.6
0.02*

-0.5
0.04**

0.74
0.001***

*     18 acute leukemia cases that showed positive IgH chain gene monoclonality at diagnosis.
**   Statisticaly significant (p < 0.05).
*** Statistically highly significant (p < 0.005).

-0.36
0.18

BM1 DNAI Cluster Colony Macro

0.41
0.2

0.53
0.03**

-0.6
0.03**

-0.47
0.06

-0.42
0.11

-0.23
0.4

DISCUSSION

The aim of this study was to determine the
efficacy of LTMC on purging leukemic progen-
itors in cases with acute leukemia through the
detection of a residual monoclonal IgH gene re-
arrangement among the clonogenic cells on
weekly bases. It also aimed at studying the sig-
nificance of their marrow clonogenic activity
using short-term marrow culture as well as
studying MRD after induction of remission.

Short-term marrow culture was performed
for all the included 23 patients with acute leu-
kemia. Correlation studies showed that pres-
ence of IgH gene monoclonal band at diagnosis
was significantly associated with decreased
number of clusters detected by short-term cul-
ture (r = -0.6, p = 0.007).

LTMC was completed for those who
showed IgH gene rearrangement monoclonality
at initial diagnosis (18 cases). LTMC study
showed that 6/18, 3/18, 7/18 and 2/18 per-
formed complete purging of˚the leukemic pro-
genitors at the first, second, third and fourth
weeks of culture, respectively, as evaluated by

complete disappearance of the monoclonal IgH
gene rearrangement band which was detected at
initial diagnosis. Thus, within four weeks of
LTMC, all of the 18 cases that exhibited mono-
clonal IgH rearrangement at diagnosis showed
complete purging of leukemic cells but at dif-
ferent stages of culture. These findings are inac-
cordance with those reported by other authors
who used the bcr/abl marker to monitor tumour
cell purge by LTMC among patients with ALL
showing positive bcr/abl fusion gene at diagno-
sis instead of monoclonal IgH gene rearrange-
ment [23]. This could be explained by the pro-
posal that leukemic progenitors have poor
stromal adherence, while normal progenitors
have good stromal adherence [12,16,27].

It was observed that LTMC might require
longer time to purge BM of patients having
clinical or laboratory findings that are consid-
ered as risk factors of relapse [22]. This means
that monoclonal IgH gene rearrangement de-
tected at initial diagnosis takes longer time to
disappear from LTMC when certain risk factors
are encountered. Significant correlation was ob-
served between time of complete purging as
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ment of MRD levels in multiple follow-up sam-
ples during the first months of treatment will
give better results [24].

We can also conclude that conditions pre-
vailing in LTMC system may selectively de-
plete leukemic cells (as witnessed by disappear-
ance of monoclonal IgH gene rearrangement
that was detected at diagnosis), while promot-
ing growth of residual normal progenitors. This
suggests a possible extension of this therapeutic
approach to some acute leukemia cases by
means of 3-4 week in-vitro marrow culture to
use it as a graft for ABMT. Autografting with
purged in-vitro marrow culture can also be used
as an alternative to marrow in-vitro treatment
with chemotherapeutic agents. It is also possi-
ble that purging by LTMC can be used as a
prognostic factor for ABMT, as evidenced by
two studies that suggested that absence of tu-
mour cells after purging correlated negatively
with incidence of relapse [4,27]. For patients
whose marrow can not be completely purged of
tumour cells, post-transplantation therapy may
be initiated early to prevent the higher relapse
rate. As patients would have received high-dose
chemotherapy for the transplantation, other
forms for therapeutic modalities such as vac-
cine or cell-based immunotherapy might be em-
ployed [4]. For those patients whose marrow is
purged free of tumour cells, improved condi-
tioning therapies and adjunctive immunothera-
pies may ultimately lead to the goal of greater
cure rates. It seems obvious that it is better to
infuse a tumour-free marrow than one contami-
nated with tumour cells [5].
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