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CD34 selections from myeloma peripheral blood cell autografts
contain residual tumour cells due to impurity,

not to CD34™ myeloma cells

P. WiLLems, A. CroockewiT, R. RAYMAKERS, R. HorLDRINET, G. VAN DER Boscu, B, Huys aNp E. MENSINK
Department of Internal Medicine, Division of Haematology, University Hospital Nijmegen, The Netherlands

Received 6 November 1995; accepted for publication 31 January 1996

Summary. Malignant cells in haemopoietic autografts can
contribute to post-transplant relapse. Engraftment of mye-
loma patients with CD34™ peripheral blood progenitors
selected from total autografts reduces the number of tumour
cells infused by 2:7-4-5 logs. Residual tumour cells detected
in CD34™ selected cells may be due to selection impurity or
the existence of malignant CD34™" progenitors. In three
patients we evaluated the CD34 purity and tumour load of
total autografts, CD34™ progenitors selected with immuno-
magnetic beads and highly purified CD34" progenitors
obtained in two rounds of selection (combining magnetic
with flow cytometry activated cell sorting) to determine the
cause of residual tumour cells in CD34 selections.

Using allele-specific oligonucleotides (ASO) complemen-
tary to the unique Ig heavy chain sequence (CDRIII region)
of the malignant clone, semi-quantitative ASO-PCR was
capable of detecting one malignant cell in 10“~10° normal
white blood cells. Selection of CD34™ cells from bone
marrow (BM) with approximately 20% malignant plasma

Autologous bone marrow transplantation as a treatment for
multiple myeloma patients frequently results in early relapse
(Barlogie et al, 1987; Gore et al, 1989; Jagannath et al,
1990). These relapses can result from residual tumour cells
in the autologous graft as was shown for AML (Brenner et al,
1993), follicular lymphomas (Gribben et al, 1991) and CML
(Deisseroth et al, 1994). Using selected CD34™ peripheral
blood progenitors rather than total peripheral blood cell
autografts (PBCA) reduces the number of tumour celis
infused by 2:7—4-5 logs (Schiller et al, 1995). In myeloma
some residual tumour cells have been detected in selections
of CD34™" cells (Takishita et al, 1994; Belch et al, 1994;
Bersagel et al, 1994; Schiller et al, 1995), suggesting either
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cells resulted in a 14 log reduction of tumour burden. Using
two-colour flow-cytometry we observed CD34~, BB4"
malignant plasma cells contaminating this CD34 selection.
Prior to sorting, peripheral blood cell autogralts (PBCA)
contained approximately 0-1% malignant cells. Selection of
>99% pure CD34™" cells using immunomagnetic beads
(Dynal) resulted in an approximate 2 log reduction of
malignant cells, but residual tumour cells were still
detectable. ASO-PCR detected no malignant cells in
>99:99%, pure CD34™ peripheral blood progenitors obtained
with two rounds of selection (combining magnetic with flow
cytometry activated cell sorting). We conclude that CD34"
malignant cells are not detectable in myeloma PBCA and
that residual tumour cells in CD)34 selections are due to
contaminating CD34-negative cells.

Keywords: PBCA, myeloma, CD34, immunoglobulin, ASO-
PCR.

the existence of malignant CD34 " progenitors or impurity of
the CD34 selection. If malignant CD34' progenitors
contributing to post-transplant relapse exist in myeloma,
CD34 selection would be inadequale as a purging strategy
for myeloma autografts. On the other hand, i residual
tumour cells are due to impurity of the CI) 34 selection, better
CD34 selection methods are needed. To determine the cause
of residual tumour cells in selections of CD34 " cells we
quantified the tumour load and evaluated CD34 purity ol
total autografts, CD34™" progenitors selected with immuno-
magnetic beads and CD34 " progenitors purified with two
rounds of selection (combining magnetic and flow cytometry
activated cell sorting).

Using oligonucleotide primers complementary to the
unique immunoglobulin heavy chain CDRIII sequence of
the malignant clone, we developed tumour-specilic PCRs
capable of detecting one tumour cell in a background of 1 Ot
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normal cells. Using these sensitive PCRs we show that
multiple myeloma PBCA contain about 0:1% tumour cells
and that immunomagnetic bead selection of CD34" cells
results in an approximate 2 log depletion of tumour cells.
Residual tumour cells in CD34 selections were due to
contaminating CD34-negative cells.

MATERIAL AND METHODS

Patients. All three patients (K, S and T) included in this
study had stage III multiple myeloma according to Durie &
Salmon (1975) and had been previously treated with
alkylating agents and prednisone. Patients S and K subse-
quently received repeated courses of steroids with vincristine
and doxorubicin administered by continous infusion (VAD).
Patients T and S achieved partial remission but patient K was
refractory to prior treatment. For all three patients
peripheral blood stem cells were harvested after high-dose
cyclophosphamide (7 g/m?) and G- or GM-CSF (patients T
and K). Stem cells were re-infused after high-dose melphalan
(140 mg/m?) and TBI (9 Gy).

Cell isolations. Bone marrow cells were obtained by
aspiration from the sternum of the patients after informed
consent. PBCA were collected in four to six aphereses
procedures with a continuous flow cell separator (Fenwal CS
3000, Baxter Healthcare, Deerfield, U.S.A.; Areman et al,
1990). Cytospin preparations of BM and PBCA were stained
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with May Griinwald Giemsa (MGG) and differential mor-
phology of 200 nucleated cells was scored by two
independent investigators. Cells were layered over Ficoll
Hypaque and the mononuclear layer was collected after
density centrifugation and washed in phosphate-buffered
saline (PBS). These cells were cryopreserved at —196°C in
small aliquots.

Cell sortings. The cryopreserved cells were thawed, washed
and resuspended in RPMI 1640 supplemented with 10%
FCS. More than 40 x 10" thawed cells were washed and
resuspended in PBS with 1% BSA (PBSB) to a concentration
of 107 cells/ml. CD34 " cells were selected according to the
manufacturer’s protocol with M450 beads directly coated
with ‘561" antibody (Dynal). Bead to cell ratio was 1:2. After
30 min incubation at 4°C with CD34 beads, a magnetic
separation was performed. Selected cells were concentrated
in 150 pl PBSB and detachment of beads was performed by
adding 50 ul CD34 Detach-a-Bead (Dynal). After incubation
for 1h at room temperature, beads were magnetically
separated from detached cells. Purity of CD34 selection
was flow-cytometrically monitored. In brief, detached cells
were washed twice and concentrated in 100 pl PBSB and
incubated with a mixture of phycoerythrin (PE)-conjugated
CD34 (HPCA-2, Becton Dickinson) and fluorescein isothyo-
cyanate (FITC)-conjugated BB4 (Immuno Quality Products).
As a control cells were labelled with IgG1-FITC/IgG1-PE.
Flow cytometric analysis and FACS was performed with an
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Fig 1(a). Outline of the method used to develop ASO-PCR. Schematic representation of the rearranged heavy chain locus amplified by CDR3

primers.
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each sorted fraction was re-analysed on the flow-cytometer
to assess the purity. 50 ul of each sorted f{raction was
cytocentrifuged and stained with MGG to assess the
morphology of sorted cells.

DNA extraction. DNA was extracted by making whole-cell
lysates. If present, erythrocytes were lysed with NH4Cl. The
NH,Cl was then washed away with PBS. Cells in PBS were
transferred to Eppendor{ tubes and pelleted in an Eppendor{
centrifuge (5min, 400g at 4°C). The supernatant was
removed and the pellet loosened by vigorous rasping. The

pellet of > 10° cells was resuspended in PCR buffer
. N R supplemented with 0:'5% NP40 and 0:5% Tween 20 to a
. “"’f@;% . e concentration of 10*cells/ul. 1 ul of proteinase K (10 mg/
L . | T ml) was added for every 100 pul cell lysate. The cell lysate was
incubated at 55°C for 1 h, after which the proteinase K was
inactivated by a 10 min incubation at 95°C. When < 10°
cells were available, pelleted cells were resuspended to a
concentration of 10 cells/ul. In those cases 1 ul of proteinase
K (01 mg/ml) was added for every 100 ul. Whole-cell lysates
were frozen at —70°C. 10 ul of cell lysate was used in each
PCR.

Amplification of CDRIII using consensus primers. Whole-cell
lysates were subjected to PCR in a 100 ul PCR solution
containing: 31 um dANTP, 0-2 ul [a-**P]dCTP (Amersham
R International, Amersham, U.K., 3000 Ci/mmol, 10 mCi/ml),
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atient T atient K patient S 50mmM KCl, 10 mm Tris-HC] pH 8+4, 0-0001% gelatine, 2-5
Units Tag DNA polymerase (Life Technologies) and 30 pmol
Fig 1(b). IgH CDR3 PCR products generated using consensus of each consensus primer (Fig 2). Primers were synthesized
primers.. The radioactix{e products are separated on a 6% non- on a 391A DNA synthesizer (Applied Biosystems, Warring-
denaturing polyacrylamide gel. ton, U.K.). PCR was performed for 35 cycles of 1 min 95°C,
I min 55°C and 1min 72°C, supplemented with a final
Epics Elite flow-cytometer (Coulter Corporation, Hialeah, 10min extension at 72°C in a Perkin-Elmer Cetus™
U.S.A.) equipped with a 15 mW argon laser (488 nm). Cells thermocycler. Radioactive products were separated on a
were flow-cytometrically sorted with a data rate of between 6% non-denaturing polyacrylamide gel.
1000 and 2000 cells per second into a PBSB foam layer on Analysis of CDRIIT sequence, For direct sequencing doubie-
top of 100 11 PBSB in 1 ml Eppendorf vials. An aliquot of stranded DNA was sequenced by the dideoxy chain
3 CDR3 4
\./_C.(_)D___.__________.> ASO S v ASO-prQ he
CTGTCGACACGGCCGTGTATTACTG TGCGAGACGGCCT CAATGGCTGAGCCCCAGGA  TTTGACTACTGGGGCCAAGGGAACCCT ~-JHAb
patient S DM1/DM2/DN1 DIR
ASO ASO-probe

CTGTCGACACGGCCGTGTATTACTG TGICGCCG TCACTATTGECGCCAAGGGAACCCT - JHAD

patient K

CTGTCGACACGGCCGTGTATTACTG CGCGAGﬁGA'IGACGCTG‘I‘GCTG - AACTGETTCCACCCCTGEEECCAAGGEAACCCT-JHS L

patient T DXP4
GGJCACCGTCTCCTCAGGT~ otheon

TTTTCGAGETCAGGAAAGCAAAG~ W Th51
T ————

Fig 2. DNA sequences of IgH VDJ junctions from predominant clones in myeloma BM and location of primers used in ASO-PCR strategy. The 3’
end of the third framework region (FR3) and 5’ end of the fourth framework region (FR4) are indicated according to Kabat et al (1991). The

boxed regions designate putative D and DIR sequences (Ichihara et al, 1988). The Jh gene used, the amount of trimming, and possible somatic
mutations (bold capitals) are indicated based upon published sequences (Ravetch et al, 1981).

© 1996 Blackwell Science Ltd, British Journal of Haematology 93: 613-622
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termination method (Innis et al, 1988) in a 10-cycle PCR
using 5pmol of one of the end-labelled CDRIII consensus
primers (Fig 2) and 1 ul (10 ng) template. CDRIII sequences
were searched for homology (Yamada et al, 1991) with
published DIR (Dh gene containing irregular spacer signals),
D gene segments (Ichihara et al, 1988; Matsuda et al, 1990;
Buluwela et al, 1988) and Jh gene segments (Ravetch et al,
1981).

Tumour-specific PCR of patient samples. To achieve highest
PCR specificity allele specific oligonucleotides (ASOs) were
designed complementary to the CDRIII region with the
highest variability amongst different B-cell clones (Fig 2). A
non-radioactive amplilication was performed essentially as
described for CDRIII consensus PCR except for the use of
30 pmol 5'ASO primer instead of Vconsensus primer (Fig 2)
and a dANTP concentration of 250 um. PCR products were
separated on 2% agarose gel, transferred to nylon mem-
branes (Hybond N+ ) and probed with end-labelled ASO
probes under stringent conditions. Radioactive signals were
visualized on X-ray film (Kodak) and quantified by densito-
metrical scanning on a LKB laser densitometer. Allele-
specific calibration curves were generated after serially
diluting patient marrow DNA into PCR lysate buffer in 10-
fold decrements, supplemented with normal white bood cell

(a)

plasma cells
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(NWBC) lysate to yield a concentration of 10* cells per !
PCR lysate buffer and 10° cells per PCR.

Statistical estimation of tumour load. Quantified PCR
product is given in OD (optical density, arbitrary units).
Least squares was used to fit a linear regression equation {or
In (OD) as a function of In (tumour fraction) for each patient.
The number of tumour cells in patient samples and its 95%
Scheffe’'s confidence interval was computed using this
patient-specific linear regression equation (Billadeau et al,
1991).

#2m control PCR, PCR amplification was performed as for
the ASO-PCR except for the use of 30 pmol 82m sense: 5'-
CTCGCGCTACTCTCTCTTTCT and 30 pmol £2m antisense:
5-CTAAACTTGTCCCGACCCTC primers. Size of the [#2m
PCR product was estimated on 2% agarose gels using a
100 bp ladder (Pharmacia) as a reference.

RESULTS

CDRIII sequencing

To determine the Ig heavy chain CDRIII sequence of the
malignant clone we performed radioactive PCR using the
consensus primers aJhcon and Vcon flanking the Ig CDRIII

&

&
é“’é’

Fig 3. (a) ASO-PCR analysis of tumour cells in
PBCA fractions of patient S. The dilutions of
BM DNA samples used to obtain the
calibration curve are shown on the left. CI) 34
pos columns represent duplicate PCRs of the
same selection of CD34 ™ cells with
immunomagnetic beads. An aliquot of this
CD34" selection was then subdivided by flow
sorting. The columns CD34 pos, BB4 neg and
CD34 pos, BB4 pos represent ASO-PCR results
performed with DNA isolated from flow sorted
CD34™, BB4™ and CD34 ", BB4 " cells.

(b) Ethidium bromide stained 2% agarose gel
showing #2m control products of patient S

DNA samples used in ASO-PCR.

@ 1996 Blackwell Science Ltd, British Journal of Haematology 93: 613~622
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Fig 4. (a) ASO-PCR analysis of myeloma tumour in BM fractions of patient S. The dilutions of BM DNA samples used to obtain the calibration
curve are shown on the left. Sample description is as in Fig 3. The CD34 neg column represent ASQ-PCR results performed with DNA isolated
from bone marrow samples that were depleted of CD34-positive cells. (b) Ethidium bromide stained 2% agarose gel showing #2m control

products of patient S DNA samples used in ASO-PCR.

region (Fig 1a). Performing this PCR with a DNA template
isolated from polyclonal B-cell compartments (NWBC
resulted in multiple PCR products differing in length and
sequence. The use of DNA template isolated from multiple
myeloma bone marrow samples (containing over 10%
plasma cells) resulted in just one PCR product (Fig 1b).
Direct sequencing of these PCR products consistently
revealed only one CDRIII sequence at different time points
before and after high-dose chemotherapy) in a patient's

disease.

Sensitivity of ASO-PCR to specifically detect malignant cells

For each patient two allele-specific oligonucleotides (ASO)
were synthesized (Fig 2). Using a 5 ASO and the aJhcon or
aJh5i primer a PCR was developed that was specific [or the
malignant clone. ASO-PCR products were blotted and
hybridized with a radiolabelled internal ASO-probe (Fig

1a). Quantification by densitometrical scanning shows that
each tumour-specific PCR detects only malignant cells in one
of the multiple myeloma patients but not in several NWBC
preparations. Also ASQ probes specifically designed for each
patient never hybridized with ASO-PCR products of other
multiple myeloma patients. By serially diluting the DNA
derived from myeloma bone marrow samples (containing
> 30% plasma cells) in DNA derived from NWBC we were
able to show that sensitivity of the ASO-PCRs ranged from
detection of one tumour cell in 10%~10" normal white blood
cells (Figs 3 and 4).

Quantification of malignant cells in myeloma autografts

As a control we performed PCR with #2m primers on all
samples tested in the tumour-specific PCRs. Only minor
differences in signal intensity of the #2m PCR products were
observed (Figs 3 and 4). We conclude that the DNA

© 1996 Blackwell Science Ltd, British Journal of Haematology 93: 613-622
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Fig 5. Percentage tumour burden in peripheral blood cell autogralts (A) and BM samples (B) of myeloma patients as detected by ASO-PCR. Values
are given with statistically generated confidence intervals (see Material and Methods) and < 0-001% tumour cells indicates that the number of
tumour cells in the sample is below the detection limit of ASO-PCR. CD34 " samples were selected with CD 34 immunomagnetic beads and the
CD34-depleted fraction was called CD347; CD34™, BB4~ samples are cells sorted with CD34 immunomagnetic beads and subsequent flow
cytometry. CD34™ are samples depleted of CD34 ™ cells. Aliquots of these CD34 " selection were then subdivided by llow sorting into CD34 "

BB4 " cells and CD34" BB4~ cells and their tumour burden was also assessed.
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Fig 6. Flow cytometric analysis of cells obtained with CD34 immunomagnetic bead selection from bone marrow (a, b) and PBCA (¢, d) of patient
S. Analysis of forward and side scatter (a) and CD34 (PL) and BB4 (FITC) expression (b). For bone marrow as well as PBCA matertal C1)34 ",

cytometric analysis of CD 34 (PE) and BB4 (FITC) expression (d). The quadrant B indicates green and red fluorescence of 1gG-PE/IgG-FI'T'C control
anttbodies.
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preparation was of sufficient quality to allow PCR amplifica-
tion of each sample with comparable efficiency. ASO-PCR
detected between 0-07% and 0-17% malignant cells in PBCA
in three patients in duplicate PCR experiments (Fig 5).
Plasma cells were never detected in cytospin preparations of
PBCA whereas in cytospins of bone marrow aspirates 2—5%
plasma cells were found (results not shown).

Isolation of CD34 " progenitors using immunomagnetic beads
CD34 " cells were selected from PBCA and BM using
CD34 " -immunomagnetic beads (Dynal). Flow-cytometric
analysis of detached cells, stained with CD34 phyco-
erythrin showed that purity of CD34™ peripheral blood
progenitor cells was always higher than 99% (Fig 6c).
Using this procedure, PBCA or BM were depleted of 99% of
the CD34" cells and we consequently called these
fractions CD34". Tumour-specific ASO-PCR detected
< ():002% malignant cells in CD34™ immunomagnetic
bead preparations and 0:03-0-1% malignant cells in
CD34~ PBCA fractions (Figs 3 and 5a). Thus the majority
of malignant cells were not selected with CD34 immuno-
magnetic beads and CD34 selection from PBCA using
immunomagnetic beads (Dynal) reduced malignant cells
with approximately 2 logs. Selection of CD34 ™" cells from
bone marrow of patient T resulted in a 2:6 log reduction in
tumour cells (Fig 5b). We used BM of patient S (who had
progressed to plasma cell leukaemia) to test if, in bone
marrow heavily infiltrated with malignant cells, the same
reduction of tumour cells could be accomplished with
CD34 selection. Flow-cytometric analysis of this BM
sample stained with the plasma cell (PC) marker BB4-
FITC (Pellat-Deceunynck et al, 1994) revealed 20:7% PC.
In MGG-stained cytospins 22% PC were detected (results
not shown). When the selected CD34 ™" cells were stained
with BB4 and CD34, purity was higher than 75%. BB4 ™
PC (1%) were, however, contaminating this selection (Fig
6b). Tumour-specific ASO-PCR detected 22:2% malignant
cells in this BM aspirate of patient S and 25:7% in the
CD34~ fraction. In the CD34™ fraction 0-8% malignant
cells were detected (Figs 4 and 5b). We conclude that
selection of CD34" cells from highly contaminated BM
results in a 14 log reduction of tumour cells.

Isolation of CD34™ progenitors using immunomagnetic beads
followed by flow cytometrically activated cell sorting (FACS)

The selection of CD34 ™ progenitors from BM of patient S was
contaminated with BB4 ™ PC (Fig 6b). Using FACS we sorted
10° BB4 " PC (Fig 6b, gate D) [rom CD34 immunomagnetic
bead fractions. Cytospin preparations of sorted BB4 ™ cells
showed only cells with typical plasma cell morphology
(results not shown). ASO-PCR showed that BB4 ™ PC belong
to the malignant clone (Fig 4). Over 90% of the BB4 ™ cells
were CD34 negative, suggesting that most plasma cells
contaminate the CD34 selections in a non-specific manner. If
this were true it would mean that increasing the purity of
CD34™" cells could further reduce the contamination of
malignant cells. Highly purified CD34 © BM progenitors were
obtained in two rounds of selection combining magnetic
with flow cytometry activated cell sorting (Fig 6b, gate F).

Purity of these flow-sorted CD34 " cells was > 99-9%. ASO-
PCR showed that a second round of purification with FACS
results in a 2-3 log reduction of malignant cells (Figs 4 and
5b). Flow-cytometric analysis of CD34 " immunomagnetic
bead selections from PBCA of patients S and T showed (-1 %
CD34%,BB4* cells but no CD347, BB4™" PC. Using FACS, we
sorted 10° CD34", BB4" and 10° CD34", BB4~ cells.
Purity of flow sorted CD34 " peripheral blood progenitors
was >99-9% (Fig 6d). ASO-PCR could not detect tumour
cells in either of these fractions (Fig 3 and5a). Consequently
malignant cells with a CD34 " progenitor phenotype were
not detectable in PBCA of three patients and residual tumour
cells detected in CD 34 selections were due to contaminating
CD34 negative myeloma cells.

DISCUSSION

In this study we showed that residual tumour cells in CD34
selections of myeloma autogralts are due to impurity. We
used tumour-specific PCR, capable of detecting one malig-
nant cell in a background of 10° normal white blood cells. In
accordance with other studies (Mariette et al, 1994, Bird et
al, 1994) we found between 0-07% and 0-17% malignant
cells in PBCA. CD34 selection using immunomagnetic beads
resulted in an approximately 2 log depletion of malignant
cells in myeloma PBCA of three patients. Even when highly
contaminated BM (22% PC) was used for CD34 selection, a
14 log reduction in tumour cells was achieved. Assuming
that most tumour cells do not express the CD34 marker, a 2
log reduction in malignant cells is in agreement with the 2
log increase of CD34 " cells achieved by CD34 selection. An
additional advantage of autologous CD34 " transplants over
total peripheral blood cell transplants is that fewer cells are
needed, resulting in a 2:7~4-5 log reduction of malignant
cells in clinical trials (Schiller et al, 1995).

Since the CD34 selection was not 100% pure we reasoned
that positive ASO-PCR signals might result from contamina-
tion with CD34-negative cells. Starting with BM heavily
infiltrated with plasma cells we showed that contaminating
malignant plasma cells were the major cause of impurity in
CD34 immunomagnetic beads selections. In those cases the
purging of BB4" PC in combination with CD34 selection
using immunomagnetic beads should provide further
tumour cell reduction. A contamination phenomenon was
also reported by Vescio et al (1994). They found positive
ASO-PCR signals when CD34 cells were collected from BM
with one round of selection using a immunoadsorption
column, whereas a second round of CD 34 sclection with
FACS resulted in a negative ASO-PCR. Others have
suggested that residual tumour cells in selections of
CD34™ cells are malignant CD34 " progenitors (Takishita
et al, 1994; Belch et al, 1994; Bersagel et al, 1994). Since no
PCR data of preselected material are shown it cannot be
excluded that the positive ASO-PCR signals Takashita et al
(1994) report after having selected CD 34 or CD20 cells from
PB ol myeloma patients with FACS arise from contamina-
tion. To prove thalt positive ASO-PCR signals in CD34
selections arise from contamination with CD 34-negative
tumour cells not from malignant CD34 " progenitors we

(> 1996 Blackwell Science Ltd, British Journal of Haematology 93: 613-622
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performed a second round of CD34 selection with FACS
resulting in >99:9% pure CD34 " cells. We found a clearcut
reduction of malignant cells with ASO-PCR when we
compared 10° CD34 immunomagnetic bead selected cells
with 10° highly purified CD34 ™ cells (isolated with two
rounds of CD34 selection) in patients S and T. In 10° highly
purified CD34 ™" cells from PBCA we were not able to detect
malignant cells with ASO-PCR. These experiments show
that ASO-PCR signals in CD34 selections arise from
contamination with CD34-negative fumour cells.

Our results argue against the presence of malignant
CD34" precursors. One could reason, however, that
malignant CD34 " stem cells that have yet to undergo Ig
gene rearrangement or malignant pre B cells that could still
undergo Vh replacements and somatic hypermutation could
exist and escape detection by ASO-PCR. If such precursor
cells exist, the plasma cell progeny should have an extremely
diverse Ig gene sequence. However, after sequencing multi-
ple clones in each patient, Bakkus et al (1992) and Vescio et
al (1993) found no evidence of intraclonal diversity. They
concluded there was no ongoing somatic hypermutation. In
addition, others found no evidence for ongoing Vh replace-
ments (Takishita et al, 1994). Therefore the scenario of a
malignant pre-B-lymphocyte or stem cell as a precursor for
malignant plasma cells is unlikely. It has been suggested that
a change in the predominant tumour clone may occasion-
ally occur in multiple myeloma (Bird et al, 1994), resulting
in tumour cells that are not detected by ASO-PCR. We
detected the same monoclonal tumour population before
and after peripheral blood cell transplantation without
major additional clones appearing. We conclude that there
was no clonal evolution in our patients and tumour cells are
thus adequately quantified.

[In summary, residual tumour cells detected in CD34
selections are due to impurity. Removal of all tumour cells
from the graft is not possible with CD34 selection protocols
that are currently applied in clinical trials (Schiller et al,
1995). We and others (Vescio et al, 1994), however,
consistently achieved negative ASO-PCR signals with two
rounds of CD34 selection, or a combination ol counterflow
elutriation, treatment with phenylalanine methylester and
flow sorting of CD34 ™, Lin~, Thy © stem cells (Gazitt et al,
1995). Since purity of CD34 selection seems the most
essential parameter in obtaining tumour-free autogralits, we
are currenily evaluating the purity of different CD34"
isolation methods and their applicability in the clinical
setting of autologous transplantation.

ACKNOWLEDGMENTS

The authors thank Louis van de Locht for synthesizing
oligonucleotides. This work was supported by Maurits &
Anna de Kock Foundation.

REFERENCES

Areman, E.M., Culli, H., Aacher, R.A., Cottler-Fox, M. & Deeg, H.].
(1990) Automated isolation ol mononuclear cells using the
Fenwal CS3000 blood cell separator. Bone Marrow Purging and

Processing (ed. by E. M. Aremad), p. 379. Alan R. Liss,
Philadelphia.

Bakkus, M.H.C., Heirman, C., Van Riet, 1., Van Camp, B. &
Thielemans, K. (1992) Evidence that multiple myeloma Ig
heavy chain VD] genes contain somatic mutations but show no
intraclonal variation. Blood, 80, 2326~2335,

Barlogie, B., Alexanian, R., Dicke, K.A., Zagars, G., Spitzer, G.,
Jagannath, S. & Horowitz, L. (1987) High-dose chemoradiother-
apy and autologous bone marrow transplantation for resistant
multiple myeloma. Blood, 70, 869-872.

Belch, A.R., Bersagel, P.L., Szczepek, A., Lansdorp, P. & Pilarski, L.M.
(1994) CD34™ B cells in the blood of patients with multiple
myeloma express clonotypic [gH sequences. Blood, 84, 385a.

Bersagel, P.L., Belch, A.R. & Pilarski, L.M. (1994) The blood B cells
and bone marrow plasma cells in a patient with multiple myeloma
include cells with the same N-Ras mutation. Blood, 84, 5244,

Billadeau, D., Biackstadt, M., Greipp, ., Kyle, R.A., Oken, M.M., Kay,
N. & Van Ness, B. (1991) Analysis of B-lymphoid malignancies
using allele-specific polymerase chain reaction: a technique lor
sequential quantitation of residual disease. Blood, 78, 3021~3029,

Billadeau, D., Quam, L., Thomas, W., Kay, N., Greipp, P., Kyle, R.,
Oken, M.M. & Van Ness, B. {1992) Detection and quantitation ol
malignant cells in the peripheral blood of multiple myeloma
patients. Blood, 80, 1818-1824.

Bird, J.M., Bloxham, D., Samson, D., Marcus, R.E., Russell, N.H.,
Kelsey, S.M., Newland, A.C. & Apperley, [.F. (1994) Molecular
detection of clonally rearranged cells in peripheral blood
progenitor cell harvests from multiple myeloma patients. British
Journal of Haematology, 88, 110-116.

Brenner, M.K., Rill, D.R., Moen, R.C., Krance, R.A., Mirro, ].].,
Anderson, W.F. & Ihle, J.N. (1993) Gene marking to trace origin
of relapse after autologous bone marrow transplantation. Lancet,
341, 85-86.

Buluwela, L., Albertson, D.G., Sherrington, P., Rabbitts, P.H., Spurr,
N. & Rabitts, T.H. (1988) The use of chromosomal transiocations
to study human immunoglobulin gene organization: mapping Dh
segments within 35 kb of the Cu gene and identification of a new
Dh locus. European Molecular Biology Organization Journal, 7,
2003-2010.

Deisseroth, A.B., Zu, Z., Claxton, D., Hanania, L.G., Fu, §., Ellerson,
D., Goldberg, L.., Thomas, M., Janicek, K., Anderson, W.F., Hester,
J., Korbling, M., Durett, A., Moen, R., Berenson, R., Heimleld, S.,
Hamer, J., Calvert, L., Tibbits, P., Talpaz, M, Kantarjian, H.,
Champlin, R. & Reading, C. (1994) Genetic marking shows that
Ph+ cells present in autologous transplants ol chronic myelo-
genous leukemia (CML) contribute to relapse after autologous
bone marrow in CMIL. Blood, 83, 3068~3076.

Durie, B.G.M. & Salmon, S.E. (1975) A clinical staging system for
multiple myeloma. Cancer, 36, 842-854.

Gazitt, Y., Reading, C.C., Hoffman, R., Wickrema, A., Vesole, D.H.,
Jagannath, S., Condino, |., Lee, B., Barlogie, 3. & Tricot, G. (1995}
Purified CD34" Lin~ Thy' stem cells do not contain clonal
myeloma cells. Blood, 86, 381389,

Gore, M.E., Selby, P.]., Viner, D., Clark, P.l., Meldrum, M., Millar, 3.,

- Bell, J., Maitland, J.A., Milan, S., Judson, LR., Zuaible, A., Tillyer,
C., Slevin, M., Malpas, J.S. & McElwain, T. (1989) Intenstve
treatment of multiple myeloma and criteria for complete
remission. Lancet, ii, 879~-88 2.

Gribben, ].G., Freedman, A.S., Neuberg, D., Roy, D.C., Blake, K.W.,
Woo, §8.D., Grossbard, M.L., Rabinowe, S.N., Coral, I'., Freeman,
G.J., Ritz, J. & Nadler, LM. (1991) Immunoiogic purging of
marrow assessed by PCR before autologous bone marrow
transplantation for B cell lymphoma. New IEngland Journal of
Medicine, 325, 1525-1533.

© 1996 Blackwell Science Ltd, British Journal of Haematology 93: 613-622




622 P. Willems et al

Ichihara, Y., Matsuoka, H. & Kurosawa, Y. (1988) Organization of
human immunoglobulin heavy chain diversity gene loci. Europear
Mbolectdar Biology Organization Jowrnal, 7, 4141-4150,

Innis, M.A., Myambo, K.B., Gelfand, D.H. & Brow, M.A. (1988) DNA
sequencing with Thermophilus aquaticus DNA polymerase and
direct sequencing of polymerase chain reaction amplified DNA.

Proceedings of the National Academy of Sciences of the United States of

America, 85, 943 6-944(),

Jagannath, S., Barlogie, B., Dicke, K., Alexanian, R., Zagars, G.,
Cheson, B., Lemaistre, F.C., Smallwood, L., Pruitt, K. & Dixon, D.O.
(1990) Autologous bone marrow transplantation in multiple
myeloma: identification of prognostic {actors. Blood, 76, 1860-
1866.

Kabat, E.A., Wu, T.T., Perry, H.M., Gottesman, K.S. & Foeller, C.
(1991) Sequence of Proteins of Immunological Interest, 5th edn. U.S.
Department of Health and Human Sciences, NIH publication no.
91-3242, Washington, DC.

Mariette, X., Fermand, J.P. & Brouet, J.C. (1994) Myeloma cell
contamination of peripheral blood stem cell gralts in patients with
multiple myeloma treated by high-dose therapy. Bone Marrow
Transplantation, 14, 47-50.

Matsuda, F., Shin, E.K., Hirabayashi, Y., Nagaoka, H., Yoshida, M.,
Zong, S.Q. & Honjo, T. (1990) Organization ol variable region
segments of the human immunoglobulin heavy chain: duplica-
tion of the D5 cluster within the locus and the interchromosomal
translocation of variable region segments. European Molecular
Biology Organization Journal, 9, 2501-2506.

Pellat-Deceunynck, C., Bataille, R., Robillard, N., Harousseau, J.L.,
Rapp, M.]., Juge-Morineau, N., Wijdenes, J. & Amiot, M. (1994)

Expression of CD28 and CD4(0) in human myeloma cells: a
comparative study with normal plasma cells. Blood, 84, 2597-26()3.

Ravetch, ].V., Siebenlist, U., Korsmeyer, S., Waldmann, T. & Leder,
P, (1981) Structure of the human immunoglobulin u locus:
characterization of embryonic and rearranged ] and D genes. Cell,
27, 583-591.

Schiller, G., Vescio, R., Freytes, C., Spitzer, G., Sahebi, F., Lee, M.,
Wu, C.H., Cao, J., Lee, J.C., Hong, C.H., Lichtenstein, A., Lill, M.,
Hall, J., Berenson, R. & Berenson, J. (1995) Transplantation of
CD34" peripheral blood progenitor cells after high dose
chemotherapy for patients with advanced multiple myeloma.
Blood, 86, 390-397.

Takishita, M., Kosaka, M., Goto, T. & Saito, S. (1994) Cellular origin
and extent of clonal involvement in mulliple myeloma: genetic
and phenotypic studies. British Journal of Haematology, 87, 735~
742,

Vescio, R.A., Cao, ]., Hong, C.H., Newman, R., Lichtenstein, A.K. &
Berensony, J.R. (1993) Somatic hypermutation of Vh genes in
multiple myeloma is unaccompanied by intraclonal diversity.
Blood, 82, 259a.

Vescio, R.A., Hong, C.H., Cao, J., Kim, A., Schiller, G.]., Lichtenstein,
A.K., Berenson, R.J. & Berenson, [.R. (1994) The hematopoietic
stem cell antigen, CD34, is not expressed on the malignant cells in
multiple myeloma. Blood, 84, 3283-3290.

Yamada, M., Wasserman, R., Reichard, B.A., Shane, §., Caton, A.].
& Rovera, G. (1991) Prelerential utilization of specific immuno-
globulin heavy chain diversity and joining segments in adult
human peripheral blood B lymphocytes. Journal of Experimental
Medicine, 173, 395-407.

(> 1996 Blackwell Science Ltd, British Journal of Haematology 93: 613622



