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Abstract
Aims-To determine the extent of clonal
cell contamination of peripheral blood
progenitor cell (PBPC) collections in
patients with multiple myeloma (MM) and
to assess the purging efficacy ofCD34 pos-
itive selection.
Methods-PBPC collections from 29
patients with MM were analysed for the
presence of clonal immunoglobulin heavy
chain (IgH) gene rearrangements with a
fluorescence based PCR technique. In ad-
dition, the PBPC from eight of the 29
patients were "purged" by selection of
CD34 positive haematopoietic progenitors
with an avidin-biotin immunoabsorption
column (Ceprate). In each case the
unmanipulated PBPC, CD34 positive and
waste fractions were all assessed for the
presence of clonal IgH rearrangements.
Results-Clonal IgH rearrangements
(identical with those demonstrated in
diagnostic bone marrow samples) were
demonstrated in 10 (35%) of 29 cases and
seemed to be confined to those with sig-
nificant residual bone marrow disease.
Clonal rearrangements were evident in the
PBPC of two of the eight patients who
underwent CD34 selection; in both in-
stances a "clonal purge" was seen as it
was not possible to demonstrate the clonal
rearrangement in the CD34 positive frac-
tion. In four ofthe six remaining cases the
normal polyclonal fingerprint could not be
demonstrated in the CD34 positive frac-
tion, which is consistent with a significant
reduction in contaminating B cells.
Conclusions-Clonal cells contaminate
PBPC collections in a significant pro-
portion of patients with MM and may be
eliminated by CD34 positive selection.
( Clin Pathol: Mol Pathol 1996;49:M112-M1 17)
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The use of peripheral blood progenitor cells
(PBPC) has largely superseded that of auto-
logous marrow in the support of high dose
chemo-radiotherapy. This change in practice
has occurred mainly as a result ofthe significant

engraftment advantage of PBPC, which in turn
has resulted in a reduction in treatment related
mortality. High dose therapy with autologous
stem cell support can induce complete re-
mission in up to 50% ofpatients with myelomal
and early data suggest that this may translate
into a survival advantage.2 However, relapse
remains the norm following autologous trans-
plantation and it is unclear whether this is a
result of residual disease within the patient or
re-infused tumour cells, or both.

It was perceived originally that PBPC would
be free from tumour cell contamination. Re-
cently, however, clonal gene rearrangements
(suggesting the presence of contaminating
tumour cells) have been demonstrated in the
PBPC of patients with multiple myeloma3
and non-Hodgkin's lymphoma.4 In addition,
tumour cells have been directly demonstrated
in the PBPC of patients with solid tumours.5
These data suggest a need for purging strategies
such as the positive selection ofhaematopoietic
progenitors by virtue of their CD34 expression.
Such selection strategies require detailed evalu-
ation. In particular, the purging efficacy should
be assessed with sensitive PCR based tech-
niques capable of detecting the clone when it
is present at very low levels.

Methods
In order to assess the overall applicability of
the IgH PCR in plasma cell dyscrasias, we
analysed diagnostic bone marrow from 129
patients with multiple myeloma and 15 patients
with monoclonal gammopathy of undeter-
mined significance (MGUS). Peripheral blood
samples were also obtained from 44 patients
with multiple myeloma (prior to the initiation
of chemotherapy) and from eight patients with
MGUS. Each peripheral blood sample was
assessed for the presence of an IgH rearrange-
ment identical with that seen in the cor-
*responding bone marrow sample.
PBPC collections were obtained from 29

patients; the majority (27/29) were chemo-
sensitive (two CR1, 20 PR1, five PR2) while
two had disease refractory to VAMP (vin-
cristine, adriamycin and methyl prednisolone)
chemotherapy. In all cases PBPC were mo-
bilised following the completion of chemo-
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Figure 1 The typical "electrophoretogram" patterns generated by the computer software.
Fluorescence intensity is represented on the vertical axis and the peak sizes (bp) on the
horizontal axis. A polyclonal pattern or 'fingerprint" (A) consists of a number ofpeaks
separated by 3 bp and arranged in a normal distibution. Clonal rearrangements may
appear alone (B) or within a polyclonal background (C).

therapy, with a regimen consisting of cyclo-
phosphamide (1 5-3 g/m2) and G-CSF 5 mg/
kg (commenced on day + 1 or day + 5).
Chemotherapy comprised 20 C-VAMP (cyclo-
phosphamide-VAMP), 7 VAMP, 1 VAD (vin-
cristine, adriamycin and dexamethasone), and
1 VBMCP (vincristine, BCNU, melphalan,
cyclophosphamide and prednisolone). Leuca-
pheresis was initiated when the peripheral
blood white cell count was rising through
5 x 109/l, typically on day +8 to day + 10.
A total of 75 leucapheresis products were

obtained from the 29 patients and each was

assessed for the presence of an IgH
rearrangement identical with that dem-
onstrated in corresponding diagnostic bone
marrow samples. In addition, remission bone
marrow was assessed morphologically in all
patients and peripheral blood samples were

obtained prior to PBPC mobilisation and
were assessed for the presence of IgH re-

arrangements in 23 of 29 patients.

CD34 POSITIVE SELECTION
This was performed using an avidin-biotin im-
munoabsorption column in eight of29 patients.
Briefly, PBPC obtained by leucapheresis car-

ried out on consecutive days were pooled,
washed and incubated with a biotinylated IgM
anti-CD34. The antibody treated cells were

washed and passed through the Ceprate col-
umn (Cellpro, Bothell, Washington, USA) con-

taining 20 ml avidin-biogel, which had been
primed with saline and human albumin so-

lution. The unbound cells were flushed from
the column and the CD34 positive fraction
released by gentle agitation with an internal
magnetic stir bar. In all cases the unmanip-

ulated PBPC, CD34 positive and waste frac-
tions were assessed for the presence of IgH
rearrangements.

DNA PREPARATION
High molecular weight DNA was obtained
from presentation bone marrow (fresh samples
or stored slides), fresh peripheral blood and
aliquots of cryopreserved PBPC by proteinase
K digestion, phenol-chloroform extraction and
cold ethanol precipitation.

FLUORESCENCE IgH PCR
Clonal IgH rearrangements were demonstrated
in presentation bone marrow samples using the
CDRll1 and CDR1 PCR techniques. Both
utilise a consensus JH primer (5'-ACCTGAG-
GAGACGGTGACCAGGGT-3') which was

5'-end labelled (via an aminohexyl link) with a

green fluorochrome. The CDRIII PCR utilises
a second consensus primer from the framework
3 region of the gene (5'-CCGAGGAC-
ACGGC(CT)(CG)TGTATTA CTG-3'). All
samples were analysed using this technique;
if the result was polyclonal or amplification
unsatisfactory the CDRI PCR was used. This
requires six reactions each using a family spe-
cific VH primer from the framework 1 region
(VH1: 5'-CCTCAGTGAAGGTCTCCTGC-
AAGG-3'; VH2: 5'-GAGTCTGGTCCTG-
CGCT GGTGAAA-3'; VH3: 5'-GGTCC-
CTGAGACTCTCCTGTGCA-3'; VH4: 5'-
TTCGG A(GC)ACCCTGTCCC TCACCT-
3'; VH5: 5'-AGGTGAAAAAGCCCGGG-
AGTCT-3'; VH6: 5'-CCTGTGCCATCT-
CCGGGGACAGTG-3') in addition to the
fluorescently labelled JH primer. The per-
ipheral blood and PBPC samples were analysed
with primers appropriate for their known re-

arrangements. The PCR reactions were carried
out in 25 jil volumes with 1 ptg DNA, 10 pmoles
sense and antisense primers in buffer con-

taining 10 mM Tris (pH 9 1), 500mM KC1,
0-25mM each dATP, dCTP, dGTP, dTTP,
1-5 mM MgCl2, 1% Triton X, and 1% gelatin.
The reaction mixtures were held at 95°C prior
to the addition of 1 unit of Taq polymerase
(SuperTaq, HT Biotechnology Ltd, Cam-
bridge, UK). CDRIII PCR amp-
lification conditions were: 95°C for one min-
ute and 60°C for 90 seconds for a total of 35
cycles, followed by 10 minutes at 72°C. The
CDRI PCR amplification conditions were:

95°C for one minute, 68°C for one minute
(reduced by 1°C in consecutive cycles to 62°C)
and 72°C for one minute for a total of 35
cycles, followed by 72°C for 10 minutes. The
products of PCR amplification were then anal-
ysed as follows: 1 gl of each PCR product
was added to 4 gl of loading mixture (3 pl
formamide, 0S5 1tl red fluorochrome labelled
size standard (GS 2500 ROX, Applied Bio-
systems) and 0 5 ,ul dextran blue). Each mixture
was then denatured at 95°C for three minutes
and held at 4°C prior to loading onto 6%
polyacrylamide gels. These were then
analysed using an Applied Biosystems DNA
sequencer (model 373A). The associated
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Figure 2 Demonstration of sensitivity (CDRI PCR): clonal cells have been mixed with
normal peripheral blood mononuclear cells at dilutions of I in 1000 (A), 1 in 10 000
(B), I in 50 000 (C), and 1 in 100 000 (D). The clonal rearrangement can be clearly
seen in (B) but not in (D). An equivocal result is obtained in (C).

collection and analysis software converts the
fluorescent gel image for each sample into an
"electrophoretogram", which consists of a vari-
able number of peaks whose height correspond
to the intensity of fluorescence on the gel. A

polyclonal pattern appears as a number ofpeaks
separated by 3 base pairs (bp) and arranged in
a normal distribution. Clonal rearrangements
appear as distinct peaks either alone or within
a polyclonal background (fig 1). The software
is able consistently to size rearrangements to
within a single bp and is also able to size each
peak within a polyclonal population, which
greatly facilitates the identification of clonal
rearrangements of known sizes when they are

present within a polyclonal background.
By diluting clonal B cells into normal per-

ipheral blood mononuclear cells we have shown
that these techniques are capable of detecting
one clonal cell in a background of 103-104
normal cells (fig 2). The CDRI PCR is 0 5-1
log more sensitive than the CDR111 PCR in
the majority of cases.

Results
By utilising a combination ofboth the CDR1 11

and CDR1 PCR techniques, it was possible to
demonstrate clonal IgH rearrangements in the
presentation bone marrow samples of97 (75%)
of 129 patients with multiple myeloma and 11
(73%) of 15 patients with MGUS.
When the peripheral blood of patients pre-

senting with myeloma was analysed clonal re-

arrangements were detected in 21 (48%) of 44
patients. These were identical in size with those
seen in the presentation bone marrow. Clonal
rearrangements were also detected in the per-

ipheral blood of two (25%) of eight patients
with MGUS.
The PBPC collections from an additional 29

patients with multiple myeloma were assessed
for the presence of clonal IgH rearrangements.

Table I Results of IgH PCR analysis of PBPC in 29 patients with multiple myeloma. Note that patients 1-13 have
significant residual bone nmarrow disease (see below); clonal IgH rearrangements were detected in the PBPC of 10 of 13
cases. Clonal rearrangements were 7not detected in the remaining 16 patienits who had <5% plasma cells in their bone
marrow at time of mobilisation

Case
7nuonber Statuis %PC PCR PB Day3 I Day 2 Day, 3 Day 4

1 Ref 26%X, FR3 + NA + +
2 Ref 26%Y, FR3 + NA + +
3 PR1 20%X, FR3+ - + +
4 PR2 19%, FR3+ - - -+
5 PR2 18% FR3+ - - +
6 PR2 15%Y, FR1 -- + + +
7 PR2 10%( FRI± - + + +
8 PRI 6'X)* FR1 + NA + +
9 PRI <5%'Y* FR1 + NA + +

10 PR1 <5%Y,* FR3 + NA + + + -
11 PR1 30% FR3+ - - -
12 PR1 27%'Y FR1+ - - -
13 PR2 10%S, FR3+ -
14 PR1 6%Yo FR3+ - - -
15 PRI <5%Yo FRI + - - -
16 PR1 <5%Y, FR3 + -
17 PR1 <5%0, FR3 + -
18 PRI <5% FR3+ - -

19 PR1 <5% FR1 + - - -
20 PRI <5% FR1 + - - -
21 PRI <5% FR3 + - - -
22 PRI <5%Yo FRI + - - -
23 PR1 <5% FR1 + - - -
24 PRI <5% FR3+ - - -
25 PR1 <5%OX FR3 + -
26 PRI <5% FR3 + - - -
27 PRI <5% FR3 + NA - -
28 CR1 <5OX% FR1 - - --
29 CR1 <5% FRI - - --

Status disease status prior to mobilisation; Ref = disease refractory to VAMP chemotherapy; %PC=percentage of plasma cells
in bone marrow prior to mobilisation; PB = PCR result from peripheral blood taken prior to mobilisation; days 1-4 = PCR resuts
obtained from the PBPC collected on consecutive days. + = clonal band detected;-= polyclonal result; NA = no sample available.
*The bone marrow aspirates from these patients showed less than 10% plasma cells, but examination of the trephine biopsy
specimens revealed significant residual infiltration.
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Figure 3 CD34 selection: PCR analysis showing clear evidence of a "clonal purge". The
PBPC collected on consecutive days show contamination with an 111 bp clonal IgH
rearrangement (A and B). This is absent from the CD34 selected product (C) and seems
to be confined to the column waste (D).
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Figure 4 CD34 selection: PCR analysis demonstrating the elimination ofB cells. A
polyclonal 'fingerprint" is obtained from the leucapheresis products (A and B) and the
unabsorbed waste (D), but not from the CD34 selected product (C).

Such rearrangements were not detected in the
peripheral blood of any patient analysed prior
to PBPC mobilisation, but 10 (35%) of 29 had
detectable rearrangements in their harvested
material (table 1). Clonal rearrangements were
found in those patients with significant residual
bone marrow disease that is, those patients
with greater than 10% residual plasma cells in
a bone marrow aspirate obtained prior to PBPC
mobilisation or a persistent infiltrate on the
trephine biopsy specimen, or both. Residual
bone marrow infiltration was evident in 13
patients; clonal IgH rearrangements were
found in the PBPC collections of 10 of the
13 patients. Clonal rearrangements were not
detected in the PBPC of the remaining 16
patients who had no evidence ofpersisting bone
marrow disease. In all cases the clonal band
seen in the leucapheresis products was identical
in size with that seen in the presentation bone
marrow sample.
CD34 selection, using an avidin-biotin im-

munoabsorption column, was carried out in
eight patients. Clonal IgH rearrangements were
seen in the unmanipulated PBPC of two of
these eight patients; in both cases a definitive
"clonal purge" was seen as the clonal rearrange-
ment, was not demonstrable in the CD34
positive fraction and seemed to be confined to
the column waste (fig 3). A normal polyclonal
"fingerprint" could be demonstrated in the
CD34 positive fraction of another two patients,
suggesting incomplete elimination of con-
taminating B cells in these patients. In the four
remaining patients, however, the polyclonal
"fingerprint" was absent. This is consistent
with a considerable reduction, if not complete
elimination of the contaminating B cellE (fig 4).

Discussion
By using both the CDRIII and CDRI PCR
techniques it was possible to demonstrate
definitive clonal rearrangements in the pre-
sentation bone marrow of over 70% of patients
with multiple myeloma and MGUS. Similar
techniques have demonstrated clonal re-
arrangements in up to 95% of patients with
acute lymphobastic leukaemia.6 The methods
used are therefore applicable to most patients
with multiple myeloma and will detect a
rearrangement when a single clonal cell is pres-
ent in a background of 103-104 normal cells.
At presentation, clonal rearrangements

identical with those seen in the bone marrow
were detected in the peripheral blood of 50%
of patients with multiple myeloma, which is
consistent with previous studies using Southern
blotting7-9 and immunophenotyping.0 l l How-
ever, with the use of sensitive, allele specific
PCR, clonal rearrangements can be dem-
onstrated in the peripheral blood of almost
all patients at time of diagnosis. 2 13 Clonal
rearrangements were not detected in the per-
ipheral blood of any of our patients tested prior
to PBPC mobilisation. In our experience clonal
rearrangements disappear quickly from the per-
ipheral blood in patients responding to chemo-
therapy. However, almost 40% of patients had
clearly detectable clonal rearrangements in
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their PBPC, suggesting that clonal cells had
been recruited from the bone marrow by the
mobilisation procedure. This
contamination seemed to occur in those
patients with significant residual bone marrow
disease, suggesting that it is important to
achieve the maximum response to treatment
before attempting PBPC mobilisation. In our
experience it is still possible to obtain sufficient
numbers of PBPC after six or more courses
of C-VAMP even if CD34 selection is to be
undertaken.'4 In all cases the clonal band de-
tected was identical in size with that seen in
the presentation material, which is highly sug-
gestive of clonal cell contamination, par-
ticularly in view of the fact that in multiple
myeloma the sequence of IgH rearrangements
remains unchanged throughout the course of
the disease.'5

Clonal gene rearrangements have also been
demonstrated in the PBPC of patients with
non-Hodgkin's lymphoma4 and acute lympho-
blastic leukaemia.'6 This phenomenon is not
confined to lymphoid malignancies. Indeed,
tumour cells have been demonstrated by
immunocytochemistry in the PBPC of patients
with breast and small cell lung cancer.5
These increasing data regarding PBPC con-

tamination indicate a need for evaluation
of purging strategies. However, the clinical
effect of re-infusing clonal cells which con-
taminate PBPC remains unknown. Clonal cells
contaminating autologous bone marrow have
been shown to contribute to relapse in a small
number of paediatric patients with acute my-
eloid leukaemia'7 and neuroblastoma.1' Ad-
ditionally, Gribben et all9 have shown that
purging autologous bone marrow (to PCR
negativity) in follicular lymphoma can lead
to a significant improvement in disease free
survival.
Tumour cell depletion can be achieved by

selecting haematopoietic progenitors by virtue
of their expression ofCD34,2' an antigen that
does not seem to be expressed in multiple
myeloma.22 We have evaluated the Ceprate
avidin-biotin immunoabsorption column in
eight patients with multiple myeloma. As pre-
dicted from PCR analysis of PBPC, only two
of eight had detectable rearrangements in their
harvested material prior to CD34 selection.
A definitive "clonal purge" was seen in both
patients as we were unable to demonstrate
the clonal rearrangement in the CD34 positive
fraction. The column also seemed to reduce B
cell contamination significantly in four of six
patients without clear evidence of a clonal
rearrangement in their unmanipulated PBPC.
We have also assessed CD34 selection in a
further four patients with follicular lymphoma
who had clearly contaminated PBPC. A "clonal
purge" was seen in three of these cases, while
the CD34 positive fraction remained con-
taminated in the remaining patient (un-
published data). Purging of contaminating
clonal cells to below a level of10 -' has therefore
been demonstrated in five of six patients with
contaminated PBPC.
The most fundamental issue, however, is the

clonogenicity of these contaminating cells. It

is interesting to note that myeloma cells con-
taminating PBPC seem to have an immature
phenotype and higher labelling indexes when
compared with bone marrow plasma cells.23
This suggests that there is increased cell di-
vision and possibly a greater potential for re-
lapse than in the mature, non-dividing bone
marrow plasma cells.

In this study we have been able to dem-
onstrate the presence of clonal IgH re-
arrangements in the PBPC of patients with
multiple myeloma and also that cells carrying
these rearrangements can be purged suc-
cessfully (at least in the majority of cases) by
CD34 selection. Ultimately, however, it will be
only through the demonstration of an im-
provement in clinical outcome that it will be
possible to justify the routine clinical use of
such selection procedures.
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