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The haemopoietic progenitor cell antigen

P. M. PARIKH, S. D. BANA VALl, S. G. A. RAO, S. H. ADVANI

INTRODUCTION
In 1984, an antibody was produced that reacted with
haemopoietic progenitor cells. IThis clone (MYlO) was given
the brand name HPCA-l by the Becton Dickinson Co.,
USA. It was found to react against a transmembrane glyco-
protein common to all haemopoietic progenitor cells,
including the haemopoietic pluripotent stem cell. The
Third International Workshop on Leucocyte Differentiation
designated the CD34 cluster to it. 2This group of antibodies
has rapidly found clinical application in both peripheral
blood stem cell and autologous bone marrow transplantation
(BMT).

BIOLOGICAL CHARACTERIZATION
The CD34 antigen is a surface glycoprotein of 100-11S kD
size." Its structure is unique and bears no resemblance
to other previously identified proteins except the corres-
ponding cDNA of hamsters, mice and rats, indicating
conservation during evolution. 4,5

The gene coding for the CD34 antigen has been mapped to
chromosome 1q.5.6This chromosome is frequently involved
in acute leukaemias, secondary leukaemias and myelodys-
plastic syndromes." The clinical significance of this finding is
not yet clear.

The CD34 antigen is thought to have four epitopes (termed
A to D). 8 The antigen has a high density of expression in the
human myeloid cell lines, KGI and KGIa. Most commer-
cially available antibodies are produced using these two cell
lines. CD34 is also found in myeloid colony forming cells, Tdt
(terminal deoxynucleotidyl transferase) positive normal
marrow cells and leukaemic blast cells. I Expression of
the CD34 antigen tapers off dramatically as cells undergo
maturation."!! Hence the antigen appears to be specific to
the stage of immaturity and not to the lineage of origin.
It is also detected in endothelial cells of the umbilical
placental veins.P

The function of CD34 antigen remains obscure. Initially it
was thought to play an important role in early haemopoiesis,
probably as a growth factor receptor. 3 However, data clearly
show that it does not act as a receptor for either granulocyte-
macrophage-colony stimulating factor (GM-CSF) or
granulocyte-colony stimulating factor (G-CSF). 3It is also not
involved in adhesion with stromal cells. 13 Monoclonal
antibodies against CD34 are unable to block proliferation
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and differentiation of haemopoietic cells. Hence it is unlikely
to have a role in cellular growth and maturation. Whether the
CD34 antigen is involved in signal transduction during early
haemopoiesis is currently being investigated. 14

There are at least 8 monoclonal antibodies (MoAb) raised
against the CD34 antigen (MYlO, BI.3CS, 12.8, QBENDlO,
ICH3, 8G12, pllS.2, TuK 3).1.3,12.15Barring one (12.8),
all are of the IgG class. TuBI and 8G12 are chymopapain
resistant. Among the other MoAbs, MYlO and BI.3CS are
very similar, 8

In normal individuals, less than O.S% of peripheral blood
cells react with CD34 MoAb.16 Bone marrow has more
(1-4%) CD34 positive cells, Colony forming units of
granulocytes, erythrocytes, monocytes and megakaryocytes
(CFU-GEMM), pre-CFC and CFU-blasts are more reactive
than burst forming units (BFU)-E, CFU-E, CFU-GM, BFU-
Meg, CFU-Meg or CFU-Eo.17 As mentioned earlier, cells
maturing beyond the progenitor compartment lose CD34
expression. In addition to leukaemic cells, vascular malig-
nancies and squamous cell carcinoma are also positive for
CD34 antigens, 18Thus, with the exception of the placenta
and the umbilical vein, CD34 is expressed in normal and
diseased haemopoietic precursors with high specificity."

CD34 AND BONE MARROW TRANSPLANT AnON
In BMT, the conditioning regimen used will induce complete
remission or eliminate residual disease, cause immuno-
suppression and also destroy the normal bone marrow, 19
Stem cells previously harvested from the patient (autologous)
or from an HLA matched donor (allogenic, syngeneic) are
used for marrow reconstitution and sustained haemopoiesis.
Current recommendations are to reinfuse 2-S x 1()8nucleated
blood cells per kg body weight of the recipient.P However,
patients have been successfully engrafted even after infusion
of less than 1x 1()8cells/kg, What is required is probably only
a handful of haemopoietic pluripotent stem cells." Since we
are unable to identify this human totipotent haemopoietic
stem cell, a large number of extra cells have to be reinfused.

TABLE I. Monoclonal antibodies against CD34 antigen

Postulated epitope Clone Brand name Isotype

A MYlO HPCA-l IgGI
BJ.3CS MAS1I3 IgGl

B 12.8 IgM
C QBENDIO IOM34 IgGl

ICH3 CD34 IgG2
D 8G12 HPCA-2 IgGI

pl1S.2 IgGI
TuK3 M824 IgG3
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This underscores the experimental and clinical importance of
purifying haemopoietic progenitor cells.F

Quantifying stem cells in a harvested- marrow sample by
clonogenic assays can only yield results after a delay of
several days.8.23The CD34 MoAb provides an accurate and
rapid method for positive selection of normal progenitor cells
as well as monitoring efficiency of in vitro manipulation of
harvested marrow. 8 The recent trend of peripheral blood
stem cell harvesting following recombinant human
granulocyte-monocyte-colony stimulating factor (rhGM-
CSF) requires similar evaluation.s' The day CD34 positive
cells start appearing in peripheral blood has actually been
shown to correspond to 500 CFU-GM/ml.25 CD34 positivity
also allows us to quantify total progenitor cells harvested and
CD34/CD33 ratio predicts the speed of engraftment. 8

ISOLATION OF CD34 POSITIVE HAEMOPOIETIC
CELLS
Three techniques are currently available: (1) Dynabeads
(magnetic beads coated with CD34 antibody), (2) CELLector
flasks (culture flasks coated with CD34 antibodies), and
(3) the ceprate LC System (avidin-biotin immunoaffinity
columns).

Dynabeads
Mononuclear cells concentrated by Ficoll gradient are
incubated with MYlO MoAb for 30 minutes at 4 °C at a
concentration of 107 cells/ml. The cell-MoAb complex is
re-suspended with sheep-anti mouse IgG 1 coated magnetic
microspheres (Dynabeads, Dynal, Great Neck, USA) in
a ratio of 2: 1.23 The CD34 positive cells adhere to the
Dynabeads and are separated using a strong magnet (MPC-l,
Dynal). The cells are then separated from the beads by treat-
ment with chymopapain. We have previously shown that this
method is accurate, fairly quick and non-toxic to CFCs.8,23

CELLector flasks
For positive selection by this method, cells enriched by soya-
bean agglutination are first incubated with 0.5% human
gamma globulin (Cohn Fraction II, Sigma, USA) in special
flasks coated with CD34 MoAb (AIS MicroCELLector Cell
Culture Flasks, Applied Immune Science Inc., California,
USA) at a concentration of 2x107 cells per flask." After
swirling, the CD34 cells adhere to the flask walls and the
non-adherent layer is discarded. The adherent cells are
then recovered by adding a buffer containing 10% FCS and
rapping the side of the flask smartly. This results in a 10-50-
fold enrichment, greater than 90% viability (A. M. Moseley,
personal communication) and takes less than 60 minutes.

Ceprate LC system
The buffy coat cells are washed with 1% bovine serum
albumin and incubated on ice with anti-CD34 for 30 minutes.
After washing, the cells are re-suspended and incubated with
biotinylated rat antimouse IgG for 30 minutes.F The cell
mixture is then loaded onto an avidin column and pumped at
1.5 mllminute. The labelled CD34 cells are captured by the
avidin gel coated beads. These cells are recovered by manual
squeezing of the gel bead. Data has shown that this method
increases cell yield 28 to 30 times.P
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FUTURE CLINICAL APPLICATIONS
Such techniques have already been shown to be effective
in dogs and baboons. 29,30Human trials also indicate that such
enriched cells consistently result in marrow engraftment. 31

Does such positive selection have to be restricted to malig-
nancies that do not express CD34 (chronic lymphatic
leukaemia, non-Hodgkin's lymphoma, Hodgkin's disease,
multiple myeloma, breast cancer, neuroblastomaj'l" The
'heterogeneous' group of CD34 positive cells can actually be
further separated by HLA-DR expression and/or adhesion
receptors to stromal cells. There is no data to suggest that
such a method will not be useful in positive selection of
normal stem cells in haematological malignancies. Thus our
current knowledge of CD34 antigen expression already has
important therapeutic implications in patients receiving
peripheral blood stem cell harvesting or autologous BMT.
In fact, the Royal Marsden Hospital, UK is exploring the
possibility of a CD34 positive cell separator for clinical use
(R. L. Powles, personal communication).
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