


REMOVAL OF NEUROBLASTOMA CELLS FROM BONE MARROW

Table 2 Recovery of hematopoietic cells after depletion of neuroblastoma cells from marroÂ»'

Human bone marrow from vertebral bodies was seeded with human neuroblastoma cells treated with monoclonal antibodies (HSAN 1.2, Ab459, Ab390, BA-1,
and Leu-7) and magnetic immunobeads as described in the text. Total nucleated cell number and CFU-GM were quantitated before and after 2 cycles of
immunomagnetic purging.

Total mononuclear cells (x10*)Predepletion15.421.024.820.4Postdepletion9.710.511.910.7%of recover)'

of total
cells63504853.6

Â±6.6Â°CFU-GM/2X

IO5cellsPredepletion441402290377.7

Â±64Postdepletion515567504528.7Â±27.5Total

CFU-GM (xIO4)Predepletion3.44.23.63.7Postdepletion2.53.03.02.8%of recovery
of total

CFU-GM74718376

Â±5.1â€¢
Mean Â±SD.

achieved using monoclonal antibodies and magnetic immuno
beads. To reach this level of removal, it was necessary to
carefully evaluate the procedure with a sensitive and quantita
tive assay for tumor cells in the marrow. By premarking neu
roblastoma cells with H342, a supravital DNA binding fluoro-
chrome, detection of one tumor cell seeded among 1 million
marrow cells was possible (15, 33).

An important parameter governing the efficacy of purging is
the amount of antibody on the surface of the target cell. Titra
tion of monoclonal antibodies on viable cells using flow cytom-

etry determined the concentration of antibodies necessary to
saturate cell surface antigens. Furthermore, use of a cocktail of
antibodies resulted in more immunoglobulin per cell and helped
overcome heterogeneity in cell surface antigen expression in
tumor cell populations. The amount of antibody on the target
cells, as determined by flow cytometry, correlated with the
efficacy of target cell depletion. For example, addition of a
single antibody to a cocktail of five other antibodies increased
the total amount of antibody bound to target cells and also
increased the efficacy of purging.

A critical new observation made in this study is the increased
removal of tumor cells provided by two cycles of treatment
compared to one cycle. A significant increase in the number of
tumor cells removed in the second cycle was consistently seen
with three different neuroblastoma cell lines, all established
from bone marrow mÃ©tastases(16, 17). In these experiments,
cells were seeded into normal marrow in clumps and single
cells, mimicking the appearance of metastatic tumor in the
marrow of patients. Thus, the model closely resembled the
actual clinical situation, suggesting that a second cycle of treat
ment will contribute significantly to effective removal of tumor
cells from the marrow of patients. Other investigators have
reported that greater removal of leukemia from marrow was
achieved with three cycles than with one cycle when monoclonal
antibodies and complement are used (4).

The reason for the increased removal of tumor cells with the
second cycle of treatment is not clear. It is likely that the
heterogeneity inherent in most malignant cell populations re
sults in cells with low levels of cell surface antigens. Indeed,
flow cytometry histograms of neuroblastoma cell lines clearly
demonstrate a wide range in the binding of individual antibodies
(25). The improved efficacy seen when treating the marrow
with both monoclonal antibodies and magnetic immunobeads
twice, compared to antibodies once and beads twice, supports
the possibility that the second cycle removes tumor cells that
bind antibody less efficiently than those removed in the first
cycle.

The marrow recovered after purging of tumor cells was highly
viable as assessed by dye exclusion and by growth of CFU-GM.
Although the latter data do not prove the viability of pluripotent
hematopoietic stem cells, it suggests that the purged marrow
retains proliferative capability which is necessary for hemato-

logical and immunological reconstitution. The percentage of
normal cells and CFU-GM recovered indicates the feasibility
of applying this method to large scale marrow specimens ob
tained from patients for autologous transplantation.

The proportion of tumor cells that is clonogenic in humans
is unknown and may vary for different tumors as it does for
cell lines in vitro (16). Because of this, the number of viable
tumor cells remaining in marrow to be reinfused into the patient
should be decreased to the lowest possible level. Marrow with
1% tumor cells harvested for autologous transplant from a 20-
kg patient would still contain 1000 tumor cells, even after 4
logs of depletion (10* total cells containing 0.0001% tumor

cells infused). Our data suggest that increasing the number of
anti-cell surface monoclonal antibodies in the cocktail could
provide more effective purging, but other methods may also be
required. Treatment of the marrow with 6-hydroxydopamine
may selectively destroy neuroblastoma cells without damage to
marrow stem cells (8). Physical separation of tumor clumps by
centrifugal elutriation may also be an effective method of re
ducing the tumor burden (10, 11). These nonimmunological
methods should be effective against tumor cells that are not
removed by antibodies. Removal of 5 to 6 logs of tumor cells
would make it unlikely that tumor cells in the marrow will
reestablish disease in the patient.

The model system described has provided a rapid and accu
rate means of studying variables effecting separation of neuro-
blastoma cells from bone marrow with monoclonal antibodies
and magnetic immunobeads. Using different monoclonal anti
bodies, a similar approach can be developed for other malig
nancies in which tumor cells need to be removed from autolo
gous marrow. This system is also applicable to removing T-
lymphocytes from marrow harvested for allogeneic transplan
tation.
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