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Myeloablation With Diaziquone: In Vitro Assessment

By Brian H. Kushner, Salvatore Siena, and Hugo Castro-Malaspina

The promising antineoplastic agent diaziquone is asso-
ciated with prolonged aplasia and rare instances of bone
marrow necrosis, but only mild extramedullary toxicity. To
explore the drug’s potential as a myeloablative agent prior
to bone marrow transplantation, we compared its effects
on hematopoietic versus marrow stromal cells. After
short-term (one to six hours) or prolonged (three to seven
days) exposure to the drug, marrow was assayed for
hematopoietic (CFU-Mix, BFU-E, CFU-GM) and stromal
(CFU-F) colony-forming cells and studied in long-term mar-
row culture (LTMC). One- and three-hour treatments pro-
duced little cytotoxicity, even at 5000 ng/mL. After six-
hour treatments with this dose, marrow was depleted of
CFU-Mix, BFU-E, and CFU-GM, but produced CFU-GM in
LTMCs, indicating an ongoing input of CFU-GM from a
surviving pre-CFU-Mix population. In contrast, elimination
of the latter imay be inferred from the absence of CFU-GM
in LTMCs exposed for three to seven days to diaziquone at

IAZIQUONE (AZQ, NSC 182986) is a lipophilic

quinone that was rationally synthesized to optimize
blood-brain barrier penetration.' Its antineoplastic effect™®
has been attributed to alkylating activity.” Its slow uptake by
leukemic cells® but short plasma half-life'**"" led to phase
1/11 trials of prolonged infusions.® Pancytopenia, not extra-
medullary toxicity, was the dose-limiting factor. This obser-
vation suggested that diaziquone may be best exploited in the
context of bone marrow transplantation. Bone marrow
necrosis, however, occurred in two of three patients given
maximal doses, raising concern that diaziquone may damage
the hematopoicetic microenvironment and thereby jeopardize
engraftment.'” We investigated this issue by using clonal
assays and long term marrow cultures (LTMCs) to correlate
the drug’s ablative capacity on hemopoietic cells with its
effects on marrow stromal cells. Our studies underscore the
uscfulness of LTMC:s for investigating drug effects on hema-
topoietic and nonhematopoietic components of marrow,
demonstrate that diaziquone’s cellular kinetics render
LTMCs particularly appropriate for defining the effects on
human marrow of prolonged exposure to this drug, and
support the pretransplant use of diaziquone in myeloablative
doses.

MATERIALS AND METHODS
Bone Marrow Cells

Heparinized marrow aspirated from the iliac crests of healthy
volunteers who gave informed, written consent were centrifuged at
200 g for ten minutes. The buffy coat cells were collected and
washed. For some experiments, marrow was fractionated by aggluti-
nation with soybean lectin and by rosetting with sheep erythrocytes
to isolate a target population (SBA-E—cells) enriched for hemato-
poietic cells and 97% to 99+ %-depleted of stromal cells' and T
cells."

Diaziquone Preparation and Drug Exposure

Diaziquone was provided in 10-mg vials by the National Cancer
Institute. It was reconstituted in N,N-dimethylacetamide and phos-
phate buffer saline immediately before use. Further drug dilutions
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only 150 ng/mL. Under these conditions, CFU-F recovery
was 40% and adherent stromal layers in LTMCs were
similar to untreated controls regarding rate of develop-
ment and cellular composition. Our in vitro pre-CFU-
Mix-ablative regimen correlates with clinical data that
show prolonged but reversible myelosuppression at stea-
dy-state diaziquone plasma levels of 101 + 10 ng/mL
(mean + standard error of mean) during 7-day constant
infusions. In conclusion: (a) hematopoietic cells are more
sensitive than marrow stromal cells to the dose- and highly
time-dependent cytotoxicity of diaziquone, (b) a direct
drug-induced noxious effect on the marrow microenviron-
ment is an unlikely cause of the isolated episodes of
marrow necrosis after the use of diaziquone in vivo, and (c)
prolonged infusion of diaziquone represents an attractive
means for achieving myeloablation in selected clinical situ-
ations.
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were prepared with the medium appropriate for the specific culture
technique being used. When reconstituted in solution maintained at
pH 7.0, diaziquone has a haif-life of 17 days."

Marrow buffy coat cells in alpha-medium (Flow Laboratories,
Hamden, CT) with 10% heat-inactivated fetal calf serum (FCS)
were incubated at 5 x 10 cells/mL with graded doses of diaziquone
for 1, 3 or 6 hours at 37°C in a humidified 5% CO, atmosphere, and
washed three times prior to use. In experiments examining the
effects of prolonged drug exposure, marrow cells were resuspended
and cultured in medium containing diaziquone in the amounts
needed to achieve the desired drug concentration.

Culture Techniques

Multilineage and erythroid colony-forming cells. Mononuclear
cells were recovered from untreated or diaziquone-treated marrow
buffy coat cells by neutral density centrifugation in an isotonic
sterile Percoll solution, 1.074 g/mL, 270 mosm (Pharmacia, Pis-
cataway, NJ). These cells or SBA-E—cells were cultured'® in quadru-
plicate in 35-mm dishes (Lux Scientific Co, Newburg, CA) at 1.0 x
10°/mL of 1% methylcellulose in Iscove’s modified Dulbecco
medium with 30% human plasma, 10% phytohemagglutinin-stimu-
lated leukocyte-conditioned medium, 5 x 10~* mol/L 2-mercapto-
ethanol, and one unit of human recombinant erythropoietin (AMG-
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en, Thousand Oaks, CA). CFU-Mix and BFU-E were scored on
day 14.

Granulocyte-macrophage colony-forming cells. Marrow cells
were cultured as described'’ in quadruplicate in 35-mm dishes
(Corning Glass Works, Corning, NY) at 2 x 10°/mL of 0.3% agar
in supplemented McCoy's SA medium and 10% FCS. In each dish,
0.1 mL of medium conditioned by the 5637 bladder carcinoma cell
line stimulated colony formation."* CFU-GM (more than 50 cells/
aggregate) were scored on day 7.

Fibroblast colony-forming cells. Marrow buffy coat cells (5 x
10°) in 20 mL alpha-medium with 20% FCS were set up in T-75
flasks (Corning) that were gassed with 5% CO, in air and kept at
37°C. Medium was changed on day 4 in cultures of cells preincu-
bated with diaziquone for 1, 3, or 6 hours. In cultures exposing cells
to diaziquone for three or seven days, the initial medium contained
graded amounts of diaziquone but was replaced by drug-free
medium on day 3 in one set of experiments, and on day 7 in another
set. Cultures were stopped on day 10, stained with Wright-Giemsa
solution, and scored for CFU-F (more than 50 cells/aggregate)."®

Long-term marrow cultures. Marrow buffy coat cells (20 x
10°) suspended in 10 mL medium were inoculated into T-25 flasks
(Corning) that were gassed with 5% CO, in air, and kept at 37°C.
The medium consisted of supplemented McCoy's SA medium,"’
12.5% horse serum, 12.5% FCS, and 10~® mol/L hydrocortisone
sodium succinate, with or without graded amounts of diaziquone,
depending on the experimental design. On day 3 in one set of
experiments and on day 7 in a separate set, supernatants were
purged of erythrocytes and mature myeloid cells by Percoll separa-
tion; the mononuclear cells were returned to their flasks in fresh,
drug-free medium. LTMCs were then maintained at 33°C. Half of
the supernatant was removed weekly and the cells in suspension were
assayed for CFU-GM. At week 3, adherent layers in some flasks
were suspended'’ using a nontoxic 0.01% (wt/vol) Ca**- and
Mg* *-free trypsin (GIBCO, Grand Island, NY) solution to deter-
mine their CFU-Mix, BFU-E, and CFU-GM content.

To monitor stromal layer development, the extent of flask cover-
age by an interlocking network of cells was estimated weekly by
phase microscopy. Cellular composition was assessed in situ by
immunofluorescence methods.'” Fibroblasts were identified by rab-
bit antibodies to fibronectin (Bethesda Research Lab, Gaithersburg,
MD) and to collagen type 11 (Dr H Furthmayr, Yale University).
Endothelial cells and macrophages were identified by mouse mono-
clonal antibodies (Australian Monoclonal Development, Antarmon,
Australia) to factor VIli-related protein and to human monocytes/
macrophages, respectively. Adipocytes were distinguished by their
morphology.

Statistical Analysis

With the Minitab package program (Duxbury Press, Boston),
regression analyses were performed for the clonogenic assays using
the log of the percent of the control as the dependent variable and the
diaziquone dose as the independent variable. Lines were forced
through the value of the log of 100% at dose zero. Slopes of the fitted
lines were compared based on F-tests computed from residual sums
of squares.

RESULTS
Effect of Diaziquone on Marrow Colony-Forming Cells

Diaziquone exerted dose- and time-dependent killing of
clonogenic hematopoietic and stromal cells (Fig 1). One-
hour treatments did not significantly affect recovery of these
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Fig 1. Survival curves of marrow hematopoietic and stromal

progenitors. Results shown are the mean (SEM less than +10%) of
three (CFU-Mix, BFU-E) and four (CFU-GM, CFU-F) experiments
at each exposure time. Controls were: CFU-Mix, 19 + 2 per 4 x
10° cells; BFU-E, 94 + 9 per 2 x 10° cells; CFU-GM, 91 =+ 7 per 10°
cells; and CFU-F, 131 = 15 per 5 x 10° cells. Note the marked

time-dependency of diaziq cy icity on all four cell types.

cells, even at high drug concentrations (500 to 5,000 ng/mL,
data not shown). With longer treatments, increasing doses
caused an exponential decrease in progenitor recovery.
Three-hour treatments with 1,000 ng/mL produced approxi-
mately 30% reductions in CFU-Mix, BFU-E, and CFU-
GM survival, and 10% to 15% decrease in CFU-F. With
6-hour treatments, doses that inhibited 50% (IDs,) of CFU-
Mix, BFU-E, and CFU-GM were 160 ng/mL, 200 ng/mL,
and 245 ng/mL, respectively, which were significantly lower
than the IDg, of 530 ng/mL for CFU-F (P = .001).
CFU-Mix and BFU-E did not differ significantly in sensi-
tivity to diaziquone (P = .15), but these progenitors were
significantly more sensitive than CFU-GM (P = .005).
After 6-hour exposure to 5,000 ng/mL, hematopoietic pro-
genitors were not detected, but CFU-F recovery was 10%.
When marrow buffy coat cells were plated with graded
amounts of diaziquone in the culture medium, ie, 7-day
constant exposure, the 1Dy of CFU-GM formation was 60
ng/mL, and CFU-GM recovery was 5% at 250 ng/mL (Fig
1). To ascertain whether this inhibition was a direct effect on
hematopoietic cells or was mediated via effects on accessory
“helper” cells, SBA-E—cells were cultured under the same
constant-exposure conditions. Survival curves of CFU-GM
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matched those observed using buffy coat cells (data not
shown).

When marrow buffy coat cells were cultured for CFU-F
with graded amounts of diaziquone in the medium for seven
days, ie, 7-day constant exposure, the IDs, of CFU-F was
110 ng/mL (Fig 1). Similar results—CFU-F IDg, of 145
ng/mL—were obtained with 3-day constant exposures (data
not shown).

Effect of Diaziquone on LTMCs

Diaziquone dosage and length of treatment significantly
affected LTMCs regarding CFU-GM production, the rate
of development, and the cellular composition of adherent
layers. Marrow suspensions treated for one or three hours
(Fig 2) with doses of diaziquone up to 5,000 ng/mL and then
set up in LTMCs produced CFU-GM for five to six weeks
and gave rise to adherent stromal layers that, similar to
controls, reached confluence within three to four weeks and
contained fibroblasts, macrophages, adipocytes, and rare
endothelial cells (Table 1).

Treatments for six hours (Fig 3) caused more marked
dose-dependent reductions in CFU-GM yields. In particu-
lar, following 6-hour treatments with very high doses of
diaziquone, eg, 5,000 ng/mL, marrow suspensions that were
depleted of CFU-Mix, BFU-E, and CFU-GM, as measured
by direct assay in semisolid medium, generated CFU-GM
for five weeks in LTMCs. Six-hour treatments with diazi-
quone up to S00 ng/mL did not adversely affect stromal
layer development or composition (Table 1) as compared to
controls; at 1,000 ng/mL, however, confluence was very
delayed, and at 5,000 ng/mL confluence was not attained.

LTMCs exposed to diaziquone for three or seven days (Fig
4) at doses up to 100 ng/mL generated CFU-GM for five or
more weeks. Doses of 150 ng/mL or greater abolished
recovery of CFU-GM from either the nonadherent or the
3-week-old adherent cellular compartments of LTMCs. Pro-
longed exposure to doses of diaziquone up to 250 ng/mL
retarded the development of confluent stromal layers but did
not alter the heterogeneous cellular composition as compared
to untreated controls (Table 1). After prolonged exposures to
500 ng/mL, confluence did not develop; only fibroblasts and
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adipocytes were identified. Higher doses resulted in occa-
sional-to-rare fibroblastic areas.

DISCUSSION

Our studies demonstrate differential sensitivities to diazi-
quone of hematopoietic as compared to marrow stromal cells,
highlight the time-dependency of diaziquone’s cytotoxic
activity, and support using prolonged, myeloablative infu-
sions of diaziquone in conjunction with bone marrow trans-
plantation.

One- and three-hour treatments with up to 5,000 ng/mL
diaziquone had little effect on hematopoietic progenitors,
whereas 7-day exposure to doses as low as 50 ng/mL had a
significant cytotoxic impact on these cells. Data from CFU-
Mix, BFU-E, and CFU-GM, however, may not apply to the
pluripotent stem cell that constitutes the target of definitive
myeloablative procedures prior to bone marrrow transplan-
tation. Differences in drug effects on committed versus
pluripotent hematopoietic cells are inferred from the in vivo
hematologic regenerative capacity of harvested marrow
depleted of CFU-Mix, BFU-E, and CFU-GM by purging
with 4-hydroperoxycyclophosphamide (4-HC).?*?' Direct
measurement of the pluripotent stem cell is not now feasible
in humans, but LTMCs may provide an indirect means for
detecting hematopoietic cells that are more primitive than
CFU-Mix. We observed sustained production of CFU-GM
in LTMGCs initiated with marrow completely depleted of
CFU-Mix, BFU-E, and CFU-GM by 6-hour treatments
with 5,000 ng/mL diaziquone. These findings, similar to
results with anti-la antibody,”? 4-HC,” and VP-16,*% indi-
cate an ongoing input of CFU-GM from a surviving, pre-
CFU-Mix population. In sharp contrast, CFU-GM were not
recovered from LTMCs following three- or seven-day expo-
sures to 150 ng/mL diaziquone. These data support an
ablative effect on pre-CFU-Mix of prolonged exposure to
low doses of this drug.

Although eliminated from LTMCs exposed for three to
seven days to 150 ng/mL diaziquone, CFU-GM are detect-
able at seven days when marrow is cultured in semisolid
medium containing doses up to 250 ng/mL. These seemingly
inconsistent findings are not attributable to diaziquone
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Effects of 3-hour treatments with diaziquone on LTMC stromal layer development (loﬁ) and CFU-GM generation (right). Note
parameters over a wide range of diaziq dosages. Results sh are the mean of three
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Table 1. Composition of Stromal Layers in LTMCs Derived From Diaziquone-Treated Bone Marrow
L";?"’ 250 ng/mL 500 ng/mL 1,000 ng/mL 5,000 ng/mlL
Exposure F M Ad EC F M Ad EC F M Ad EC F M Ad EC
3hr 4+ 2+ 3+ 1+ 4+ 2+ 3+ 1+ 4+ 2+ 3+ 1+ 3-4+ 1-2+ 2+ *
6 hr 4+ 2+ 3+ 1+ 4+ 2+ 3+ 1+ 4+ 1+ -2+ O 2-3+ o 1+ (o]
3 days 4+ 2+ 3+ 0-1+ 2-3+ (o] 1-2+ (o] 1+ o (o] (o] 0-1+ (o] (o] (o]

The presence and relative amount of different types of adherent stromal cells was semiquantitatively assessed. Control stromal layers derived from
20 x 10° untreated marrow buffy coat cells exhibited the following composition: F, 4+4; M, 2+4; A, 3+;EC, + —1+.

F, fibroblast; M, macrophage; Ad, adipocyte; EC, endothelial cell.

effects on accessory cells, since CFU-GM survival curves
using bufTy-coat cells or stromal-cell- and T-cell-depleted
SBA-E-marrow fractions overlap. Diaziquone’s cellular
kinetics provide a more convincing explanation. Slow cellular
uptake'® rather than cell-cycle-specificity?® accounts for the
time-dependency of diaziquone’s cytotoxicity. When marrow
is assayed for CFU-GM by direct plating in semisolid
medium containing diaziquone (ic, constant 7-day drug
exposure) progeny—appearing as colonies of cells—are gen-
erated before sufficient drug is accumulated to produce a
cytotoxic effect on the progenitor cell. In contrast, when the
effects of prolonged drug exposure are studied using
LTMC s, drug uptake proceeds for several days, reaching
cytotoxic intracellular levels, before hematopoietic progeni-
tor cell assays are performed. In assessing the cytotoxicity of
prolonged diaziquone exposure, therefore, we view the
LTMC data as more reflective of the in vivo situation than
the data from semisolid medium assays. In fact, the hemato-
poietic-stem-cell ablative diaziquone regimen defined in our
system—3-day exposure to 150 ng/mL—correlates with
clinical experience®: prolonged but reversible myelosuppres-
sion followed seven-day constant infusions of diaziquone that
produced steady-state plasma concentrations of 101 + 10
ng/mL (mecan + SEM; range 54-150 ng/ml). Presumably,
higher drug levels (as in our system) cause myelosuppression
that is unacceptable in the absence of bone marrow rescue.
Bone marrow nccrosis in two of three patients treated by
prolonged infusions of maximal doses of diaziquone® raises
the issue of drug-induced damage to the marrow microenvi-
ronments.'? Such an effect might block hematologic recovery
posttransplantation of bone marrow and would make this
method of diaziquone adminstration unsuitable for pretrans-
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plant use. Our in vitro hematopoietic-stem-cell ablative
diaziquone regimen is relatively sparing of marrow stromal
progenitors, as shown by the 40% recovery of CFU-F.
Moreover, adherent layers that formed in LTMCs after
prolonged treatments with up to 250 ng/mL of diaziquone
attained confluence and resembled untreated controls
regarding heterogeneity of cellular composition. We inter-
pret these data as supporting the analysis® that other factors,
eg, vessel occlusion secondary to rapid and extensive cell lysis
within a markedly hypercellular marrow,” caused the necro-
sis. Additional support for this view comes from radiation
data. In vitro radiation at 480 to 840 cGy (depending on the
dose rate) abolishes human CFU-F recovery and inhibits
LTMC stromal layer development,®” yet patients irra-
diated with up to 1,440 cGy routinely engraft with bone
marrow transplants,” indicating an intact marrow microen-
vironment. It may be deduced that since (relative to their
respective myeloablative dosages) diaziquone is much less
toxic in vitro than radiation to marrow stromal cells, a
similar situation prevails in vivo.

Total body irradiation and busulfan, the conventional
methods of myeloablation prior to bone marrow transplanta-
tion, have overlapping pulmonary toxicities® that make it
risky to use both modalities in the same patient within a short
period of time. Yet, repeat or intensified myeloablative
measures may be indicated (a) to prepare patients for a
second transplant,’>*® (b) to treat refractory acute leuke-
mias, or (c) to ablate the expanded, abnormal primitive-
stem-cell compartments of disorders such as juvenile chronic
myeloid leukemia (JCML) or blastic-phase chronic
myelogenous leukemia (Ph’+ CML).>** Intensive diazi-
quone regimens—25 to 35 mg/m?/d x 5 to 7 days by bolus
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Fig 3. Effects of 6-hour tr s with di e on LTMC stromal layer development (left) and CFU-GM generation (right). Results
shown are the mean of three experiments. Note the prolonged generation of CFU-GM in LTMCs derived from marrow suspensions that at
the time of LTMC initiation were depleted by treatments with 5,000 ng/mL of directly measurable h poietic progenitors.
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Effects of 3-day exposures to diaziquone on LTMC stromal layer development (left) and CFU-GM generation (right). Results

shown are the mean of four experiments and are similar to those obtained with 7-day treatments. Note that prolonged treatment with 150
ng/mL abolishes CFU-GM generation but does not impair stromal layer development.

injections** or by constant infusion®—are effective in clear-
ing blasts from patients with refractory or relapsed acute
nonlymphocytic leukemias and from patients with panmyel-
opathies such as JCML, Ph’+ CML, and secondary leuke-
mia. These results have been clouded, however, by prolonged,
life-threatening aplasia. No significant extramedullary tox-
icity, pulmonary in particular, has been seen at doses used
thus far.®¥ Our data indicate that a diaziquone regimen
adjusted to maintain plasma levels of approximately 150
ng/mL for three to seven days is myeloablative without
undue toxicity to the marrow microenvironment. Taken

together, these clinical and laboratory findings favor incor-
poration into transplant preparative protocols of this rela-
tively nontoxic approach when, as in the clinical situations
listed above, repeat or highly aggressive myelotoxic measures
are desired. Since other studies demonstrate that prolonged
exposure to suprapharmacologic doses of diaziquone does not
significantly suppress lymphocyte mitogenic responses sig-
nificantly (Chin LJ, Kushner BH, Cunningham-Rundles S,
Castro-Malaspina H: unpublished data), the use of diazi-
quone in the allogeneic marrow transplant setting must be
coupled with immunosuppressive measures.

REFERENCES

1. Bachur NR, Collins JM, Kelley JA, Van Echo DA, Kaplan
RS, Whitacre M: Diaziquone, 2,5-diaziridinyl-3,6-biscarboethox-
yamino-1,4-benzoquinone, plasma and cerebrospinal fluid kinetics.
Clin Pharmacol Ther 31:650, 1982

2. Case DC, Hayes DM: Phase Il study of aziridinylbenzoqui-
none in refractory lymphoma. Cancer Treat Rep 67:993, 1983

3. Curt GA, Kelley JA, Kufta CV, Smith BH, Kornblith PL,
Young RC, Collins JM: Phase Il and pharmacokinetic study of
aziridinylbenzoquinone [2,5-diaziridinyl-3,6-bis(carboethoxyami-
no)-1,4-benzoquinone, diaziquone, NSC 182986] in high-grade glio-
mas. Cancer Res 43:6102, 1983

4. Tan CTC, Hancock CH, Mondora A, Hoffman NW: Phase |
study of aziridinylbenzoquinone (AZQ, NSC 182986) in children
with cancer. Cancer Res 44:831, 1984

5. Ettinger LJ, Siegel SE, Belasco JB, Evans AE, Ruccione KS,
Jamin DC, Rohrbaugh TM, Higgins GR: Phase I clinical evaluation
of diaziquone in childhood cancer. Cancer Treat Rep 69:323, 1985

6. Lee EJ, Van Echo DA, Egorin MJ, Balchandran Nayar MS,
Shulman P, Schiffer CA: Diaziquone given as a continuous infusion
is an active agent for relapsed adult acute nonlymphocytic leukemia.
Blood 67:182, 1986

7. Szmigiero L, Erickson LC, Ewig RA, Kohn KW: DNA strand
scission and cross-linking by diaziridinylbenzoquinone (diaziquone)
in human cells and relation to cell killing. Cancer Res 44:4447,
1984

8. Egorin MJ, Fox BM, Spiegel JF, Gutierrez PL, Friedman RD,
Bachur NR: Cellular pharmacology in murine and human leukemic
cell lines of diaziquone (NSC 182986). Cancer Res 45:992, 1985

9. Schilsky RL, Kelley JA, Ihde DC, Howser DM, Cordes RS,
Young RC: Phase I trial and pharmacokinetics of aziridinylbenzo-
quinone (NSC 182986) in humans. Cancer Res 42:1582, 1982

10. Griffin JP, Newman RA, McCormack JJ, Krakoff IH:

Clinical and clinical pharmacologic studies of aziridinylbenzoqui-
none. Cancer Treat Rep 66:1321, 1982

11. Schilcher RB, Young JD, Leichman LP, Haas CD, Baker
LH: Phase I evaluation and pharmacokinetics of aziridinylbenzoqui-
none using a weekly intravenous schedule. Cancer Res 43:3907,
1983

12. Testa NG, Hendry JH, Molineux G: Long-term bone marrow
damage in experimental systems and in patients after radiation or
chemotherapy. Anticancer Res 5:101, 1985

13. Ebell W, Castro-Malaspina H, Moore MAS, O’Reilly RJ:
Depletion of stromal cell elements in human marrow grafts sepa-
rated by soybean agglutinin. Blood 65:1105, 1985

14. Friedrich W, Goldmann SF, Vetter U, Fliedner TM, Heymer
B, Peter HH, Reisner Y, Kleihauer E: Immunoreconstruction in
severe combined immunodeficiency after transplantation of HLA-
haploidentical, T-cell-depleted bone marrow. Lancet 1:761, 1984

15. NCI Investigational drugs—pharmaceutical data. Bethesda,
MD, National Cancer Institute, 1984, pp 128-131

16. Messner HA: Human stem cells in culture. Clin Haematol
13:393, 1984

17. Siena S, Castro-Malaspina H, Gulati SC, Lu L, Colvin OM,
Clarkson BD, O’Reilly RJ, Moore MAS: Effects of in vitro purging
with 4-hydroperoxycyclophosphamide on the hematopoietic and
microenvironmental elements of human bone marrow. Blood 65:655,
1985

18. Myers CD, Katz FE, Joshi G, Miller JL: A cell line secreting
stimulatory factors for CFU-GEMM culture. Blood 64:152, 1984

19. Castro-Malaspina H, Gay RE, Resnick G, Kapoor N, Meyers
P, Chiareri D, McKenzie S, Broxmeyer HE, Moore MAS: Charac-
terization of human bone marrow fibroblast colony-forming cells
(CFU-F) and their progeny. Blood 56:289, 1980

20. Kaiser H, Stuart RK, Brookmeyer R, Beschorner WE, Braine


http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml

From www.bloodjournal.org by guest on June 13, 2018. For personal use only.

1752

HG, Burns WH, Fuller DJ, Korbling M, Mangan KF, Saral R,
Sensenbrenner L, Shadduck RK, Shende AC, Tutschka PJ, Yeager
AM, Zinkham WH, Colvin OM, Santos GW: Autologous bone
marrow transplantation in acute leukemia: A phase I study of in
vitro treatment of marrow with 4-hydroperoxycyclophosphamide to
purge tumor cells. Blood 65:1504, 1985

21. Rowley SD, Colvin OM, Stuart RK: Human multilineage
progenitor cell sensitivity to 4-hydroperoxycyclophosphamide. Exp
Hematol 13:295, 1985

22. Keating A, Powell J, Takahashi M, Singer JW: The genera-
tion of human long-term marrow cultures from marrow depleted of
la (HLA-DR)-positive cells. Blood 64:1159, 1984

23. Douay L, Gorin NC, Lopez M, Laporte JP, Baillou CL,
Leguen MC, Bardinet D, Najman A, Duhamel G: Study of ASTA Z
7557 on human hematopoietic stem cells. Application to autologous
bone marrow transplantation. Exp Hematol 12:135, 1984 (suppl
15)

24. Ciobanu N, Paietta E, Andreef M, Papenhausen P, Wiernik
PH: Etoposide as an in vitro purging agent for the treatment of acute
leukemias and lymphomas in conjunction with autologous bone
marrow transplantation. Exp Hematol 14:626, 1986

25. Kushner BH, Kwon J-G, Gulati SC, Castro-Malaspina H:
Preclinical assessment of purging with VP-16: Key role for long-
term marrow cultures. Blood 69:65,1986

26. Raijmakers R, de Witte T, Linssen P, Wessels J, Haanen C:
The relation of exposure time and drug concentration in their effect
on cloning efficiency after incubation of human bone marrow with
cytosine arabinoside. Br J Haematol 62:447, 1986

27. Cowan JD, Rubin RN, Kies MS, Cerezo L: Bone marrow
necrosis. Cancer 46:2168, 1980

28. Laver J, Ebell W, Castro-Malaspina H: Radiobiological
properties of the hematopoietic microenvironment—contrasting sen-
sitivities of proliferative capacity and hematopoietic function to in
vitro irradiation. Blood 67:1090, 1986

29. Laver J, Kwon J-H, Castro-Malaspina H: Effects of low-dose

KUSHNER, SIENA, AND CASTRO-MALASPINA

rate irradiation on human hematopoietic and microenvironmental
cells: sparing effect upon survival of stromal and leukemic cells.
Bone Marrow Transplant (submitted)

30. O’Reilly RJ, Shank B, Collins N, Kernan N, Brochstein J,
Keever C, Dinsmore R, Kirkpatrick D, Castro-Malaspina H, Cun-
ningham I, Flomenberg N, Burns R: Increased total-body irradia-
tion (TBI) abrogates resistance to HLA-matched marrow grafts
depleted of T cells by lectin agglutination and E-rosette depletion
(SBA-E-BMT). Exp Hematol 13:406, 1985 (abstract)

31. Ginsberg SJ, Comis RL: The pulmonary toxicity of antineo-
plastic agents. Semin Oncol 9:34, 1982

32. Champlin RE, Ho WG, Lenarsky C, Winston D, Mitsuyasu
RT, Feig SA, Gale RP: Successful second bone marrow transplants
for treatment of acute myelogenous leukemia or acute lymphoblastic
leukemia. Transplant Proc 17:496, 1985

33. Barrett AJ, Joshi R, Tew C: How should acute lymphoblastic
leukemia relapsing after bone-marrow transplantation be treated?
Lancet 1:1188, 1985

34. Sanders JE, Buckner CD, Stewart P, Thomas ED. Successful
treatment of juvenile chronic granulocytic leukemia with marrow
transplantation. Pediatrics 63:44, 1979

35. Castro-Malaspina H, Schaison G, Passe S, Pasquier A,
Berger R, Bayle-Weisgerber C, Miller D, Seligmann M, Bernard J:
Subacute and chronic myelomonocytic leukemia in children (Juve-
nile CML). Cancer 54:675, 1984

36. Champlin RE, Golde DW: Chronic myelogenous leukemia:
Recent advances. Blood 65:1039, 1985

37. Fayssoux RS, Spitzer G, Dicke KA, Zander AR, Vellekoop
L, Jaganneth S, Horwitz L, Feun LG: High dose aziridinylbenzoqui-
none with autologous bone marrow support as treatment for solid
tumors, in Dicke KA, Spitzer G, Zander AR, Gorin NC (eds):
Autologous bone marrow transplantation—proceedings of the first
international symposium. Houston, The University of Texas, M.D.
Anderson, 1985, p 221


http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml

From www.bloodjournal.org by guest on June 13, 2018. For personal use only.

05 ";% ®

‘g S O O 1987 69: 1747-1752
L »

e

Myeloablation with diaziquone: in vitro assessment

NERICAN
el

BH Kushner, S Siena and H Castro-Malaspina

Updated information and services can be found at:
http://www.bloodjournal.org/content/69/6/1747 full.html

Articles on similar topics can be found in the following Blood collections

Information about reproducing this article in parts or in its entirety may be found online at:
http://www.bloodjournal.org/site/misc/rights.xhtml#repub_requests

Information about ordering reprints may be found online at:
http://www.bloodjournal.org/site/misc/rights.xhtml#reprints

Information about subscriptions and ASH membership may be found online at:
http://www.bloodjournal.org/site/subscriptions/index.xhtml

Blood (print ISSN 0006-4971, online ISSN 1528-0020), is published weekly by the American Society of
Hematology, 2021 L St, NW, Suite 900, Washington DC 20036.
Copyright 2011 by The American Society of Hematology; all rights reserved.


http://www.bloodjournal.org/content/69/6/1747.full.html
http://www.bloodjournal.org/site/misc/rights.xhtml#repub_requests
http://www.bloodjournal.org/site/misc/rights.xhtml#reprints
http://www.bloodjournal.org/site/subscriptions/index.xhtml
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml
http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml



