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Effect of FLT3 Ligand on Survival and Disease
Phenotype in Murine Models Harboring a FLT3
Internal Tandem Duplication Mutation

Emily J Bailey," Amy S Duffield,” Sarah M Greenblatt,' Peter D Aplan,’ and Donald Small*”

Many of the mutations contributing to leukemogenesis in acute myeloid leukemia have been identified. A common activating
mutation is an internal tandem duplication (ITD) mutation in the FLT3 gene that is found in approximately 25% of patients and
confers a poor prognosis. FLT3 inhibitors have been developed and have some efficacy, but patients often relapse. Levels of FLT3
ligand (FL) are significantly elevated in patients during chemotherapy and may be an important component contributing to relapse.
We used a mouse model to investigate the possible effect of FL expression on leukemogenesis involving FLT3-ITD mutations in an
in vivo system. FLT3™P FL-- (knockout) mice had a statistically significant increase in survival compared with FLT3™>1TP FL++
(wildtype) mice, most of which developed a fatal myeloproliferative neoplasm. These findings suggest that FL levels may have
prognostic significance in human patients. We also studied the effect of FL expression on survival in a FLT3-ITD NUP98-HOX13
(NHD13) fusion mouse model. These mice develop an aggressive leukemia with short latency. We asked whether FL expression played
a similar role in this context. The NUP98-HOX13 FLT3™"*t FL~ mice did not have a survival advantage, compared with NUP98-
HOX13 FLT3"™*t FL** mice (normal FL levels). The loss of the survival advantage of the FL knockout group in the NUP98-HOX13
model suggests that adding a second mutation changes the effect of FL expression in the context of more aggressive disease.

Abbreviations: AML, acute myeloid leukemia; FL, FLT3 ligand; FLT3, FMS-like tyrosine kinase 3; ITD, internal tandem duplication;

MPN, myeloproliferative neoplasm.

FMS-like tyrosine kinase 3 (FLT3) is normally activated by
binding of its ligand (FL) to 2 FLT3 molecules, causing them
to dimerize, autophosphorylate, and activate downstream tar-
gets. 2023 Although FL expression is relatively ubiquitous, the
FLT3 receptor is found predominantly on hematopoietic cells and
has an important role in hematopoiesis.®*** Several mutations in
the FLT3 gene can lead to constitutive activation that occurs inde-
pendent of ligand binding and leads to activation of downstream
targets; these mutations typically are found in patients with acute
myeloid leukemia (AML). The most common mutation described
in AML is an internal tandem duplication (ITD) that occurs in
the juxtamembrane domain of FLT3. The ITD mutations vary
in length,'”? but these forms all constitutively activate FLT3 ki-
nase activity to result in autophosphorylation and phosphoryla-
tion of its downstream targets.*!*?**> The ITD mutation is seen in
approximately 25% of adult AML cases and is associated with a
poor prognosis.'819%

Despite the fact that FTL3-ITD is constitutively activated, some
evidence indicates that FL. may continue to play a role in FLT3
signaling and affect AML prognosis.” Elevated plasma levels of
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FL have been reported in patients that have undergone chemo-
therapy.*® In addition, elevated levels of FL have been shown to
increase the amount of FLT3 inhibitor needed to reduce the levels
of phosphorylated FLT3-ITD in a cell line (Molm14) model.8?*
When a lentivirus was used to introduce a FLT3-ITD mutation
into mouse embryonic fibroblast cells from FL-knockout mice, the
addition of FL to the culture media resulted in an increase in the
level of phosphorylated FLT3, further supporting the idea that FL
may play a role in FLT3-ITD-associated AML.* These previous
models have all used cell lines, cultured cells, and plasma from
patient samples to address the potential importance of FL expres-
sion in cases where an ITD mutation is present.

Here we use primary hematopoietic cells from a combination
of genetically engineered mouse models to investigate the role
of FLT3 and FL in the pathogenesis of AML. The first model is a
FLT3-ITD knockin mouse model with an 18-bp insertion in the
juxtamembrane domain of FLT3 that was generated and charac-
terized by our lab. This mouse model consistently and predictably
develops myeloproliferative neoplasia (MPN) with moderately
elevated WBC counts, splenomegaly, and myeloid expansion in
the bone marrow, as evidenced by histopathologic changes and
increased granulocytic/ monocytic fractions by flow cytometry."
A small percentage (7%; 9 of 129) of the FLT3-ITD homozygous
(FLT3™P/I™P) mice spontaneously developed fully transformed
leukemia.'” The second mouse model uses transgenic expression



of a Nup98-Hox13 fusion (NHD13) that is expressed primarily in
hematopoietic tissues. Mice that carry this mutation typically de-
velop a myelodysplastic syndrome that often progresses to acute
leukemia after a long lag time.'>? When these mice were bred to
our FLT3-ITD mice, the resulting double-mutant Nup98-Hox13
(NHD13) FLT3*¥"™ mice predominantly developed an AML with
minimal differentiation and demonstrated a markedly shorter
latency to disease. Interestingly, a subset of mice display loss of
heterozygosity of the wildtype Fit3 allele in the bone marrow’ as
occurs in a fraction of human FLT3-ITD AML patients.”** The
third model is a FL-knockout mouse model that was developed at
Immunex (Seattle, WA) and is currently commercially available.
These mice have the majority of the FL extracellular domain cod-
ing region disrupted by insertion of a PKG-Neo cassette. These
mice demonstrated reduced cellularity in the bone marrow and
an overall reduction in hematopoietic precursors, especially of the
myeloid and lymphoid lineages.'®

To examine the effect of FL expression on disease conferred by
a FLT3-ITD mutation, we used 2 genetically engineered mouse
models: the first is the model of MPN generated by the FLT3™/™
mutation alone. The second was a leukemia model that is gener-
ated by the combination of a FLT3"*"™P together with a NHD13
mutation. Into both of these models, we bred mice that were ei-
ther wildtype for FL or that had FL knocked out. We then charac-
terized survival and disease phenotype data from each cohort to
ascertain the effect of FL expression on MPN and AML generated
by FLT3-ITD expression.

Materials and Methods

Mouse (Mus musculus) models used for experiments. FLT3 li-
gand knockout (FL~/~) mice (C57BL/6-fIt3]'™™) are currently
commercially available from Taconic (Hudson, NY). These mice
were generated by deleting most of the extracellular domain of FL
and replacing it with a neomycin-resistance cassette under control
of the PGK promoter.’® FLT3-ITD mice (B6.129S6-FIt3™!P>m ) were
generated and characterized by our laboratory previously. These
mice have an extra 18-bp ITD insertion in the juxtamembrane do-
main of the FIt3 gene." The FLT3-ITD mice have been backcrossed
to a C57BL/6 background for more than 7 generations and bred
to obtain FLT3™/"™° FL*/* and FLT3'™/""FL~/~ mice.

Mice that carry a NUP98-HOX13 (NHD13) transgene
(C57BL/6-Tg[Vavl-NUP98/HOXD13]G2Apla/N ) were obtained
from Dr Peter Aplan (NIH, Bethesda, MD). These mice are trans-
genic for a fusion of the N-terminal of NUP98 gene and the DNA
binding homeodomain of HoxD13.?? They were backcrossed to a
C57BL/6 background, and bred to both FLT3*"/"™ mice and FL~/~
mice to obtain FLT3*%'™® NHD13 FL*/* and FLT3"¥1™> NHD13
FL~/~ mice for the follow-up study.

All mice were bred and housed in a barrier facility in filter-top
microisolation cages (Thoren Caging, Hazelton, PA) with Tek-
fresh bedding and were fed Teklad Global 20185X diet (Harlan,
Madison, WI). Water was delivered via an automated hyperchlo-
rinated reverse-osmosis-treated watering system. Rooms were on
a 12:12-h light:dark cycle. Mouse disease status was monitored by
use of rotating sentinels (1 cage of 2 per rack). Mice were found
to be free of a wide range of pathogens including Sendai virus,
mouse hepatitis virus, mouse parvovirus 1 and 2, Theiler mouse
encephalomyelitis virus, reovirus, epizootic diarrhea of infant,
mice, lymphocytic choriomeningitis virus, ectromelia virus, mu-
rine adenovirus, and murine cytomegalovirus. The facility is con-
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sidered to be Helicobacter-positive. Procedures and protocols were
approved by the IACUC at Johns Hopkins in accordance with the
Animal Welfare Act.!

The mice were ear-tagged and genotyped when weaned and
followed over time to generate a survival curve. On showing
overt signs of clinical illness including hunching, lethargy, and
increased respiratory rate, mice were euthanized and necropsied.
Spleen weight and gross lesions were noted. Tissue samples were
collected for further analysis. All mice were genotyped based on
the possible outcomes of the cross by using the primers described
following. C57BL/6 mice that did not have any of the described
mutations were used as wildtype controls. Littermates were used
whenever possible.

Primers used for genotyping DNA from tail snips were:
mITD-F, 5 TGC AGA TGA TCC AGG TGA CT 3’,; mITD-R,
5" CTC TCG GGA ACT CCC ACT TA 3’; Nup98-F, 5" TGG AGG
GCC TCT TGG TAC AGG 3’; HoxD13-R, 5 GGC TTC TAA GCT
GTC TGT GGC C 3’; FL-F: 5’GCC CAA ATG TGC GTA TAC CT
3%, FL-R, 5" CCC AGC ACA GTA TGG GAA CT 3’; NeoFL-F,
5" ACA CTT CGA AGC TGG AAA GC 3’; and NeoFL-R, 5 GGG
GAA CTT CCT GAC TAG GG 3'. All genotyping was done by
PCR (Bio-Rad, Hercules, CA) according to a program that had
been optimized for each primer set and that used a hot-start mas-
ter mix (Denville Scientific, Metuchen, NJ). All products were run
on agarose gels (3.5% for ITD genotyping; 1% for the other primer
sets) with ethidium bromide for band visualization.

Characterization of disease. CBC of peripheral blood from
moribund mice (those showing overt signs of severe clinical ill-
ness such as hunching, lethargy, or dyspnea) were performed by
using an automated system (Hemavet950, Drew Scientific, Dallas,
TX). Tissues collected at necropsy were stored in 10% buffered
formalin. Peripheral blood smears and bone marrow cytospins
were stained by using a modified Wright-Giemsa stain. Images
were obtained by using a BX46 microscope (Olympus, Irving, TX)
with a 100x oil objective and a mounted digital camera (DP72,
Olympus). FACS analysis was performed on bone marrow and
spleen cells from each of the euthanized mice as previously de-
scribed by using 4-color FACS (FACS Calibur, Becton Dickinson,
San Jose, CA)." Bone marrow and spleen cells were suspended
in 2.5% fetal bovine serum in 1x PBS and stained with the an-
tibody sets outlined in Table 1. Antibody clones were: lineage
mixture, MLM20; CD135, A2F10.1; Scal, D7; c-Kit, 2B8; CD41,
MWReg30; Ter119, TER-119; Mac1, M1/70; Gr1, RB6-8C5; CD24,
M1/69; CD43, S7; B220, RA3-6B2; IgM, 11/41; CD4, L3T4; CD3,
17A2; CD8a, Ly2; CD90, 53-2.1; CD86, GL1; and CD11c, HL3. All
antibodies were obtained from BD Biosciences (San Jose, CA) ex-
cept for the lineage mixture (Invitrogen, Carlsbad, CA) and Sca-1
(eBiosciences, San Diego, CA). FACS data were analyzed by using
Flow]Jo (version 9.3.3, Tree Star, Ashland, OR).

Statistical analysis. Prism 5 (Graph Pad Software, San Diego,
CA) was used to generate many of the graphs and to perform
statistical analysis. The survival curves were compared and a P
value generated by using both a log-rank (Mantel-Cox) test and a
Gehan-Breslow—Wilcoxon test. The P values from the bone mar-
row and spleen data was calculated by using an unpaired 2-tailed
T test.

Results
Lack of FL confers a survival advantage in a FLT3 /"™ mouse
model of MPN. We first investigated the role that FL plays in
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Table 1. FACS surface antibodies and fluorophore combinations used to analyze bone marrow and spleen cell suspensions to characterize the disease

outcome of sick mice

Classification guideline FITC PE PerCP APC
Hematopoietic stem cell Lineage CD135 (FLT3) Scal c-Kit
Myeloid CD41 Ter119 Macl Grl
B cell CD24 CD43 B220 IgM
T cell CD4 CD3 CD8a CD90
Denderitic cell Macl CD86 B220 CD11c
Leukemic cell (simplified) Grl Macl B220 c-Kit

APC, allophycocyanin; PerCP, peridinin chlorophyll protein complex.

This list of cell surface markers is not exhaustive but represents generally accepted markers for the characterization of hematopoietic disorders in

mice.

FLT3-ITD-mediated disease by breeding FLT3/ITD knockin
mice with FL knockout mice to obtain FLT3"™"/""™°FL*/* and
FLT3"™/"°FL-/~ mice. When both cohorts were followed for sur-
vival, the mice that did not express FL. demonstrated a small but
statistically significant (P = 0.025, log-rank [Mantel-Cox] test, or
P =0.026, Gehan-Breslow-Wilcoxon test) survival advantage
compared with that of mice with normal FL levels (Figure 1 A).*

At the time of necropsy, a CBC analysis of the peripheral blood
was performed. WBC counts ranged from 4.2 x 10°/pL to greater
than 200 x 10°/uL in sick mice. The spleen weights recorded at
the time of death ranged from 0.22 to 1.69 g. The differences in
WBC counts and spleen weights were not statistically significant
between the 2 cohorts (Figure 1 B).

The FACS staining profile (Table 1) of the bone marrow and
spleen cells revealed that the FLT3™/™FL+/+ and FLT3™/™PF~/~
mice developed hematopoietic neoplasms that could be classified
into 1 of 4 categories. Specifically, 9.6% of the mice developed
a T-cell lymphoproliferative disorder that typically showed in-
creased CD8a* and CD3* fractions (Figure 2 A). Another 8.6% of
the mice developed a B-cell leukemia-lymphoma and often had
enlarged lymph nodes; Flow cytometric analysis of these mice
showed increased B220* and CD43* fractions (Figure 2 B). Many
of the mice with B and T cell disorders appeared to demonstrate
more than one hematopoietic abnormalitie, with expansion of the
Macl* and Grl* compartments and some myeloid expansion in
the bone marrow, suggesting a concomitant MPN. The predomi-
nant disease these mice developed was a classic MPN (75.2% of
mice) as demonstrated by increased in levels of lineage-negative
cells (not shown) and increased fractions of the myeloid-granu-
locytic markers Macl* and Gr1* (Figure 2 C). The remaining 6.5%
of mice developed AML, which could be divided into 2 subtypes.
One subtype showed an expansion of the lineage Scal*cKit* pop-
ulation with reduced Mac1*Gr1* fractions; this subtype is most
consistent with AML with minimal differentiation in humans (M0
in the French-American—British classification system).” The other
subtype of AML was characterized by expansion of the lineage"
Scal-cKit* population and increased Macl*Grl* fractions, thus
closely approximating cases of human AML with some matura-
tion. An example of a minimally differentiated AML with a lin-
eage Scal*c-Kit* expansion, c-Kit greater than 20%, and decreased
Macl*/Gr1* fractions is shown in Figure 2 D. Figure 2 (A through
D) shows a wildtype control mouse alongside a sick mouse for
each disease outcome.

Images of the peripheral blood and bone marrow cytospins
from a representative mouse for each classification are shown
in Figure 2 (E through H). The peripheral blood from wildtype
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controls showed predominantly RBC, with readily identified
platelets, scattered lymphocytes, and occasional neutrophils
(Figure 2 I). The bone marrow of a wildtype mouse demonstrated
trilineage hematopoiesis, with progressive maturation of the my-
eloid and erythroid lineages (Figure 2 I). The peripheral blood
and bone marrow of mice that developed T- and B-cell disor-
ders (Figures 2 E and F, respectively) showed increased atypical
lymphocytes, and FACS analysis using surface markers readily
identifies the abnormal lymphoid populations. In bone marrow
cytospins from mice with B- and T-cell disorders, both abnormal
lymphoid cells and myeloid precursors were increased, consistent
with concomitant lymphoproliferative disorder and MPN. FACS
and morphologic analysis of peripheral blood and bone marrow
from mice with MPN (Figure 2 G) showed expansion of myeloid
cells in various stages of maturity in the peripheral blood and a
marked myeloid predominance in the bone marrow. In mice that
developed AML (Figure 2 H), numerous blasts were present in
the peripheral blood, and the bone marrow was largely replaced
by immature myeloid cells, consistent with a diagnosis of AML
with minimal differentiation.

The distribution of disease types was similar between the
FLT3™/MPEL*/+ and FLT3™/"™FL~/~ cohorts of mice and is shown
in Figure 3 A. We also examined survival according to disease
subtype by combining data from both genotypes. Mice with MPN
succumbed to disease beginning at day 36, and continued to dem-
onstrate signs of significant clinical illness throughout the entire
500-d study at a steady rate. The first mice with AML did not
show overt clinical signs until day 139. Most of the AML cases
occurred in a relatively short period of time (between day 139
and 168), long after several MPN mice had already succumbed to
disease. Compared with those with AML, mice with the B- and
T-cell disorders showed longer survival (Figure 3 B).

In conclusion, these data demonstrate that FL may play a role
in survival even when FLT3 is constitutively activated as in our
ITD mouse model. Our survival data suggest that the absence of
FL confers a survival advantage in this context. FL levels do not,
however, appear to have noticeable effects on disease phenotype
or manifestations.

FL plays no role in survival of the myeloid leukemia that de-
velops in FLT3*Y""™"NHD13 mice. FLT3-ITD mutations alone are
insufficient to cause full-blown leukemia, and cooperative events
are required.”" Our lab previously demonstrated that double-
mutant mice that carry both the NHD13 fusion gene and FLT3-
ITD (FLT3*¥'™ NHD13) developed full-blown leukemia after
a short latency and with 100% penetrance, supporting the idea
that additional events can cooperate with FLT3-ITD to cause
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Figure 1. (A) Completed survival curve demonstrating the difference between homozygous FLT3"™/'™® knockin mice with (FL*/*; median survival,
171.5 d; n = 50) and without (FL~/~; median survival, 232 d; n = 43) FL expression. Some of these data were reported previously in a nearly completed
survival curve.® (B) Spleen weights and WBC counts are not statistically significant between the 2 groups. Note: the automated analyzer reports all
values greater than 200 x 10°/uL as ‘high;” for the purpose of data analysis, ‘high” values were recorded as 200 x 10°/uL.

leukemia. These FLT3*¥'"™"NHD13 mice developed aggressive
transplantable myeloid leukemias that express increased fractions
of Grl* and B220* but not the mature B-cell markers CD19 and
IgM.” An example of a typical FACS profile is shown in Figure 4
A. In this example, c-Kit is elevated (>50%), consistent with the
elevated fractions of blastic cells that are typically seen in leuke-
mia. In addition, there is increased B220* expression in the FLT3*"

TPNHD13 that includes B220*Macl* and B220*Gr1* cells. Photo-
micrographs of the peripheral blood from a representative sick
FLT3*"™PNHD13 mouse shows numerous circulating blasts and
an expansion of blasts in the bone marrow (Figure 4 B).

To investigate the possible effect of FL expression in the process
of leukemogenesis and in the maintenance of leukemic cells car-
rying FLT3-ITD mutations, we bred the FLT3*/"™"NHD13 mice
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Figure 2. Immunophenotyping summary of a typical diagnostic FACS profile used to classify mice into 4 disease categories. A wildtype mouse
(C57BL/6 littermate lacking mutations) is shown (left side) for comparison with the moribund mouse (right side) in each panel (A through D). Repre-
sentative peripheral blood (PB) and bone marrow (BM) cytospin photomicrographs are included also (panels E through I); bar, 10 uM. (A and E) T-cell
lymphoproliferative disorder. (B and F) B-cell leukemia-lymphoma. (C and G) Myeloproliferative neoplasia (MPN). (D and H) AML with minimal
differentiation; the low levels of Mac1*Gr1* cells in the additional FACS plot (D, right) support the diagnosis of minimal differentiation. (H) Arrow
indicates an apoptotic cell. (I) Peripheral blood and bone marrow cytospin from a wildtype mouse.
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B

onto the FL knockout background to obtain both FLT3*¥1T™°N-
HD13FL*/* and FLT3*/"™NHD13FL~/~ mice. These mice were
followed for assessment of survival and were euthanized when
they showed signs of significant clinical illness. Both cohorts
demonstrated substantially shorter latency to disease than that
of the FLT3"™/1® group and developed aggressive leukemia with
100% penetrance. The presence or absence of FL did not affect
overall survival, with FLT3*¥""™"NHD13FL*/* mice surviving a
median of 104 d compared with FLT3*/""" NHD13FL~/~ which
survived a median of 98 d (P = 0.99, log-rank [Mantel-Cox] test)
or P = 0.94 [Gehan—Breslow—Wilcoxon test]; Figure 5). The lack of
any survival advantage for the leukemic mice in the absence of FL
suggests that the addition of a “second hit’ may negate the effect
of FL stimulation in more aggressive hematopoietic neoplasms.

Discussion

The increased availability of knockin, knockout, and transgenic
mouse models offers a powerful tool that facilitates the investiga-
tion of the complex interactions of different genes in a system of
nearly identical subjects.>*'® In the current study, we combined
different mouse models to investigate the effects of FL expression
on disease states rendered by FLT3-ITD signaling, a constitutively
active form of FLT3. We were particularly interested in discover-
ing whether FL affects outcomes of in vivo model systems, given
that observational studies of patients treated with FLT3 inhibitors
and studies using cell lines suggest that FL alters leukemogen-
esis and response to FLT3 inhibitors.”?! The mechanism by which
FL further stimulates constitutively activated FLT3 mutants has
not been elucidated, but the phenomenon has been observed fre-
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quently.® FL often is coexpressed with FLT3 in leukemic cells, and
the increased levels of FL elevate phospho-FLT3 levels, rendering
the inhibition of FLT3 signaling by FLT3 TKI more difficult in
clinical trials.”!

In the FLT3™/"™® mouse model, FL levels do affect survival and
disease progression even when driven by constitutively activated
FLT3 signaling. In the current study, we examined in depth the
spectrum of disease phenotypes that developed from cohorts of
mice with both the FLT3™/"™FL+*/+ and FLT3'™/""PFL-/~ geno-
types that had been followed predominantly for survival previ-
ously.* We also highlighted strategies that can be used for disease
characterization. We found that the presence or absence of FL in
this setting did not affect the proportions of the various diseases
developing in the FLT3"™/"™ mjce in both groups.

Although all of the FLT3"™/"™ mice displayed a MPN pheno-
type as early as 8 to 12 wk, they also developed other disease phe-
notypes. MPN likely was present in these mice, but other genetic
events probably emerged to affect the disease outcome. When
mice developed AML, it developed relatively early. Perhaps the
hematopoietic stem or progenitor cells in cases of AML acquired
a second mutation during the lag time and thus were fully trans-
formed to leukemic cells. Mice with B- and T-cell disorders gen-
erally developed disease later than did mice with either a MPN
or an AML. We speculate that other genetic events emerged that
cooperate with the FLT3-ITD mutation to transform the normal
hematopoietic stem or progenitor cells to lead to a different dis-
ease phenotype (B- or T-cell disorders).

We had not yet looked at the effect of FL expression in the FLT-
3*IMPNHD13 model that results in AML with 100% penetrance
and wanted to learn whether FL levels have an effect in the face
of a more aggressive disease.” In fact, in the leukemic FLT3"/'™
NHD13 model, the survival advantage previously observed by
eliminating FL in the MPN model disappeared, suggesting that
the addition of a “‘second hit” decreases the effect of FL.

One possible explanation for this decrease is that the effects
of FL on the activation of the FLT3-ITD mutations are relatively
weak compared with the constitutive activation caused by the
mutation itself.*® The relatively small differences in survival be-
tween the FLT3™/TPEL+/+ and FLT3"™/""PFL-/~ mice are observ-
able because MPN takes a long time to develop in both genotypes;
a small change in the degree of FLT3 activation may result in this
difference. However, when FLT3-ITD is combined with NHD13,
disease latency is so short that a small change in FLT3 activation
does not result in an observable survival difference. In this re-
gard, the cooperation between the 2 mutations (FLT3-ITD and
NHD13) is dominant and may undermine the relatively weak
effect caused by further FL stimulation of FLT3-ITD signaling.
Nonetheless, methods to inhibit the FL stimulation of patients
with FLT3-mutant AML (for example, through antiFL antibodies)
might still have an effect on outcome of therapy.

In conclusion, lack of FL expression confers a survival advan-
tage in FLT3-ITD mice with MPN but not in FLT3-ITD NHD13
mice that have particularly aggressive AML. These data suggest
that FL levels play a less important role when additional muta-
tions are present. Follow-up studies may help further determine
the importance of the greatly elevated FL levels that have been
observed clinically when AML patients undergo chemotherapy.*
A transgenic model of a mouse overexpressing FL has not yet
been generated but would be useful to model the overexpres-
sion that occurs in AML patients. We currently are investigating
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Figure 4. (A) Representative FACS profile of a FLT3*¥""™® NDH13 mouse with leukemia. (B) Samples from a sick FLT3*/""® NHD13 mouse show blasts

in the bone marrow (BM) and peripheral blood (PB).

how the FLT3-ITD mutation interacts with other oncogenic mu-
tations found in leukemias, using other available mouse models
and bone marrow transduction and subsequent transplantation
techniques. Comparing the efficacy of FLT3 inhibitors and antiFL
antibodies in FLT3-ITD leukemia models with FL overexpression
compared with FL-knockout mice might be a useful way of fur-
ther dissecting the importance of FL in leukemia.
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Figure 5. Survival data from FLT3"/"™ Nup98-Hox13 FL*/* (median
survival, 104 d; n = 17) and FLT3"/"™ Nup98-Hox13 FI/~ (median sur-
vival, 98 d; n = 30). Survival did not differ (P = 0.99) between the 2 co-
horts.
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