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Letter to the Editor

Acute myeloid leukemia (AML) is a malignant disease of cells arising from the myeloid
lineage. A heterogeneous disease, AML consists of many different subtypes, each with
different treatment sensitivities and prognoses. Despite advances in care, AML remains a
difficult to treat disease, with overall survival (OS) being approximately 25% and 65% in
the adult and pediatric populations, respectively.: 2 A major factor contributing to treatment
failure in AML is resistance to standard chemotherapy, consisting primarily of a
combination of cytarabine (ara-C) and an anthracycline.

Users may view, print, copy, and download text and data-mine the content in such documents, for the purposes of academic research,
subject always to the full Conditions of use:http://www.nature.com/authors/editorial_policies/license.html#terms

Address correspondence and reprint requests: Yubin Ge, Ph.D., Department of Oncology, Wayne State University School of
Medicine, 110 East Warren Ave. Detroit, Michigan 48201, USA, Tel: (313) 578-4285, Fax: (313) 578-4287, gey@karmanos.org.
These authors contributed equally to this work.

Conflict of Interest: The authors declare no conflict of interest.
Supplementary information is available at Leukemia’s website (www.nature.com/leu)


http://www.nature.com/authors/editorial_policies/license.html#terms

1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Niu et al.

Page 2

Overexpression of anti-apoptotic Bcl-2 family proteins (Bcl-2, Bcl-xL, Mcl-1, etc.) has been
shown to cause resistance to chemotherapy in many cancer types, including AML.3-5 While
inhibitors of this family have been promising, inhibition of Bcl-xL has been associated with
platelet death and subsequent thrombocytopenia.> 8 Fortunately, the recently developed
ABT-199 is specific for Bcl-2, making it an attractive potential option for treatment of
AML.-?

This study was designed to identify genetic subgroups which may respond to ABT-199
favorably and biomarkers predicting ABT-199 sensitivity in AML. First, we screened 11
AML cell lines (CMS, CTS, HL-60, MOLM-13, MV4-11, NB4, OCI-AML3, THP-1, U937,
CMK, and CMY, Table S1) for Bcl-2 family protein and mRNA expression (Figure S1A—
C). In general, gene expression did not appear to follow any subtype distribution. Most cell
lines expressed all three proteins, albeit at variable levels. We then tested the sensitivity of
these cell lines to single-agent ABT-199 (Table S1). The cell lines exhibited a wide range of
sensitivities, with 1C5ps ranging from 97 nM (HL-60) to 15 pM (OCI-AML3). Protein and
transcript levels for the individual anti-apoptotic Bcl-2 family genes did not correlate with
ABT-199 ICgq (data not shown).

To confirm that ABT-199 caused cell death and not merely growth inhibition, Annexin V
and propidium iodide (PI) dual staining was used to measure apoptosis in five AML cell
lines. ABT-199 was able to induce apoptosis in a dose-dependent manner in four of the five
cell lines tested. In contrast, apoptosis induced by up to 8 yM ABT-199 in OCI-AML3 cell
line (the most resistant cell line determined by MTT assays) was minimal (Figure 1A). The
relative magnitude of this induction was in agreement with the ABT-199 sensitivities shown
in Table S1. Interestingly, we found that AML cell lines harboring MLL fusion genes were
especially sensitive to ABT-199 compared to those that did not (median ABT-199 ICsgs
were 260 nM and 6.2 uM, respectively, p=0.016, Figure 1B). Further, the two acute
promyelocytic leukemia (APL, FAB M3) cell lines (HL-60 and NB4) tended to be more
sensitive to ABT-199 compared to the other AML cell lines.

To confirm that ABT-199 is effective against primary AML patient samples, we tested the
drug ex vivo in freshly isolated AML blast samples (n=16). Similar to the cell line results,
ABT-199 was able to induce a dose-dependent increase in apoptosis in two AML patient
samples (Figure 1C). The ABT-199 sensitivities for the primary AML samples were
comparable to the cell lines (Tables 1&S1). Interestingly, AML patient samples with an
APL phenotype were significantly more sensitive to single-agent ABT-199 compared to
non-APL AML patient samples (median ABT-199 ICggs were 3.4 UM and 19 uM,
respectively, p=0.002, Figure 1D).

Efforts were then undertaken to identify biomarkers predicting ABT-199 sensitivity in AML
cells. As previously reported for multiple myeloma,8 ABT-199 sensitivity strongly and
inversely correlated with the ratios of Bcl-2/Mcl-1 transcripts in the combined cohort of
AML cell lines and patient samples (r=—0.72, p<0.0001, Figure 1E). Interestingly, ABT-199
ICs0s also correlated positively with Mcl-1 transcript levels (r=0.46, p=0.015, Figure S1D)
and negatively with the ratios of Bcl-2/Bcl-xL transcripts (r=0.-46, p=0.018, Figure S1E),
however to a much lesser extent. These results suggest that besides Bcl-2, Bcl-xL and Mcl-1
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play important roles in ABT-199 sensitivity in AML. Finally, to confirm that Bcl-xL and
Mcl-1 affect ABT-199 sensitivity, we ectopically overexpressed Mcl-1 and Bcl-xL in
MV4-11 cells. Western blot analysis confirmed overexpression of Bcl-xL or Mcl-1.
Interestingly, MV4-11 cells ectopically overexpressing Bcl-xL had a decrease in Bcl-2
protein expression (Figure 1F). When treated with ABT-199 for 24 h, the MV4-11/RFP
control cells showed a similar dose-dependent induction of apoptosis as compared to the
parental cells (Figure 1G&A). As expected, overexpression of Bcl-xL and Mcl-1 attenuated
ABT-199 induced apoptosis (Figure 1G).

In conclusion, we provide evidence supporting the further clinical investigation of ABT-199
in AML. While the AML cell lines demonstrated a range of sensitivities to single-agent
ABT-199 therapy, one group appears to be especially sensitive. Cell lines harboring MLL
fusion genes were more sensitive, suggesting that MLL fusion genes play a common role in
Bcl-2 mediated anti-apoptotic effects. Unfortunately, we were unable to obtain any patient
samples with these abnormalities to confirm this finding. Based on the cell line data,
patients, such as those with infant AML,10 whose blast cells have a MLL gene
rearrangement, may benefit from treatment with ABT-199, however confirmation in patient
samples is warranted.

Importantly, we found that primary AML samples with the APL phenotype are especially
sensitive to single-agent ABT-199 suggesting a possible role for this agent in APL patients
who do not respond to all-trans retinoic acid and/or arsenic trioxide based therapies. This
finding, while thus far only in a limited number of samples, has potential importance as
patients with APL meet the exclusion criteria for the current phase Il clinical trial
investigating ABT-199 in AML (NCT01994837, clinicaltrials.gov). Further, our data from
both AML cell lines and primary patient samples suggest that the ratios of Bcl-2/Mcl-1
transcripts may represent a good biomarker predicting ABT-199 sensitivity in acute
leukemia. Our results further support the clinical development of ABT-199 for treatment of
AML.
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Figure 1.
Panel A: Cell lines were treated with ABT-199 for 24 h. Apoptotic events (Annexin V+)

were determined by Annexin V/PI staining and flow cytometry analyses. Panel B: AML
cell lines were cultured for 72 h in the presence of variable concentrations of ABT-199 and
viable cell numbers were determined using MTT reagent and a microplate reader. 1Csq
values were calculated as drug concentration necessary to inhibit 50% proliferation
compared to untreated control cells. The horizontal lines indicate the median. Panel C:
Freshly isolated AML patient samples were purified by standard Ficoll-Hypaque density
centrifugation. AML patient samples #10 and #12 were treated with ABT-199 for 24 h and
apoptotic events were determined by Annexin V/PI staining and flow cytometry analyses.
Panel D: Ex vivo ABT-199 sensitivity was determined using MTT assays. The horizontal
lines indicate median ABT-199 ICsqs in each group of AML patient samples (Panel D).
Panel E: Total RNAs were isolated and gene transcript levels were determined by Real-time
RT-PCR. Transcript levels were normalized to GAPDH and relative expression levels were
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calculated using the comparative Ct method (comparing all samples to the CMS cell line
expression levels). The Bcl-2/Mcl-1 ratios for the AML cell line and patient samples were
graphed against the ABT-199 ICsgq. Panel F: MV4-11 cells were infected with Precision
LentiORF Mcl-1, Bel-xL, or red fluorescent protein control (designated MV4-11/Mcl-1,
MV4-11/Bcl-xL, and MV4-11/RFP respectively) lentivirus overnight, washed, and
incubated for 48 h prior to adding selection drug (blasticidin) to the culture medium. Whole
cell lysates were subjected to Western blotting and probed with anti-Bcl-xL, -Mcl-1, -Bcl-2
or —p-actin antibody. Panel G: MV4-11/Mcl-1, MV4-11/Bcl-xL, and MV4-11/RFP were
treated with ABT-199 for 24 h and apoptotic events were determined by Annexin V/PI
staining and flow cytometry analyses. The p values were calculated using the Mann-
Whitney U test. The relationship between the Bcl-2 family transcript levels/ratios and
ABT-199 sensitivity were determined by the nonparametric Spearman rank correlation
coefficient.
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