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Abstract

Gollner ez al. [6] reported that low levels of EZH2 in patients with acute myeloid leukemia (AML) correlated with a poor prognosis and predicted drug resistance.
Using the MTS growth assay, which measures the enzymatic reduction of a colorimetric substrate, they observed that in vitro treatment of AML cells with
3-deazaneplanocin A (DZNep) induced drug resistance to cytarabine (ARA-C). Using a different growth inhibition assay, we observed that DZNep did not induce
drug resistance to ARA-C and that this combination exhibited antineoplastic activity against AML cells that was greater than either agent alone. We conclude that

their MTS assay gave faulty results, possibly due to the action of DZNep on gene expression in AML cells.

Chromatin alterations by enzymatic modifications of histones play
an important role in the regulation of gene expression in cells. One of
the key enzymes in this process is EZH2 histone methyltransferase that
catalyzes the methylation of histone H3 lysine 27 (H3K27) to H3K27me,
a repressive marker for gene expression [1]. Depending on the cell type,
EZH2 was reported to function as either a tumor suppressor gene
(TSG) or oncogene [1]. Several reports support the oncogene function
of EZH2. High level of EZH2 confers a poor prognosis in patients with
different malignancies [2,3]. Gain of function mutations that increase
the enzymatic activity of EZH2 have been observed in patients with
lymphomas [4]. The oncogenic action of EZH?2 is to be silencing the
expression of tumor suppressor genes and the genes that program
differentiation [1].

In support of the TSG function of EZH2 are the loss-of-function
mutations observed in patients with myelodysplastic syndrome (MDS)
[5]. EZH2 inactivation in MDS is associated with a poor prognosis. The
molecular mechanism of the TSG action of EZH2 is not fully understood.
Gollner et al. investigated the possible TSG function of EZH2 in the
development of AML [6]. This group quantitated the levels of EZH2 in
bone marrow biopsies of AML patients at the time of diagnosis using
immunostaining. They reported that low levels of EZH2 correlated with
a poor prognosis in AML patients and responsible for drug resistance to
tyrosine kinase inhibitors and cytotoxic drugs in AML.

In order to obtain additional data to support this hypothesis,
they treated primary AML cells with 3-deazaneplanocin A (DZNep),
an agent that reduces the level of EZH2 [1]. They determined the
concentration of DZNep that inhibited the growth of the AML cells by
50% (IC,) using the MTS assay. In this assay, the MTS tetrazolium dye
is converted to a colored compound by NADH-dependent reductase
enzymes, which is dependent on the number of viable cells [7]. They
observed that DZNep increased significantly the IC,; value of ARA-C
on the AML cells. Their experimental results are questionable since
for some agents the MTS test can give erroneous results due to the
increase in reductase activity induced by the agent under investigation
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[7,8]. They proposed that DZNep treatment induced drug resistance to
cytosine arabinoside (ARA-C, cytarabine) in the AML cells.

In order to verify the results of Gollner et al. [6], we performed a
similar experiment using electronic cell counting and a colony assay
to evaluate the antineoplastic activity of DZNep in combination with
ARA-C on AML cells. Both these assays indicate that DZNep does not
block the in vitro antileukemic action of ARA-C (Table 1). For example,
DZNep 1 uM and ARA-C 1 uM reduced colony formation by the AML
cells by 73.3 and 20.0%, respectively, whereas in combination they
exhibited an 86.6% reduction in colony formation. Our hypothesis to
explain the difference of our data with the data of Géllner et al. is that
reduction in the level of EZH2 in AML cells by DZNep possibly lead
to increased expression of reductase enzyme activity that resulted in
greater color formation by the MTS substrate. It is of interest to note
that Gollner et al. [6] also observed that knock down of EZH2 by
shRNA also exhibited similar results as the DZNep treatment. These
observations suggest that reduction in the level of EZH2 by DZNep or
shRNA increases the gene expression of reductase enzymes.

DZNep has an interesting potential for the treatment of AML.
In preclinical studies, DZNep exhibits a potent inhibition of the
proliferation of AML cells, both in vitro and in vivo [9]. In addition,
DZNep in combination with the histone deacetylase inhibitor,
panobinostat, or in combination with the inhibitor of DNA methylation,
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Table 1. Effect of DZNep on in vitro antileukemic action of cytarabine (ARA-C) on HL-60
myeloid leukemic cells

Loss of colony formation Growth inhibition (%)

Treatment” (%) (mean £ SEM) (mean = SEM)
Group A (n=3)

DZNep 1 uM 73.3£1.5 65.2+0.5
ARA-C | yM 20.0 £1.5 57.2+£2.3
DZNep | tMH+ARA-C | pM 86.6+1.4 73.241.0
Group B (n=3)

DZNep 5 uM 85.1£1.1 69.4+2.7
ARA-C 1 yM 20.0£1.4 53.2+£2.4
DZNep 5 uM+ARA-C 1 pM 90.7+0.8 74.9+2.4

"DZNep was added to medium at 0 h and ARA-C added at 24 h. At 48 h the cells were
counted, and 1,000 cells placed in soft-agar medium for colony formation determination on
days 16-18 as described previously'’. Statistical analysis: antileukemic action of DZNep 1
or 5 uM + ARA-C 1 uM>DZNep 1 or 5 uM or ARA-C 1 uM; p<0.05; (One-way ANOVA)
for both growth and colony assays

decitabine, exhibits a remarkable synergistic antineoplastic action
against AML cells [9,10]. In addition, DZNep in combination with
decitabine also exhibited a remarkable synergistic activation of genes
that suppress leukemogenesis in AML cells [11]. These reports indicate
that DZNep is an interesting epigenetic agent that merits clinical
investigation in patients with AML and other malignancies. The
negative data published on DZNep by Goéllner et al. [6] can hinder its
development in cancer therapy. It is important that their experimental
results be verified using a different assay to evaluate growth inhibition.
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