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Induction of γ-globin gene expression by tallimustine
analogs in human erythroid cells

Modulation of γγ-globin gene expression is of relevance for
the treatment of ββ-thalassemia and sickle cell anemia. We
studied the relationship between the structure of DNA-bind-
ing tallimustine analogs and their ability to induce erythroid
differentiation of K562 cells. One of the most active analogs
(compound 10710) was found to efficiently induce fetal
hemoglobin (HbF) and γγ-globin mRNA production also in
normal human erythroid progenitors.
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Drug-mediated modulation of interactions between DNA and
nuclear proteins could represent a promising approach to con-
trol γ-globin gene expression and fetal hemoglobin (HbF) pro-
duction.1-3 This is of relevance for the treatment of β-tha-
lassemia and sickle cell anemia,3 since increasing HbF to 30%
of the total hemoglobin production leads to an improvement of
the clinical status.3

In the present study we first determined whether DNA-bind-
ing tallimustine analogs (Figure 1) induce erythroid differen-
tiation of human erythroleukemia K562 cells. K562(S) cells
were cultured, treated and analyzed as elsewhere reported.1,2

The results (Figure 2A), obtained using compounds at concen-
trations causing 50% inhibition of cell growth, indicated that
among the analogs carrying three pyrrole rings, tallimustine
(10655) and 10569 exhibited high induction capacity. Addi-
tion of pyrrole rings significantly improved the inducing abil-
ity (comparing 10710 to 10569, 10569 to 10709 and 10705
to 10558 yielded p values < 0.03 by the one-way ANOVA test).
The effect of the drugs on these cells was associated with pro-
duction of Hb Portland and an increase in γ-globin mRNA con-
tent (data not shown).

The most active compound, 10710, was further studied in
normal human erythroid precursors cultured in a two-phase
liquid culture system.2,4,5 Compounds were added on day 4-5
of phase II (when cells started to synthesize Hb). Hb was ana-
lyzed by high performance liquid chromatography (HPLC) on
day 12 as elsewhere reported.4,5 The representative example
shown in Figure 2B demonstrates that the percentage of HbF
with respect to total Hb (% HbF) increased from 1.8%
(untreated cells) to 7.5% and 14.5% in cells treated with 0.5
and 0.75 µM 10710, respectively. Lower levels of HbF were
found with hydroxyurea, tallimustine, and 10569.2

Real-time quantitative reverse transcriptase polymerase
chain reaction (RT-PCR) analysis of the globin mRNA content
(Figure 2C)6 indicated that 10710 increased both γ-globin and
β-globin mRNA using GAPDH mRNA as a reference. However,
the fold increase of γ-globin mRNA was significantly higher
than that of β-globin mRNA (p < 0.07 by the one-way ANO-
VA test), suggesting a preferential induction of the expression
of the γ-globin genes after treatment of human erythroid pre-
cursors with 10710. In contrast, the increase in  α-globin
mRNA was only barely detectable (Figure 2C).

In conclusion, in this study we demonstrated that the num-
ber of pyrrole rings and the type of molecular bridge linking
the alkylating moiety and the oligopyrrole carboxy-amido
backbone affect the differentiation inducing ability of tal-
limustine analogs. The compound 10710 was the most effi-
cient inducer of γ-globin mRNA synthesis and HbF production

Figure 1. Chemical structures of tallimustine
analogs. These compounds were synthesized at
the laboratories of Menarini Ricerche Sud,
Pomezia (Rome, Italy).
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in normal erythroid progenitors. This agent, with its four pyr-
role rings, was more active than tallimustine2 or hydroxyurea,
the drug currently used for HbF enhancement in β-thalassemia
and sickle-cell disease.3 In addition to increasing γ-globin
mRNA synthesis, this agent also increased β-globin mRNA,
but only slightly increased α-globin mRNA. 

Since these DNA-binding molecules are cytotoxic,2 chemi-
cal modifications will be required to reduce their toxicity. In
this respect, our study should be considered as a basis for fur-
ther efforts to develop agents for hematologic diseases in
which the induction of both γ-globin and β-globin genes could
be clinically relevant.
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In vitro study of stromal cell defects in myelodysplastic
syndromes

The long term bone marrow culture (LTBMC) system was
used to examine in vitro characteristics of stromal cells in
myelodysplastic syndromes (MDS): confluence after four-
week culture, activation of caspase-3, production of tumor
necrosis-αα, interleukin (IL)-1ββ and vascular endothelial
growth factor (VEGF), and density of endothelial (CD31)
cells. Low confluence, associated in some cases with cas-
pase-3 activation and increased angiogenesis, was the most
frequent abnormality. 
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The ineffective hematopoiesis that characterizes MDS has
been attributed to an accelerated apoptosis in hematopoietic
progenitors.1 Altered interactions between stromal and
hematopoietic cells have also been reported, but discrepancies
exist between studies regarding the implication and functional

Figure 2. A. Effects of tallimustine analogs on differentiation
of K562 cells. K562 cells were cultured in the presence of
concentrations of tallimustine analogs that caused 50%
inhibition of cell growth; after 6 days the proportion of ben-
zidine-positive (Hb-containing) cells was determined as pre-
viously described (results are the means ± SD of three inde-
pendent experiments).2 B, C. Production of HbF (B) and glo-
bin mRNA (C) by normal human erythroid cultures. Cells
were grown according to the two-phase liquid culture pro-
tocol4,5 with no drug (untreated), with HU (150 µµM) or with
the indicated concentrations of 10710, 10655 and 10569.
Hemoglobins were analyzed by HPLC and the % HbF deter-
mined (B). Accumulation of mRNA was measured by quan-
titative real-time RT-PCR assay (C).6 The results (mean ±
SD) of the fold increase of globin mRNAs induced by 0.75,
µµM 10710 (compared to untreated cells) in three experi-
ments are summarized.




