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Hemoglobin switching in unicellular erythroid culture of sibling erythroid
burst-forming units: kit ligand induces a dose-dependent fetal hemoglobin
reactivation potentiated by sodium butyrate

Marco Gabbianelli, Ugo Testa, Adriana Massa, Elvira Pelosi, Nadia Maria Sposi, Roberta Riccioni, Luisella Luchetti, and Cesare Peschle

Mechanisms underlying fetal hemoglobin
(HbF) reactivation in adult life have not
been elucidated; particularly, the role of
growth factors (GFs) is controversial.
Interestingly, histone deacetylase (HD)
inhibitors (sodium butyrate, NaB, tricho-
statin A, TSA) reactivate HbF. We devel-
oped a novel model system to investigate
HbF reactivation: (1) single hematopoi-
etic progenitor cells (HPCs) were seeded
in serum-free unilineage erythroid cul-
ture; (2) the 4 daughter cells (erythroid
burst-forming units, [BFU-Es]), endowed
with equivalent proliferation/differentia-
tion and HbF synthesis potential, were
seeded in 4 unicellular erythroid cultures

differentially treated with graded dosages
of GFs and/or HD inhibitors; and (3) HbF
levels were evaluated in terminal erythro-
blasts by assay of F cells and  +y-globin
content (control levels, 2.4% and 1.8%,
respectively, were close to physiologic
values). HbF was moderately enhanced
by interleukin-3 (IL-3) and granulocyte-
macrophage colony-stimulating factor
treatment (up to 5%-8% +-globin content),
while sharply reactivated in a dose-
dependent fashion by c-kit ligand (KL)
and NaB (20%-23%). The stimulatory
effects of KL on HbF production and
erythroid cell proliferation were strictly
correlated. A striking increase of HbF was

induced by combined addition of KL and
NaB or TSA (40%-43%). This positive
interaction is seemingly mediated via
different mechanisms: NaB and TSA may
modify the chromatin structure of the
B-globin gene cluster; KL may activate
the vy-globin promoter via up-modulation
of tal-1 and possibly FLKF transcription
factors. These studies indicate that KL
plays a key role in HbF reactivation in
adult life. Furthermore, combined KL and
NaB administration may be considered
for sickle cell anemia and B-thalassemia
therapy. (Blood. 2000;95:3555-3561)

© 2000 by The American Society of Hematology

Introduction

In humans, the embryonic, fetal, and adgdglobin cluster genes only moderate therapeutic effects limited this clinical use. Histone
are developmentally regulated. In the perinatal switch, fetdeacetylase (HD) inhibitors (ie, trapoxin [TPX], trichostatin A
hemoglobin (HbF) is almost completely replaced by adult HREr'SA], arginine butyrate [ArgB], sodium butyrate, and sodium
(HbA).> The HbF present in adult life (less than 1% of total Hb) iphenylbutyrate [NaB and NaPB]) increase HbF levels in human
restricted to F cells, which represent less than 5% (mean valuesltures!* NaB and NaPB are currently evaluated in clinical
2.7% =+ 1.4%) of the red blood cells (RBC3}§. trials'®16 intermittent therapy with ArgB sustainedly induced HbF
In diverse postnatal conditions, particularly rapid marrovin sickle cell anemia’
regeneration (stress erythropoiesis), HbF synthesis may be reacti-The role of hematopoietic growth factors (HGF) in HbF
vated up to 10% to 20% relativeglobin content:® HbF reactiva- reactivation is controversial. Large dosages of erythropoietin
tion provides an interesting model of partial reverse of the HbF (Epo), while stimulating HbF production in primat&s'®induced
HbA perinatal switch. Furthermore, pharmacologic reactivation ofiodest and variable reactivation of HbF in clinical triZ¥32In the
v-globin expression may provide an effective treatment for patiergerum-free culture of adult hematopoietic progenitor cells (HPCs),
affected byp-globin disorders, as sickle cell anemiagthalasse- granulocyte-macrophage colony-stimulating factor (GM-CSF)
mia. In sickle cell anemia, HbF interferes with sickling byand interleukin-3 (IL-33* induced a significant rise of HbF
inhibiting the polymerization of sickle hemoglobin; subjects wittsynthesis, but these results were not confifhddrthermore, the
elevated HbF levels appear to have a milder diséagethalasse- c-kit ligand (KL) markedly stimulated HbF production in sickle
mia, a significant increase iglobin production could partially cell anemid& and norma&” HPC culture. However, these bulk
replace the defectiv@-globin, thus preventing precipitation of culture studies involved methodology limitations (see “Discus-
unpairedx-globin chaing sion”), which hampered elucidation of the role of HGFs in HbF
In humans and primates, HbF reactivation has been inducedractivation.
diverse agents. Cytostatic drugs such as 5-azacytidine, bromo-We have investigated HbF reactivation by a novel in vitro
deoxyuridine or hydroxyurea (HU) are effective in vifdtHU has approach. Purified adult HPCs were grown in a single-cell unilin-
been successfully used for treatment of sickle cell an¥tia eage erythroid culture. The generated sibling erythroid burst-
however, myelotoxicity, potential long-term carcinogenicity, antbrming units (BFU-Es) were then reseeded in unicellular erythroid
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Figure 1. A model system for analysis of sibling BFU-Es, generated in
unicellular erythroid culture (0.5 cell per well) supplemented with low dosages

of IL-3 and GM-CSF and saturating levels of Epo.  The 4 sibling BFU-Es were
subdivided and individually reseeded in unicellular erythroid culture: 3 siblings were
treated with graded amounts of IL-3, GM-CSF, or KL =+ HD inhibitor (NaB or TSA); the
fourth control sibling was untreated. The sibling clones were analyzed on day 14
through day 18 as single or pooled mature erythroblast colonies.

1st and 2nd MITOSIS

<

HGF t HD INHIBITOR

cultures differentially treated with diverse HGFs (IL-3, GM-CSF,
KL), and/or HD inhibitors (TSA, NaB).

Materials and methods

Hematopoietic growth factors and chemical inducers

Recombinant human IL-3 and GM-CSF were supplied by Behring (Behring-
werke AG, Marburg, Germany) and Sandoz (Basel, Switzerland), respec
tively. Recombinant human KL was providedy R & D Systems
(Minneapolis, MN), whereas recombinant human Epo was supplied by
Amgen (Thousand Oaks, CA). TSA and NaB were provided by Sigma
Chemical, (St Louis, MO).

Peripheral blood

Adult peripheral blood (PB) was obtained from healthy adult male donors
after informed consent. Blood (450 mL) was collected in preservative-free
citrate/phosphate/dextrose/adenine (CPDA-1) anticoagulant. A buffy coe

Figure 2. HbF reactivation in sibling BFU-E colonies. (A) HbF reactivation in
sibling BFU-Es grown in the presence of graded concentrations of GM-CSF or
IL-3. HbF synthesis was evaluated in terms of y-chain content in pooled sibling
erythroid colonies. A representative experiment is shown. (B) Globin chain HPLC
scans and percentage of F cells from pooled sibling BFU-E colonies grown in
unilineage erythroid culture in the presence or absence of GM-CSF (1 ng/mL)
(representative results).
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was obtained by centrifugation (Beckman J6M/E, 1400 rpm per 20 minutes Briefly, cells from pooled or single burséswere cytocentrifuged on a

at room temperature; Beckman Instruments, Fullerton, CA). glass slide, fixed for 5 minutes at room temperature in acetone-methanol

(9:1, vol/vol), washed 3 times with phosphate-buffered saline (PBS), once

with PBS containing 2 mg/mL bovine serum albumin (BSA), and incubated

Adult PB HPCs were purified according to a modificatfoaf a method for 40 minutes at_37°C Wi,th a 1:40 dilution Of, an antihuman HbF _MOAt_)

previously reported? which consists of 3 steps. These purified cells aréCaItag Labor_atorles, Burllngame, CA). The S"d_es were washed twice with
PBS, once with PBS/BSA, incubated for 30 minutes at room temperature

more than 90% CD3%4 and comprise 90% to 95% of early hemopoietic'

progenitor cells, HPCs (including colony-forming units mixed, CFU-Mix,With a 1:20 dilution of fluorescein isothiocyanate (FITC)-conjugated

BFU-E, CFU-GM, and CFU-MK), 5% to 10% of primitive HPCs (high F(al), antimouse IgGs (Dakopatts, Copenhagen, Denmark), and exten-

proliferative potential colony-forming cells, HPP-CFCs and Colony§|vely washed in PBS. The slides were then mounted in PBS/glycerol

forming units-blast, CFU-B), and 0.5% to 2% of putative hematopoieti\(lir’OZSO(’;VOVVOD and (?bSG;\/fedf:]ndel’ an AX'OEhOt Zelss_ mlcroscolpe (”ZEISS,
stem cells (HSCs) (8-week long-term culture initiating cells, LTC-[®s). 'ena, ermapy) equipped for uoresqence. saneg_atlve control, cells were
incubated with normal mouse IgG instead of anti-HbF and processed

as above.

Hematopoietic progenitor cell purification

Unilineage erythroid differentiation cultures

Unicellular cultures. Unicellular cultures were performed in flat- -Chain content
bottomed 96-microwell plates in 0.1 mL of 5% fetal calf serum (FCS)-
medium supplemented with all the ingredients used in F€@lture as High-performance liquid chromatographic (HPLC) separation of globin
previously reported! 32 chains was performed according to Leone ét*&riefly, cell lysates from
In the sibling cell assay, to avoid 2 cells in the same well, the cells weldilk culture and/or pooled sibling erythroid colonies were separated on
plated at 0.5 cell per well. chromatographic columns (Merck LiChrospher 100 CH8/2,5 um; E. Merck,
To selectively stimulate erythroid differentiation, low dosages of IL-3armstadt, Germany) using as eluents a linear gradient of acetonitrile/
and GM-CSF (001 units and 0.001 ng/r‘nLY respective|y) and saturatiﬁ@thanollo.155 mol/L sodium chloride (pH 2.7, 68:4:28 VOl/VOI/VOI)
levels of Ep (3 U/mL) were added to the cultures (this culture condition wa§luent A), and acetonitrile/methanol/0.077 mol/L sodium chloride (pH2.7,
defined in the text as erythroid medium). 26:33:41 vol/vol/vol) (eluent B). Gradient was from 20% to 60% eluentAin
The S|b||ng cells were p|Cked up by a micromanipu|ator from 4 Ceﬁo minutes at a flow rate of 0.8 mL/min. The Optimal absorbance of the
clones scored at day 3 and day 4 and seeded in 4 different wells contairfiif§erent globin was evaluated at 214 nm, because the absorbance coeffi-
0.1 mL of the same medium supplemented or not with graded amountscints of the different chains are identical at this wavelefgth.
IL-3 (1, 10, or 100 U/mL) or GM-CSF (1, 10, or 100 ng/mL) or KL (1, 10,
or 100 ng/mL) or KL+ TSA (100 ng and 10 ng/mL, respectively). CulturesTal-1 and FKLF expression

. ) e o 0
were incubated in a fully humidified atmosphere of 5%506 ,/90% Tal-1 expression was investigated at the messenger RNA (mRNA) level by

N2 anq ¢ olonies were analyz_e_d on day 14 to day'18. - reverse transcriptase—polymerase chain reaction (RT-PCR) analysis and at
Mini-bulk cultures. Purified HPCs grown in FCSliquid culture . . ) )
the protein level by Western blotting on erythroid bulk cultures, according

5.10 cells per milliliter per well in IMDM, supplemented as reported b : . .
( b P PP P yto experimental procedures previously descriffeth the same cultures,

Valtieri et aP?) were induced to specific erythroid differentiation by anFKLF MRNA expression was Investigated by RT-PCR using primers and
appropriate HGF cocktail (Epo and IL-3/GM-CSF as indicated abovemplification conditions as recently reporfid

supplemented or not with KL (100 ng/mL), TSA (10 ng/mL), NaB (0.
mmol/L), or their combination, in a fully humidified atmosphere as
indicated above.

Morphologic analysis. Cells were harvested from day 14 to day 21 Results
smeared on glass slides by cytospin centrifugation and stained with
standard May-Gmwald-Giemsa. For single sibling colony analysis, speWWe have analyzed reactivation of human HbF synthesis in ery-
cific polylysinated glass slides were used. throid colonies generated by sibling adult BFU-Es in unicellular
culture. Several studies also involved minibulk cultures of puri-
fied BFU-Es.
The percentage of erythroblasts containing HbF was evaluated by indirect In the first series of experiments, the effect of IL-3, GM-CSF,
fluorescence as previously descrilfed. and KL was analyzed in sibling BFU-Es (Figure 1). The purified

F cells
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Figure 3. HbF reactivation in sibling BFU-E colonies. 'E ,:” § w Q__%---"'ﬁ}___,\ ® : s
(A) HbF reactivation in pooled sibling BFU-E colonies E 104 ./I g 10- ] L
grown in erythroid culture in presence of graded amounts 3 . — 2 ol 4
of KL. Clonogenetic parameters are shown in top panels. i 25 P i ; ; m 160

In the bottom part, HbF synthesis is monitored in terms of
percentage of F cells and y-chain content. Mean + SEM
values from 3 separate experiments. The correlation
between cell numbers per colony and percentage values
of F cells (r= 0.8, P=.0002) or HbF content (r = 0.91,
P < .0001) is highly significant. (B) HbF reactivation in
single sibling BFU-E colonies treated with graded amounts
of KL, as evaluated in terms of F cells (% values) in each
colony. Top panel, results from 8 groups of sibling colonies
(mean values are shown). Bottom, direct correlation be-
tween F cell number (% values) and cell number X 103 per
colony in the 32 sibling clones (see top panel).
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in terms ofy-chain content (up to 5% and 8% at 10 units and 1 ng,
respectively, mean values) and F cells (Figure 2A and 2B, and data
not shown). Comparison with control erythroid cultures indicates
that the HbF reactivation was unrelated to maturation stage and
cell proliferation, ie, percentage of late erythroblasts was unmodi-
fied and cell number per colony showed only a borderline

20 increase in cultures treated with graded GM-CSF or IL-3 dosages

(Figure 2A).

10 The effects of KL were evaluated in either pooled or single
erythroid colonies generated by sibling BFU-Es (Figure 3). At
pooled colony level (Figure 3A), KL induced a dose-dependent
increase in percentage of F cells (from 2.8% up to 58%) and
v-chain content (from 0.8% up to 22.5%). HbF reactivation was
paralleled by an increase of colony size (fronx2.0° up to 1¢
cells per colony). The correlation between cell numbers per colony
and percentage values of F cells or HbF content was highly
significant P < .001, legend of Figure 3A). Although erythroid
maturation was delayed in KL-treated culture, we consistently
analyzed erythroid clones composed of more than 90% mature
orthochromatic erythroblasts. At the single colony level (Figure

HPCs were grown in unicellular erythroid liquid suspension culturSB)’ KL induced a comparable dose-related HbF reactivation (from
.5% up to 55% F cells) (top); percentage of F cell values and cell

(ie, in medium supplemented with saturating amounts of EpQ; ) !
combined with very low concentrations of IL-3 and GM-CSF t(pumbers per colonies were strictly correlat®d<( .001) (bottom).

allow erythroid differentiation and to stimulate cell proliferation up 10 Comparatively evaluate the HbF synthesis potential of
to terminal maturation, Sposi et®3l After 2 cell divisions, the 4 SiPling BFU-Es, we analyzed 9 experimental groups, each com-
generated BFU-Es were subdivided by micromanipulation amgsed of 4 daughter progenitors reseeded in a unicellular erythroid
individually reseeded in secondary erythroid culture. Three sifulture. At variance with the standard protocol (Figure 1), all
lings were grown in erythroid culture supplemented with grade¥ibling BFU-Es within each group were treated with 0, 1, or 100 ng
concentrations of IL-3, GM-CSF, or KL, whereas the fourth contrdfL; specifically, 3 groups were treated with each KL concentration.
sibling was grown in standard erythroid culture. Finally, wén all groups, the 4 sibling colonies consistently showed equivalent
evaluated HbF levels in the mature erythroblasts of terminaize, maturation stage, and percentage of F cells (Figure 4 and
erythroid colonies; it is noteworthy that we analyzed singleesults not shown). This indicates that sibling BFU-Es have a
colonies and/or pools of corresponding sibling colonies. similar potential, in terms of proliferation and differentiati®ras
Both IL-3 and GM-CSF reactivated HbF synthesis, as evaluateell as HbF synthesis.
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Figure 4. Variation of HbF synthesis among sibling BFU-E clones in 9
experimental groups. At variance with the standard protocol (Figure 1), the 4 sibling
colonies within each group were identically treated, ie, the 4 sibling wells were
supplemented with 0, 1, or 100 ng KL. Correlation between percentage values of F
cells and cell number x 108 per colony: r = 0.8603, P < .0001.
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Figure 5. Minibulk HPC erythroid cultures.  (A) F cells from minibulk HPC erythroid cultures supplemented or not with KL (100 ng/mL) + TSA (10 ng/mL) + NaB (0.5 mmol/L).
F cells were evaluated by indirect immunofluorescence using an antihuman HbF mAb as a primary antibody and an FITC-conjugated goat antimouse IgG as a secondary

antibody. Original magnification X 630. Representative results are shown. (B) Globin chain HPLC scans from mature erythroblasts obtained in minibulk HPC erythroid cultures
supplemented or not with KL, TSA, NaB, or combinations thereof (representative results).
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Table 1. Representative experiment showing HbF reactivation, evaluated in terms of F cells and v-chain content, in minibulk erythroid HPC cultures
supplemented or not with graded NaB dosages =+ saturating KL level
NaB NaB NaB KL KL + NaB KL + NaB KL + NaB
Parameters Control (0.1 mmol/L) (0.2 mmol/L) (0.5 mmol/L) (100 ng) (0.1 mmol/L) (0.2 mmol/L) (0.5 mmol/L)
Mature erythroblasts (%) 95 92 93 90 98 94 94 96
F cells (%) 0.8 13 20 26 23 52 57 63
vy + B (%) 2.6 8.1 11.5 243 18.0 31.7 32.4 45.0

In a second series of experiments, we have analyzed the effdotghis regard, we developed a system for unilineage erythroid
of the HD inhibitors NaB and TSA in minibulk erythroid culture.culture in liquid suspension FCS-free mediéfrin this model,
Treatment with TSA alone blocks erythroid differentiation at apurified HPCs undergo a gradual and homogeneous wave of
early stage, thus rendering a difficult analysis of HbF content ulifferentiation/maturation along the erythroid lineage up to termi-
mature erythroblasts. Nevertheless, the analysis of F cells nal cells (ie, at day 14 to day 1& 97% cells are orthochromatic
minibulk cultures revealed an increase of F erythroblasts (Figunermoblasts). Thereafter, we developed a system for unicellular
5A). In a dose-response experiment, NaB markedly reactivatedlture, whereby single sibling BFU-Es are grown in parallel in
HbF with a peak effect at 0.5 mmol/L, as evaluated in terms of &ythroid-specific medium and then comparatively analyzed at
cells (up to 26%) and-globin content (up to 24%) (Table 1 andthe level of their progens? Specifically, while a small fraction
Figure 5A and 5B). (less than 20%) of the 4 sibling clones undergo apoptosis in

The third series of experiments was performed by combinehis culture system, the other sibling progenitors generate pure
addition of plateau levels of KL (100 ng/mL) and NaB or TSA (0.5
mmol/L and 10 ng/mL, respectively) in both minibulk and sibling
BFU-E erythroid cultures (Figure 6A and 6B). Interestingly, the A" |
combined addition of KL and NaB or TSA induced a striking ™
increase of HbF levels in terms of F cells apgjlobin content, up
to 71% or 73% and 40% or 43%, respectively (Figure 6A).
Although colonies treated with NaB alone were markedly small,”

KL restored a virtually normal proliferation in NaB-treated cul- ,
tures, as well as in TSA-supplemented ones (Figure 6B). Furthel

el numbser
s 3 2

-]

% mature arythroblosts

02466 1D121418182022

more, both NaB and TSA delayed differentiation/maturation along bays
the erythroid pathway (more than 90% of mature erythroblaste Bl Ll
observed at day 20 through day 25 in KLNaB or TSA culture, ie, 5 sl o
days later than in the KL-treated group) (Figure 6A and 6B). g =%
Finally, to explore the molecular mechanisms underlyjrgjo- E & 2y . I
bin modulation induced by KL and HD inhibitors, we evaluated the = =
expression of Tal-1 and FKLF in minibulk erythroid cultures grown | I I o I
under standard conditions (control) or in the presence of saturatin € KL MNoB KisNoB KLTSA © KL NoB KNG KieTsA

levels of KL = NaB (Figure 7). Semiquantitative RT-PCR showed — ——

that KL caused a significant increase in Tal-1 mMRNA expressiony .
(top left panel), which was paralleled by a marked increase of Tal-

protein levels (top right). Conversely, NaB caused a drop of Tal-1§ - i
mRNA and protein, which was rescued by combined NaBL ¥ i 2l

40
mRNA levels showed a moderate increase in KL-supplemented I E P
cultures, in contrast to the marked drop induced by NaB, whichwa: ,» & ol

treatment (top). Evaluation of fetal Kppel-like factor (FKLF) .
rescued by combined NaB KL treatment (bottom panel).

&0 40 s
&0 i 30
Discussion § o L _
& 5 Ed
Human HbF reactivation has been consistently observed in bul * I ' L ' I
cultures of normal adult erythroid progenitéfstt However, ol == ol M
elucidation of the underlying mechanisms was hampered by majc € KL NoB KisNoB KisTsA G PML oR; KNGEGKLESA
methodology limitations, namely, (1) the variable effects of differ- — T = |

ent FCS batches, (2) the rarity and hEterOQenelty of the HPCS’ %qre 6. HbF reactivation and synthesis.  (A) HbF reactivation in minibulk HPC
(3) the large number of coplated accessory cells releasing endegthroid cultures supplemented or not with KL (100 ng/mL) + NaB (0.5 mmol/L) or +
enous cytokines. HbF reactivation was almost completely ab@BA (10 ng/mL). Clonogenetic parameters are shown in top panels. On the bottom,
ished in HPC FCS-free culturé§?5~42indicating that ECS directly Hb synthesis is shown as F _cells and «/I—chaln conteht percentage. Mean = SEM
- _ values from 3 separate experiments. Variance analysis was performed to evaluate
and/or md'reCtIy enhances HbF productlon. Thereafter, HbF reaghs difference between groups and expressed as Bonferroni P values. *P < .05 and
vation was analyzed in bulk cultures of 90% to 95% purified HPCs;P < .001 when compared with the indicated group. (B) HbF synthesis, evaluated
thus eliminating the accessory cell bFésDespite these advances,in terms of F cells and y-chain content, in pooled sibling BFU-E colonies grown in
. . . . ... _unilineage erythroid culture supplemented or not with KL = NaB or =+ TSA.
the hEtemgenelty of progenitors still represented a SIinflcaMian + SEM values from 3 separate experiments. *P < .05 and ***P < .001 when
hurdle, particularly with respect to result interpretation (see belowéhmpared with the indicated group.
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reactivation in sibling BFU-Es. It is well established that KL
potentiates the erythroid proliferation induced by Epinterest-
ingly, the KL-induced rise of erythroid cell proliferation is strictly
correlated with the reactivation of HbF. In human development, the
erythroid proliferation rate gradually declines from the fetal
through the perinatal and adult peritidn this regard, fetal liver
HPCs are particularly sensitive to Ktt,whose concentration is
more elevated in cord than adult blotfdOn this basis, it is
hypothesized that the perinatal Hb switch may be, at least in part,
mediated via a decline of KL activity and hence, erythroid
proliferation activity.

Chemical compounds reactivating Hb14-16.46may act via
different mechanisms: TPX, TSA, and probably butyrate, and
derivatives act via HD inhibitioA? whereas HU neither affects
bulk histone acetylation, nor activatesglobin promoter con-
structst* On the other hand, KL induces tatfland possibly other
transcription factors such as FKEf,which may up-modulate
v-globin seemingly via promoter activatiéh*¢Tal-1, in coopera-
tion with other transcription factors, interacts with a conserved
E-box in the-globin control region enhancer to stimulatglobin
erythroblast colonies and show an equivalent proliferativgfene transcriptiof25° FKLF is preferentially expressed in fetal
differentiative capacity” rather than in adult erythroid tissue, whereas it stimulgtgtobin

~ Inthe current studies, we used the sibling BFU-E approach fa.,e expression in the K562 cell lifeOur experiments, per-
investigate the effects of IL-3, GM-CSF, and particularly KL in thg, . ..aq on HPCs grown in erythroid culture in the presence of

reactivation of thg HbF synthgsis program. Four §ib|ing BF[,J'E%L + NaB, provided evidence that KL, but not NaB, exerted a
generated by_a smgle_progt_anltor and endowed W'_th an equ'valﬁlﬁérked stimulatory effect on Tal-1 expression, and a moderate
HbF synthesis potentlgl (Figure .4) were grown in a smgle_—cel crease of FLKF mRNA. This suggests that the stimulatory effect
culture, and the resulting erythroid colonies were comparativel

analyzed. Specifically, the control sibling BFU-E was untreate%egi;tgg tz;gfbﬁnegﬁgfc:ﬂ;?grﬁ dm?gsiabﬁ lifEFllxp?:és?;n
whereas the other 3 siblings were treated with KIHD inhibitor 9 P y P '

On the other hand, NaB seemingly exerts its stimulatory effect on

at 3 graded concentrations; this allowed to perform a rigorous doﬁBF reactivation by a different molecular mechanism, ie, modifica-
response with an internal negative control. Furthermore, the T

progeny of each sibling BFU-E was analyzed at the stage B?n of chromatin §trgcture of thig-globin ge-ne clustler, resulting in
terminal erythroblast, thus excluding that the positive effects dﬂcreased transc_rlptl_onal output of még!()b"? gené.
HbF synthesis were mediated by insufficient maturation of the A9eNts reactivating HbF synthesis via different molecular
erythroblasts. It is also noteworthy that GF treatment only slightff€chanisms may act additively or synergisticéty: The current
diminished the fraction of clones undergoing apoptosis (ie, froffudies demonstrate that the HD inhibitors TSA and NaB signifi-
less than 20% to less than 10%). cantly potentiate the KL-induced reactivation of HbF in human
Although previous studies on IL-3 and GM-CSF proVidecgidultBFU-ES.TSAaIso caused a partial block of BFU-E prolifera-
controversial result® the current observations unequi\,oca||);ion/dh‘ferentiation, which was restored by combined treatment
demonstrate that both multilineage HGFs exert a mild, puith KL. Similarly, the drop of Tal-1 and FLKF expression induced
significant, stimulatory effect on HbF reactivation, as originallfy NaB was restored by combined treatment with KL. We suggest
indicated in bulk BFU-E culture®.24 that the additive effect exerted by KL and the HD inhibitors on HbF
The stimulatory action of KL on HbF production in the bulkreactivation may be mediated via complementary mechanisms, as
BFU-E culture is of uncertain significanégie, it may be mediated indicated above.
by an effect on the BFU-E HbF synthesis program oréweuitment of Finally, it is noteworthy that, in the clinical setting, combined
BFU-Es with elevated HbF production potential. The latter mech&reatment with HD inhibitors and KL may be considered for HbF
nism, however, is excluded by the present observations, whigkactivation in patients wittg-globin disorders, as sickle cell
demonstrate a direct, dose-related stimulatory effect of KL on Hi#hemia oB-thalassemia.

oQ
]
4
+
X

Control
NaB

|
® «

Control

[1:]
[}
z

| KL+NaB
®  Ks62

i s |
4
-

Tal-1— ** —331bp Tal-1- -45 kd

B,m —eeeme= - 253 bp

Control
B
KL+NaB

©
Z X

FKLF— @ @& -500 bp
p,m - emememes - 253 bp

Figure 7. Tal-1 and FKLF expression in bulk HPC erythroid cultures supple-
mented or not with KL (100 ng/mL) = NaB (0.5 mmol/L). Tal-1 expression was
evaluated in terms of RT-PCR (right top panel) and Western blotting (left top panel).
FKLF expression was analyzed only by RT-PCR (bottom panel).
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