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Identification of a GATA-overlapping sequence within the enhancer of the murine
GPllb promoter that induces transcriptional deregulation in human K562 cells

Patricia Albanese, Maryléne Leboeuf, Jean-Philippe Rosa, and Georges Uzan

The human and the murine glycoprotein
platelet Ilb (GPIIb) promoters are megakaryo-
cyte specific in human and murine cell sys-

tems, respectively. Here we show that the
murine promoter is, however, highly active

when transfected in K562 human cells in
which the human promoter is almost inac-
tive. A murine promoter, in which the en-
hancer element was replaced by the human,
retrieves its megakaryocytic specificity in

human cell lines. The human and murine
GATA-binding sites located in the enhancer
region display slight sequence divergence

next to the consensus GATA core sequence.

Gel shift experiments show that, although
the murine and the human GATA sequences
both bind GATA-1, the murine sequence
alone forms an additional complex (B) not
detected with the human sequence. When
the murine GATA-containing region is re-
placed by the human in the context of the
murine GPlIb promoter, megakaryocyte
specificity is restored in the human cell
lines. A G nucleotide 3 ' to GATA appears
crucial because its substitution abrogates B
but not GATA-1 binding and restores
megakaryocyte specificity to the murine pro-
moter. Conversely, substitution of the hu-

man GATA-1 binding sequence by its mu-
rine homologue that binds both GATA-1 and
complex B induces an abnormal activity for

the human promoter in K562 cells. Alto-
gether, our data suggest that limited changes
in the GATA-containing enhancer of the
GPlIb promoter can induce the recruitment
of accessory proteins that could be involved

in alteration of a megakaryocyte-restricted
gene activation program. (Blood. 2000;96:
1348-1357)
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Introduction

The mechanism by which a lineage-specific pattern of gemblation of the megakaryocytic lineage at a very early stage,
expression is progressively established during hematopoietic diffepntrasting with the late blockage of megakaryocytic differentia-
entiation is still not completely understood. Recent studies hatien occurring with GATA-1 inactivation. This finding suggests
pointed to a growing number of transcription factors relevant to thbkat, although acting as an essential cofactor of GATA-1 in
developmental program leading to hematopoietic stem cell exparythroid cells, FOG may act independently from GATA-1 in
sion and lineage determination. Gene targeting inactivation ofegakaryocyte® This action illustrates that association between
SCL/Tal-1 and Rbtn-2 transcription factors leads to similar defedignscription factors can be modulated according to the cell type
in early hematopoietic developmént.Other transcription factors and to the differentiation stage, leading to specific functions in
are also important regulators later in the hematopoietic process. Eanscription regulation.
example, GATA-1 is expressed in erythroid, megakaryocytic, mast, DNA cis-acting elements of gene promoters, the targets of these
and eosinophilic cell$’ and a number of genes expressed in thesenscription factors, represent the other central actors in promoter
cells contain GATA motifs in critical cis-regulatory elemefs. activity regulation. It is probably the concerted differential engage-
Gene targeting experiments of GATA-1 have led to a developmement of cis elements according to the lineage context that regulate
tal arrest at the proerythroblastic stage and to apoptosis, resultingtie fine-tuning of transcription. For example, most of the
embryonic lethality by day 11.5 of gestatiéhl* Megakaryocytes megakaryocytic gene promoters contain GATA and Ets binding
lacking GATA-1 by a lineage-selective knockout also arrest thedites, the association of which appears to be crucial for the control
maturation, but undergo proliferation rather than apoptdsis. of the transcription level and cell specificity of these geliés.
These results underline the critical role of GATA-1 in both Among them, the gene coding for glycoprotein platelet Ilb
megakaryocytes and erythroid lineage and show that the sa(@IIb, o) is one of the most extensively studied. We had
transcription factor can be recruited for different cellular functiongreviously proposed a model explaining how GPIIb gene transcrip-
and may act at different stages in different lineages. tion is switched off in nonmegakaryocytic cells, whereas it is kept
The combinatorial association of transcription factors magctive all along the megakaryocyte differentiatidmndeed, GPIlb
account for modulation of lineage differentiation. For examplpromoter contains an enhancer that bears GATA and Ets eleéments
FOG, for friend of GATA, is a cofactor for GATA-1 that was shownactive in erythroid and megakaryocytic celtsChe GPIIb promoter
to be crucial for normal erythroid and megakaryocytic differentiaalso contains ubiquitous positive cis-active elements. Both types of
tion.” FOG inactivation revealed that FOG erythroid cells elements are smothered by the action of a potent repressor,
displayed a blockage of maturation reminiscent of GATA-1depending on the cellular context. This repressor is also active in
erythroid precursors. However, loss of FOG leads to the specifitegakaryocytic cells, where it tunes the GPIIb gene transcriptional
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activity to a medium level. The transcription of GPIlb gene and itsequences for transcription factor binding sites are underlined. The
cell specificity is thus exquisitely regulated by the balance betwegligonucleotide used to obtain the murined56 GATA mutant of the
a repressor and different positive cis-acting elem@&ht§his Mmurine promoter designated 899 mG* was (-443)5 AGCTGTTCTC-

balance could be regulated during the differentiation of ear@JCC JTCTAAGACCAGAGG 3(-470). Swapping of the mGATA se-

hematopoietic progenitors and/or during the course of the emb lence on the murine-899 construct by the human GATA (hGATA)

. . equence was obtained by using the oligonucleotidBTAAGCAAGCT-
onic development. GPIllb gene was for a long time thought to beG’tTGCCCCCGATAAAA CCTGAGGCTGTCATCA 3. Swapping of the

specific, although early, marker of megakaryocytes and plaf7é|et§1GATA sequence on the human813 construct by the mGATA sequence
However, its expression was detected on the common progenitogRfs obtained by using the oligonucleotide GGGGGAAGGAGAAG-
erythroid and megakaryocytic cefsRecently, the expression of GAAGCTGTTCTCCCCI GATAAGACCAG AGGCTTCTGTATC 3.
GPllb-lIlla was detected on avian multilineage hematopoietic

cells?® This finding suggests that, although detected in earlyell culture

hematopoietic progenitors, GPIIb expression is turned off in e 565 | |N175, and MEL cells were grown in RPMI-1640 medium
f:ourse of proge”'tor commitment. l.n pgrallel, .GP”b eXpress'o('a-;ibco-BRL, Gaithersburg, MD) supplemented with 10% heat-inactivated
increases while the megakaryocytic differentiation program s calf serum (FCS; ATGC, F), 2 mmoliL glutamine, and 100 U/mL
engaged:*27.28 penicillin/streptomycin (Gibco-BRL). Cells were grown at 37°C in a 5%
In this paper, we show that the murine GPIlb promoter sequence, incubator. HeLa and 3T3 cells were grown in DMEM medium
and organization is very similar to that of the human. HowevefGibco-BRL) in the same conditions. Human CD3grogenitor cells were
when placed in a heterologous context, ie, the murine promoterdhtained from umbilical cord blood. Mononuclear cells were obtained by
human cell lines, the balance between the repressor and the pos#r/rifugation on ficoll Lymphoprep (Nycomed Pharma, Gibco-BRL) and
elements is deregulated. We show that the sequences adjacent t4/fig then enriched for CD34cells by a 2-round separation procedure,
GATA binding site of the enhancer region bind an unknown DNA'S'n_g the CD34 m'agnenc cell isolation kit M|n|Macs (Mllte.nyl-B|otech,
Paris, France) (typically to greater than 95% purity). To obtain megakaryo-

binding protein and play an important role in this Imbalancec’ytit: differentiation, the CD34 cells were cultured at a density of 310

Whether the recrgltmeht of an .addltlonal DNA-blndlng prOt_e'r&ells/mL in Stenx (Tebu, France), with the following recombinant human
next to the GATA site is involved in the alteration of the regulatloq.,H) cytokines (Preprotech Tebu, France): 50 ng/mL rH Tpo, 6 U/mL rH
of the GPIIb promoter activity is discussed. interleukin-3 (IL-3), 10 U/mL rH IL-6, and 4 U/mL rH IL-11, and incubated

in 5% CQ at 37°C. The erythroid differentiation of the CDB4ells was
performed as previously describ&dMegakaryocytic and erythroid cul

. tures were harvested after 12 days. Human cell surface phenotype was
Materials and methods determined by flow cytometry using PerCP-conjugated antihuman CD34
(Becton Dickinson, Mountain View, CA), fluorescein isothiocyanate (FITC)-
conjugated antihuman glycophorin A (GPA) (Immunotech, France), and
The basic chloramphenicol acetyl-transferase (CAT) plasmids used wefgycoerythrin (PE)-conjugated antihuman CD41 (DAKO, France) antibod-
pBLCAT3,2° pBLCAT2, and pRSVCAT (Promega Biotech, Madison,ies, according to the manufacturer’s instructions.

WI).30 A 129svj Mouse Genomic Library in the Lambda FIX®II Vector

(Stratagene, La Jolla, CA) was screened with a previously describBeéverse transcription and PCR amplification of RNA

583-base pair (bp) mouse genomic DNA prébé\ positive clone was
digested byEcaRl, yielding 2 genomic fragments that were subcloned int
the pBluescriptll vector (Stratagene): a 3.1-kb fragment containing t
region extending from-3500 to—320 according to the transcription start
site, and a 1.3-kb fragment extending fron320 to +1000. Because the
initiation translation start site is located at positi®83 (the A of the ATG
codon), the—320H-32 region was amplified by polymerase chain reactio
(PCR), using the-320+-1000 fragment as a template and was cloned in
shuttle vector (TA-cloning, Invitrogen, San Diego, CA). Th8500/-320
EcaRl fragment was introduced in the’ EcaRl site of the —320H-32

fragment. The resulting-3500/+33 construct was digested Byindlll  pjasmids were isolated by alkaline lysis and purified on anion exchange
restriction enzyme, generating-2700/+32 fragment, subcloned into the columns (Jetstar Genomed, Quantum Europe, France). Nonadherent cells
PBLCAT3 vector, upstream from the CAT gene. Further digestion of thigere transfected by the electroporation method by using a gene pulser
2700 construct produced a murine GPIllb genomic fragment, extendif@iorad Laboratories, Hercules, CA), as previously descriaédiherent

from —899, —538, —396 to +32, respectively. The human 813 construciye| g and 3T3 cells were transfected by the calcium phosphate m#thod.
was already describétiand contains the human GPIIb promoter sequenceg,e pRSV-luciferase plasmid (Promega Biotech) was used as an internal

starting from position+33, relative to the transcription start sitel to  siandard expressing firefly luciferase under the control of the Rous Sarcoma
—813%The human-598/-406 GPllb enhancétwas PCR-amplified and yjrys promotef

linked to the—396/+32 region that was described above. One copy of the

—598/-406 enhancer was inserted, in direct or reverse orientation. Tp§ciferase and CAT assays

cohesive ends of the-598/~406 and of the—396/+32 fragments were

designed in a way such that the GATA and Ets elements of the hum@slls were harvested 48 hours after transfection, and cell extracts were
enhancer were inserted at the same position of the murine GATA (mGATAptained by 3 cycles of freeze and thaw lysis. Luciferase activity of the
and Ets sites. extracts was measured using the Luciferase Assay system (Promega
Biotech) and a luminometer (MicroLumat LB96P, EG&G Berthold) and
expressed in arbitrary units. CAT assays were performed as described
elsewheré? The amount of protein in the extract tested was normalized as a
Site-directed mutagenesis was performed on the muri®@9 and human function of the luciferase activity. Acetylation 8{C] chloramphenicol was
—813 GPIIb constructs, with the Transformer Site-directed Mutagenesistermined by quantification of the radioactivity on thin-layer chromatogra-
Kit (Clontech, Palo Alto, CA), according to the manufacturer’s instructionghy plates by phospholmager analysis using the Image Quant software
The mutated nucleotides are indicated in bold type, and consengMvlecular Dynamics, Sunnyvale, CA). CAT activity corresponds to the

Plasmid constructions

a'otal RNA was prepared from different cell lines and primary culture from
I%D34+ cells, using the TRIzol reagent (Gibco-BRL), according to the
manufacturer’s protocdtt Reverse transcription and PCR amplification
was carried out as previously descrilf&dligonucleotide primers were
synthesized by Eurobio (Les Ullis, France), according to the sequence
erformation previously described for murine GPIIbM and HFRTiuman
g:PIIbH,?’G and GAPDH3"

DNA transfection

Site-directed mutagenesis
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percentage of conversion of chloramphenicol to acetylated forms. All
assays were performed within the linear range of acetylation reaction. Results

Murine, human, and rat GPIIb promoters display strong
sequence homology and conservation of cis-acting elements

Nuclear protein extracts were prepared from the following cells: HEL, 5 )
K562, LIN-175, MEL, human megakaryocytes, and erythroblasts obtainéignment of the human-880/+32* and murine—901/+32

from CD34* progenitor cells differentiation, according to the rapid metho@P11b promoters yielded an overall identity score of 64% (data
of Schreiber et &! They were quantified according to Bradford coloratiom’0t shown). The previously described humar698/—406
protocol (BioRad) and stored at80°C. enhancer region displays 71% homology with the murine
—588/—396 region. As previously reported, the456 GATA
and —505 Ets sequences are well aligned with th¢63 GATA
and—>515 Ets sites of the human promotékVe have previously
The synthetic oligonucleotides used in electrophoretic mobility shift assgfgmonstrated that these human sites bind GATA-1 and PU.1,
(EMSA) experiments were synthesized by Eurobio (Les Ullis). One stramig@spectively?4” and are responsible for the erythro-megakaryo
was 3 end-labeled with T4 polynucleotide kinase and annealed with aytic activity of the human GPIIb enhanc¥rThese sites have
excess of the nonlabeled complementary strand at a 1.4 ratio. All fragmeatso been shown to be important for the rat GPIlb promoter
were purified from unincorporated radioelements using Quick Spin Cdiunction28 The murine—174/—74 region is 60% homologous to
umns (Roche Molecular Biochemicals), and radioactivity incorporatiohe human—198/—81 region, containing a repressor element
was measured by scintillation counting (Beckton Dickinson LS-1800). Theat was shown to be crucial for megakaryocyte specificity of
hGATA oligonucleotide containing the huma63 GATA site has already the human promote48A repressor element was also described
been descrlbe%ilts, sequence Was—(451)SAGCTG(;TGCCCCCGATA _on the —183/~70 region of the rat GPIIb promotét. The
AAACCTGAGG 3 (—477). The mGATA oligonucleotide sequence contaln-_56/+32 proximal domain of the murine promoter appeared

Ing the murine—456 GATA site was {443) 5 AGCTGTTCTCCCC*.T' __highly conserved when compared with the human corresponding

GATAAGACCAGAGG 3(—470). Consensus sequences for transcription ~ . ) . .
. . : . . region (75% homology). This region contains th&4 GATA/

factor binding sites are underlined. Other oligonucleotides were used 1040 Ets tand it hich tive in the h dth t

correspond mMGATA and hGATA sequences with mutations (bold letters 'gmotngqg sOmFsgl erse’ VX :IC sﬁ;?eic a’; Ig'mﬁaru?rzgr?nat'oﬁ ra
49, igu illu imi izati

Their corresponding sequences are reported in the figures of interest. .
same oligonucleotides were used as cold competitors. The conserdgfween the murine and the human promoters.

Spl-binding site from the SV40 early promoter was used as nonspecific ) L
cold competitor controf2 Murine GPIlb promoter loses its megakaryocyte specificity in

human cell lines

Nuclear protein extracts

DNA probes

Electrophoretic mobility shift assays The cell-specificity of the murine-899/+33 GPIllb promoter
fragment was analyzed in several cell lines (Figure 2). The murine

The gel retardation assays were performed as already destried | |N.175 and human HEL cells were used as megakaryocytic cell

combination of the procedures of Halligan and Desidérmd of Singh et lines that express GPIf, murine MEL cells display erythroid

al# For competition studies, unlabeled competitors were added to thatures and do not express GPifhyhereas human K562 cells
binding reaction and nuclear extracts, 5 minutes at room temperatu(rjgla ’

according to the ratio described in each experiment, prior to the addition Q]S Fislgly;rythroé—Bme'?/lakgryolgmcsf_?gture ds E ut WlthL'OVI\iGP”F expres-
radioactive probes. Rat antimouse GATA-1 monoclonal and rabbit anti© (Figure ). ur'_net ) and numan rHeL.a cells were
human Stat6 polyclonal antibodies were purchased from Santa cilsed as nonhematopoietic controls. To make the results comparable

Biotechnology. For gel supershift assayg@of antibodies were added to Petween the different cell lines, the CAT activities of the promoter
the binding reaction and nuclear extracts, 2 hours at 4°C prior to thggments were normalized by using the pBLCAT2 control vector
addition of radioactive probes. activity as reference, arbitrarily taken as 100%.

In murine megakaryocytic LIN-175 cells (Figure 2A), trans-
fection of the 899 construct yielded 252% CAT activity,
suggesting that this fragment contains all the elements essential
constants (Kd) for the transcriptional activity of the promoter. This fragment

EMSAs were performed with increasing known concentrations of tHa€ars the-456 GATA and the-505 Ets binding sites (Figure 1),
radiolabeled probes (0.02-6 ng), incubated with constant, nonsaturating

amounts of nuclear proteins (1@®). The amount of free and bound probes

formed in binding reactions were quantified by phospholmager (Molecular Murine GPIIb promoter v‘-"o
Dynamics) using the Image Quant software. Scatchard plot analyses were .sg9 gﬂ
done as described.The ratio between Bound and Free DNA probe (B/F)

versus specific DNA-protein binding concentration [Boundin@l/L) was

Scatchard analysis and determination of dissociation

Homan GPIIb promoter

plotted, and the straight lines were drawn by fitting the data using a linear o @ Sod
regression, with the Scatchard equation: B/F(1/Kd) X [Bound] + .§° 2 §' SRS
Bmax/Kd, where Kd is the apparent equilibrium dissociation constant and =813 === m """"""""""""""""""""""""""""""" <CAL>

Bmax is the maximal number of binding sites. The Kd value corresponds to
(as the inverse of) the affinity of the probe for its protein-binding site, Qs [JoaTa <.>R°'"°55°'
because it is equal to the probe concentration that yields half-maximal

binding of protein. The Bmax value corresponds to the maximal numbggure 1. Schematic representation of the murine (gray) and human (white)

(density) of specific binding sites and thus depends on the amount G > Promoter fragments extending from ~ ~899 and —813 to +32 bp, respec-
i X tively. Nucleotide position of the different sites and elements are indicated from the

nuclear protein extract. They were calculated according to the Scatchgfihtion start site. Boxes represent GATA sites; circles, Ets sites; and diamonds, the

equation for each DNA/protein complexes formed. repressor elements. The human enhancer was delimited by an arrow.
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Figure 2. Comparison of the transcriptional activities of the murine and human

GPlIb promoter fragments, in murine (A) and human (B) cell lines. Murine and
human GPIlIb promoters (—899/+33 and —813/+33, respectively) were cloned
upstream of CAT gene in pBLCAT3 plasmid and transfected in different cell lines. The
PRSVCAT plasmid containing the CAT gene driven by the RSV promoter was used as
a positive control, and the promoter less pBLCAT3 plasmid was used to assess
background level. In each assay, the pRSV-luciferase plasmid was cotransfected as
an internal control of transfection. Cellular extracts were prepared 48 hours after
transfection, and the CAT assays were normalized according to the luciferase activity
of each extract. The CAT values were expressed relatively to the pBLCAT2 plasmid,
containing the CAT gene driven by the ubiquitous TK promoter, which was taken as
the 100% value to compare CAT activity between cell lines, and were presented in bar
graph. Each value is the average of a number of independent experiments indicated
in parentheses. (A) Transfection experiments in murine cell lines: LIN-175 (megakaryo-
cytic), MEL (erythrocytic), and NIH-3T3 (fibroblastic). (B) Transfection experiments in
human cell lines: HEL (megakaryocytic), K562 (erythrocytic), and HelLa (epithelial).

which is reminiscent of the-463 GATA and—515 Ets binding
sites of the human GPIllIb enhané@rDeletion of the —538/

—396 region of the murine promoter resulted in a 5-fold
decrease of the CAT activity, suggesting that this region is
equivalent to the-598/—~406 human enhancer region (Figure
3A). The transfected 899 construct yielded 5-fold lower activity ",

MURINE GPIlb PROMOTER IS DEREGULATED IN K562 CELLS 1351

Hela cells, the murine 899 construct is inactive (1%). Conversely,
we noted that the human 813 promoter was much more active in
LIN-175 cells than in HEL cells (1640% versus 360%). However,
this transcriptional activity remained megakaryocyte specific be-
cause its activity was low in mouse erythroid MEL cells and in
nonhematopoietic NIH-3T3 cells, strongly suggesting that the
megakaryocytic human promoter is adequately regulated in the murine
context. This result contrasted with theregulation of the murine
promoter in human cell lines, which we decided to focus on.

Fusion of the human enhancer to the proximal murine
promoter restores megakaryocyte specificity
of the murine GPIIb promoter in K562 cells

Deletion analysis pointed to the538/—396 region as an important
regulatory element of the murine promoter (Figure 3A). Indeed the
CAT activity decrease of the enhancer-deleted 396 construct, in
HEL (2-fold) and in LIN-175 cells (7-fold), suggested that the
murine —538/—396 sequence is active in human as well as in
murine megakaryocytic contexts. Of more interest, when trans-
fected in K562 cells, the murine 396 construct was almost inactive,
suggesting that, in this cell line, the negative control of the
enhancer strength is altered. To confirm this hypothesis, we then
substituted the murine enhancer element by its human homologue
(Figure 3A). The human enhancer was inserted either in direct or
reverse orientations. When transfected in HEL or LIN-175 cells,
both chimeric promoters displayed activities comparable to that of
the wild-type murine GPIlb promoter. In LIN-175 cells, addition of
the human enhancer to the enhancer-less construct induced a 4-fold
increase of the CAT activity. These results confirm that the human
enhancer is functional in the murine promoter context. Further-
more, when transfected in K562 cells, the chimeric constructs were

A K562 LIN17S
Murine enhancer deletion il (4] I| megakaryscytic)
-538 1o [ 320
= | ) 7
Human enhancer addition
1466
| RERT)

Murine GATA mutation

in erythroid MEL (55%) compared with LIN-175 cells (252%), -8 nc—agt—{mo*> I 10(6) =

suggesting the existence of a repressor element controlling th © 100 200 300 4300 100 200 300 400 500 O 100 200 300 400

megakaryocyte specificity, like in human GPllb promoter T

(Figure 2A)23 Transfection of NIH-3T3 cells produced a low

level of CAT activity, consistent with the megakaryocytic B HEL Kse2 LN17S

specificity of this promoter fragment in murine cell lines. ‘f:;';:;ﬂik_ém = .-Jm;m S =i

Because of strong conservation of cis-acting elements betwee ;e —O—mtaD [E=He 0 oze T
1 1 Human GPIb promoters

Speciic reguaton, we asked f he mrine promoter wodid benav - —a— 4B F—Hngs =

' o —O——0NED [ [ m— s 1

in a manner similar to the human promoter in human cell lines

0 100 200 300 400 0 100 200 300 40D SO0 O 100 200 300 400

context. The murine 899 construct was transfected in the huma.. % of retative CAT acthvities
HEL, K562, and HelLa cells and compared with the human 8 &ure 3. Role of the enhancer and GATA elements in the human and murine
construct (Figure ZB)_ In HEL cells. the murine construct yie|dea'omoter activities. ~ Transcriptional activities were analyzed in HEL, K562, and

an activity of 195%, standing within the same range than the humg}gT1

LIN-175 cell lines as described in Figure 2. (A) The murine —538 and —396 GPllb
oter constructs, extending from —538 and —396 to +32 respectively, were first

promoter (360%), confirming the activity of positive elements iBnalyzed. The human —598/~406 enhancer fragment generated by PCR and
the enhancer region. Interestingly, the murine 899 construct wagguenced was inserted in direct or reverse orientation upstream from the murine

highly active in K562 cells (438%), as opposed to the almo

§t396 GPIIb promoter fragment. A disrupting mutation was introduced into the murine
—456 GATA site of the murine —899 GPIlIb promoter construct. Activity of this

inactive human constructs (16%) (Figure 2B}*The same murine mutated promoter (—899 mG*) was compared with that of the wild-type (—899 WT)
promoter fragment was much weaker in MEL cells (55%). Theurine promoter. (B) The murine chimeric (—899* hGATA) construct with hGATA
murine GPIIb promoter is thus deregulated in the human K562 Cé-wion (open box) and the human 813 chimeric (—813* mGATA) construct with

context. This deregulation appears to be a specific feature of

GATA region (gray-filled box) were transfected in HEL, K562, and LIN-175 cells.
activities are compared with that of the wild-type murine and human GPIlb

erythro-megakaryocytic system, because, when transfected pisinoter constructs as described in Figure 2.
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Figure 4. EMSA analysis of the hGATA and mGATA sites of GPIIb promoters. (A) FACS analysis of erythrocytic (GPA) and megakaryocytic (CD41) cell surface antigen
expression on CD34* progenitor cells isolated from human umbilical cord blood and induced to differentiate into erythroid and megakaryocytic cells. After 12 days of culture, the
cells were stained with FITC-antihuman GPA and PE-antihuman CD41 antibodies. Isotype-matched nonspecific antibodies were used as controls. Percentages of positive cells
are indicated. (B) RT-PCR analysis of GPIlb expression. Total RNA was isolated from primary erythroid and megakaryocytic cells and from permanent cell lines (HEL, K562,
LIN-175, and MEL). RT-PCR reactions were performed, including reverse transcriptase negative control (RT—) for each sample and H,O blank for each oligonucleotide primer.
Amplification of GAPDH and HPRT was performed on each human and murine cDNA sample respectively, as an internal standard. (C) GATA-binding activity analysis. Cell
specificity of the human —463 (hGATA) and murine —456 (MGATA) sites were analyzed with nuclear extracts from human megakaryocytes and erythroblasts. Sequence
comparison between hGATA (previously described®) and mGATA probes is reported. The GATA-1 consensus binding sites are underlined. An asterisk represents nucleotide
mismatch between the 2 sequences. Position of the DNA-protein complexes in the EMSA experiments are indicated by arrows (A and B). (D) Cell specificity and supershift
assays. The mGATA sequence binding activity was analyzed with human nuclear extracts from HEL, K562, HeLa, and murine nuclear extract from LIN-175 and MEL, in the
absence (—) or the presence of the indicated antibody (right panel). Positive control indicating positions of the DNA-protein complexes (arrows) was obtained with the human
probe and nuclear extract from erythroid cells, in the absence (band A corresponding to GATA-1 binding) and in the presence (band C, supershift) of anti-GATA-1 antibodies

(left panel).

almost inactive, indicating restoration of promoter tissue specifici§wapping of the murine  —456 GATA region for its human
by the human enhancer. Altogether these data suggest that deregunterpart is sufficient to restore megakaryocyte
lation of the murine GPIlIb promoter in K562 cells involved thespecificity of the murine GPIIb promoter

murine—538/—396 enhancer region.
We designed a new chimeric mouse promoter in which 19

nucleotides in the vicinity of the mGATA sequence were substi-
tuted for their human equivalent (Figure 3B). This substitution
S vsis of th inE38/—396 f led generated 4 nucleotide differencés®GATA, and 2 in 3, without
equence analysis of the murl - .ragment revealed a affecting the GATA site. The rest of the murine GPIIb promoter
consensus sequence for a GATA binding site at positid56. In . . L ) .
addition, the corresponding GATA sites of the human and ratGPIE mained unchanged. This mutation induced an important drop in
' P g e CAT activity in K562 cells (12%), when compared with the

promoters were also shown to be potent cis-acting elemts. wild-type murine promoter (438%) (Figure 3B). The activity of this

Consequently, this site was examined for its potential transcriE);-A_l_A tated ) " ble to the wild-t
tional activity (Figure 3A). We introduced the mutation of two -mutated murin€ promoter was comparablé fo the wiid-type

nucleotides (GA/TC) on murine 456 GATA site in the murine 899 Uman promoter (16%). Moreover, this mutant was almost as
construct (MG*). The same mutation on the hGATA site is knowfCtive as the murine wild-type promoter in HEL or in LIN-175

to abolish its enhancer activi§.It also induced a decrease of the®ells- Thus, substitution of the mGATA sequence for the hGATA
murine GPIlb promoter activity in LIN-175 cells (52% versud©SCues the megakaryocytic-specific activity of the murine GPIlb
252%) and in HEL cells (20% versus 195%). This mutatioRromoter in human cell lines. Conversely, the GATA-containing
abolished the promoter activity in K562 cells (10% versus 438%g3equence of the human promoter was swapped for the murine
suggesting that transcriptional activity of the murine enhancer @orresponding sequence. This exchange induced a 9-fold increase
the human K562 context involved the enhancer GATA sequende.transcription of the resulting chimeric promoter in K562 cells
The effect of this GATA mutation was comparable to that observed48%) when compared with the wild-type human promoter (16%).
after deletion of the-538/—396 enhancer region. The activity of this chimeric promoter was not affected in HEL or

GATA binding site located at position ~ —456 is crucial for the
enhancer activity of the murine GPIlb promoter
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in LIN-175 cells. These data are thus consistent with the involveestriction of the murine GPIIb promoter in the human K562 cell
ment of a 19 bases GATA-centered sequence of the enhanceline. To test this hypothesis, we carried out EMSA experiments
erythro-megakaryocytic regulation. with cross-cold competition and Scatchard plot analysis to deter-

mine and compare the affinity of GATA-1 for the murirel56 and
Comparative EMSAs of the human  —463 and the murine —456 human —463 GATA sequences (Figure 5). Cold competition
GATA-containing sequences

To check for the involvement of GATA DNA binding factors inthe A . 8§ . 88
transcriptional activity of the murine GPIlIb promoter, we carried . = A hgm| e mﬁm\| _
out EMSAs by using probes encompassing the murine and the i .
human enhancer GATA site. Human cord blood CD8ématopoi

etic cells were differentiated into almost pure erythroblasts or
megakaryocytes (Figure 4A). The RT-PCR experiment (Figure 4B) 17 . ;
showed a band of 275 bp (GPIIb H), confirming that human GPlIb Probe: —— T
messenger RNA is expressed in megakaryocytes and HEL cells,

. : e g § g 8
whereas a faint band was detected in K562 cells, confirming low  culd - 3i‘ | . = -?'i"' |
mGATA| . 2 hGATA|

expression in these cells. No GPlIb signal was detected with RNA ~ «mpetitor: =
from erythroblasts. Similarly, a band of 170 bp (GPllb M) = M' m
corresponding to murine GPIIb was observed with LIN-175 RNA,

and this band was not observed with MEL RNA. Nuclear extracts A—p pf 9 1 o
prepared from the megakaryocytic and erythroblastic primary cells Probe: —aTh =
were thus used in EMSA experiments to compare the DNA protein

complexes obtained either with the humad63 or the murine

—456 GATA sites (Figure 4C). The hGATA probe was previously B 6 6
shown to act as a specific binding sequence for GATA-1 prétein.  Probe (ng):
Indeed, one single band designated as A shifted with megakaryo- Bound B— (e
cyte extracts and in particular in erythroblasts known to produce gouna A—»
high amounts of GATA-1. The same band was also detected with
the mGATA probe. In addition, a slower migrating band designated
as B and yielding a strong signal was observed with the murine
probe but was not detected with the human probe.

By using erythroblast extracts, we showed that the A band
obtained with hGATA was supershifted by anti-GATA-1 antibod-
ies, confirming that A complex involves GATA-1 protein (Figure
4D). When the mGATA probe was used, a band comigrating with A
complex was detected with extracts from HEL, K562, LIN-175,
and MEL cells, but not with HeLa cell extracts, suggesting that the
murine —456 GATA sequence binds both the murine and the C
human GATA-1 proteins. This finding was further confirmed by BE
interaction of this complex with anti-GATA-1 antibodies that ol R 4»[

(HI5

recognize both proteins, whereas it was not affected by addition of um‘.'\‘,@ - Comiplex

anti-STAT6 antibodies used as negative control (Figure 4D). g5/ *+———++—|kd=T.14x 10" molL
Moreover, B complex was observed in all nuclear extracts tested, Bmax =4 pmol/L
including HelLa extracts, suggesting that it corresponds to a

SP1

SP1

Free —

[X11E]

ubiquitous protein(s). B complex was not affected by the anti ~ ®003] G i
GATA-1 antibodies, showing that A and B are distinct proteins. 0.002] Bmax = 0.7 pmol/L
From our results, we can hypothesize that the abnormal activity L+ "7 :1':4};‘;*’5[‘}4 i
of the murine promoter in K562 cells (1) is associated with the Y= D002 X+ 002 ol
ability of the mGATA sequence to form B complex or (2) is linked 0 0.1 0.2 0.3 0.4 05 B[umolL]

to differences in aﬁlmty of GATA-1 blndlng to the murine andFi ure 5. Competition and Scatchard analysis of DNA binding activities of the

human GATA sequences. These hypotheses are not mutuatkta and mGATA sequences. (A) Competitive gel mobility shift assay. Nuclear
exclusive. In the next experiments, we tested these 2 possibilities)_(tracts from K562 cells were incubated with labeled hGATA or mGATA probes, in the
absence (—), or in the presence of 5-, 10-, 20-, 100-, and 200-fold molar excess of

. . . . . unlabeled hGATA or mGATA competitor, and 200-fold molar excess of SP1 cold
Demonstration of differential affinity of the murine —456 competitor. Aand B complexes are indicated by arrows. (B) Titration of GATA-1 and B
and the human —463 GATA-containing sequences complex with hGATA and mGATA probe in EMSA. Constant, nonsaturating amounts
for human GATA-1 protein of K562 nuclear extract (10 png) were incubated with increasing concentrations of
hGATA and mGATA probes (0.02-6 ng) and were resolved in EMSA. The specific

_ _ . - DNA-protein complexes indicated by the arrows (Bound A and Bound B) and the free
The hGATA- and mGATA probes both bound GATA-1 prOtem'probes at the bottom were quantified by phospholmager. (C) Scatchard plot analysis.

However, we observed that the murine (TGATAA) SeqUENCe {$e ratio between bound and free DNA probe (B/F) versus specific DNA-protein
closer to the GATA consensus sequence ([T/G]JGATA[G/A]) thabinding concentration (bound [wmol/L]) was plotted, and the straight lines were drawn
thohuman (CGATAA) Sequence.Thus e murnéS GATA it 9 das g et s, i he S i 27 - ()
may have a hlgher affmlty than the hGATA site for human GATA'land Bmax is the maximal number of binding sites. The Kd and Bmax values were

a possible explanation for the escape from megakaryocytic-specificulated for each DNA/protein complex.
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experiments were performed with the labeled human probe in th A “

presence of an excess of either homologous or murine coli e
sequences (Figure 5A). Both cold sequences competed away tl
band A, confirming it corresponds to GATA-1, but competition
with the murine sequence appeared to be slightly more effectivi
than that observed with the human sequer@empetition was i +———
specific because it was not observed with a 200-fold excess of SFB c

&
3
& r'»‘;(,r“:c,ﬁ’

>
s

WEATA AGC TGT TCY CCCC TGATAR GAC CAG AGG
mEATA*C AGC TGT TCT COCC @GATAR GAC CAG AGG

hGATA AGC TGC TE- COCC CGATAR AAC CTG AGG
hGATA*T AGC TGC TG- CCCC tGATAR RAC CTG AGG

sequence. Similarly, the binding of GATA-1 to the labeled mGATA _, b b athT = (& ]
probe was competed away by an excess of both the human ar==rr = E= X JegT B (0wl
murine cold sequences (Figure 5A). When comparing both compet ' Lo, =
tors, we again observed a more effective decrease of the bar [T mGaTA*C 212
intensity with the murine competitor. These results suggest that th e =
murine sequence has a greater affinity for hGATA-1 than the

human sequences. Interestingly, the B band, observed only with tfD - s e

murine probe, began to be competed away by a 20-fold eXCess (suris crim Yooy eryihocy -
the murine competitor and was washed off with an 100-fold excess ;™ :E;"”{ﬁ_ ’°’ E’;:“
Moreover, neither the hGATA-containing nor the SP1 sequence ™™ ’

Human GPIb prometers

were able to compete this B band away, even at a 200-fold exces s wr--@}-- > [——sHw [heos — i
This finding confirms that B interaction with the murine probe is ;@& — i, 1 E s
specific, and not related to GATA-1. © 100 300 300 400 500 0 100 200 30 40 300 0 10 200 30 40 500

e of relative CAT sctivities
_B_ecause of the differences observed in relative DNA_plndlrpgure 6. Effect of T/C substitution 5 ' to the mGATA and hGATA sequences as
activity between the mGATA and the hGATA probes, we determined thesessed by EMSA and transfection analysis. ~ (A) EMSA. DNA binding activities of
dissociation rate constants (Kd) of each probe by Scatchard plii-type mGATA and hGATA probes are compared with that of mutated mGATA*C
analysis. After separation of bound and free DNA molecules by EMSAY NGATAT probes in EMSA, using K562 nuclear extracts. Aand B complexes are
. . e ndicated by arrows. Probe sequences are described (right panel). (B) Competitive
(Figure 5B), the amount of DNA in each band was quantified, and t| mobility shift assay. Nuclear extracts from K562 cells were incubated with labeled
fraction of bound DNA (B/F) expressed as a function of the retard@@ATA probe, in the absence (-), or in the presence of 100- and 200-fold molar
DNA concentration (B|.Lm0|/L) was represented on a Scatchard p|cﬁxcess of the unlabeled indicated competitor, and 200-fold molar excess of SP1 cold
. . . . . . competitor. Bands A and B are indicated by arrows. (C) Titration of GATA-1 and B
(Flgure SC)' Expenmental values obtained ylelded 3 Stralght lm%%mplex with mGATA*C and hGATA*T probes in EMSA. Binding affinity studies of
corresponding to the 3 specific DNA-protein complexes, hGATAWGATA*C and hGATA*T probes were performed by Scatchard plot analysis as
MGATA, and B complex. Kd values were calculated for each complegescribed for wild-type mGATA and hGATA DNA probe in Figure 5. The Kd values
. . were calculated for each DNA/protein complex. (D) Functional studies by transfec-
accordlng to the Scatchard equatlon' These Kd values were1105* tion. In the murine —899 mGATA*C construct, the murine TGATAA sequence was replaced
mol/L for mGATA, 4.35X 104 mol/L for hGATA, and 7.14x 104 by human CGATAA sequence. In the human —813 hGATA*T construct, the human CGATAA
mol/L for B complex. We thus confirmed that the mGATA probe bindsequence was replaced by the murine TGATAA. The murine 899 MGATA*C with
GATA-1 with a slightly higher (2.5-f0|d) affinity than the human. ThiShGATA_‘ site (open box *C) and the hgman 813 hGATA*T construct with mGATA_sﬂe
. . e . . . ray-filled box *T) were transfected in HEL, K562, and LIN-175 cells. CAT activities
difference in aﬁm'ty could be linked to differences in the core sequen compared with the wild-type murine and human GPIIb promoter constructs.
of the 2 GATA sites or to other more distal nucleotides. This question
was addressed in the next experiments. The Kd value of the B complex

is within the same range of mMGATA and hGATA, consistent wittmoter, the T/C substitution slightly lowered its high promoter

specificity of the murine probe/B complex interaction. activity in K562 cells (307% versus 438%) but did not affect it in
HEL or LIN-175 cells. The C/T substitution also slightly increased

Comparative mutational analysis of the hGATA- the activity of the human promoter in K562 cells and induced a

and mGATA-core sequences 2-fold increase (360% versus 611%) in HEL cells, maybe because

' . of increased GATA-1 binding. Finally, the C/T mutation in the
We first substituted the T located the mGATA sequence by a C human promoter induced a drop of activity in the murine LIN-175

" . i
(MGATA*C probe, F'gF”e GA)'. W? observed that G.‘ATA 1 blndlngclglls when compared with the wild-type human promoter (450%
was not affected by this substitution, whereas the intensity of theverSUS 1640%)
complex binding decreased. Conversely, when the C locdtéal 5 )

the hGATA site was substituted by a T (hnGATA*T probe), GATA-1 Takgn together, our results may indicate that the slight differ-
. : ences in GATA-1 affinity for the GPIIb promoters as induced by the
binding remained clearly detectable, and no B complex w

detected. The T nucleotidé  the mMGATA site is thus involved in aﬁc subst|tut|c_>r_15_ may be responsible for altering promoter activity
. . ; . and cell specificity in K562 cells. However, because these muta-
B complex interaction but is not sufficient per se.

Next we showed that cold mGATA*C probe was less eﬁectivteions also affected B affinity, a role for B appears equally likely.
than the Wild-typ_e MGATA pro-be (mGATA WT) in competing B Correlation between B complex interaction with GATA
complex away (Figure 6B). Neither the wild-type hGATA (hGATASequence and GPllb promoter activity
WT) nor the hGATA*T probes were able to compete B complex
away. All cold GATA probes washed the GATA-1 complex outThe major difference between the hGATA and the mGATA
However, the Kd values of the complexes obtained with th&equences is the specific interaction of B complex with the murine
mutated and wild-type probes are in the same range. This findisgquence. We thus tried to identify the nucleotides essential for this
indicated that C/T substitution only slightly affects GATA-1 or B,complex formation. Interestingly, the rat GPllIb promoter sequence
protein affinity for these probes. exhibits only 3 nucleotide mismatches with the murine sequence in
We then introduced these mutations into the human and ttiee GATA region (Figure 7A). Thus, we explored its DNA-binding
murine promoters, respectively (Figure 6D). In the murine practivity by EMSA, using the rGATA probe, along with mouse and
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A LIN-175 cells. Thus, the correlation between B-binding inhibition
> position: B GO L o el by mGATA*5 mutation and restoration of specificity of the murine
B R AL e GPIlIb promoter in K562 strongly suggests involvement of B
i . . . ;
SGAYA%  hoo Mor Ol CCoo ZERIML GAC S complex in the abnormal activity of the murine promoter in human
BGATA*3:  AGC TGT TCT cCCC WRGTAA GAC CAG AGG K562 cells.
=EATAY: AGC TGT TCT CCCC TGA GAC CAG AGE
BEATA*S: AGC TGT TCT CCCC TGATAA [HAC CAG AGG
TGATA: acc tdgd Tor coce TeaTAA [@ac 4@ nce
hGATA: asc vdd TE@ cooe [@Eatea @ac §Bs aAce
Discussion
B "“b\ P R N ;'"“' b"b . . L.
Probes: 6& il o il Sl Our goal is to characterize the general features of transcriptional
W%l u&im control by megakaryocytes. An important body of evidence on the
i i control mechanisms of tissue-specific transcription in megakaryo-
A >l e e B | b b cytes was brought about by studies of the GPIlb promoter in human
Nockat—s B : 5 cell lineg2 or in rat bone marrow primary cultuf@ln particular, it
s o was shown that, although transcription of the GPIIb gene is under
the control of erythro-megakaryocytic transcription factors, its
- o expression is restricted to megakaryocyfesn this paper, we
N i i cromies it o) meiairid confirm that the murine GPIIb promoter is also megakaryocyte
W [mHeo L] e 1] EHm specific in murine cellular context. When compared, the human and
I i 0, -
;?:Ta_r@_mmﬂ b i — _murlne_GPIIb promot_ers display an over_aII 64% homology, suggest
ing a high conservation through evolution, presumably because of
Human GPITb promoter . . .
s wr AT —a@H» [lean E— hlghly functlohally relevant sequence domains. However, t.hey
T bty ey exhibit some dlﬁerences as well. We thus addresseq the question of
%% of reiaive CAT activities whether these differences could lead to transcriptional control
Figure 7. Identification of the nucleotides involved in B complex formation. (A) alterations, which could provide us with clues for a better

Scan of the murine enhancer GATA region. The sequence of MGATA*C (previously
described) and of 5 mutated probes (MGATA *1 to *5), scanning the murine enhancer
GATA region, were compared with that of the wild-type murine (MGATA), rat (rGATA),
and human (hGATA) equivalent sequences. For each probe, nucleotides different
from the mGATA sequence are boxed. (B) EMSA. The different probes described in
panel Awere then used in EMSA experiments with nuclear extracts from K562 cells. B
and A complexes are indicated by arrows. (C) Functional studies by transfection. The
nucleotide abrogating B complex formation as shown in panel B (MGATA*5) was
introduced in the —899 murine GPIIb promoter construct. The CAT activity of this
mutated promoter (—899 mGATA*5) was compared with that of the wild-type murine
and human promoters by transfection of HEL, K562, and LIN-175 cells.

understanding of the underlying transcription control mechanism
of a megakaryocytic specific promoter. We thus checked the
activity of the human promoter in murine cell context and
conversely of the murine promoter in human context.

When transfected in murine context, the human promoter
preserved its megakaryocytic cell specificity because it is much
more active in LIN-175 cells than in MEL or NIH-3T3 cell lines.
We observed a high activity of the human enhancer in the murine
megakaryocytic context that we have found to be linked to the
human —463 GATA site (Albanese et al, unpublished data).
human probes (Figure 7B). Nine nucleotides upstream from thlwever, this GATA hyperactivity does not affect regulation of cell
GATA sequence, the murine sequence contains a T insfea@ i specificity, because the human promoter was only weakly active in
the human or the rat sequences (Figure 7A). When this T wasirine erythroid MEL cells. Next we studied the murine GPIlIb
substituted fp a C in themurine sequence (MGATA*1), B complex promoter and showed that it is active and megakaryocyte specific in
was enhanced in EMSA analysis (Figure 7B). In the next prolmaurine cell lines, like the human promoter in human cell lines.
(mGATA*2), the T in position—6 was substituted by a G, as in theHowever, the murine GPIIb promoter lost its tissue specificity
human sequence. This mutation had no effect on both GATA-1 amthen transfected in the human K562 cell line in which it exhibited
B complex formation. As already observed, the mutation of theven a higher expression level than in HEL cell line, whereas the
upstream flanking nucleotide of the GATA sequence (T/C substitbuman GPIIb promoter was almost inactive in K562 cells. The
tion, mMGATA*C) affected B complex, that was, however, stillmurine promoter was inactive in KG1 cells (not shown) and in
visible. The next 2 mutations (NGATA*3 and *4) were locatedHeLa cells, indicating that the deregulation observed with this
inside the GATA core sequence. As expected, GATA-1 did not bingtomoter only affects the erythro-megakaryocytic system.
to these sequences. These mutants were also unable to support By progressive deletion analysis of the murine GPIlb promoter,
complex, suggesting that GATA is part of the B binding sitewe localized an enhancer region (not shown), homologous to the
Finally, in mutant mGATA*5, the G downstream from the GATAA erythro-megakaryocytic human enhancer. Deletion of this enhancer
sequence was substituted by an A, as in the human and thefrain the murine promoter led to a drop in activity in K562 to a
sequences. Interestingly, this mutant was able to form a complexel comparable to the human. The same drop in activity in K562
with GATA-1, whereas B complex was barely visible. Thereforegells was also obtained when this murine enhancer region was
these mutation scanning experiments show that, although overlegplaced by its human counterpart, whereas, in LIN-175 or HEL
ping, GATA-1 and B binding sites are distinct. megakaryocytic context, this chimeric promoter essentially be-

The mGATA*5 mutation was then introduced in the murinéhaved like the wild-type murine promoter. These data thus con-
GPllb promoter (Figure 7C). This mutation, which prevents Brmed the involvement of the murine enhancer in cross-species
complex formation while GATA-1 binding remains unaffectederythroid deregulation. The activity of the human GPIllb promoter
induced an important decrease of the CAT activity in K562 celis dependent on 2 essential GATA and Ets elem&#sin the
(44% versus 438% for the murine wild-type promoter). Thisnurine promoter, point mutation disruption analysis showed that
mutation did not affect the murine promoter activity in HEL andhe erythro-megakaryocytic enhancer activity was dependent on
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the —456 GATA site but not on the-505 Ets (Albanese et al, GATA appeared unique in that its mutation into an A (the conserved
unpublished data). This result is different from the concertatlicleotide in the non-B binding human and rat sequences) dis-
engagement of both elements required for full activity of the humanpted B but not GATA-1 binding. Moreover, when introduced in
enhancé® (see discussion below). Nevertheless these resultee murine promoter, deregulation of this promoter in K562 cells
clearly suggest that deregulation of the murine GPIlb promoter was fully corrected, without affecting activity in HEL and LIN-175
the human K562 context is essentially supported by the GATA sitells. This finding provides strong evidence for involvement of B
within the enhancer region. complex formation in the loss of specificity of the murine promoter
To confirm the role of the GATA site per se in the deregulationn K562 cells.
we substituted the 19 nucleotide-long region centered around thelnterestingly, K562 and HEL cells exhibit a very similar
murine —456 GATA site for the corresponding human sequencehenotype, because they both display erythrocytic and myeloid
The resulting chimeric hGATA/murine promoter exhibited featuresmarkers>354 Undifferentiated K562 cells also express megakaryo
identical to those of the murine promoter substituted with the entiogtic markers but at a low level. This level is, however, signifi-
human enhancer region, because it was (1) almost inactive in K5&ntly increased when these cells are treated with phorbol esters,
cells and (2) active in LIN-175 and HEL cells. Thus, our resulta/hile simultaneously the expression of the erythroid and other
clearly demonstrate that the humad63 GATA region can correct myeloid markers decrea8eIn these conditions of induction, the
the abnormal activity of the murine GPIIb promoter in K562 cellsexpression of endogenous GPIIb gene and of a reporter gene driven
Conversely, the murine-456 GATA sequence in the humanby GPIllb promoter increases, confirming that K562 cells undergo
promoter, although not affecting megakaryocytic regulation imegakaryocytic differentiation under phorbol ester treatment.
HEL, induced a strong deregulation of the human promoter Moreover, without any differentiating treatment, HEL cells express
K562 (9.2-fold increase over wild type), mimicking the murinea high level of GPIIb, suggesting that these cells display more
deregulation. This result pointed to the 19 base-long GATAnegakaryocytic features than undifferentiated K562 cells. Whether
centered sequence as a critical element in transcriptional deregilg62 cells have a more immature phenotype than HEL cells or
tion of the murine GPIIb promoter in the human K562 context. whether they are more engaged into the erythroid lineage is not
To compare the DNA binding activities of the murirel56 and clear. In this context, the fact that the homologous murine and
the human—463 GATA sites, we carried out EMSA experimentshuman GPllb promoters behave differently in 2 very similar cell
We first confirmed that both sequences bound GATA-1 whether lines confirms that the transcriptional control of the megakaryocyte
HEL, K562, LIN-175, or MEL cells. In addition to GATA-1, the specific expression is tightly regulated.
murine —456 GATA formed an additional complex (termed B) of  Our results suggest that the human and the murine promoters
higher molecular weight. The B complex was observed in ashare canonical functional features, namely GATA-1 as a major
nuclear extracts tested, including Hela cells, suggesting B comansactivating factor. However, they also differ significantly in that
plex is ubiquitously expressed. B complex did not interact witthey probably use different GATA-1 partners. Supporting this
anti-GATA-1 antibodies, indicating it is different from GATA-1. hypothesis is our observation that the enhancer Ets binding site
The B complex was specific to the murire56 GATA-containing shown to be crucial for the human enhancer acti¥ity was
sequence, because it was washed off by cold muriaB6 GATA  inactive in the murine enhancer (Albanese etiapublished data).
oligonucleotide but not by the humam63 GATA oligonucleotide. From our experiments, it is tempting to speculate that in the case of
Moreover, B complex was also detected in erythroid and megakaryRe mouse GPllb promoter GATA-1/B complex interactions may
cytes from primary cultures of human cord blood hematopoietise an alternative to GATA-1/ETS cooperation for the human GPllb
cells, strongly suggesting it was not an artifact linked to permanggfomoter in human cell lines. FOG is another important GATA
leukemic cell lines. partner that has been shown to be required for both erythroid and
This high activity of the mGATA sequence can either be due toriegakaryocytic gene activation progratid® Whether FOG is
greater affinity for GATA-1 or linked to the B complex formation.part of B complex remains to be assessed, as well as the molecular
EMSA experiments followed by Scatchard plot analysis showegterplay between B complex, GATA-1, and FOG in murine and
that, although standing within the same range, the human prafgman megakaryocytes.
exhibited a 2.5-fold higher Kd and, therefore, lower affinity for |nterestingly, although apparently not required for human GPIIb
GATA-1 than the murine probe using K562 nuclear extract$ranscriptional regulation in human cell lines, B complex is present
Interestingly, the murine-456 GATA sequence (TGATAA) matches and active in these cells, suggesting that it could regulate other sets
the GATA canonical sequence ([T/A]JGATA[G/A]) more closelyof human genes. It would thus be of interest to identify the
than the humar-463 GATA sequence (CGATAA). To test whetherprotein(s) that is (are) included in B complex, to gain access to its
this nucleotide difference might affect GATA-1 affinity, we per-their) potential target(s) and its (their) exact role(s) in transcription
formed EMSA experiments and functional studies using swappgshchinery. B complex may be a new transcription factor because
GATA sequences in which the T was replacgebloC in themurine  GATA-1 was the only DNA binding factor that scored significantly
probe (MGATA*C) and the C by a T in the human (hGATA*T).when data banks were searched using the B-specific TGATAAGAC
These mutations affected only slightly the GATA-1 affinity for thesequence. Moreover, because this factor is abundantly expressed in

hGATA and mGATA sequences without affecting significantly thejifferent cell lines, it should be amenable to purification and further
murine and human GPIIb promoter activities, strongly suggestig@aracterization.

that deregulation in K562 may not be accounted for solely by
GATA-1 affinity differences.
Another effect of the T to C substitution in the MGATA
sequence was a reduction in binding affinity of the B complex. TAcknowIedgment
test its potential involvement in deregulation, we identified the
nucleotides necessary for B complex formation. Among sevefdle are indebted to Dr M. Poncz (Philadelphia, PA) for providing us
positions, the G nucleotide located two bases downstream framth the rat promoter genomic sequence.
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