
Mechanism of Platelet Factor 4 (PF4) Deficiency with RUNX1
Haplodeficiency: RUNX1 is a Transcriptional Regulator of PF4

Kawalpreet Aneja*, Gauthami Jalagadugula*, Guangfen Mao*, Anamika Singh*, and A.
Koneti Rao*,†

*Sol Sherry Thrombosis Research Center, Temple University School of Medicine, Philadelphia,
PA, USA
†Department of Medicine, Temple University School of Medicine, Philadelphia, PA, USA

Abstract
Background—Platelet factor 4 (PF4) is an abundant protein stored in platelet α-granules.
Several patients have been described with platelet PF4 deficiency, including the Gray platelet
syndrome (GPS), characterized by deficiency of α-granule proteins. Defective granule formation
and protein-targeting are considered the predominant mechanisms. We have reported on a patient
with thrombocytopenia and impaired platelet aggregation, secretion, and protein phosphorylation,
associated with a mutation in transcription factor RUNX1. Platelet expression profiling showed
decreased transcript expression of PF4 and its nonallelic variant PF4V1.

Objectives—To understand the mechanism leading to PF4 deficiency associated with RUNX1
haplodeficiency, we addressed the hypothesis that PF4 is a transcriptional target of RUNX1.

Methods/Results—Chromatin immunoprecipitation and gel-shift assays using PMA-treated
human erythroleukemia (HEL) cells revealed RUNX1 binding to RUNX1 consensus sites at
-1774/-1769 and -157/-152 on PF4 promoter. In luciferase reporter studies in HEL cells mutation
of each site markedly reduced activity. PF4 promoter activity and protein were decreased by
siRNA RUNX1 knockdown and increased by RUNX1 overexpression.

Conclusions—Our results provide the first evidence that PF4 is regulated by RUNX1 and that
impaired transcriptional regulation leads to the PF4 deficiency associated with RUNX1
haplodeficiency. Because our patient had decreased platelet albumin and IgG (not synthesized by
megakaryocytes), we postulate additional defects in RUNX1-regulated genes involved in vesicular
trafficking. These studies advance understanding of the mechanisms in α-granule deficiency.
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Introduction
Platelet factor 4 (PF4) (CXCL4), a CXC chemokine, is an abundant protein stored in α-
granules of megakaryocytes (MK) and platelets and serves as a lineage-specific marker of
megakaryocytic differentiation [1,2]. It is secreted from platelets upon activation. It binds
with high affinity to heparin and to negatively-charged cell surface glycosaminoglycans,
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heparan sulfate, dermatan sulfate and chondroitin sulfate [3]. It is a negative regulator of
megakaryopoiesis [4,5] and has a negative effect on angiogenesis [6,7]. PF4 plays a role in
inflammation [8], atherosclerosis [9] and thrombosis [10]. PF4V1 (CXCL4L1), a nonallelic
variant of PF4, is also expressed in platelets but at a low level relative to PF4 [11-13].
Compared to PF4 it has a 4.3% amino acid divergence in the coding region of the mature
protein and 38% amino acid divergence in the signal peptide region [12]. PF4V1 has a
greater effect in blocking angiogenesis in vivo and inhibiting endothelial cell chemotaxis in
vitro [14].

Several patients have been reported with a deficiency of platelet PF4 and α-granule contents
[15-19]. In some of them dense granule contents have been normal, and this selective α-
granule deficiency has been referred to as the gray platelet syndrome (GPS) [15]. In others,
dense granule contents have also been decreased giving rise to a combined granule
deficiency (αδ-storage pool deficiency, αδ-SPD) [17,19]. GPS is a markedly heterogeneous
disorder characterized by thrombocytopenia, large platelet size, and deficiency of α-granules
and their contents, which includes proteins synthesized by MK (eg. PF4, β-thromboglobulin)
and those incorporated by endocytosis into the granules (eg. albumin, fibinogen, IgG)
[15,16]. The molecular mechanisms leading to α-granule deficiency in GPS or in combined
αδ-SPD remain unclear. A number of mechanisms are postulated [15,16], including
defective granule membrane formation and targeting of proteins to the α-granule, although
the possibility exits that there may be decreased synthesis of PF4 and one or more of the
deficient proteins. It is likely that the mechanisms are different in individual patients; the
inheritance pattern of α-granule deficiency has been autosomal recessive in most reports,
and autosomal dominant or sex-linked in some [15,17-19].

We have previously reported on a patient with thrombocytopenia, impaired agonist-
stimulated platelet aggregation, secretion, phosphorylation of pleckstrin and myosin light
chain (MLC), and GPIIb-IIIa activation [20,21]. This patient has a heterozygous mutation
(G>T) in transcription factor RUNX1 (also called Core binding factor A2, CBFA2, or
AML1), in intron 3 at the splice acceptor site for exon 4, leading to a frame shift with
premature termination in the conserved RUNT domain [21]. RUNX1 is a transcription factor
that plays a major role in hematopoiesis and megakaryopoiesis [22-24]. It is composed of
two subunits and the α-subunit (RUNX1) is the DNA binding element of the complex and
recognizes the DNA sequence TGT/cGGT. CBFβ, the β subunit, stabilizes RUNX1 binding
to DNA but without direct DNA contact. RUNX1 mutations are associated with familial,
autosomal dominant thrombocytopenia, platelet dysfunction, and predisposition to acute
leukemia [19,25].

Detailed studies in our patient, including platelet expression profiling [26], showed
decreased expression of several genes including chemokine PF4 and its non-allelic variant
PF4V1. Moreover, decreased platelet PF4 has also been observed in several members of
another family who were subsequently shown to have a RUNX1 mutation [17,19], although
these subjects had dense granule SPD as well. Based on the findings in our patient of the
decreased platelet expression of PF4 at mRNA and protein level, we postulated that PF4
was a direct transcriptional target of RUNX1. This would imply that at least in some patients
with platelet PF4 deficiency, diminished synthesis would be a mechanism. In the present
studies, we provide the first evidence that PF4 is regulated by RUNX1 and propose that
impaired synthesis contributes to the deficiency of PF4 in some patients with α-granule
abnormality.
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Materials and Methods
Patient Information

We have previously described [20,21] the clinical presentation and detailed studies in this 24
year old white male, documenting decreased platelet aggregation, secretion, activation of
GPIIb-IIIa, pleckstrin and myosin light chain (MLC) phosphorylation, and PKC-θ level.
Other findings in this patient include decreased platelet 12-lipoxygenase and 12-
hydroxyeicosatetraenoic acid production [27]. This patient has a single point mutation in the
conserved Runt homology domain of RUNX1 [21]. Platelet expression profiling studies
showed [26] decreased expression of PF4, PF4V1 and several other genes. Platelet PF4
protein levels are decreased while β-thromboglobulin and dense granule ATP and ADP have
been normal [20,21]. Control subjects used in current studies were healthy individuals, not
on any medications. These studies were performed after approval by the Institutional
Review Board.

Materials
All chemicals including phorbol 12-myristate 13-acetate (PMA) were purchased from Sigma
(St. Louis, MO, USA) and Fisher Scientific (Pittsburgh, PA, USA). The PCR enzymes,
restriction endonucleases, and modifying enzymes were from Promega (Madison, WI) and
New England Biolabs (Beverly, MA). JM109 competent cells, luciferase reporter pGL4-
Basic and pRL-TK containing renilla luciferase gene, and Dual Luciferase Assay kit were
from Promega. PCR primers and IRDye™700 probes for EMSA were synthesized by
Integrated DNA Technologies (IDT, Coralville, IA). The DNA samples were sequenced at
GENEWIZ (South Plainfield, NJ).

Cell lines and Cell culture
Human erythroleukemia (HEL) cells (from American Type Cell Culture, Rockville, MD)
were cultured in RPMI-1640 medium containing 10% fetal bovine serum and antibiotics
(penicillin, streptomycin, 1% each from Cellgro, Manassas, VA). HEL cells were grown in
10-30 nM PMA to induce megakaryocytic transformation [28,29].

Chromatin Immunoprecipitation (ChIP) Assay
ChIP analysis on PMA (10 nM, 24 hours)-treated HEL cells (1 × 108) was performed using
ChIP-It kit (Active motif, Carlsbad, CA) as previously described [27]. HEL cell chromatin
was sheared enzymatically for 15 min and immunoprecipitated with anti-RUNX1 antibody
(Sc-8564x, Santa Cruz). PF4 and PF4V1 promoter regions were amplified from
immunoprecipitated and input samples by PCR using specific primers (Supplemental Table
1). GAPDH was simultaneously amplified. Amplified products were analyzed by agarose
gel electrophoresis. The observed bands were quantified by ImageJ software (1.43 version)
developed by National Institute of Health. Fold enrichment was calculated by dividing the
PCR signal with anti-RUNX1 antibody by that with control IgG.

Plasmid Construction and Mutagenesis
PF4 or PF4V1 promoter plasmids and their mutants were prepared using firefly luciferase
reporter vector, pGL4-Basic. Promoter region of PF4 (-1936/-27 bp), PF4V1 (-1812/+25 bp)
and PF4V1 (-359/+25) from ATG were amplified from HEL cell genomic DNA. Mutations
were incorporated into RUNX1 sites -1774/-1769 and -157/-152 of PF4 promoter using
megaprimer PCR method [30]. Primers used in these amplifications are shown in
Supplemental Table 2. The PCR products were purified, blunt ended using end conversion
mix kit (Novagen/EMD, San Diego, CA) and cloned into EcoRV site of pGL4-Basic vector.
The recombinants were confirmed by sequencing.
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Transfections and Luciferase Reporter Assays
In a 24-well plate HEL cells (1.5 × 105 per well) were co-transfected with promoter-reporter
plasmid (500 ng) and an internal control plasmid pRL-TK (10 ng) at a ratio of 50:1 using
Lipofectamine 2000 and PLUS™ reagent (Invitrogen). After one hour of transfection PMA
(10-30 nM, as indicated) was added to the medium. Luciferase activity was measured at 48
hours using Dual-Luciferase Assay System. Promoter activity was calculated as a ratio of
firefly luciferase activity to renilla luciferase activity and normalized relative to that of the
empty vector. All transfection experiments were performed three to four times in triplicate.

Electrophoretic Mobility Shift Assay
Nuclear extracts were prepared from PMA-treated HEL cells using nuclear extraction kit
(Active Motif, Carlsbad, CA). PF4 DNA probes -1782/-1761 and -166/-143 labeled with IR
Dye™ 700 and containing intact or mutated RUNX1 sites (-1774/-1769 and -157/-152)
(Supplemental Table 3) were used in the binding reactions. Nuclear protein (10-20 μg) was
incubated on ice for 30 min with labeled probes. For competition assays, unlabelled wild
type (Wt) or mutant probes were pre-incubated with protein for at least 30 min. For the
supershift experiments, anti-RUNX1 antibody was incubated with protein before the
addition of probe. Binding reactions were further incubated on ice for one hour and
electrophoresed on 5% polyacrylamide gel. The gels were scanned on Odyssey Infrared
Imaging System (Li-COR Biosciences). In addition, we studied the binding of recombinant
RUNX1 protein (200 ng) (ORIGENE, Rockville, MD) to PF4 probes using buffer
containing HEPES 0.3 mM, dithiothreital DTT 0.5 mM, Triton X-100 0.005%, NaCl 100
mM, bovine serum albumin 0.5 ug/ul, glycerol 10% and 5 mM MgCl2. For supershift assay
anti-RUNX1 antibody (sc-8563X) or nonspecific IgG (both from Santa Cruz) was pre-
incubated with protein as described above.

Analyses of Protein and mRNA Levels
Whole cell lysates (40 μg) from co-transfected HEL cells were subjected to SDS-PAGE,
transferred to nitrocellulose membranes (Millipore, Bedford, MA), and probed with the anti-
RUNX1 and anti-actin antibodies. Specific protein expressions were detected with IR-
labeled secondary antibodies using Odyssey Infrared imaging system (Li-COR Biosciences).
PF4 protein was measured by ELISA kit (RayBiotech, Inc, Norcross, GA).

PF4 and PF4V1 mRNA levels in platelets and PMA (30 nM)-treated HEL cells were
measured by real-time PCR using the Mastercycler ep realplex (Eppendorf). Real-time PCR
was performed using the SYBR Green mix (Applied Biosystems). GAPDH was used as the
housekeeping gene. The forward primer used for PF4 was 5’-
TTCTGCGCCTCACGCCC-3’; for PF4V1 was 5’-CGCCACCCGCCAGGAGAT-3’; the
common reverse primer was 5’- TGGGACGGACCTGG GAG-3’ [13]. Relative
quantification method (2-ΔΔCt) was used to analyze the changes in expression.

siRNA knockdown of RUNX1
RUNX1 siRNA pool (sc-37677) and control siRNA (sc-44233) were from Santa Cruz
Biotechnologies, Inc. HEL cells (1.5× 105) were cotransfected with PF4 promoter construct
(500 ng) and RUNX1 siRNA (200 nM, added twice 48 hours apart) or mock siRNA,
transferred to 2X medium containing PMA (30 nM) and incubated at 37°C with 5% CO2.
Plasmid pRL-TK containing renilla luciferase gene was used as an internal control.
Luciferase activity and protein levels were determined at 96 hours.
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RUNX1 Overexpression Studies
HEL cells (1.5×105 per well) were cotransfected with 2 μg each of reporter plasmid (Wt or
mutant) and RUNX1 expression plasmid RUNX1-pCMV6-XL4 or empty vector pCMV6-
XL4 (ORIGENE, Rockville, MD). After transfections PMA (30 nM) was added to cells and
incubated at 37°C with 5% CO2. Luciferase activity and protein levels were assessed at 48
hours.

Bioinformatics
Potential RUNX1 binding sites on PF4 and PF4V1 promoter regions were analyzed by
TFSEARCH (http://www.cbrc.jp/research/db/TFSEARCH.html) and TESS
(http://www.cbil.upenn.edu/tess).

Results
Binding of RUNX1 to PF4 promoter by Chromatin Immunoprecipitation

Computer analysis revealed 6 consensus RUNX1 sites in ~2 kb upstream region (Fig. 1).
PCR primers were designed to amplify 4 regions of PF4 promoter encompassing these
RUNX1 sites. The regions -1846/-1669 and -193/-27 showed amplification of DNA
precipitated by anti-RUNX1-antibody but not by the IgG control (Fig. 1). DNA regions
-1263/-910 and -383/-283 showed no amplification from immunoprecipitated DNA. These
studies indicate that RUNX1 binds to the regions -1846/-1669 bp and -193/-27 bp with each
containing one RUNX1 site.

EMSA on RUNX1 sites -1774/-1769 and -157/-152 in PF4 Promoter
EMSA was performed using probes encompassing the RUNX1 sites amplified in ChIP
studies (Fig. 1). With the probe containing -1774/-1769 RUNX1 site protein-binding was
noted (two bands) (Fig. 2A, Lane 2), which was competed by increasing amounts of
unlabeled excess (150-200 fold) probe (lanes 3-4). A supershift (arrow SS) was observed
along with loss of band 2 with RUNX1 antibody (lanes 5-6) but not with IgG (lane 7).
Unlabeled probe with RUNX1 site mutated did not compete with the specific complexes
(lane 8). With the probe encompassing the RUNX1 site -157/-152 (Fig. 2B), protein binding
was observed (lane 2), which was competed by excess unlabeled probe (lane 3). Anti-
RUNX1 antibody supershifted the complex (lane 4; arrow SS). IgG (lane 5) and unlabeled
mutant probe (lane 6) did not alter the protein-binding. These studies indicate that RUNX1
binds to the consensus sites at -1774/ -1769 and -157/-152. Additional studies were
performed using recombinant RUNX1 (Figs. 2 C and D). As shown in figure 2C the probe
with RUNX1 site -1774/-1769 showed binding with recombinant RUNX1 protein (lane 2),
which was abolished by self-competition (lane 3) and RUNX1 antibody (lane 4) but not by
nonspecific IgG (Lane 5). Similarly, the probe with RUNX1 site -157/-152 showed binding
(fig. 2D, lane 2), which was competed by self-competition (lane 3) and abolished by
RUNX1 antibody (lane 4) but not IgG (lane 5). Thus, RUNX1 binds to the consensus sites
-1774/-1769 and -157/-152.

Luciferase Reporter Studies on PF4 Promoter Activity
PF4 RUNX1 sites -1774/-1769 and -157/-152 were individually mutated (Supplemental
Table 2). Mutation of each RUNX1 site markedly decreased reporter activity, with the
greatest decrease when both sites were mutated (Fig. 3) indicating that each site contributes
to PF4 promoter activity.
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Effect of RUNX1 siRNA on PF4 Promoter Activity and PF4 Protein
RUNX1 siRNA caused a ~70% reduction in PF4 promoter activity compared to that with
mock siRNA (Fig. 4A). There was a marked reduction in endogenous RUNX1 (Fig. 4B) and
PF4 proteins (Fig. 4C). These studies provide evidence for in vivo regulation of PF4 by
RUNX1.

Effect of Overexpression of RUNX1 on PF4 Promoter Activity and PF4 protein
RUNX1 expression plasmid doubled the PF4 promoter activity as compared to an empty
vector (Fig. 5A). With mutation of the RUNX1 sites -1774/-1769 and -157/-152,
individually or together, there was decreased activity as expected, and there was no increase
in activity with RUNX1 overexpression. RUNX1 (Fig. 5B) and PF4 (Fig. 5C) protein were
upregulated by RUNX1 expression plasmid. These results provide further evidence that
RUNX1 regulates PF4 expression.

Studies on PF4V1
Measurements by real-time PCR showed that PF4 is expressed ~40 fold higher than PF4V1
(not shown), in line with previous studies [13]. ChIP analysis of PF4V1 upstream region
(Fig. 6) showed 3 regions, -1883/-1617, -334/-242, and -197/+51, which were amplified
from DNA suggesting that RUNX1 binds to these regions. Luciferase reporter studies using
constructs of ~ 1.8 kb or 359 bp size of PF4V1 promoter showed barely detectable activity
compared to PF4 promoter (Fig. 7). In PMA-treated HEL cells PF4 message was detected at
0 hours and increased by 11, 33 and 40 fold at 48, 72 and 96 hours, respectively (not
shown). PF4V1 was undetectable at 0 hours and present at 96 hours, but 4 orders of
magnitude lower than PF4. Together, these studies indicate a differential regulation of PF4
compared to PF4V1.

Discussion
Our studies provide evidence that transcription factor RUNX1 regulates the expression of
PF4 in MK and platelets. ChIP assay revealed in vivo RUNX1 binding to the PF4 promoter
(Fig. 1). EMSA using nuclear extracts and recombinant RUNX1 showed RUNX1 binding to
two sites (Fig. 2), and mutations of these sites reduced PF4 promoter activity (Fig. 3).
siRNA downregulation of RUNX1 reduced (Fig. 4) and RUNX1 overexpression enhanced
(Fig. 5) PF4 promoter activity and PF4 protein. Together with the decreased PF4 in our
patient platelets [21], these findings provide, to our knowledge, the first evidence that PF4
promoter is regulated by RUNX1 and that this is altered in human RUNX1 haplodeficiency
leading to decreased platelet PF4.

The hallmark of the GPS, a markedly heterogeneous disorder, is deficiency of PF4 and other
α-granule proteins that are synthesized by MK as well as of proteins incorporated into the
granules by endocytosis but not synthesized in MK [15,16]. The molecular mechanisms
leading to α–granule deficiency in GPS and in αδ–SPD are unknown; they have been
attributed to failure of α-granule maturation during MK differentiation, transport of proteins
to α-granules, and synthesis of granule membranes [15,16]. Proteomic studies in a GPS
patient suggest the basic defect is a failure to incorporate endogenously-synthesized MK
proteins into α-granules, which is more severe than for endocytosed proteins [16]. Some
GPS patients have elevated plasma PF4 [15] suggesting that PF4 synthesis was normal and
the primary defect was impaired granule biogenesis with leakage of PF4. Our findings
suggest that platelet PF4 level in RUNX1 haplodeficiency is low due to a defect in
transcriptional regulation and synthesis of PF4. This is relevant to other reported patients
with α-granule deficiency, especially those with RUNX1 mutations [17,19]. GPS has been
reported [18] in a patient with a X-linked thrombocytopenia, thalassemia, and Arg216Gln
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mutation in GATA-1, a major regulator of megakaryopoiesis. GATA-1 knockdown mice
have granule abnormalities with a decrease in PF4 mRNA in primary MK [31]. Moreover, a
mutation in VPS33B protein (a member of the Sec1/Munc18 protein family) involved in
vesicle trafficking has been associated with human α-granule deficiency in the
arthrogryposis multiplex congenital, renal dysfunction and cholestasis (ARC) syndrome
[32]. As of now, these are the only reported human mutations associated with α-granule
deficiency. Our results extend this to RUNX1, an important transcription factor regulating
hematopoiesis. There is evidence that RUNX1 and GATA-1 interact to regulate αIIb
promoter [33], which may be relevant for PF4 as well. Overall, the molecular mechanisms
in α-granule deficiency are heterogenous and distinct, and include defects in transcriptional
regulation of proteins, and defects in vesicle trafficking and granule packaging.

In addition to PF4 deficiency, our patient platelets have decreased albumin and IgG [21],
two proteins not synthesized by MK but incorporated into the α-granule by endocytosis and
granule targeting. However, platelet fibrinogen was normal [21], possibly because its uptake
occurs by a different mechanism, mediated by GPIIb-IIIa [34,35]. The mechanisms
regulating platelet/MK incorporation of albumin and IgG are unclear. In endothelial cells
albumin uptake is protein-kinase C-dependent [36]; our patient's platelets have decreased
PKC-θ [21], providing a potential mechanism. The decreased albumin and IgG suggest that
RUNX1 haplodeficiency is associated with additional alterations, in granule membrane
proteins or vesicle trafficking. Indeed, there is some direct evidence for this: platelet
transcript levels of RAB31 and RAB1B are decreased in our patient [26]. Small GTP-binding
RAB proteins, such as RAB31 and RAB1B, play essential roles in vesicle trafficking and
granule targeting [37,38]. RAB31 is present in platelet membrane and granule fractions [38].
RAB1B plays a role in vesicle transport between endoplasmic reticulum and golgi [39,40].
Mutations in other GTPases, RAB27A and RAB27B, and in RAB geranylgeranyltransferase
are implicated in animal models of platelet granule defects and defective vesicular transport
[15,41-44]. Moreover, DNM3 (dynamin 3) transcript was decreased in our patient platelets
[26]. This microtubule-associated force-producing protein can hydrolyze GTP and
participates in MK growth and development [45]. Dynamins as a group are implicated in
vesicular trafficking, in particular endocytosis [46-48]. Further studies in RUNX1
haplodeficiency on these proteins are likely to yield new insights.

Our studies are beginning to unravel the complex nature of the platelet defects in RUNX1
haplodeficiency and the genes regulated in platelets/MK by RUNX1. We have shown that
RUNX1 regulates 12-lipoxygenase (ALOX12)[27], myosin light chain (MYL9) [49], protein
kinase C-θ (PRKCQ) [50] and PF4 (PF4), and each appears relevant to platelet production
or function. Together with previously reported other gene alterations [26] the paradigm that
emerges is that RUNX1 mutations induce alterations in diverse platelet and MK processes.

Because PF4V1 transcript level was also decreased in our patient [26] we studied its
regulation. In normal platelets PF4V1 expression was markedly less than of PF4. Although
there was RUNX1 binding to the promoter region (Fig. 6) luciferase reporter studies using
~2 kb 5’-upstream promoter region showed little activity compared to PF4 construct (Fig.
7). In HEL cells there was minimal increase in PF4V1 mRNA PMA-treatment compared to
that in PF4 mRNA. Thus, PF4V1 is regulated distinctly differently from PF4.

In summary, our studies demonstrate that PF4 is regulated at the transcriptional level by
RUNX1, and provide a mechanism for PF4 deficiency associated with RUNX1
haplodeficiency in our patient and others [19]. While defective protein targeting has been
considered the main mechanism leading to PF4 deficiency in GPS, our studies provide
evidence that, in some patients, PF4 deficiency results from impaired PF4 synthesis. These
studies advance understanding of the impaired platelet mechanisms in RUNX1
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haplodeficiency and GPS, and emphasize the complex nature of the associated platelet/
megakaryocytic defects.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Chromatin immunoprecipitation (ChIP) analysis of PF4 promoter region
Immunoprecipitation was performed using PMA-treated HEL cells and control IgG (column
1) of each panel or anti-RUNX1 antibody (column 2). Samples were analyzed by PCR using
primers specific to PF4 promoter regions and GAPDH. Columns 3 and 4 of each panel show
PCR amplification of total input DNA and genomic DNA, respectively. Also shown are the
RUNX1 consensus sites in each region. Regions -1846/-1669 and -193/-27 revealed RUNX1
binding; the fold enrichment was 30.0 ± 9.6 (mean ± SE, n=3) and 11.9 ± 0.9 (n=3) fold,
respectively.

Aneja et al. Page 12

J Thromb Haemost. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2. EMSA using nuclear extracts from PMA-treated HEL cells or recombinant RUNX1 and
DNA probes with RUNX1 sites -1774/-1769 and -157/-152
(A) EMSA using DNA probe with -1774/-1769 RUNX1 site. Lane 1, DNA probe alone;
lane 2, probe with nuclear extract showing bands 1 and 2; lanes 3 and 4, competition with
150 and 200-fold excess unlabeled probe; lanes 5 and 6, supershift with 4 and 6 ug RUNX1
antibody (arrow SS shows supershifted complex) along with loss of band 2; lane 7, effect of
nonspecific IgG; lane 8, competition with unlabeled probe containing mutated RUNX1 site.
(B) EMSA using DNA probe with RUNX1 site -157/-152. Lane 1, probe alone; lane 2,
probe with nuclear extract; lane 3, competition with 300-fold excess unlabeled probe; lane 4,
with RUNX1 antibody showing supershifted band, arrow SS; lane 5, effect of nonspecific
IgG; lane 6, competition with unlabeled probe with mutated RUNX1 site. (C) EMSA using
probe -1774/-1769 and recombinant protein RUNX1 (200 ng). Lane 1, probe alone; lane 2,
probe with recombinant RUNX1; lane 3, competition with excess unlabeled probe; lane 4,
inhibition in the binding by RUNX1 antibody; and lane 5, effect of nonspecific IgG. (D)
EMSA using recombinant protein RUNX1 and oligonucleotide probe -157/-152. Lane 1,
probe alone; lane 2, probe with recombinant RUNX1; lane 3, competition with excess
unlabeled probe; lane 4, inhibition of binding with RUNX1 antibody; and lane 5, effect of
nonspecific IgG.
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Fig. 3. Luciferase reporter studies on PF4 promoter in PMA-treated HEL cells
Reporter constructs with PF4 promoter regions with wild type (closed symbol) and mutated
(open symbols) RUNX1 sites were transfected into HEL cells and activity was measured at
48 hours. Shown are mean and SEM of 3 experiments in triplicate.
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Fig. 4. Effect of RUNX1 siRNA on PF4 promoter activity and PF4 protein
(A) PF4 promoter activity: HEL cells were cotransfected with mock or RUNX1 siRNA and
PF4 luciferase-reporter construct (-1936/-27 bp). Shown is the mean and SEM of 2
experiments in triplicate. (B) Immunoblotting of RUNX1 and actin in HEL cells. (C) PF4 by
ELISA (pg/μg HEL cell protein).
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Fig. 5. Effect of transient overexpression of RUNX1 on PF4 promoter activity and PF4 protein
(A) PF4 promoter activity at 48 hours. HEL cells were cotransfected with RUNX1-pCMV6
expression vector (filled bars) or empty pCMV6 vector (open bars), along with PF4
luciferase-reporter construct (-1936/-27), wild-type or with mutations in site -1774/-1769,
-157/-152 or both. Shown is mean ± SEM of 3 experiments in triplicate. (B) Western
blotting analysis showing RUNX1 overexpression in HEL cells. Actin is a loading control.
(C) Effect of RUNX1 overexpression on PF4 by ELISA (pg/μg HEL cell protein).
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Fig. 6. Chromatin immunoprecipitation (ChIP) analysis of PFV1 promoter
Immunoprecipitation was performed in PMA-treated HEL cells using control IgG (column 1
of each panel) or anti-RUNX1 antibody (column 2). PCR was performed using primers
specific to PF4V1 promoter regions and GAPDH. Columns 3 and 4 show PCR amplification
of total input DNA and genomic DNA, respectively. Regions -1883/-1617, -334/-242 and
-187/+51 revealed enrichment with anti-RUNX1 antibody. The fold enrichment was 6.1 ±
0.9, 6.8 ± 0.5 and 5.5 ± 1.2 fold, respectively (n=3 for each region).
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Fig. 7. Comparison of PF4 and PF4V1 promoter activity in PMA-treated HEL cells
RUNX1 consensus sites detected by ChIP analysis are shown for both PF4 and PF4V1.
Luciferase activity was measured at 48 hours.
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