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SHORT COMMUNICATION

Differential expression of SDF-1 receptor CXCR4 in molecularly defined
forms of inherited thrombocytopenias

Juan P. Salim, Ana C. Glembotsky, Paola R. Lev, Cecilia P. Marin Oyarzún, Nora P. Goette, Felisa C. Molinas,
Rosana F. Marta, & Paula G. Heller

Hematology Research, Institute for Medical Research (IDIM) A. Lanari, University of Buenos Aires (UBA), National Council for Medical Research
(CONICET), Buenos Aires, Argentina

Abstract

The SDF-1-CXCR4 axis plays an essential role in the regulation of platelet production, by
directing megakaryocyte (MK) migration toward the vascular niche, thus allowing terminal
maturation and proplatelet formation, and also regulates platelet function in an autocrine
manner. Inherited thrombocytopenias (IT) comprise a spectrum of diverse clinical conditions
caused by mutations in genes involved in platelet production and function. We assessed
CXCR4 expression and SDF-1 levels in a panel of well-characterized forms of IT. Decreased
surface CXCR4 levels were found in 8 of 27 (29.6%) IT patients by flow cytometry, including 4 of
6 patients with ANKRD26-RT, 3 of 3 patients with GPS and 1 of 6 patients with FPD/AML. Low
CXCR4 levels were associated with impaired SDF-1-triggered platelet aggregation, indicating
that this decrease is functionally relevant, whereas a normal platelet response was shown in
patients harbouring preserved membrane CXCR4. Reduced CXCR4 was not due to decreased
gene expression, as platelet RNA levels were normal or increased, suggesting a post-transcrip-
tional defect. Increased ligand-induced receptor internalization was ruled out, as circulating
SDF-1 levels were similar to controls. MK CXCR4 expression was normal, indicating that the
defect in CXCR4 arises after the step of platelet biogenesis. In conclusion, the finding of
defective CXCR4 expression specifically associated with certain IT disorders highlights the
fact that abnormalities in several megakaryocytic regulators underlie IT pathogenesis and
further reveal the heterogeneous nature of these conditions.
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Introduction

Megakaryocyte (MK) development initiates in the bone marrow
endosteal niche, which promotes hematopoietic commitment and
MK progenitor proliferation, while suppressing terminal matura-
tion. Further migration to the sinusoidal vascular niche facilitates
late steps of MK maturation and proplatelet protrusion through
the endothelial barrier to release platelets into the bloodstream
during thrombopoiesis. Previous work has revealed that the che-
mokine stromal cell-derived factor-1 (SDF-1) and its natural
receptor, CXCR4, are main players implicated in MK chemotaxis
toward sinusoidal vessels, driving MK location in the bone mar-
row to allow adequate platelet production [1–3]. Platelets are also
sensitive to this chemokine, which is able to induce activation and
release of platelet granules by itself and to potentiate the response
to other agonists [4]. Moreover, platelets store and secrete SDF-1
upon activation, which turns this chemokine into an autocrine
regulator of platelet function [5]. The participation of the SDF-1/
CXCR4 axis in disease states involving the megakaryocytic line-
age has been demonstrated by the finding of abnormal levels of

CXCR4 in platelets and MKs from patients with essential throm-
bocythemia [6].

Inherited thrombocytopenias comprise a rare although increas-
ingly recognized group of disorders characterized by diverse clin-
ical presentation, genetic features and pathogenesis [7]. Due to the
phenotypic heterogeneity and paucity of diagnostic biomarkers, it is
often difficult to adequately characterize these patients. Abnormal
platelet production underlies most forms of IT, and in many cases, it
is associated with a platelet function defect that contributes to the
bleeding tendency. Although to date more than 30 genes have been
identified to cause ITs, the mechanisms by which mutations in these
genes lead to thrombocytopenia and platelet dysfunction remain
incompletely clarified [8]. In the present work, we studied
CXCR4 expression and SDF-1 levels in a spectrum of well defined
forms of inherited thrombocytopenias (IT), including ANKRD26-
related thrombocytopenia (RT), familial platelet disorder with pre-
disposition to acute leukemia (FPD/AML), X-linked thrombocyto-
penia (XLT) secondary to WAS mutation, Gray Platelet Syndrome
(GPS), monoallelic Bernard-Soulier syndrome (mBSS) and MYH9-
related disease (MYH9-RD).

Methods

Patients and samples

Twenty-seven patients with molecularly characterized forms of IT
and 24 healthy individuals, matched by age and gender, were
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included in this study after informed consent. Patient features are
described in Table I. Plasma samples, platelet-rich plasma and
washed platelets were prepared as described [9–11]. Bone mar-
row biopsies were obtained by standard procedures, formalin-
fixed and embedded in paraffin, and samples from subjects who
underwent bone marrow biopsy for non-haematological diseases
were studied as controls. The study was approved by the
Institutional Review Board.

Platelet surface CXCR4 levels by flow cytometry

Platelets (1 × 106) were incubated with phycoerythrin (PE)-con-
jugated anti-CXCR4 antibody (Becton-Dickinson, San José, CA,
USA) during 1 hour, fixed with 1% PFA and acquired on a
FACScan flow cytometer (Becton-Dickinson). Anti-CD61-FITC
was used to identify the platelet population, and an irrelevant
antibody from the same IgG subclass was used as isotypic con-
trol. A control sample was assayed in parallel to each patient
sample, all in duplicate. Data were expressed as relative fluores-
cence intensity (RFI), by calculating the ratio between mean
fluorescence intensity of the CXCR4 antibody and the corre-
sponding isotypic control. The reference range was established
as the mean ± 2 standard deviation of 10 healthy individuals
studied simultaneously.

Measurement of platelet size

Mean platelet diameter (MPD) was determined by measuring the
largest diameter of 100 platelets in May-Grünwald-Giemsa-
stained blood smears by using the VideoTesT-Master image ana-
lysis software (St. Petersburg, USSR).

Platelet aggregation studies

After centrifugation at 200 g for 10 min., upper two-third of
platelet-rich plasma was obtained, adjusted to 3 × 108/mL, chal-
lenged with 100 nM SDF-1 (PeproTech Inc. Rocky Hill, NJ,
USA), and aggregation was evaluated using a Lumi-aggregometer
(Chrono-Log Corp., Havertown, PA, USA).

Real-time RT-PCR analysis of platelet CXCR4 transcripts

RNA was isolated from leukodepleted washed platelets after red
cell lysis followed by cDNA synthesis, as described [11]. Real-
time PCR was performed using IQTM SYBR Green Supermix
(Bio-Rad, Hercules, CA, USA) in an iCycler (Bio-Rad Life
Science). Primer sequences for CXCR4 were as follows: forward
5- AGGGGATCAGTATATACACTT-3 and reverse 5-
TGCCCACAATGCCAGTTAAG-3. Quantification was carried

out by the 2−ΔΔCT method using GAPDH expression as an inter-
nal normalization control. Each sample was assayed in triplicate.

Immunohistochemical CXCR4 assay

Bone marrow sections were prepared and stained as described
[6]. Briefly, samples were deparaffinized, rehydrated, and after
blocking endogenous peroxidase activity, sections were incu-
bated with 2.5% blocking serum followed by anti-CXCR4
rabbit polyclonal antibody (Abcam, Cambridge, UK) overnight
at 4°C. Negative controls were performed by omitting the
primary antibody. The LSAB detection kit (Dako, CA, USA)
was used for visualization, and slides were counterstained with
haematoxylin. Images of all available MKs in each specimen
were obtained, average cytoplasm optical density (OD), exclud-
ing the nucleus, was registered for each cell, and median OD
was calculated using the VideoTesT-Master Morphology
software.

Plasma SDF-1α and TPO measurement

Plasma SDF-1α and thrombopoietin (TPO) levels were assayed in
duplicate using enzyme-linked immunosorbent assay technique
(R&D Systems, Minneapolis, MN, USA) according to the manu-
facturer’s recommendations.

Statistical analysis

Data were tested for normality and analysed by Mann–Whitney
test, for comparison between two groups and by Kruskal–Wallis
with Dunn’s post-test for comparison among multiple groups.
Correlations were assessed using Spearman test, using
GraphPad Prism 5 (La Jolla, CA, USA). Two-sided P values
<0.05 were considered significant.

Results

Diverse CXCR4 expression pattern in different IT disorders

Platelet surface CXCR4 levels were found to be heteroge-
neous among patients with different forms of IT, as shown
in Figure 1A. Overall, decreased platelet CXCR4 expression
was found in 8 of 27 (29.6%) IT patients, including 4 of 6
patients with ANKRD26-RT, 1 of 6 patients with FPD/AML
and 3 of 3 patients with GPS. In patients with GPS and in the
patient with FPD/AML who harboured low CXCR4 levels, the
decrease in CXCR4 was confirmed on a separate sample
drawn several months apart. Interestingly, the defect in
CXCR4 did not affect all members of the same family, illus-
trating the phenotypic diversity already described for these

Table I. Features of patients with inherited thrombocytopenia.

Pedigree
(No. pts.)

Age
(years)

Platelet Count
(×109/L)

Platelet Size
(µm) Gene Mutation Diagnosis

I (4), II (2) 31.5 (11–49) 125 (60–145) 2.9 (2.5–3.4) RUNX1 p.T219Rfs*8† FPD/AML
III (4), IV (2) 39.5 (17–74) 91 (68–147) 2.8 (2.4–3) ANKRD26 c.-127A>G†; c.-125A>G ANKRD26-RT
V (2) 27(23–31) 18 (10–25) 1.7 (1.5–1.9) WAS p.Q52H† XLT
VI (2), VII (1) 65 (10–69) 54 (30–65) 4 (3.7–4.2) NBEAL2 p.Y729*†; p.1280* and p.H2159Q†† Gray Platelet Syndrome
VIII (2) 47.5 (33–62) 96 (76–115) 3.2 (3.1–3.2) GP1BA p.Y294*† Monoallelic BSS
IX-XIII (6) 22 (10–31) 36 (17–70) 4.9 (3.7–7.4) MYH9 p.A95Asn;† p.R702H (2);† p.R702C (2) MYH9-RD HD mutation
XIV-XV (2) 27 (30–34) 66 (42–90) 4.9 (4.9–5) MYH9 pD1424N;† p.M847_E85† MYH9-RD TD mutation

FPD/AML means familial platelet disorder with predisposition to acute myelogenous leukemia; ANKRD26-RT, ANKRD26-related thrombocytopenia;
XLT, X-linked thrombocytopenia; BSS, Bernard-Soulier syndrome; MYH9-RD, MYH9-related disease; HD, head-domain; TD, tail-domain.

Reference values for mean platelet diameter, 2.3–3.1 μL.
† previously described [10].
†† submitted.
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disorders [11,12]. The decrease in CXCR4 in the patient with
FPD/AML was not related to myelodysplastic syndrome or
leukemia, and this patient did not develop disease transforma-
tion after a 9-year follow-up. In contrast, CXCR4 expression
was increased in certain forms of IT harbouring large plate-
lets, including 2 patients with mBSS and 5 of 8 patients with
MYH9-RD, probably related to increased platelet surface.
Accordingly, platelet CD61 expression was, as expected,

increased in this group of patients, patient/control RFI ratio,
2.15 ± 1.1, and correlation was found between CD61 and
CXCR4 levels, r=0.68, P<0.05 (Spearman correlation test).
Besides, despite decreased platelet size, CXCR4 levels were
normal in patients with XLT. No correlation was found
between CXCR4 levels and platelet count or mean platelet
diameter in the whole patient population (data not shown),
highlighting that the defect in CXCR4 expression is not a

Figure 1. A. Surface CXCR4 expression by flow cytometry in patients with inherited thrombocytopenia classified as those harbouring normal-sized,
small and large platelets according to measurement of the mean platelet diameter on blood smears, including ANKRD26-RT (n = 6), FPD/AML (n =
6), XLT (n = 2), GPS (n = 3), mBSS (n = 2) and MYH9-RD (n = 8). Results are expressed as the ratio between relative fluorescence intensity (RFI) of
patient platelets and a control sample assayed in parallel (Pt/C). Median values with interquartile range are indicated for each group. Horizontal dashed
lines represent upper and lower limits of the reference range, established by the mean ± 2 SD of controls. The right panel shows representative
examples of a patient with low (i) and a patient with preserved (ii) CXCR4 surface expression, as depicted by the open black histograms while filled
grey histograms show binding to simultaneously assayed control platelets. B. Platelet aggregation in response to 100 nM SDF-1 in patients (Pts.) with
low surface CXCR4 levels (n = 3), patients with preserved CXCR4 levels (n = 3) and control subjects (n = 7). Bars represent median values with
interquartile range. *P<0.05, Kruskal–Wallis followed by Dunn´s multiple comparison test. Representative aggregation traces in (i) a patient with low
CXCR4 levels (Pi) harbouring impaired SDF-1-triggered platelet aggregation) and (ii) an aggregation trace in a patient with preserved CXCR4 levels
(Pii) showing normal platelet response compared to simultaneously assayed controls (Ci and Cii, respectively). C. CXCR4 gene expression in platelets.
CXCR4 mRNA levels were assessed by real-time PCR in patients with ANKRD26-RT (n = 3), FPD/AML (n = 4), GPS (n = 2), mBSS (n = 1) and
control subjects (n = 9). Open symbols in each data set indicate patients with low surface CXCR4. Horizontal lines represent median values. *P < 0.05,
Kruskal–Wallis followed by Dunn´s multiple comparison test. D. Megakaryocyte CXCR4 expression by immunohistochemistry in a FPD/AML patient
and a control bone marrow sample. Mean optical density is depicted for each case. Arrows indicate megakaryocytes. Original magnification 40×. Scale
bar 10 μm. Circulating SDF-1 (E) and TPO (F) levels in IT patients (n = 18) and controls (n = 24) measured by ELISA. Median values and
interquartile range are depicted. ****P < 0.0001, Mann–Whitney test.

DOI: 10.1080/09537104.2016.1254763 CXCR4/SDF-1 axis in inherited thrombocytopenias 3



reflection of altered platelet size and may be found in patients
with normal-sized or even large platelets, as shown for GPS
patients.

The pattern of SDF-1-induced platelet aggregation is related
to CXCR4 expression

Platelet aggregation in response to SDF-1 was decreased in two
patients with ANKRD26-RT and one patient with FPD/AML, all
of whom had low CXCR4 expression, suggesting that the
decrease in CXCR4 is of functional significance. In contrast,
normal SDF-1-induced platelet aggregation was shown for 3
patients with large platelets, one with MYH9-RD and two with
mBSS, all of whom had preserved CXCR4 levels (Figure 1B).

Low CXCR4 levels are not due to decreased gene expression

In order to investigate the mechanisms underlying decreased
CXCR4, we next measured platelet CXCR4 gene expression.
RNA levels were normal or increased in the different IT disorders
(Figure 1C), including patients with low (n=5) and those with
preserved (n=5) surface CXCR4, indicating that low CXCR4
levels on the platelet membrane are not due to decreased gene
expression. Interestingly, CXCR4 mRNA levels were signifi-
cantly higher in FPD/AML platelets than in controls, as shown
in Figure 1C, but the mechanism leading to this finding and its
potential relationship to RUNX1 mutation remain unclear.

CXCR4 expression is preserved in bone marrow
megakaryocytes

To assess whether low platelet CXCR4 reflects a decrease in MK
CXCR4 levels or represents a peripheral abnormality, we evalu-
ated its expression in available bone marrow samples from one
with FPD/AML who had decreased CXCR4, an affected FPD/
AML family member who had, in contrast, normal CXCR4 plate-
let levels, and a patient with MYH9-RD, who had preserved
platelet CXCR4. Megakaryocyte CXCR4 levels in patients (n =
3) did not differ from controls (n = 3), 0.39 (0.39–0.47) vs. 0.40
(0.36–0.41), respectively, P = NS (Figure 1D), indicating that the
reduction in CXCR4 is acquired during circulation.

Normal circulating SDF-1 levels in IT patients

Circulating SDF-1 in patients with IT (n = 18) did not differ
from controls (n = 24), 1561 (722–2920) vs. 1488 (822–2292)
pg/mL, respectively, P = NS (Figure 1E), without significant
differences among different IT disorders. No correlation was
found between SDF-1 levels and platelet counts, nor CXCR4
expression. In contrast, plasma TPO levels were significantly
elevated in the IT group, 81.2 (0–333) vs. 0 (0–19) pg/mL,
respectively, P < 0.0001, Mann–Whitney test (Figure 1F), as
previously reported [9].

Discussion

The mechanisms underlying impaired platelet biogenesis in IT
syndromes are diverse and remain incompletely understood.
The defect may involve different stages of megakaryopoiesis,
proplatelet formation or even affect preplatelet fission after
proplatelet release to the circulation [7]. Mutations targeting
transcription factors (RUNX1, GATA-1, FLI-1, ETV6,
GFI1B, HOX-1, MECOM), their transcriptional targets
(ANKRD26, RBM8A), cytoskeleton proteins (MYH9,
ACTN1, WAS, FLNA), granule biogenesis (NBEAL2) and
receptors for bone marrow extracellular matrix proteins
(GPIb-IX, GPIIbIIIa) underlie some of the characterized

forms, but in many cases, the molecular and cellular basis
of IT is still unknown. Abnormal expression of several recep-
tors for cytokines or classical agonists has been described in
IT MKs and/or platelets, including Mpl [9], GPIa [12], GPVI
[13] and PAR-1 [14]. These defects contribute to IT patho-
genesis and may, in addition, represent potential diagnostic
biomarkers.

Although the SDF-1 /CXCR4 axis is essential in regulating
platelet production and function, its potential role in IT has
remained poorly explored. In this study, we demonstrate
defective expression of a main chemokine receptor, CXCR4,
in IT patients, selectively associated with certain clinical
conditions, including ANKRD26-RT, GPS and FPD/AML. In
contrast, high CXCR4 levels have been previously reported in
platelets from patients with immune thrombocytopenia [15].
In the current work, low CXCR4 levels in IT were restricted
to platelets, as MK CXCR4 expression was found to be
normal, indicating that the reduction in CXCR4 does not
originate at the stage of platelet biogenesis but is acquired
in circulation after platelet release. A similar scenario has
been described for the reduction in GPIa levels shown in
ANKRD26-RT, which is evident in platelets, but not in MKs
[16]. Low platelet surface CXCR4 was not paralleled by a
reduction in mRNA levels, indicating that this defect is not
due to decreased gene expression but likely represents a post-
transcriptional abnormality. Further study is required to deter-
mine the mechanisms underlying the decrease in CXCR4 in
IT and its relationship to specific gene defects. Potential
explanations could include abnormal intracellular trafficking,
proteasomal degradation and receptor internalization [17]. In
this regard, as opposed to TPO, circulating SDF-1 levels,
which are able to induce down-regulation of CXCR4 through
internalization [18], were not elevated in this patient cohort,
rendering the latter possibility unlikely. Interestingly, we have
previously shown a concomitant reduction in Mpl expression
[9] in patients found to harbour low CXCR4 levels in the
current study, including FPD/AML (n=1), ANKRD26-RT (n
= 2) and GPS (n = 2). FPD/AML and ANKRD26-RT share
several common features, including normal platelet size and
predisposition to leukemia. Although a severe reduction in α-
granules is a unique characteristic of GPS patients, those with
ANKRD26-RT and FPD/AML also harbour a moderate reduc-
tion in α-granule content [11,12]. Whether the decrease in α-
granules plays a role in the reduction in surface CXCR4 found
in these three disorders remains speculative.

Besides regulating megakaryopoiesis, SDF-1 regulates the
function of circulating platelets and platelet-derived SDF-1
exerts an autocrine/paracrine loop to enhance platelet aggre-
gation, in a similar manner to ADP and TxA2. Pharmacologic
or antibody-induced inhibition of CXCR4 signalling abrogates
collagen-mediated platelet aggregation and dense granule
release and inhibits thrombus formation in vivo [5]. In this
study, low CXCR4 levels were associated with impaired SDF-
1-induced platelet aggregation, suggesting that this abnorm-
ality is functionally relevant and could potentially contribute
to impaired platelet function found in certain IT patients.

In conclusion, this study adds CXCR4 to the list of cellular
abnormalities displayed by IT patients, highlighting that mul-
tiple defects in megakaryocytic regulators underlie IT patho-
genesis. Further insight into the relationship between
decreased CXCR4 and the underlying genetic defects may
contribute to unravel the molecular pathways involved in the
megakaryocytic lineage. The diversity in CXCR4 expression
found among different IT conditions, and even among patients
belonging to the same pedigree, further reveals the heteroge-
neous nature of these complex yet fascinating disorders.
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