
Flow cytometric detection of MPL (CD110) as a
diagnostic tool for differentiation of congenital
thrombocytopenias

The aim of this study was to investigate the suitability of
flow cytometric detection of the thrombopoietin (THPO)
receptor MPL (CD110) as a diagnostic tool in congenital
thrombocytopenia. MPL is expressed on early hematopoi-
etic progenitors, megakaryocytes and platelets.
Homozygous or compound heterozygous deleterious
mutations in the MPL gene lead to congenital amegakary-
ocytic thrombocytopenia (CAMT).1 The absence of MPL
expression on platelets from CAMT patients has been
described in a couple of case studies.2,3 However, reduced
expression of MPL on platelets has also been demonstrated
in patients with other forms of congenital thrombocytope-
nia,4 and in patients with inherited or acquired forms of
thrombocytosis.5-7 Here we show that MPL expression on
platelets was low to undetectable in all conditions with
high THPO plasma levels due to irreversible internalization
of the receptor - irrespective of an underlying MPL defect.
In contrast, levels of MPL on early CD34+CD38lo

hematopoietic progenitors were relatively independent of
THPO levels, and therefore are appropriate as a diagnostic
tool to help in identifying conditions with impaired expres-
sion of MPL.

Flow cytometric detection of platelet surface proteins is a

routine method in the diagnosis of congenital platelet dis-
orders like Bernard-Soulier syndrome or Glanzmann
thrombasthenia.8 The flow cytometric analysis of platelets,
even in small samples of extremely thrombocytopenic indi-
viduals, is well established and makes this method ideal for
a swift diagnosis on a molecular level. It seems obvious to
use this method in the diagnosis of CAMT, which is char-
acterized by a MPL defect. The applicability of this method
in the diagnosis of inherited thrombocytopenia and its
interference from external influences has not yet been eval-
uated. Furthermore, the poor availability of monoclonal
antibodies in the past hindered its usage for diagnostic pur-
poses in hematological laboratories: over the intervening
years none of the commercially available monoclonal anti-
bodies intended for the detection of MPL were found to be
suitable, since they proved not to be specific for MPL.9,10

We used the monoclonal CD110 antibody clone 1.610 for
flow cytometric detection of MPL on platelets and bone
marrow cells from both healthy donors and patients with
different forms of thrombocytopenia. Peripheral blood and
bone marrow from healthy controls and from thrombocy-
topenic patients were obtained after  informed consent was
given in accordance with the Declaration of Helsinki. The
study has been approved by the ethics committee of the
Hannover Medical School. For experimental details see fig-
ure legends. For quantitative assessment we used cumula-
tive subtraction11 to determine the percentage of CD110+

events relative to an isotype control in a univariate popula-
tion comparison. It should be noted that "percentage posi-
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Figure 1. Detection of CD110
(MPL) on platelets. (A)
Detection of MPL on
platelets: Platelet rich plas-
ma was prepared from anti-
coagulated peripheral blood.
After short pre-incubation
with human immunoglobu-
lins (Gammagard, Baxter
Healthcare Corporation, IL,
USA) in order to block Fc
receptors platelets were
stained and analyzed on a
flow cytometer (BD
FACSCalibur, BD biosciences,
San Jose, CA, USA).
Histograms show the results
from PE-fluorescence from
platelets gated on scatter
properties. Gray shaded his-
tograms: isotype control
(IgG2b-PE, Caltag
Medsystems, UK); open his-
tograms: anti CD110-PE
(clone 1.6.1, BD biosciences,
San Jose, CA, USA). ND: nor-
mal donor, XLT: x-linked
thrombocytopenia, FA:
Fanconi anemia. (B) MPL
expression on platelets from
thrombocytopenic and non-
thrombocytopenic individuals
calculated by cumulative sub-
traction11 was plotted against
THPO plasma levels as deter-
mined by ELISA (Quantikine,
R&D Systems, MN, USA).
Data corresponding to THPO
concentrations below and
above the detection range of
the ELISA system were
grouped left or right of the
gray bars, respectively.  
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Figure 2. Detection of CD110 (MPL) on BM cells. Detection of MPL on hematopoietic progenitors from BM-gating strategy: BM mononu-
clear cells or total BM after erythrocyte-lysis were stained with CD34-APC (clone 8G12, BD biosciences), CD38-PECy7 (clone HIT2,
eBiosciences) and CD110-PE or isotype control, respectively. DAPI was added immediately before flow cytometric analysis (LSR II, BD bio-
sciences). The gating strategy is shown for a sample of frozen BM-MNC with a high percentage of dead cells and debris. Living cells were
first gated on basis of DAPI exclusion and FSC (top left). Further analyses refer to CD34+SSClo cells (bottom left). Differentiation of CD34
subpopulations was done according to Terstappen et al.13 with CD34+CD38hi corresponding to populations PIII and PIV and CD34+CD38lo/–

to PI and PII.  Specific binding of CD110 (top middle and open histograms) in comparison to an isotype control (bottom middle and grey
histograms) is shown for CD34+CD38hi (top right) and CD34+CD38lo (bottom right) cells.

Figure 3. Detection of CD110
(MPL) on hematopoietic pro-
genitors. Box plots summariz-
ing all flow cytometric meas-
urements of CD110 on
CD34+CD38hi (A), and
CD34+CD38lo (B) hematopoiet-
ic progenitors. The distribution
of CD110 expression levels,
calculated from cumulative
subtraction11 is plotted for
healthy donors (ND) and differ-
ent groups of thrombocy-
topenic patients (for explana-
tion see text). Bottom and top
of the boxes represent 25th

and 75th percentiles, the band
inside the median. The vertical
lines protruding from the box
extend to the minimum and
the maximum values of the
data set, as long as these val-
ues do not differ from the
median by more than 1.58
times the interquartile range
(outliers plotted as open cir-
cles). The non-parametric
Wilcoxon-Mann-Whitney test
was used for comparison
between groups. *:P≤ 0.05,
**:P≤0.01, ***: P≤0.001,
****:P≤0.0001
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tive" is a calculated parameter which is affected by both
percentage of positive cells and expression level, and has
been chosen as a robust parameter which is relatively
insensitive to slight variations in instrument settings and
experimental conditions.

In initial experiments we could demonstrate the expres-
sion of MPL on platelets from healthy donors as well as
from patients suffering from thrombocytopenia of different
etiologies other than CAMT (e.g. idiopathic thrombocy-
topenia, autosomal dominant macrothrombocytopenia,
Wiskott-Aldrich Syndrome). In contrast, but as expected,
MPL either could not or could scarcely be measured on the
surface of platelets from CAMT patients (Figure 1A). 

We extended our screening to patients with an as yet
undiagnosed hypomegakaryocytic thrombocytopenia
which was suspicious for CAMT. Surprisingly, in a couple
of patients we found a wild-type MPL gene despite a com-
plete lack of MPL expression on platelets. Some of these
turned out to have another form of congenital
hypomegakaryocytic thrombocytopenia or pancytopenia
like Fanconi anemia (Figure 1A). Since THPO plasma levels
are extremely high in all hypomegakaryocytic forms of
thrombocytopenia (up to several ng/ml in contrast to <30
pg/ml in healthy donors), we hypothesized that the lack of
MPL expression was due to high THPO levels. Indeed,
MPL was detectable neither on platelets from a patient
with chemotherapy induced severe thrombocytopenia, nor
on platelets from a healthy donor 24 h after transfusion to
an aplastic anemia patient (Online Supplementary Figure
S1A). Flow cytometric analysis of MPL on platelets was not
able to differentiate between CAMT and other
hypomegakaryocytic forms of thrombocytopenia. Levels of
MPL detectable on platelets from normal donors or throm-
bocytopenic patients were inversely correlated with THPO
serum levels (Figure 1B). These results can be explained by
the results from studies with iodinated THPO which have
shown that the binding of THPO to its receptor MPL on
platelets leads to fast and irreversible internalization of the
receptor-ligand complex, leaving not more than 20% of the
total binding sites available on the platelet surface.12 Most
of the constitutively produced THPO is cleared from the
circulation by this process. Elevated THPO serum levels
can be a consequence of low MPL expression (e.g. in
CAMT) but can also cause decreased levels of MPL on the
platelet surface (in other forms of hypomegakaryocytic
thrombocytopenia). 

We subsequently tested the detection of MPL in the BM
where it is mainly expressed on megakaryocytes and early
hematopoietic progenitors. We didn't consider the analysis
of megakaryocytes due to their rarity and heterogeneity in
size and autofluorescence, which makes detection of faint-
ly expressed surface molecules difficult. We analyzed
CD110 expression on hematopoietic progenitors specified
by the expression of CD34 and CD38. CD34 is expressed
on all hematopoietic progenitors; the subpopulation of
early multipotential progenitors and stem cells is character-
ized by low or absent CD38 expression.13 Analyses were
done either with total BM leukocytes from fresh BM sam-
ples after hypotonic lysis of erythrocytes, or with frozen
mononuclear cells from BM or umbilical cord blood for ret-
rospective analysis of cryopreserved patient samples. 

Analysis of BM (n=5) and cord blood (n=3) from healthy
donors revealed a measurable MPL expression on CD34+

hematopoietic progenitors, which was significantly
stronger on early CD34+CD38lo/– cells compared to more
mature CD34+CD38hi cells (Figure 2). 

Upon analyzing BM cells from thrombocytopenic
patients we found different patterns of MPL expression: in
thrombocytopenic patients with thrombocytopenia due to

increased platelet destruction and normal THPO levels (i.e.
idiopathic thrombocytopenia, x-linked thrombocytopenia,
autosomal dominant macrothrombocytopenia; n=7) MPL
expression was low but clearly above background on
CD34+CD38hi cells (Figure 3A, see "other TP"), and only
slightly reduced compared to healthy donors on
CD34+CD38lo/– cells (Figure 3B). CAMT I patients (n=7)
who are predicted to have a complete loss of the receptor
function14 demonstrated no measurable MPL expression on
either CD34+CD38hi or CD34+CD38lo/– cells (Figure 3). In
contrast, CAMT II patients (n=12) who are characterized
by a transient amelioration of thrombocytopenia during
the first year of life due to a residual function of the MPL
receptor,14 showed a heterogeneous pattern of MPL expres-
sion. MPL expression on committed CD34+CD38hi progen-
itors was low to undetectable (Figure 3A). On early
CD34+CD38lo/– progenitors it was significantly higher than
in CAMT I patients (Figure 3B), but the distribution of indi-
vidual values ranged from non-detectable up to almost nor-
mal levels of CD110. This might be due to the different
mutations and mechanisms which lead to the reduced
receptor activity. For example, the patient with nearly nor-
mal CD110 expression out of the CAMT II group, depicted
as an upper outlier in Figure 3B, has a MPL missense muta-
tion in the transmembrane domain which seems to allow
for an almost normal expression of the extracellular domain
of the receptor which is recognized by the monoclonal
antibody. Furthermore, apparently low CD110 expression
in the CAMT II group could be a result of mutations affect-
ing the binding site of the monoclonal antibody. The results
for the group of hypomegakaryocytic thrombocytopenia
(n=13) coming along with high plasma levels of THPO
resembled those for the CAMT II group in some respects:
MPL expression on CD34+CD38hi cells was low to unde-
tectable in most of the cases, whereas MPL expression on
CD34+CD38lo/– cells showed a large variability (Figure 3). 

Comparing the results of MPL expression analysis on dif-
ferent cell types, we found that MPL expression measured
on CD34+CD38lo/– cells gave the best discrimination
between patients with impaired MPL expression and
patients with other forms of hypomegakaryocytic throm-
bocytopenia with high plasma levels of THPO (Figure 3
and Online Supplementary Figure S1B). 

The comparison of flow cytometric detection of MPL on
different cell types within the group of patients with high
THPO plasma levels (>500 pg/ml), showed that in contrast
to platelets MPL expression on CD34+CD38lo/– early
hematopoietic progenitors seems to be unaffected by
THPO plasma levels (Online Supplementary Figure S2). 

Our results suggest a mechanism of recycling of internal-
ized receptors or de novo synthesis of MPL on early
hematopoietic progenitors in contrast to irreversible inter-
nalization on platelets. This is in line with experiments
showing a recycling of THPO receptor molecules to the cell
surface after internalization in a murine hematopoietic cell
line but not in platelets.15 The results obtained with more
mature CD34+CD38hi progenitors lay between those from
early progenitors and platelets, revealing a progressive loss
of the capability to re-express the receptor after internaliza-
tion during hematopoietic development.

In summary, flow cytometric measurement of MPL
(CD110) on platelets is a suitable method to distinguish
between hypomegakaryocytic thrombocytopenia with
high THPO plasma levels and forms of thrombocytopenia
due to accelerated destruction of platelets with THPO lev-
els in a normal range, but not to recognize patients with a
primary MPL defect. In contrast, although not completely
discriminating between CAMT and other forms of
hypomegakaryocytic thrombocytopenia, the level of
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expression measured on early CD34+CD38lo/– progenitors is
relatively independent from THPO plasma levels and
therefore is more appropriate to help in identifying and
characterizing conditions with impaired expression of
MPL. 
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