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Thrombopoietin and Mean Platelet Volume in Coronary Artery Disease
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Summary

Background: Large platelets are shown to be hemostatical-
ly more active. It has been suggested that mean platelet vol-
ume (MPV) is increased during acute myocardial infarction
(AMI) and unstable angina pectoris (USAP). However, the
underlying mechanism of the phenomenon remains unclear.

Hypothesis: In this study, platelets, MPV, and thrombopoi-
etin (TP) levels were investigated in patients with coronary
artery disease (CAD) and healthy controls.

Methods: Twenty patients with AMI and 20 patients with
USAP were included in this study. Seventeen healthy adult
subjects served as controls. Venous blood samples of the sub-
jects were drawn within 12 h after admission. Thrombopoietin
levels were measured by ELISA and platelet counts and MPV
were assayed by autoanalyzer.

Results: Patients with AMI and USAP had higher platelet
counts than those in the control group. Although the platelet
counts were slightly higher in AMI than in USAP, this did not
reach statistical significance. Mean platelet volume and levels
of TP were found to be elevated in patients with AMI and
USAP compared with control subjects (p <0.001). Thrombo-
poietin levels were higher in AMI than USAP, but this was not
statistically significant. There was a positive correlation be-
tween TP levels and MPV values (p<0.05).

Conclusion: Increased TP levels may increase both platelet
counts and platelet size, resulting in hemostatically more ac-
tive platelets, which may contribute to the development and
progression of CAD.
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Introduction

Megakaryocytopoiesis is a perplexing enigmatic process
that depends on both early- and late-acting hematopoietic
growth factors. The proliferation and maturation steps of this
process are regulated by lineage nonspecific megakaryocy-
topoietic cytokines and thrombopoietin (TP).!: 2 Thrombo-
poietin is the most critical cytokine regulator of platelet pro-
duction and maturation. -2 Platelets are involved in hemostatic
repair and play an essential role in arterial thrombosis and
atherosclerosis.? Circulating platelets are heterogeneous with
respect to their size, density, and reactivity; large platelets are
hemostatically more active.* From the experimental results it
has been postulated that platelet volume and megakaryocyte
ploidy are influenced by separate hormonal factors in such a
manner that they may be stimulated independently or together.
Platelet volume changes can occur only after an alteration in
the rate of platelet destruction; increase in megakaryocyte
ploidy can be associated with a change in the rate of platelet
production. In acute states of platelet destruction, increase in
platelet volume may be a result of change in the fragmentation
pattern of megakaryocyte cytoplasm.’ In chronic states, when
platelet destruction and production are stimulated together, an
increase in platelet size may be associated with an increase in
megakaryocyte ploidy.5 As there is compelling evidence that
changes in platelet heterogeneity are preceded by changes in
megakaryocyte ploidy and cytoplasmic volume, studies have
been undertaken to associate megakaryocyte changes with
diseases in which platelets are involved, especially acute coro-
nary syndromes.” When bone marrow biopsies were carried
out in patients with acute myocardial infarction (AMI) 2 to 3
weeks after the acute event, it was found that the mean cyto-
plasmic volume of megakaryocytes is significantly increased
compared with control subjects with noncardiac chest pain.”

It has been suggested that mean platelet volume (MPV) is
increased during AMI and unstable angina pectoris (USAP).2
The correlation between platelet size and hemostatic reactivi-
ty suggests that large platelets have higher thrombotic poten-
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tial; however, the undertying mechanism of the phenomenon
remains unclear. Thrombopoietin is the most critical cytokine
regulator of platelet production and maturation and appears to
be the major regulator of in vivo platelet production.? In this
study, platelet counts, MPV values, and TP levels were inves-
tigated in patients with AMI, USAP, and in healthy controls.

Material and Methods
Study Group

Twenty patients with AMI (7 women, 13 men; mean age +
standard deviation [SD] 62 + 9 years) and 20 patients with
USAP (6 women, 14 men; mean age SD 59 + 11 years) were
included in this study. Seventeen healthy adult subjects (6
women, 11 men; mean age + SD 57 + 9 years) served as the
control group. The patients with primary thrombocytosis,
hemorrhagic diathesis, or those on anticoagulant or antiag-
gregant medications were excluded. The diagnosis of AMI
was made on the basis of chest pain persisting for > 30 min,
ST-segment elevation of 0.2 mV in at least two contiguous
leads on a standard 12-lead electrocardiogram (ECG), and el-
evation of serum creatine kinase-MB isoenzyme level more
than twice the upper limit of normal. Unstable angina was de-
fined as chest pain accompanied by ECG changes of ischemia
requiring intravenous medical therapy to control symptoms. '?
Risk factors for coronary artery disease (age, gender, hyper-
tension, diabetes mellitus, cigarette smoking, hyperlipidemia,
family history of premature coronary artery disease [CAD])
were evaluated for each patient.

Blood Sampling and Assays

At admission of the patients, peripheral venous blood sam-
ples for measuring MPV and TP were drawn with 21 G mul-

TaBLE I  Baseline characteristics of the study population

AMI USAP Control
Risk factors (n=20) (n=20) (n=17) pvalue
Age (years) 62+9 5911 57+9 NS
Hypertension 10 7 — —
Diabetes mellitus 9 11 —_— —
Family history 14 11 8 NS
Cigarette smoking 14 15 1 NS
Male/female 13/7 14/6 10/7 NS
Cholesterol (mg/dl) 255 247 216
(182-320) (154—420) (145-297) NS
HDL-C (mg/dl) 46 46 42
(25-125) (32-62) (26-58) NS
LDL-C (mg/dl) 140 131 124
(50-50) (72-182)  (60-144) NS

Abbreviations: NS = nonspecific, AMI = acute myocardial infarc-
tion, USAP = unstable angina pectoris, HDL-C = high-density lipo-
protein cholesterol, LDL-C = low-density lipoprotein cholesterol.

tiple drawing blood collecting needles into 3.8% 1:9 trisodi-
um citrate containing tubes without venous occlusion. The
blood samples were centrifuged immediately at 3,000 g for
15 min and the plasma was stored in several aliquotes at
—70°C until assayed. Thrombopoietin (Quantikine™, R&D
Systems, Minneapolis, Minn., USA) was assayed by sand-
wich type ELISAs. Platelet counts and MPV were measured
by autocounters (Coulter Maxem, Fullertown, Calif., USA).

Statistical Analysis

The Student’s r-test was used for comparison of the plate-
lets, MPV, and TP levels between patients and control sub-
jects. The Spierman test was used for correlation of TP, MPV,
and platelet counts. A p value of < 0.05 was considered to indi-
cate statistical significance.

Results

Risk factors for CAD (age, gender, hypertension, diabetes
mellitus, cigarette smoking, hyperlipidemia, family history of
premature CAD) in the study population are listed in Table I.
Platelets, MPV, and TP levels are shown in Table I1. Patients
with AMI (275 £ 76 x 10%1) and USAP (288 + 81 x 10%1) had
slightly higher platelet counts than those in the control group
(257 £ 67x10%1), but this did not reach statistical significance
(p>0.05). Although the platelet counts were slightly higher
in AMI than in USAP, this did not reach statistical signifi-
cance (p>0.05). Mean platelet volume was found to be ele-
vated in patients with AMI (8.2 + 0.8 fl)and USAP (7.7 £ 0.5
f1) compared with control subjects (6.6 + 0.6 fl, p<0.001).
Patients with AMI (203 + 73 pg/ml) and USAP (184 + 64
pg/ml) had increased levels of TP compared with control sub-
jects (85 £ 37 pg/ml, p<0.001). Thrombopoietin levels were
higherin AMI than in USAP, but this was not statistically sig-
nificant (p>0.05). There was a positive correlation between
TP levels and MPV values (p <0.05) but no correlation be-
tween platelet counts and TP levels. The distribution of TP,
platelet counts, and MPV values is illustrated in Figure 1.

TaBLE 11  Platelet counts, mean platelet volume (MPV) values, and
thrombopoietin (TP) levels in patients and control subjects

AMI USAP Control
Variable (n=20) (n=20) (n=17)
Platelet (X 10911 27576 288+ 81 257+67
MPV () 82x0.80¢ 7.7+05¢ 6.6+£0.6
TP (pg/ml) 203+73¢ 184 £64¢ 85+37
¢ Nonspecific.

bp<0.001 vs. USAP.

¢p<0.001 vs. control group.

Abbreviations: MPV = mean platelet volume, TP = thrombopoietin,
AMI = acute myocardial infarction, USAP = unstable angina pectoris.
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Fic.1 The distribution of thrombopoietin, platelet, and mean
platelet volume values. MPV values multiplied by 25. AMI = acute
myocardial infarction, USAP = unstable angina pectoris, MPV =
mean platelet volume, TP = thrombopoietin.

Discussion

The widespread availability of particle counters in clinical
laboratories now permits the accurate measurement of platelet
volume on a routine basis. Mean platelet volume is increased
in disorders associated with accelerated platelet turnover as a
result of increased numbers of megathrombocytes or in pa-
tients with Bernard-Soulier syndrome.'!- 12 Some authors sug-
gest that increased MPV provides evidence of accelerated
platelet production and may be interpreted in the same manner
as the reticulocyte count.'? Platelet size is mainly determined
in the production phase. Large platelets or megathrombocytes
are usually noted in immune thrombocytopenic purpura and
ethylene diamine tetraacetic acid (EDTA) smear or by volume
determination on a Coulter counter.'* Furthermore, MPV was
found to be increased in AMI and USAP.!-2 In a large prospec-
tive study, Martin et al. measured MPV in 1,716 men 6 months
after AMI; values of MPV were significantly increased in
those patients.!? Mean platelet volumes measured before coro-
nary angioplasty were shown to correlate positively with sub-
sequent restenosis after a successful procedure.'” In our study,
MPV values were increased in patients with AMI and USAP.

As the mean life-span of thrombocytes is 10 days, elevated
MPYV values at the time of AMI or USAP indicate preexisting
macrothrombocytosis which may contribute to the disease
process; this could be due to a prior activation of megakary-
ocytes to release large active platelets.’0 It is suggested that
increased hemostatic activity of large platelets is in part due to
an increased number of glycoprotein (GP)IIb-11Ia receptors
on each platelet.'” The relationship between circulating plate-
lets and megakaryocytes is not yet fully understood. Thrombo-
poetin is the major stimulant of megakaryocytopoiesis. Apart
from TP, large number of cytokines including IL-3, IL-6,
IL-11, erythropoietin, stemcell factor, and granulocyte-macro-
phage-CSF play roles in megakaryocytopoiesis.!$-2! [L-6 giv-
en to rhesus monkeys increased platelet count and size as well
as megakaryocyte ploidy and size.!? Furthermore, in addition
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to these numerous positive effectors, megakaryocytopoiesis
might be physiologically regulated by inhibitory proteins.?’

Thrombopoietin is produced in the liver, kidney, bone mar-
row, and spleen. Administration of TP results in an increase in
the number of megakaryocytes in the bone marrow and spleen,
in megakaryocyte size and DNA content, in megakaryocyte/
platelet-specific antigen markers, and a 3- to 10-fold increase
in circulating platelet concentration.?? Numerous studies over
the past 30 years have demonstrated an inverse relationship be-
tween the levels of circulating TP and platelet mass. The arrival
of TP cloning, the availability of recombinant or purified pro-
tein, and the availability of gene knockout animals have al-
lowed the dissection of this relationship at the cellular and
molecular level.?3 Data from these studies best fit the model in
which the predominant feedback mechanism regulating TP
concentration is its binding to platelets or megakaryoctes (or
both). Thus, during periods of normal homeostasis, platelet
counts remain constant and circulating TP is at its basal con-
centration. During thrombocytopenia, platelet mass drops re-
sulting in a reduction in the binding and degradation of TP by
c-mpl positive cells?* 23 and increased concentration of free TP.
Conversely, during conditions such as rebound thromboytosis
or primary thrombocytemia, elevated platelet/megakaryocyte
mass serves as a “‘sink,” reducing the levels of circulating TP
to achieve homeostasis.2 Thrombopoietin production remains
constant, and its concentration is regulated by the total mass
of platelets/ megakaryocytes available to bind and degrade this
protein.2” Gene inactivation studies demonstrate that TP and
its receptor (c-mpl) are primary regulators for megakaryo-
thrombocytopoiesis. Thus, TP- and c-mpl-deficient mice show
an approximately 85% reduction in circulating platelets and
markedly reduced bone marrow megakaryocte numbers,?
whereas studies of TP concentration in c-mpl-deficient mice
show increased levels.? Platelets express high affinity of 200
560 pM and between 20 and 200 receptors per platelet. It has
been shown that the TP level increases in plasma when the cir-
culating platelet mass is decreased in animals and humans.?
Moreover, upon increase of the platelet mass, the TPO level
decreased rapidly; however, during thrombocytopenia TP
mRNA in liver and kidney remained unchanged despite in-
creased TP activity in the plasma.*

In our study, we found that MPV and TP levels were elevat-
ed in AMI and USAP. There was a statistically significant cor-
relation between TP levels and MPV values. The authors en-
countered no previous studies on relationships between TP
and MPV in CAD. Elevated TP levels, despite increased
thrombocyte counts in our patients with CAD, were not con-
sistent with our current knowledge. Although the underlying
mechanism remains unclear, we speculate that TP levels might
be influenced not only by uptake from megakaryocytes and
thrombocytes but also by some undescribed factors which
may cause uncontrolled TP production. Another possibility is
that platelets are more damaged in patients with vascular dis-
ease. Platelet survival time is reported to be significantly short-
ened in patients with vascular disease, possibly due to damage
of platelets while passing through the narrowed atherosclerot-
ic arteries.3! In such circumstances, thrombocytopoiesis may
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be increased leading to formation of larger platelets and ele-
vated levels of TP.

Conclusion

Patients with acute coronary syndromes had increased
platelet counts and MPV values caused by elevated levels of
thrombopoietin. The exact mechanisms and the pathophysiol-
ogy need to be determined by further studies in larger series

and

longer follow-up of determining factors.
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