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Thrombocytosis in EPO-Treated Dialysis Patients May Be Mediated by

EPO Rather Than Iron Deficiency
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n a retrospective study of a large cohort of
patients with end-stage renal disease (ESRD)

ublished in the October 2008 issue of the Ameri-
an Journal of Kidney Disease, Streja et al1

ound relative thrombocytosis (platelet count �
00 � 109/L) in 15% of the study population.
his was associated with a 30% greater weekly
ose of erythropoietin (EPO) and evidence of
ron depletion (lower serum transferrin satura-
ion and ferritin concentration). They further
ound that hemoglobin concentration greater than
3 g/dL (�130 g/L) was associated with height-
ned mortality in those with, but not those with-
ut, relative thrombocytosis. Moreover, the inves-
igators observed a strong correlation between
PO doses of 20,000 U/wk or greater and inci-
ence of relative thrombocytosis, low transferrin
aturation, and increased risk of mortality in the
tudy population. They concluded that high doses
f EPO can cause relative thrombocytosis by
romoting iron depletion in patients with ESRD.
n support of this contention, they cited an earlier
tudy that showed an inverse correlation between
arkers of iron stores and increased platelet

ounts in a group of women with iron deficiency
nemia.2 Based on these observations, the inves-
igators proposed that the increased mortality
bserved in the randomized clinical trials of
nemia correction3-5 may have been caused by
hrombocytosis caused by iron depletion, occa-
ioned by high doses of EPO. This supposition
as endorsed by an editorial review published in

he same issue of the journal.6 The implication of
he conclusions drawn by these investigators is
hat thrombocytosis in this setting can be re-
ersed by iron administration.
The purpose of this communication is to pro-

ide evidence that at high doses, EPO can in-
rease platelet production and heighten platelet
ctivity in vivo and in vitro independent of its
ffect on erythropoiesis or iron metabolism. I
elieve that clarification of this issue is impor-
ant, not only from the mechanistic stand point,
ut also for its potential therapeutic implications,
ecause the notion that thrombocytosis and the
ssociated increase in long-term mortality is
aused by reduced iron stores might lead to

verzealous use of parenteral iron preparations

merican Journal of Kidney Diseases, Vol 53, No 5 (May), 2009: p
nd adverse consequences arising from iron over-
oad in the face of prevailing oxidative stress and
nflammation in this population.7,8

In a prospective, double-blind, randomized,
lacebo-controlled clinical trial including 244
emodialysis patients, Kaupke et al9 showed that
dministration of a relatively high dose of recom-
inant EPO (100 U/kg thrice weekly) signifi-
antly increases platelet count. They found a
ignificant increase in platelet count within 5
ays after the onset of EPO therapy (at which
oint hemoglobin concentration and hence iron
tores were unchanged), reaching a peak at day
0. Moreover, the magnitude of increase in plate-
et count was similar in patients failing to mount
n erythropoietic response and those showing a
ignificant increase in hemoglobin concentra-
ion. Finally, the magnitude of the observed in-
rease in platelet count in response to EPO was
imilar in patients with low serum ferritin and
hose with normal or high ferritin values. These
bservations clearly illustrate the dissociation of
hrombopoietic effect of EPO from its erythropoi-
tic action and the related impact on tissue iron
tores.9 In confirmation of these findings in pa-
ients with ESRD, Stohlawetz et al10 subse-
uently showed a significant increase in platelet
ount in a group of healthy individuals within 3
o 5 days after administration of EPO, at which
oint hemoglobin concentration and hence iron
tores were unchanged.

The independence of the thrombopoietic ac-
ion of EPO from its impact on iron metabolism
nd erythropoietic function is supported further
y numerous experiments that showed the ability
f EPO to stimulate the growth and differentia-
ion of megakaryocytes in vitro.11-15 Platelets are
enerated from fragmentation of the cytoplasm of
egakaryocytes, which are the byproduct of prolif-
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0.1053/j.ajkd.2008.12.030 on March 23, 2009.

Address correspondence to Nosratola D. Vaziri, MD,
niversity of California, Irvine, Division of Nephrology and
ypertension, 101 The City Dr, Bldg 53, Rm 125, Rt 81,
range, CA 92868. E-mail: ndvaziri@uci.edu
© 2009 by the National Kidney Foundation, Inc.
0272-6386/09/5305-0004$36.00/0

doi:10.1053/j.ajkd.2008.12.030

p 733-736 733

mailto:ndvaziri@uci.edu


e
m
d
5
i
M
n
t
o
m
c
l
i
s
1
n
e
a
t
r
s
c
b
m
c
h
p
P
t
d
r
i
s
s
c
b
e
o
m
c
f
i
E

i
a
t
t
d
b
c

c
s
a
l
E
s
b
a
t
t
h
o
m
a
o
F

a
t
c
p
t
t
p
r
c
r
h
i
s
a
o
r
c

p
t

Nosratola D. Vaziri734
ration and differentiation of colony-forming unit
egakaryocytes (CFU-Megs). CFU-Megs un-

ergo a series of mitotic divisions followed by 3 to
synchronized nuclear endomitoses, culminating

n formation of large polyploid megakaryocytes.
egakaryocyte volume nearly doubles with each

uclear reduplication cycle. Thus, platelet produc-
ion capacity depends on both the number and size
f megakaryocytes and the balance between the
itotic and endomitotic pathways of megakaryo-

yte development.16 Megakaryopoiesis is regu-
ated by a number of hematopoietic growth factors,
ncluding interleukin 3 (IL-3), which is a potent
timulant of CFU-Meg proliferation, and IL-6, IL-
1, and leukemia inhibitor factor, which predomi-
antly support megakaryocyte maturation.17 How-
ver, EPO enhances both CFU-Meg proliferation
nd megakaryocyte maturation and platelet produc-
ion.14,15 In vitro incubation of cultured bone mar-
ow cells with EPO for 24 to 48 hours in liquid
uspension has been shown to increase megakaryo-
yte colony formation by 50% to 100%.12 Throm-
opoietin, the ligand for the c-mpl receptor, is the
ajor growth factor for megakaryocytic progenitor

ells and a key regulator of thrombopoiesis.18 EPO
as been shown to significantly amplify thrombo-
oietin-induced CFU-Meg proliferation in vitro.13

orteu et al19 have identified functionally impor-
ant EPO-responsive regions in the cytoplasmic
omain of the thrombopoietin receptor, which is
equired for megakaryocyte differentiation, point-
ng to the convergence of EPO and thrombopoietin
ignaling cascades. Interestingly, EPO has been
hown to stimulate thrombopoiesis and megakaryo-
yte proliferation in mice deficient in either throm-
opoietin or its receptor in vitro.20 Clearly, the
ffects of EPO on megakaryocyte growth and devel-
pment found in these and other in vitro experi-
ents are independent of iron metabolism. Be-

ause megakaryocytes and erythrocytes are derived
rom a common progenitor, it is not surprising that
n addition to its well-known erythropoietic action,
PO has potent thrombopoietic properties.
I want to point out that in addition to increas-

ng platelet count, EPO therapy enhances platelet
dhesions and aggregation and shortens bleeding
ime.21,22 Moreover, as with platelet production,
he effect of EPO on platelet activity is indepen-
ent of iron stores. This effect is mediated in part
y an EPO-induced increase in cytosolic ionized

alcium concentration, expansion of intracellular

t
v

alcium stores, and intensification of calcium
ignaling, which is a crucial event in platelet
dhesion, aggregation, and contraction and re-
ease of platelet-derived mediators.23 In addition,
PO stimulates expression of P-selectin and E-
electin and production and release of von Wille-
rand factor in endothelial cells, events that can
mplify platelet adhesion and aggregation, respec-
ively.10,24-26 Thus, by increasing platelet produc-
ion, augmenting platelet reactivity, and promoting
ypertension and vascular remodeling, high doses
f EPO can potentially contribute to morbidity and
ortality from thromboembolic complications

nd cardiovascular disease.27 The effects of EPO
n platelet production and activity are shown in
ig 1.
In view of these considerations, the reported

ssociation between iron deficiency anemia and
hrombocytosis in the general population is
aused in part by increased endogenous EPO
roduction as opposed to a direct causal connec-
ion. Moreover, the association between relative
hrombocytosis and diminished iron stores in
atients with ESRD reported by Streja et al1

epresents their surrogacy as opposed to a direct
ausal relation. Instead, both iron depletion and
elative thrombocytosis most likely are driven by
igh doses of EPO. In this context, the underly-
ng iron deficiency in patients with ESRD neces-
itates greater doses of EPO in an attempt to
chieve the desired hemoglobin level. However,
verzealous use of high doses of EPO causes a
elative reduction in tissue iron stores (in this
ase, defined as transferrin saturation � 20%) in

ErythropoietinErythropoietin

Megakaryocyte Megakaryocyte 
proliferation/differentiationproliferation/differentiation

platelet [Ca2+]iplatelet [Ca2+]i
PP--selectin expressionselectin expression

Endothelial vWF releaseEndothelial vWF release
EE--selectin & Pselectin & P--selectin expressionselectin expression

Platelet  productionPlatelet  production Platelet reactivityPlatelet reactivity

Increased risk of thrombosis & Increased risk of thrombosis & 
Cardiovascular diseaseCardiovascular disease

Figure 1. Effects of high doses of erythropoietin on
latelet production, platelet activity, and potential risks of
hromboembolism and cardiovascular disease. Abbrevia-

ions: [Ca2�]i, intracellular ionized calcium concentration;
WF, von Willebrand factor.
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Editorial 735
n otherwise iron-sufficient patient. In either
ase, the common denominator is high EPO
osage, which, as shown, can cause thrombocy-
osis and heightened platelet reactivity. In addi-
ion, excessive doses of EPO can cause hyperten-
ion and contribute to morbidity and mortality
hrough its extraerythropoietic actions on the
ardiovascular system.27-29 Finally, through the
ctions of IL-6 and other cytokines, inflamma-
ion, which is present to varying degrees in
atients with ESRD, can cause reactive thrombo-
ytosis.30 In addition, inflammation leads to EPO
esistance and increased EPO requirement, which
an further intensify thrombocytosis. Simulta-
eously, inflammation results in a significant
ecrease in serum iron and transferrin values,
asquerading as iron deficiency. In view of these

onsiderations, the strong mathematical correla-
ion found between markers of iron depletion
nd thrombocytosis in the study published by
treja et al1 reflects circumstantial and indirect
ssociation as opposed to direct causal connec-
ion and biological relevance.

In summary, I felt compelled to provide this
larification, not only from the mechanistic stand
oint, but also for the potential therapeutic impli-
ations, because the notion that thrombocytosis
nd increased long-term mortality in patients
ith ESRD is caused by iron depletion might

ead to overzealous and indiscriminate use of
arenteral iron preparations, which can result in
dverse consequences arising from iron-medi-
ted amplification of chronic kidney disease–
nduced oxidative stress and inflammation.
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