
Editorials and Perspectives

4 haematologica | 2010; 95(1)

6. Corbetta S, Gualdoni S, Albertinazzi C, Paris S, Croci L, Consalez
GG, et al. Generation and characterization of Rac3 knockout mice.
Mol Cell Biol. 2005;25(13):5763-76.

7. Weston VJ, Stankovic T. Rac1 and Rac2 GTPases in haematopoiesis.
Bioessays. 2004;26(3):221-4.

8. Dorseuil O, Reibel L, Bokoch GM, Camonis J, Gacon G. The Rac tar-
get NADPH oxidase p67phox interacts preferentially with Rac2
rather than Rac1. J Biol Chem. 1996;271(1):83-8.

9. Diebold BA, Bokoch GM. Molecular basis for Rac2 regulation of
phagocyte NADPH oxidase. Nat Immunol. 2001;2(3):211-5.

10. Dinauer MC. Regulation of neutrophil function by Rac GTPases.
Curr Opin Hematol. 2003;10(1):8-15.

11. Yamauchi A, Kim C, Li S, Marchal CC, Towe J, Atkinson SJ, et al.
Rac2-deficient murine macrophages have selective defects in super-
oxide production and phagocytosis of opsonized particles. J
Immunol. 2004;173(10):5971-9.

12. Walmsley MJ, Ooi SK, Reynolds LF, Smith SH, Ruf S, Mathiot A, et
al. Critical roles for Rac1 and Rac2 GTPases in B cell development and
signaling. Science. 2003;302(5644):459-62.

13. Yu H, Leitenberg D, Li B, Flavell RA. Deficiency of small GTPase Rac2
affects T cell activation. J Exp Med. 2001;194(7):915-26.

14. Jansen M, Yang FC, Cancelas JA, Bailey JR, Williams DA. Rac2-defi-
cient hematopoietic stem cells show defective interaction with the
hematopoietic microenvironment and long-term engraftment failure.
Stem Cells. 2005;23(3):335-46.

15. Gu Y, Filippi MD, Cancelas JA, Siefring JE, Williams EP, Jasti AC, et
al. Hematopoietic cell regulation by Rac1 and Rac2 guanosine
triphosphatases. Science. 2003;302(5644):445-9.

16. Tan BL, Yazicioglu MN, Ingram D, McCarthy J, Borneo J, Williams
DA, et al. Genetic evidence for convergence of c-Kit- and alpha4 inte-
grin-mediated signals on class IA PI-3kinase and the Rac pathway in
regulating integrin-directed migration in mast cells. Blood. 2003;
101(12):4725-32.

17. Gu Y, Byrne MC, Paranavitana NC, Aronow B, Siefring JE, D’Souza
M, et al. Rac2, a hematopoiesis-specific Rho GTPase, specifically reg-
ulates mast cell protease gene expression in bone marrow-derived
mast cells. Mol Cell Biol. 2002;22(21):7645-57.

18. Kalfa TA, Pushkaran S, Zhang X, Johnson JF, Pan D, Daria D, et al.
Rac1 and Rac2 GTPases are necessary for early erythropoietic expan-
sion in the bone marrow but not in the spleen. Haematologica. 2010;
95(1):27-35.

19. Kalfa TA, Pushkaran S, Mohandas N, Hartwig JH, Fowler VM,
Johnson JF, et al. Rac GTPases regulate the morphology and deforma-
bility of the erythrocyte cytoskeleton. Blood. 2006;108(12):3637-45.

20. Ji P, Jayapal SR, Lodish HF. Enucleation of cultured mouse fetal ery-
throblasts requires Rac GTPases and mDia2. Nat Cell Biol. 2008;
10(3):314-21.

21. Minden A, Lin A, Claret FX, Abo A, Karin M. Selective activation of
the JNK signaling cascade and c-Jun transcriptional activity by the
small GTPases Rac and Cdc42Hs. Cell. 1995;81(7):1147-57.

22. Coso OA, Chiariello M, Yu JC, Teramoto H, Crespo P, Xu N, et al.
The small GTP-binding proteins Rac1 and Cdc42 regulate the activi-
ty of the JNK/SAPK signaling pathway. Cell. 1995;81(7):1137-46.

23. Khosravi-Far R, Solski PA, Clark GJ, Kinch MS, Der CJ. Activation of
Rac1, RhoA, and mitogen-activated protein kinases is required for
Ras transformation. Mol Cell Biol. 1995;15(11):6443-53.

Was Hippocrates aware when he insisted that
physicians primum non nocere (first, do no harm)
that this precept would still prove challenging to

his colleagues 2000 years later? In his day, diseases were
probably diagnosed only in the presence of overt symp-
toms, and asymptomatic children were no doubt consid-
ered healthy, as there were no means of predicting the sub-
sequent development of diseases that might decrease their
chances of living long and happy lives.

Times have changed, and we are now able to diagnose
diseases in asymptomatic children, especially through
neonatal screening. In sickle cell disease (SCD), for exam-
ple, neonatal screening can dramatically improve the prog-
nosis;1 a 2007 report of an English cohort screened at birth
and enrolled in a comprehensive follow-up program
showed that children with hemoglobin SS had a 99%
chance of living at least 16 years.2 In addition to a substan-
tial improvement in survival, a marked decrease in morbid-
ity, chiefly due to reductions in stroke, recurrent painful
crises and recurrent acute chest syndrome, has been
achieved in children with SCD. 

A characteristic feature of SCD is the wide variation in
clinical expression between patients. To date, only a few
factors, either at birth or later on, reliably predict the sub-
sequent development of severe complications. Never-
theless, as a rule, children who experience severe compli-
cations early in life continue to express a severe disease
phenotype throughout their lives whereas those with mild
disease continue to do well, although exceptions may
occur. 

In recent years, various therapeutic approaches have
reduced the risk of stroke, pain and acute chest syndrome
in SCD. Transcranial Doppler followed by regular transfu-
sions in children with high cerebral blood flow velocities
has decreased the risk of a first stroke by 90%.3 Hydro-
xyurea (hydroxycarbamide) very significantly decreases
the frequency and severity of vaso-occlusive crises in chil-
dren.4 However, hydroxyurea and regular transfusion also
generate a burden for the patient and family and they fail
to completely eliminate the risk of complications such as
recurrent stroke or painful events.5 In addition to the need
for daily treatment and fear of uncontrolled complications,
SCD usually generates a feeling of being different, misun-
derstood and inadequate. Families and patients may expe-
rience post-traumatic stress disorder, the rate of occurrence
of which is not correlated with disease severity.6 Thus, the
disease itself, independently of the number of hospital
admissions and complications, adversely affects the quali-
ty of life of the patients and their families. This quality-of-
life burden is being increasingly recognized by physicians
and families as a key component in the risk/benefit ratio of
treatments for SCD.7,8

A case in point is the risk/benefit ratio of hematopoietic
stem-cell transplantation (HSCT) for SCD using marrow
from an HLA-identical sibling. Studies from a number of
groups of patients transplanted between 1988 and 2004
show an overall survival rate of 93-95% and an event-free
survival rate of approximately 85-86% after a median fol-
low-up of 5-6 years.9,10 The possibility of cure is a major
advance for both SCD patients and their families. The
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desire to escape once and for all from the complications of
SCD and to be released from living in constant fear of these
complications provides powerful motivation for many
families. A study reported in 1991 found that 37% of par-
ents would accept a 15% HSCT-related short-term mortal-
ity risk and that 12% would still view the procedure favor-
ably if the risk were 50% or greater. Importantly, the par-
ents’ willingness to accept the risks associated with HSCT
was unrelated to the clinical severity of the disease in their
children,11 strongly suggesting that physicians, patients and
their families do not consider the same factors when mak-
ing their decision. Given the short-term mortality rate of
HSCT in SCD of approximately 5%, most physicians in
SCD centers would consider the procedure in children
with cerebral vasculopathy, recurrent acute chest syn-
drome or recurrent painful crises.

Assessing the appropriateness of treatments such as
HSCT in children who have mild symptoms, or no symp-
toms at all, is a major ethical challenge. Meeting this chal-
lenge is a matter of some urgency, as an increasing number
of parents now ask for HSCT even when their children
have mild disease. It must be acknowledged that the
course of SCD is often unpredictable and that an asympto-
matic child may suffer complications after several years of
good health. Most of the time, however, mild disease
remains mild, and most physicians therefore reserve HSCT
for patients who have severe SCD. Nevertheless, whether
HSCT should be performed in patients with mild disease
who request, or more often whose parents request, the
procedure is a crucial question. 

The answer probably depends on the quality of the
information delivered to the families about HSCT and on
their ability to comprehend that information. Therefore,
meticulous attention should be given to the information
delivered, not only about the short-term risks of HSCT
including the risk of death, but also about the long-term
risks such as the risk of infertility, and the decision should
never be rushed. In a recent study of 30 children managed
with HSCT, seven of the ten girls had severe ovarian fail-
ure and the remaining three recovered some ovarian func-
tion with spontaneous pubertal development; one patient
had a normal pregnancy. All 20 boys had germinal epithe-
lial failure detected during or after puberty; only two boys
had a spermogram, which showed oligo-teratospermia
and azoospermia.12 Similar findings were subsequently
reported by Walters et al., who found that only three of the
13 evaluable males had normal testosterone levels, and
eight of the 14 evaluable females had findings consistent
with primary ovarian failure.13 These effects on pubertal
development and fertility have led several groups to offer
routine pre-transplantation sampling of ovarian tissue for
cryopreservation, as the ovarian cortex of young girls con-
tains a large number of follicles, which may, in theory,
allow them to have children once they reach adulthood.14

However, so far, there are no known cases of successful
procreation after cryopreservation of ovarian tissue har-
vested before puberty. Neither are any data available on
the cryopreservation of testicular tissue. Finally, in consid-
ering the place of HSCT in mild SCD, apart from fertility
issues, what carries more weight in the minds of these
patients and their families: the short-term risk of death
with HSCT or the quality-of-life burden generated by the

mild disease? There is no single answer to this question
since so many personal, social and psychological factors
are involved and carefully conducted studies to better iden-
tify and understand these factors are urgently needed.

Whether hydroxyurea should be used in asymptomatic
SCD children is another crucial question, although in con-
trast to HSCT, hydroxyurea therapy does not carry a
known increased risk of death. Hydroxyurea lowers trans-
cranial flow velocities, whose elevation correlates closely
with the risk of stroke,15 and hydroxyurea in adults with
severe SCD seems to decrease mortality.16 These effects
constitute a powerful incentive for using hydroxyurea to
prevent brain damage and neurodevelopmental sequelae in
asymptomatic children with SCD, particularly as the short-
term safety profile is excellent.17 However, the safety of
hydroxyurea in the long term remains unclear. In particu-
lar, there may be a risk of infertility in males. The toxicity
of hydroxyurea in animal studies was described in a 2008
NIH report.18 Since then, a study in male transgenic sickle
mice revealed 69% and 95% decreases in sperm density
and motility, respectively.19 A comparison of semen before
and after cessation of treatment in 44 SCD patients
showed that observed alterations of semen due to SCD
seemed to be exacerbated by hydroxyurea treatment.20

The development of new technologies is lengthening the
life of patients with SCD and improving its quality.
However, at the same time, these advances generate new
ethical dilemmas. HSCT and hydroxyurea are valuable
therapeutic options in patients with severe SCD. In
patients with mild SCD, however, the ancient precept pri-
mum non nocere may dictate that we protect patients from
the life- and fertility-threatening complications of therapy.
Ongoing studies will perhaps help us to better understand
the respective burdens generated by the disease and by its
treatments. For now, we must focus on fully informing
patients of the risks associated with available treatments. 
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Hereditary forms of myeloproliferative disorders
(MPD) can be divided into two broad categories.
First, inherited syndromes that affect a single line-

age with Mendelian inheritance, high penetrance and
polyclonal hematopoiesis, and second, inherited predispo-
sition to true MPD, characterized by low penetrance, clon-
al hematopoiesis and presence of somatic mutations, e.g.
JAK2-V617F.1,2 Relatively little is known about the clinical
course and complications of inherited MPD-like syn-
dromes. This short review will focus on recent reports
that examined familial thrombocytosis caused by muta-
tions in the genes for thrombopoietin (THPO) or its recep-
tor “myeloproliferative leukemia” (MPL)

The prototypes for the first category are mutations in
the erythropoietin receptor (EPOR) which truncate the
intracellular domain of the erythropoietin receptor protein
and render erythroid progenitors hypersensitive to ery-
thropoietin. Patients with these mutations have an elevat-
ed hematocrit and low levels of erythropoietin in the
serum,3,4 but lack additional somatic mutations or the
propensity to leukemic transformation, unless inappropri-
ately treated with chemotherapy.5 Mutations in genes
which regulate the response to hypoxia, such as VHL and
PHD2 and HIF-2α have recently been found in a number
of familial polycythemia syndromes with high serum ery-
thropoietin levels.6,7 Familial thrombocytosis without
involvement of other lineages can be caused by mutations
in THPO or MPL. Some families with elevated serum
thrombopoietin levels carry activating mutations in the
THPO gene which cause overproduction of the throm-
bopoietin protein by a mechanism of increased transla-
tional efficiency for the mutant THPO mRNA.8,9 A muta-
tion altering the transmembrane domain of Mpl protein

(MPL-S505N) was discovered in a family with autosomal
dominant thrombocytosis.10 Interestingly, the identical
mutation was also found in a mutational screen using
retroviruses in mice,11 and recently also as a somatic muta-
tion in cases of sporadic essential thrombocythemia.12

In contrast, the primary defect that underlies the second
category of hereditary MPD, i.e. the inherited predisposi-
tion to MPD that frequently comes with a somatic JAK2-
V617F mutation,13 remains to be defined. Numerous fam-
ilies with such a predisposing phenotype have recently
been described.14 Mutations in the putative tumor sup-
pressor gene TET2 occur in patients with sporadic MPD
and other hematologic malignancies,15,16 but TET2 muta-
tions do not appear to be involved as the primary germline
event in familial MPD. Rather they occur as somatic muta-
tions restricted to the hematopoietic system.17

In terms of molecular mechanisms, inherited MPD-like
syndromes with mutations in erythropoietin and throm-
bopoietin ligands and receptors are among the best stud-
ied hematologic diseases. However, relatively little is
known about the clinical course of patients with these dis-
orders, in particular in respect to overall survival and the
risk of complications. This is because of the low incidence
of most of these familial disorders and the fact that famil-
ial MPD-like syndromes have been reported from diverse
parts of the world, which makes it difficult to collect data
on sufficient numbers of affected family members.
Regional clustering has been described for Chuvash poly-
cythemia, which is endemic in the Chuvash Republic, part
of the Russian Federation,18 and for the MPL-S505N muta-
tion, which was present in four out of five Italian families
with thrombocytosis studied.19 The fact that all of these
families originated from the region around Rome suggests
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