
Tumours of Haematopoietic and Lymphoid Tissues. IARC Lyon,
France, 2008.

2. Scott DW, Gascoyne RD. The tumour microenvironment in B cell
lymphomas. Nat Rev Cancer. 2014;14(8):517-534.

3. Cycon KA, Rimsza LM, Murphy SP. Alterations in CIITA constitute a
common mechanism accounting for downregulation of MHC class II
expression in diffuse large B-cell lymphoma (DLBCL). Exp Hematol.
2009;37(2):184-194.

4. Challa-Malladi M, Lieu YK, Califano O, et al. Combined genetic inac-
tivation of β2-Microglobulin and CD58 reveals frequent escape from
immune recognition in diffuse large B cell lymphoma. Cancer Cell.
2011;20(6):728-740.

5. Lenz G, Wright G, Dave SS, et al. Stromal gene signatures in large-B-
cell lymphomas. N Engl J Med. 2008;359(22):2313-2323.

6. Riihijärvi S, Fiskvik I, Taskinen M, et al. Prognostic influence of
macrophages in patients with diffuse large B-cell lymphoma: a correl-
ative study from a Nordic phase II trial. Haematologica. 2015.
100(2):238-245.

7. Holte H, Leppä S, Björkholm M, et al. Dose-densified chemoim-
munotherapy followed by systemic central nervous system prophy-
laxis for younger high-risk diffuse large B-cell/follicular grade 3 lym-
phoma patients: results of a phase II Nordic Lymphoma Group study.
Ann Oncol. 2013;24(5):1385-1392.

8. Nam SJ, Go H, Paik JH, et al. An increase of M2 macrophages predicts
poor prognosis in patients with diffuse large B-cell lymphoma treated
with rituximab, cyclophosphamide, doxorubicin, vincristine and
prednisone. Leuk Lymphoma. 2014;55(11):2466-2476.

9. Taskinen M, Karjalainen-Lindsberg ML, Nyman H, Eerola LM, Leppä
S. A high tumor-associated macrophage content predicts favorable
outcome in follicular lymphoma patients treated with rituximab and
cyclophosphamide-doxorubicin-vincristine-prednisone. Clin Cancer
Res. 2007;13(19):5784-5789.

10. Canioni D, Salles G, Mounier N, et al. High numbers of tumor-asso-
ciated macrophages have an adverse prognostic value that can be cir-
cumvented by rituximab in patients with follicular lymphoma
enrolled onto the GELA-GOELAMS FL-2000 trial. J Clin Oncol.
2008;26(3):440-446.

11. Glennie MJ, French RR, Cragg MS, Taylor RP. Mechanisms of killing
by anti-CD20 monoclonal antibodies. Mol Immunol. 2007;44(16):
3823-3837.

12. Minard-Colin V, Xiu Y, Poe JC, et al. Lymphoma depletion during
CD20 immunotherapy in mice is mediated by macrophage
FcgammaRI, FcgammaRIII, and FcgammaRIV. Blood. 2008;112(4):
1205-1213.

13. Mellor JD, Brown MP, Irving HR, Zalcberg JR, Dobrovic A. A critical
review of the role of Fc gamma receptor polymorphisms in the
response to monoclonal antibodies in cancer. J Hematol Oncol.
2013;6:1.

14. Schuster SJ, Venugopal P, Kern JC, McLaughlin P. GM-CSF plus ritux-
imab immunotherapy: translation of biologic mechanisms into thera-
py for indolent B-cell lymphomas. Leuk Lymphoma. 2008;49(9):
1681-1692.

15. Cai Q, Liao H, Lin S, et al. High expression of tumor-infiltrating
macrophages correlates with poor prognosis in patients with diffuse
large B-cell lymphoma. Med Oncol. 2012;29(4):2317-2322.

16. Hasselblom S, Hansson U, Sigurdardottir M, Nilsson-Ehle H, Ridell B,
Anderson PO. Expression of CD68+ tumor-associated macrophages
in patients with diffuse large B-cell lymphoma and its relation to
prognosis. Pathol Int. 2008;58(8):529-532.

17. Meyer PN, Fu K, Greiner T, et al. The stromal cell marker SPARC pre-
dicts for survival in patients with diffuse large B-cell lymphoma treat-
ed with rituximab. Am J Clin Pathol. 2011;135(1):54-61.

18. Coutinho R, Clear AJ, Mazzola E, et al. Revisiting the immune
microenvironment of diffuse large B-cell lymphoma using a tissue
microarray and immunohistochemistry: robust semi-automated
analysis reveals CD3 and FoxP3 as potential predictors of response to
R-CHOP. Haematologica. 2014. Epub 2014 Nov 25.

19. Wada N, Zaki MA, Hori Y, et al. Tumour-associated macrophages in
diffuse large B-cell lymphoma: a study of the Osaka Lymphoma
Study Group. Histopathology. 2012;60(2):313-319.

20. Marchesi F, Cirillo M, Bianchi A, et al. High density of
CD68+/CD163+ tumour-associated macrophages (M2-TAM) at diag-
nosis is significantly correlated to unfavorable prognostic factors and
to poor clinical outcomes in patients with diffuse large B-cell lym-
phoma. Hematol Oncol. 2014 Apr 8. doi: 10.1002/hon.2142. [Epub
ahead of print]

21. Pulford KA, Sipos A, Cordell JL, Stross WP, Mason DY. Distribution
of the CD68 macrophage/myeloid associated antigen. Int Immunol.
1990;2(10):973-980.

22. Evens AM, Ollberding NJ, Chadburn A, Smith SM, Weisenburger
DD, Chiu BCH. The influence of lifestyle factors on tumor-related
markers and the microenvironment in follicular lymphoma (FL):
novel interactions and collective impact on survival [abstract]. Blood.
2013;122.

23. Guilloton F, Caron G, Ménard C, et al. Mesenchymal stromal cells
orchestrate follicular lymphoma cell niche through the CCL2-depen-
dent recruitment and polarization of monocytes. Blood.
2012;119(11):2556-2567.

24. Marinaccio C, Ingravallo G, Gaudio F, et al. Microvascular density,
CD68 and tryptase expression in human diffuse large B-cell lym-
phoma. Leuk Res. 2014;38(11):1374-1377.

25. Yamamoto W, Nakamura N, Tomita N, et al. Human leukocyte anti-
gen-DR expression on flow cytometry and tumor-associated
macrophages in diffuse large B-cell lymphoma treated by rituximab,
cyclophosphamide, doxorubicin, vincristine and prednisone therapy:
retrospective cohort study. Leuk Lymphoma. 2014;55(12):2721-2727.

haematologica | 2015; 100(2) 145

Until 15 years ago, inherited thrombocytopenias (ITs)
were quite an indistinct group of disorders, only a
few forms of which had been clearly defined.

Moreover, the genetic defect was known for only two dis-
orders: Bernard-Soulier syndrome (BSS) and Wiskott
Aldrich syndrome (WAS).
Since then, our knowledge of ITs has greatly advanced

and we currently know at least 21 genes whose mutations
result in 19 disorders (Table 1). The study of large series of
patients identified the particular characteristics of the differ-
ent forms and revealed that they have different degrees of
clinical complexity and a great variation in prognosis.
Furthermore, we realized that different mutations in the
same gene may cause from different phenotypes. Finally,

specific treatments for specific disorders have been identi-
fied, and given this, we are now truly in an era in which per-
sonalized medicine can play a role in the treatment of ITs.

Molecular characterization for defining prognosis
For a long time, the most frequently diagnosed form of IT

was BSS, which typically presents from birth with recurrent
hemorrhage.1 Bleeding tendency is usually severe also in the
other well-known ITs, such as WAS, congenital amegakary-
ocytic thrombocytopenia (CAMT), and gray platelet syn-
drome (GPS). A major concern in these patients has always
been to prevent bleedings from hemostatic challenge and to
stop spontaneous hemorrhage. 
In the last few years, our understanding of ITs has
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changed because the discovery of several ‘new’ ITs revealed
that they are much more frequent than the ‘old’ ones, and
that most patients with these ‘new’ disorders have only
mild or moderate thrombocytopenia, with trivial bleeding
episodes or no bleeding at all. Thus, the bleeding risk is no
longer a major concern for most patients with ITs.2

However, this improved knowledge of ITs revealed that
many of them expose affected subjects to another threat,
that of acquiring additional defects that worsen the quality
of life or that can even prove fatal (Table 1).
The typical disorder with this feature is MYH9-related

disease (MYH9-RD), the most frequent form of IT.3 It
derives from monoallelic mutations in the gene MYH9 for
the heavy chain of myosin IIA and usually presents with
mild bleeding tendency. However, it exposes patients to a
30% risk of developing a glomerulonephritis that evolves
into end stage renal failure and requires dialysis or kidney
transplantation. Moreover, 16% of patients develop pre-
senile cataracts and 60% acquire a sensorineural hearing
defect that may lead to deafness at a young age.
Importantly, genotype-phenotype studies revealed that the
molecular defect predicts the risk of anomalies other than

thrombocytopenia.4 For instance all subjects with mutations
affecting the R702 residue in the head of myosin IIA devel-
op glomerulonephritis by the fourth decade of life, while
those with mutations in the non-helical portion of the tail
almost never suffer from this problem. Also the risk of deaf-
ness and cataracts can be defined on the basis of patient
genotype. 
Patients with ITs also risk developing another category of

disorders: hematologic malignancies. Subjects with germ-
line mutations in RUNX1 (familial platelet disorders with
predisposition to acute myeloid leukemia, FDP/AML) or
ANKRD26 (ANKRD26-related thrombocytopenia,
ANKRD6-RT) have mild thrombocytopenia and negligible
bleeding tendency, but often acquire myelodysplastic syn-
dromes and acute leukemias. This has been reported in
40% of subjects with FDP/AML5 and in 8% of those with
ANKRD6-RT.6,7

Acquired bone marrow aplasia is a further possible con-
sequence of mutations resulting in ITs. Subjects with MPL
mutations (CAMT) have a very low platelet count from
birth that, in approximately 25% of cases, induces intracra-
nial hemorrhage. Nonetheless, the major problem for sub-
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Table 1. Inherited thrombocytopenias classified accordingly to complexity of the clinical profile. 
Disease (abbreviation, OMIM entry)                                            Involved gene(s)            Other congenital defects/possible postnatal changes
                                                                                                                                        in clinical picture

Inherited thrombocytopenias with additional congenital defects and/or postnatal changes in clinical picture

MYH9-related disease (MYH9-RD, nd)                                                           MYH9                        None/high risk of developing cataracts, nephropathy and deafness
ANKRD26-related thrombocytopenia (THC2, 313900)                             ANKRD26                     None/possible development of leukemia or MDS  
Familial platelet disorder and predisposition to acute                             CBFA2                        None/possible development of leukemia or MDS. 
myelogenous leukemia (FPD/AML, 601399)
Congenital amegakaryocytic thrombocytopenia (CAMT, 604498)               MPL                          None/evolution into bone marrow aplasia in infancy 
Gray platelet syndrome (GPS, 139090)                                                          NBEAL2                       None/worsening of thrombocytopenia with age.
                                                                                                                                                                      Evolutive myelofibrosis and splenomegaly. 
Thrombocytopenia with absent radii (TAR, 274000)                                   RBM8A                       Bilateral radial aplasia ± other malformations/ tendency 
                                                                                                                                                                      for rise in platelet count in adulthood 
Wiskott-Aldrich syndrome (WAS, 301000)                                                       WAS                          Severe immunodeficiency/ autoimmunity and malignancies
X-linked thrombocytopenia (XLT, 313900)                                                                                         Mild immunodeficiency/ low risk of autoimmunity and malignancies
Congenital thrombocytopenia with radio-ulnar                                          HOXA11                       Radio-ulnar synostosis ± other defects/evolution into aplastic
synostosis (CTRUS, 605432)                                                                                                                 anemia has been reported in CTRUS without HOXA11mutations. 
Paris-Trousseau thrombocytopenia (TCPT, 188025/600588),             Large deletion                Cardiac and facial defects, developmental delay ±  other 
Jacobsen syndrome (JBS, 147791)                                                             (11q23-ter)                  defects/None 
GATA1-related diseases (XLTDA, 300367 -  XLTT, 314050)                          GATA1                        Hemolytic anemia, possible unbalanced globin chain synthesis, 
                                                                                                                                                                      possible congenital erythropoietic porphyria/None
FLNA-related thrombocytopenia (FLNA-RT, nd)                                           FLNA                         Periventricular nodular heterotopia/None 

                                 Inherited thrombocytopenias without additional defects  and/or postnatal changes in clinical profile

GFI1B-related thrombocytopenia (GFI1B-RT, nd)                                       GFI1B                        None/None
ACTN1-related thrombocytopenia (ACTN1-RT, nd)                                     ACTN1                        None/None
Bernard-Soulier syndrome (BSS, 231200)                                         GP1BA, GPIBB, GP9            None/None
ITGA2B/ITGB3-related thrombocytopenia (ITGA2B/ITGB3-RT, nd)       ITGA2B,                      None/None
                                                                                                                                   ITGB3

TUBB1-related thrombocytopenia (TUBB1-RT, nd)                                    TUBB1                        None/None
CYCS-related thrombocytopenia (CYCS-RT, 612004)                                    CYCS                         None/None
PRKACG-related thrombocytopenia (PRKACG-RT, nd)                            PRKACG                      None/None

nd: not defined



jects with CAMT is not bleeding, but is instead the bone
marrow aplasia that invariably develops before adulthood
and leads to death if left untreated.8 Evolution into bone
marrow aplasia has been reported also in patients with a
poorly defined form of IT associated with congenital skele-
ton defects.9

It is worth remembering that also WAS mutations result
in both congenital defects and the risk of acquiring addi-
tional disorders. More recently, it has been shown that dif-
ferent WAS mutations result in very different phenotypes.
In general, mutations that abolish WAS protein expression
cause a very low platelet count associated with severe
immunodeficiency and a high risk of autoimmunity and
malignancies (WAS). At variance with this, mutations that
only reduce WAS protein levels cause a much less critical
clinical picture [X-linked thrombocytopenia (XLT)].10

Finally, the time course of platelet count can be predicted
by the genotype. Platelet count tends to remain stable in
most ITs, but in a few cases, thrombocytopenia improves or
worsens. Subjects with mutations in the gene RBM8A
[thrombocytopenia with absent radii (TAR)] present at birth
with skeletal defects combined with a severe thrombocy-
topenia that hinders surgical correction of bone abnormali-
ties.11 However, platelet count usually improves or even
normalizes with aging.12 In contrast, in subjects with
NBEAL2mutations (GPS), the degree of thrombocytopenia
worsens with aging, probably because, over time, they
develop myelofibrosis and splenomegaly.13

Molecular characterization for guiding patient 
management
It was previously thought that patients with ITs need

medical attention after hemostatic challenge or bleeding
events. But the finding that some of them are at risk of
developing additional disorders has changed this and indi-
cated the need for personalized follow-up regimens.
Subjects with RUNX1 and ANKRD26 mutations require
close hematologic surveillance so the emergence of hema-
tologic malignancies can be identified as soon as possible,
and, if appropriate, a search can begin for a compatible
bone marrow donor. Close monitoring of renal function is
recommended for subjects with mutations of MYH9 that
predispose to glomerulonephritis because angiotensin
receptor blockers and/or angiotensin-converting enzyme
inhibitors may reduce or even abolish proteinuria,14 and it is,
therefore, expected that their early administration counter-
acts the progression to kidney failure. Moreover, ototoxic
drugs and agents that may damage renal function have to
be used sparingly in patients with MYH9-RD at risk of non-
hematologic complications.3 Finally, cochlear implant
should be offered early to patients with MYH9-RD who
develop deafness because the timely application of this
device greatly improves their hearing capacity.15

As far as management of bleeding tendency is concerned,
the important news is that thrombopoietin mimetic eltrom-
bopag increases platelet count in most patients with MYH9
mutations.16 As a matter of fact, this drug is beginning to be
used in place of platelet transfusions in order to prepare sub-
jects with MYH9-RD for elective surgery.17 Clinical trials are
required to verify whether TPO mimetics also work in
other ITs and whether they can be used as a long-term
treatment for subjects with severe bleeding episodes.  

Because it is still not known whether TPO mimetics are
effective in conditions other than MYH9-RD, advances in
hematopoietic stem cell transplantation (HSCT) have made
it an attractive possibility for patients with life-threatening
bleeding episodes. HSCT is currently being used as first-line
treatment for subjects with WAS and CAMT, also because
it not only benefits thrombocytopenia, but also cures
immunodeficiency in WAS10 and prevents bone marrow
aplasia in CAMT.8 HSCT has been used successfully also in
deeply thrombocytopenic patients with BSS who devel-
oped refractoriness to platelet transfusions,18 and in some
patients with IT and skeletal defects associated or not with
HOXA11mutations.9

Gene therapy represents a potential alternative to HSTC
in patients with known mutations whenever HSTC is not
feasible, and encouraging results have been obtained in a
few subjects with WAS mutations.9

Finally, progress in the knowledge of IT etiology provides
a rational basis for the use of splenectomy, an intervention
that in the past has sometimes been used empirically in the
hope of increasing platelet count. Indeed, it has been shown
that splenectomy reduces thrombocytopenia (but increases
the risk of infections) in patients with WAS mutations,10

while it does not provide a durable benefit in all other
known conditions. 

What remains to be done
There are two main problems that remain to be solved

before the potential of personalized medicine in ITs can be
fully exploited. The first obstacle is that nearly half the
patients have disorders that have not yet been identified2

and, therefore, we cannot define their prognosis or person-
alize their management. This flaw also hampers effective
genetic counseling, as well as pre-implantation selection
and prenatal diagnosis. Application of next generation
sequencing techniques to large series of patients with yet
unknown disorders is potentially able to fill this gap in the
short term, and such an attempt should, therefore, be
encouraged.
The second obstacle is the difficulty in diagnosing known

ITs. According to the diagnostic algorithm proposed several
years ago by the Italian Platelet Study Group,19 specific
sequences of tests are used to raise a diagnostic suspicion,
and then sequencing of candidate genes is required to con-
firm diagnosis. However, preliminary tests are expensive
and are only available in a few centers, and, in fact, diagnosis
is often missed.20 Targeted sequencing of all known IT genes
as an initial diagnostic approach could be advantageous with
respect to the traditional multi-step methodology both in
terms of cost and of efficacy. Sequencing technologies are
becoming increasingly effective and affordable, and such a
test for ITs is expected to cost less than 1000 euros, a sum
that compares favorably with that required for the complex
and time-consuming methodology currently in use.
Achieving these goals would allow us to rationalize the

clinical approach towards all cases of IT, with benefits to
both patients and the health care system.
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