
Due to a lack of adequate published data
to estimate the probabilities in each treatment
group, the authors do not include other
adverse outcomes such as amputation and
death. This highlights a major limitation of
decision models. The model is completely
dependent on the inputs and assumptions
made by those building the model, and the
results could be different if a different set
of event probabilities and assumptions
are used.5

By varying an individual variable over
a range of possible values, decision models
also permit researchers to quantify how
sensitive the model is to input uncertainty.
In identifying those variables where
a different input might have changed the
model’s results, researchers and policy
makers can outline priority areas for future
research. The authors of this analysis looked
at differences in institutional costs as well
as the average wholesale price of the
medications along with duration of therapy
and differences in the incidence of HIT.
In each case, fondaparinux remained the
preferred treatment strategy. What remains
to be seen is whether the cost-effectiveness
of fondaparinux will change when compared
with direct oral anticoagulants. Recent
literature suggests these agents have
efficacy and safety in the treatment of HIT,
although larger clinical trials still need to
be completed.6

Ultimately, cost-effectiveness analyses
are not meant to dictate what should be done
in clinical practice, but can inform clinical
decision making as well as policy decisions at
both institutional and governmental levels.
The work by Aljabri and colleagues provides
an important piece of information as health
systems, governmental agencies, health
payers, and medical societies make decisions
about the most cost-effective way to
manage HIT.
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When half a glass of STAT3
is just not enough
-----------------------------------------------------------------------------------------------------

Arian D. J. Laurence and Holm H. Uhlig OXFORD UNIVERSITY

In this issue of Blood, Bocchini et al report a novel mechanism by which STAT3
mutations result in an unstable protein and give rise to a reduction in STAT3
signaling, suggesting that pathogenic mutations do not always confer dominant-
negative effects via forming of nonfunctional STAT3 dimers but some may limit
availability of total protein causing STAT3 haploinsufficiency.1

Job or hyper-IgE syndrome (HIES)
is a multisystem immunodeficiency

characterized by dermatitis, recurrent fungal
and staphylococci infections of the skin and
lungs together with disorders of connective
tissue including joint hypermobility, bone
fractures, retained primary teeth, and
craniosynostisis.2

In 2007, pathogenic heterozygous
mutations in the STAT3 gene were described.3

Those are found in themajority of patients with
classical HIES. The link with STAT3 would
explain a number of characteristic features
of HIES. HIES patients have a relative lack
of interleukin-17 (IL-17)-secreting T helper
cells,4 which are implicated in defense against
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WT and mutant STAT3 are able to form homodimers and heterodimers. WT homodimers are phosphorylated

downstream of cytokine receptor complexes and translocate to the nucleus where they act as transcription factors. In

HIES, some mutant copes of STAT3 result in misfolded protein that are cleared together with any associated WT

STAT3. HSPs are able to reverse this, restoring STAT3 function. mSTAT 3, mutant STAT3; pY, phosphorylated on

tyrosine; SOCS3, suppressor of cytokine signaling 3; TRiC, tailless-complex polypeptide-1 ring complex.
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extracellular bacteria and fungi.5 Loss of IL-6,
IL-21, and IL-23 signaling contributes to
immune defects and defective IL-11 signaling
to the skeletal phenotype.6 Remarkably, the
remaining STAT3 activity in multiple
signaling cascades is sufficient to prevent
additional pathology. For instance, to allow
leukemia inhibitory factor signaling to achieve
placental implantation. No homozygous loss-
of-function mutations have been described in
humans, and homozygous STAT3 deficiency
in mice is embryonically lethal.7

STAT protein dimers are recruited to
cytokine receptor complexes and are activated
by phosphorylation of their tyrosine residues.
The phosphorylated protein dimers undergo
a conformational change and translocate to
the nucleus to bind target gene promoter
and enhancer elements8 (see figure). This
activation by phosphorylation has led to the
assumption that total STAT3 protein matters
little to overall STAT3 signaling and that loss
of a single STAT3 gene allele is unlikely to be
of consequence.

The STAT3 mutations in HIES are
exclusively heterozygous and tend to affect
either the DNA-binding or Src homology 2
(SH2) domains of the protein.Mutations in the
SH2 domain result in a protein dimer that is
unable to be adequately phosphorylated at the
cytokine receptor complex, and mutations in
the DNA-binding domain result in a protein
dimer that is unable to efficiently bind target
gene loci. As the active STAT transcription
factor works as a heterodimer or homodimer,
this has given rise to the assumption that
STAT3 mutations associated with HIES act in
a dominant-negative manner. Measurements
of lymphocytes from patients with HIES have
demonstrated a 75% reduction in STAT3
activity in patients withmutations in theDNA-
binding region of STAT3 in keeping with the
stoichiometric assumption that 75%of STAT3
dimers would contain amutant copy of STAT3
either as homodimer or heterodimer.4

In their current work, Bocchini et al looked
at 77 identified mutations of STAT3 linked

with HIES and propose a novel mechanism
by which HIES-associated mutations restrict
STAT3 signaling. Computer modeling
suggested that 20 of these mutations would
result in a structurally unstable misfolded
protein and a further 42 were predicted to
impair both protein stability and function.
They confirm that mutations, predicted to
destabilize STAT3 protein, resulted in
a shortened STAT3 protein half-life in
Epstein-Barr virus (EBV) transformed
B-cell lines derived from HIES patients.
Furthermore, activation of the heat shock
pathway reduced STAT3 misfolding and was
able to correct the functional impairment
associated with many STAT3 mutations
associated with HIES. One of the small
molecules investigated that induces
the heat shock protein (HSP) pathway,
geranylgeranylacetone, has long been used
in Japan as an antiulcer drug, raising the
possibility of its use in the treatment of some
forms of HIES and other diseases associated
with impaired STAT signaling.

Mutations that give rise to unstable proteins
are hard to equate with a dominant-negative
effect assuming a model where mutated
monomers are cleared leaving behind the stable
wild-type (WT) protein. The authors counter
this assumption, although they only provide
indirect evidence that the presence of a mutant
allele results in a reduced stability of any
associated WT allele, as total STAT3 protein
has a reduced half-life in EBV cell lines
derived from patients. They suggest that
as STAT3 exists as a dimer in the inactive
unphosphorylated form, clearance of the
misfolded form results in a bystander reduction
in any associatedWTSTAT3. This again does
not explain why the residual 25% of STAT3
that would be expected to exist as a WT dimer
does not simply remain and accumulate to
maintain an adequate supply of protein.

An alternative hypothesis would
conclude that despite the critical role played
by tyrosine phosphorylation and DNA
binding for the activity of STAT3, the level

of total protein plays another important
contributory role by setting the threshold
for available protein. According to this
interpretation, some mutations that give rise
to HIES cause a haploinsufficiency disorder9

rather than a simple dominant-negative
disorder. The distinction is not merely
academic as agents that increase total
STAT3 protein, as suggested by the
authors, will only work if they give rise to
functional protein. Thus, the findings by
Bocchini et al places some genetic forms
of HIES into the growing spectrum of
haploinsufficiency disorders that present
with immune defects9 which has clear
implications for the treatment of this
immunodeficiency.
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