
function of human ASXL1-MT–expressing
AML cells. To identify the mechanistic
basis for the cooperation between HHEX
and ASXL1-MT, they performed RNA-
sequencing and chromatin immunopre-
cipitation and found that HHEX and
ASXL1-MT coregulated MYB and ETV5
expression, which they demonstrated to
be essential for the HHEX-induced de-
velopment of AML. Mechanistically, they
found that expression of ASXL1-MT en-
hanced the binding of HHEX to the pro-
moter loci of MYB and ETV5. Deletion of
MYB or ETV5 was sufficient to induce
apoptosis or differentiation of ASXL1-
MT–expressing AML cells, respectively.
In contrast, expression of MYB or ETV5
was able to restore the function of HHEX-
depleted ASXL1-MT–expressing AML cells.
Collectively, these findings revealed a novel
HHEX-MYB/ETV5 axis that promotes
myeloid transformation of ASXL1-mutated
preleukemia cells (see figure).

Although the authors found that cells
expressing ASXL1-MT showed binding of
HHEX to MYB and ETV5 promoter loci,
precisely how ASXL1-MT promotes ac-
cessibility of HHEX to the target loci
requires additional investigation. It is
possible that ASXL1-MT promotes ac-
cessibility of HHEX via reduction of
H2AK119ub at these key loci. Alterna-
tively, the ASXL1-MT/BAP1 complex
may enhance promoter activity indepen-
dent of histone modifications by recruiting
transcriptional factors that enhance
promoter activity, including MYB and
ETV5. Future studies will need to de-
termine the precise cooperation of target
gene expression control by HHEX and
ASXL1-MT.

One of the interesting and relevant
findings of this work is that HHEX over-
expression is not exclusive to ASXL1-MT
AML, but is broadly elevated in AML as
compared with normal hematopoietic
cells. Based on this observation, the au-
thors extended their analysis of HHEX
and found that overexpression of HHEX
in hematopoietic cells from RUNX1-ETO9a
and FLT3-ITD mice similarly resulted in
AML, suggesting that increased HHEX
expression is critical for the progression
of AML. The regulation of HHEX ex-
pression in AML remains unknown and
will require future investigation. How-
ever, recent studies have described HHEX
expression to be regulated by LMO2/ERG/
FLI1 in T-cell leukemia and by RUNX1
in hematopoietic cells.8,9 Given the

paucity of effective treatments for AML,
interfering with HHEX-mediated activ-
ity may provide new opportunities for
therapeutic developments.
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Comment on Kaira et al, page 1685

Crystalizing our view
of the contact system
Erik I. Tucker | Oregon Health & Science University School of Medicine

How does the contact activation system (CAS) assemble on cellular surfaces?
Although researchers have been studying the contact factors prekallikrein (PK),
high-molecular-weight kininogen (HK), and factor XII (FXII), and their respective
roles in inflammation, immunity, and coagulation for over half a century, we now
get some clarity on a quaternary structure for this fascinating multienzyme
complex. In this issue of Blood, Kaira and colleagues describe the first crystal
structure of an FXII domain in complex with a putative receptor, and they
propose a model by which this binding protein, the globular complement C1q
receptor (gC1qR), can act as a chaperone to cluster contact factors together prior
to initiating factor XI (FXI)-dependent blood coagulation and inflammatory
bradykinin (BK) liberation.1

Interest in the CAS has expanded signif-
icantly in recent years as contact factors
are now being explored as therapeutic
targets for thrombotic and inflammatory
conditions. Indeed, inhibitors of and/or
deficiencies in PK, HK, and FXII have been
shown to limit experimental thrombosis
without increased bleeding in animal
models,2 whereas early human studies
have indicated that targeting FXI is

antithrombotic with no signs yet of sig-
nificant hemostatic compromise.3 FXII gain-
of-function mutations have also been
described that trigger the rare inflammatory
disease hereditary angioedema with normal
C1 inhibitor.4 Certainly, the myriad of
biologic activities associated with the CAS
provide opportunities for new approaches
to reduce thrombosis and inflammation in
diverse disease states.
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Given its numerous functions in a growing
list of disease settings, gC1qR has also
become a potential target for therapeutic
development. gC1qR is a ubiquitously
expressed, highly anionic multifunctional
protein that plays an important role in
infection, inflammation, as well as cancer
progression and metastasis.5,6 gC1qR has
been shown to bind an array of proteins
on the cell surface, in plasma, and on
pathogenic microbes, whereas the plasma
proteins that bind to gC1qR are primarily
those of the CAS, as well as fibrinogen,
thrombin, and multimeric vitronectin.7,8

This suggests that gC1qRmay be involved
in fibrin formation, particularly at sites of
immune injury and/or inflammation. In
order to further delineate specific down-
stream activities, though, we must develop
a better understanding of the structure-
function relationship that allows for ratio-
nal design of allosteric modulators.

The findings by Kaira et al provide a
framework for a potential path forward
and also offers insight into how the CAS
may interact with other receptors and
surface initiators to promote coagulation
and inflammation (see figure). Using crys-
tallography, surface plasmon resonance,
and plasma-based coagulation assays, the
authors determined specific residues and
cofactors that are necessary for the as-
sembly of HK/FXII/gC1qR complex, while
also showing that gC1qR promotes FXII-
dependent coagulation. Gel filtration ex-
periments reveal for the first time that

simultaneous HK and FXII binding occurs
as part of this assemblywith gC1qR clustering
FXII and HK into a higher-order ternary
complex. Mutagenesis studies also iden-
tify a critical component of the gC1qR
trimer that suggests steric occlusion as the
mechanism for HK asymmetric binding.

Exposure of blood to various negatively
charged substances or artificial surfaces
triggers proteolytic CAS activation that
leads to thrombin generation, fibrin for-
mation, and inflammatory BK liberation.
Typically, coagulation events are depicted
as a sequential cascade of enzymatic steps
and pathways. The study presented here
illustrates that higher-order quaternary
strictures of multienzyme complexes are
likely to play a central role in enhancing the
catalytic efficiency of many coagulation
factor interactions. Indeed, since FXI is a
homolog of PK that also circulates in
complex with HK,9 and FXI has been
shown to reciprocally activate FXII,10 the
proposed model may directly link CAS-
initiated FXI activation and subsequent
coagulation. Although this paper ends
a longstanding debate on how contact
factors are assembled with respect to
gC1qR, additional studies are needed
to examine the relative importance of
other putative receptors/cofactors, such
as the urokinase receptor or cytokeratin 1,
in CAS modulation.
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Schematic diagram of a hypothetical FXII, HK, gC1qR, PK (FXII-HK-gC1qR-PK) complex with a 1:2:6:2 stoichiometry.
In this proposed model, gC1qR is capable of stimulating reciprocal FXII-PK activation by aligning the activation
loops and active sites of the FXII and PK proteases. This results in efficient contact system activation, which then
drives inflammation and coagulation. The figure has been adapted from Figure 6 in the article by Kaira et al that
begins on page 1685.
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