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TRIF turns the switch
for DIC in sepsis
Wolfram Ruf | Johannes Gutenberg University Medical Center Mainz

In an unexpected transsignaling pathway, in this issue of Blood, Yang
and colleagues1 show that the toll-like receptor (Tlr)4 adaptor TIR-domain–
containing adapter-inducing interferon-b (TRIF) redirects liver-derived high-
mobility group box 1 (HMGB1) to activate myeloid cells to a highly procoagulant
state in sepsis.

Gram-negative bacteria and lipopolysac-
charide (LPS) triggering of Tlr4 are major
inducers of inflammation and de novo
synthesis of tissue factor (TF), the major
coagulation initiator, in sepsis and other
systemic inflammatory syndromes. TF ex-
pressed by monocytes and macrophages
is crucial for the development of dissemi-
nated intravascular coagulation (DIC), which
is responsible for much of the lethality
of sepsis. In a mouse model of sepsis in
which mice are challenged with LPS after

nonlethal LPS priming, Yang et al found
that Tlr4 adaptors play differential roles
in inducing inflammation and DIC, as evi-
denced by markers of platelet consump-
tion, intravascular fibrin deposition, and
thrombin generation (see figure). Whereas
canonicalNF-kB signaling throughmyeloid
differentiation primary response gene 88
(MyD88) was responsible for inflammatory
tumor necrosis factor a production, only
deletion of TRIF markedly attenuated the
systemic coagulopathy. Deficiency of TRIF

and downstream type 1 interferon signal-
ing through interferon-a/b receptor I (IFN-
a/bR1) also diminished DIC in the cecum
ligation and puncture model, emphasizing
the relevance of this newly described sig-
naling mechanism for bacterial sepsis.

These authors have previously shown that
type 1 interferon signaling induces hyper-
acetylation of HMGB1. Hyperacetylation
inactivates the nuclear location sequences
and thereby increasesHMGB1 cytoplasmic
accumulation and availability for release
into the extracellular space, where HMGB1
has sepsis-promoting properties. Consis-
tent with a functional role for this pathway
in sepsis, HMGB1 levels were reduced
in TRIF2/2 and IFN-a/bR12/2, but not
MyD882/2mice following challenge.Mice
with cell type–specific deletions of HMGB1
excluded myeloid cells and implicated
hepatocytes as the primary source for
HMBG1 circulating in the blood of septic
mice. Platelet-derived HMGB1 has pre-
viously been shown to promote throm-
bosis,2 but neither hematopoietic cell
nor platelet-specific deletion of HMGB1
abrogated DIC in sepsis. Conversely,
although interrupting TRIF-IFN-a/bR1-
HMGB1 signaling was sepsis protective,
IFN-a/bR12/2 mice did not have a defect
in arterial thrombosis, demonstrating the
selective significance of the identified
signaling mechanism for DIC associated
with infectious diseases.

Although the authors confirmed prior data
that monocyte/macrophage–derived TF
is crucial for the coagulopathy in sepsis,
interruption of the TRIF-IFN-a/bR1-HMGB1
axis did not measurably reduce the ele-
vatedTFmessenger RNAandprotein levels
in organs of challenged mice. Data with
purified macrophages provided com-
pelling evidence that HMGB1 is directly
responsible for increasing cell surface
availability of phosphatidylserine (PS),
which, thereby, alters the procoagulant
activity of TF (see figure). These results
are in line with expanding evidence that
the activity of monocyte-expressed TF in
thrombosis3 and autoimmune disease4
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Activation of innate immunity by bacterial products leads to Tlr4-MyD88–dependent inflammation and induction of
the coagulation initiator TF. Coupling of Tlr4 to TRIF-IFN-a/bR1 targets nuclear localization sequences (NLS) of
HMGB1 and increases availability of cytosolic HMGB1 for secretion and extracellular functions. In macrophages,
LPS delivered by HMGB1 triggers activation of the noncanonical caspase 11 (Casp11) for gasdermin D (GSDMD)
and transmembrane protein 16F (TMEM16F)-mediated PS translocation and TF-dependent DIC. TNFa, tumor
necrosis factor a.
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mechanisms. Macrophages express TF in a
cryptic form on the cell surface, but cellular
stress signals, such as ATP triggering the
purinergic P2X7 receptor, can rapidly ac-
tivate TF by increasing extracellular PS
coupled to inflammasome/caspase 1–
dependent release of highly proco-
agulant extracellular vesicles.5 TF can also
be activated by an inflammasome-caspase
11–dependent pathway leading to gas-
dermin D–dependent PS exposure and
pyroptoptosis.6 HMGB1 activates this non-
canonical inflammasome pathway by
delivering LPS for cytosolic activation of
caspase 11, gasdermin D, and the PS
scramblase transmembrane protein 16F.
As shown in this paper, the resulting
externalization of PS was required for
macrophage TF procoagulant activity and,
accordingly, inhibition of PS reduces DIC
in sepsis challenged mice.

DIC is typically viewed as a failure of
critical anticoagulant mechanisms due to
reciprocal amplification of inflammation
and coagulation. The current study pro-
vides conceptually new insight that a
specific arm of the innate immune response
connects tissue stress to the posttranslational
activation of TF on immune cells. Comple-
ment factor (C) 3, which is part of the other
major plasmatic innate defense pathway,
is also linked to TF activation and par-
ticipates in thrombosis and autoimmune
signaling by supporting thiol isomerase–
dependent conformational changes in TF.3,4

Blockade of C3 prevents the coagulopathy
in sepsis,7 and HMGB1 can activate C3 in
sterile inflammation.8 It is therefore con-
ceivable that the identified role of extra-
cellular HMGB1 in creating a procoagulant
environment on the cell surface extends to
complement-mediated effects that allo-
sterically activate TF.

Not only are TRIF-IFN-a/bR1 signaling
and coagulation connected in this link
promoting DIC, but also, intriguingly,
the TF coagulation initiation signaling
complex activating protease activated
receptor 2 directly controls Tlr4-TRIF
responses in sepsis.9 These signaling
events are further regulated in innate im-
mune cells by the sepsis-protective anti-
coagulant pathway.10 The new connection
of DIC induction uncovered here may,
therefore, prove to be part of a broader
crosstalk between coagulation and im-
munity in infectious diseases.
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Of lions, shar-pei, and
doughnuts: a tale retold
Prashant Kapoor and Wilson I. Gonsalves | Mayo Clinic, Rochester

In this issue of Blood, Mahévas et al demonstrate that an immunomodulatory
drug or a proteasome inhibitor partnered with dexamethasone can lead to a
clinically meaningful improvement in severe cases of scleromyxedema that
are refractory to high-dose IV immunoglobulin (IVIG).1

Scleromyxedema is a fibrosing dermop-
athy, more easily explicable to a hema-
tologist with its recent placement under
the umbrella of monoclonal gammopathy
of clinical significance, or more specifi-
cally, monoclonal gammopathy of cuta-
neous significance.2,3 Timely recognition
of this multisystem, progressive disease
continues to elude clinicians despite its
characteristic cutaneous phenotype (see
figure). It is diagnosed on the basis of the
following well-established criteria: (1) pap-
ular cutaneous eruption in a scleroderma-
like distribution; (2) microscopic triad of
dermal mucin deposition, fibroblast pro-
liferation, and fibrosis; (3) the presence of
monoclonal gammopathy; and (4) the
absence of thyroid dysfunction indicative
of myexedema.4 Not infrequently, po-
tentially lethal complications related to
extracutaneous involvement, including the

central nervous system (dermato-neuro
syndrome), respiratory system, and/or
heart (mucinous cardiomyopathy or myo-
cardial ischemia), are encountered.3

Several gaps in our knowledge of scle-
romyxedema, a disease with an unpre-
dictable clinical course, persist. In addition,
a large void in the mechanistic studies
designed to characterize the disease bi-
ology leading to rational therapy exists.
Notwithstanding the sparse and contra-
dictory data attempting to implicate the
circulating monoclonal protein in the patho-
physiology of scleromyxedema, and to
precisely define its potential relationship
with fibroblast proliferation andmucinosis,4-6

the responses observed with plasma cell–
targeting therapies, including high-dose
melphalan followed by stem-cell rescue,
have been clearly documented.4,7 The lack
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