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In this issue of Blood, Shahneh et al reveal important functions of regulatory
T cells (Tregs) in thrombus resolution in a mouse model.1 Deep vein throm-
bosis (DVT) is a major cause of global morbidity andmortality. Despite the use
of anticoagulants, vasoactive drugs, and physical clot removal techniques,
DVT still causes permanent disability and mortality. Resolving the clot is
difficult, and nonresolved clots can cause long-term pathologies, includ-
ing postthrombotic syndrome and chronic thromboembolic pulmonary
hypertension.2

Over the years, it has become evident
that the immune system plays a pivotal
role in both thrombus formation and
resolution. Although the specific in-
volvement and role of many immune cell
subtypes in thrombus formation and res-
olution have not yet been elucidated, the
immunothrombosis field is advancing. For
example, monocytes were found to be
involved in blood clotting as well as in
driving fibrinolysis and clot remodeling.3

Already by 2016, Shahneh et al showed
that that effector T cells delay the reso-
lution of thrombosis through interferon-g
and by activating monocytes.4 In that
same study, they observed an accumula-
tion of Tregs, a T-cell subset implicated
in tissue repair and regeneration,5 in the
resolving thrombus. Here, the authors
have characterized these thrombus Tregs
and elucidate their role in thrombus
resolution.1

To induce a thrombus, the authors used a
mouse model of partial flow reduction in
the inferior vena cava. By isolating immune
cells at different time points after the partial
occlusion, they showed that Tregs accu-
mulate in the thrombus over time. Clot
Tregswere found to be recruited fromboth
the thymus and the periphery and dif-
ferentiated into an activated, resident
phenotype (CD41FoxP31CD691KLF22).
Depletion of these Tregs was shown to
impair clot resolution, whereas their ex-
pansion by IL2-anti-IL2 complexes facili-
tated clot resolution. Transcriptional
profiling of clot Tregs revealed that clot
Tregs are of a special subset, charac-
terized by expression of “secreted
protein acidic and rich in cysteines”
(SPARC). SPARC is a matrix binding gly-
coprotein that is involved in many pro-
cesses, including bone mineralization,
cell-matrix interactions, immune cell
migration, as well as the production and
activity of matrix metalloproteinases
(MMPs).6-8

Detailed investigation into the role of
SPARC1 Tregs showed that SPARC does
not mitigate Treg-mediated regulation of
the adaptive immune system. SPARC1

Tregs rather mediate innate immune cell
functions and boost MMP production by
monocytes, thereby facilitating clot res-
olution (see figure). The data that Tregs
produce SPARC when stimulated with
interleukin-18 (IL-18), IL-33, and trans-
forming growth factor-b (TGF-b), without
T-cell receptor stimulation, strengthen
the hypothesis that SPARC1 Tregs
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The proposedmodel of Treg-dependent thrombolysis by monocytes. (A) The formation of a thrombus in the blood
vessel attracts monocytes and Tregs. (B) The Tregs express SPARC in an IL-18, IL-33, and TGF-b–dependent
manner. SPARC stimulates the release ofMMPs from themonocytes. (C) TheMMPs degrade the thrombus and thus
help with its removal.
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are tissue induced, especially because
these cytokines are all associated with
the vasculature, where they are pro-
duced by the endothelial cells. How-
ever, it would be interesting to see
whether exposure to TGF-b alone could
induce the same SPARC1 phenotype,
because TGF-b is known to induce
FoxP31 expression.9 Furthermore, IL-18
and IL-33 are generally seen as proin-
flammatory, whereas TGF-b, in the
context of T cells, is seen as more anti-
inflammatory.10

The findings described in this paper
are of major importance, with potential
therapeutic implications. As the authors
have shown in their mouse model, ex-
pansion of SPARC1 Tregs in patients with
DVT may, as combination therapy with
anticoagulants, result in improved clot
resolution, thereby preventing chronicity of
thrombotic disease. Moreover, SPARC1

Tregs seem to be “unique” to thrombus,
and their beneficial effects are limited to
1 thrombotic event, thereby providing a
targeted treatment option that likely has
no side effects. However, additional re-
search into the distribution and mecha-
nisms of SPARC1 Tregs is needed. The
relevance of this Treg subset in human
thrombosis needs to be investigated.
Furthermore, as of now, the geography of
SPARC1 Tregs is unknown, as is their role
in homeostasis and disease. Looking at
the data of the paper of Shahneh et al,
it is likely that SPARC1 Tregs also are of
importance in other diseases, such as
atherosclerosis, stroke, and cancer. This
paper will certainly SPARC increased in-
terest into the immunobiology of DVT and
beyond.
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Let’s reconstitute
microbiota diversity
Florent Malard and Mohamad Mohty | Sorbonne Université

In this issue of Blood, Khan et al1 reported that high-dose chemotherapy and
autologous hematopoietic cell transplantation (auto-HCT) are associated with
decreased fecal microbiota diversity and that patients with a greater degree of
microbiome damage (below-median fecal intestinal diversity) at neutrophil
engraftment had worse progression-free survival than those with less micro-
biome damage.

Over the last decade, with the develop-
ment of metagenomic analysis, compre-
hensive analysis of the human gut
microbiome has become possible and has
shown the major role played by micro-
biota in health and disease.2 Therefore,
perturbation of the gut microbiota,
hereafter referred to as dysbiosis, has
been associated with multiple diverse
diseases, including infection, cancer, in-
flammatory and metabolic disease, neu-
rological disease, and mental illness.2 In
the field of hematologic malignancies,
microbiota research has mainly focused
on allogeneic HCT, where fecal micro-
biota dysbiosis has been associated with
bloodstream infections, graft-versus-host
disease, and shorter overall survival.3 Fur-
thermore, a higher abundance of a bacterial
group composed mostly of Eubacterium
limosum has been associated with a de-
creased risk of relapse/progression of the
hematologic malignancy after allo-HCT.4

Importantly, use of broad-spectrum anti-
biotics during allo-HCT is an important
driver of gut microbiota dysbiosis and
negatively impacts patient outcomes.5

The question is now whether a similar
correlation between gut microbiota in-
jury and patient outcome exists with
other therapeutic strategies used in pa-
tients with hematologic malignancies.
The question is particularly relevant for
auto-HCT, given the exposure to high-
dose chemotherapy, broad-spectrum
antibiotics, mucositis, and impaired
nutritional status, that may induce gut
microbiota dysbiosis. Khan et al per-
formed the largest and first multicenter
study in 534 adult patients undergoing
auto-HCT for myeloma or lymphoma.
They found that, similar to allo-HCT, fecal
microbiota diversity at baseline (ie, be-
fore auto-HCT) is decreased compared
with healthy volunteers. Furthermore,
patients experienced further microbiota
diversity decrease during the neutropenic
period with a nadir around engraftment.
Greater fecal microbiota diversity at en-
graftment was then associated with a de-
creased risk of progression or death even
after adjusting for disease type and disease
status (hazard ratio [HR] 0.6; 95% confi-
dence interval [CI], 0.42 to 0.83, P 5 .006).
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