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In this issue of Blood, Kohli et al1 report a noncoagulation role of thrombo-
modulin (TM) expressed on trophoblast cells in maintaining placental growth
and healthy embryogenesis. They show that (1) the inflammatory cytokine
interleukin-1b (IL-1b) suppressed TM synthesis from trophoblast stem cells in
culture and induced the ectodomain shedding of TM from these cells; (2) the
TM shedding was also induced in pregnant C57BL/6J mice infused with
endothelial cell-derived extracellular vesicles (eEVs), which cause placental
inflammation; (3) the IL-1b receptor antagonist anakinra prevented TM
shedding in these eEV-infused pregnant mice and reduced placental abnor-
malities in these mice; (4) the soluble TM that resists proteolysis and oxidation
(solulin) reduced TM shedding in the pregnant C57BL/6J mice infused with
eEVs and prevented fetal death, intrauterine growth restriction, placental
inflammation, and growth suppression; and (5) the protection offered by
solulin was reproduced in transgenic mice with enhanced expression of TM in
embryonic tissue, including trophoblasts. The key findings from the pregnant
mice were reproduced in well-controlled in vitro experiments using tropho-
blastic stem cells in culture and further validated by studying placentas col-
lected from patients with preeclampsia.

TM (CD141) is a type 1 transmembrane
glycoprotein protein that is expressed on
endothelial cells.2 It forms a complex with
thrombin in a 1:1 molar ratio to drastically
accelerate protein C activation. TM is also
expressed on trophoblasts and their dif-
ferentiated offspring syncytiotrophoblasts,3

which cover the placental villi exposed to
maternal blood. The TM expression on
trophoblasts and syncytiotrophoblasts in-
creases with gestational age.4

This study is important for several rea-
sons. First, TM has long been established
as a key anticoagulant on the surface of
endothelial cells, but its function on tro-
phoblasts remained ambiguous. This
study provides evidence that trophoblast-
expressed TM is crucial for placental
development and fetal survival. It ex-
tends previous findings, by the same
group of investigators, that deletion of
the TM gene THBD causes embryonic
death at day 8.5 post coitum,5 and that
death is prevented by reconstituting TM
expression in extraembryonic tissue.6 The
lethality is caused by severe consumptive
coagulopathy induced by endothelial TM

deficiency and by developmental defects
of placenta due to the growth arrest of
trophoblast cells.

Second, this study demonstrates that
inflammasome activation does not di-
rectly cause embryonic death in TM-
deficient mice, but does so indirectly
by inducing TM shedding from the sur-
face of trophoblast cells to impair the
proliferation of these cells and placental
development. This finding adds a new
dimension to the pathogenesis of pre-
eclampsia, which is characterized by poor
placentation and endothelial dysfunction
and manifests clinically as new onset
hypertension and proteinuria during late
pregnancy. Preeclampsia is caused or
initiated by placental factors, as it re-
solves rapidly or improves significantly
after delivery or pregnancy termination.
Among these placental factors, placental
inflammation is widely recognized as a
key causal factor for preeclampsia. This
study identifies TM shedding from tro-
phoblasts as an intermediate process
between placental inflammation and
preeclampsia.

Third, the study reaffirms the critical in-
terplay between extracellular vesicles and
platelets in causing placental inflammation.7

This finding is consistent with multiple and
paradoxical activities of extracellular vesicles
from diverse parental cells during normal
pregnancy and in the pathogenesis of
preeclampsia. For example, placental ex-
tracellular vesicles released during normal
pregnancy are necessary for inducing ma-
ternal adaptive changes such as tolerance,
but excessive shedding of these placental
vesicles often indicates placental patholo-
gies and systemic changes associated with
preeclampsia. Pregnant and nonpregnant
mice develop hypertension and kidney in-
juries rapidly after they are infused with
syncytiotrophoblast-derived extracellular
vesicles.8

The study also raises several important
questions.1 How does TM shedding
cause the growth arrest of placenta? TM
has a short cytoplasmic tail that contains
potential phosphorylation sites, sug-
gesting that it may induce intracellular
signaling, but the nature and function
of TM-induced signaling remain largely
unknown. Alternatively, trophoblasts also
express endothelial protein C receptor
that is as efficient as that on endothelial
cells.9 It is therefore possible that TM
shedding impairs the trophoblastic TM-
protein C system, resulting in coagulation
and fibrin deposition on the surface of
syncytiotrophoblast at the fetal-maternal
interface to inflict cellular injuries. This is
important to investigate because women
with normal pregnancies often develop a
hypercoagulable state that worsens sig-
nificantly in patients with preeclampsia.2

This study shows that solulin prevents
inflammation-induced TM shedding from
trophoblasts and preeclampsia-like pa-
thology in pregnant mice infused with
eEVs. However, the study does not pro-
vide information as to whether solulin
prevents TM shedding or is anchored to
trophoblasts to replace shed TM. If the
former, does solulin block the enzyme
that sheds TM? If the latter, the question
becomes why soluble TM shed from
trophoblasts or endothelial cells, which
has been found in the plasma of patients
with preeclampsia,10 lacks the same ac-
tivity. Is solulin active because of its re-
sistance to oxidative stress, which is
common in patients with preeclampsia
and could render intrinsic soluble TM
inactive? Alternatively, trophoblast cells
may shed TM through microvesiculation,3

and extracellular vesicle-bound TMmaybe
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inactive. The study shows that transgenic
mice with enhanced expression of TM in
embryonic tissue did not develop the ex-
tracellular vesicle–induced phenotype of
preeclampsia. Does the TMexpressed on
the embryonic tissue of the transgenic
mice resist shedding or slow the kinet-
ics of shedding? The answers to these
questions could help identify the role of
TM in the placental development and
pathogenesis of pregnancy-associated
vascular disorders.
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Increase in expression and activity of throm-
bomodulin in term human syncytiotrophoblast
microvilli. Placenta. 1998;19(4):261-268.

5. Isermann B, Sood R, Pawlinski R, et al. The
thrombomodulin-protein C system is essential
for the maintenance of pregnancy. Nat Med.
2003;9(3):331-337.

6. Isermann B, Hendrickson SB, Hutley K, Wing
M, Weiler H. Tissue-restricted expression of
thrombomodulin in the placenta rescues
thrombomodulin-deficient mice from early
lethality and reveals a secondary de-
velopmental block. Development. 2001;
128(6):827-838.

7. Kohli S, Ranjan S, Hoffmann J, et al. Maternal
extracellular vesicles and platelets promote
preeclampsia via inflammasome activation in
trophoblasts. Blood. 2016;128(17):
2153-2164.

8. Han C, Wang C, Chen Y, et al. Placenta-
derived extracellular vesicles induce pre-
eclampsia in mouse models. Haematologica.
2020;105(6):1686-1694.

9. Faioni EM, Fontana G, Razzari C, et al.
Activation of Protein C in Human Tropho-
blasts in Culture and Downregulation of
Trophoblast Endothelial Protein C
Receptor by TNF-a. Reprod Sci. 2015;22(8):
1042-1048.

10. Dusse LM, Carvalho MG, Getliffe K,
Voegeli D, Cooper AJ, Lwaleed BA. Increased
circulating thrombomodulin levels in pre-
eclampsia. Clin Chim Acta. 2008;387(1-2):
168-171.

DOI 10.1182/blood.2020008659

© 2021 by The American Society of Hematology

TRANSPLANTATION

Comment on Qayed et al, page 983

Harmonization, biomarkers,
disease risk index
Jaap Jan Boelens | Memorial Sloan Kettering Cancer Center

In this issue of Blood, Qayed et al1 describe the development and validation of
a disease risk index (DRI) to better predict (leukemia-free) survival and to
stratify pediatric acute leukemia patients undergoing allogeneic hemato-
poietic cell transplantation (HCT). This desperately needed risk stratification
is based on disease status (including minimal residual disease), age, and cy-
togenetics prior to HCT.

The outcome of allogeneic HCT is influ-
enced by multiple variables, including
patient-, donor-, and transplantation
(platform)–specific ones. The large number
of variables makes data analyses compli-
cated. Pediatric HCT outcome analyses is
further complicated by limited numbers,
more indications, and pediatric-specific
features. Validated risk scores, such as a
DRI, can help to identify patients at highest

risk for HCT failure, as well as to stratify
patients undergoing HCT. Clinical trials
aimed at improving results of HCT, which
are limited by small numbers of pediatric
patients, need to rely on a larger number of
pediatric HCT centers to participate in trials.
This further underscores the immense need
for validated risk scores, like the pediatric
DRI described by Qayed et al. In addition,
harmonization of (disease-specific) clinical

trial design, using harmonized transplant
platforms and monitoring thereafter, are
important steps toward better, predictable,
and improved outcomes after HCT.

The HCT-Comorbidity Index (HCT-CI)
was developed and validated more than
a decade ago2 and is currently used in all
registry studies, as well as in clinical trials.
After publishing the HCT-CI, it took al-
most a decade until the Adult DRI was
developed and published in 2014.3 In
pediatrics, such a DRI was lacking until
now. The consortium, led by Muna
Qayed, obtained data from the Center
for International Blood and Marrow
Transplant Research to perform the
analyses. Patients who underwent their
first transplantation for acute lympho-
blastic leukemia (ALL) or acute myeloid
leukemia (AML) between 2008 and 2017
were included. This validated pediatric
DRI, which includes age, cytogenetics,
and residual disease status, can be used
to facilitate prognostication and stratifi-
cation of children with AML and ALL for
allogeneic HCT. A limitation is that modest
patient numbers for myelodysplastic syn-
drome, juvenilemyelomonocytic leukemia,
chronic myeloid leukemia, and Hodgkin
and non-Hodgkin lymphoma prohibited
the investigators from developing a train-
ing and validation set for these groups.
Also, most patients came from centers in
the United States, and the number of pa-
tients older than 12 years was relatively
limited. However, by just starting to use this
DRI, these limitations can eventually be
overcome. With larger numbers and more
details about disease status, the DRI may
be fine-tuned in the upcoming years. It is
important to note that we need to be
cognizant that different (and more precise)
methods to detect minimal residual dis-
ease may have an impact on the outcomes
and predictions.

In addition to the now available and
desperately needed pediatric DRI, we as
a (pediatric) HCT community need to
agree on harmonizing clinical trial design
and trying to identify, validate, and use
early biomarkers for outcome.4 In par-
ticular, the relatively limited number of
pediatric patients and existing medical
need to improve the outcomes should
encourage us to take these important
steps. Interventions, including immune-
based ones, in the context of HCT are
being developed for a variety of indica-
tions to improve outcomes for diseases/
disorders with a clear medical need. All of
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