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Figure 2. Peritransplant administration of Fgf7 sustains a more diverse TRA transcriptome in mTEC hah guring aGVHD. Acute GVHD (b! bd) was induced in
8-week-old unconditioned recipient BDF, mice as in Figure 1A. Global gene expression was analyzed in entire residual mTEC"" cell pools isolated from individual
recipients at 10, 12, and 15 weeks of age (ie, 2, 4, and 7 weeks after transplantation). The figure reflects data from 5 independent experiments, with 2 b 4 mice per group
and experiment. (A) Left panel: gene expression profiling of mTEC"" in transplant recipients using Mouse Gene 1.0 ST arrays (Affymetrix). The x- and y-axes represent
relative expression of individual genes (given as log, values of signal intensity ratios, S.I.) in mice with aGVHD (b! bd) vs syngeneically transplanted recipients without
disease (bd! bd). Data were plotted as a function of recipient age (10 vs 12 weeks). Genes whose expression levels were enhanced or decreased more than threefold
relative to the control group (corresponding to relative expression values given by the S.I. ratios of, 0.33 and. 3.0, respectively,or,2 1.6and.1 1.6 onthe log, scale)
were considered to be significantly altered in consequence of aGVHD (threshold is indicated by dashed lines). Q2 is the lower left quadrant, denotinggenes whose
expression levels were depressed at both 2 and 4 weeks after allo-HSCT (10- and 12-week-old recipients). The inserted numbers denote the absolute numbers of genes
in the respective quadrants. Transcripts from a total of 21 759 genes were analyzed. An annotated list of the genes most affected by aGVHD is given in sugplemental
Table 1. Ub (ubiquitously expressed genes, gray squares) and TRA (dark blue squares). (Right panel) O/E performance analysis (O, observed number of events; E,
expected number of events) of the presence of TRA vs Ub among the genes with relative expression, 0.33 and. 0.3. O/Eratio. 1.0 for TRAand, 1.0 for Ub; *P, .001
using hypergeometric statistical analysis. A value of O/E5 1.0 represents a distribution among TRA and Ub according to expectations (that is sequestration according to
the relative frequencies of TRA and Ub in adult mice without disease). (B) The linear ip between 2 i groups was tested for Ub and TRA using
a correlation matrix, as detailed in supplemental Figure 3. The variation of each gene was calculated using the interquartile range, a measure of statstical dispersion.
PearsonOs correlation coefficient r is shown as a function of age and time after transplantation. The asterisk (*) symbol indicates a statistica? value for the quality of each
measured r at any given time point for TRA and Ub, respectively; *P, .001 of PearsonOs r. (C) Tissue representation of TRA repressed during aGVHD, (0.1 and , 0.33
relative expression, respectively, vs mice without GVHD at 10 and 12 weeks of age). As control, a random set of 200 TRAs was used that remained unchangedin the
course of GVHD (relative expression ; 1). Many repressed TRAs were specific for tissues of the gastrointestinal tract, skin, and eye. Changes in expression of these
genes in response to Fgf7 are given in supplemental Figure 4. (D) Aire dependency of TRA repressed in mTEC"9" during aGVHD in 10- and 12-week-old recipients
(quadrant Q2; the axes are the same as in panel A). Examples shown are the following: Scgblal, secretoglobin; Csnls2a, caseing, Mupl, major urinary protein 1; Sptl,
salivary protein 1 (see supplemental Table 1). Aire-dependent TRA (yellow circles), Aire-independent TRA (dark blue circles), and Ub (gray circleg. (E) Analysis of TEC
proliferation in response to Fgf7. Eight-week-old BDF; mice were left untreated or were treated with Fgf7 from days 2 3 to 1 3 after allo-HSCT. All mice simultaneously
received 0.8 mg/mL BrdU in their drinking water. mTECs were analyzed for BrdU incorporation at the indicated ages after transplantation. BrdU' cells (%) 6 SD, *P, .001,
ANOVA, aGVHD vs mice without aGVHD. (F) Expression levels of individual genes expressed in mTEC"" is given in a heatmap as color-coded log, value of signal intensities.
(Left panel) The map was sorted according to relative expression of genes in mTEC"™" (b! bd vs bd! bd mice; 12 weeks old) and contains all TRA with a relative expression of
, 0.3 during aGVHD in age-matched mice. Enhancement of TRA expression in response to Fgf7 was detectable by higher signal intensities of individual geres. (Right panel) Aire-
dependent TRAs were sorted as listed before.

Methods:CBioinformaticQ, we discriminated between TRA andexpected to be observed by chance (O/E rafid TRA;, 1.0 Ub;
ubiquitously expressed transcripts (Ub) in mTCSeveral hundred P, .001; Figure 2A, right panel)). A loworrelation coéfcient
transcripts were expressed at reduced leveBfold change) in between TRA expressiontih bdvsbd bdmice (Pearsdar5 0.700
mice with aGVHD (Figure 2A). Notably, the TRA/Ub ratios forand r5 0.625 in 10- and 12-week-old recipients, respectively)
repressed transcripts were sigr@ntly higher than would have beenindicated a sizable number of TRAs being reduced during lethal
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aGVHD (Figure 2B, supplemental Figure 3). We interpreted these
data such that a contraction in TRA diversity during aGVHD was
caused by cellular loss of mTEC"®", in particular Aire-positive
mTEC. This explanation was based on the fact that ectopic TRA
expression is a stochastic process in which only a limited number of
mTECME" express a given TRA.>'® A comprehensive coverage of
TRA expression is therefore only achieved by a sufficiently large
mTECMe" pool, which is, however, missing under conditions of
aGVHD. The most substantially reduced TRAs were found to be
enriched for genes that are characteristically expressed in tissues
known to be targets of ¢GVHD’ (Figure 2C). Many of these genes
belonged to the subset of Aire-dependent TRAs* (Figure 2D,F,
supplemental Figure 3).

Because efficient central tolerance requires the full scope of
TRA, we next asked whether mTEC"e" compartment size and
heterogeneity is sustained by using strategies for epithelial cyto-
protection. Peritransplant administration of the TEC mitogen
Fgf7'! failed to prevent initial mTEC"e" cell loss in b—bd
recipients (Figure 1A). However, Fgf7 maintained stable numbers of
mTEChE", including the subset expressing Aire (~3000 cells/mouse
during aGVHD; Figure 1C-E). Consistent with reports that mTEC
are continuously replaced in adulthood,'®?? ~5% of mTECs underwent
cell division within 1 week in the b—bd and bd—bd transplant
groups (Figure 2E). This frequency increased to ~15% in mice with
aGVHD but that treated with Fgf7. Label retention analyses
indicated high turnover of mTEC in response to Fgf7 in b—bd
recipients (Figure 2E). Rescue of mTEC"'" numbers was therefore
the consequence of enhanced proliferation within the entire mTEC
compartment. During early aGVHD, the TRA spectrum was not
preserved by Fgf7 (Pearson’s r = 0.635 vs bd—bd mice; Figure 2B,
supplemental Figure 3). However, a broader array of TRA was
expressed by 7 weeks after allo-HSCT as indicated by an expression
profile that was closer to that of age-matched bd—bd controls
(r = 0.807). Hence, peritransplant administration of Fgf7 sustained
amore diverse TRA transcriptome during aGVHD. Individual TRA
expression patterns were differentially affected by aGVHD and Fgf7
as some but not all Aire-dependent TRA returned to nearly normal
expression in the observation period (Figure 2F, supplemental
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Figures 3 and 4). However, the molecular mechanism for this biased
profile remains to date unknown.

Taken together, our data provide a mechanism for how auto-
immunity may develop in the context of aGVHD (supplemental
Figure 5). Because thymic-negative selection is sensitive to small
changes in TRA expression,*> approaches for mTEC cytoprotection
may prevent the emergence of thymus-dependent autoreactive
T cells'? and thus alter autoimmune outcome. The identification in
c¢GVHD of the yet undefined specificities of autoreactive effector
T cells®* will allow to test this argument directly in experimental
systems and ultimately in clinical allo-HSCT.
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A 2-hit model for chronic GVHD

Robertson Parkman'? iCHILDREN'S HOSPITAL LOS ANGELES; 2UNIVERSITY OF SOUTHERN CALIFORNIA KECK SCHOOL

OF MEDICINE

In this
graft-ver:

s-host dis

. . . 1 L
ssue of Blood, Dertschnig and colleagues’ demonstrate in mice that acute
ase (GHVD) results in a marked reduction of autoimmune

receptor—expressing medullary thymic epithelial cells (Aire” mTEC) and
a decrease in the diversity of Aire-dependent tissue-restricted peripheral self-
antigens (TRAs) required for effective negative thymic selection. Both of these

abnormalities are reve:

sed by the peritransplant administration of the epithelial

protectant drug, fibroblast growth factor 7(Fgf7).

hronic GVHD continues to be a major

cause of both morbidity and mortality
after allogeneic hematopoietic stem cell
transplantation (HSCT).2 Chronic GVHD
has been assumed to be caused by the
continuation of the pathogeneic mechanisms
that cause acute GVHD, primarily donor-
derived T lymphocytes specific for
histocompatibility antigens uniquely expressed
by recipient cells.® As a consequence, therapy
for chronic GVHD has traditionally been
directed at suppressing the donor antirecipient
immune response. However, during the last
25 years, a series of murine experiments have
indicated that donor-derived, autoreactive
T lymphocytes (ie, T lymphocytes specific for
antigens expressed by both donor and recipient
cells) are present in murine HSCT recipients
with chronic GVHD and that the chronic
GVHD could be transferred by the donor-
derived T lymphocytes into both donor and
recipient mice.*®

More recently, a clinical trial of low-dose

subcutaneous IL-2 in human HSCT recipients
with established chronic GVHD demonstrated
that an increase in circulating regulatory
T lymphocytes (Treg) resulted in clinical

BLOOD, 1 AUGUST 2013 - VOLUME 122, NUMBER 5

improvement, suggesting that deficiencies
in Treg lymphocytes play a role in the
pathogenesis of human chronic GVE D/
Dertschnig et al report that mice with
acute GVHD have a profound decrease in the
frequency of Aire” mTEC, which are
necessary for the thymic production of
naturally occurring Treg lymphocytes. Other
investigators have previously demonstrated
that the diverse expression of TRA by Aire™*
mTEC is required for the effective thymic
elimination of autoreactive T lymphocytes by
negative selection.® Using microarray analyses
of isolated Aire” mTEC, the present
investigators report the decreased expression
and diversity of TRA with a selective decrease
in the TRA associated with the tissues that are
the target organs of human chronic GVHD
(skin, liver, salivary glands, lung, eye, and
gastrointestinal tract). The result of the
restricted diversity of TRA expression would
be the extrathymic presence of autoreactive
T lymphocytes. Their present results suggest
a 2-hit model for chronic GVHD, in which
the presence of extrathymic autoreactive
T lymphocytes (Hit 1) in the context of

immune dysregulation (deficiencies in

135

Treg lymphocytes, Hit 2) can result in the
development of chronic GVHD.

The peri-HSCT administration of the
epithelial protectant drug, Fgf7, does not
affect the initial post-HSCT decrease in
mTEC but does hasten the recovery of Aire™
mTEC and improves the diversity of TRA
expression. Fgf7 acts by stimulating the
proliferation and differentiation of TEC
progenitors and the proliferation of residual
mTEC.” The relative contribution of the 2
populations to the recovery of Aire” mTEC is
unclear. The presence of normal numbers of
Aire” mTEC with normal TRA diversity
during the recapitulation of immunologic
ontogeny, which occurs after the engraftment
of donor hematopoietic stem cells, may result
in the presence of adequate numbers of
circulating Treg lymphocytes and effective
negative thymic selection, which would
climinate the peripheral presence of
autoreactive T lymphocytes, and an absence
of chronic GVHD. As such, clinical trials
to determine whether the peritransplant
administration of Fgf7 results in a decreased
incidence of chronic GVHD in human HSCT
recipients are indicated.

The present murine experiments,
however, do not address several potentially
important clinical questions: (1) What would
be the impact of the administration of Fgf7
to patients with established chronic GVHD?;
(2) Do HSCT recipients with established
chronic GVHD have an adequate number of
TEC progenitors and residual mTEC for
the Fgf7 to be effective?; (3) Do the TEC
progenitors and mTEC in chronic GVHD
patients become refractory to the action of
Fgf7?; and (4) Is the loss of Aire” mTEC
during acute GVHD paralleled by a decrease
in TRA diversity, or are they separable
biological processes? If they differ, then some
HSCT recipients may have a deficiency of
Treg lymphocytes without the concomitant
presence of peripheral autoreactive
T lymphocytes, whereas other recipients
may have adequate numbers of
Treg lymphocytes with the presence of
peripheral autoreactive T lymphocytes. Only
HSCT recipients with both the presence of
peripheral autoreactive T lymphocytes (Hit 1)
and deficiencies in Treg lymphocytes
(Hit 2) would be at risk of developing
chronic GVHD. The immunophenotypic
identification of functional human Treg
lymphocytes will aid in the evaluation of
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human chronic GVHD; however, the inability
to identify immunophenotypic human
autoreactive T lymphocytes is still a major
limitation to our better understandingln
Finally, the present results suggest that
the focus of future research into new
therapies to prevent or treat chronic
GVHD should be directed at the thymic
microenvironment rather than at
lymphohematopoietic cells.
Conflict-of-interest disclosure: The author declares
no competing financial interests. M
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The endothelial protein C receptor

and malaria

Tom van der Poll' *UNIVERSITY OF AMSTERDAM

In this issue of Blood, Moxon et al provide novel insight into the pathogenesis of

cerebral malaria, linking loss of the endothelial protein C receptor (EPCR) on
brain vessels, caused by cytoadherent infected erythrocytes, with localized
coagulation, inflammation, and disruption of endothelial barrier function.'

alaria is caused by parasites of the genus

Plasmodium, of which P falciparum is
the most virulent.> One of the most fatal
manifestations of P falciparum infection is
cerebral malaria, which especially affects
children <6 years of age and is responsible for
an annual death toll of nearly a million infants
in Africa alone. In recent years, the cycle of
coagulation and inflammation has emerged as a
pivotal component of malaria pathogenesis.®
In normal homeostasis, activation of coag-
ulation is compensated by concurrent
induction of anticoagulant mechanisms.*
In areas of excessive activation of the clotting
cascade, thrombin acts as a feedback in-
hibitor of coagulation by binding to the

624

endothelial receptor thrombomodulin (see
figure). The thrombomodulin-thrombin
complex converts the zymogen protein C into
activated protein C (APC), a reaction that is
greatly accelerated by EPCR.>® APC acts as an
anticoagulant by virtue of its capacity to
proteolytically inactivate clotting factors Va
and VIIIa. When attached to EPCR, APC

in addition can exert anti-inflammatory,
antiapoptotic, and vasculoprotective signals
via protease activated receptor (PAR)1. In case
of impaired function of the protein C system,
high thrombin levels can activate PAR1,
resulting in effects that are opposite to those
transduced by APC, disrupting endothelial
barrier function.

136

A hallmark feature of severe malaria is
sequestration of infected erythrocytes in
blood vessels.> The elegant investigations by
Moxon et al provide a long-sought explanation
of why red blood cell sequestration especially
leads to damage in the brain.! In postmortem
studies in children that had died of cerebral
malaria, endothelial sites of adherent
erythrocytes were shown to colocalize with loss
of EPCR. Moreover, the authors developed
a novel approach that enabled examination of
blood vessels with relevance for the brain
vasculature in children with cerebral malaria
directly after admission to the hospital. For this,
they used subcutaneous tissue microvessels as
an ex vivo surrogate for brain endothelium and
demonstrated reduced expression of both
EPCR and thrombomodulin in cerebral malaria
patients compared with healthy controls.
Children with cerebral malaria had higher levels
of soluble EPCR and thrombomodulin in their
cerebrospinal fluid than febrile control patients,
suggesting that the loss of these receptors
at least in part was caused by shedding.
Importantly, in plasma, the balance between
the production of thrombin (measured by the
levels of the prothrombin F1+42 fragment)
and APC was not altered in cerebral malaria
compared with healthy children and children
with mild febrile disease or uncomplicated
malaria, indicating that at the systemic level,
coagulation activation was compensated.
Together, these data strongly suggest that
cerebral malaria is associated with a localized
disturbance of coagulation and inflammation
caused by a local loss of EPCR and
thrombomodulin initiated by sequestration of
infected erythrocytes, changes that damage
the brain due to the already low constitutive
expression of EPCR and thrombomodulin in
healthy brain vessels.'”

Another recent study has implicated EPCR
in the pathogenesis of malaria by a completely
different mechanism.® In malaria, adherence
of red blood cells to endothelium is caused
by an interaction between P falciparum
erythrocyte membrane protein-1 (PfEMP1)
family members, transported to the erythrocyte
membrane as a consequence of parasite
infection, and receptors on the vascular
endothelium.? In this respect, PFEMP1
subtypes containing domain cassettes 8 and
13 are important for sequestration of infected
erythrocytes in severe childhood malaria.”
Turner et al very recently revealed EPCR as
the endothelial receptor for PFEEMP1 domain
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Pediatrics” held during the Annual Meeting of the Swiss
Society for Paediatrics.

Title of the talk: Fibroblast growth factor-7 sustains thymic
expression of tissue-restricted antigens during experimental

graft-versus-host disease

PUBLICATIONS:

Dertschnig S, Nusspaumer G, Ivanek R, Hauri-Hohl MM, Hollander
GA, Krenger W, EPITHELIAL CYTOPROTECTION SUSTAINS
ECTOPIC EXPRESSION OF TISSUE-RESTRICTED ANTIGENS
IN THE THYMUS DURING MURINE ACUTE GVHD. Blood.
2013 Aug 1;122(5):837-41.

ATTENDANCE AT CONFERENCES:

40™ Annual Meeting of the European Group for Blood and Marrow
Transplantation (EBMT), 30 March-2 April 2014, Milan IT
Oral presentation: Dertschnig S, Hauri-Hohl M, Hollander
GA, Krenger W, “Impaired thymic expression of a tissue-
restricted antigen licenses the de mnovo generation of
autoreactive CD4" T cells during murine acute graft-versus-
host disease”
Research Day of the Children’s University Hospital Basel 2013, 26
September 2013, Basel CH
Poster: Dertschnig S, Hollinder GA, Krenger W, “Acute
GVHD weakens the platform for central tolerance”
Annual Meeting of the Swiss Society for Paediatrics (Schweizerische
Gesellschaft fiir Padiatrie) 2013, 21 June 2013, Geneva CH
Poster: Dertschnig S, Bucher C, Hollinder GA, Krenger
W, “Epithelial cytoprotection sustains ectopic expression of
tissue-restricted antigens in the thymus medulla during acute
graft-versus-host disease”
39" Annual Meeting of the European Group for Blood and Marrow
Transplantation (EBMT), 7-10 April 2013, London UK
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Oral presentation: Dertschnig S, Bucher C, Ivanek R,
Hauri-Hohl M, Hollander GA, Krenger W, “Epithelial
cytoprotection sustains ectopic expression of tissue-restricted
antigens in the thymus medulla during murine acute graft-
versus-host disease”
Research Day of the Children’s University Hospital Basel 2012, 23
August 2012, Basel CH
Poster: Dertschnig S, Nusspaumer G, Hollinder GA,
Krenger W, “Fgf7 rescues thymic expression of tissue-
restricted self-antigens in experimental acute GVHD?”
Young Researcher Day in Pediatrics, Annual Meeting of the Swiss
Society for Paediatrics 2012, 31 May 2012, Lucerne CH
Oral presentation: Dertschnig S, Nusspaumer G, Holldnder
GA, Krenger W, “Fibroblast growth factor-7 sustains thymic
expression of tissue-restricted antigens during experimental
graft-versus-host disease”
38" Annual Meeting of the European Group for Blood and Marrow
Transplantation (EBMT), 1-4 April 2012, Geneva CH
Oral presentation: Dertschnig S, Nusspaumer G, Holldnder
GA, Krenger W, “Fibroblast growth factor-7 sustains thymic
expression of tissue-restricted antigens during experimental
acute graft-versus-host disease”
Oral presentation (given by Bucher C): Bucher C, Krenger
W, Dertschnig S, Stern M, Gerull S, Heim D, Halter J,
Buser A, Lehmann T, Graf L, Rovo A, Tichelli A, Passweg
J, “Busulfan-based versus total body irradiation-based
myelo-ablative conditioning in patients with AML: reduction
of acute graft-versus-host disease incidence, mucositis and
duration of hospitalization”
Research Day of the Children’s University Hospital Basel 2011, 25
August 2011, Basel CH
Poster: Dertschnig S, Nusspaumer G, Hollinder GA,
Krenger W, “Fgf7 sustains thymic expression of tissue-
resticted antigens during acute GVHD”
EUThyme-Rolduc Meeting 2011, 21-24 May 2011, Noordwijkerhout
NL
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Poster: Dertschnig S, Krenger W, “Acute graft-versus-host
disease targets thymic epithelial cells”
o 23" Meeting of the Swiss Immunology PhD Students, 30 March — 1
April 2011, Wolfsberg CH
Poster: Dertschnig S, Krenger W, “Graft-versus-host

disease targets thymic epithelial cells”
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