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ABSTRACT

Background: Neutrophils are key effectors agaihst widely distributed moldispergillus
fumigatus which is a major threat for immunocompromisedigudas including allogenic
hematopoietic stem cell transplant (HSCT) recigeMet little is known about neutrophil
activity over time after cell transplantation, esp#y regardingA. fumigatus

Objective: We aimed at assessing the activity aftnophils onA. fumigatusin allogenic
HSCT recipients at different post-transplant tinoefs.

Methods: We performed a longitudinal study invotyiB7 HSCT patients, drawing blood
samples at engraftment and at two, six and ten msoaiter the HSCT. Post-transplant neu-
trophil activity in the recipients was comparedthat of the respective donors. Neutrophil/
Aspergillusco-culture, flow cytometry and video microscopyrav@ised to assess neutrophil
inhibition of fungal growth, cell/fungus interactis, reactive oxygen species production, ma-
jor surface molecule expression and neutrophileeeifular traps (NETs) formation.

Results: The ability of neutrophils to interferethvAspergillushyphal growth was impaired
after HSCT. The administration of calcineurin intobs appeared to play an important role in
this impairment. We also observed that post-HSCtrophils produced less NETs, which
was correlated with increased fungal growth. Tajgermmunosuppression led to the recu-
peration of inhibition capacity 10 months post-HSCT

Conclusion: In HSCT recipients, neutrophil-drivemate immunity to fungi is altered in the
early post-transplant period (between recovery freentropenia and up to 6 months). This
alteration is at least partly related to the adstration of calcineurin inhibitors and the dimi-

nution of NETs production.
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KEY MESSAGES

The ability of neutrophils to impaikspergillushyphal growth is altered during recovery in
allogenic hematopoietic stem cell transplant rexifs.

The administration of calcineurin inhibitors seetasplay an important role in this impair-
ment, in stark contrast to the classical view @sthinhibitors as affecting only adaptive im-

munity.

CAPSULE SUMMARY
In allogenic hematopoietic stem cell transplanipieats, fungal innate immunity driven by
neutrophils is altered during the first monthstw# graft, in relation with the use of calcineu-

rin inhibitors.

KEYWORDS
Innate immunity; Calcineurin inhibitor; Invasive nigal infection; Immune reconstitution;

Transplantation

ABBREVIATIONS

HSCT: hematopoietic stem cell transplant
GvHD: graft versus host disease

NETSs: neutrophil extracellular traps

ROS: reactive oxygen species

INTRODUCTION
Aspergillus fumigatuss the main causative agent of invasive aspesid]ovhich is a major

threat to immunocompromised patients, including &temoietic stem cell transplant (HSCT)
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recipients. Polymorphonuclear neutrophil cellslémhheutrophils hereafter) are key effectors
against fungal infection. In contrast to monocydad macrophages, which phagocyte resting
conidia, neutrophils are also able to act agaiesinghating conidia and hyphae through a
trapping mechanism, giving them particular impocgragainstAspergillus™ 2 However,
only a few studies have provided data on the behnhafi neutrophils following HSCT, and
additionally, how these cells regain their basictions after the transplant is unknown.

The choice of immunosuppressors for the preverdfagraft versus host disease (GvHD) can
vary depending on the conditioning regimen, thetgpdonor and the type of graft. The most
common prophylaxis strategy associates a calcinenhibitor (mainly cyclosporine A) with
methotrexate (MTX), anti-thymoglobulin antibodigsTG) or mycophenolate mofetil (MMF)

3, Despite those immunosuppressive drugs, acute GettDrs in approximately 40-60% of
HSCT patient$ and requires the administration of corticosterdidehe action of cyclospor-
ine A, which is essentially known for its effect adaptive immunity, is mediated by inhibi-
tion of calcineurin, a calcium-dependent phospleat&articularly, calcineurin activates the
NFAT transcription factors, leading to the trangtidn and production of many T-cell effec-
tor cytokines such as interleukin®2. Very few data exist concerning its potential role
innate immunity. Patients receiving cyclosporine an increased risk of viral, bacterial or
fungal infection. Among these pathogens, the madergillusis particularly dangerous,
causing high morbidity and mortality. The admirasion of cyclosporine or other recognized
T-cell immunosuppressors is included in the hasea for probable invasive fungal disease
as established by the European Organisation foed&els and Treatment of Cancer (EORTC)
and the Mycoses Study Group (MSG)

Thus, for the present study, we aimed at evaluatggrophil function and activity toward

Aspergillusin HSCT recipients over time. We assessed neutraphvity, including fungal
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growth inhibition, oxidative burst, surface molesw@xpression, and neutrophil extracellular

traps (NETSs) production, following different stimul

MATERIALS AND METHODS.

Patients and donors.The present longitudinal study involved 37 pasewho received a
related (36/37) or unrelated (1/37) allogeneic HSG@Ta malignant hemopathy in La Pitié-
Salpétriere Hospital, Paris, France. Blood sampleie collected from the recipients at en-
graftment, then at two, six and ten months postspplant, and were compared to samples
taken from their respective donors. This non-irgetional study was approved by the local
ethics committee (CPP lle de France 1IV). Signedrimed consent was obtained from all do-
nors and recipients.

Neutrophil isolation. Neutrophils were isolated using the dextran-Fico#thod. Briefly,
whole fresh blood was mixed with an equivalent woduof 2.0% dextran solution (Sigma
Aldricht) in normal saline and the red blood cellsre allowed to settle for 40 minutes at
4°C. Then the leucocyte-rich supernatant was subdhio Ficoll (Eurobio) centrifuge separa-
tion for 30 minutes at 700 g; 4°C. After eliminatiof the remaining red blood cells, neutro-
phils in the pellet were recovered in RPMI mediumd éested immediately.

Aspergillus fumigatus strain. An A. fumigatussensu strictcstrain isolated from clinical
samples in La Pitié-Salpétriere Hospital was udéa strain was maintained on Sabouraud
with chloramphenicol and gentamicin agar tubes7atf@r 5-7 days. Conidia were harvested
with phosphate-buffered-saline (PBS) containingb@0Tween 20, washed three times and
suspended in PBS and counted.

Aspergillus growth inhibition. Black, 96-well clear-bottom plates (Greiner) weseded
with 1,500 conidia per well in RPMI medium contaigi1l% fetal calf serum (FCS) and al-

lowed to germinate for 7 hours at 37°C. After thiswth period Aspergillusmeasuring ap-
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proximately 15-20 um can be considered either asigating conidia or as small hyphae.
The medium was then changed to RPMI without FCSthadsolated neutrophils were added
to the wells at different effector:target ratiostiiplicate. In others experiments, neutrophils
were added directly to resting conidia. The platese incubated overnight at 37°C with 5%
CO, then washed with purified water. Uvitex (1% wi/a)fluorescent marker of chitin (similar
to calcofluor, which has already been used to assemgal biomas) was added to the final
dilution. Finally, plates were read using a Fleiistaanalyzer with excitation at 350 nm and
emission at 435 nm. For a given effector:targaebyaihe fungal growth was determined as the
ratio of the fluorescence intensity of the well @aning neutrophils mixed witAspergillusto
that of the well containindspergillusonly. The percentage of inhibition was definedL@é
minus the percent of fungal growth.

Surface molecule expression of neutrophildzive-hundred-microliter whole-blood samples
were stimulated with either $@spergillusconidia (resting or germinating), 5 ng/mL bacteri-
al lipopolysaccharide (LPS) (Sigma Aldrich) or PBScontrol for 45 minutes at 37°C. Neu-
trophils were stained with an anti-human CD11bifeegrin alpha M) antibody (Dako), an
anti-human CD62L (or L-selectin) antibody (Bectoitkinson) and/or an anti-human CD66
(or carcinoembryonic antigen) antibody (Becton [iekn) before cytometry analysis. TLR
and dectin expression were assessed using anti5TA&RZTLR4 and anti-dectin-1 antibodies
(RD Systems). Cytometry was performed on a Gaflms cytometer and results were ana-
lyzed using Kaluza software (Beckman Coulter).

Measurement of neutrophil oxidative burst.Neutrophils contained in 500 pL heparinized
whole-blood samples were incubated with hydroeti@diSigma Aldrich) (final concentration
1.5 pg/mL) for 15 minutes at 37°C, then stimulatéth either 16 Aspergillusconidia (rest-

ing or germinating), 5 ng/mL LPS or PBS as confool45 minutes at 37°C. Then PMA (final
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concentration: 10 uM) or PBS was added for 5 mgusamples were then analyzed by flow
cytometry.

Video microscopy and NETs formation assessmeninteractions betweeAspergillusand
neutrophils were visualized using a Zeiss Axio Mgaope (Carl Zeiss, Germany). After 3
hours of co-culture, Sytox green (Life Technoloyjwas added to each well at a final dilution
of 1/5000. Images were processed and hyphal lemghmeasured using ImageJ software.
Quantification of NETs formation was evaluated esvpusly describedwith ImageJ.
Statistical analysis.GraphPad Prism 5 was used for statistical anal{GesphPad software,

La Jolla, Calif).

RESULTS.

Patient characteristics.

Patient data are presented in Table 1. Mean dambrecipient ages were 47 (range 19-67)
and 44 (20-69) years respectively. There were 28 arad 13 female donors and 19 male and
18 female recipients. No significant differencesravebserved concerning age (p=0.25 by
Student test) or sex ratio (p=0.39 by Chi-squas#).tdhe main single indication for HSCT
was acute myeloid leukemia (40.5 % of patients)fauphoproliferative disorders (i.e. lym-
phoma, lymphoid leukemia and myeloma) collectivabcounted for 43% of cases. Other
diseases included primary myelofibrosis and myedpthstic syndrome.

The majority of patients (86.5%) were transplantgtth a matched related donor. Condition-
ing regimens were mainly busulfan-based with reduo¢ensity (54.1%) or myeloablative
(29.7%). All patients received GvHD prophylaxis @iwing a calcineurin inhibitor-based reg-
imen plus other drugs depending on the type ot gwad conditioning.

Neutrophils were collected from patients in thetfimonth (recovery from neutropenia) and at

two, six and ten months post-HSCT. Recovery fromtnopenia (“recovery” hereafter) was
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defined as the day where the neutrophil count becaB®0/mm3 (although for one patient
we founda posteriorithat this value was not reached). At recovery (are@0 days), all pa-
tients were receiving a calcineurin inhibitor, usuayclosporine (88.6%). No patients had
corticosteroid therapy. Due to patient death os lts follow-up, 10-month samples were
available for only 10 patients. The characteristt®lood samples and immunosuppressive
drugs regimens at one, two, six and ten monthsld8€T are presented in Table 2. Only
donor-derived cells were detectable for all inciidecipients after approximatively two

months post-transplant (data not shown).

Neutrophil surface molecule expression after HSCT

The surface expression of CD11b (also known agiimealpha M), CD62L (or L-selectin)
and CD66 was evaluated at the basal level andwollp stimulation by resting/germinating
conidia or LPS. In association with tfgintegrin (or CD18), CD11b forms the heterodimeric
integrin macrophage-1 antigen involved in the adimeand migration of leukocytes. CD11b
is expressed at the surface of neutrophils aftgrasheilation as it is contained in secondary
and tertiary neutrophil granules. CD62L is involiedransient tethering of the neutrophils to
the endothelial surface. The shedding of CD62L mark activation of the neutrophils. CD66
is specific to secondary granuf@sSurface expression of the major pattern recagmitecep-
tors TLR-2, TLR-4 and dectin-1 were also assesseddw cytometry. Neutrophils were
found to be activated in only a limited manner bgting conidia but they were strongly acti-
vated by germinating conidia, as evidenced by arease in CD11b and CD66 expression
and a decrease in CD62L expression (Figure 1a atadrbt shown). As tested, LPS induced
high activation. There were however no observeféi@dihces over time. It is also noteworthy
that no differences were observed between donadspatients during recovery except as

concerns the expression of CD66, which was higfter the graft (Figure 1 a-b). In compari-
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son with the donors, the expression of TLR4 andinlelid not change but TLR2 diminished

slightly in recipients during recovery (Figure 1c).

Neutrophil reactive oxygen species production afteHSCT.

As it is a major anti-pathogen mechanism of neuilespthe production of reactive oxygen
species (ROS) was analyzed at a basal level alwivioh exposition to resting/germinating
conidia or LPS. Resting conidia caused a moderaidugtion of ROS while germinating

conidia led to an important oxidative burst (Figdre-e). The level of ROS production was
highly dependent on the stimulus (p<0.0001 by 2-Wa§OVA), but it remained similar be-

tween recipients and their donors, and stable twer (p=0.96).

Neutrophil inhibition of Aspergillus hyphae growth.

Samples were available from 23 donors and 33 mipiat recovery to tesispergillushy-
phae growth inhibition by neutrophils. This test also permitted 19 paired sample compari-
sons. Unpaired (figure 2a) and paired (figure 2iglgsis showed a highly statistically signif-
icant decrease of the ability of neutrophils to pamfungal growth during the recovery,
compared with healthy donors.

Interestingly, there were no differences concerrilmg ability of neutrophils to inhibit the
development of resting conidia (data not shown)n@e, no correlations were observed be-
tween, on one hand, the period between engraftem@hsampling, and on the other, the per-
centage of inhibition. There was also no link betwéhe absolute neutrophil count at the

time of sampling and the ability of neutrophilsnibibit Aspergillusgrowth (data not shown).
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Effect of calcineurin inhibitors on neutrophil impairment of Aspergillus hyphal growth.
During the study, some patients in recovery hadrophils that were as effective as controls
at inhibiting Aspergillusgrowth. This was not related to time to engraftméype of gratft,
type of conditioning, or absolute neutrophil coimblood. But interestingly, we found that
these patients had low plasma calcineurin inhibttough concentrations. Indeed, these
treatments are difficult to balance and therefagutarly monitored. Considering this, we
compared the neutrophils of patients with low plastalcineurin inhibitor trough concentra-
tions (i.e. <120 ng/mL for cyclosporine and <6 nb/far tacrolimus) to those of patients with
normal trough concentrations (i.e. >150 ng/mL af@ rg/mL) forAspergillusinhibition and
found that this latter was significantly greaterpatients with low plasma concentrations
(Figure 3a). Moreover, Pearson correlation analgh®wed a certain link between the per-
centage of inhibition and the plasma calcineurinmibitor trough level (r = -0.39; p<0.05)
(Figure 3b). To strengthen the hypothesis thabtieerved effect was due to a pharmacologi-
cal effect and not a generic effect of recoveryichs a very complex phenomenon, we per-
formed growth inhibition tests using neutrophilsnfr patients recovering from autologous
stem cell transplantation, where calcineurin inoits are not administered. In this setting, we
found no defects in the ability of neutrophils nopair Aspergillusgrowth (Figure 2a).

We also performeth vitro experiments to further assess the hypothesic#beiheurin inhib-
itors were correlated with reduced neutrophil imion. When blood sampled from healthy
donors was incubated with cyclosporine at 37°C2fdrours, the subsequently isolated neu-
trophils showed diminished activity in termsA&épergillusgrowth inhibition, in comparison
to untreated controls (Figure 4). Cyclosporine tlappears to impair neutrophil activity

againstA. fumigatushyphae.

Alterations to NETs production in early post-HSCT period.
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Neutrophils can exert their function through diéilet mechanisms including phagocytosis,
ROS production, degranulation and NETs productAsdiscussed above, neither ROS pro-
duction nor degranulation (investigated by CD118 @66 surface expression) were altered
in the present study. Neutrophils cannot phagoeytigohae due to their size and support ad-
hesion but it has been shown that they produce NiE€entact withAspergillusconsequent-

ly inhibiting its growth'™ *2 We thus investigated the production of NETs bytrephils and
their effects on fungal growth in both HSCT patteand healthy donors.

Neutrophils were co-cultured withspergillusfor three hours and NETs production was visu-
alized using Sytox green. In accordance with tiselte presented abovaspergillusgrowth

as assessed by hyphal length measurement durintprésehour culture was greater in pa-
tients than in controls; inhibition dspergillusgrowth requires contact between the fungus
and neutrophils (Figure 5a). The DNA area of theo$yositive cells was measured as pre-
viously described for NETs quantification. Controls had a greatember of Sytox-positive
cells than patients did (Figure 5b). The resultstimdicated that neutrophils of patients pro-

duce less NETSs than those of controls (Figure 5c-e)

Evolution of neutrophil inhibition of Aspergillus growth and restoration of inhibition
with cessation of immunosuppressive therapy.

The evaluation of neutrophil action agaistpergillusshowed significant variations over
time (Figure 6). Due to their general and previgusported effect on immunity again&s-
pergillus** ! the administration of corticoids increased theairment of neutrophil activity
against hyphae. Importantly, in the 10 patientslisti 10 months after the HSCT and for
whom immunosuppressive therapies were stoppedrmiderably reduced, the percentage of

Aspergillusgrowth inhibition was restored to the control (dognlevel. These results indicate

first that the effect of calcineurin inhibitors magld to other immunosuppressive effects, and
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second, that these effects are not permanentasit \ehen treatment is stopped or decreased

within some number of months.

DISCUSSION.

The few studies that have focused on the behaviaewotrophils following HSCT provide a
range of results suggesting moderate to no alteratin oxidative burst or antimicrobial ac-
tivity *°. For the present study, we aimed at evaluatingroghil function in HSCT recipients
compared to that in healthy donors as concernsgdjer human pathogen maokspergillus
We found that oxidative burst and surface moleexigression at basal levels and following
stimulation did not vary significantly over time,ittv the exceptions of CD66, which was
more highly expressed during recovery, and TLRZgchhvas slightly less expressed. How-
ever, our results show that the recovery perioassociated with a dramatic decrease in the
ability of neutrophils to inhibitAspergillushyphae growth, and that the use of calcineurin
inhibitors may play a large role in this impairmelnis well known that HSCT recipients are
particularly at risk for invasive aspergillosis,tramly during the neutropenia period but also
after engraftment. It should be acknowledged howehat neutrophil recovery is not the
most at-risk period since antifungal prophylaxis@sv widely used, and furthermore that the
use of a calcineurin inhibitor is probable not $yngufficient to trigger invasive aspergillosis
although cases of aspergillosis in patients rengigiyclosporine have been reportédNev-
ertheless, aspergillosis breakthrough in patiemtsiving antifungals is not rafé **and the
assessment of the ability of neutrophils to cotyeictpair (or not)Aspergillusgrowth could

be used to evaluate the risk of invasive aspesiilo at-risk patients and thus contribute to
reducing the fungal risk. Nonetheless, calcineumimbitors do appear to add to other ac-
quired or potential innate immune deficiencies thagether, favor the appearance of fungal

disease, which can occur any time after HSCT. lddapproximately 20% of invasive mold
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infections are diagnosed early (<40 days after HS@0% late (between 40 and 100 days
after HSCT) and 40% very late (>100 days after HSETWhether this defect favors the
occurrence of invasive aspergillosis and adds tete disorders (e.g. TLR-Z or IL-1p )

will need to be assessed in further studies.

For years, calcineurin inhibitors have been thoughgxert their activity almost exclusively
by targeting lymphocytes. However, over the past jears, a growing body of evidence
suggests that they also have important effectswoaté immunity. In mouse models of inva-
sive aspergillosis, the administration of cyclosperhas been shown to shorten survival®
However, non-concordant results have been repamtether animal studies and it remains
unclear if cyclosporine alone is sufficient to fatbe development of invasive aspergillosis
23.24 More recently, Greenblagt al usedin vitro and murine models to show that calcineurin
regulates neutrophil immunity against the yeg@andida albicans. They reported that mice
treated with cyclosporine were more highly sust#ptio disseminate€andida infection
than were controls and that both calcineurin defitineutrophils and cyclosporine treated
neutrophils showed impaired response towaaddida More recently, Tourneet al showed
that cyclosporine impaired human neutrophil functibut their patients were kidney trans-
plant recipients who were also receiving corticthdrapy, a known modifier of neutrophil
function?>.

Neutrophils can act against extracellular pathodsneeleasing neutrophil extracellular traps
(NETS), which are composed of a DNA web contairhiggjones and proteins with antimicro-
bial activity, such as lactoferrin or elastd8eMcCormicket al reported that NETs were able
to reduce the polar growth #kpergillushyphae*. Interestingly, a recent study reported that
cyclosporine reduced interleukin-8-induced NETsrfation®’.

Calcineurin inhibitors modulate several pathways|luding NFATc, NFkB or AP-12% 29

Thus, they not only inhibit the phosphatase agtigitcalcineurin but also the peptidyl-prolyl
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cis-transisomerase activity of their respective receptdiedaimmunophilin. It would be of
interest to test the range of inhibitors that tatge complex calcineurin pathw@dyo uncover
the mechanism by which NETs are processed. It waldd be of great interest to know
whether targeting one or the other of these patewaguld inhibit only alloreactive
memory/effector T cells, therefore preventing ragt or GvHD, without impairing the in-
nate immunity necessary for infection preventioor RFow, there is not enough data to accu-
rately describe the mechanism by which calcineunimbitors limit NETs formation. Addi-
tionally, published results often appear contramtict Guptaet al found that NETosis was
reduced dramatically by cyclosporine and ascomyamanalogue of tacrolimus,) while ra-
pamycin, which targets the mammalian target of maman (mTOR), had only a small effect
%’ Inversely, McInturffet al found that NETosis was inhibited by rapamycin tott by tacro-
limus *. We underline however that those two studies atféerent agents to induce NETo-
sis: interleukin-8 for the former and LPS for théér. In our work, we found that neutrophils
sampled from patients in recovery were less efficeg inhibiting Aspergillusgrowth than
those collected from healthy donors. ROS productvas not impaired during recovery and
no correlation was observed between the percermbgeibition and the level of oxidative
burst following stimulation by germinating conididata not shown). In contrast, Stuehder

al reported recently that the ROS production of rapltils collected from HSCT patients and
stimulated byAspergilluswas altered 30 days after the griftinterestingly however, their
results also indicate that the percentage of fudgahage mediated by neutrophils was de-
creased in HSCT patients compared to controls, swvpatients with normal ROS production
31 In accordance with that, it has been shown tiabsporine does not impair ROS produc-
tion %, Finally, in our microscopy experiments, we obserthat in co-cultures witAspergil-
lus, neutrophils sampled from patients in recoverydpoed less NETs than those sampled

from healthy donors, with a higher rate of fungadwgth. However, rather than a specific ef-
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fect on NETosis, it seems that this diminished NEdduction is more generally a reflection
of a lower neutrophil death rate. The implicatidrcalcineurin in cell death was first reported
long agd? and the enhancement of cell survival with theafsgalcineurin inhibitors has been

observed with different cellular typ&% 34

CONCLUSION.

This study exposes a previously unknown deficiende antifungal response of innate im-
munity of grafted patients. In hematopoietic stegtl tansplant recipients, neutrophil-driven
immunity againsitAspergillus fumigatuss altered during the first month post-transplaut:
ministration of calcineurin inhibitors plays an iorgant role in this impairment, in stark con-
trast to the classical view of these inhibitora#iscting only adaptive immunity. The specific
pathway by which these drugs alter neutrophil antil response and NETs formation must
now be investigated in further studies, with thdipalar goal of enabling the development of
more specific therapeutic alternatives capablenbibiting alloreactive effector T cells with-
out impairing the basic functions of innate immurgells. Attaining this goal will be chal-

lenging but it is also vital for improving caretwoth HSCT and solid organ transplants.
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Table 1: Characteristics of patients included mgtudy and their conditioning regimens

RIC: reduced-intensity conditioning; MAC: myeloatla conditioning



493 2 Myeloablative conditioning involved either totabdy irradiation and cyclophosphamide

494  (n=6) or busulfan and cyclophosphamide (n=5)

495
Mean age in years (minimum-maximum) 44 (20-69)
Male/female sex 19/18
Acute myeloid leukemia 15 (40.5)
Lymphoma 9 (24.3)
Lymphoid leukemia 5(13.5)
Disease: n (%)
Myelofibrosis 3(8.1)
Multiple myeloma 2 (5.9)
Others 3(8.1)
Matched related donor 32 (86.5)
Type of donor Matched unrelated donor 1(2.7)
Haploidentical related donor 4 (10.8)
Bone marrow 14 (37.8)
Type of graft: n (%)
Peripheral stem cell 23 (62.2)
Busulfan-based RIC 20 (54.1)
Thiotepa-based RIC 3(8.1)
Conditioning  regi-
men: n (%) MAC? 11 (29.7)
Fludarabine and cyclophosphamide 3(8.1)
496
497
498
499
500
501
502
503

504 Table 2: Characteristics of blood samples and inoauppressive drugs regimens 1, 2, 6, and

505 10 months post-transplant.



506

Month 1 Month 2 Month 6 Month 10
Number of samples tested 35 29 18 10
3280 /

2710 /3480 /

Neutrophil count: mean / median | 2680 / 2190 3350
(cells/uL) [minimum-maximum] [300-6860] | 2260 [330- | 2680 [880- | 11y
6320] 7050] 6010]

% of neutrophils: mean / median|52.48 / 52615 / 56|59.7 / 59|56.6 / 60
[Minimum-maximum] [7-78] [29-92] [30-89] [19-74]

Time to engraftment: mean / median | 21.7 / 20 [13- |64.5 / 63186 / 183|313/ 318

[minimum-maximum] (days) 37] [54-85] [173-203] | [268-336]
Cyclosporine 28 (80) 25 (86.2) 1(5.6) 1(10)
Tacrolimus 3(8.6) 1(3.4) 2(11.1) 0
Mycophenolate mofetil | 0 1(3.4) 0 0
Immuno-

Cyclosporine + myco-

suppressive . 3(8.6) 1(3.4) 1(5.6) 1(10)
regimen phenolate mofetil
(% of pa- ; .
wents) | prenolate motedl | 129 [269) |0 0
Sirolimus 0 1(3.4) 2(11.2) 1(10)
Corticoid 0 10 (34.5) |5(27.8) 1 (10)
None 0 0 9 (50) 7 (70)
507
508
509
510
511
512
513
514

515 Figure 1: Post-engraftment evolution of surface m@&cule expression and reactive oxy-

516 gen species production by neutrophils
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la: Expression of CD11b and CD66 by flow cytomehltgutrophils were collected at differ-
ent time-points after HSCT and stimulated withirgsbr germinatingAspergillusconidia, or
lipopolysaccharide (LPS). Bars represent mean élsmence intensity (MFI) with whiskers
for the standard error of the mean.

1b: Expression of CD11b, CD66 and CD62L on neutitegampled from donors or recover-
ing HSCT patients and stimulated by germinatikgpergillusconidia. Long horizontal bars
indicate mean fluorescence intensity (MFI) with gHiars for the standard error of the mean.
1c: Surface expression of TLR2, TLR4 and Dectimlneutrophils sampled from donors or
recovering HSCT patients. Long horizontal barsgatk mean fluorescence intensity (MFI)
with short bars for the standard error of the mean.

1d: ROS production by neutrophils according toedéht stimuli at different time points after
HSCT. Bars represent mean fluorescence intensigi)Mith whiskers for the standard error
of the mean.

le: ROS production by neutrophils sampled from deray recovering HSCT patients and
stimulated by germinatingspergillusconidia. Long horizontal bars indicate the meathwi
short bars for the standard error of the mean.

*: p<0.05; **: p<0.01; ***: p<0.001

Figure 2: Ability of neutrophils to hamper Aspergillus hyphae growth is impaired dur-

ing recovery from neutropenia. Isolated neutrophils sampled from donors, allog@miau-
tologous HSCT recipients during recovery were iratall with germinating conidia in a 96-
well plate for 15 hours at 37°C with 5% g@\fter washing, fungal growth was assessed by
fluorescent probe. Growth inhibition was calculasesdl — (ratio of the fluorescence intensity
of the well with neutrophils andspergillusto that of the well withAspergillusonly) and ex-

pressed as a percentage. Figure 2a: Comparisamhibition between neutrophils from 23
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donors, 33 allogenic and 4 autologous graft renigiat a ratio of 16 neutrophils for one ger-
minating conidia. Long horizontal bars indicate thean with short bars for the standard er-
ror of the mean. Figure 2b: Paired comparison betweeutrophils sampled from 19 HSCT

recipients and their respective donors. **: p<0,005p<0.001

Figure 3: calcineurin inhibitors reduce the ability of neutrophils to inhibit Aspergillus
hyphal growth. Figure 3a: Neutrophils sampled from patients widihmal calcineurin inhibi-
tor trough levels (i.e. >150 ng/mL for cyclosporiaed >10 ng/mL for tacrolimus) are less
capable of inhibitingAspergillusgrowth than those retrieved from patients with lwaugh
levels (i.e. <120 ng/mL for cyclosporine and <6émp/for tacrolimus). Long horizontal bars
indicate the mean with short bars for the standardr of the mean. Figure 3b: Correlation
(Pearson test) between the percentage of inhibitigkspergillusby neutrophils (y-axis) and
the percentage of target plasma calcineurin intilitough level (x-axis). Target concentra-
tion was defined as 150 ng/mL for cyclosporine 48dng/mL for tacrolimus. Analysis in-
cluded 26 patients receiving cyclosporine and 8pt receiving tacrolimus. Concentrations
were determined the day or the day before neutr@aimnpling, except for two patients for
whom concentration values had been determined fays tefore sampling and one patient

five days before.

FEigure 4: A calcineurin inhibitor diminishes the ahility of neutrophils to inhibit Aspergil-
lus growth. Blood collected from healthy donors was incubdtadwo hours at 37°C with
cyclosporine (CsA; final concentrations of 500 nlg/and 1000 ng/mL) or equivalent DMSO
vehicle as control. Subsequently isolated neuttsphiere used for aAspergillusgrowth

inhibition assay. The neutrophils pre-incubatedhvayclosporine showed decreased fungal
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inhibition compared to the untreated controls. Laoiaghed bars indicate the mean with short

bars for the standard error of the mean. *: p<0*@1p<0.005

Figure 5: Neutrophil death and NETs formation is dereased during recovery in allo-
genic HSCT recipients.

Neutrophils sampled from HSCT patients during recg\wor from healthy donors were incu-
bated with germinating\spergillusconidia for 3 hours at 37°C with 5% G a 96-well
plate placed on a Zeiss Axio Microscope (Carl Zedsrmany). Pictures were taken every
minute. Sytox green (Life Technologies) was adaedach well at a final dilution of 1/5000
at the end of the experiment. Images were procemsedyphal lengths measured using Im-
ageJ software. Quantification of NETs formation veasluated as previously described by
Papayannopoulacet al® with ImageJ.

5a. Growth ofAspergillushyphae (in um) after 3 hours of culture with otheut neutrophils
sampled from HSCT patients or controls. Length wesasured for hyphae in contact with
neutrophils and for those that were not. InhibitafrAspergillusgrowth (in um) by neutro-
phils requires contact and is altered in HSCT pa#dieResults are representative of experi-
ments with 4 patients and 4 controls. Bars repteseans with whiskers for the standard
error of the mean.

5b. The death rate (assessed by Sytox green) tnopdils sampled from controls is higher
than in neutrophils collected from patients.

5c. Images of 2 independent experiments showingyhieal aspect of NETosis in controls
while the neutrophils of patients show aspects atroe of apoptosis/necrosis.

5d-e. NETs formation assessed by measurement arfeanabove 400 um? is higher with con-
trol neutrophils than with HSCT patient neutrophals assessed by the repartition of the

Sytox-green-positive neutrophils according to treaaf signal (5d) and the percentage of the



591 Sytox-green-positive neutrophils that underwent W&3, i.e. with signal area >400 fim
592  (5e).

593

594 Figure 6: evolution of Aspergillus hyphae growth inhibition by neutrophils sampled
595 from HSCT recipients. Growth inhibition is impaired during recovery knesstored after 10
596 months. Adjunction of corticoid in patients who d®ped graft versus host disease is related
597 with a trend toward a reduction of the ability afutrophils to inhibit fungal growth. Bars
598 represent means with whiskers for the standard efrthe mean. *: p<0.01; **: p<0.005; ns:

599 non-significant.
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