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Human TH17 cell development
requires processing of dendritic
cell–derived CXCL8 by neutrophil
elastase
To the Editor:
IL-17–producing effector CD41 helper T cells (TH17 cells)

have been identified as crucial cells in the defense against
FIG 1. Neutrophils are essential for the induction of hu

memory TH17 cells analyzed after coculture with C a
patients with different functional neutrophil defects. B

naive T cells were cocultured with C albicans–activated
after a resting phase. Shown are pooled data of the

Fig 1, B), and RORC2 and IL-17A mRNA expression in

n 5 9, mean 6 SEM). D, T-cell proliferation (measure
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*P < .05, **P < .01, and ***P < .001.
pathogens such as bacteria and fungi, which are effectively
challenged through amplification of neutrophil activity.1

Indeed, patients with inborn errors in IL-17 expression or the
IL-17Rs suffer from severe mucocutaneous candidiasis.2

On the other hand, TH17 cells are implicated in the
pathogenesis of various chronic inflammatory diseases, including
autoimmune diseases. Although in mice the factors for initiation
(IL-6/TGF-b) and stabilization (IL-21/ICOSL/IL-1b/IL-23) of
TH17 cells from naive CD41 precursors are known, the factors
that mediate human TH17 cell development are still under
debate.3

The development of effector T cells is directly driven by
pathogen-primed dendritic cells (DCs), while innate effector
cells may affect DC function and amplify polarization into
specific T-cell subsets.4 Therefore, we hypothesized that
neutrophils, the innate effector cell associated with TH17 cell
responses present in peripheral tissues and lymph nodes during
infections,5 may amplify or initiate the development of
DC-driven TH17 cells from naive human CD41 T cells. In line
with this hypothesis, we found that patients with impaired
neutrophil function (for details, see the Methods section in this
article’s Online Repository at www.jacionline.org) had no or
man TH17 cells. A, Percentage of C albicans–specific
lbicans–activated DCs. Cells were isolated from 4

and C, Highly pure human CD41CD45RA1CD45RO2

DCs with or without neutrophils and restimulated

percentage IL-17–expressing cells (healthy donors,

antigen-specific T cells sorted on day 13 (Fig 1, C,
d by CFSE dilution) in different culture conditions.

idyl ester; Tn, naive T cell; Tmem, memory T cell.
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FIG 2. NE processes CXCL-8(77) into CXCL-8(72), which is necessary for human TH17 cell development.

TH17 cell development from highly purified human CD41CD45RA1CD45RO2 naive T cells upon coculture

with C albicans–activated DCs with or without neutrophils (healthy donor vs FHL-5 patient) (A), or with

supernatant from fMLP-activated neutrophils (B), or in the presence of SIRL-1–activating antibodies

(C), Sivelestat, a selective NE inhibitor (D), NE (E), recombinant CXCL-8(77) or CXCL-8(72) (G), or reparixin,

a specific inhibitor of CXCR1 and CXCR2 (H) (all n 5 3, mean 6 SEM). F, A representative silverstain of

CXCL-8 immunoprecipitated from culture supernatants of indicated cocultures. I, TH17 cell development

from CD41CXCR11 T cells sorted 4 days after activation with C albicans–activated DCs in the presence or

absence of neutrophils (n 5 5, mean 6 SEM). J, TH17 cell development from naive CD41 T cells after

activation with C albicans–activated DCs in the presence of different ratios of CXCL-8(72) and CXCL-8(77)

(n 5 3, mean 6 SEM). aSIRL, Anti-SIRL-1; fMLP, N-formyl-methionyl-leucyl-phenylalanine; Rel. % IL-171

cells, relative expression of IL-171 cells in specific conditions normalized to conditions with neutrophils;

SIRL-1, signal inhibitory receptor on leukocytes-1; Tn, naive T cell; Tmem, memory T cell. *P < .05,

**P < .01, and ***P < .001.
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severely decreased percentages of TH17 cells in their CD41

memory T-cell compartment compared with healthy controls
(Fig 1, A). Moreover, DCs activated by heat-killed C albicans
hyphae were not able to induce the development of TH17 cells
from highly pure healthy human CD41CD45RA1CD45RO2

naive T cells. The presence of C albicans–activated neutrophils
(purity > 97%; see Fig E1, A, in this article’s Online Repository
at www.jacionline.org) was essential to induce TH17 cells as re-
flected by cytokine production and expression of TH17
cell–specific transcription factor RORC2 and IL-17A mRNA
(Fig 1,B andC; Fig E1,B). In contrast, the presence of neutrophils
did not affect TH1 cell development (TBX21 transcript
levels, IFN-g production; Fig E1, C-E), proliferation of
candida-specific naive T cells (Fig E1, F), or the in vitro
expansion of in vivo–formed IL-17–producing memory T cells
(Fig E1, G). It should be noted that contamination with minute
populations of contaminating memory (CD45RA2CD45RO1)
or recently activated (CD45RA1CD45RO1) T cells during the
activation of naive CD41 T cells in vitro resulted in a major
TH17 cell population independent of neutrophils (Fig E1, H and
I). Neutrophils alone were insufficient to activate naive or
memory CD41 T cells (Fig 1, D). In addition to monocyte-
derived DCs, human skin–derived Langerhans cells and dermal
DCs needed neutrophils to potently induce TH17 cells (see Fig
E2, A, in this article’s Online Repository at www.jacionline.
org). Also, TH17 cell formation in response to another fungus
(Aspergillus fumigatus) and to bacteria was dependent on the
presence of neutrophils (Fig E2, B).

Importantly, stimulation of FHL-5 patient-derived naive
CD41 T cells, neutrophils, and DCs by C albicans failed to
result in TH17 induction, indicating that degranulation
of neutrophils is essential for TH17 induction (Fig 2, A).
Indeed, supernatant of N-formyl-methionyl-leucyl-
phenylalanine–induced degranulated neutrophils from healthy
donors supported induction of C albicans hyphae-specific
TH17 cells (Fig 2, B). In addition, ligation of signal inhibitory
receptor on leukocytes-1, which limits neutrophil extracellular
trap (NET) formation,6 resulted in a strong inhibition of
TH17 cell induction (Fig 2, C). Because these data suggested
the involvement of soluble factors present in neutrophilic
granules or attached to NETs, we further investigated the role
of neutrophil elastase (NE). Remarkably, selective inhibition of
NE by Sivelestat completely abrogated the induction of
TH17 cells (Fig 2, D). Moreover, replacing neutrophils with
human NE resulted in similar TH17 cell development (Fig 2, E).
The amount of NE release upon C albicans–mediated
activation of neutrophils was irrespective of the presence of
DCs or T cells (see Fig E3, A, in this article’s Online Repository
at www.jacionline.org). Blocking of 2 other major neutrophil
granule components, that is, cathepsin G or myeloperoxidase,
did not affect TH17 cell development (data not shown).

NE is known to cleave CXCL8 of 77aa (CXCL8(77)) at
the N-terminus into the short form of 72aa, CXCL8(72).7

C albicans–activated DCs produced CXCL8, which was not
significantly augmented by neutrophils (Fig E3, B). Yet, the
presence of neutrophils resulted in a clear loss of CXCL8(77)
and induction of CXCL8(72) (Fig 2, F). Importantly,
rhCXCL8(72) but not rhCXCL8(77) strongly promoted
TH17 cell development from naive T cells by C albicans–
activated DCs without consistently affecting TH1 cell
development (Fig 2, G). Moreover, reparixin (inhibitor of
CXCL8Rs CXCR1 and CXCR2) inhibited TH17 cell formation
(Fig 2, H). While naive T cells lack expression of CXCL8Rs, a
subpopulation of T cells expressed CXCR1 after 4 days of
activation and more TH17 cells appeared to develop from
CXCR11 T cells than from CXCR12 T cells (Fig E3, C and
D). In line with these findings, only recently activated CXCR11

T cells that were primed in the presence of neutrophils (and thus
CXCL8(72)) developed into TH17 cells (Fig 2, I). Finally,
CXCL8(77), which binds to the same receptor as CXCL8(72),
dose dependently inhibited the induction of TH17 cells by
CXCL8(72) (Fig 2, J), explaining why low levels of
CXCL8(72) and abundance of CXCL8(77) produced by DCs
in the absence of neutrophils was insufficient to drive
TH17 cell development.

In conclusion, we show that neutrophils are essential for the
induction of human TH17 cells. Upon activation, neutrophils
release NE that processes DC-derived CXCL8 into a truncated
potent TH17 cell–inducing form. This novel insight is crucial
for the development of new strategies for treatment of both
bacterial and fungal infections and chronic inflammatory
disorders characterized by the presence of activated neutrophils
and/or TH17 cells that are linked to the pathophysiology of these
diseases.8 The efficacy of targeting neutrophils is supported in a
mouse model for inflammatory bowel disease showing that NE
inhibition ameliorated inflammatory bowel disease.9 Inhibition
of neutrophil activation, inhibition of NE, or blocking of
CXCL8 may provide a suitable alternative to prevent the
generation of TH17 cells.
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Characterization of drug-neutralizing
antibodies in patients with Fabry
disease during infusion
To the Editor:
Enzyme replacement therapy (ERT) leads to infusion-

associated reactions (IARs) as well as the formation of
neutralizing antidrug antibodies (ADA) in male patients with
Fabry disease (FD).1 Recently, we demonstrated that ADA are
also associated with increased left ventricular mass and
progressive loss of renal function.2 Furthermore, we also showed
that immunosuppression due to transplantation lead to a decrease
of ADA titers in affected patients.3 However, due to the lack of
standardized assays, the impact of ADAs on disease progression
is still controversially discussed and the isotype of antibodies is
yet unknown.1

In the current study, we aimed to identify the IgG isotype
mediating ERT inhibition in FD patients and to establish an
improved inhibition assay with minimized background signal by
application of isolated IgGs. Consequently, we used this
improved assay to determine the rescued galactosidase
A (GLA) activity of the infused enzyme overcoming neutralizing
ADAs. This approach may help optimizing therapy strategies by
individually tailored infusion dosages.

To demonstrate a direct effect of IgGs on ERT inhibition in
patients with FD and to overcome protocol-dependent
disadvantages limiting the application of currently used
inhibition assays,1 we modified the existing protocols for
inhibition measurements first described by Linthorst et al4 by
using purified total IgG antibodies from 24 patients with
definite serum-mediated inhibition status instead of raw
serum samples. The clinical characteristics of the patients are
described in Table E1 in this article’s Online Repository at
www.jacionline.org.

In comparison to serum-mediated inhibition assays with
samples from ERT-na€ıve patients, advanced inhibition assays
(AIAs) with increasing amounts of purified total IgGs from
ERT-naive FD patients (n 5 12) and samples from inhibition-
negative patients under ERT (n 5 9) demonstrated no significant
changes for rescued GLA activities and no significant background
signal (P5 .6869 and P5 .3139) (see Fig E1, A-D and Fig E2 in
this article’s Online Repository at www.jacionline.org). By
contrast, purified total IgGs from inhibition-positive patients
revealed a concentration-dependent significantly decreased
GLA activity (P 5 .0036) (see Fig E1, C and D). AIAs also
demonstrated different inhibitory capacity of neutralizing
antibodies per microgram total IgG in patients (Fig E1, E).

To determine the isotype of inhibitory IgG antibodies, we
measured IgG titers by ELISA before ERT (naive) and during
ERT (436 19 months) in 8 patients with known inhibition status,
demonstrating stable antibody titers in ERT inhibition-negative
(ERTi2) patients, while ERT inhibition-positive (ERTi1) patients
presented with up to 18-fold increased IgG4 titers (2.6- to
18.9-fold) (see Fig E3, A in this article’s Online Repository at
www.jacionline.org), which was confirmed by representative
Western blots (see Fig E4 in this article’s Online Repository at
www.jacionline.org). Between-group analysis confirmed the
IgG4 increase (ERTi2: 1.22 6 0.03 vs ERTi1: 9.80 6 3.40;
P 5 .0452). To demonstrate a direct effect of IgG4 antibodies
on ERT inhibition, we performed an antibody-based GLA
enzymatic activity rescue (GEAR) experiment, demonstrating
that the rescued GLA activity decreased significantly in patients
with specific anti-GLA IgG4 isotype antibodies by
218.76 2.3% (P < .001), while rescued GLA activity in patients
without anti-GLA antibodies remained unchanged (P 5 .4330)
(Fig E3, B). A different impact of agalsidase-a, or -b on IARs
or ADA formation was not observed. Of note, analysis of
lyso-Gb3 levels as a marker of disease burden and therapy
response revealed decreased levels in patients without
measurable ADAs after infusion (each n 5 4; 36.9 6 13.0 vs
90.6 6 29.9 ng/mL; P 5 .0093).

The general dose-response discussion has raised the question,
whether increased total infused ERT amounts per infusion might
overcome antibody titers. To analyze the impact of ERT on
antibody titers during infusion, total IgGs directly before (pre)
and after (post) infusions were purified and ERT inhibition per
microgram total IgG was determined from 8 ERT
inhibition-positive patients. Individual profiles demonstrated
differences in ERT inhibition directly after infusions (Fig 1,
A-H). Of note, we detected a significant correlation between
increasing amounts of ERT and reduced ERT inhibition after
infusion (Spearman r 5 20.8128, P 5 .0058) (Fig 1, I).
Consequently, we monitored ADA titers in patient 16 receiving
different amounts of agalsidase-b within 2 weeks (Fig 2). During
these 2 independent infusion settings, repetitive serum samples
(opposite arm, every 30minutes) were drawn. Interestingly, while
receiving 35 mg only a slight decrease of ADA titers was
observed (Fig 2, A) (P 5 .0881), and ADAs were still present at
the end of infusion. By contrast, 70 mg agalsidase-b caused a
significant decrease of ADA titers (P 5 .0013) (Fig 2, B).

By using a modified IgG-based inhibition assay, we
characterized neutralizing ADAs in male patients with FD. Our
main findings are (1) neutralizing ADAs against recombinant
GLA are of the IgG4 isotype, (2) the modified assay features
minimal background signal and allows improved FD patient
classification, and most importantly, (3) the total amount of
infused recombinant GLA per infusion correlates with the
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METHODS

Cell isolation
Human PBMCs were isolated from fresh, heparinized (Greiner Bio-One,

Alphen a/dRijn,TheNetherlands) blood fromhealthydonors. In a selected set of

experiments, peripheral blood of patients with diverse neutrophil function

disorders was used. The following patients were included: an ELANE patient

with congenital neutropenia, a patient with a defect in CARD9, the signaling

molecule downstream of the curdlan-recognizing Dectin-1, and 2 patients with

familial hemophagocytic lymphohistiocytosis (FHL-5), in which neutrophils do

not degranulate.E1-E4 Isolationwas performed by density gradient centrifugation

onLymphoprep (d5 1.0776 0.001g/mL;Axis-Shield,Oslo,Norway). PBMCs

were subsequently separated into monocyte and peripheral blood lymphocyte

(PBL) fractions by density gradient centrifugation on percoll (GE Healthcare,

Hoevelaken, The Netherlands). For this procedure, 3 different percoll solutions

were used (34%, 47.5%, and 60%, all in Iscove’s Modified Dulbecco’s Medium

[IMDM; Lonza, Verviers, Belgium] supplemented with 1% heat-inactivated

[HI]-FCS [Hyclone; Thermo Fischer Scientific Inc, Waltham, Mass] and genta-

mycin [86mg/mL,Duchefa BiochemieB.V.,Haarlem, TheNetherlands]).Upon

harvesting, the monocyte fraction was washed with IMDM supplemented with

1% HI-FCS and gentamycin. PBLs were simultaneously harvested and washed

withHBSS supplementedwith 2%HI-FCS and gentamycin. CD41 T cells were

isolated from the PBL fraction using a CD41 T-cell isolation kit II

(MiltenyiBiotec Inc,Leiden, TheNetherlands) andCD41CD45RA1 naive cells

were subsequently separated from the CD41CD45RO1 memory cells by posi-

tive selection of memory T cells using CD45RO-Phycoerythrin antibody

(DAKO,Heverlee,Belgium) andmagnetic-labeled anti-PEbeads (MiltenyiBio-

tec). Purity of the obtained naive T cells was alwaysmore than 99%, as analyzed

by fluorescence-activated cell sorting.

Monocyte-derived DCs were generated by plating 0.4 3 106 freshly

isolated monocytes in 1 mL in a 24-well plate in IMDM/1%

HI-FCS/gentamycin. The plate was incubated at 378C, 5% CO2 for 30 to

45 minutes and nonadherent cells were removed by washing with

IMDM/1% HI-FCS/gentamycin and monocytes were cultured in IMDM/5%

FCS/gentamycin with 500 U/mL recombinant human (rh) GM-CSF

(Schering-Plough B.V., Brussels, Belgium) and 10 U/mL rhIL-4 (Miltenyi

Biotec). At day 3, mediumwas refreshed as follows: 500 mLmediumwas dis-

carded and thewells were replenished with 500mL IMDM/5%FCS/gentamy-

cin containing 1000 U/mL rhGM-CSF and 20 U/mL rhIL-4. Immature

monocyte-derived DCs were harvested on day 6 or 7 for further experiments.

Epidermal and dermal cell suspensions were obtained from residual skin

obtained from plastic surgery. Overnight incubation at 48C in 0.2% dispase II

(Boehringer Mannheim, Mannheim, Germany) enabled separation of

epidermis and dermis, whereafter epidermal sheets were incubated in 0.25%

trypsin solution (5 minutes at 378C; Invitrogen Life Technologies, Breda, The
Netherlands) and dermal sheets in IMDM containing 0.2% collagenase D

(Boehringer Mannheim), 40 U/mL DNase I (Boehringer Mannheim), and 2%

FCS for 2 hours at 378C to yield single cells. After labeling with fluorescent-

conjugated mAbs (BD Biosciences, San Jose, Calif), highly pure (>95%)

CD1a1HLA-DR1 Langerhans cells and CD32CD142HLA-

DR1CD11c1CD451 dermal DCs were isolated by FACS (BD Biosciences).

Medical Ethical Committee approval number was METC 10/309.

Neutrophils were isolated from the erythrocyte pellet obtained after density

centrifugation on Lymphoprep. The erythrocyte pellet was transferred to a

new 50-mL tube (Greiner Bio-One) and erythrocytes were lysed in ice-cold

erythrocyte lysis buffer (containing 0.155 mol NH4Cl [Sigma-Aldrich], 1 mM

KHCO3 [Merck KGaA, Darmstadt, Germany], and 80 mM EDTA [Merck

KGaA], dissolved in sterile water, pH 7.3) for 15 minutes on ice. After

centrifugation, the pellet was lysed once more for 5 minutes on ice and

subsequently washed with PBS. Neutrophils were then resuspended in

IMDM supplemented with 5% HI-HS (Lonza, Verviers, Belgium) and genta-

mycin and kept on ice until use. Purity of the neutrophilswas alwaysmore than

97%, as analyzed by flow cytometry.

Microorganisms
C albicans cultures (clinical isolate) were maintained at the Department of

Experimental Microbiology, Academic Medical Center, Amsterdam. Yeast

particles were resuspended in IMDM supplemented with 10% HI-FCS w/o

gentamycin and plated on flat-bottom 96-well plates. (Pseudo-) Hyphae

were formed by incubating for 4 hours at 378C, 5% CO2, followed by

heat-killing for 2 hourrs at 708C. Haemophilus influenza strains ATCC9007

and ATCC608124 and Staphylococcus aureus (clinical isolate) were from

the Department of Experimental Microbiology. Aspergillus fumigatus was a

kind gift from T. Geijtenbeek, AMC.

Cocultures
Unless stated otherwise, cell cultures were done in IMDM supplemented

with 5% HI-HS and gentamycin at 378C, 5% CO2. Initial culturing was done

in 96-well plates (Costar, Corning Inc, Corning, NY) with 50,000 DCs and T

cells, 100,000 neutrophils, and 10,000 heat-killed C albicans hyphae per

well. Dependent on the growth of the culture, cells were transferred after 4

to 5 days of culturing to 24-well plates (Costar) and cultures were refreshed

every 2 days with rhIL-2 (20 U/mL, Novartis AG, Basel, Switzerland) con-

taining medium. FACS sorting of CXCL8R-positive cells was performed on

day 4 and sorted cells were cultured in medium alone as described above. For

coculture experiments the following reagents, enzymes, and cytokines were

used: rhCXCL8 (77 and 72, both from Miltenyi Biotec; 200, 100, and 50 ng/

mL), reparixin (MedChem Express, Monmouth Junction, NJ, 1 and 10 mM),

and human NE (Sigma-Aldrich, Zwijndrecht, The Netherlands, 0.2 U/mL).

anti-Signal inhibitory receptor on leukocytes-1 antibody was used as

previously described.E6,E7

For degranulation, neutrophils were incubated in medium at 378C in a

shakingwater bath when adding the (priming) agent cytochalasin B (5mg/mL,

Sigma-Aldrich, 5 minutes) and subsequent stimulation with N-formyl-me-

thionyl-leucyl-phenylalanine (1 mM, Sigma-Aldrich, 15 minutes). Hereafter,

supernatants were gently centrifuged to get rid of cells and cell debri and su-

pernatants were immediately used in experiments.

Quantitative PCR
RNAwas extracted NucleoSpin RNA Isolation Kit (Machery-Nagel, D€uren,

Germany) and first-strand cDNA (MBI Fermentas) transcribed according to

manufacturer’s instructions. Gene expression of RORC2 (forward 59-CCTGA
CAGAGATAGAGCACC-39, reverse 59-GTTCCCACATCTCCCACATG-39),
IL-17A (forward 59-CTTGGAATCTCCACCGCAAT-39, reverse 59-CGCAG
GACCAGGATCTCTTG-39), and T-bet (forward 59-CCTACCAGAATGCCGA
GATTACTC-39, reverse 59-GATGCTGGTGTCAACAGATGTGTAC-39) was

measured as described previously.E8 Results were normalized to UBC (forward

59-GTACCCTGTCTGACTACAACATC-39, reverse 59-GTGATGGTCTTGC
CAGTGAG-39), b2M (forward 59-AAGATTCAGGTTTACTCACGTC-39,
reverse 59-TGATGCTGCTTACATGTCTCG-39), and glyceraldehyde 3-

phosphate dehydrogenase (forward 59-GAAGGTGAAGGTCGGAGTC-39,
reverse 59-GAAGATGGTGATGGGATTTC-39).

CXCL8 determination
CXCL8 secretion in 48-hour supernatant of cocultures from DCs and

neutrophils was measured by ELISA from Invitrogen Life Technologies,

according to the manufacturer’s instructions.

For detection on gel, CXCL8 was immunoprecipitated from these

supernatants with an aCXCL8 antibody (clone 893A6G8, Invitrogen Life

Technologies) and amouse IgG-kappa light chain–coupled sepharose (clone

RM19, Sanquin Blood Supply, Amsterdam, The Netherlands). Precipitates

were run on a 12% PAGE (Novex; Invitrogen, Breda, The Netherlands) and

protein was visualized by silverstaining (SilverQuest, Invitrogen Life

Technologies) according to the manufacturer’s instructions.

Elastase ELISA
Released elastase in supernatants was measured using a sandwich ELISA.

Briefly, a microtiter plate coated with 1.5 mg/mL polyclonal rabbit IgG

directed against human elastase (Sanquin Blood Supply) was incubated with

supernatants diluted in PBS/0.1% Tween20/0.2% gelatin (PTG) for 1-hour
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shaking at room temperature (RT). After subsequent washingwith PBS/0.02%

Tween20, 1mg/mL biotinylated rabbit anti-human elastase diluted in PTGwas

added and the plates were incubated for 1-hour shaking at RT. Thereafter, the

plates were washed with PBS/0.02% Tween20 and streptavidin-horseradish

peroxidase (Amersham Life Science, Buckinghamshire, UK) diluted 1:1000

in PTG was added and incubated for 30 minutes at RT. Finally, after washing,

the plates were developed with 3,3’,5,5’-tetramethylbenzidine and conversion

was stopped by adding 2 mol H2SO4. The absorbance at 450/540 nm was

measured using a Titertek Multiscan (Flow Laboratories, Meckenheim, Ger-

many). Human NE purified from sputum (Elastin Products Co, Owensville,

Mo) in PTG was used as a standard.

Flow cytometry
For the determination of cytokine production by T cells, cells were

restimulated in round-bottom 96-well plate (Costar) by incubation for

5 hours at 378C, 5% CO2, in IMDM, supplemented with 5% HI-HS and

PMA (100 ng/mL), ionomycin (1 mg/mL), and brefeldin A (10 mg/mL) ob-

tained from Sigma-Aldrich. Cells were fixated in 3.7% formaldehyde

(Sigma-Aldrich) in PBS and subsequently permeabilized in 0.5% w/v sap-

onine in PBA (PBS-0.5% w/v BSA-0.05% v/v azide).

The following antibodieswere used:aIFNg-FITC,aCD45RA-FITC,aCD4-

APC (all BD Biosciences), aCD45RO-PE (DAKO), aCD66b-FITC (Sanquin

Blood Supply), aIL-17A-Alexafluor647 (eBioscience, San Diego, Calif), and

aIL-17A-Efluor660 (BioLegend, San Diego, Calif). aCD4-BB515, aCD16-

APC-Cy7, andaFcεRIa-FITCwere fromBDBiosciences and aSiglec8-PE and

CXCR1-APCfromBioLegend. FACSsorting of ex vivo skinDCswasperformed

with aCD1a-APC, aCD3-PE, aCD14-FITC, aHLA-DR-PerCP, aCD11c-PE-

Cy7, and aCD45-Pacific Blue (all BD Biosciences). A total of 10,000 cells

were acquired in the live gate on a FACSCanto (BD Biosciences) and further

analyzed using FlowJo software (Tree Star Inc, Ashland, Ore).

Statistics
Statistical analysis was performed using Graphpad Prism (Graphpad

Software, La Jolla, Calif). Data were analyzed by a t test or the Wilcoxon

signed rank test to compare groups. Data were presented as mean 6 SEM.

P values of .05 or less were considered significant.
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FIG E1. Neutrophils are required for human TH17 cell development from naive T cells. A, Purity of isolated

neutrophils (n 5 6, mean 6 SEM). B-E, Naive T cells were primed by C albicans–activated DCs in the

absence or presence of neutrophils and restimulated after a resting phase. Shown are IL-17 release

(Fig E1, B, n5 7, mean6 SEM), TBX21 (encoding T-bet) mRNA expression in antigen-specific T cells sorted

on day 13 (Fig E1, C, n 5 9, mean 6 SEM), percentage of IFN-g-producing T cells (Fig E1, D), and IFN-g

release (Fig E1, E, n 5 6, mean 6 SEM). F, The presence of neutrophils did not potentiate or inhibit the

proliferation (measured by CFSE dilution) of T cells. G, DC-mediated activation of TH17 cells from

C albicans–specific memory T cells in the absence or presence of neutrophils (n 5 6, mean 6 SEM).

H and I, Influence of the presence of memory and recently activated T cells on the percentage of

TH17 cells upon restimulation (n5 4, mean6 SEM). In Fig E1, H, Tn cells and/or Tmem cells were stimulated

by C albicans–activated DCs. In Fig E1, I, T cells were stimulated with anti-CD3/anti-CD28–coated beads in

the presence of IL-1b and IL-6, combined with neutralizing anti–IFN-g and anti–IL-4.E5 CFSE, Carboxyfluor-
escein succinimidyl ester; Tn, naive T cell; Tmem, memory T cell. *P < .05.
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FIG E2. The critical role for neutrophils in TH17 cell development is independent of DC subset and is not

restricted to C albicans. A, TH17 cell induction from purified human CD41CD45RA1CD45RO2 naive T cells

by human skin–derived Langerhans cells (LCs) and dermal DCs (DDCs) in the presence or absence of

neutrophils (n 5 3, mean 6 SEM). B, DC-mediated induction of yeast and bacteria-specific TH17 cells

from naive T cells (n 5 3, mean 6 SEM). *P < .05.
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FIG E3. Essential roles for NE and CXCL8 in inducing TH17 cell formation. A, NE concentrations in culture

supernatants collected 24 hours after activation with C albicans of indicated cocultures (n 5 5,

mean 6 SEM). B, Production of IL-8 by C albicans–activated neutrophils, DCs, and cocultures of both

(n 5 3, mean 6 SEM). C, Gating strategy for sorting CXCR11 T cells 4 days after starting a coculture of

C albicans–activated DCs and naive T cells, with or without neutrophils. D, TH17 cell development from

CXCR12 and CXCR11 T cells sorted as indicated in Fig E3, C, both derived from cocultures containing

neutrophils (n 5 5, mean 6 SEM).
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