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Neither IL-77A mRNA Nor IL-17A Protein Are
Detectable in Langerhans Cell Histiocytosis Lesions
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Langerhans cell histiocytosis (LCH) is a rare disease char-
acterized by heterogeneous lesions including CD207%/
CD1at dendritic cells that can result in significant mor-
bidity and mortality. The etiology of LCH remains specula-
tive, and neoplastic and inflammatory origins have been
debated for decades. A recent study identified abundant
interleukin-17 (IL-17A) protein in dendritic cells in LCH
lesions as well as in plasma from patients with active dis-
ease. Furthermore, it identified dendritic cells as a novel
source of IL-17A expression. However, subsequent studies
from our research group failed to identify any IL-17A gene
expression from CD207* dendritic cells or CD3* T cells in
LCH lesions. In this study, further investigation once again
fails to identify any cells in LCH lesions with IL-17A gene
expression. Furthermore, IL-17A antigen is undetect-
able in LCH lesion lysates with western blotting, immu-
noprecipitation, spectral analysis, and enzyme-linked
immunosorbent assay (ELISA). Western blots, immuno-
precipitation, and ELISA experiments also demonstrate
that antibodies used in original studies that established
the IL-17A hypothesis for pathogenesis of LCH recognize
nonspecific proteins. We conclude that evidence for IL-
17A as a significant factor in LCH remains inadequate and
clinical trials targeting IL-17A remain unjustified.
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INTRODUCTION

Langerhans cell histiocytosis (LCH) is a rare disease characterized
by heterogeneous lesions including characteristic histiocytes. LCH
is estimated to arise in 5-9 children per million and 1-2 adults per
million.'* As the name indicates, the origin of the cells has been
thought to be epidermal Langerhans cells of the skin due to the com-
mon findings of Birbeck granules with electron microscopy and co-
expression of CD1a and CD207 cell surface proteins.”” More recent
studies show that CD207 is not restricted to Langerhans cells, and
gene expression profiles of LCH lesion CD207* cells have features of
immature myeloid dendritic cells, suggesting that the pathogenic cells
in LCH may arise from circulating dendritic cells.*” The etiology of
LCH remains speculative with debates spanning decades regarding
inflammatory versus neoplastic origins.'*"* The clinical presentation

of LCH ranges from single lesions that can be treated with local
therapy to systemic disease that requires intensive chemotherapy or
bone marrow transplant. Strategies for treating LCH are based on a
lymphoma model of general immune suppression and cytotoxicity
to rapidly proliferating cells. While outcomes have improved with
coordinated efforts of international clinical trials, rational therapies
are required for further advances. Patients with recurrent and refrac-
tory disease remain a particular challenge. Therapy for patients with
LCH-associated neurodegenerative disease is also lacking.

A study in Nature Medicine by Coury et al'* described
high levels of interleukin-17A (IL-17A) protein in serum from
patients with LCH and identified dendritic cells in LCH lesions
as the source of IL-17A. This was a landmark report for several
reasons, including evidence for an immune etiology of LCH and
the first observation of IL-17A synthesized in vivo by dendritic
cells. IL-17A is a proinflammatory cytokine produced primarily
by a subset of T cells, Th17 cells, that activate an inflammatory
response important in clearing bacterial, fungal, viral, and pro-
tozoal infections. IL-17A is especially important for maintaining
host immune defense at mucosal surfaces (reviewed in refs. 15—
17). IL-17A is also associated with autoimmune diseases includ-
ing rheumatoid arthritis, psoriasis, inflammatory bowel disease,
and multiple sclerosis (reviewed in refs. 18-20). Many features of
LCH make a central functional role for IL-17A in LCH patho-
genesis plausible: histology of LCH resembles a granuloma with
recruitment of presumably normal leukocytes; bony destruction
of LCH lesions resembles bony destruction by stimulated osteo-
clasts in rheumatoid arthritis; and possible autoimmune etiology
of neurodegeneration in LCH.* Pathologic IL-17A expression is
now regularly cited as a likely factor for disease manifestations
of LCH.?* Targeted therapies against IL-17A are in phase 1 and
phase 2 trials for autoimmune diseases,”** and are being consid-
ered for treatment of patients with LCH.

Despite the arguments and evidence presented for a central
role for IL-17A in pathogenesis of LCH, our group has been unable
to substantiate this hypothesis. We previously reported our inabil-
ity to identify evidence of IL-17A expression in LCH lesions.”
Due to the significant scientific and clinical implications, we fur-
ther examined cell-specific IL-17A gene expression and IL-17A
protein in LCH lesions in order to reconcile the conflicting data.
We remain unable to identify evidence supporting IL-17A as an
important factor in LCH pathogenesis.
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Figure 1 Langerhans cell histiocytosis (LCH) lesion CD207" cell complementary DNA (cDNA) real-time PCR. Interleukin-17A (IL-17A) gene
expression in purified CD207% cells from LCH lesions is quantified using real-time PCR. cDNA was amplified from RNA isolated from purified cell
populations: CD2077 from LCH lesions and CD3* from control tonsils. The primer sets cover all three known exons of IL-17A: IL-17A-1 (exon 2-3),
IL-17A-2 (exon 2), and IL-17A-3 (exon 1-2). Expression of CD207 and SPP1 (encoding osteopontin) are included as positive controls for quality and
identity of the LCH lesion CD207% cells. Gene expression is described by the Ct, internally corrected for GAPDH expression with the following ACt
equation: {20-[Ct(Probe)-Ct(GAPDH)]}. The result is quantitative gene expression where absent gene expression equals zero and greater abundance
of cDNA, or higher levels of expression, is reflected by a larger number (log2 scale). These results demonstrate that none of the IL-17A probes amplify
detectable message in any of the 12 LCH lesion cDNA samples, where IL-17A is detected by all three probes in control CD3™ cells isolated from tonsils
processed in an identical fashion. As expected, CD207 and OPN expression are detected at high levels in all LCH CD207" samples, but absent from
the tonsil CD3* samples.

RESULTS Table 1 Langerhans cell histiocytosis (LCH) biopsy samples
IL-17A RNA is not detectable in LCH lesions Recurrent/
In our earlier study, we tested IL-17A RNA expression in two 1D Biopsy location  Age (years) Group  refractory
unsorted LCH lesions and in purified CD3* and CD207% cells  LCH-207-1.1  Skull 2 3 No
from 14 LCH lesions.” Delprat et al. suggested that our failure  1cH-207-12  Femur 23 2 Yes
to detect IL-17A in these populations may be due to (i) tissue- |~y 5075 Skull 78 3 No
specific rates of IL-17A RNA degradation, (ii) the IL-17A primer
. . LCH-207-3 Skull 6.1 3 No

sequence used in the reverse transcription-PCR may correspond
to isoforms with differential expression from canonical IL-17A, LCH-207-4 Lymph node 1 1 Yes
and (iii) restricted IL-17A expression by a CD1A1/CD207~ pop- ~ LCH-207-5 Ethmoid sinus 5.8 2 Unknown
ulation of dendritic cells (response to ref. 27). To address these = LCH-207-6 Skull 10.3 3 No
issues, we tested quantitative IL-17A expression in a new series [ cH.207-7 Skull 0.6 3 No
o'f LCH 1e510ns.as ‘well as control to.nsﬂs .that were harve§ted and LCH-207-8 Pelvis 3 ; No
viably frozen within 2 hours of surgical biopsy with identical pro-

. . . . LCH-207-9 Skull 7 3 No
cessing protocols. Real-time PCR using primer sets that together )
include sequence from all known IL-17A exons failed to detectany ~ LCH-207-10 Rib 2.6 2 Yes
IL-17A message in complementary DNA (cDNA) samples gener- ~ LCH-207-11 Skull 1.8 2 No

ated from purified CD207% cells from 12 different LCH lesions
(Figure 1). Quality and identity of the cDNA samples was verified
with CD207 and SPPI assays. SPP1 is highly expressed in LCH
lesion CD2077 cells.® Subjects in this series represent a range of

Group 1, multisystem high-risk LCH; Group 2, multisystem lower-risk LCH;
Group 3, single LCH lesion. Recurrent/refractory: “no,” first clinical evidence of
LCH; “yes,” previous biopsy documented pre-existing LCH

clinical groups from single lesion to high-risk multisystem LCH.
Clinical details of the LCH lesions used in this study are described
in Table 1.

We further evaluated the possibility that IL-17A could be
expressed in a dendritic cell or lymphocyte population other than
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CD207% cells. Specifically, we aimed to test the suggestion from
Delprat et al. that our previous failure to detect IL-17A message
in LCH lesions may be due to specific expression by a CDla%/
CD207~ population. Two representative LCH lesions were sorted
into several populations: all viable cells, CD1a*/CD207~ and

www.moleculartherapy.org vol. 19 no. 8 aug. 2011



© The American Society of Gene & Cell Therapy

IL-17A Is Not Expressed in LCH Lesions

T T
10°

CD1a-FITC

a
0.14
~
c
Qo
7]
@
T
O
-
0.00
L by | T
10° 10*
>
°
o
o 2
c €
o ©
7]
e 2
T
O
-
No antibody
b [N [N
o o o o
[sY) o A A
o 0o o 0o
o O o O
J S S S B B
T £ £ 3 % %
< 88 388 s
© @
T 2 I %% 9 2 9 B
2 2 2 2 T T T T I I g
e e & ¢ 9 2 9 9 9 8 2

Figure 2 Cell-specific interleukin-17A (IL-17A) expression in Langerhans cell histiocytosis (LCH) lesions. (a) Representative scatterplots from
two typical LCH lesions show that CD2077 cells that define LCH lesions co-express CD1a. CD207/CD1a™ cells are not identified, and CD1%/CD207~
cells are rare. (b) Semi-quantitative PCR of complementary DNA (cDNA) isolated from all viable cells from LCH lesions, CD1 at/CD207~ cells from
LCH lesions, CD1a%/CD207* cells from LCH lesions, and control tonsil cells show that IL-17A expression is not detectable in any LCH lesion cell popu-
lation using two different primer sets. IL-17A expression is detected in multiple control tonsil samples. CD1A and CD207 as well as control GAPDH

cDNA are amplified in specific cell populations as expected.

CD1a*/CD207". Finally, we used the IL-17A primer set from our
first study as well as an additional IL-17A primer set based on
coding sequence from a previously published study to evaluate for
the presence of IL-17A mRNA.?® The scatterplots of LCH lesions
are representative of all LCH lesions we have evaluated, where the
vast majority of dendritic cells co-express CD1lat and CD207%
(Figure 2a). The origin of the rare CD1a*/CD207~ population
has not yet been well-characterized in LCH lesions, though CD1a
isless specific than CD207 and may be expressed on some lympho-
cytes as well as dendritic cells.”” The standard clinical histopatho-
logic description of LCH lesions is generally defined by histiocytes
that co-express CD1a and CD207.>° We were once again unable to
amplify IL-17A ¢cDNA from any LCH lesions, including samples
enriched for CD1a*/CD207% and CD1a*/CD207 cells, but did
amplify IL-17A cDNA from control tonsil tissues processed in
parallel. As noted in Figure 2b, cDNA for GAPDH is amplified
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in all specimens, and CD207 and CD1a are amplified as expected.
Furthermore, IL-17A mRNA was undetectable in a separate study
analyzing gene expression in CD207% cells isolated from 13 LCH
lesions by the IL-17A-specific probes on Affymetrix U133 Plus
2.0 chips.® Taken together, these data are consistent with our pre-
vious report that failed to find evidence of any known forms of
IL-17A expression in any cells in multiple LCH lesions.”’

IL-17A protein is not detectable in LCH lesions

In the absence of RNA expression, it is difficult to explain the
presence of IL-17A protein. However, in order to further evalu-
ate the possibility of IL-17A protein expression in LCH lesions,
we tested three of the antibodies from the study by Coury et al.:
R&D Systems (Minneapolis, MN)—MAB3171 used for immu-
nohistochemistry; PeproTech (Rocky Hill, NJ)—#500-P07 and
PeproTech—#500-P07G used for enzyme-linked immunosorbent
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Figure 3 Interleukin-17A (IL-17A) protein detection in Langerhans
cell histiocytosis (LCH) Lesions. (a) Western blot analysis of LCH lesion
lysate, tonsil lysate, and recombinant IL-17A using antibodies to IL-17A,
CD207, CD1a, CD3, and actin. All of the tested antibodies to IL-17A bind
recombinant IL-17A as well as nonspecific proteins in LCH lesions and
tonsils. Antibodies to CD207 and CD1a are positive controls for the LCH
lesions, and antibody to CD3 is a positive control for tonsil lysate. The
CD3 antigen detected in LCH lesion 1 reflects T-cell infiltrate, which is
typical in LCH lesions. The CD1a detected in Tonsil lysate 1 likely reflects
T-cell expression of that protein. Antibody to actin is used as a loading
control. (b) Immunoprecipitation with IL-17A R&D MAB 3171 antibody
demonstrates differential affinity for 17 kDa band in LCH lesion and tonsil
lysates compared to recombinant IL-17A. The protein species bound by
the antibody in the LCH and tonsil lysates is displaced after three washes
with buffer, where recombinant IL-17A binding remains stable.

assay (ELISA) studies.* We found that all three antibodies
detected recombinant IL-17A with detection starting at 1ng for
the PeproTech antibodies and 5 ng for the R&D Systems antibody.
However, all three antibodies also bound other nonspecific pro-
teins (Figure 3a). The R&D Systems antibody strongly detected a
nonspecific 17kDa protein in LCH lesion lysate as well as in con-
trol tonsil lysate. While IL-17A protein typically runs at 17kDa
in sodium dodecyl sulfate gels, this protein was not detected by
either of the PeproTech antibodies (Figure 3a). Further evidence
that the 17kDa protein bound by the R&D antibody is not IL-17A
is demonstrated by differential affinity in immunoprecipitation
studies (Figure 3b). The R&D antibody can pull down recombi-
nant IL-17A, and recombinant IL-17A binding was not disrupted
by three washes with NP40 buffer. However, the 17kDa protein
pulled down from LCH lysates and tonsil lysates that was detected
before washing beads with NP40 wash buffer was disrupted by
three washes with NP40 buffer. In order to further characterize
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the proteins bound by IL-17A antibody, we performed immuno-
precipitation, cut Coomassie blue-stained protein bands ranging
from 15 to 18kDa from sodium dodecyl sulfate polyacrylamide
gel electrophoresis (Figure 4a), and analyzed the immunopre-
cipitation products with mass spectroscopy. While IL-17A was
detected by mass spectroscopy from the immunoprecipitation
experiments including recombinant IL-17A protein, no IL-17A
peptide sequence was detected from the immunoprecipitates from
LCH lysates or tonsil lysates (Figure 4a,b). If the 17 kDa band rec-
ognized by the R&D antibody with similar intensity as the puri-
fied IL-17A by western blot (Figure 3a) was endogenous IL-17A,
it should have been recognized in tonsils and LCH lesions with
this method if it were present in these tissues at the concentration
suggested by the intensity of the western blot 17 kDa bands.

Because the limit of detection for IL-17A by western blot analy-
sis is 1 ng, ELISAs were performed to determine if lower levels of
IL-17A were present in LCH lysates. No IL-17A was detected in
LCH lysates but IL-17A protein could be detected in lysates from
tonsils processed with the same protocol that expressed IL-17A
in concentrations ranging from 56 to 212 pg/ml (Figure 4c). The
IL-17A protein concentration in the control tonsils correlates with
the relative abundance of RNA from expression studies described
above. As a positive control for the IL-17A ELISA, endogenous
IL-17A levels increased in media supernatant after tonsil lym-
phocytes were stimulated with PMA and ionomycin (Figure 4c).
Finally, IL-17A ELISA kits from three different manufacturers were
used to determine abundance of IL-17A in plasma from patients
with LCH (Figure 5). While the R&D Systems and Millipore-
Luminex kits (Millipore, Billerica, MA) failed to identify increased
concentrations of IL-17A in plasma from patients with active LCH,
the PeproTech IL-17A Development Kit demonstrated levels up to
2ng/ml in both pediatric control and LCH plasma samples. The
PeproTech kit is the system used by Coury et al. in their original
LCH study.'* Due to the very high levels of IL-17A in control and
LCH plasma in the PeproTech experiment as well as the component
IL-17A antibody analysis described above, we conclude that these
results are likely due to nonspecific binding. As a positive control,
increased IL-17A concentration was observed in supernatant from
stimulated peripheral white blood cells in all of these ELISA assays.
Overall, these analyses demonstrate that the antibodies to IL-17A
from the study that proposed a relationship between IL-17A and
LCH pathogenesis are able to detect true IL-17A peptide, but they
also detect a much larger mass of nonspecific proteins.

DISCUSSION

LCH is an extremely difficult disease to study. In addition to being
a rare condition, there are no validated in vitro or animal models.
Therefore, research has relied primarily on immunohistochemi-
cal analysis of frozen or paraffin-embedded biopsies. While this
approach may be useful, interpretation of data is challenged by
lack of appropriate control tissues, difficulty quantitatively analyz-
ing results and variability in antibody specificity. Our recent study
analyzing cell-specific gene expression in LCH found that many of
the genes previously reported as “upregulated” or “downregulated”
in LCH lesions had no difference in gene expression between LCH
lesion CD2077 cells and control skin CD2077" cells.® Quantitative
differences in results from gene expression and protein analysis

www.moleculartherapy.org vol. 19 no. 8 aug. 2011
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Figure 4 Quantitative analysis of interleukin-17A (IL-17A) protein in Langerhans cell histiocytosis (LCH) lesions. (a) Rectangular box indicates
the 15-18kDa gel area excised from Coomassie-blue staining of protein bands immunoprecipitated with IL-17A R&D MAB 3171 antibody. (b) Gel
slices were quantitatively analyzed for IL-17A sequence with mass spectroscopy. The y-axis normalized count of the spectra matching any of the pep-
tides in IL-17A protein. Endogenous IL-17A was not identified in the samples from LCH lysate or tonsil lysate, but was identified in the recombinant
IL-17A immunoprecipitate. (c) IL-17A concentration in LCH lysates, tonsil lysates, unstimulated and stimulated tonsil supernatants by enzyme-linked
immunosorbent assay. Endogenous IL-17A was detected in tonsil lysate and supernatant from stimulated tonsil lymphocytes as predicted levels, but

no IL-17A was detected in protein lysates from three different LCH lesions.

may occur due to differential turnover, small interfering RNA-
mediated RNA degradation or technical differences in assays, but
gene expression is a prerequisite for protein translation. In a bio-
logical sample one would expect to be able to validate identification
of an abundant protein with some evidence of gene expression.

In this case of IL-17A in LCH, our data suggest that nonspecific
antibodies are likely responsible for the incongruent RNA expres-
sion and protein data from our studies and those of Coury et al.'
Multiple primers and probes failed to detect IL-17A message in any
cells from LCH lesions, and the antibodies used to establish a role for
IL-17A in LCH demonstrate nonspecific binding to many proteins
in the lesions. It is possible that in other clinical contexts, IL-17A may
play an important role in dendritic cell function and granuloma for-
mation." However, we conclude that evidence for a role for IL-17A
in LCH pathogenesis remains inadequate and therapeutic strategies
targeting IL-17A or the IL-17A pathway in LCH are not warranted.

MATERIALS AND METHODS

Study enrollment. All studies were conducted under Baylor College of
Medicine institutional review board-approved protocols. Classifications
of single-system disease (single lesion excluding lungs, liver, spleen or
bone marrow), multisystem low-risk (multiple lesions excluding lungs,
liver, spleen or bone marrow), and multisystem high-risk (multiple lesions
including at least one lesion in lungs, liver spleen or bone marrow) are
based on clinical risk categories described by the Histiocyte Society.
Control plasma samples were collected from discarded clinical samples
from the hematology lab, and specimens with diagnosis consistent with
inflammation, infection or malignancy were excluded.

Isolation of specific cell populations from LCH lesions and control ton-
sils. LCH lesions and control tonsils were collected within 2 hours of surgi-
cal removal, viably frozen as single-cell suspension in Recovery Medium
(Invitrogen, Carlsbad, CA) and stored in liquid nitrogen. Samples were
thawed, then incubated with conjugated antibodies including CD207-PE
(Beckman-Coulter, Miami, FL), CD1A (BD Biosciences, Franklin Lakes,
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NJ), and CD3-FITC (BD Biosciences). Viable (propidium-iodide negative)
cells were isolated with a MoFlo flow cytometry sorter as described pre-
viously.® Cells from all samples were sorted directly into PicoPure RNA
Extraction Buffer (Molecular Devices, Sunnyvale, CA). RNA was then
processed according to manufacturer’s protocol. cDNA amplification was
performed with the WT-Ovation Pico System (NuGen, San Carlos, CA)
according to manufacturer’s protocol.

Quantitative real-time PCR. Real-time PCR reactions were performed
with TagMan Gene Expression Assays (Applied Biosystems, Foster City,
CA) including FAM dye-labeled TagMan MGB Probe (250 nmol/l final
concentration). Single stranded cDNA was generated from CD207" cells
from LCH lesions or from CD3™ cells from control tonsils as described
above. Each reaction included 20ng cDNA. TagMan Fast Universal PCR
Master Mix (Applied Biosystems) was used for 25-pl reaction in 96-well
plates on a iQ5 Real-Time PCR Detection System (Bio-Rad, Hercules,
CA). Assays were performed in duplicate. Thermal cycling conditions
were 3min at 95°C, then 40 cycles of 95°C for 10 seconds and 55°C for
30 seconds. Quantitative RNA expression was estimated by the following
ACt equation: {20—-[Ct(Probe)-Ct(GAPDH)]}. This method standard-
izes each sample according to GAPDH concentration with typical Ct =
20 cycles. TagMan probe sets included IL17A-1 (Hs00174383), IL17A-2
(Hs99999082_m1), IL17A-3 (Hs00936345), GAPDH (Hs03929097_g1),
CD207 (Hs00210453-m1), and SPP1 (Hs00960942_m1). (Relative gene
expression of IL-17A of in LCH CD207 cells have been evaluated in cDNA
from pooled LCH lesion CD207 cells in previous studies using primer
(Hs00174383).® None of the LCH CD207 cDNA:s in this series have been
used in previous publications.)

Reverse transcription-PCR. RNA was isolated from tonsil lymphocytes,
whole LCH lesions, LCH CD1a*/CD207% and CD1a*/CD207~ cell
populations using PicoPure RNA Isolation Kit (Applied Biosystems).
RNA was then reverse-transcribed into cDNA with the WT-Ovation Pico
Amplification System (NuGen) and 20ng of cDNA was PCR-amplified
using template-specific primers:

Interleukin 17A.1-F 5’-CCCCTAGACTCAGGCTTCCT-3

Interleukin 17A.1-R 5’-TCAGCTCCTTTCTGGGTTGT-3
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IL-17A ELISA: R&D systems
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IL-17A ELISA: PeproTech
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Figure 5 Comparison of plasma interleukin-17A (IL-17A) enzyme-
linked immunosorbent assay (ELISA) studies. ELISA was performed on
plasma samples for 46 pediatric control subjects and 26 patients with
active Langerhans cell histiocytosis (LCH), including 11 with multisys-
tem high-risk disease, 8 with multisystem lower-risk disease, and 6 with
single lesion disease. While the R&D Systems and Millipore assays fail to
identify increased IL-17A plasma protein in LCH subjects, the PeproTech
Development Kit demonstrates increased signal for both control and
LCH subjects. As a positive control, IL-17A is detected in supernatant
from peripheral white blood cells (WBCs) stimulated with PMA/ionomy-
cin in all of the assays. On the figure, 0 = control, 1 = multisystem high-
risk LCH, 2 = multisystem lower-risk LCH, 3 = single LCH lesion.

5-GAAGGCAGGAATCACAATC-3’
5’-GCCTCCCAGATCACAGA-3’

Interleukin 17A.2-F
Interleukin 17A.2-R

CD207-F 5-CAACAATGCTGGGAACAATG-3’
CD207-R 5-GGGGAAGAAAGAGGCATTTC-3’
1438
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CD1A-F 5’-GCTCCAGACACACCTGAACA-3’
CDI1A-R 5-GGAAGGCCCTCTGGAGTAAG-3’
GAPDH-F 5’-GGCCTCCAAGGAGTAAGACC-3’
GAPDH-R 5’-AGGGGTCTACATGGCAACTG-3’

Amplified cDNA was run on a 2% agarose gel with ethidium bromide,
then visualized and photographed under UV light with a Gel Doc imager
(Bio-Rad). (IL17A.1-F/IL17A.1-R, CD207-F/CD207-R, and GAPDH-F/
GAPDH-R primers were used in a previous publication.® None of the
c¢DNA samples in this experiment have been used in previously published
studies.)

Protein lysate preparation. LCH lesions and tonsils were collected within
2 hours of surgical removal, the tissue was snap-frozen then stored at
—-80°C. Tissue was then lysed in T-PER Tissue Protein Extraction Reagent
(Thermo Scientific, Rockford, IL) containing protease inhibitors (Protease
Inhibitor Cocktail Kit; Thermo Scientific). Lysates were collected and
stored at —80 °C. Final protein concentrations ranged from 1 to 5 mg-ml™".
Lymphocytes isolated from fresh tonsils or peripheral blood were incu-
bated in RPMI (Invitrogen) containing 10% fetal bovine serum and peni-
cillin/streptomycin. IL-17A was induced by incubating 5 x 10° cells in 2ml
RPMI with 1pg-ml™" ionomycin (Sigma-Aldrich, St Louis, MO) and 20
ng-ml™' PMA for 0 or 72 hours.

Western blotting. Proteins in lysates and supernatants were separated
on 4-12% Bis-Tris gels (Invitrogen) using MOPS buffer (Invitrogen) and
transferred onto polyvinylidine fluoride membranes. Membranes were
blocked for half an hour using StartingBlock T20 Blocking Buffer (Thermo
Scientific). Membranes were then incubated in primary antibody diluted
in blocking buffer for 1 hour at room temperature or overnight at 4°C.
After washing three times for 5 minutes each in Tris buffered Saline-
Tween 20 (Thermo Scientific), membranes were incubated in horserad-
ish peroxidase-linked secondary antibody diluted in blocking buffer for 1
hour at room temperature. After washing three times for 5 minutes each
in Tris buffered Saline- Tween 20, protein of interested was detected using
SuperSignal West Pico or SuperSignal West Dura Chemiluminescent
Substrate (Thermo Scientific).

Recombinant human IL-17A was purchased from eBioscience (San
Diego, CA). Primary antibodies used in western blot analysis were IL-
17A (1. MAB3171, Clone41802; R&D Systems, 2. 500-P07; PeproTech, 3.
500-P07G; PeproTech), CD3 (ab699; AbCam, Cambridge, MA), CD207
(sc22620; SantaCruz Biotechnology, Santa Cruz, CA), CD1la (ab26531;
AbCam), Actin (ab3280; AbCam). Secondary antibodies were anti-
mouse horseradish peroxidase (P0447; Dako, Carpinteria, CA), anti-
rabbit horseradish peroxidase (P0448; Dako) and anti-goat horseradish
peroxidase (P0449; Dako).

Immunoprecipitation. Cell lysate (1,000pg), cell supernatant (1ml) or
recombinant IL-17A (2ug) was incubated with 8ug IL-17A antibody
(MAB3171, Clone41802; R&D Systems) in NP40 buffer overnight at 4°C
with gentle rotation. Rec-Protein G-Sepharose 4B beads (Invitrogen) were
then added for 1-2 hours. Beads were collected and underwent either 0
washes or 3 washes with NP40 buffer. Beads were then heated with sample
buffer to 100°C for 10 minutes, supernatant was collected, and proteins
were analyzed by western blotting and mass spectrometry.

Spectral analysis. Inmunoprecipitation was run on a 4-12% Bis-Tris gel
(Invitrogen), stained with Coomassie blue, then gel slices corresponding
to 15-18kDa were removed, then analyzed by NextGen Sciences (Ann
Arbor, MI) by mass spectroscopy. Solution digests were analyzed using
liquid chromatography-tandem mass spectrometry with a 30-minute gra-
dient on a LTQ Orbitrap XL mass spectrometer. Product ion data were
searched against the concatenated forward and reverse IPI Human v3.67
protein database, and Mascot output files were parsed into the Scaffold pro-
gram for collation into nonredundant lists per sample. Spectral counts per
protein are a semi-quantitative measure of abundance of peptides across

www.moleculartherapy.org vol. 19 no. 8 aug. 2011



© The American Society of Gene & Cell Therapy

samples that reflects the number of matched peptides and the number of
times those peptides were observed.

ELISA. L17A levels were measured in tissue lysate and cell culture super-
natants using the Human IL-17A Quantikine ELISA Kit (D1700; R&D
Systems). IL-17A levels were also tested in plasma samples from pediat-
ric controls and pediatric subjects with active LCH with Human IL-17A
Quantikine ELSA Kit (D1700; R&D Systems), MilliplexMag Human
Cytokine/Chemokine Magnetic Bead Panel Immunoassay (HCYTMAG-
60K-PX39; Millipore), and the Peprotech IL-17A ELISA Development Kit
(900-K84; PeproTech). (Some of the LCH plasma samples in this study
were also used in IL-17A ELISA studies with the R&D Systems kit in a
previous publication.”” They are included in this manuscript to demon-
strate discrepant results between different assays.)
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