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blood IL-6 receptor is also present on microvesicles.

implications.
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(Background: A soluble form of IL-6 receptor mediates pathogenic IL-6 trans-signaling.
Results: ADAM10 and ADAM17 release IL-6 receptor from both human and murine monocytes/macrophages, whereas in the

Conclusion: Shedding of endogenous IL-6 receptor is similar in humans and mice.
Significance: Microvesicle release represents a novel mode of soluble IL-6 receptor generation with potential clinical
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Generation of the soluble interleukin-6 receptor (sIL-6R) is a
prerequisite for pathogenic IL-6 trans-signaling, which consti-
tutes a distinct signaling pathway of the pleiotropic cytokine
interleukin-6 (IL-6). Although in vitro experiments using ectop-
ically overexpressed IL-6R and candidate proteases revealed
major roles for the metalloproteinases ADAM10 and ADAM17
in IL-6R shedding, the identity of the protease(s) cleaving IL-6R
in more physiological settings, or even im vivo, remains
unknown. By taking advantage of specific pharmacological
inhibitors and primary cells from ADAM-deficient mice we
established that endogenous IL-6R of both human and murine
origin is shed by ADAM17 in an induced manner, whereas con-
stitutive release of endogenous IL-6R is largely mediated by
ADAM10. Although circulating IL-6R levels are altered in vari-
ous diseases, the origin of blood-borne IL-6R is still poorly
understood. It has been shown previously that ADAM17 hypo-
morphic mice exhibit unaltered levels of serum sIL-6R. Here, by
quantification of serum sIL-6R in protease-deficient mice as
well as human patients we also excluded ADAM10, ADAMS,
neutrophil elastase, cathepsin G, and proteinase 3 from contrib-
uting to circulating sIL-6R. Furthermore, we ruled out alterna-
tive splicing of the IL-6R mRNA as a potential source of circu-
lating sIL-6R in the mouse. Instead, we found full-length IL-6R
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on circulating microvesicles, establishing microvesicle release
as a novel mechanism for sIL-6R generation.

The pleiotropic cytokine IL-6 can exert its signal via two
extracellular routes. The first route, termed “classic” IL-6 sig-
naling, relies on IL-6 binding the membrane IL-6R receptor
(IL-6R), which in turn leads to dimerization of the second
receptor subunit glycoprotein 130 (gp130) and initiation of
intracellular signaling cascades (1). In contrast to gp130, which
is present on almost every cell of the body, IL-6R expression is
much more restricted with mainly hepatocytes and certain leu-
kocyte subtypes bearing IL-6R. Signaling via membrane-bound
IL-6R is rather anti-inflammatory and has been shown to be
critically involved in plasma cell differentiation, the acute phase
response, and fever induction (2). Alternatively, IL-6 can
engage a soluble form of the IL-6R in solution with the same
affinity as the membrane-bound receptor. The resulting binary
cytokine complex exhibits agonistic properties and is able to
activate cells that only express gpl30 but lack membrane-
bound IL-6R. This alternative IL-6 signaling pathway has been
termed “IL-6 trans-signaling” and greatly expands the spec-
trum of IL-6 responsive cells (3). It has become evident in recent
years that most of the pro-inflammatory and deleterious
actions of IL-6, which includes generation of autoimmune
Th17 cells, inhibition of T cell apoptosis, or proliferation of
malignant epithelial cells, can in fact be attributed to IL-6 trans-
signaling (4). In humans, a soluble form of the IL-6R is gener-
ated by proteolytic release of the ectodomain as well as tran-
scription from an alternatively spliced mRNA lacking the
transmembrane region (5, 6). Ectodomain shedding of trans-
membrane proteins represents a swift and highly regulable
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response of the cell toward extracellular stimuli and is therefore
ideally suited to counteract inflammatory insults (7). As IL-6R
shedding can initiate pathogenic IL-6 trans-signaling, it is of
high clinical relevance to identify the protease responsible for
sIL-6R release. Although previous studies on IL-6R cleavage
almost exclusively relied on ectopically overexpressed recep-
tors or proteases, the closely related proteases ADAM10® and
ADAM17 were identified as IL-6R sheddases in vitro (8, 9).
However, the identity of the enzyme that processes IL-6R in
vivo, whether under physiological or pathological conditions,
remains elusive. In this study, we used cells naturally expressing
high levels of IL-6R, as opposed to cells ectopically expressing
IL-6R after transfection with an IL-6R ¢cDNA, to elucidate the
roles of ADAM10 and ADAM17 in IL-6R cleavage. In contrast
to a previous report showing that upon stimulation ectopically
expressed murine IL-6R is shed by ADAMI10, we report that
endogenous IL-6R in human and murine cells is cleaved by
ADAM17 in an induced fashion. On the other hand, constitu-
tive release of endogenous IL-6R, regardless of the species, is
clearly mediated by ADAMI10.

A soluble form of the IL-6R is present in human serum at
relatively high levels and several reports have connected serum
sIL-6R generation to alternative mRNA splicing (10, 11). How-
ever, whereas serum sIL-6R levels attributed to alternative
splicing vary considerably between studies, the bulk of serum
sIL-6R (>65%) originates from processes other than differen-
tial mRNA splicing (12, 13). A recently identified SNP in the
human IL-6R gene located within the ADAM17 cleavage site,
which leads to increased sIL-6R protein amounts in the circu-
lation, strongly suggests involvement of a metalloprotease of
the ADAM family in serum sIL-6R generation (14-16). Sur-
prisingly, hypomorphic ADAM17 mutant mice showing only
residual proteolytic activity (5%) exhibit unaltered sIL-6R
serum levels (17). This indicates that either an alternative pro-
tease, e.g. ADAMIO, or even an entirely different mechanism is
responsible for serum sIL-6R generation. Here, we show that
conditional ablation of ADAMI10 in myeloid cells, which have
been reported to generate the bulk (63%) of blood-borne sIL-6R
(18), also resulted in unaltered sIL-6R serum levels. We further
excluded neutrophil elastase, cathepsin G, and proteinase 3,
which are highly abundant in myeloid cells, from contributing
to sIL-6R generation in mouse as well as human blood. More-
over, by employing an elaborate PCR strategy we ruled out
alternative splicing as a mechanism generating serum sIL-6R in
the mouse. Instead, we were able to locate membrane-associ-
ated IL-6R on circulating microvesicles, challenging the pre-
vailing dogma that only metalloproteinases and, in humans,
alternative splicing account for the release of sIL-6R into the
circulation.

3 The abbreviations used are: ADAM, a disintegrin and metalloproteinase;
apoE, apolipoprotein E; BMDM, bone marrow-derived macrophage; DPPI,
dipeptidylpeptidase I; PMA, phorbol 12-myristate 13-acetate; TNFRI,
tumor necrosis factor receptor 1; TNFe, tumor necrosis factor «; DLS,
dynamic light scattering; PLS, Papillon-Leféevre syndrome; gp130, glyco-
protein 130.
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Experimental Procedures

Cell Lines and Reagents—THP-1, U937, RAW264.7, and
J774.A1 cells were obtained from the American Type Culture
Collection (ATCC; LGC Standards, Wesel, Germany) and cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM) supple-
mented with 10% FCS (PAN Biotech, Aidenbach, Germany), 2
mM L-glutamine, 100 units/ml of penicillin, and 100 ug/ml of
streptomycin. Cells were stimulated with PMA or LPS from
Escherichia coli O111:B4 (both Sigma) as depicted in the figure
legends. Generation of neutralizing, bivalent ADAM17 anti-
body D1(A12) and recombinant murine ADAM10 prodomain
were described previously (19, 20). The hydroxamate-based
ADAM inhibitors GI254023X and GW280264X were synthe-
sized by Iris Biotech (Marktredwitz, Germany). Marimastat
(BB-2516) was obtained from Sigma.

Mice, Generation of Murine Bone Marrow-derived Macro-
phages (BMDMs), and Human Monocyte-derived Macrophages—
Hypomorphic ADAM17 mice (ADAM17°®*) and floxed
ADAMIO0 mice (ADAM10%°/%°%) have been previously
described (17, 21). LysM_CreXADAMI10"¥1°% mice ex-
pressed Cre recombinase under the control of the endogenous
lysozyme 2 promotor. Littermates, which are homozygous for
floxed ADAM10 but lack Cre recombinase, served as controls.
Generation of ADAMS and DPPI knock-out mice have been
described elsewhere (22, 23). As the DPPI knock-out mice used
in this study were on an ApoE-deficient background, we used
ApoE knock-out mice as controls. To generate BMDMs bone
marrow was collected from femur and tibia of 8 —12-week-old
mice and BMDMs were differentiated in DMEM containing
10% FCS, 1 mM sodium pyruvate, 2 mm L-glutamine, 10 mm
HEPES, 100 units/ml of penicillin, 100 pg/ml of streptomycin,
and 40 ng/ml of M-CSF (Immunotools, Friesoythe, Germany)
for 7-10 days. BMDMs were detached using Accutase (PAA
Laboratories), seeded on 6-well plates at a density of 0.5 X 10°¢
cells/ml, and stimulated the next day as indicated. Primary
human macrophages were generated as previously described
(24). Briefly, peripheral blood mononuclear cells were isolated
from human blood by density gradient centrifugation and
monocytes were subsequently purified with CD14 MicroBeads
according to the manufacturer’s instructions (Miltenyi Biotec,
Bergisch-Gladbach, Germany). CD14" monocytes were differ-
entiated into macrophages by culture in supplemented RPMI
1640 medium (10% FCS, 100 units/ml of penicillin, 100 pg/ml
of streptomycin, 2 mM L-glutamine) containing human M-CSF
(100 ng/ml, Immunotools, Friesoythe, Germany) for at least 10
days. All individuals underwent a written, informed-consent
process approved by the ethics commission of the Medical Fac-
ulty of Kiel University (A 102/14). Nine patients suffering from
Papillon Lefévre syndrome and 9 healthy gender and age (£2
years; in 1 pair 3 years and 6 months) matched control individ-
uals were recruited at the Dept. of Periodontology, Goethe-
University, Frankfurt, Germany. Twenty ml of blood were sam-
pled from arm veins and sera was obtained by centrifugation.
The serum was stored at —80 °C and after all patients had been
sampled sent to Kiel University. All patients underwent a writ-
ten, informed-consent process approved by the ethics commis-
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sion of the Medical Faculty of the Goethe-University Frankfurt
(31/05).

FACS, Western Blotting, and ELISA—10° THP-1 cells/96-
well were stimulated with PMA = inhibitors as indicated in the
figure legends. Cells were subsequently washed with FACS
buffer (1% BSA, PBS) and Fc receptors were blocked with anti-
CD16/CD32 (eBioscience, San Diego, CA) according to the
manufacturer. Human IL-6R was detected with mouse mAb
4-11 (1:400) and the stained cells were visualized with allophy-
cocyanin-coupled rat anti-mouse IgG1 (eBioscience) by flow
cytometry (FACS Canto I, BD Bioscience, San Jose, CA). EDTA
mouse blood was blocked with anti-mouse CD16/32 antibody
(BioLegend, San Diego, CA) and the different immune cell sub-
sets were detected with anti-CD45, anti-CD11b, anti-Ly6G,
anti-Ly6C, anti-CD115, anti-B220, and anti-CD3 (all BioLeg-
end). Murine IL-6R surface expression was assessed using anti-
mouse IL-6R mAb (D7715A7, BioLegend). Red blood cells were
subsequently lysed and the remaining leukocytes were fixed
with RBC lysis/fixation solution (BioLegend), followed by flow
cytometry. Heparinized whole human blood was diluted (1:10)
in RPMI medium and stimulated with LPS * inhibitors as indi-
cated in the figure legends. After Fc receptors were blocked
(anti-CD16/CD32, eBioscience), human IL-6R expression on
circulating monocytes was gauged by flow cytometry using
anti-human IL-6R mAb (clone UV4, BioLegend) and anti-hu-
man CD14 mAb (clone M5E2, BioLegend). Red blood cells
were removed and leukocytes were fixed with RBC lysis/fixa-
tion solution (BioLegend) after antibody staining. Western blot
analysis was performed as described in Ref. 25 using the follow-
ing antibodies: human IL-6R C terminus (sc-661; Santa Cruz
Biotechnology, Heidelberg, Germany), human IL-6R N termi-
nus mAb 4-11 (26), anti-IL-11R (sc-993, Santa Cruz), Hsp70
(number 4872; Cell Signaling, Danvers, MA), and Tsgl01 (sc-
7964; Santa Cruz Biotechnology). Rabbit TrueBlot secondary
antibody reagent (Rockland, Limerick, PA) was used to specif-
ically detect the primary antibody against human IL-6R C ter-
minus by avoiding cross-reaction with serum antibodies. Gen-
eration of a rabbit antiserum against murine ADAM10 was
described elsewhere (17). Microvesicle-free serum was gener-
ated by ultracentrifugation (2 h, 100,000 X g) and subsequently
used for ELISA analysis. Levels of murine and human sIL-6R
were measured using DuoSet ELISA kits from R&D Systems.

Microvesicle Isolation from Serum—1 ml of human serum
was diluted with 1 volume of PBS and serum antibodies were
depleted by incubating diluted serum twice with a 1:1 mixture
of Protein A- and G-Sepharose at 4 °C overnight. Samples were
cleared from dead cells and debris by low-speed centrifugation
(30 min, 2,000 X g) and afterward spun for 45 min at 12,000 X
gto precipitate larger vesicles. The supernatant was then loaded
onto a 2-ml 40% sucrose/PBS cushion and subjected to ultra-
centrifugation at 100,000 X g for 2 h at 4 °C (Optima LE-80K,
Type 70 Ti Rotor; Beckman Coulter, Krefeld, Germany).
Microvesicle-containing sucrose was diluted with 5 volumes of
PBS and again centrifuged for 2 h at 100,000 X g. For Western
blotting the microvesicle pellet was lysed in 100 ul of RIPA
buffer containing protease inhibitors, whereas microvesicles
were suspended in PBS for analysis by dynamic light scattering
(DLS). DLS measurements were performed on a Laser Spec-
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troscatter 201 (RiNA) at an angle of 90 and 22 °C. Ten ul of
microvesicle suspension were applied to a quartz cuvette and
size distribution was depicted as the median occurrence out of
100 measurements.

RT-PCR—RNA was extracted from cells and tissues using the
GeneJET RNA purification kit (Fermentas, Thermo Scientific).
cDNA was synthesized from 1 ug of RNA with RevertAid™
Moloney MuLV reverse transcriptase (Fermentas, Thermo Sci-
entific) using oligo(dT),g primer. Murine IL-6R mRNA tran-
scripts were amplified via PCR using the following primers: mu
IL-6R forward 1, 5'-AAG GAG GAG CTT GAC CTT GG-3’
(Exon 6); mu IL-6R reverse 1, 5'-GTG GAG GAG AGG TCG
TCT TG-3’ (Exon 10); mu IL-6R forward 5UTR, 5'-GTG CGA
GCT GAG TGT GGA G-3’; mu IL-6R forward Exonl, 5'-GGC
TGC ACG CTG TTG GTC-3'; and mu IL-6R forward Exon4,
5'-ACA GTG TGG GAA GCA AGT CC-3'. PCR fragments
were separated by agarose gel electrophoresis. Primer
sequences for detection of human alternatively spliced IL-6R
were described previously (27).

Statistical Analysis—Data are presented as the mean * S.D.
from at least two independent experiments. Statistical signifi-
cance was calculated using Student’s £ test and depicted in the
figures when n = 3. Values of p < 0.05 were considered
significant.

Results

Endogenous Soluble IL-6 Receptor Is Released from Human
Monocytic Cells in an ADAM-dependent Manner—As most, if
not all, studies on sIL-6R release so far were carried out in
somewhat artificial cellular systems, where either IL-6R or a
candidate protease, often genetically engineered, were ectopi-
cally introduced into cells, we sought to address IL-6R shedding
in a more physiological setting using cells that endogenously
express IL-6R. THP-1 as well as U937 cells are human cancer
cell lines of monocytic origin that naturally harbor substantial
amounts of membrane-bound IL-6R, as evidenced by flow
cytometry (Fig. 1C, data not shown). The phorbol ester PMA
strongly activates protein kinases PKC and ERK and has widely
been used as an activator of ADAM17 (28). ELISA measure-
ments revealed that sIL-6R protein accumulated in the super-
natant of THP-1 and U937 cells upon PMA stimulation, which
could be blocked when metalloproteases were globally inhib-
ited by Marimastat (Fig. 1, A and B). To narrow down the met-
alloproteases involved in endogenous IL-6R shedding we took
advantage of the specific inhibitor pair GI254023X/
GW280264X, which distinguishes between ADAM17- and
ADAM10-mediated proteolysis. Whereas GW280264X blocks
both ADAM17 and ADAM10, GI254023X inhibits ADAM10
only (for conciseness inhibitors will be abbreviated to GW and
GI hereafter). In both monocytic cell lines PMA-induced shed-
ding was strongly reduced after administration of GW, whereas
GI had almost no effect, implicating ADAM17 in stimulated
IL-6R proteolysis (Fig. 1, A and B). Small molecule inhibitors
tend to have off-target effects and indeed both GIand GW have
been reported to additionally inhibit certain matrix metallopro-
teases (29). Therefore, we sought to additionally validate our
results and took advantage of a recently developed ADAM17
inhibitory antibody, which due to its "cross-domain“ architec-
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FIGURE 1. A, U937 cells were treated for 1 h with 100 nm of the ADAM17 activator PMA. Inhibitors Marimastat (MM, 3 um), Gl (3 um), GW (3 um), and neutralizing
a-ADAM17 antibody (D17(A72), 100 nm) were added 30 min prior to stimulation. Conditioned supernatants were collected and sIL-6R levels assessed by ELISA.
B, THP-1 cells were stimulated as in A and sIL-6R in cell supernatants was quantified by ELISA. C and D, THP-1 cells were treated as in B and IL-6R surface
expression was analyzed by flow cytometry. Representative histograms are shown (n = 6). £, human M-CSF-differentiated macrophages were treated with 100
nm PMA for 2 h = protease inhibitors (concentrations as in A). sIL-6R levels in conditioned supernatants were determined by ELISA. Error bars represent S.D.,n =
2 independent experiments. F, whole human blood was treated with LPS (1 ug/ml for 2 h) and IL-6R surface levels on circulating CD14" monocytes were
determined by flow cytometry. Inhibitors GI (3 um), GW (3 um), and D1(A12) a-ADAM17 antibody (200 nm) were added 30 min prior to stimulation. One
representative histogram (n = 3) is depicted. G, THP-1 cells were incubated overnight without stimulus = protease inhibitors (concentrations as A) and sIL-6R

was measured by ELISA. Error bars represent S.D. of 3 independent experiments, except stated otherwise. *, p < 0.05; **, p < 0.01; ***, p < 0.001. veh. = dimethyl
sulfoxide.

ture is highly specific for human ADAM17 (19). IL-6R shedding

tantly, incubation of THP-1 cells with D1(A12) antibody
after PMA stimulation was significantly reduced in the pres-

blocked PMA-induced loss of surface IL-6R to even pre-treat-

ence of the antagonistic ADAM17 antibody D1(A12) confirm-
ing that cleavage of the endogenous human receptor is in fact
relying on ADAM17 (Fig. 1, A and B). In accordance with this,
FACS analysis of PMA-treated THP-1 cells showed drastically
reduced levels of cell surface IL-6R compared with untreated
cells. Consistent with ADAM17-mediated ectodomain shed-
ding, the PMA-induced decrease in IL-6R surface expression
was inhibited by addition of GW, but not GI (Fig. 1C). Impor-
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ment levels (Fig. 1D). We sought to put our results into a more
physiological context and treated in vitro differentiated pri-
mary human macrophages with PMA in order to activate
ADAM17. Upon stimulation human macrophages released
increased amounts of soluble IL-6R, which could be inhibited
by GW and D1(A12), but not GI (Fig. 1E). Although PMA is
frequently used to trigger ADAMI17 activity, we sought to
include a more physiological and well defined stimulus of
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ADAMI17-mediated proteolysis. LPS is commonly used to
mimic bacterial infection and has been shown to strongly trig-
ger ADAM17-mediated TNF« release (29). We hypothesized
that LPS might also lead to proteolytic release of endogenous
IL-6R from LPS-responsive cells and thus treated human whole
blood with LPS followed by assessment of IL-6R surface expres-
sion. Flow cytometry revealed that levels of surface IL-6R on
CD14™ monocytes were strongly diminished after LPS stimu-
lation, but could be restored by concomitant treatment with
GW as well as D1(A12), but not GI (Fig. 1F). These data closely
reflect the results obtained with THP-1 and U937 cells and
implicates ADAM17 in the proteolytic cleavage of endogenous
IL-6R from primary human macrophages and circulating
monocytes.

To investigate the constitutive release of endogenous IL-6R
we incubated THP-1 and U937 cells overnight with or without
GI and GW and measured accumulating sIL-6R protein in the
cell supernatant by ELISA. Both cell lines showed robust IL-6R
shedding in the absence of stimulation, which could be blocked
by Gl as well as GW (Fig. 1G and data not shown). These results
indicate that ADAM10 is critically involved in the constitutive
release of endogenous IL-6R from human cells, which confirms
previous studies using ectopically expressed human IL-6R
(8,9).

ADAM17 Is the Major Sheddase of PMA- and LPS-induced
IL-6R Shedding in Murine Monocytic Cells Lines and BMDMs—
To initially characterize endogenous IL-6R shedding in the
mouse we used the monocytic cell lines J774 and RAW?264.7
and treated both cell lines with a short PMA pulse. Similar to
human cells PMA potently induced IL-6R shedding in J774 and
RAW264.7 cells, which could be inhibited by the pan-metallo-
protease inhibitor Marimastat as well as the combined
ADAM10/ADAM17 inhibitor GW, but not the ADAM10-spe-
cific inhibitor GI alone (Fig. 24, data not shown). These results
implicate ADAM17 as the main sheddase responsible for PMA-
induced IL-6R cleavage in the mouse, which is in apparent con-
trast to a previous study reporting ADAM10 as the major IL-6R
sheddase activated upon stimulation (9). This discrepancy can
be explained by the fact that in the aforementioned report only
ectopically expressed murine IL-6R was used to assess induci-
ble IL-6R shedding, whereas in our study murine cells inher-
ently bearing both protease and receptor were employed. We
decided to employ a more physiological stimulus also in the
murine system and thus treated J774 and RAW?264.7 cells for
2 h with LPS, which led to a >100% rise of sIL-6R protein in the
supernatant (Fig. 2, B and C). Pharmacological inhibition using
GI/GW revealed ADAM17 as principal sheddase of LPS-in-
duced IL-6R cleavage. Next, we sought to substantiate our find-
ings on endogenous IL-6R shedding in the mouse by using pri-
mary cells derived from protease-deficient mice. ADAM10 and
ADAM17 knock-out mice are embryonic lethal (although few
ADAM17 knock-out mice survive until birth, but die shortly
after) (30, 31). We therefore used hypomorphic ADAM17/¢
mice, which exhibit less than 5% residual enzyme activity in all
investigated tissues, and generated BMDMs for further analysis
of murine IL-6R shedding (17). Levels of sIL-6R in the superna-
tant of wild type BMDM s increased upon treatment with PMA
and LPS, which is in line with our results from J774 and
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RAW?264.7 cells. In contrast, in BMDMs derived from
ADAM17°*** mice no increase in sIL-6R release was observed
after PMA as well as LPS stimulation (Fig. 2D). This clearly
shows that ADAM17 is responsible for induced IL-6R shedding
in murine BMDMs, which represent highly physiological cells
naturally expressing both protease and substrate. Next, we gen-
erated BMDMs from conditional ADAM10 knock-out mice
lacking ADAM10 in myeloid cells (ADAM10Amyeloid mice).
BMDMs from these animals were effectively devoid of
ADAMI0 but still released sIL-6R upon stimulation with PMA
or LPS (Fig. 2E). This finding lends further support to the
notion that ADAM10 is not involved in stimulated shedding of
endogenous IL-6R in the mouse.

Constitutive Release of Endogenous Murine IL-6R Is Medi-
ated by ADAM10 but Can Be Compensated for by ADAMI17—
As we were able to show critical involvement of ADAM10 in
constitutive release of endogenous human IL-6R, we likewise
sought to assess the role of ADAMIO0 in constitutive IL-6R
shedding in the murine system. RAW264.7 and ]774 cells
showed a strong reduction in constitutive IL-6R release when
treated with the pan-metalloprotease inhibitor Marimastat, the
combined ADAM10/17 inhibitor GW and, most importantly,
the ADAM10-specific inhibitor GI (Fig. 34, data not shown).
This strongly suggests that ADAM10 is also responsible for the
constitutive release of endogenous IL-6R in the mouse. We also
assessed constitutive IL-6R shedding in the presence of recom-
binant murine ADAM10 prodomain, which has been reported
to effectively block ADAMI1O0 activity in the mouse (20). Sup-
porting our results with pharmacological inhibitors we also
noticed a substantial reduction of constantly released IL-6R
when murine ADAM10 was blocked by the inhibitory prodo-
main (Fig. 3, A and B). Furthermore, we treated freshly isolated
and differentiated C57BL/6 BMDMs with the same inhibitor
panel and yielded similar results, confirming the prominent
role of ADAMI0 in constitutive IL-6R release also in primary
murine cells (Fig. 3B). To our surprise, when we genetically
ablated ADAM10 in BMDMs (ADAM10Amyeloid), we did not
observe a reduction in constitutively produced sIL-6R, which
possibly indicates the presence of a compensatory protease
making up for the loss of ADAMI10 (Fig. 3C). To address this
question we treated ADAM10-deficient BMDMs with the com-
bined ADAMI10/17 inhibitor GW to additionally block
ADAM17 activity and assessed constitutive IL-6R shedding. As
we observed a strong decrease in constitutive IL-6R shedding in
ADAMI10-deficient BMDMs treated with GW, the protease
taking over constitutive IL-6R shedding from ADAMI0
appears to be ADAM17 (Fig. 3C).

Serum sIL-6R Is Not Released by ADAM10, ADAMS, Neutro-
phil Elastase, Cathepsin G, or Proteinase 3—A soluble form of
the IL-6R is present in the blood of humans as well as mice and
genome-wide association studies have reported a correlation
between serum sIL-6R levels and the outcome of autoimmune
diseases like asthma, rheumatoid arthritis, and type I diabetes
(15, 32). In that respect, it has been proposed that sIL-6R in
conjunction with soluble gp130 (sgp130) in the blood operates
as a buffer against IL-6 preventing global inflammation by over-
shooting IL-6 (33). Serum sIL-6R levels in hypomorphic
ADAM17°*** mice are not different from their wild type coun-
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FIGURE 2. A, murine J774 cells were treated for 1 h with 100 nm PMA. Inhibitors Marimastat (MM, 3 um), GI (3 um), and GW (3 um) were added 30 min prior to
stimulation and sIL-6R was measured by ELISA. B, J774 cells were stimulated for 2 h with T ug/ml of LPS with or without inhibitors (3 um). sIL-6R levels in
conditioned supernatant were determined by ELISA. C, murine RAW 264.7 cells were treated as in B and conditioned supernatants were assessed for sIL-6R
levels by ELISA. D, BMDMs from ADAM17°** and wild type mice were treated with 100 nm PMA or 1 ug/ml of LPS for 2 h. sIL-6R was quantified by ELISA. Data
from one ADAM17°** mouse and corresponding wild type littermate are shown representatively (n = 3 mice). Error bars represent S.D., n = 2 independent
experiments. £, left: ADAM10 expression in BMDMs from ADAM10"°*f°* mice + LysM_Cre was visualized by Western blotting. ADAM107°f°X mjce transgenic
for LysM_Cre will be designated as ADAM10Amyeloid mice hereafter, whereas ADAM1011°f1x |ittermates will serve as corresponding control mice. Pro- and
mature form of ADAM10 are designated with p and m, respectively. 3 mice per genotype are shown. a-Actin expression serves as loading control. Right, BMDMs
from ADAM10Amyeloid and control mice (n = 2 mice per group) were treated as in D and sIL-6R was measured by ELISA. Results from one corresponding
mouse pair are shown. Error bars are S.D., n = 2 independent experiments. A-C, error bars represent S.D. of 3 independent experiments. ***, p < 0.001.

terparts (9). This indicates that either a different protease or an
entirely different mode of generation contributes to circulating
sIL-6R. Over 60% of serum sIL-6R in the mouse stem from
myeloid cells, whereas the remainder can be attributed to hepa-
tocytes and T cells (18). Given the role of ADAMI10 as consti-
tutive sheddase of endogenous IL-6R in monocytes and macro-
phages we reasoned that ADAM10 might be a good candidate
for the protease generating circulating sIL-6R. Initially, we
established that mouse monocytes bear high levels of surface
IL-6R, largely exceeding the levels observed for neutrophils, T-
and B-cells (Fig. 4A4). These results are in line with observations
showing similarly high IL-6R expression on human monocytes
(Fig. 1, Cand D, and Refs. 34 and 35). To support our hypothesis
of ADAM10 being the main sheddase that generates circulating
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IL-6R we collected serum from a cohort of ADAM10Amyeloid
mice and determined sIL-6R serum levels. However, sIL-6R lev-
els in ADAM10Amyeloid mice were not significantly different
from control animals (Fig. 4B). ADAMS8 and ADAM10 exhibit
overlapping substrate spectra, as exemplified by cleavage of
CD23 (36), while ADAMS expression in mouse skin is strongly
up-regulated in the absence of ADAMI10 (37). We speculated
that ADAMS8 might likewise compensate for the loss of
ADAMI10 in myeloid cells, but observed similar sIL-6R serum
levels in ADAMS knock-out mice as compared to wild type
animals (Fig. 4C). The serine proteases neutrophil elastase,
cathepsin G, and proteinase 3 are highly abundant in neutro-
phils and a subpopulation of monocytes (38). Furthermore, it
has been reported that in human inflammatory lesions IL-6R is
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FIGURE 4. A, steady state surface expression of murine IL-6R on major circulating immune cell subsets was analyzed by flow cytometry. Note that IL-6R
expression on inflammatory monocytes (CD11b™, Ly6Chigh) is considerably higher than on neutrophils (CD11b™, Ly6G™), T and B cells (CD3" and B220",
respectively). Leukocytes were pre-gated on CD45 prior to gating on different leukocyte subsets. One representative histogram is shown (n = 3 C57BL/6 mice).
B, serum from ADAM10Amyeloid mice (n = 17) was prepared from whole blood and murine sIL-6R was quantified by ELISA. ADAM10/1°f |ittermates (n = 21)
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proteolytically cleaved by cathepsin G (39). All three proteases
must be activated by N-terminal removal of two amino acids,
which is accomplished by dipeptidylpeptidase I (DPPI, or alter-
natively cathepsin C) (38). To analyze whether neutrophil
elastase, cathepsin G, or proteinase 3 are involved in the gener-
ation of circulating sIL-6R generation we analyzed sIL-6R levels
in the serum of DPPI knock-out mice, which lack neutrophil
elastase, cathepsin G, and proteinase 3 activity (23). Again,
serum IL-6R levels were comparable in unchallenged DPPI
knock-out and control mice (Fig. 4D). Humans deficient in
DPPI suffer from Papillon-Lefévre syndrome (PLS), which rep-
resents a rare autosomal recessive genetic disorder character-
ized by severe periodontitis as well as palmoplantar kerato-
derma (40). In keeping with the serum levels of DPPI knock-out
mice, serum sIL-6R levels from PLS patients did not differ from
healthy age-matched individuals (Fig. 4E). In summary, we
show that deficiencies in ADAM10, ADAMS, and DPPI, which
entails the loss of activity of neutrophil elastase, cathepsin G,
and proteinase 3, did not result in a reduction of serum sIL-6R
levels.

Absence of Alternative IL-6R Splicing in Mouse Tissues Rele-
vant for Circulating sIL-6R Generation—Alternative splicing of
the human IL-6R mRNA can also lead to the generation of
sIL-6R (6). Mechanistically, skipping the exon coding for the
transmembrane region results in a soluble isoform that harbors
a newly formed, unique C terminus (11). Antibodies targeting
this novel C terminus have enabled the detection of alterna-
tively spliced sIL-6R (AS-sIL-6R) in human serum. In mice,
sIL-6R generation based on alternative splicing has not been
described yet. We devised a PCR strategy that should inform us
if alternative splicing is also employed as a mechanism to gen-
erate sIL-6R in the mouse. Assuming a similar splicing mecha-
nism as in humans we designed PCR primers flanking exon 9,
which encodes the transmembrane region of murine IL-6R.
Moreover, we designed additional 5'-primers that would also
detect splicing events occurring further upstream of the exon
coding for the transmembrane region (Fig. 54). RNA used for
c¢DNA synthesis was isolated from organs or cells, which exhibit
high IL-6R expression and have been shown to contribute to
circulating sIL-6R levels (18). However, in contrast to human
sIL-6R (Refs. 6, 27, and 41 and Fig. 5C), we could not detect an
alternatively spliced murine sIL-6R mRNA in BMDMs, liver,
and spleen of C57BL/6 mice (Fig. 5B). This strongly suggests
that alternative splicing does not contribute to serum sIL-6R
generation in the mouse.

A Full-length IL-6R Isoform Is Associated with Circulating
Microvesicles in Humans—Apart from ectodomain shedding
and alternative splicing, soluble cytokine receptors can also be
generated by the release of extracellular microvesicles that
carry the full-length receptor protein (42). It has in fact been
shown that circulating TNFRI in humans is associated with
exosomes, which represent a subgroup of extracellular
microvesicles originating from endosomal compartments (43).
As mice deficient for several candidate proteases show unal-
tered serum sIL-6R levels and at the same time alternative splic-
ing does not appear to contribute to circulating sIL-6R levels in
the mouse (Ref. 9 and this study), we reasoned that the bulk of
serum sIL-6R might be produced by a different mechanism,
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such as microvesicle release. To that end, we isolated
microvesicles from the serum of three healthy individuals by
serial ultracentrifugation and visualized membrane-associated
IL-6R by Western blotting. As microvesicle preparations from
serum tend to be crude and frequently include protein contam-
inations such as protein aggregates and antibodies potentially
interfering with subsequent applications, we applied an opti-
mized isolation protocol (see “Experimental Procedures”).
Quality confirmation of the microvesicle suspension by DLS
revealed the presence of vesicles with an average hydrodynamic
size of 100 nm, which is consistent with the reported diameter
of exosomes (Fig. 6A4). Detection of the exosomal marker pro-
tein Hsp70 by Western blotting also suggested that the
microvesicle preparation contained exosomes (Fig. 6B). Impor-
tantly, Western blot analysis using an antibody against
the C-terminal, intracellular portion of human IL-6R revealed
the presence of full-length IL-6R protein on circulating
microvesicles (Fig. 6B). Full-length IL-6R on microvesicles
exhibited a higher electrophoretic mobility than its cellular
counterpart in HEK293 cells transiently transfected with a
human IL-6R cDNA, which is, however, consistent with a pre-
vious report showing less glycosylated TNFRI isoforms on exo-
somes (44). Moreover, we confirmed the specificity of the
employed antibody toward the human IL-6R C terminus using
a panel of IL-6R/IL-11R chimeras (Fig. 6C). Western blot anal-
ysis with three independent antibodies against the human
IL-6R N terminus additionally verified the presence of IL-6R
protein on circulating microvesicles (data not shown). To eval-
uate the proportion of circulating sIL-6R that is associated with
microvesicles we subjected serum of the same three healthy
individuals to ultracentrifugation to pellet microvesicles and
then measured the amount of residual sIL-6R in the
microvesicle-free supernatant by ELISA. Comparison of sIL-6R
levels prior and post-ultracentrifugation revealed that a clearly
detectable fraction sIL-6R is present on circulating
microvesicles, which ranged from 15.8 to 36.2% between the
three individuals (Fig. 6D). In summary, we established
microvesicle release as a novel mechanism of sIL-6R generation
and showed that a considerable fraction of serum sIL-6R in
humans localizes to circulating microvesicles.

Discussion

Understanding the molecular mechanisms of sIL-6R gener-
ation is of paramount importance, as the blockade of IL-6 trans-
signaling represents a valid therapeutic strategy for many IL-6-
driven diseases (45). A soluble form of the human IL-6R can be
generated by proteolytic cleavage and alternative splicing, with
in inflammatory settings ectodomain shedding apparently
being the prevailing mechanism that leads to sIL-6R release
(11). In vitro experiments have revealed a crucial role for
ADAMI0 as constitutive and ADAM17 as inducible IL-6R
sheddase (8, 9). However, in these studies cell lines have been
used that do not inherently express IL-6R, necessitating ectopic
expression. Whether results obtained with cell lines artificially
overexpressing IL-6R readily translate into more physiological
settings is not known. We therefore sought to investigate IL-6R
shedding in cells of monocytic origin, as these cells exhibit high
levels of endogenous IL-6R. This allowed us to conduct shed-
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FIGURE 5. A, murine IL-6R consists of 10 exons, with exon 9 encoding the membrane-spanning region. The schematic shows the position of the primers used
for RT-PCR as well as the expected amplicon lengths. A 3'-primer located in the last exon was combined with four different 5’-primers to additionally cover
potentially larger splice variants. Exon 1 of murine IL-6R consists of both the 5'-UTR and the ORF start. TMB, transmembrane domain. B, cDNA originating from
C57BL/6 BMDM:s, liver, and spleen was subjected to RT-PCR employing the primer combinations depicted in A. Analyzed tissues and cells have been reported
to contribute to serum sIL-6R generation. With all PCR primer combinations only one distinct band was detected, which corresponds to the size of murine IL-6R
still harboring the transmembrane region. RT-PCR including only RNA (RNA — RT) or H,O as template served as negative controls, showing the absence of
genomic DNA contamination. C, alternatively spliced human IL-6R was detected by RT-PCR using a validated, previously published primer pair that flanks the
transmembrane region. The larger and more abundant fragment (592 bp) represents full-length human IL-6R, whereas the 498-bp fragment lacks 94 nucle-
otides including the transmembrane coding region of human IL-6R (27). cDNA was generated from human peripheral blood mononuclear cells, T cells, and
THP-1 cells. FL, full-length; AS, alternatively spliced.

ding experiments in a more physiological context, where pro-
tease and substrate are expressed in the same cell. Using phar-
macological inhibitors as well as a specific ADAMI17-
neutralizing antibody we showed for the first time that
endogenous human IL-6R is proteolytically processed by
ADAM17 after stimulation with PMA as well as LPS. However,
this is in line with previous studies using ectopically overex-
pressed human IL-6R (8, 9). We additionally corroborated our
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results from human monocytic cell lines with primary human
macrophages and circulating CD14™" monocytes, further add-
ing to the physiological relevance of our data.

In contrast to a recent report showing that in the mouse
induced shedding of (ectopically expressed) IL-6R is solely
mediated by ADAMI10 (9), we provided clear evidence that
ADAM17 mediates PMA- and LPS-induced cleavage of endog-
enous murine IL-6R. In addition to murine cell lines we
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FIGURE 6. A, microvesicle suspension was analyzed by DLS measurements and revealed two predominant fractions with hydrodynamic sizes of 19 and 100 nm.
Whereas an average size of 100 nm is consistent with exosomes, the smaller fraction at 19 nm most likely corresponds to vesicle fragments resulting from the
microvesicle enrichment procedure. B, Western blot analysis showing full-length IL-6R on circulating microvesicles of three healthy individuals, with the
employed antibody specifically recognizing the intracellular C terminus of human IL-6R. cDNAs encoding GFP and human IL-6R were transiently transfected
into HEK293 cells and served as negative and positive controls, respectively. Note that microvesicle-associated IL-6R appeared slightly smaller than cellular
IL-6R in HEK293 lysates. Circulating microvesicles also contained substantial amounts of exosomal marker protein Hsp70. C, left: schematic showing compo-
sition of human IL-6R/IL-11R chimeras used to confirm antibody specificity. Portions of human IL-6R are depicted in white, whereas human IL-11R parts are
highlighted in black. S, stalk region; TM, transmembrane region; ICD, intracellular domain. Construction of IL6R/IL-11R chimeras was described previously (54).
Right: HEK cells were transiently transfected with IL-6R/IL-11R chimeras, along with GFP as negative control. IL-6R-transfected HEK cells served as positive
control. The antibody used in this study to detect microvesicle-associated IL-6R only detects the human IL-6R C terminus, but not the IL-11R intracellular
portion. IL-6R(C), antibody recognizing intracellular IL-6R C terminus; IL-6R(N), antibody against extracellular IL-6R N terminus. D, serum of the same individuals
as in Bwas subjected to ultracentrifugation and sIL-6R levels prior and after ultracentrifugation were quantified by ELISA. Serum after ultracentrifugation was
regarded as microvesicle-free (—MVs). Proportion of circulating sIL-6R associated with microvesicles is depicted below the diagram in %.

employed bone marrow-derived macrophages from ADAM17-
and ADAMI10-deficient mice to demonstrate that induced
shedding of endogenous IL-6R shedding in the mouse depends
on ADAM17 rather than ADAMI10. The observed differences
in murine IL-6R shedding between endogenous and ectopically
overexpressed receptor emphasize the general need to rou-
tinely include cells that naturally express both protease and
analyzed substrate when carrying out shedding experiments.
Pharmacological inhibition as well as blockade with recom-
binant murine ADAM10 prodomain revealed that constitu-
tive IL-6R shedding in murine monocytic cell lines and wild
type BMDMs is reliant on ADAM10. Surprisingly, constitu-
tive IL-6R release in ADAM10-deficient BMDMs was not
impaired suggesting compensatory shedding by an alterna-
tive IL-6R sheddase. Indeed, when we additionally blocked
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ADAM17 activity in ADAM10-deficient BMDMs with GW
(ADAM10/17 inhibitor) we observed a strong reduction in con-
stitutive IL-6R shedding. This indicates that, whereas ADAM10
appears to be the principal sheddase constitutively processing
IL-6R, in the absence of ADAMI0 constitutive IL-6R release
can be made up for by ADAM17. Our results are in line with a
previous report describing a similar compensatory relationship
between ADAM10 and ADAM17 for several ADAM substrates
(46). Taken together, we showed in cell lines as well as primary
cells expressing high levels of endogenous IL-6R that stimu-
lated IL-6R shedding, regardless of the species, is mediated by
ADAM17, whereas ADAMI0 controls constitutive IL-6R
release.

Soluble IL-6R is present in human and murine blood in high
amounts, with serum sIL-6R levels ranging from 25 to 50 ng/ml
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in healthy human individuals (11). The functional role of circu-
lating sIL-6R is not fully understood, but it is likely that it serves
a different purpose than the sIL-6R isoform that is generated in
local tissues and initiates IL-6 trans-signaling. It has been pro-
posed that blood-borne sIL-6R in conjunction with a soluble
form of the second IL-6 receptor subunit gp130 (sgp130) acts as
a buffer to prevent potentially overshooting IL-6 from acting
systemically (33). Whereas in humans a substantial fraction of
serum sIL-6R can be attributed to alternative splicing of the
IL-6R mRNA, the bulk of circulating sIL-6R appears to be gen-
erated by mechanisms distinct from differential mRNA splicing
(13). A SNP within the ADAMI17 cleavage site leads to
increased serum sIL-6R levels in SNP carriers suggesting a deci-
sive role of ectodomain shedding in serum sIL-6R generation
(14, 15). Surprisingly, hypomorphic ADAM17°** mice, which
almost completely lack ADAMI17 protein, exhibit unaltered
serum sIL-6R levels pointing to the involvement of a different
protease in serum sIL-6R generation. Because we confirmed
ADAMIO as a constitutive sheddase of endogenous IL-6R and
steady-state levels of circulating IL-6R are likely to originate
from a constitutive proteolytic process, we first sought to deter-
mine serum IL-6R levels in ADAM10-deficient mice. ADAM10
knock-out mice are embryonic lethal thus precluding the anal-
ysis of circulating sIL-6R (31). Conditional knock-out mice
lacking IL-6R only in myeloid cells show greatly reduced sIL-6R
serum levels (>60%), thereby establishing myeloid cells as the
main cellular source of serum sIL-6R (18). However, condi-
tional ADAM10 knock-out animals devoid of the protease in
myeloid cells (ADAM10Amyeloid mice) exhibited equal levels
of circulating sIL-6R essentially ruling out ADAM10 as under-
lying sheddase. Moreover, while increased ADAMS expression
has been reported in ADAM10-deficient mouse skin (37), com-
parable serum sIL-6R levels in ADAMS8 knock-out mice also
excluded ADAMS8 as compensatory IL-6R sheddase. DPPI acti-
vates neutrophil elastase, cathepsin G as well as proteinase 3 by
excising dipeptides from the N terminus (38). Notably, cathep-
sin G has previously been implicated in human IL-6R shedding
in an inflammatory setting (39). Although all three serine pro-
teases are highly abundant in myeloid cells and therefore rep-
resent ideal candidate sheddases mediating the release of
sIL-6R into the bloodstream, we were not able to detect signif-
icant differences between DPPI knock-out mice and control
animals in terms of circulating sIL-6R levels. PLS is a rare auto-
somal recessive genetic disorder caused by a deficiency in
human DPPI (40). Consistent with our results in DPPI knock-
out mice, we observed similar levels of circulating sIL-6R when
we compared a small cohort of PLS patients with healthy age-
matched controls. Taken together, we showed unaltered sIL-6R
serum levels in several mouse lines deficient for IL-6R candi-
date sheddases as well as humans carrying a DPPI null allele.
This suggests that either an as yet unknown IL-6R sheddase or
a mechanism that is distinct from limited proteolysis accounts
for the bulk of serum sIL-6R. Whereas alternative IL-6R mRNA
splicing contributes to appreciable levels of circulating sIL-6R
in humans, a systematic analysis focusing on alternative IL-6R
splicing in the mouse is still lacking. As in humans alternative
splicing of the IL-6R mRNA leads to a 94-bp deletion contain-
ing the transmembrane region, we devised a PCR strategy that
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would detect similar skipping of the murine transmembrane
domain. Using cDNA from tissues that express high levels of
endogenous IL-6R and have been shown to contribute to circu-
lating sIL-6R we were, however, not able to detect an alterna-
tively spliced isoform of murine IL-6R. In support of our data,
no splice variant of murine IL-6R appears in the Ensembl
genome database, whereas eight different mRNA transcripts
have been found for human IL-6R (Ensembl release 77).

Apart from ectodomain shedding and alternative splicing
soluble cytokine receptors can also be generated by the release
of extracellular microvesicles, such as exosomes (42). Exosomes
are relatively small in size (50-180 nm) and originate from
endosomal compartments by inward budding (47). In contrast,
the two other major classes of extracellular microvesicles, shed-
ding microvesicles and apoptotic blebs, are shed directly from
the plasma membrane and are considerably larger (up to 1 wm
in diameter) than exosomes (48). It has been shown that full-
length isoforms of transmembrane proteins such as TNFRI,
Amphiregulin, and ICAM-1 are located on exosomes, with exo-
somal TNEFRI even accounting for the majority of circulating
human TNFRI (43, 49 -51). As mice deficient for several can-
didate proteases, including the two main IL-6R sheddases
ADAM17 (17) and ADAM1O0 (this study), exhibited unchanged
serum levels of sIL-6R and alternative splicing did not appear to
contribute to circulating sIL-6R levels in the mouse, we hypoth-
esized that serum sIL-6R might also be associated with circu-
lating microvesicles. As microvesicle enrichment from serum
requires appreciable amounts of starting material, we decided
to use human rather than mouse serum. We detected full-
length IL-6R on circulating human microvesicles from three
healthy donors by Western blot analysis using an antibody spe-
cific for the IL-6R C terminus. Comparison of sIL-6R levels of
microvesicle-free serum (post-ultracentrifugation) with sIL-6R
levels prior to ultracentrifugation allowed us to estimate the
proportion of circulating sIL-6R that is localized to
microvesicles, which ranged from 15.8 to 36.2%. However, a
larger cohort of individuals is required to more accurately
assess the fraction of circulating sIL-6R associated with
microvesicles. In view of the proposed function of circulating
sIL-6R as a buffer toward overshooting IL-6 it will also be cru-
cial to establish if microvesicle-associated IL-6R can bind IL-6
(and sgp130) equally well compared with the shed or alterna-
tively spliced sIL-6R isoforms. In this respect, IL-6R complex
formation might be impaired due to possible sterical restraints
imposed on exosomal IL-6R, which in turn might entail altered
functional properties of microvesicle-associated sIL-6R com-
pared with the other two sIL-6R variants. Although in humans
microvesicle-associated IL-6R (up to 36% according to our
data) and alternative IL-6R mRNA splicing together contribute
to a substantial fraction of circulating sIL-6R, a large portion of
sIL-6R in human serum is still unaccounted for, warranting
further clarification. Several potential scenarios are conceiva-
ble, with an as yet unidentified sheddase releasing sIL-6R into
the circulation probably being the most obvious one. However,
as some transmembrane proteins, such as L1, CD44, and EGFR,
can additionally be shed from microvesicles (52, 53), it is possi-
ble that the proportion of microvesicle-associated IL-6R, as
established in this study, is in fact an underestimate. To be more
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specific, we can envision a scenario where IL-6R is initially
released into the bloodstream on microvesicles and only subse-
quently undergoes ectodomain shedding, which would result in
a circulating sIL-6R isoform that is basically indistinguishable
from directly shed sIL-6R. Experiments addressing this hypoth-
esis are currently being pursued in our laboratory. In summary,
by linking a full-length IL-6R isoform to circulating
microvesicles we identified a third major mechanism, apart
from ectodomain shedding and alternative splicing, of sIL-6R
generation. This novel mode of sIL-6R release might have
potential clinical relevance, as the increase in serum sIL-6R
levels observed in various disease conditions could in theory
simply be due to an accelerated release of IL-6R containing
microvesicles.
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