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Background: The IL-6R stalk region is uncharacterized.
Results: Deletions within the IL-6R stalk selectively block ectodomain shedding by ADAM10 and ADAM17. The stalk length
regulates IL-6 classic signaling.
Conclusion: ADAM10/ADAM17-mediated shedding depends on regions within the stalk, and a minimal 22-amino acid long
stalk is needed for IL-6 signaling.
Significance: These results show the engineering of a protease-resistant, but still functional IL-6R.

Signaling of the pleiotropic cytokine Interleukin-6 (IL-6) is
coordinated by membrane-bound and soluble forms of the IL-6
receptor (IL-6R) in processes called classic and trans-signaling,
respectively. The soluble IL-6R is mainly generated by
ADAM10- and ADAM17-mediated ectodomain shedding. Lit-
tle is known about the role of the 52-amino acid-residue-long
IL-6R stalk region in shedding and signal transduction. There-
fore,we generated andanalyzed IL-6R stalk regiondeletion vari-
ants for cleavability and biological activity. Deletion of 10 amino
acids of the stalk region surrounding the ADAM17 cleavage site
substantially blocked IL-6R proteolysis by ADAM17 but only
slightly affected proteolysis by ADAM10. Interestingly, addi-
tional deletion of the remaining five juxtamembrane-located
amino acids also abrogated ADAM10-mediated IL-6R shed-
ding. Larger deletions within the stalk region, that do not nec-
essarily include the ADAM17 cleavage site, also reduced
ADAM10 andADAM17-mediated IL-6R shedding, questioning
the importance of cleavage site recognition. Furthermore, we
show that a 22-amino acid-long stalk region is minimally
required for IL-6 classic signaling. The gp130 cytokine binding
sites are separated from the plasma membrane by �96 Å. 22
amino acid residues, however, span maximally 83.6 Å (3.8 Å/a-
mino acid), indicating that the three juxtamembrane fibronec-
tin domains of gp130 are not necessarily elongated but some-
how flexed to allow IL-6 classic signaling. Our findings
underline a dual role of the IL-6R stalk region in IL-6 signaling.
In IL-6 trans-signaling, it regulates proper proteolysis by
ADAM10 and ADAM17. In IL-6 classic-signaling, it acts as a
spacer to ensure IL-6�IL-6R�gp130 signal complex formation.

The pleiotropic cytokine Interleukin 6 (IL-6) is critically
involved in health and disease (1) and activates downstream
signaling pathways such as Janus kinase/signal transducer and
activator of transcription (Jak/STAT), phosphatidylinositol
3-kinase cascade, and themitogen-activated protein kinase cas-

cade through a homodimer of glycoprotein 130 (gp130)2 (2). To
achieve specificity and avoid unwanted cellular activation, IL-6
has to bind initially to the non-signaling interleukin-6 receptor
� (IL-6R), which shows a distinct expression pattern on only a
limited number of cell types including hepatocytes and some
leukocytes (2).
The IL-6R is expressed as a type-I transmembrane protein.

The IL-6R consists of an Ig-like domain (D1), the cytokine
binding module (CBM) domains (D2 and D3), and a 52-amino
acid-residue-long flexible stalk region (3) followed by the trans-
membrane and intracellular domains. The crystal structure
suggests a hexameric signal transducing complex (4) contain-
ing twomolecules of IL-6, IL-6R and gp130 each. IL-6 binding is
achieved through three conserved epitopes (named site I, site II,
and site III), whereas site I binds initially to the CBM of the
IL-6R. Contact to gp130 is then facilitated by site II and site III
of IL-6. The IL-6�IL-6R complex formation subsequently leads
to the recruitment of two gp130 receptor proteins, as neither
IL-6 nor the IL-6R on their own have any measureable affinity
toward gp130 (5). The stalk region of the IL-6Rdoes not directly
take part in signal transduction but might act as a spacer, posi-
tioning the three extracellular domains in a defined distance
from the plasma membrane, thereby allowing complex forma-
tion of IL-6�IL-6R/gp130. The cytokine binding area of gp130 is
separated from the plasma membrane by three FNIII domains
(2), which in a stretched conformation span about 96 Å, or
about 83 Å if arranged in a bend conformation. The 52 amino
acids of the IL-6R stalk region span maximally about 198 Å.
Therefore, we have characterized the minimal length of the
IL-6R to span this distance and tomaintain biological activity of
the IL-6R. IL-6 signaling via the membrane-bound IL-6R was
named classic signaling and has to be distinguished from IL-6
trans-signaling, where IL-6 signals in complex with the soluble
IL-6R (sIL-6R) (6). Importantly, IL-6 binds with the same affin-
ity to the membrane-bound and the sIL-6R. Because gp130 but
not the IL-6R is ubiquitously expressed, the IL-6/sIL-6R com-
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plex can virtually activate all cells of the human body. Classic
signaling is involved in regenerative, anti-inflammatory activi-
ties, whereas IL-6 trans-signaling is considered to be proinflam-
matory and causally involved in various autoimmune and
chronic diseases (1, 6). Soluble gp130 is the natural antagonist
of IL-6 trans-signaling (5), although under conditions when the
molar ratio of sIL-6R exceeds those of IL-6, soluble gp130 can
also interfere with IL-6 classic signaling (7). Furthermore, sol-
uble gp130 is able to block IL-30/sIL-6R signaling (8).
The soluble IL-6R can be generated by two distinct mecha-

nisms (9). Besides alternative splicing of the mRNA, a process
that leads to excision of the exon coding for the transmembrane
region (10), the sIL-6R is predominantly (�90%) generated via
limited proteolysis of the membrane-bound precursor, also
called ectodomain shedding. The responsible proteases that
cleave the human IL-6R are two members of a disintegrin and
metalloprotease family ADAM10 and ADAM17 (11–13).
ADAM17 can be activated by different stimuli, for example
phorbol esters like phorbol-12-myristate-13-acetate (PMA),
bacterial metalloproteinases, and apoptosis, whereas calcium
influx, mediated for example by activation of P2-family recep-
tors or the ionophore ionomycin, leads to specific activation of
ADAM10 (13). ADAM17 has been shown to cleave the human
IL-6R between amino acid residues Gln-357 and Asp-358 (11),
which is part of the stalk region and in close proximity of the
plasma membrane. Whether ADAM10 cleavage occurs at the
same site in the IL-6R has not been investigated so far. In this
study the human IL-6Rwas engineered to be protease-resistant
but still IL-6 signal transducing-competent.

EXPERIMENTAL PROCEDURES

Cells and Reagents—Ba/F3-gp130 cells were obtained from
Immunex (Seattle, WA) (14)), and HEK293 cells were from
DSMZ GmbH (Braunschweig, Germany). All cells were grown
under standard conditions (DMEM high glucose culture
medium (PAA Laboratories, Cölbe, Germany) supplemented
with 10% fetal bovine serum, penicillin (60 mg/liter) and strep-
tomycin (100 mg/liter), 37 °C, 5% CO2, water-saturated atmo-
sphere). Ba/F3-gp130 cells were cultured using 10 ng/ml
recombinant Hyper-IL-6. Its expression and purification was
done according to Refs. 15 and 16. Ba/F3-gp130, which were
stable-transduced with different hIL-6R cDNAs, were cultured
with 10 ng/ml recombinant human IL-6 instead of Hyper-IL-6.
Human IL-6was expressed and purified as described previously
(17). The anti-hIL-6RmAb 4–11was described previously (18),
and the anti-�-actin mAb (sc-47778) was from Santa Cruz Bio-
technology (Santa Cruz, CA). Phosphatidylethanolamine-cou-
pled anti-mouse/rat CD126 (IL-6R) mAb and its isotype con-
trol were from BioLegend (San Diego, CA). The peroxidase-
conjugated secondary antibodies were purchased from Pierce.
The FITC-conjugated goat anti-mouse IgG was from Jackson
ImmunoResearch Laboratories (Dianova GmbH, Hamburg,
Germany). PMA and ionomycin were purchased from Sigma.
The two metalloprotease inhibitors GI254023X (GI, selective
for ADAM10) and GW280264X (GW, selective for both
ADAM10 and ADAM17) were generous gifts from Glaxo-
SmithKline (Stevenage, UK) (19, 20).

Construction of Plasmid Coding for hIL-6R and Deletion
Variants—Expression plasmids for hIL-6R have been described
(13, 18). Deletion variants of the IL-6R stalk regions were con-
structed using standard cloning procedures via splicing by
overlapping extension PCRs. Constructs were cloned with a 5�
KpnI site and a 3� NotI site into pcDNA3.1. Subcloning into
pMOWS was achieved by digestion of the pcDNA3.1 plasmids
with PmeI (21).
Transient Transfection of HEK293 Cells and Ectodomain

Shedding Assays—2 � 106 HEK293 cells were seeded on 10-cm
culture dishes 24 h before transfection. Cells were transiently
transfected with pcDNA3.1 expression plasmids using Turbo-
fect (Fermentas) according to the manufacturer’s instructions.
Transfection efficiency of this method was �80% as seen by
transfection of a pEGFP-N1 plasmid. Ectodomain shedding
assays have been performed as described previously (13). To
analyze ectodomain shedding in stable transduced Ba/F3-
gp130 cells, cells were washed one time with PBS and diluted to
a concentration of 2� 106/ml. Shedding assayswere performed
analogous to HEK293 cells.
Precipitation of Soluble Cytokine Receptors—Transiently

transfected HEK293 cells were incubated with PMA or iono-
mycin for the indicated time points. Cell supernatants were
centrifuged to remove cellular debris, and cleared supernatants
were transferred to fresh tubes. 1 ml of each sample was then
incubated with 50 �l of a concanavalin A-Sepharose conjugate
(Sigma) overnight at 4 °C under constant agitation to bind the
shed IL-6R variants onto the Sepharose beads. Afterward, the
Sepharose was collected by centrifugation, and the supernatant
was removed. The Sepharose beads were washed two times
with ice-cold PBS and directly boiled in Laemmli buffer, which
was subsequently used for Western blotting analysis.
Enzyme-linked Immunosorbent Assay—The ELISA for

human IL-6R was described previously (18). Accordingly,
microtiter plates were coated with themouse anti-hIL-6RmAb
4–11 (diluted to 1 �g/ml in PBS) overnight at room tempera-
ture. After blocking, cell culture supernatants were added at an
appropriate dilution. The biotinylated goat anti-hIL-6R anti-
body BAF227 (R&D Systems, Minneapolis, MN) was used as
secondary antibody. The ELISA was performed with streptavi-
din-horseradish peroxidase (R&D Systems, Minneapolis, MN).
The enzymatic reaction was performed with the peroxidase
substrate BM blue POD (Roche Applied Science), and the
absorbance was read at 450 nm on a Tecan infinite M200 PRO
reader (Tecan, Maennedorf, Switzerland).
Shedding Assay Data Analysis and Calculation—We used

two different mathematical methods to analyze ectodomain
shedding of the different IL-6R variants. First, to analyze
whether activation of ADAM10 orADAM17 results principally
in an increased sIL-6R generation, we set the amount that was
shed without stimulus (DMSO) to 1 and calculated the x-fold
increase after PMA or ionomycin treatment. To show differ-
ences in the total amount of sIL-6R that was generated through
ectodomain shedding between the IL-6R variants, we set the
amount of sIL-6R generated after PMAor ionomycin treatment
of wild-type IL-6R to 100% and calculated the percentage of
unstimulated shedding (DMSO) or ionomycin-induced shed-
ding of the different IL-6R constructs according to this value.
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Retroviral Transduction of Murine Cells—Retroviral
transduction of the murine pre-B cell line Ba/F3-gp130 was
described previously (21). In brief, Phoenix-Eco cells were
transiently transfected with the pMOWS plasmids encoding
the different IL-6R cDNAs. Cell supernatants containing the
retroviruses were collected 24 h after transfection. Ba/F3-
gp130 cells were washed once with PBS, and 1 � 105 cells
were mixed with 250 �l of retroviral supernatant and centri-
fuged for 2 h at room temperature at a speed of 1800 rpm.
After this, cells were resuspended in DMEM containing 10
ng/ml Hyper-IL-6. Selection of transduced cells was
achieved by the addition of puromycin (1.5 �g/ml) 48 h after
transduction. Cells were cultured with Hyper-IL-6 (10
ng/ml) during the time of selection and switched afterward
to IL-6 (both 10 ng/ml) where appropriate.
Flow Cytometry—For detection of cell surface expression

of the different IL-6R variants, 1 � 106 HEK293 or Ba/F3-
gp130 cells were washed one time with FACS buffer (PBS,
0.5% BSA) and incubated in 100 �l of FACS buffer contain-
ing 1:100 diluted anti-hIL-6R 4–11 mAb for 60 min on ice.
After two subsequent washing steps in FACS buffer, cells
were incubated in 100 �l of FACS buffer containing a 1:100
dilution of FITC-conjugated anti-mouse mAb (Dianova).
Cells were washed twice in FACS buffer, suspended in 500 �l
of FACS buffer, and analyzed by flow cytometry on a BD
Biosciences FACS Canto II and FCS Express (De Novo Soft-
ware, Los Angeles, CA).
Proliferation Assays—Proliferation of the different Ba/F3-

gp130 cell lines was determined as described previously (7)
using the Cell Titer Blue Cell viability assay reagent (Pro-
mega, Karlsruhe, Germany) following the manufacturer’s
protocol. The extinction was measured using a Tecan infi-
nite M200 PRO reader (excitation 530 nm, emission 590 nm,
gain 90, i-control 1.7 software, Tecan AG). Normalization of
relative light units was achieved by subtraction of negative
control values. All values were measured in triplicates per
experiment.
Western Blot—48 h after transfection adherent cells were

lysed in mild lysis buffer (50 mM Tris, pH 7.5, 150 mM NaCl,
1% Triton X-100, complete protease inhibitor mixture tab-
lets). Protein lysates were separated by SDS-PAGE under reduc-
ing conditions. After transfer to a PVDF membrane (GE Health-
care), membranes were blocked with 5% skim milk powder in
TBS-T (10mMTris-HCl, pH 7.6, 150mMNaCl, and 0.05%Tween
20).Themembranewasprobedwith anti-hIL-6R� (4–11)mAbat
4 °C overnight. After several washing steps, membranes were
probed with an anti-mouse-antibody conjugated to horseradish
peroxidase, and proteins were detected with ECL PrimeWestern
blotting detection reagent (GEHealthcare) according to theman-
ufacturer’s instructions. Beforeprobing for�-actin as loading con-
trol, membranes were stripped with stripping buffer (62.5 mM

Tris-HCl, pH 6.8, 2% SDS, 0.1%�-mercaptoethanol, for 30min at
60 °C), washed 3 times, and blocked again.
Statistical Analysis—Data are expressed as mean values �

S.D. calculated from three independent experiments unless
otherwise stated.

RESULTS

Deletion of Ser-353 to Val-362 within the Human IL-6R Stalk
Abolishes Human ADAM17- but Not Human ADAM10-medi-
ated Shedding—Treatment of cells with either the phorbol-es-
ter PMA or ionomycin selectively induces ADAM17 or
ADAM10-mediated IL-6R shedding, respectively (11–13). To
determine whether activation of ADAM10 or ADAM17 results
in an increased sIL-6R generation, we set the amount that was
shed without stimulus (DMSO) to 1 and calculated the x-fold
increase after PMA or ionomycin treatment according to this.
We performed all experiments with murine Ba/F3-gp130 cells
that were stably transduced with the individual IL-6R variants
as well as transiently transfected human HEK293 cells. After
PMA or ionomycin treatment, Ba/F3-gp130-hIL-6R cells
showed a 2.9 � 0.4-fold or a 3.6 � 0.7-fold increase of the
sIL-6R, respectively, as determined by ELISA (Fig. 1A andTable
1). We observed the same pattern in HEK293 cells transiently
transfected with human IL-6R, which showed an 4.3 � 1.2-fold
and after ionomycin treatment an 5.7� 2.7-fold increase of the
sIL-6R as determined by ELISA andWestern blotting (Fig. 1, B
andC, Table 2, and Ref. 13). Cleavage of the IL-6R by ADAM17
occurswithin the extracellular 52-amino acid-residue-long jux-
tamembrane stalk region between Gln-357 and Asp-358,
whereas the cleavage site of ADAM10 is not known (Fig. 2A).
The hIL-6R�S353_V362 variant, which has a deletion of 10
amino acids surrounding the cleavage site of ADAM17, is
resistant to ADAM17-mediated proteolysis (22). Indeed,
Ba/F3-gp130-hIL-6R�S353_V362 cells showed no increase in
sIL-6R after PMA stimulation (1.2 � 0.4-fold, Fig. 1D), and the
same was true for HEK293 cells transiently transfected with a
cDNAcoding for hIL-6R�S353_V362 (1.3�0.4-fold; Fig. 1,E and
F). Whereas also ionomycin-induced ADAM10-mediated shed-
ding was largely absent in Ba/F3-gp130-hIL-6R�S353_V362 cells
(2.3 � 0.7-fold, Fig. 1D, Table 1), HEK293 cells transfected with
hIL-6R�S353_V362 showed an 8.9 � 2.3-fold increase of sIL-6R
after ionomycin-induced activation of ADAM10. Both wild-type
and hIL-6R�S353_V362were equally expressed at the cell surface
ofHEK293 (Fig. 1G) andBa/F3-gp130cells (Fig. 1H) as analyzedby
flow cytometry. To showdifferences in the total amount of sIL-6R
that was generated by ectodomain shedding, we next set the
amountof sIL-6Rgenerated afterPMAor ionomycin treatmentof
wild-type IL-6R to 100% and calculated the percentage of
unstimulated shedding (DMSO) andPMAor ionomycin-induced
shedding of the IL-6R deletion variant according to this value.
Comparedwithwild-type IL-6R inHEK293cells, the total amount
of sIL-6R�S353_V362 generated by ADAM10 was reduced to
63.7 � 17.4% and by ADAM17 to 19.2 � 9.0% (Fig. 1, E and F,
Table 2), indicating that hIL-6R�S353_V362 is cleaved with less
efficiency than wild-type IL-6R. This reduction was even stronger
in Ba/F3-gp130 cells, with a reduction to 5.7 � 1.3% (ADAM17)
and 7.2 � 0.7% (ADAM10). Previously, we showed that murine
andhumanADAMproteins differentially shedmurine IL-6R (13);
therefore, it isnot surprising that theseproteases alsodiffer in their
behavior to shed human IL-6R. Moreover, these results suggest
that the ADAM10 cleavage site used by human ADAM10 is not
located between Ser-353 and Val-362 of the stalk region of the
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TABLE 1
Proteolysis of IL-6R and its deletion variants in Ba/F3-gp130 cells
Calculation of the values was done as described under “Material andMethods.” The values shown are themean� S.D. of three independent experiments. ND indicates that
values needed for calculation were beyond the detection limit of the hIL-6R ELISA.

IL-6R
Construct

x-Fold increase
after PMA (ADAM17)

x-Fold increase after
ionomycin
(ADAM10)

% of ADAM17-mediated
proteolysis (compared to wt)

% of ADAM10 mediated
proteolysis (compared to wt)

Wildtype 2.9 � 0.4 3.6 � 0.7 100 100
�S353_V362 1.2 � 0.4 2.3 � 0.7 5.7 � 1.3 7.2 � 0.7
�I343_T352 6.7 � 2.9 9.9 � 3.9 79.3 � 61.4 53.9 � 31.3
�A333_N342 5.6 � 0.9 4.3 � 0.4 76.2 � 28.1 44.8 � 6.8
�S353_F367 1.2 � 0.4 1.4 � 0.6 5.1 � 0.2 4.1 � 1.2
�A333_V362 ND ND 5.0 � 0.8 4.1 � 0.8
�E317_T352 ND ND 5.9 � 2.5 3.1 � 0.7
�A323_V362 ND ND ND 0.9 � 0.5
�A323_F367 ND ND 3.6 � 2.6 4.7 � 2.3
�E317_V362 ND ND 1.1 � 0.3 1.3 � 0.4

FIGURE 1. ADAM17 and ADAM10 use different cleavage sites of the human IL-6R. A, Ba/F3-gp130-hIL-6R cells were treated for 2 h with PMA (100 nM) or for
1 h with ionomycin (Iono, 1 �M). Soluble IL-6R was measured by ELISA. The amount of soluble cytokine receptor without stimulation was considered as
constitutive shedding and set to 1. Based on this, the increase of soluble receptors was calculated. B, HEK293 cells were transfected with an expression plasmid
encoding wild-type human IL-6R. Cells were treated as described in panel A, sIL-6R was measured by ELISA, and values were calculated accordingly. C,
transiently transfected HEK293 cells were treated as described under panel A. To determine the soluble cytokine receptors via Western blotting, they were
precipitated from conditioned media with concanavalin A-covered Sepharose beads and visualized with 4-11 antibody (IL-6R). Cells were lysed after stimula-
tion, and lysates were subsequently analyzed via Western blotting, whereas �-actin served as loading control. D, Ba/F3-gp130-IL-6R�S353_V362 cells were
treated as described in panel A. E and F, HEK293 cells were transfected with an expression plasmid encoding hIL-6R�S353_V362. The experiment was
performed as described in panels A and B. ELISA data are the mean (�S.D.) from three independent experiments, and Western blotting shows one represent-
ative experiment. G, cell surface expression of wild-type IL-6R and IL-6R�S353_V362 on transiently transfected HEK293 cells was determined via flow cytometry
as described under “Experimental Procedures.” H, cell surface expression on stably transduced Ba/F3-gp130-hIL-6R and Ba/F3-gp130-IL-6R�S353_V362 cells
was determined via flow cytometry as described under “Experimental Procedures.” One representative experiment of three performed is shown. The
expressed IL-6R variant is given above the respective FACS plot.
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human IL-6R and might differ from the cleavage site used by
murine ADAM10.
TheHumanADAM10Cleavage SiteDiffers fromADAM17and

Is Located inClose Proximity to the PlasmaMembrane—To iden-
tify IL-6R variants that are not shed by human ADAM10 and
ADAM17, we generated in total 10 different IL-6R stalk region
deletion variants. A schematic overview of all IL-6R deletion
variants used in this study is shown in Fig. 2B, and all values
concerning limited proteolysis by ADAM10 and ADAM17 are
given in Tables 1 and 2. The two IL-6R variants hIL-
6R�I343_T352 and IL-6R�A333_N342 are also based on dele-
tions of 10 amino acid residues in, however, greater distance
from the transmembrane region compared with hIL-
6R�S353_V362. Experiments with Ba/F3-gp130 cells revealed
that hIL-6R�I343_T352 was efficiently shed by ADAM17
(6.7 � 2.9-fold increase of sIL-6R; Table 1, Fig. 3A) and
ADAM10 (9.9 � 3.9-fold increase of sIL-6R) (Fig. 3A, Table 1).
These resultswere confirmed inHEK293 cells (ADAM17, 5.5�
2.6-fold increase; ADAM10, 3.0 � 0.7-fold increase; Fig. 3, B
and C, and Table 2). Next, we tested Ba/F3-gp130-IL-
6R�A333_N342 and found shedding by ADAM17 (5.6 � 0.9-
fold increase of sIL-6R) as well as ADAM10 (4.3 � 0.4-fold
increase of sIL-6R) (Fig. 3D and Table 1). Again, we observed
similar results in HEK293 cells (ADAM17, 3.5 � 0.9-fold
increase; ADAM10, 4.3 � 1.8-fold increase; Fig. 3, E and F, and
Table 2). We concluded from these findings that the ADAM10
cleavage site is not located upstream of the ADAM17 cleavage
site (amino acid position Ala-333 to Thr-352). Shortening of
the IL-6R stalk by 10 amino acids does not abrogate ADAM17
substrate recognition as long as the cleavage site is retained, but
again, an overall reduction of the total amount of shed IL-6R
compared with wild type IL-6R to 52.4 � 19.3% (IL-
6R�I343_T352) and 63.8 � 29.2% (IL-6R�A333_N342) was
detected in HEK293 cells. Both variants were detected at the
cell surface of transiently transfected HEK293 cells (Fig. 2C),
although the expression seemed slightly reduced in comparison
to wild-type IL-6R, which besides shedding also might contrib-
ute to a smaller extent to the reduction in sIL-6R generation. In
line with this, also the respective Ba/F3-gp130 cell lines showed
a significantly reduced generation of sIL-6R compared with
wild-type (Table 1). Again, no differences in protein expression
or cell surface localization of IL-6R�I343_T352 and IL-
6R�A333_N342 comparedwithwild-type IL-6Rwere observed
(Fig. 2, C and D, and Fig. 3, C and F).

Our first deletion variant hIL-6R�S353_V362 still con-
tained five juxtamembrane located amino acids of the stalk
region before beginning of the transmembrane region (Fig.
2A). To analyze if this area is needed for ADAM10-mediated
IL-6R shedding in HEK293 cells, we generated the hIL-
6R�S353_F367 variant in which these 5 amino acids plus the 10
amino acids from hIL-6R�S353_V362 were deleted. We
observed no induced shedding by either ADAM10 (1.4 � 0.6-
fold) or ADAM17 (1.2 � 0.4-fold increase in sIL-6R) in Ba/F3-
gp130 cells (Fig. 3G and Table 1). Importantly, also in HEK293
cells, both ADAM10 and ADAM17-mediated shedding was
significantly reduced (2.0 � 0.2-fold increase of sIL-6R after
ionomycin and 2.4� 0.9-fold increase after PMA, respectively)
(Fig. 3,H and I, and Table 2).Moreover, we found a total reduc-
tion of the sIL-6R amount to 17.0� 3.6% (ADAM17, PMA) and
14.5 � 5.1% (ADAM10, ionomycin) compared with wild-type
IL-6R. Even though in HEK293 cells PMA and ionomycin-
shedding of IL-6R�S353_V362 appeared to be slightly induced,
the total amount of induced sIL-6R shedding was even lower
than total wild-type sIL-6R released by constitutive shedding
without any stimulus. In conclusion, our data showed that dele-
tion of the 15 amino acids from Ser-353 to Phe-367 efficiently
abrogates shedding of the IL-6R by ADAM10 and ADAM17.
These findings underline the importance of specific substrate
cleavage sites for ADAM17 and ADAM10.
Larger Deletions within the Stalk Region Also Reduced Shed-

ding by ADAM10 and ADAM17—To test whether shedding of
the IL-6R can be prevented by deletion of alternative amino
acids within the stalk region, which are not necessarily part of
ADAM10 and/or ADAM17 cleavage sites, we generated IL-6R
variants with larger deletions within the stalk region. First, we
combined the three 10-amino acid deletion variant encoding
cDNAs, which resulted in the hIL-6R�A333_C362 cDNA lack-
ing the ADAM17 cleavage site, but still retained the hypothet-
ical ADAM10 cleavage site. In transiently transfected HEK293
cells, hIL-6R�A333_V362 showed nearly no PMA-induced
ADAM17-mediated shedding (1.7 � 0.5-fold increase) and a
2.9 � 1.2-fold increase of proteolysis after activation of
ADAM10 (Fig. 4, A and B, and Table 2). Compared with wild-
type hIL-6R, the amount of totally generated sIL-6R was, how-
ever, drastically reduced to 13.3 � 4.1 and 5.4 � 2.0% after
ionomycin or PMA treatment, respectively (Fig. 4A). Precipi-
tated sIL-6R could only be made visible by Western blotting
after overexposure of the membrane, whereas after normal

TABLE 2
Proteolysis of IL-6R and its deletion variants in HEK293 cells
Calculation of the values was done as described under “Material and Methods.” The values shown are the mean � S.D. of three independent experiments.

IL-6R
Construct

x-Fold increase
after PMA (ADAM17)

x-Fold increase after
ionomycin
(ADAM10)

% of ADAM17-mediated
proteolysis (compared to wt)

% of ADAM10 mediated
proteolysis (compared to wt)

% of constitutive proteolysis
(compared to wt)

Wildtype 4.3 � 1.2 5.7 � 2.7 100 100 100
�S353_V362 1.3 � 0.4 8.9 � 2.3 19.2 � 9.0 63.7 � 17.4 32.7 � 9.1
�I343_T352 5.5 � 2.6 3.0 � 0.7 52.4 � 19.3 42.6 � 14.8 61.0 � 3.0
�A333_N342 3.5 � 0.9 4.3 � 1.8 63.8 � 29.2 67.7 � 21.8 68.1 � 13.8
�S353_F367 2.4 � 0.9 2.0 � 0.2 17.0 � 3.6 14.5 � 5.1 50.2 � 10.4
�A333_V362 1.7 � 0.5 2.9 � 1.2 5.4 � 2.0 13.3 � 4.1 17.6 � 2.6
�E317_T352 2.0 � 0.5 5.3 � 1.6 4.1 � 1.6 6.7 � 4.5 10.8 � 1.8
�A323_V362 2.1 � 1.1 5.1 � 3.7 0.2 � 0.05 0.3 � 0.08 3.1 � 0.4
�A323_F367 1.1 � 0.1 2.7 � 0.7 1.1 � 0.3 4.0 � 0.8 11.9 � 2.3
�E317_V362 2.1 � 0.8 3.7 � 2.3 0.4 � 0.3 0.9 � 0.7 5.0 � 0.5
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exposure hardly any protein was detectable (Fig. 4B). Again, we
observed no reduction in expression of hIL-6R�A333_V362 as
shown by Western blotting (Fig. 4B) and no reduction of cell-
surface expression by flow cytometry in transiently transfected
HEK293 cells (Fig. 2C). The amount of sIL-6R released from
Ba/F3-gp130-hIL-6R�A333_V362 without stimulus was below
the detection limit of our IL-6R ELISA (�30 pg/ml), and we,
therefore, were not able to calculate the increase after activa-
tion of ADAM10 or ADAM17, respectively (Table 1), which

was also true for all other variants described below.Again, there
were no alterations in cell-surface expression of these IL-6R
variants (Fig. 2D).
Next, in hIL-6R�E317_T352 we removed 36 amino acid res-

idues but retained the ADAM17 and the hypothetical
ADAM10 cleavage sites. Again, we observed no differences in
protein expression as judged byWestern blotting (Fig. 4D) and
cell-surface expression by flow cytometry in HEK293 cells (Fig.
2C) comparedwithwild-type IL-6R. Even though theADAM17

FIGURE 2. Schematic overview of the human IL-6R constructs. A, shown is a schematic overview of the human IL-6R stalk region. The amino acid sequence
of the human IL-6R from Met-311 to Gly-372 is shown. Amino acids belonging to the D3 region are shown in white, and amino acids belonging to the
intracellular domain (ICD) are in dark gray. The stalk region is shown in light gray. Numbers above the sequence denote amino acids important for construction
of deletion variants. The ADAM17 cleavage site is marked with a red arrow. B, the three extracellular domains of the human IL-6R are shown as dark gray-filled
boxes (D1, D2, and D3). The other abbreviations used are stalk region (S), transmembrane region (TM), and intracellular domain (ICD). The known ADAM17
cleavage site Gln-357/ Asp-358 is marked with a black triangle in all constructs where this cleavage site is present. Deletions within the stalk regions are shown
as kinks. The range of deleted amino acids is written in front of the schematic drawing, and the number of deleted amino acids given enclosed in parentheses. C,
cell surface expression on transiently transfected HEK293 cells was determined via flow cytometry as described under “Experimental Procedures.” D, cell
surface expression on stably transduced Ba/F3 cells was determined via flow cytometry as described under “Experimental Procedures.” E, the absence of
endogenous IL-6R expression on Ba/F3-gp130 was stained with a murine IL-6R-specific antibody. One representative experiment of three performed is shown.
The expressed IL-6R variant is given above the respective FACS plot. PE, phosphatidylethanolamine.
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cleavage site was conserved in hIL-6R�E317_T352, PMA treat-
ment led only to a 2.0 � 0.5-fold increase of IL-6R compared
with untreated control. In contrast, ionomycin treatment
induced a significant 5.3 � 1.6-fold increase in sIL-6R, indicat-
ing a functional ADAM10 cleavage site (Fig. 4, C and D, and
Table 2). However, compared with wild-type IL-6R, proteolysis
by ADAM17 was reduced to only 4.1 � 1.6% and by ADAM10
to 6.7 � 4.5% (Table 2), and we were, as in the previous
described IL-6R variant hIL-6R�A333_V362, only able to
detect any sIL-6R byWestern blotting after massive overexpo-
sure. We conclude from this that, although shedding of hIL-
6R�E317_T352 appears to be induced by PMA and ionomycin,
close inspection of the total sIL-6R amounts as compared with
wild-type IL-6R revealed that hIL-6R�E317_T352 did not
really serve as a substrate, and therefore, the observed induced
shedding effect of IL-6R ismisleading. This phenomenon is also
true for the remaining IL-6R variants. We conclude from these
data that although both protease cleavage sites are present,
deletion of 36 amino acid residues prevented ADAM17 cleav-
age and drastically reduced ADAM10 cleavage.
We speculated that further shortening of the IL-6R stalk

would completely diminishADAM-mediated shedding. There-
fore, we generated two additional variants containing deletions
of 40 (IL-6R�A323_V362) and 45 (IL-6R�A323_F367) amino
acids. Both variants lacked the ADAM17 cleavage site, and in

accordance with this, we observed no significant increase after
PMA stimulation (�A323_V362: 2.1 � 1.1-fold increase,
�A323_F367: 1.1 � 0.1-fold increase), and the overall shed
IL-6R was reduced to 0.2 � 0.05% (�A323_V362) and 1.1 �
0.3% (�A323_F367) compared with wild-type IL-6R (Fig. 4, E
and F, and Fig. 4, G and H). Stimulation with ionomycin
revealed inducible shedding by ADAM10 of �A323_V362
(5.1� 3.7-fold increase), whereas�A323_F367was onlyweakly
susceptible toward ADAM10-mediated shedding (2.7 � 0.7-
fold increase). It is important to note that althoughwewere able
to detect an sIL-6R increase after ionomycin stimulation, the
amount of sIL-6R was only 0.3 � 0.08% (�A323_V362) and
4.0 � 0.8% (�A323_F367) compared with wild-type IL-6R
(Table 2).
Finally, we created IL-6R�E317_V362, lacking 46 amino

acids and IL-6R�E317_F367 where the complete stalk region
was removed. IL-6R�E317_V362 showed nearly no proteolytic
processing by bothADAM10 andADAM17 (Fig. 4, I and J), and
the overall amount of sIL-6R was below 1 % compared with
wild-type IL-6R (Table 2). Nevertheless, also this variant was
equally well expressed at the cell surface of HEK293 cells (Fig.
2C), highlighting once more that the observed differences
indeed results from altered proteolytic processing and not from
impaired expression or transport to the plasmamembrane. The
last variant with a complete deletion of the stalk (IL-

FIGURE 3. The ADAM10 cleavage site of the IL-6R is located close to the plasma membrane. A, Ba/F3-gp130-IL6R-�I343_T352 cells were treated for 2 h with
PMA (100 nM) or for 1 h with ionomycin (Iono, 1 �M). Soluble IL-6R was measured by ELISA. The amount of soluble cytokine receptor without stimulation was
considered as constitutive shedding and set to 1. Based on this, the increase of soluble receptors was calculated. B, HEK293 cells were transfected with
an expression plasmid encoding IL-6R�I343_T352. Cells were treated as described in panel A, sIL-6R was measured by ELISA, and values were calculated
accordingly. C, transiently transfected HEK293 cells were treated as described in panel A. To determine the soluble cytokine receptors via Western
blotting, they were precipitated from conditioned media with concanavalin A-covered Sepharose beads and visualized with 4 –11 antibody (IL-6R). Cells
were lysed after stimulation, and lysates were subsequently analyzed via Western blotting, whereas �-actin served as the loading control. D, Ba/F3-
gp130-IL-6R�A333_N342 cells were treated as described in panel A. E and F, HEK293 cells were transiently transfected with an expression plasmid
encoding IL-6R�A333_N342, and experiments were performed as described under panels (B and C). G, Ba/F3-gp130-IL-6R�S353_F367 cells were treated
as described in panel A. H and I, HEK293 cells were transiently transfected with an expression plasmid encoding IL-6R�S353_F367, and experiments were
performed as described in panels B and C.
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6R�E317_F367) showed only weak cell surface expression on
HEK293 (Fig. 2C) and stably transduced Ba/F3-gp130 cells (Fig.
2D) and was, therefore, excluded from further analysis.
In conclusion, we show that besides the distinct cleavage

sites, the three-dimensional extracellular structure of the
IL-6R also contributes to substrate recognition by ADAM10
and ADAM17 in constitutive and induced shedding. As a
result, deletions within the stalk region, thereby moving the
three extracellular domains of the IL-6R closer toward the
plasma membrane, reduced proteolysis by both proteases.

Deletions within the Stalk Reduce Constitutive IL-6R
Shedding—Besides induced shedding, the IL-6R is also consti-
tutively released from cells, and this non-induced shedding has
been attributed mainly to ADAM10 (12, 13). To study consti-
tutive shedding of the IL-6R deletion variants, we monitored
sIL-6R generation over 24 h in transiently transfected HEK293
cells and set the amount of constitutively shed wild-type IL-6R
to 100% (Fig. 5A). As mentioned before, all IL-6R variants
showed reduced shedding after ADAM10 activation by iono-
mycin, and the same was true for constitutive, non-induced

FIGURE 4. Larger deletions within the stalk region abrogate ADAM10 and ADAM17 mediated shedding. HEK293 cells were transfected with expression
plasmids encoding B IL-6R�A333_V362 (A), IL-6R�E317_T352 (C and D), IL-6R�A323_V362 (E and F), IL-6R�A323_F367 (G and H), or IL-6R�E317_V362 (I and J).
Soluble IL-6R was measured by ELISA. Precipitation and Western blotting was performed as described in the legend of Fig. 1. ELISA data are the mean � S.D.
from three independent experiments. Western blotting shows one representative experiment. Iono, ionomycin.
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shedding (Fig. 5,A andB, andTable 2). The three IL-6R variants
with subsequent deletions of 10 amino acid residues each
showed a reduction to 32.7 � 9.1% (hIL-6R�S353_V362),
61.0 � 3.0% (hIL-6R�I343_T352), and 68.1 � 13.8% (hIL-
6R�A333_N342). As expected, we also observed diminished
constitutive sIL-6R generation of hIL-6R�S353_F367 (50.2 �
10.4%) (Fig. 5A and Table 2).
Larger deletions within the IL-6R stalk, which have been

shown to drastically diminish induced IL-6R shedding, also
strongly blocked constitutive shedding. Deletion of 30 amino
acids (�A333_V362) resulted in 17.6 � 2.6% constitutive shed-
ding compared with wild-type (Fig. 5B and Table 2), which was
in the same range as inducedADAM10 shedding (13.3� 4.1%).
Deletion of 10 additional amino acids (�A323_V362), which
showed the strongest reduction in induced shedding (0.3 �
0.08%), also revealed the lowest amount of constitutive shed-
ding (3.1 � 0.01%; Fig. 5B and Table 2). Overall, constitutive
shedding was reduced in all IL-6R variants studied, which is in
line with the observations made in the experiments with
induced IL-6R shedding.
At Least a 22-Amino Acid-long Stalk Region Is Needed for

IL-6 Classic Signaling—Besides its role in ectodomain shed-
ding, the stalk region of the IL-6R is also suggested to position
the domains D1-D3 of the IL-6R the correct distance from
the plasma membrane to facilitate complex formation of
IL-6�IL-6R with two gp130 molecules via site II and site III of
IL-6 and CBM andD1 of gp130 (23). To test this hypothesis, we
analyzed biological activity of all IL-6R stalk region deletion
variants with respect to IL-6-induced cellular proliferation (see

Fig. 2 for an overview). For this approach we again chose the
Ba/F3-gp130-hIL-6R cells. Ba/F3 cells growonly in dependence
of IL-3, but stable transductionwith gp130makes them respon-
sive to IL-6/sIL-6R or Hyper IL-6, a designer cytokine where
IL-6 is fused to the extracellular domains of the IL-6R. Ba/F3-
gp130 cells do not express endogenous IL-6R (Fig. 2E) and,
therefore, do not proliferate in the presence of IL-6 (Fig. 6A). As
shown previously (7), expression of wild-type IL-6R renders
Ba/F3-gp130 cells responsive to IL-6 (Fig. 6B). Importantly, cel-
lular proliferation of Ba/F3-gp130-IL-6R was comparable irre-
spective of stimulation with IL-6 (via membrane-bound IL-6R)
or Hyper-IL-6 (via soluble IL-6R) (Fig. 6B). Because all gener-
ated cell lines are independent clones and, therefore, might
react quantitatively slightly different on IL-6, we used Hyper-
IL-6-stimulated cellular proliferation as an internal cell clone-
specific proliferation standard to judge IL-6-induced prolifera-
tion. Like in HEK293 cells, all our variants except
IL-6R�E317_F367 were expressed equally well on the cell sur-
face of Ba/F3-gp130 cells as analyzed by flow cytometry (Fig.
2D). Truncation of the stalk region by 10 amino acids (hIL-
6R�S353_V362, �I343_T352, and �A333_N342) did not alter
the responsiveness of the cells toward stimulation by IL-6, as
the cells proliferated in a concentration-dependent manner
(Fig. 6, C–E). The same was also true for deletions of 15
(�S353_F367; Fig. 6F) and 30 amino acids (�A333_V362; Fig.
6G). Interestingly, shortening of the stalk by 36 amino acids
(�E317_T352; Fig. 6H) strongly reduced the IL-6 induced pro-
liferation of Ba/F3-gp130 cells. Only high concentrations of
IL-6 (100 ng/ml) resulted in weak cellular proliferation. Impor-
tantly, proliferation in response to Hyper-IL-6 was not
impaired. In line with this finding, the remaining four deletion
variants IL-6R�A323_V362 (Fig. 6I), IL-6R�A323_F367 (Fig.
6J), and IL-6R�E317_V362 (Fig. 6K) or IL-6R�E317_F367 (Fig.
6L) with 40, 45, 46, and 51 amino acid deletions, respectively,
did not proliferate in response to IL-6 but proliferated normally
when stimulated with Hyper-IL-6. In conclusion, we show that
the length of the hIL-6R stalk is critical for IL-6 signal transduc-
tion and that between 16 to 22 amino acids are necessary for
IL-6 classic signaling.

DISCUSSION

There are three major findings in this study. First, our data
indicate that the target sequences for ADAM17 and the overall
structure of the IL-6R stalk region contribute to efficient IL-6R
shedding. Second, constitutive IL-6R shedding is also greatly
diminished by deletions within the stalk region. Third, 22
amino acids are the minimal length of the stalk region needed
for IL-6 classic signaling.
In IL-6 biology, signaling might be induced by IL-6 classic

signaling via the membrane-bound IL-6R and by IL-6 trans-
signaling via the soluble IL-6R. The membrane-bound IL-6R
consists of three extracellular domains needed for efficient
transport to the plasma membrane (D1) and binding of IL-6
(D2 and D3) (24). However, little is known about the functional
role of the 52-amino acid-residue-long stalk region. Generation
of soluble IL-6R by ectodomain shedding ismainlymediated by
ADAM10 and ADAM17 (11–13) and the ADAM17 cleavage
site of the IL-6R has been determined to be located within the

FIGURE 5. Deletions within the stalk region differentially influence con-
stitutive IL-6R shedding. A and B, HEK293 cells were transfected with the
indicated IL-6R constructs. 48 h after transfection medium was replaced with
serum-free medium. The amount of constitutive shed IL-6R over a time period
of 24 h was determined via ELISA. ELISA data are the mean � S.D. from three
independent experiments.
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FIGURE 6. Influence of alterations of the stalk region on IL-6 dependent signal transduction. A, equal numbers of Ba/F3-gp130 cells were cultured for 2
days with increasing amounts of Hyper-IL-6 (0- 102 ng/ml) or human IL-6 (0- 102 ng/ml). RLU, relative light units. B–L, equal numbers of stably transduced
Ba/F3-gp130 cells were cultured for 2 days with increasing amounts of Hyper-IL-6 (0 –102 ng/ml) or human IL-6 (0 –102 ng/ml). The IL-6R variant is given above
the respective diagram. Cellular proliferation was quantified as indicated under “Experimental Procedures.” One representative experiment of two or three
performed is shown.
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stalk region between Gln-357 and Asp-358, in close proximity
of the plasma membrane. In contrast, the cleavage site of
ADAM10 has not been characterized so far. Genetic deletion of
eitherADAM10 orADAM17 results in embryonic lethality (25,
26). This underlines the physiological importance of the two
proteases. ADAM10 and ADAM17 show a partly overlapping,
partly distinct spectrum of more than 100 substrates (27), for
which practicably no consensus cleavage sequence exists (28).
Inhibition of one or both proteases is considered as a therapeu-
tic option in several diseases (29–31). However, howADAM10
and ADAM17 recognize and selectively cleave their substrates
is unknown, and whether all of them and/or under which con-
ditions they are proteolytically shed in vivo is also not known.
Therefore, addressing the cleavage of a single substrate in vivo
is experimentally challenging. Nevertheless, exchange of small
regions surrounding the ADAM cleavage sites between sub-
strates and non-substrates has been shown to render proteoly-
sis-resistant proteins susceptible to ADAM-mediated proteol-
ysis and vice versa, including L-selectin and TNF� (32, 33).
Genetically modified mice encoding an ADAM17-shedding-
resistant L-selectin variant showed drastically reduced serum
levels of soluble L-selectin and increased cell surface expression
(34, 35). Genetic alteration of the ADAM cleavage site of a sin-
gle substrate seems to be a promising strategy for in vivo anal-
ysis. Furthermore, the three-dimensional conformation of the
substrate plays a role for ADAM-mediated shedding (13, 32,
33), which is recognized by the membrane-proximal domain of
ADAM17 (36).
Here we have generated IL-6R deletion variants of the stalk

region resulting in mild to severe ADAM10 and/or ADAM17
shedding defects and with full, reduced, or completely abro-
gated biological activity. In opposite to wild-type IL-6R, which
is shed by ADAM10 and ADAM17, the IL-6R�S353_V362 var-
iant is not shed by ADAM17, indicating that ADAM10 and
ADAM17 use different cleavage sites or have different struc-
tural requirements for substrate recognition and cleavage.
However, the ADAM10 cleavage of IL-6R�S353_V362 was
largely absent inmurine Ba/F3-gp130 cells.We have previously
shown that human and murine ADAM17 differently shed
murine IL-6R (13), and we now observed a similar effect con-
cerning human IL-6R and human and murine ADAM10.
Therefore, it seems to be important to perform ectodomain
shedding experiments with protease and substrate from the
same species.
IL-6R�S353_F367 exhibits greatly reduced shedding by both

ADAM10 and ADAM17, suggesting that the ADAM10 cleav-
age site is located between Ser-353 and Phe-367 but not
between Ser-353 and Val-362. Finally, the 30-amino acid dele-
tion variant IL-6R�A333_V362 is not shed by ADAM17 and
only minimally by ADAM10. Importantly, all three variants
retained full biological activity with respect to induction of IL-6
classic signaling. Deletion of 36 or more amino acids of the
stalk region results in even stronger shedding deficits of the
IL-6R variants; however, these variants are biologically inac-
tive or in the case of IL-6R�E317_F367 are not efficiently
transported to the plasma membrane. Additionally, we
observed reduced constitutive shedding for all variants ana-
lyzed. IL-6R�S353_V362 and IL-6R�S353_F367 exhibited a

reduction of constitutive shedding of about 60 and 50%
despite shedding of ADAM17, and ADAM10/ADAM17 was
almost completely abrogated, respectively. For the 30-amino
acid deletion variant IL-6R�A333_V362, constitutive shed-
ding was reduced by 80%, and the most drastic effect on
constitutive shedding was observed for the 40-amino acid
deletion variant IL-6R�A323_V362 with 97% reduced con-
stitutive shedding. These findings are in line with observa-
tions that constitutive shedding is only partially reduced by
ADAM10 and/or ADAM17 inhibitors as well as in
ADAM10- and/or ADAM17-deficient murine embryonic
fibroblasts or in ADAM17 hypomorphic (13) or conditional
ADAM10-deficient mice,3 indicating the involvement of
additional proteases responsible for constitutive shedding of
IL-6R.
Besides its function in ectodomain shedding, the stalk region

plays an important role in IL-6 classic signaling. Because cyto-
kine binding domains of the signal transducing gp130 receptors
are separated from the plasma membrane by three FNIII
domains, the IL-6R stalk regionmight be considered as a spacer
to position the IL-6RCBMs (D2 andD3) in the correct distance
from the cell membrane to present IL-6 to the D1 domain of
one gp130 and to the CBM (D2 and D3) of the second gp130
molecule. IL-6�IL-6R binding is mediated via the CBM of IL-6R
and site I of IL-6. Importantly, neither IL-6 nor the IL-6R alone
has an affinity toward gp130; therefore, the chronology of com-
plex formation is binding of IL-6 to IL-6R and subsequent com-
plex formation of IL-6�IL-6R with gp130. Importantly, the stalk
region is not needed for IL-6 trans-signaling via the soluble
IL-6R (15). With respect to biological activity, deletion of 30
amino acids was compatible, but deletion of 36 or more amino
acid residues was not compatible with IL-6 classic signaling,
albeit the IL-6R�E317_T352 variant appeared to retain mini-
mal biological activity. Therefore, we conclude that a stalk
length ofmore than 16 amino acids but certainly 22 amino acids
is sufficient to facilitate IL-6 classic signaling. There are several
structural possibilities of how gp130 can look in the IL-6�IL-6R
/gp130 complex. One possibility is that the three juxtamem-
brane FNIII domains are simply positioned in an elongated
fashion (Fig. 7A). However, the crystal structure of the entire
ectodomain of gp130 in an unliganded form has revealed that
the fibronectin type III domains 4 and 5 are not elongated but
form an acute bend in the gp130 structure with an wide open
“C” shape (Fig. 7B and Ref. 37). As mentioned before, the cal-
culated size of the FNIII domains in a stretched conformation is
96 Å or about 83 Å if arranged in a bend conformation. 52
amino acids of the IL-6R stalk can span about 198 Å, allowing
both conformations of the FNIII domains and even additional
conformational changes after ligand binding. 16–22 amino
acids, however, span between 60.8 and 83.6 Å (3.8 Å/amino
acids), indicating that the three juxtamembrane fibronectin
domains of gp130 are not necessarily elongated but somehow
flexed to allow IL-6 classic signaling and thereby are perfectly
compatible with the view that the stalk region is needed for
correct positioning of IL-6. After ligand binding, these

3 J. Scheller, S. Rose-John, and P. Saftig, unpublished results.
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fibronectin type III domains,which separate the gp130 cytokine
binding domains from the plasmamembrane, are considered to
reposition to the correct proximity and orientation to induce
trans-phosphorylation of receptor-associated JAKs within the
intracellular domain. Activation of JAKs lead to subsequent
activation of IL-6 signal transduction. It is, however, not known
how and if the orientation of the FNIII domains is altered upon
ligand binding. However, because this would also be enabled by
a much shorter stalk region, additional functions such as regu-
lation of inducible and constitutive shedding are encoded by
the stalk region.
In conclusion, we provide evidence that a 15-amino acid

sequence in direct proximity to the plasma membrane is abso-
lutely required for PMA- and ionomycin-induced shedding of
the IL-6RbyADAMproteases but only partially for constitutive
shedding. Almost complete abrogation of constitutive shed-
ding is then achieved by larger deletion variants, suggesting that

additional proteases also contribute to constitutive shedding or
that the three-dimensional structure of the IL-6R is also impor-
tant for shedding. Moreover, we show that the stalk length of
IL-6R is critical for IL-6 classic signaling as the cytokine binding
module of the IL-6R has to be positioned in a correct way to
enable IL-6�gp130 complex formation. Future experiments will
show whether these findings can be transferred to the murine
IL-6R. Shedding of murine IL-6R is further complicated as
ADAM17 seems not to be the major sheddase of murine IL-6R
(13, 38). In the future, the generation of an un-cleavablemurine
IL-6R variant will enable the detailed analysis of the membrane
bound IL-6R for in vivo analysis.
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