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Interleukin (IL)-11 is a multifunctional cytokine that was tra-
ditionally recognized for its hematopoietic and anti-inflamma-
tory functions, but has recently been shown also to be involved
in tumorigenesis. IL-11 signaling is initiated by binding of the
cytokine to the IL-11 receptor (IL-11R), which is not directly
involved in signaling but required for IL-11 binding to the sig-
nal-transducing receptor glycoprotein (gp) 130. In classic sig-
naling, IL-11 binds to the membrane-bound IL-11R to initiate
signal transduction. Additionally, IL-11 signaling can be initi-
ated via soluble IL-11R, known as trans-signaling, and this path-
way only requires the three extracellular domains of the IL-11R,
but not stalk, transmembrane, or intracellular region. Here, we
analyzed the role of the IL-11R stalk region, a 55 amino acid
stretch connecting the extracellular domains with the trans-
membrane helix, in classic IL-11 signaling with the help of
cytokine-dependent cell lines. We showed that the stalk region
is crucial for IL-11 signaling via the membrane-bound IL-11R.
Using different deletion variants, we found that a minimal
length of 23 amino acid residues is required for efficient signal
transduction. We further found that classic IL-11 signaling
depended solely on the length, but not the sequence, of the
IL-11R stalk region, suggesting that the stalk functions as a
spacer in the signaling complex. We previously described the
IL-11R stalk region as determinant of proteolysis and regulator
of IL-11 trans-signaling. The results presented here reveal an
additional function in classic IL-11 signaling, highlighting the
importance of the IL-11R stalk in IL-11 signaling.

Interleukin (IL)-11 is a cytokine which had initially been
described as a hematopoietic and anti-inflammatory factor
(1–3). Recent studies, however, connect dysregulated IL-11 sig-
naling with tumorigenesis, especially in the gastrointestinal
tract (4 –7). For signal transduction, IL-11 has to first bind to its
nonsignaling �-receptor, the IL-11 receptor (IL-11R)2. This
complex then recruits two molecules of the signal-transducing
�-receptor glycoprotein (gp) 130, which dimerize and thus
initiate intracellular signaling cascades (8, 9). IL-11 mainly

induces the Janus kinase/signal transducers and activators of
transcription (Jak/STAT) pathway, but has also been shown to
activate the mitogen-activated protein kinase/extracellular reg-
ulated kinase (MAPK/Erk), phosphoinositide 3-kinase (PI3K),
and yes-associated protein (YAP) pathways (10 –12).

IL-11 is a member of the IL-6 family of cytokines, which is
characterized by their �-helical fold in an up-up-down-down
topology and their common use of gp130 as signal-transducing
receptor. This family also contains IL-6, IL-27, leukemia inhib-
itory factor (LIF), oncostatin M (OSM), ciliary neurotrophic
factor (CNTF), and cardiotrophin-like cytokine (CLC), which
all signal via different receptor complexes that contain one or
two molecules gp130. Intriguingly, IL-11 and IL-6 are the only
known cytokines that initiate signal transduction via a gp130
homodimer; all other cytokines utilize heterodimers of gp130
in combination with a second signal-transducing receptor (10).
A prerequisite for gp130 dimerization is binding of IL-11 to the
IL-11R, which is not directly involved in signal transduction
but is required for formation of the signaling complex, as
IL-11 alone cannot bind to gp130 (13, 14). Although gp130 is
ubiquitously expressed, the IL-11R is only found on a limited
number of cell types, which restricts the cells that can
respond to IL-11.

The IL-11R consists of three extracellular domains (D1–D3),
which are connected to a transmembrane region and an intra-
cellular part through a 55 amino acid residue–long stalk region
(15). For binding of IL-11, the fibronectin-type III (FNIII)–like
domains D2 and D3, which harbor the cytokine-binding mod-
ule (CBM), are essential, whereas the Ig-like D1 domain has
been reported to be negligible for signaling (16, 17). The stalk
region is also not directly involved in signal transduction,
because recombinant soluble IL-11R, which only consists of the
three extracellular domains, is able to bind IL-11 and induce
signal transduction (17, 18). We have recently shown that the
IL-11R can be cleaved off the cell surface by ectodomain shed-
ding, and that the liberated soluble IL-11R ectodomain is able
to bind IL-11 and induce signaling via the so-called trans-sig-
naling pathway (19). However, the function of the stalk region
in signaling via the membrane-bound IL-11R, referred to as
classic signaling, has not been determined.

It has been hypothesized that the stalk region is required for
positioning of the extracellular domains, because cytokines
bind to the domains D2 and D3 of gp130 (20), which are sepa-
rated from the membrane by three FNIII-like domains (D4 –
D6). Previous modeling approaches suggested that gp130 is
flexible and adapts its overall structure upon binding of the
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IL-11/IL-11R complex (8), and that the domains D4, D5, and
D6 can span a distance between 83 and 96 Å, depending on their
conformation (21).

It was previously shown that IL-6 classic signaling, which
requires a signaling complex that is similar to that of IL-11,
depends on an IL-6R stalk region which spans 83.6 Å (22 amino
acid residues) (21). However, the crystal structure of IL-11
revealed differences from IL-6 in terms of structure and recep-
tor-binding site features, suggesting that IL-11 and IL-6 engage
gp130 differently (22). To elucidate these potential differences
further, we deleted different stretches of the IL-11R stalk region
and analyzed whether and how these deletions influence classic
IL-11 signaling. We found that deletion of the majority of the
stalk prevents signaling, and that the minimum required length
for a full response to IL-11 is 23 amino acid residues, corre-
sponding to �87.4 Å. We further show that the signaling capac-
ity depends solely on the length, but not the sequence, of the
stalk region.

Results

Deletion of the IL-11R stalk region prevents classic IL-11
signaling

We have previously shown that the length of the stalk region
of the IL-6R is critical for IL-6 classic signaling (21). Like IL-6,
IL-11 signals via a gp130 homodimer and requires the preced-
ing binding to a nonsignaling �-receptor. Because the crystal
structure of IL-11 suggests differences in the binding of the
cytokine to gp130 compared with IL-6, we sought to analyze
whether the stalk region of the IL-11R serves a similar purpose
as the stalk of the IL-6 in the correct positioning of the extra-
cellular domains toward gp130, and whether there is also a crit-
ical length of the stalk region that is needed to allow IL-11
classic signaling.

To analyze the role of the IL-11R stalk region in classic IL-11
signaling, we made use of the cytokine-dependent cell line
Ba/F3-gp130 (23), which has been stably transduced with
IL-11R (termed Ba/F3– gp130 –IL-11R) or variants thereof.
Ba/F3-gp130 cell lines, which have been transduced with bio-
logically active variants of the IL-11R, do not express IL-11
themselves but are responsive to IL-11 (15). We further used
the synthetic cytokine Hyper–IL-6 (Hy–IL-6), which consists
of IL-6 connected by a linker to the soluble IL-6R. Hyper–IL-6
induces dimerization of gp130 independently of the IL-11R and
hence serves as positive control. Because the individual cell
lines might respond differently to cytokine treatment and espe-
cially to stimulation with IL-11, all cell lines will at least prolif-
erate when stimulated with Hyper–IL-6, albeit the amount of
proliferation might not be identical for all cell lines, which are
all derived individually.

To investigate a potential role for the stalk region in classic
signaling, we first deleted the amino acid residues Glu-323 to
Leu-372 (IL-11R�E323_L372), which constitute the majority of
the stalk. A deletion of the entire stalk prevented transport of
the receptor to the cell surface (data not shown), and was there-
fore not further analyzed in this study. We generated stably
transduced Ba/F3– gp130 –IL-11R�E323_L372 cells and ana-
lyzed the amount of IL-11R at the cell surface via flow cytom-

etry. The �E323_L372 deletion, which results in a stalk region
of only five amino acid residues, did not compromise the
IL-11R, as the deletion variant was detected at the cell surface in
comparable amount as the WT receptor, whereas the signal was
absent in the parental Ba/F3-gp130 cells (Fig. 1A). To analyze
the biological activity of IL-11R�E323_L372, we determined
proliferation in response to different concentrations of IL-11 or
Hy–IL-6. As shown previously, Ba/F3-gp130 cells respond to
Hy–IL-6 but not to IL-11, whereas proliferation of Ba/F3–
gp130 –IL-11R cells can be induced by both cytokines (15) (Fig.
1B, left panel). In contrast, Ba/F3– gp130 –IL-11R�E323_L372
responded to stimulation by Hy–IL-6, but not IL-11 (Fig. 1B,
middle panel), thus mimicking Ba/F3-gp130 cells (Fig. 1B, right
panel). As a second readout for the biological activity of the
IL-11R variants, we examined phosphorylation of the tran-
scription factor STAT3, which is induced by IL-11. Consistent
with the cytokine-dependent proliferation, we detected activa-
tion of STAT3 in Ba/F3– gp130 –IL-11R cells upon stimulation
with IL-11 and Hy–IL-6, but only with Hy–IL-6 in Ba/F3–
gp130 –IL-11R�E323_L372 and Ba/F3-gp130 cells (Fig. 1C).
These results indicate that the stalk region of the IL-11R is
required for classic IL-11 signaling.

The signaling capacity of the IL-11R depends on the length of
its stalk region

Having shown that the IL-11R�E323_L372 variant lacks bio-
logical activity, we sought to further analyze which part and
which length of the stalk region is necessary for classic signal-
ing. As depicted in Fig. 2A, we therefore generated seven addi-
tional deletion variants of the IL-11R: IL-11R�V363_L372,
IL-11R�H353_S362, and IL-11R�P343_P352 all lacked 10
amino acid residues; IL-11R�H353_L372 and IL-11R�P343_
S362 lacked 20 amino acid residues; and IL-11R�P343_L372
and IL-11R�Q333_L372 had 30 and 40 amino acid residues
deleted, respectively. To be able to analyze IL-11– depen-
dent signal transduction, we transduced all seven IL-11R
variants stably in Ba/F3-gp130 cells, which were all effi-
ciently transported to the cell surface as measured by flow
cytometry (Fig. 2B). However, amounts of IL-11R at the cell
surface varied between the individual cell lines, which could
possibly influence their response toward stimulation with
IL-11.

We then analyzed IL-11– dependent proliferation of all these
cell lines. Deletion of 10 amino acid residues in the variants
IL-11R�V363_L372, IL-11R�H353_S362, and IL-11R�P343_
P352 did not alter response to IL-11 (Fig. 3, A–C). Furthermore,
deletion of 20 amino acid residues in IL-11R�H353_
L372 or IL-11R�P343_S362 did not impair IL-11–induced pro-
liferation (Fig. 3, D and E), and also removal of 30 amino
acid residues was tolerated, because Ba/F3– gp130 –IL-
11R�P343_L372 proliferated in a dose-dependent manner in
response to IL-11 that was indistinguishable from the other cell
lines tested (Fig. 3F). In contrast, deletion of 40 amino acid
residues in the IL-11R�Q333_L372 mutant led to a complete
loss of IL-11–induced proliferation (Fig. 3G), which we previ-
ously also observed with largest deletion variant of 50 amino
acid residues (IL-11R�E323_L372) (Fig. 1C). Notably, these
cells still responded normally to Hy–IL-6, ensuring that the
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cells were in principle able to proliferate when gp130 was acti-
vated by a ligand. Additionally, we analyzed STAT3 phosphor-
ylation in Ba/F3– gp130 –IL-11R�P343_L372 and Ba/F3–
gp130 –IL-11R�Q333_L372 in response to stimulation with
IL-11 and Hy–IL-6. In line with the other data, deletion of 30
amino acid residues did not compromise phosphorylation
upon IL-11 stimulation, whereas deletion of 40 amino acid res-
idues rendered the cells unresponsive toward IL-11 treatment
and Hy–IL-6 stimulation was intact in both cell lines (Fig. 3H).
These results show that deletion of 30 amino acid residues,
resulting in a stalk with a length of 25 amino acid residues, is
sufficient for classic IL-11 signaling, whereas 15 remaining
amino acid residues are not sufficient, indicating that classic
signaling depends on the length of the stalk region.

A stalk length of 23 amino acid residues is the minimal
requirement for classic IL-11 signaling

To narrow down the essential stalk length further, we made
four additional stalk deletion variants, whose length was
between IL-11R�P343_L372 and IL-11R�Q333_L372. These
variants, which each differ by 2 amino acid residues in length,
are depicted in Fig. 4A, and result in stalk lengths between 23
and 17 amino acid residues. As seen for all receptor variants
before, these deletions also did not compromise transport of
the IL-11R to the cell surface when we measured IL-11R expres-
sion in stably transduced Ba/F3-gp130 cell lines via flow cytom-
etry (Fig. 4B).

We further analyzed IL-11–induced proliferation of all four
cell lines. Interestingly, the stalk region of 23 amino acid resi-

Figure 1. IL-11R stalk is essential for classic signaling. A, cell surface expression of IL-11R variants on Ba/F3– gp130 –IL-11R, Ba/F3– gp130 –IL-
11R�E323_L372, and Ba/F3-gp130 cells was assessed by flow cytometry. B, equal amounts of Ba/F3– gp130 –IL-11R, Ba/F3– gp130 –IL-11R�E323_L372, and
Ba/F3-gp130 cells were stimulated with increasing amounts (0 –100 ng/ml) of either IL-11 or Hy–IL-6 for 48 h. Concentration-dependent proliferation was
determined as described in “Experimental Procedures.” Error bars represent S.D. of triplicates from one representative experiment. C, STAT3 phosphorylation
of Ba/F3– gp130 –IL-11R, Ba/F3– gp130 –IL-11R�E323_L372, and Ba/F3-gp130 cells in response to 10 ng/ml IL-11 or 10 ng/ml Hy–IL-6 stimulation for 15 min was
determined by Western blotting. Total STAT3 was determined to ensure equal protein loading.

IL-11R stalk in classic IL-11 signaling

6400 J. Biol. Chem. (2018) 293(17) 6398 –6409



dues in length present in Ba/F3– gp130 –IL-11R�D341_L372
was sufficient to provoke a full response to IL-11 (Fig. 4C). In
contrast, Ba/F3-gp130 cell lines expressing deletion variants
with a stalk length of either 21 (IL-11R�Q339_L372) or 19
amino acid residues (IL-11R�E337_L372) still responded to
IL-11, but the induced proliferation was distinctly lower than
the response caused by Hy–IL-6 treatment (Fig. 4, D and E).
Further decreasing the stalk length to 17 amino acid residues
(IL-11R�E335_L372) completely abrogated IL-11–induced
proliferation (Fig. 4F). We again complemented our analyses
with STAT3 phosphorylation assays in the four Ba/F3– gp130 –
IL-11R cell lines. In line with our previous results, we could
detect robust, distinct phosphorylation of STAT3 upon IL-11
stimulation in Ba/F3– gp130 –IL-11R and Ba/F3– gp130 –IL-
11R�D341_L372 cells (Fig. 5A). In contrast, we observed no
phosphorylation of STAT3 in Ba/F3–gp130–IL-11R�Q339_

L372, Ba/F3– gp130 –IL-11R�E337_L372, and Ba/F3– gp130 –
IL-11R�E335_L372 cells (Fig. 5A). Furthermore, we analyzed
induction of gene expression of SOCS3 in response to stimula-
tion with Hy–IL-6 and IL-11 after 15, 30, and 60 min. As shown
in Fig. 5B, SOCS3 expression was strongly induced by Hy–IL-6
and IL-11 in Ba/F3– gp130 –IL-11R�D341_L372 cells, showing
again that this IL-11R deletion variant is biologically active. In
contrast, although we detected an increase in SOCS3 in Ba/F3–
gp130 –IL-11R�E335_L372 cells treated with Hy–IL-6, no
SOCS3 induction was observed when the same cells were
treated with IL-11 (Fig. 5C), confirming that the IL-
11R�E335_L372 variant lacks biological activity.

To analyze whether the decreased proliferation that we
observed in the 21 and 19 amino acid residue–long stalk vari-
ants IL-11R�Q339_L372 and IL-11R�E337_L372 was also mir-
rored in STAT3 phosphorylation, we stimulated the cell lines

Figure 2. Deletions in the IL-11R stalk do not compromise cell surface expression. A, schematic overview of IL-11R stalk deletions. Amino acid residues of
the stalk region (spanning Gly-318 to Leu-372) are highlighted in gray. Missing stretches in the scheme indicate deletions. B, cell surface expression of the
above-depicted IL-11R deletion variants stably transduced into Ba/F3-gp130 cells.
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with 10 ng/ml and 100 ng/ml IL-11 (Fig. 6A). Although no dif-
ference between the two concentrations was detected for
Ba/F3– gp130 –IL-11R cells, an increase in STAT3 phosphory-
lation upon stimulation with 100 ng/ml IL-11 compared
with 10 ng/ml could be observed in Ba/F3– gp130 –IL-
11R�D341_L372 cells. This shows that 10 ng/ml were already
sufficient to activate the IL-11R in both cells lines, but full acti-
vation of the IL-11R�D341_L372 was only achieved with the
higher concentration of IL-11. In contrast, no induction of
STAT3 phosphorylation was detected in the Ba/F3– gp130 –IL-
11R�Q339_L372 and Ba/F3– gp130 –IL-11R�E337_L372 cell
lines with 10 ng/ml IL-11 (Fig. 6A). However, stimulation with
100 ng/ml IL-11 revealed a weak STAT3 phosphorylation (Fig.
6A). These results are in accordance with the proliferation data

(Fig. 4, D and E) and underline the finding that these receptor
variants are not inactive per se, but rather show a decrease
in signaling capability. Accordingly, the Ba/F3– gp130 –IL-
11R�E335_L372 cell line showed practically no induction of
STAT3 phosphorylation, even with 100 ng/ml IL-11 (Fig. 6A).
Furthermore, when we measured phosphorylation of STAT3
over a time period of 60 min, we observed a normal STAT3
phosphorylation in Ba/F3– gp130 –IL-11R cells, which de-
clined stepwise in lockstep with the shortening of the stalk
region of the IL-11R variants (Fig. 6B).

In summary, our results indicate that for a full induction of
IL-11 classic signaling, the IL-11R stalk needs to be at least 23
amino acid residues in length. No signaling can be induced if
the stalk is 17 amino acid residues or shorter, albeit the receptor

Figure 3. Classic IL-11 signaling depends on the stalk length. A–G, equal amounts of the different Ba/F3-gp130 cell lines were stimulated with increasing
amounts (0 –100 ng/ml) of either IL-11 or Hy–IL-6 for 48 h. Concentration-dependent proliferation was determined as described in “Experimental Procedures.”
The analyzed cell line is given above the respective diagram. Error bars represent S.D. of triplicates from one representative experiment. H, STAT3 phosphor-
ylation of Ba/F3– gp130 –IL-11R�P343_L372 and Ba/F3– gp130 –IL-11R�Q333_L372 cells in response to 10 ng/ml IL-11 or 10 ng/ml Hy–IL-6 stimulation for 15
min was determined via Western blotting. Total STAT3 was detected to ensure equal protein loading. The ratio of pSTAT3/STAT3 was determined from three
independent experiments.
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Figure 4. A stalk region of 23 amino acid residues is required for classic signaling. A, schematic overview of the four additional IL-11R stalk deletion
variants. Amino acid residues of the stalk are highlighted in gray. Missing stretches in the scheme indicate deletions. B, cell surface expression of the above
depicted IL-11R deletion variants stably transduced into Ba/F3-gp130 cells. C–F, equal amounts of the different Ba/F3-gp130 cell lines were stimulated with
increasing amounts (0 –100 ng/ml) of either IL-11 or Hy–IL-6 for 48 h. Concentration-dependent proliferation was determined as described in “Experimental
Procedures.” The analyzed cell line is given above the respective diagram. Error bars represent S.D. of triplicates from one representative experiment.
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is still present at the cell surface. Interestingly, a stalk length
between 17 and 23 amino acid residues results in decreased, but
not fully abrogated, classic signaling, arguing for a certain
degree of flexibility.

IL-11 signaling does not primarily depend on the sequence of
the IL-11R stalk

Finally, we sought to analyze whether the efficient formation
of the signaling complex solely depends upon the length of the
IL-11R stalk, or whether the amino acid residues within the
stalk are directly involved. To this end, we made use of an
IL-11R variant, where we inserted a random 23 amino acid res-
idue sequence (IL-11R_random, Fig. 7A), as we have identified
this as the minimal length required for efficient IL-11 signaling
(Fig. 4C). The sorting and transport of the IL-11R to the cell
surface of stably transduced Ba/F3-gp130 cells was indepen-
dent of the sequence of the stalk region, as judged by efficient
cell surface localization of the IL-11R_random variant detected
via flow cytometry (Fig. 7B). Furthermore, we found that
cells expressing this IL-11R variant (Ba/F3– gp130 –IL-11R_
random) showed IL-11–dependent proliferation as well as prolif-
eration induced by Hy–IL-6 (Fig. 7C). Additionally, Ba/F3–
gp130 –IL-11R_random cells were also able to induce phos-
phorylation of STAT3 upon IL-11 stimulation, albeit less than
cells expressing the IL-11R WT receptor (Fig. 7D). This was
further confirmed by quantitative real-time PCR of SOCS3
expression in response to IL-11 treatment. Although Ba/F3-

gp130 cells did not respond to IL-11 at all, SOCS3 expression
increased over time in Ba/F3– gp130 –IL-11R cells and was
even detectable after only 15 min of stimulation (Fig. 7E). In
contrast, Ba/F3– gp130 –IL-11R_random cells responded
slower to IL-11 treatment, although they reached the same
amount of SOCS3 mRNA after 60 min as the Ba/F3– gp130 –
IL-11R cells (Fig. 7E). Together, these results indicate that
classic IL-11 signaling depends on a certain length of the
IL-11R stalk region, but that the actual sequence of this
stalk is not of critical importance. However, although the
IL-11R_random variant was biologically active, its capability
to transmit IL-11–induced signals was reduced compared
with the WT IL-11R. These findings support the hypothe-
sis that the IL-11R stalk is required for positioning the ex-
tracellular domains in a correct distance to the CBM of
gp130, which then allows the formation of the signaling
complex.

Discussion

IL-11 signal transduction is mediated via a complex of
IL-11R and a gp130 homodimer. It is well known that the extra-
cellular domains D2 and D3 of the IL-11R are responsible for
binding of IL-11 to its receptor, which is a prerequisite for
gp130 homodimerization and initiation of signal transduction.
In contrast, the IL-11R stalk region is not directly involved in
signal transduction, because IL-11 can bind to membrane-
bound as well as soluble forms of the IL-11R, and both com-

Figure 5. IL-11-induced STAT3 phosphorylation depends on IL-11R stalk length. A, Ba/F3– gp130 –IL-11R, Ba/F3– gp130 –IL-11R�D341_L372, Ba/F3–
gp130 –IL-11R�Q339_L372, Ba/F3– gp130 –IL-11R�E337_L372, and Ba/F3– gp130 –IL-11R�E335_L372 cells were either stimulated with 10 ng/ml IL-11 for 15
min or left untreated. STAT3 phosphorylation was determined by Western blotting. Total STAT3 and IL-11R were visualized within the cell lysate. �-actin was
determined to ensure equal protein loading. The ratio of pSTAT3/STAT3 was determined from three independent experiments. B, Ba/F3– gp130 –IL-
11R�D341_L372 cells were stimulated with either 10 ng/ml Hy–IL-6, 10 ng/ml IL-11 for the indicated time points, or left untreated. The relative amounts of
SOCS3 mRNA were quantified by quantitative real-time PCR. Values were normalized to GAPDH (n � 3 independent experiments, three technical replicates per
experiment, mean � S.D.). C, the experiment was performed with Ba/F3– gp130 –IL-11R�E335_L372 cells as described in B.
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plexes efficiently recruit a gp130 homodimer (17–19). Accord-
ingly, the intracellular and the transmembrane region also are
dispensable for IL-11 classic signaling (17–19), but the intracel-

lular region has been shown to be required for the correct sort-
ing of the IL-11R in polarized cells and the transcytotic activity
of the IL-11R (24).

Figure 6. Influence of cytokine concentration and duration of stimulation on IL-11–induced STAT3 phosphorylation. A, Ba/F3– gp130 –IL-11R, Ba/F3–
gp130 –IL-11R�D341_L372, Ba/F3– gp130 –IL-11R�Q339_L372, Ba/F3– gp130 –IL-11R�E337_L372, and Ba/F3– gp130 –IL-11R�E335_L372 cells were stimu-
lated with either 10 ng/ml Hy–IL-6, 10 ng/ml IL-11, 100 ng/ml IL-11, or left untreated for 15 min. STAT3 phosphorylation was determined by Western blotting,
and total STAT3 was visualized to ensure equal protein loading. The ratio of pSTAT3/STAT3 was determined from three independent experiments. B, Ba/F3–
gp130 –IL-11R, Ba/F3– gp130 –IL-11R�D341_L372, Ba/F3– gp130 –IL-11R�Q339_L372, Ba/F3– gp130 –IL-11R�E337_L372, and Ba/F3– gp130-IL–11R�E335_
L372 cells were stimulated with 10 ng/ml IL-11 for different time periods (0 – 60 min). STAT3 phosphorylation was determined by Western blotting, and total
STAT3 was visualized to ensure equal protein loading. The ratio of pSTAT3/STAT3 was determined from three independent experiments.
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Besides IL-11, gp130 mediates signal transduction of multi-
ple other cytokines, which all differ in their receptor-binding
sites (10). This variety of interactions has been proposed to
result in slightly different orientations of cytokines and the

gp130 CBM (25), and possibly also different overall structures
of the signaling complexes. Among these cytokines, IL-11 and
IL-6 stand out because they are the only cytokines which utilize
a gp130 homodimer (10). This has led to the assumption that
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the signaling complexes of both cytokines are equal, and cur-
rent knowledge is that dimerization of gp130 by IL-11 and IL-6
leads to the same intracellular signaling cascades (26). Con-
versely, monoclonal antibodies directed against gp130 have
been described which specifically inhibit IL-11 or IL-6 signaling
(27). Furthermore, the recently solved crystal structure of IL-11
revealed differences in the gp130 interaction site compared
with that of IL-6, indicating that the two cytokines might bind
to gp130 in a different manner (22). However, we have previ-
ously shown that chimeric receptors of the IL-11R and IL-6R
are indistinguishable in their biological activity (15), pointing
toward similar formation of the signaling complexes.

Here, we found that the IL-11R stalk region is required for
classic signaling, as deletion of the majority of the stalk (deleting
50 of the 55 amino acid residues) prevented signal transduction,
albeit the receptor was still expressed and transported to the
cell surface. Furthermore, we showed that a stalk region of at
least 23 amino acid residues is required for efficient signal
transduction. Interestingly, an IL-11R variant with a random
stalk of the same length was also biologically active, although its
signaling capacity was reduced compared with the IL-11R with
the full-length stalk region. Overall, these results indicate that
the exact amino acid sequence of the stalk region is not crucial
for IL-11 signaling and further support the proposed role for
the stalk region as a spacer to position the CBM of the IL-11R in
a correct distance in relation to the two gp130 receptors.
Importantly, the required stalk length for IL-11 classic signaling
is similar to what we have reported previously for the IL-6R
(21). We cannot rule out completely the influence of the
amount of the IL-11R at the cell surface, as this varied between
the individual Ba/F3-gp130 cell lines expressing the different
IL-11R deletion variants. In conclusion, our data support the
theory that the orientation of IL-11 and IL-6 in relation to
gp130, and hence the overall geometry of the signaling com-
plexes of both cytokines, are similar, although our results do not
exclude subtle differences in the binding interfaces. Neverthe-
less, there are no indications that these gp130 dimers differ in a
way that would result in differences in the intracellular signal-
ing cascades. Whether qualitative or quantitative differences in
terms of signaling exist between IL-11 classic and trans-signal-
ing is also unknown to date.

However, our results raise the question of why the IL-11R
stalk length exceeds the minimal requirement for signal trans-
duction by 22 amino acid residues. Comparison of the stalk
regions of the IL-11R across different species revealed no con-
servation regarding the amino acid sequence (Fig. 7F), further
supporting our finding that the sequence is not directly
involved in signal transduction. Indeed, the predicted stalk
region e.g. in the IL-11R from zebrafish is 13 amino acid resi-

dues shorter than the human orthologue, illustrating that func-
tional IL-11R does not require the length of 55 amino acid res-
idues found in the human IL-11R. Intriguingly, the human stalk
region spans 209 Å (3.8 Å per amino acid), whereas the cyto-
kine-binding region of gp130 is only in a distance of 96 Å sep-
arated from the plasma membrane (31 Å for each of the three
FNIII-like domains). This indicates a huge amount of flexibility
for the final formation of the IL-11/IL-11R/gp130 signaling
complex. The minimal functional stalk determined in this study
spans only 87.4 Å, similar to the minimal stalk region of the
IL-6R (21), indicating that the gp130 molecules have to bend
toward the plasma membrane to reach the IL-11/IL-11R com-
plex. Indeed, structural data revealed a bended, C-shaped con-
formation of gp130 (28), which is in accordance with our results
here.

Interestingly, even the shortest stalk region shown in Fig. 7F
is longer than the minimal length identified in this study, which
indicates that the IL-11R stalk might have further functions in
addition to the correct spacing between the membrane and the
gp130 receptors. We have previously shown that the stalk also
acts as a determinant of proteolysis (19), but it is also possible
that this region has further, yet unknown, functions which have
to be explored in further studies.

Experimental procedures

Cells and reagents

Ba/F3-gp130 cells were obtained from Immunex (Seattle,
WA) (23). Retroviral transduction of Ba/F3-gp130 cells was
performed as described previously (29). Cells were cultured in
DMEM high-glucose culture medium (Gibco, Thermo Fisher
Scientific), supplemented with 10% fetal bovine serum, penicil-
lin (60 mg/liter), and streptomycin (100 mg/liter) in the pres-
ence of 10 ng/ml Hyper–IL-6 or, if the cells were transduced
with biologically active variants of the IL-11R, in the presence of
10 ng/ml IL-11 instead, as they do not produce IL-11 endoge-
nously. Hyper–IL-6 and IL-11 were produced as described pre-
viously (24, 30). Anti-phosphoSTAT3 (pTyr705), anti-STAT3
(124H6), and anti-Myc (71D10) antibodies were obtained from
Cell Signaling Technology, the anti-IL-11R (N-20) and anti-�-
actin (C-4) antibodies were from Santa Cruz Biotechnology
(Dallas, TX). IRDye-conjugated anti-mouse and anti-rabbit
antibodies were purchased from LI-COR Biosciences (Lincoln,
NE), and the Alexa Fluor 488 – conjugated anti-rabbit antibody
from Thermo Fisher Scientific.

Construction of plasmids

pcDNA3.1 expression plasmids for Myc-tagged hIL-11R
have been described previously (15). Deletions within the
IL-11R stalk have been constructed by splicing by overlapping

Figure 7. Classic IL-11 signaling is independent of the stalk sequence. A, stalk sequences of IL-11R, IL-11R�D341_L372, and IL-11R_random. B, cell surface
expression of IL-11R_random was assessed by flow cytometry. C, equal amounts of Ba/F3– gp130 –IL-11R_random cells were stimulated with increasing
amounts (0 –100 ng/ml) of either IL-11 or Hy–IL-6 for 48 h. Concentration-dependent proliferation was determined as described in “Experimental Procedures.”
D, STAT3 phosphorylation of Ba/F3– gp130 –IL-11R_random in response to 10 ng/ml IL-11 or 10 ng/ml Hy–IL-6 stimulation for 15 min was determined by
Western blotting. Total STAT3 was determined to ensure equal protein loading. The ratio of pSTAT3/STAT3 was determined from three independent experi-
ments. E, Ba/F3-gp130, Ba/F3– gp130 –IL-11R and Ba/F3– gp130 –IL-11R_random cells were stimulated with 10 ng/ml IL-11 for the indicated time points. The
relative amounts of SOCS3 mRNA were quantified as described in the legend to Fig. 5B. Values were normalized to GAPDH (n � 3 independent experiments,
three technical replicates per experiment, mean � S.D.). F, sequence alignment of the amino acid residues of the IL-11R stalk sequences from human (Homo
sapiens), mouse (Mus musculus), rat (Rattus norvegicus), hamster (Mesocricetus auratus), chicken (Gallus gallus), clawed frog (Xenopus tropicalis), and zebrafish
(Danio rerio). The predicted stalk region of the human IL-11R has been underlined.
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extensions PCR as described previously (19). The IL-11R dele-
tion variants IL-11R�V363_L372, IL-11R�H353_S362, and
IL-11R�P343_P352 have been described previously (19). The
random sequence has been designed based on natural distribu-
tion of amino acids using the ExPASy RandSeq tool (31) and
was constructed by PCR. All variants were subcloned into
pMOWS by digestion of pcDNA3.1 plasmids with PmeI (29).
The generated constructs were verified via Sanger sequencing
(GATC Biotech, Konstanz, Germany).

Flow cytometry

To analyze cell surface expression of IL-11R variants,
�500,000 cells were washed with PBS and stained with �-Myc-
antibody diluted 1:100 in FACS buffer (1% BSA in PBS) for 1 h,
washed two times and incubated with Alexa Fluor 488 –
conjugated anti-rabbit antibody for 1 h in the dark. After two
more washing steps, cells were analyzed on a FACSCanto II (BD
Biosciences). The obtained data were analyzed with FlowJo
software (Ashland, OR).

Ba/F3-gp130 cell viability assay

Cytokine-dependent proliferation of Ba/F3-gp130 – derived
cell lines in response to IL-11 or Hyper–IL-6 stimulation was
analyzed using the CellTiter-Blue Viability Assay (Promega,
Madison, WI) according to the manufacturer’s instructions as
described previously (32). Because Ba/F3 cells proliferate dose
dependently in response to cytokines and undergo apoptosis
without an appropriate stimulus, the cell viability is used as
readout for the proliferation of the different cell lines. Data are
shown as relative light units (RLU).

Stimulation of cells and Western blotting

For analysis of STAT3 phosphorylation, the different Ba/F3-
gp130 – derived cell lines were starved in serum-free medium
for 3 h and stimulated with 10 ng/ml Hyper–IL-6 or 10 ng/ml
IL-11 for 15 min. Afterward, cells were harvested by centrifu-
gation and directly boiled in Laemmli buffer. Cell lysates were
separated by SDS-PAGE and blotted onto nitrocellulose mem-
branes, which were blocked with Odyssey Blocking Buffer
(LI-COR Biosciences) for 1 h at room temperature. Then,
membranes were treated with primary antibody at 4 °C over-
night and, after washing, with IRDye-conjugated secondary
antibodies for 1 h in the dark at room temperature. Signals were
analyzed with an Odyssey Fc and the ImageStudio software
(LI-COR Biosciences).

Quantitative real-time PCR

Ba/F3-gp130 cell lines were stimulated with 10 ng/ml IL-11
or Hy–IL-6 for the indicated time points. Total RNA was iso-
lated from 2 � 106 cells using the NucleoSpin RNA II kit
(Macherey-Nagel, Düren, Germany) according to manufactu-
rer’s instructions. Concentration and purity of the extracted
RNA was analyzed using a NanoDrop 2000 spectrophotometer
(Thermo Fisher Scientific). For gene expression analysis, 1 �g
total RNA was reversely transcribed into cDNA with Oligo-
dT15 primers and the RevertAid reverse transcriptase (Thermo
Fisher Scientific). cDNA transcribed from 50 ng RNA was used
as template for each quantitative real-time PCR reaction using

the Power SYBR Green PCR Master Mix (Thermo Fisher Sci-
entific) according to manufacturer’s instructions on a Light-
Cycler� 480 System (Roche). Samples were measured in tripli-
cates and normalized to GAPDH expression. Relative gene
expression was calculated using the 2��Ct method. Primer
sequences were mSOCS3_fwd: GCTCCAAAAGCGAGTAC-
CAGC, mSOCS3_rev: AGTAGAATCCGCTCTCCTGCAG,
mGAPDH_fwd: AAGGTCATCCCAGAGCTGAA, mGAP-
DH_rev: CTGCTTCACCACCTTCTTGA.

Sequence alignment

For the multiple sequence alignment the online tool Clustal
Omega (http://www.ebi.ac.uk/Tools/msa/clustalo/)3 (33) was
used. The alignment was performed with the full sequences of
IL-11 receptors from the following species: Homo sapiens (Uni-
Prot: Q14626), Mus musculus (UniProt: Q64385), Rattus nor-
vegicus (UniProt: Q99MF4), Mesocricetus auratus (UniProt:
A0A1U8C6K8), Xenopus tropicalis (UniProt: A4IHR2), Gallus
(UniProt: A0A1D5PDZ2), Danio rerio (UniProt: A8WH84).

Data presentation

Unless stated otherwise, all experiments were performed at
least three times with similar outcome. Western blots and flow
cytometry data are shown from one representative experiment,
and quantification of three independent experiments is pre-
sented next to the respective Western blots. Cell viability data
are shown from one representative experiment (mean � S.D.,
n � 3 biological replicates).
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