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Interleukin-6 (IL-6) induces the activation of the Src family kinase Hck, which is associated with the IL-6
receptor �-chain, gp130. Here we describe the identification of an “acidic” domain comprising amino acids 771
to 811 of gp130 as a binding region for Hck, which mediates proliferative signaling. The deletion of this region
of gp130 (i.e., in deletion mutant d771-811) resulted in a significant reduction of Hck kinase activity and cell
proliferation upon stimulation of gp130 compared to wild-type gp130. In addition, d771-811 disrupted the
growth factor-stimulated activation of Erk and the dephosphorylation of Pyk2. Based on these findings, we
propose a novel, acidic domain of gp130, which is responsible for the activation of Hck, Erk, and Pyk2 and
signals cell proliferation upon growth factor stimulation.

To exert its biological effects, interleukin-6 (IL-6) must bind
to the IL-6 receptor (IL-6R), composed of two �-chains (IL-
6R�, 80 kDa) and two �-chains (IL-6R� or gp130, 130 kDa).
Two moieties of IL-6 and two pairs of these receptor chains
form a functional hexameric IL-6R complex (42, 43, 55). The
subsequent intracellular signaling events are activated via
gp130, which is the common �-chain of the receptors for car-
diotrophin 1, ciliary neurotrophic factor, oncostatin M, leuke-
mia inhibitory factor, IL-11, and IL-6 (24). Activation of the
IL-6R stimulates at least two major signaling pathways, the Src
homology 2 (SH2) domain containing protein tyrosine phos-
phatase 2 (Shp-2)/mitogen-activated protein kinase (MAPK)
signaling cascade (8, 26, 31, 32, 41, 46) and the Janus kinase
(Jak)/signal transducer and activator of transcription (STAT)
pathway (6, 18, 25, 45). It was shown in recent in vivo studies
that gp130-mediated signals were regulated by a balance be-
tween these two pathways (33). However, the signaling cas-
cades mediating IL-6-induced cell growth are not fully defined.
It was shown that Jak and STAT proteins are activated by IL-6
in multiple myeloma (MM) cells independently of the prolif-
erative response. In contrast, MAPK was activated only in cells
showing a proliferative response to IL-6 (32). Moreover, the
physical separation of gp130 and Shp-2 reduced cell prolifer-
ation (26).

We have shown previously that at least three members of the
Src family of tyrosine kinases, i.e., Fyn, Hck, and Lyn, copre-
cipitate with gp130 in lysates of MM cells (20). Stimulation of
cells with IL-6 increased the activity of these kinases. The
association of Hck kinase with gp130 appeared to be stronger
than either of the other two kinases. Therefore, we decided to
focus on the Hck kinase to elucidate the mechanism(s) and
biological significance of the IL-6-mediated Src kinase activa-

tion. To identify the gp130 binding domain for Hck, several
mutants of gp130 were constructed. These mutants were based
on a chimeric receptor consisting of the extracellular part of
the erythropoietin receptor (EPOR) and the intracellular part
of human gp130 (23). These EPOR/gp130 receptor chimeras
(Eg) allowed study of the activation of gp130 by erythropoietin
(EPO) after transfection of a single molecule. By genetically
modifying these chimeric receptor constructs, we identified a
41-amino-acid (aa) stretch (aa 771 to 811) located C terminal
of the Box3 motif of gp130, which was necessary for Hck
binding. This region was rich in negatively charged amino acids
and therefore designated acidic domain in analogy to the Lck
binding region of the IL-2R �-chain (22). Both C-terminal
truncation up to aa 775 of gp130 and the deletion of its acidic
domain significantly reduced the gp130-mediated cell prolifer-
ation upon growth factor stimulation.

MATERIALS AND METHODS

Reagents. Purified recombinant murine EPO (rmEPO) was purchased from
Boehringer (Mannheim, Germany) and purified murine IL-3 (rmIL-3) was ob-
tained from Biosource International (Nivelles, Belgium). All reagents for cell
lysis, protein extraction, sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE), and immunoblotting were purchased from Sigma (Munich,
Germany) or Bio-Rad (Munich, Germany). Protein A-Sepharose was obtained
from Pharmacia Biotech (Freiburg, Germany). The purified mouse monoclonal
antibodies anti-His (C terminal) and anti-V5 were purchased from Invitrogen
(Leek, The Netherlands). The specific antibody against serine-phosphorylated
STAT3 was purchased from New England Biolabs (Schwalbach, Germany). The
antibodies against phosphorylated Pyk2 were purchased from Biosource (Solin-
gen, Germany). All other antibodies and the specific blocking peptide represent-
ing aa 8 to 37 of Hck were ordered from Santa Cruz Biotechnology (Santa Cruz,
Calif.). [3H]thymidine and [33P]ATP were purchased from Amersham (Braun-
schweig, Germany). The Src kinase substrate Sam 68 was obtained as a 51-kDa
tagged fusion protein from Santa Cruz Biotechnology. The tyrosine kinase in-
hibitor PP2 was purchased from Calbiochem (Bad Soden, Germany). Cell cul-
ture media and sera were obtained from BioWhittaker (Verviers, Belgium) and
Gibco (Paisley, United Kingdom). The wild-type EPOR-gp130 (i.e., Eg) fusion
protein was a kind gift from Friedemann Horn (Universität Leipzig, Leipzig,
Germany). All enzymes for cloning procedures and the liposomal transfection
reagent DOTAP were purchased from Boehringer. The mammalian expression
vectors pcDNA3, pcDNA3.1(�)/myc-His, and pcDNA6/V5-His and the selec-
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tion reagent blasticidin were purchased from Invitrogen. The expression vector
pDpuro was a gift from Seth Corey, Pittsburgh, Pa. Puromycin was obtained from
Sigma.

Cloning of Eg and mutants. (i) Cloning of Eg. The chimeric receptor (Eg) was
constructed by cloning the extracellular domain of the mouse EPOR to the
cytoplasmatic domain of human gp130 by using an introduced EcoRI site as
described elsewhere (23). This construct was then cloned into pcDNA3.1/myc-
His by using introduced XbaI and BamHI sites and standard PCR methods.

(ii) Truncation mutations. The C-terminal truncation (t) mutants t828, t770,
t722, t702, t685, and t650 (with the numbers referring to the amino acid positions
of wild-type human gp130) were constructed by using the full-length fusion
protein (Eg) cloned into pcDNA3.1/myc-His as a template in a single-step PCR
protocol. A universal sense primer, containing an integrated XbaI site and a
Kozak signal sequence (5�-GGGCCCTCTAGACCAGCCATGGACAAACTC-
3�) and the following truncation specific antisense primers containing an inte-
grated BamHI site were used: t828a, ATCTGGGGATCCTTCATGCTGACTG
CAGTTCTG; t770a, GACTTGGACTGAGGATCCTTGGTGTCTGTA; t722a,
ACTGCTGGATCCTTCAGTATTAATTTTTTC; t702a, TTCTGGGGATCCC
TTTTTGTCATTTGCTTCTAT; and t685a, GGCAATATGACTGGATCCAG
GATCTGGAAC; and t650a, ATCTGGAACATTAGGGGATCCGTGTTTTT
TAATTAG. By using the same strategy, the truncation mutants t775 and t710
were cloned into pcDNA6 by using BamHI and XbaI sites. The primers used
were as follows: t775/t710s, GGGCCCGGATCCCCAGCCATGGACAAACTC;
t710a, GAGCTCTCTAGACTGAGGCATGTAGCCGCC; and t775a, TCTTG
ATCTAGATTGGACTGACGGAACTTG.

(iii) Deletion mutations. The deletion (d) mutants d681-721, d771-827, d771-
811, d820-827, d812-827, and d812-819 were established by using Eg as a tem-
plate in a two-step PCR protocol. In the first step, the deletions were performed
by using internal, partially complementary primers (d681-721s, CACAATTTTA
ATTCAAAAGGACACAGCAGTGGTATT; d681-721a, AATACCACTGCTG
TGTCCTTTTGAATTAAAATTGTG; d771-827s, AGTGGCTACAGACACC
AAATTTCACATTTTGAAAGG; d771-827a, CCTTTCAAAATGTGAAATT
TGGTGTCTGTAGCCACT; d771-811s, AGTGGCTACAGACACCAACAAC
AGTACTTCAAACAG; d771-811a, CTGTTTGAAGTACTGTTGTTGGTGT
CTGTAGCCACT; d820-827s, TACTTCAAACAGAACTGCATTTCACATTT
TGAAAGG; d820-827a, CCTTTCAAAATGTGAAATGCAGTTCTGTTTGA
AGTA; d812-827s, GATGGTATTTTGCCCAGGAGTCAGCATGAATCCA
GT; d812-827a, ACTGGATTCATGCTGACTCCTGGGCAAAATACCATC;
d812-819s, GATGGTATTTTGCCCAGGAGTCAGCATGAATCCAGT; d812-
819a, ACTGGATTCATGCTGACTCCTGGGCAAAATACCATC) and two
end-standing primers binding 5� (Ecosfp, CTGACCGCTAGCGAATTCACTT
TTACTACC) and 3� (Bamafp, GGTACCGAGCTCGGATCCCTGAGGCATG
TAGCC) of gp130. The two corresponding PCR products were annealed in the
second step by using Ecosfp and Bamafp for completion of the internal deleted
EcoRI-BamHI fragments. These fragments were ligated to EcoRI-BamHI-cut
Eg and inserted in pcDNA3.1(�)/myc-His.

(iv) Point mutations. The point mutant Y814F was constructed by a two-step
PCR protocol as described above by using specific internal oligonucleotides
containing the desired mutation.

(v) Vectors for stable transfection in Baf-B03 cells. For stable transfection of
receptor mutants into Baf-B03 cells, the specific DNAs were cloned into the
DNA6/V5-His vector by using XbaI and ApaI as restriction enzymes.

Construction of pDpuro-Hck. The transfection vector pDpuro was constructed
by fusion of the promoter region and the multiple cloning site of pcDNA3 into
the backbone of pApuro. This was done in a two-step ligation protocol by using
NcoI and PvuI restriction sites. Hck cDNA was obtained from the American
Type Culture Collection and cloned into this vector by using the EcoRI site.

Cells, cell culture, and transfection. Cos-7 cells were obtained from the Ger-
man Collection of Microorganisms and Cell Culture (DSM) (Braunschweig,
Germany). The IL-3-dependent murine pro-B-cell line Baf-B03 was a gift from
Mark Showers (Dana-Farber Cancer Institute, Boston, Mass.). The IL-6-depen-
dent murine plasmocytoma cell line 7TD-1 was obtained from the DSM. These
cells were grown in RPMI 1640 supplemented with 5% fetal bovine serum (FCS),
5 pM recombinant IL-6, and 50 �M 2-mercaptoethanol. Cos-7 cells were rou-
tinely grown in Dulbecco modified Eagle medium supplemented with 10% FCS
and L-glutamine. Baf-B03 cells were cultured in RPMI 1640 supplemented with
10% FCS and 10% WEHI-3B cell conditioned medium as a source for murine
IL-3. Cos-7 cells were transiently transfected by using the liposomal transfection
reagent DOTAP according to the manufacturer’s protocol and as described
previously (56). For transient cotransfection, 50 �g of fusion receptor DNA and
25 �g of Hck DNA (cloned into pcDNA3 expression vector) were used. Baf-B03
cells were stabily transfected by electroporation, by using 107 cells and 20 �g of
DNA of the receptor constructs. Cells were resuspended in 800 �l of phosphate-

buffered saline (PBS) without calcium and magnesium (BioWhittaker) and elec-
troporated by using a pulse of 350 V and 950 �F. Selection of transfected cells
was started 48 h later by using 8 �g of blasticidin/ml. After 10 days, single clones
of positively transfected cells were established by limiting dilution. Highly ex-
pressing single clones were electroporated with Hck cDNA (cloned into pDpuro
Hck expression vector) as described above. Selection of transfected cells was
started 48 h later by the addition of 5 �g of puromycin/ml and 8 �g of blasticidin/
ml. Generally, cells were cultured under selection until 3 days prior to stimula-
tion and lysis. At least three similar expressing clones per mutant were cultivated
for these experiments.

Preparation of cell lysates. Prior to all experiments, cells were starved by
serum deprivation for 16 to 20 h. Cos-7 cells and Baf-B03 cells were lysed with
a lysis buffer containing 0.5% NP-40, 1 mM EDTA, 150 mM NaCl, 1 mM NaF,
50 mM Tris (pH 7.4), 10% glycerol, 1 mM phenylmethylsulfonyl fluoride, 10 �g
of leupeptin/ml, 10 �g of aprotinin/ml, and 2 mM sodium orthovanadate. In
brief, 2 � 107 pelleted Baf-B03 cells were washed two times with PBS. For
stimulation, the pellet was resuspended in 1 ml of PBS with 40 U of EPO/ml and
incubated under light shaking for 15 min at 37°C. The reaction was stopped by
adding 40 ml of ice-cold PBS. After an additional washing step, the pellet was
resuspended in 300 �l of ice-cold lysis buffer per 2 � 107 cells. Cos-7 cells were
scraped off the bottom of confluent 175-cm2 tissue flasks after starvation, washed
once with PBS, and resuspended in 1.2 ml of ice-cold lysis buffer.

After rotation for 25 min on an overhead rotor at 4°C, the lysates were pelleted
at 14,000 rpm and at 4°C for 15 min to remove insoluble material. The total
protein concentration was measured by using a Bradford protein assay (Bio-
Rad). Lysates were stored at �20°C or used immediately for experiments.

IP and Western blot. For immunoprecipitation (IP), 500 �g of Cos-7 cell lysate
or 500 �g of Baf-B03 cell lysate was incubated with 2 �g of the appropriate
antibodies from 2 h up to 18 h at 4°C on an overhead rotator. A total of 100 �l
of protein A beads were washed two times in IP washing buffer (0.1% NP-40, 1
mM EDTA, 150 mM NaCl, 1 mM NaF, 50 mM Tris [pH 7.4]) and then resus-
pended in 50 �l of IP washing buffer. Then, 100 �l of this mixture was added to
each IP reaction. After an additional incubation for 2 h at 4°C, each precipitate
was washed four times in 500 �l of IP washing buffer. After being boiled in 4�
sample buffer, the precipitates were pelleted, and the supernatants were loaded
onto 10% SDS gels. Peptide blocking experiments for Hck kinase and STAT3
were performed with the specific blocking peptides (Santa Cruz Biochemicals)
according to the manufacturer’s protocol. For normal expression controls of
recombinant proteins, lysate containing 100 �g of proteins was subjected to
electrophoresis.

After transfer of the proteins to Hybond-ECL nitrocellulose membranes (Am-
ersham), membranes were blocked for 2 h in TBST (Tris-buffered saline with
0.05% Tween 20) containing 2% skim milk or 2% bovine serum albumin (BSA;
Merck, Darmstadt, Germany). After a 1-min wash in TBST, the primary anti-
bodies diluted 1:1,000 in TBST–1% BSA were incubated for 2 h or overnight.
Membranes were washed four times with TBST, and then the appropriate per-
oxidase-linked secondary antibody diluted 1:3,000 in TBST–1% BSA was incu-
bated for 35 min. After a final washing step, the proteins were detected by using
the ECL System or ECL-Plus System from Amersham according to the manu-
facturer’s guidelines.

In vitro kinase assay. Immune complex tyrosine kinase assays were performed
by using affinity-purified Sam 68 (Santa Cruz Biochemicals) as an external sub-
strate for the measurement of Hck kinase activity. In brief, Hck kinase was
precipitated from lysates of EPO-stimulated or unstimulated Baf-B03 transfec-
tants as described above. The precipitates were washed two times with IP wash-
ing buffer and then one time with kinase buffer containing 25 mM HEPES (pH
7.3), 0.1% Triton X-100, 100 mM NaCl, 10 mM MgCl2, 3 mM MnCl2, and 200
�M Na3VO4. After the last wash 20 �l of kinase buffer was added to the
precipitates, and the isotope-free tyrosine kinase assays were initiated by adding
5 �Ci of [33P]ATP and 3 �g of Sam 68/�l. After incubation for 15 min at 30°C
under constant shaking, the reaction was stopped by adding SDS sample buffer,
followed by boiling for 5 min. The supernatant of the samples was then loaded
onto an SDS gel, transferred to nitrocellulose, and finally tested for autoradiog-
raphy.

Proliferation assay. Proliferation assays were carried out in 96-well plates by
using 5 � 103 Baf-B03 cells or 1 � 103 7TD-1 cells per well. Two days prior to
these experiments, cells were seeded in equal concentrations into tissue culture
flasks. All assays were performed with PBS-washed cells in RPMI medium
supplemented with 10% FCS only. Wild-type cells or triplicate aliquots of mono-
clonal cells expressing recombinant proteins were stimulated with the indicated
concentrations of EPO, IL-3, or IL-6. After incubation for 72 h at 37°C, the
proliferation was assessed by microscopic cell counting after trypan blue staining.
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RESULTS

Binding of Hck to gp130. Src family kinases Fyn, Lyn, and
Hck were physically associated with gp130 in MM and embry-
onic stem (ES) cells (16, 20). However, the structural require-
ments for this association remain unclear. In previous experi-
ments, the interaction of gp130 with Hck was more prominent
than with the other two kinases. Therefore, we focused on Hck
in the studies presented here. In order to identify the Hck
binding site of gp130, we generated several truncation and
deletion mutants of gp130 (Fig. 1). For this purpose, we used
a chimeric receptor comprising the extracellular domain of the
EPOR and the transmembrane and intracellular parts of gp130
(Eg). This strategy allowed us to transfect only a single chi-
meric receptor molecule, since the EPOR is functional as a
homodimer. Furthermore, when EPOR-negative cells were
used, the effects of endogenously expressed IL-6R components
could be excluded because activation of the chimeric receptor
is achieved by stimulation with EPO. In order to facilitate the
detection of the chimeric receptors, all receptor mutants were
tagged with a poly-His peptide, allowing the detection by the
antihistidine antibody, anti-His-C-term. These mutants were
transfected together with a wild-type Hck expression plasmid,
pcDNA3-Hck, into Cos-7 cells, which did not express EPOR
endogenously. A similar protein expression of the various re-
ceptor mutants and of Hck was obtained (Fig. 2C, D, G, and
H). The double or triple bands of the different receptor mu-
tants (Fig. 2C and G) were most likely explained by differential
glycosylation. However, only one of these forms seemed to
coprecipitate with Hck (Fig. 2A and E). Lysates of doubly
transfected Cos-7 cells were used for coprecipitation experi-
ments, in which anti-Hck precipitates were resolved by SDS-
PAGE and then immunoblotted with anti-His antibody to de-
tect complexes of receptor mutants with Hck (Fig. 2A and E).
Aliquots of the IP reaction mixtures were loaded on an addi-
tional gel and blotted with the Hck antibody (N-30) to verify
that similar amounts of Hck were precipitated (Fig. 2B and F).
To evaluate the specificity of the precipitating anti-Hck anti-
body, blocking experiments with a specific blocking peptide
(see Materials and Methods) were also performed, showing
that precipitation of Hck was completely disrupted by the pep-
tide (Fig. 2A, B, E, and F, lanes 1). C-terminal truncation at aa
770 (mutant t770) led to a substantial loss of Hck binding (Fig.
2A, lane 5). In contrast, Hck binding remained unaffected
when further C-terminal truncations of gp130 were used (mu-
tant t828; Fig. 2A, lane 4). It was not possible to perform the
experiment in the opposite direction, i.e., with an anti-His IP,
followed by anti-Hck immunoblotting, because a significant
fraction of Hck consistently bound unspecifically to protein A
beads. Taken together, these results suggested that a putative
Hck binding domain was located between aa 770 and 828 of
gp130. This region did not include any of the homology boxes
(Fig. 1A) shared among different growth factor receptors that
were shown to be important docking regions for signaling pro-
teins (2, 27, 29, 30, 37, 50). However, a striking feature of the
gp130 region from aa 770 to 828 was a remarkably high content
of negatively charged amino acids. It has been shown earlier
that the Src family kinases Lck and Fyn were associated via
domains with a high content of aspartic and glutamic acids with
the IL-2R �-chain and IL-7R (22, 54). Therefore, we searched

for potential Hck binding motifs in gp130 with a high fraction
of negatively charged amino acids. Two such regions were
identified: one between aa 771 and 827, matching the above
mentioned putative Hck binding domain, and another between
aa 681 and 721. Although a contribution of the region from aa
681 to 721 for Hck binding seemed very unlikely, considering
the results obtained with gp130 truncation mutants (Fig. 2A,
lanes 4 to 6), we constructed Eg mutants with internal dele-
tions for both regions, d771-827 and d681-721, respectively
(Fig. 1). When coexpressing these mutants with Hck in Cos-7
cells, the Hck-gp130 association remained unchanged when aa
681 to 721 were deleted (d681-721) (Fig. 2A, lane 3). In
marked contrast, the internal deletion of residues 771 to 827
(d771-827) resulted in a �90% decrease of Hck coprecipita-
tion with gp130 in Cos-7 cells (Fig. 2E, lane 3).

In order to define the Hck binding domain more precisely,
we constructed additional mutants containing smaller dele-
tions (Fig. 1B). It seemed possible that two well-characterized
docking sites for STAT3, tyrosine residues 814 and 767 (Y814
and Y767), which lay within or near this putative Hck binding
domain (18, 23), played a role in Hck binding. To address this
problem, we created internal deletions, either encompassing
Y814 (d812-827 and d812-819) or located N terminally (d771-
811) or C terminally (d820-827) of it. The constructs were
again coexpressed with Hck (pcDNA3 Hck) in Cos-7 cells (Fig.
2E to H). In addition, lysates of nontransfected Cos-7 cells
were loaded (Fig. 2E and F, lanes 1) to control for the expres-
sion of Hck and receptor mutants. Cell lysates were immuno-
precipitated with anti-Hck antibody and immunoblotted with
anti-His antibody to detect Hck-gp130 complexes. As shown, a
complete disruption of the Hck association with gp130 was
observed with mutant d771-811 (Fig. 2E, lane 4). The faint
signals (	10% of wild-type gp130) we obtained when the d771-
827 mutant coprecipitated with Hck (Fig. 2E, lane 3) implied
the existence of an additional Hck binding region in gp130.
However, Hck binding was completely disrupted in the smaller
deletion mutant d771-811 (Fig. 2E, lane 4), suggesting that
structural changes of gp130 in the d771-827 mutant led to the
exposure of an usually hidden binding motif in gp130. In
marked contrast, Hck binding to mutants d812-827, d812-819,
and d820-827 was similar to that with wild-type gp130 (Fig. 2E,
lane 2 and lanes 5 to 7). These results suggested that the
formation of the Hck-gp130 complex was independent of
STAT3 association at Y814. In addition, we created mutants of
gp130 in which the docking site for Shp-2, Y759, or the STAT3
docking sites, Y767 and Y814, were mutated to phenylalanine.
All of these mutants coprecipitated with Hck to the same
extent as wild-type gp130, indicating that Hck binding to gp130
occurred independently of these docking sites (data not
shown). Therefore, we concluded that Hck bound to gp130 at
a domain rich in negatively charged amino acids, spanning
positions 771 to 811, and that this association was not mediated
via tyrosine residues 759, 767, and 814. In analogy to the Lck
kinase binding domain in the IL-2R �-chain (22), we termed
this region the acidic domain of gp130.

Stimulation of gp130 but not d771-811 induces activation of
Hck in the growth factor-dependent cell line Baf-B03. To ex-
plore the functional significance of the association of Hck with
gp130, we generated stable transfectants of the growth factor-
dependent pro-B-cell line, Baf-B03 expressing the different
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FIG. 1. Schematic overview of gp130 truncation and deletion mutants. Several truncation (A) and deletion (B) mutants of gp130 were cloned
as chimeric receptor molecules as described in Materials and Methods; the numbers of amino acids refer to wild-type gp130. The locations of
tyrosine residues and the STAT3 binding region at tyrosine 814 are indicated. The homology boxes are shaded gray as boxes 1 to 3. All truncation
(t) and deletion (d) mutants, as well as the wild-type gp130 (Eg) bearing C-terminal His and myc tags for expression in Cos-7 cells (or His and
V5 tags for Baf-B03 cell experiments), are indicated.
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gp130 mutants (see Materials and Methods). To investigate
the activation state of Hck, we performed in vitro tyrosine
kinase assays by using the affinity-purified Sam 68 as an Src
kinase substrate. A stimulation-dependent increase in sub-

strate phosphorylation occurred only in cells expressing Eg
(Fig. 3, lane 6) but not in cells expressing d771-811 or Hck
alone. Moreover, faint bands in lanes 6 and 7 showed that Hck
was autophosphorylated upon stimulation in Eg-expressing

FIG. 2. Deletion of 41 aa inhibits Hck binding. Different gp130 mutants were expressed together with Hck cDNA in Cos7 cells. The expression
of recombinant proteins was controlled by Western blotting with specific antibodies against the His tag (C and G) or Hck (D and H), respectively.
The association of Hck to gp130 was tested by IP with Hck antibody and subsequent blotting with His-tag antibody for the detection of
coprecipitated EPOR-gp130 fusion protein (A and E) Aliquots of the IP reaction mixtures were loaded on an additional gel and blotted with Hck
antibody to demonstrate equal precipitation of Hck (B and F). In lanes 1 of panels A, B, E, and F, Hck interaction was blocked by preincubation
with a specific blocking peptide. The molecular mass markers and the immunoglobulin G (Ig G) bands are indicated. �-Hck, anti-Hck antibody.
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cells only. Comparable precipitation of Hck was confirmed by
immunoblotting with anti-Hck antibody. The similar expres-
sion of the receptor constructs Eg and d771-811 was confirmed
by immunoblot with the anti-V5 antibody (data not shown).
This result showed that the chimeric Epo/gp130 receptor was
functional in activating Hck in response to EPO in Baf-B03
cells and that the disruption of the Hck binding domain lead to
a decreased Hck tyrosine kinase activity after stimulation.

Deletion of the acidic domain of gp130 does not reduce the
activation of STAT3. Next, we investigated the phosphoryla-
tion status of STAT3 in d771-811-transfected Baf-B03 cells.
Complete activation of STAT3 requires phosphorylation at
tyrosine residue 705 and serine residue 727 (57, 59). To exam-
ine the activation status of STAT3, we precipitated endoge-
nous STAT3 from normal and EPO-stimulated cells (Fig. 4D
to F) and then blotted the immunoprecipitates with the anti-
phosphotyrosine antibody PY99 (Fig. 4E) or an antibody spe-
cific for STAT3 phosphorylated at serine 727 (Fig. 4F). Baf-
B03 transfectants expressed endogenous STAT3 (Fig. 4A), as
well as the transfected receptor mutants (Fig. 4B) and Hck
(Fig. 4 C), at similar levels. As shown in Fig. 4E and F, neither

the deletion of residues 771 to 811 (lanes 3 and 4) nor the point
mutation of tyrosine 814 (lanes 5 and 6) led to significant
changes in STAT3 tyrosine or serine phosphorylation in com-
parison to cells transfected with wild-type Eg and Hck (lanes 1
and 2). Figure 4D shows that STAT3 was precipitated in com-
parable amounts and that a specific blocking peptide inhibited
the precipitation of STAT3 (Fig. 4D, lane 7). These results
demonstrated that the deletion of the Hck binding domain did
not interfere with the overall activation of STAT3. The un-
changed STAT3 phosphorylation observed with the point mu-
tant Y814F can be explained by the fact that STAT3 binds to
four phosphorylated tyrosine residues of gp130, namely, resi-
dues 767, 814, 905, and 915 (18). Therefore, the remaining
three STAT3 docking motifs of gp130 were able to compensate
for the Y814F mutation. Additionally, the results suggested
that STAT3 activation was independent of the association of
Hck with gp130, since the transfection of mutant d771-811 did
not cause significant changes of EPO-induced STAT3 phos-
phorylation.

The tyrosine kinase inhibitor PP2 reduces the gp130 medi-
ated proliferation significantly. To further explore the func-
tional relevance of Hck for gp130-mediated proliferation, the
selective Src kinase inhibitor PP2 was used (21). The IL-6-
induced proliferation of the IL-6-dependent murine plasmo-
cytoma cell line 7TD-1 was significantly reduced when the cells
were incubated with PP2 (Fig. 5). This result supported our
previous finding that Src kinases are involved in IL-6 signaling
in MM cells (20). In an additional approach, we used Baf-B03
cells expressing either the wild-type chimeric receptor (Eg) or
the mutant d771-811. Baf-B03 wild-type cells and cells coex-
pressing Eg or d771-811 and Hck stimulated with IL-3 showed
a similar reduction of proliferation when PP2 was present (Fig.
5B, lower panel), indicating that the clones were comparable
and confirming that Src kinases were also involved in IL-3-
mediated signaling (3). However, EPO-induced proliferation
of Baf-B03 cells expressing Eg was reduced five times when
cells were cultivated in the presence of 10 �M PP2 (Fig. 5B,
upper panel). In contrast, there was no additional decrease in
cell proliferation of d771-811 transfectants, indicating that PP2
acted mainly on Hck kinase or its substrates in these cells.
These results corroborated a function of Hck kinase in the
proliferative signaling of gp130. To omit the potential lack of
specificity of PP2 and to explore the biological relevance of the
Hck-gp130 interaction in more detail, we used Baf-B03 cells
expressing either the receptor constructs alone or together
with Hck in an additional approach.

The deletion of the Hck binding domain impairs gp130-
mediated cell proliferation. To investigate the biological func-
tion of the Hck-gp130 association, we used various Baf-B03
transfectants to perform proliferation assays. Similar expres-
sion of receptor mutants and Hck was controlled by immuno-
blotting lysates of the different clones with specific antibodies
(data not shown). Since Baf-B03 cells depended on IL-3 for
cell growth, maximal stimulation of cell proliferation was
tested by stimulation with IL-3 (Fig. 6, lower panels). To eval-
uate the impact of an intact Hck-gp130 complex on prolifera-
tive signaling, we stimulated Baf-B03 cells expressing either Eg
and d771-811 alone or together with Hck with various amounts
of EPO or IL-3 (Fig. 6A). All clones and controls showed the
same range of cell proliferation when stimulated with IL-3.

FIG. 3. Stimulation of gp130 but not d771-811 induces activation of
Hck in the growth factor-dependent cell line Baf-B03. Baf-B03 cells
were transfected with expression vectors for Hck (pDpuro Hck) and
for Eg and d771-811, respectively (pcDNA6/V5-His). These cells were
then either stimulated with 40 U of EPO/ml (�) or with medium only
(�). The activity of Hck was tested by performing in vitro kinase assays
in the presence of radiolabeled ATP and the external Src kinase
substrate Sam 68 as described in the text. After separation with SDS–
10% PAGE the EPO-induced phosphorylation of Sam 68 was assessed
by autoradiography (upper panel). Aliquots of the Hck immunopre-
cipitate were blotted with anti-Hck antibody (�-Hck) to control for
comparable precipitation. The results were quantified by using phos-
phorimaging analysis software. Normalized induction levels of kinase
activity were as indicated.
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Maximum growth was achieved with 4 U of IL-3/ml (lower
panel). When the cells were stimulated with EPO, maximum
growth was achieved with 8 U/ml but was about three times
lower than with IL-3, a result most likely due to the difference
between endogenous and transgenic effects. Wild-type cells
and cells expressing Hck alone showed no proliferation in
response to EPO. Not surprisingly, cells that expressed the
receptor but lacking the Hck binding domain (d771-811) still
grow in response to EPO, indicating that Hck-independent
pathways were activated. Coexpression of Hck with d771-811
did not significantly change cell growth. Cells that expressed
the full cytoplasmic domain of gp130 (Eg) proliferated about
twofold more strongly in response to EPO than did the d771-
811 transfectants. This effect was magnified when Hck was
coexpressed. Taken together, these data supported the impor-
tance of an intact Hck-gp130 complex in these cells. In contrast

to results published previously (17, 29), the membrane proxi-
mal region of gp130 was not sufficient for mediating prolifer-
ative effects, since cells transfected with the C-terminal trun-
cation mutant t775 or t710 showed the same decrease in EPO-
induced proliferation as did the cells bearing the d771-811
mutant (Fig. 6B, upper panel). Taken together, these findings
suggested that the deletion of the acidic Hck binding domain
significantly reduced the proliferative response to gp130 stim-
ulation.

Pyk2 and Erk regulation is impaired by the disruption of the
Hck binding site. To investigate downstream signaling events
mediated by the Hck-gp130 interaction, we first investigated
the possible role of the focal adhesion-associated kinase
RAFTK/Pyk2 (related adhesion focal tyrosine kinase), which
was shown to be involved in Src kinase-mediated signaling
events (7, 13). In addition, dexamethasone-induced phosphor-

FIG. 4. Deletion of the acidic domain of gp130 does not reduce the activation of STAT3. Baf-B03 cells were transfected with cDNAs for Hck
and Eg, Y814F, or d771-811. These cells were either not treated (�) or stimulated with 40 U of EPO/ml (�). The lysates were tested for
endogenous STAT3 expression by blotting with anti-STAT3 antibody (A), for the detection of the receptor constructs with V5 antibody (B), and
for the detection of Hck with anti-Hck antibody (�-Hck) (C).Thereafter, lysates were used for precipitation experiments with anti-STAT3 antibody
(right panel). (D) For control of STAT3 precipitation, aliquots of the IP reaction mixtures were incubated with anti-STAT3 antibody, and the
specificity of STAT3 antiserum was tested by preincubation of anti-STAT3 with a specific blocking peptide (lane 7). (E and F) To check the STAT3
phosphorylation, separated lysates were blotted with the antiphosphotyrosine antibody PY99 (E) and then stripped and blotted with an antibody
directed against serine 727-phosphorylated STAT3 (F).
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FIG. 5. The tyrosine kinase inhibitor PP2 reduces gp130-mediated proliferation. (A) The IL-6-dependent murine plasmocytoma cell line 7TD-1
was kept in the absence (�) or presence (f) of the tyrosine kinase inhibitor PP2 (10 �mol). After 3 days of IL-6 stimulation with the indicated
amounts the cell proliferation was assessed by microscopic counting. (B) Baf-B03 cells expressing the indicated proteins were stimulated with 8
U of EPO/ml (solid bars, upper panel), 4 U of IL-3/ml (solid bars, lower panel), or medium alone (open bars, both upper and lower panels) for
72 h. Cells were kept in the absence (left) or presence (right) of 10 �mol of PP2. Proliferation was assessed by counting the cells under the microscope
after trypan blue staining. Triplicate results from two different clones are shown, with the standard deviations indicated by the error bars.
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FIG. 6. Deletion of the Hck binding domain impairs gp130-mediated cell proliferation. Clonally derived Baf-B03 cells expressing the indicated
proteins were stimulated with the indicated amounts (in units per milliliter) of EPO (upper panels) or IL-3 (lower panels) for 72 h. Proliferation
was assessed by microscopic counting after trypan blue staining. Triplicate results from two different clones are shown, with the standard deviations
indicated by the error bars.
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ylation of Pyk2 was strongly impaired in MM cells after stim-
ulation with IL-6. Finally, the dephosphorylation of Pyk2 was
leading to decreased apoptosis in these cells (10, 11). We used
lysates of Baf-B03 cells cotransfected with Hck and Eg or
d771-811, respectively. Control experiments showed that re-
combinant proteins and endogenous Pyk2 were expressed in
similar amounts in all cells (Fig. 7A, lower panels). By blotting
experiments with antibodies specific for Pyk2 phosphorylated

at tyrosine residues Y402 or Y579 (Fig. 7A, upper panels), we
could show that Pyk2 was strongly dephosphorylated at Y402
and, to a minor extent, at residue Y579 in cells expressing Eg
and Hck, indicating the activation of a tyrosine phosphatase for
Pyk2. In contrast, there was no significant decrease in Pyk2
phosphorylation in d771-811-expressing cells (Fig. 7A, lanes 5
and 6). Overexpression of Hck lead to a significant increase in
basal phophorylation of Pyk2 (Fig. 7A, lanes 1 and 2), indicat-

FIG. 7. Pyk2 and Erk regulation is impaired by the disruption of the Hck binding site. (A) Baf-B03 cells were cotransfected with the expression
vectors for Eg (lanes 3 and 4) or d771-811 (lanes 5 and 6) and Hck. After stimulation with medium or EPO, cells were lysed as described in the
text. Lysates were separated on 10% SDS gels. After blotting, the membranes were incubated with antibodies against phosphorylated Pyk2 (upper
panels) or with several control antibodies as indicated (lower panels). (B) Baf-B03 cells expressing the indicated proteins were stimulated for the
indicated times with 40 U of EPO/ml. Thereafter, membranes were subjected to Western blots by using antibodies specific for activated Erk1/2
(upper panels). Equal loading was confirmed by blotting with normal Erk antibody (lower panels).
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ing that in these cells the endogenously expressed Src kinases,
mainly Lyn, were not involved in Pyk2 phosphorylation. The
double bands we could detect in these experiments were most
likely due to a differential phosphorylation of Pyk2. Src and
Pyk2 kinases both seemed to be implicated in MAPK signaling
pathways (1, 7). Therefore, we investigated next whether we
could detect a differential MAPK activation in cells expressing
Eg or d771-811. After EPO stimulation of Baf-B03 cells ex-
pressing Eg, a time-dependent increase in Erk1/2 activation of
about fivefold was detected by a phosphospecific Erk antibody.
In contrast, only a twofold increase of Erk phosphorylation was
observed after stimulation of d771-811-transfected cells (Fig.
7B, upper panels), suggesting that additional pathways are able
to contribute to Erk activation after gp130 stimulation. Expres-
sion of Erk was controlled by blotting with a specific Erk
antibody (lower panels). These findings suggest that the sig-
naling pathway mediated by the Hck gp130 interaction strongly
contributes to Erk activation.

DISCUSSION

We have shown previously that the Src kinase Hck is acti-
vated by stimulation of gp130 (20). The present study demon-
strates that the Src family kinase Hck binds to gp130 via an
acidic domain comprising aa 771 to 811. The internal deletion
of this acidic domain resulted in a complete loss of Hck asso-
ciation and a severalfold reduction of growth factor-stimulated
proliferation. The acidic domain of gp130 is directly C terminal
to the box3 motif in gp130. In agreement with these findings,
Ernst et al. (15) found that C-terminal gp130 deletions, includ-
ing the box3 motif and all STAT3 binding motifs, impaired the
activation of Hck by murine gp130 in ES cells. However, and in
clear contrast to our results, the growth factor-induced prolif-
eration was not reduced in comparison to wild-type gp130 (15).
The acidic domains of murine and human gp130 are highly
conserved (with only 1 aa being different in the acidic stretch).
Therefore, the most likely explanation for the apparent differ-
ence in signaling is that ES cells represent a different cellular
background for the effects of gp130 than the Baf-B03 cells we
used and that Hck has various tasks in distinct cell types.
Hence, Hck-dependent signaling pathways might support cell
proliferation in Baf-B03 cells but suppress differentiation in ES
cells (15).

The acidic domain of gp130 includes two motifs which play
a role in receptor internalization, a serine residue at position
782 and a dileucine motif (L786 and L787) (14, 19). It was
shown recently by mutational analysis that both signal gener-
ation and signal termination were independent of gp130 en-
docytosis (51, 52). It is intriguing to speculate about a role for
Hck at this point, since it was shown that inhibition of CD4
endocytosis depended on interaction of CD4 with Src family
kinase Lck in lymphocytes (35). The precise contribution of the
gp130 internalization to the proliferative signaling remains to
be identified.

The association of Hck kinase with gp130 will need require
examination to identify the precise mechanism of interaction.
The SH2 and SH3 domains of Src family kinases account for
most interactions with other signaling molecules. In the case of
the Src kinase SH2 domain, a phosphorylated tyrosine residue
and the C-terminal flanking amino acids, which determine the

specificity, serve as a binding motif. SH3 domains are able to
recognize proline-rich sequences (34, 44, 58). For example, Src
interacts with focal adhesion kinase (FAK) via its SH3 domain
(53). The interaction of numerous signaling proteins with Src
family kinases is mediated by SH2 domains. For instance, the
association of Lyn and Blk with Syk kinase (4) and the binding
of Hck to the �-subunit of the IL-3R (9) are mediated by the
SH2 domain of the Src kinase(s). In marked contrast, the Hck
binding region of gp130 identified in our studies did not con-
tain any SH2 or SH3 consensus-binding motifs for Src kinases.
The most striking feature of the Hck binding domain of gp130
was its relatively high content of negatively charged amino
acids (9 of 41). A similar acidic domain has been shown to
mediate the association of the Src family kinase Lck with the
�-chain of the IL-2R. This interaction was mediated by the
kinase domain (SH1) of Lck. Therefore, it should be investi-
gated further whether the SH1 domain of Hck mediates the
interaction with gp130. These experiments are currently under
way.

The five C-terminal Y residues (Y759, Y767, Y814, Y905,
and Y915) are docking sites for the association of downstream
mediators of gp130 signaling. Y759 is involved in Shp-2 bind-
ing and IL-6-induced MAPK activation (32); Y767, Y814,
Y905, and Y915 mediate STAT3 activation; and STAT1 binds
toY905 and Y915 (18). Furthermore, it has been shown that
the presence of the MAPK activation site alone is not sufficient
for growth factor-mediated proliferation (J. D. French, R. C.
Tschumper, J. A. Isaacson, E. Nygren, and D. F. Jelinek, un-
published data). Our findings add a new aspect to gp130-
mediated effects on cell growth and survival in showing that
activation of an Src family kinase, Hck, is critical for transmit-
ting proliferative signals. Cells expressing receptors that lacked
the Hck binding domain showed a fourfold-lower response to
gp130 stimulation than cells expressing wild-type gp130. In
addition, the proliferation of IL-6-dependent plasmocytoma
cells (7TD-1) and Baf-B03 cells expressing wild-type gp130 was
decreased to basal levels after treatment with the Src kinase
inhibitor PP2, further supporting a role of Src kinases in pro-
liferative signaling. However, because of the unspecificity of
PP2, these results should be treated with care. The activation
of STAT3 was not impaired by the deletion d771-811. It should
be pointed out that the EPO-induced proliferation, as well as
Erk activation, was not completely abrogated in cells express-
ing the d771-811 mutant receptor. This suggests that additional
signaling events, such as the activation of Jaks and STATs,
might also be involved in supporting the growth of Baf-B03
cells. Our studies could not confirm earlier findings that the
region up to residue 775 of gp130 alone was necessary for
mediating cell proliferation (17, 29). In our experiments, cells
expressing the C-terminal truncation mutant t775 did not pro-
liferate significantly upon gp130 stimulation (Fig. 6B). This
difference might be explained by a severe disturbance of the
protein integrity and/or loss of relevant docking sites at gp130
by large truncations such as t775, as recently suggested by
others (40).

Our results suggest the activation of a tyrosine phosphatase
downstream of Hck upon gp130 stimulation, since we could
demonstrate a decrease in Pyk2 phosphorylation in Eg-ex-
pressing cells but not in d771-811-expressing cells (Fig. 7A).
The dephosphorylation of Pyk2 blocks dexamethasone-in-
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duced apoptosis in MM cells (10). Our observation of a Hck-
dependent dephosphorylation of Pyk2 would support the pro-
posed role of Src kinases in blocking apoptotic signals (39).
The tyrosine phosphatase Shp-2, whose docking site is located
close to the Hck binding region of gp130, might be involved in
Pyk2 dephosphorylation, since Pyk2 is a substrate for Shp-2
(48). Finally, the activation of Erk via the gp130-Hck interac-
tion (Fig. 7B) confirms the proposed role for Src kinases by
activating the Ras/MAPK signaling cascade (1, 31). In the
context of a signaling complex involving gp130/Hck/Shp-2/
Pyk2, it is possible that Hck phosphorylates docking sites for

Grb2 in Shp-2 and/or Pyk2, thus leading to Erk activation (5,
38). This model and the finding that Shp-2 can be activated by
Src kinases (47) suggest that Hck and Shp-2 might be members
of the same signaling pathway. Moreover, it was shown re-
cently that Pyk2 activation inhibits Erk activation, in contrast
to the closely related FAK (60). Thus, the inactivation of Pyk2
by dephosphorylation of its major autophosphorylation site
Y402 (38) in Eg-expressing Baf-B03 cells suggests that Pyk2
kinase is upstream of Erk in gp130 signaling. An alternative
pathway, which might cause Erk activation, is a gp130/Hck/
Shc/Grb2 complex, because we found Shc and Grb2 to be

FIG. 8. Model of Hck involvement in gp130 signaling. Binding of IL-6 to the IL-6R results in the activation of Hck via gp130. Hck can then
act on downstream signaling events by creating docking sites for signaling molecules such as Grb2 or Shp-2 and/or by activating adapter molecules
such as Shc. The recruitment of Shp-2 to the Hck/gp130 complex might then lead to the dephosphorylation of Pyk2, resulting a block in apoptotic
signaling in MM cells. Grb2 forms stable complexes with Sos, a GDP-GTP exchange factor for Ras. Thus, the binding of Grb2 to Shc, Pyk2, and/or
Shp-2 via its SH2 domain can lead to the activation of Ras and Erk.
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associated with Hck in LP-1 cells (unpublished data) and (31).
Taken together, we suggest that Hck is involved in gp130
signaling by creating docking sites for signaling molecules such
as Grb2 or Shp-2 and/or by activating adapter molecules such
as Shc (Fig. 8).

A role for Src family kinases has been described in the
transmembrane signaling of many cytokines (1, 49). IL-2, IL-3,
IL-6, IL-7, IL-12, granulocyte macrophage-colony stimulating
factor (GM-CSF), and granulocyte-CSF were shown to acti-
vate Src kinases (3, 12, 16, 20, 28, 36, 54). Furthermore, Src
kinases interact physically with the receptors for IL-2, IL-6,
and IL-7 and the common �-chain of the receptors for IL-3,
GM-CSF, and IL-5 (2, 20, 22, 54, 55). With the exception of the
common �-chain of the receptors for IL-3, GM-CSF, and IL-5,
where Lyn binds via its SH1 domain to a PXP motif in the
receptor (2), the common denominator of the binding regions
for Src kinases, such as Lck with the IL-2R and Fyn with the
IL-7R, is their high content of negatively charged amino acids
(22, 54). Our results suggest that the IL-6R �-chain, gp130,
also uses an acidic domain for the interaction with Hck. Fur-
thermore, we could show that the deletion of this Hck binding
site in gp130 reduced cell proliferation and Erk activation in
response to growth factor stimulation, suggesting that Hck
contributed a mitogenic signal in addition to the previously
described activation of Shp-2/Grb2/Erk (17).

In conclusion, our results suggest that the Src family kinase
Hck mediates proliferative effects of gp130 by binding to a
novel acidic domain thus far not described for gp130. This
interaction seems to lead to the dephosphorylation of Pyk2 and
to the activation of Erk. To further elucidate the mechanism of
Hck activation, we are currently studying further downstream
signaling events which depend on the interaction of this acidic
domain of gp130 with Src kinases. Since IL-6 is important for
the growth of MM cells and the expansion of early hemato-
poietic progenitor cells, these studies might enable us to iden-
tify some of the relevant signaling intermediates supporting the
growth of these cells.
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