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Aim: Development of monoclonal and polyclonal antibodies against recombinant GST-fused proteins including correspondingly N- and
C-terminal parts of Ruk/CIN8S adaptor protein. Analysis of Ruk/CINS8S5 expression patterns in cell lines of various tissue origins
and human melanoma. Methods: Recombinant GST-fused fragments of Ruk/CIN8S were expressed in bacterial system and affinity
purified. Monoclonal antibodies against SH3A domain of Ruk/CIN85 were produced using hybridoma technique. The specificity
of generated antibodies was examined by ELISA. Polyclonal antibodies against C-terminal coiled-coil region of Ruk/CIN85 were
affinity purified from serum of immunized rabbit. Expression patterns of Ruk/CINSS isoforms and their subcellular localization in
cell lines of various tissue origins and human melanoma samples were analyzed by immunoblotting, immunoprecipitation and im-
munofluorescence microcopy. Results: Ruk/CINSS is ubiquitously expressed SH3-containing adaptor/scaffold protein which plays
important roles in signalling processes. N-terminal half of Ruk/CIN85 molecule, including three SH3 domains, and its C-terminal
coiled-coil region were used as antigens to produce monoclonal and polyclonal antibodies, respectively. Hybridoma cell lines secreting
monoclonal antibodies (mAbs) to SH3 fragment of Ruk/CIN85 were established. One of the mAbs was extensively characterized and
designated as MISh-Al. It was shown that this mAb recognizes an epitope, which resides within first SH3A domain. Polyclonal anti-
Ruk_ Abs affinity purified from serum of immunized rabbit specifically recognized main Ruk/CIN85 isoforms, both endogenous and
recombinant, in lysates of HEK293 cells. Notably, produced Abs did not cross-react with CD2AP, the member of the same family of
adaptor/scaffold proteins. Multiple molecular forms of Ruk/CIN85 with apparent molecular weights of 130, 80—85, 70—75, 50—56,
34—40 and 29 kD were detected in cell lyzates of NIH3T3, Cos1, L1210, HEK293, Ramos, HeLa S3, MDCK, C6, A549 and U937
using anti-Ruk antibodies. Oligomerization between p85 and p50—56 forms of Ruk/CINS85 was revealed in C6 and NIH3T3 cells, but
notin HeLa S3 and HEK293 cells by immunoprecipitation using MISh-A1 antibody following anti- Ruk Western-blot analysis. Using
immunofluorescent microscopy and anti-Ruk antibodies, endogenous Ruk-variates were found mostly in cytoplasm of C6, NIH3T3,
HEK293 cells and at lower level — in nuclei. Conclusion: Patterns of Ruk/CIN85 molecular forms expression are cell-specific and
determined by cellular context. Assembly of oligomeric complexes between p85 and pS0—56 Ruk/CINSS5 isoforms in C6 and NIH3T3
cells but not in HeLa S3 and HEK293 cells may reflect their specific biological roles in different cell lines. High level of full-length
Ruk /CIN8S5 form expression was revealed in extracts of human melanoma samples. Abs described in this paper may prove useful in
future studies of Ruk/CINS85 expression and function in normal and transformed cells.
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Widely expressed Ruk /CIN85/SETA, also identi-
fied as SH3KBP1 and CD2BP3 is an adaptor protein
composed of three SH3 domains, Pro- and Ser-rich
sequences, and C-terminal coiled-coil region. Sequence
identity between rat (Rukand SETA), mouse (SH3KBP1)
and human (CIN85 and CD2BPS3) orthologues varies
between 92 and 97% [1-7]. Ruk/cin85 gene gives more
then one protein product. Northern hybridization, direct
cDNA cloning, analysis of EST clones and organization of
genomic loci in the data banks found multiple ruk/cin85
transcripts encoding different Ruk/CIN85 isoforms [6, 71].
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Some of them reveal tissue specific or developmentally
regulated expression patterns[1, 2, 6, 7]. cDNAs encod-
ing isoforms without the first N-terminal SH3 domain
(SETAand CD2BP3), two N-terminal SH3 domains (Ruk _
and SH3KBP1), and a shortest Ruk isoform containing
only coiled-coil region have been cloned until now [3-5,
7]. However results of Finnis et al. suggest that additional
splice variants remain to be discovered [8].

Diverse protein binding domains of Ruk /CIN85
allow this protein to assemble various multiprotein
complexes involved in several important intracellular
processes [6]. For example, in complex with Cbl and
endophilin, CIN85 regulates clathrin-mediated endo-
cytosis of activated receptor tyrosine kinases [9, 10].
Role of Ruk /CIN85 in apoptosis has also been demon-
strated. Firstly, it was found that overexpression of Ruk,
in cultured sympathetic and sensory neurons leads to
apoptic death, but co-expression of activated forms
of catalytic subunit of Pl 3-kinase or its downstream
effector PKB/Akt rescue this effect [1]. It was shown
that complex set of intra- and intermolecular interac-
tions between Ruk and p85a regulatory subunits of
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PI 3-kinase results in inhibition of this enzyme in vitro
[1, 11]. This makes Ruk, functionally similar to PTEN, an
acknowledged tumor suppressor [12]. Important fea-
ture of the functional interplay between Rukisoforms is
the ability of Ruk _ (the form with only one SH3 domain)
to act as dominant-negative regulator of a pro-apoptic
function of Ruk|in cultured neurons [1]. It has also been
demonstrated that SETA protein, which retains two SH3
domains, is often overexpressed in gliomas and able to
sensitize astrocytes to apoptosis in response to DNA
damage [13]. As it was suggested, interaction between
SETA, AIP1/Alix and ALG-2 proteins might comprise
a mechanism of pro-apoptic function of SETA in glial
cells. CIN85 involvement in the signalling complex with
TNFR1, which lacks a tyrosine kinase domain, was
described by Narita et al. [14]. Authors showed that
CIN85 associates with the cytoplasmic tail of TNFR1
indirectly through Src and modulates TNF-a-induced
apoptosis. In addition, CIN85 and CD2BP3 have been
shown to regulate B- and T-cell receptor signalling,
rearrangement of actin cytoskeleton and cell adhesion,
play an important role in HSV-1 infection and biology
of infected cells [5, 15-17]. Taken together, available
functional data suggest that ruk/cin85/seta gene and
encoded proteins play important roles in the regula-
tion of homeostasis in normal cells and are also may
be involved in oncogenic transformation.

Further comprehensive analysis of expression and
function of Ruk/CIN85 proteins in both normal and
tumor cells requires highly specific antibodies. More-
over, to study protein-protein interactions mediated by
native Ruk/CIN85 proteins, antibodies, which work well
and reliably not only in Western blotting but also in im-
munoprecipitation and immunohistochemistry as well
asinimmunofluorescence analysis, are required. Here
we report development of N-terminal monoclonal and
C-terminal polyclonal antibodies against Ruk/CIN85
and analysis of Ruk/CIN85 expression patterns in cell
lines of various tissue origins, as well as in melanoma
samples using these antibodies.

MATERIALS AND METHODS

Expression plasmids. pCMV5 expression plasmids
encoding various Ruk isoforms and mutants with C-ter-
minal FLAG-tag (DYDDDDK) and pGEX-2T expression
plasmids encoding GST-fusion SH3A, SH3B, SH3C
domains and Ruk, isoform were described previously
[11]. Expression plasmid encoding GST-3SH3 CIN85
fragment was provided by I. Dikic (Institute of Bioche-
mistry Il, Germany). pcDNA 3.1 plasmid encoding myc-
tagged CD2AP was provided by A. Shaw (Washington
University School of Medicine, USA). An anti-FLAG-tag,
anti-myc-tag antibodies and anti-B-actin antibodies were
from (Sigma, USA), polyclonal anti-CD2AP were from
(Santa Cruz Biotech, USA), and secondary horseradish
peroxidase-conjugated anti-mouse or anti-rabbit IgG
antibodies were purchased from (Promega, USA). All
reagents for cell culture were from GibcoBRL. Samples
of non-transformed human skin and melanoma were
obtained from Lviv Regional Oncological Centre.

Cell culture and transfection. Mouse fibroblast
NIH3T3, African green monkey kidney Cos 1, human
embryonic kidney HEK293, human cervix adenocar-
cinoma HelLa S3, Madin-Darby canine kidney MDCK,
rat glioma C6, and human lung adenocarcinoma A549
cells were maintained in Dulbecco’s modified Eagle’s
medium (DMEM) while mouse leukemic L1210, human
Caucasian Burkitt’s lymphoma Ramos, and human
myelomonocytic leukemia U937 cells were grown in
RPMI-1640 medium supplemented with 10% FCS,
2 mM L-glutamine, 50 1U/ml penicillin, and 50 ug/ml
streptomycin in humidified atmosphere containing
5% CO, at 37 "C. In transient transfection procedure,
HEK293 cells were plated on 10 cm diameter dishes
and transfected with 10 ug of plasmid DNA by a modified
calcium phosphate method [18]. Subconfluent cultures
of cells used and HEK293 cells, 24 hrs after transfec-
tion, were washed twice with cold PBS and lysed in the
lysis buffer (LB) containing 10 mM Tris, pH 7.5, 150 mM
NaCl, 1% Triton X-100, 5 mM EDTA, 20 mM NaF, 1 mM
Na orthovanadate, 1 mM PMSF, and a cocktail of pro-
tease inhibitors from Roche at 4 °C for 20 min. Lysates
were cleared by centrifugation at 17,000 g for 20 min
at 4 °C and supernatants were used for further experi-
ments. Normal and tumor tissues were disrupted with
liquid nitrogen an then lysed in LB.

Expression and affinity purification of GST-fu-
sion fragments of Ruk/CIN85 protein. GST-fusion
constructs were expressed in IPTG-induced Esche-
richia coli BL21 at 30 °C for 4 hr. Cells were pelleted at
3,000 g for 15 min at 4 °C. Pellets were washed in PBS
and resuspended in the buffer containing 50 mM Tris,
pH 7.5, 150 mM NaCl, 1% Triton X-100, 1 mg/ml lyso-
zyme, and protease inhibitors. After one freeze-thaw
cycle, bacteria were sonicated onice and cleared from
cell debris by centrifugation at 13,000 g for 30 min at
4 °C. The efficiency of bacterial lysis was checked by
SDS-PAGE. The GST-fusion proteins were isolated
from the supernatants using glutathione-Sepharose
beads, as recommended by the manufacturer (Amer-
sham Pharmacia Biotech, UK).

Generation of polyclonal and monoclonal an-
tibodies to Ruk/CIN85 protein. Polyclonal anti-Ruk
antibodies were produced in rabbit against recombinant
GST-fused the shortest Ruk isoform, Ruk_, which con-
tains common for all isoforms C-terminal coiled-coil
region. The anti-Ruk_ antibodies were affinity purified
from immune serum stepwise on E. coli proteins-4B-
Sepharose, GST-4B-Sepharose, and, finally, on Ruk -
4B-Sepharose. All proteins used in purification proce-
dure were covalently conjugated to CNBr 4B-Separose
as recommended by the manufacturer (Sigma-Aldrich).
Monoclonal antibodies against GST-fusion protein,
which includes three SH3 domains of CIN85, were
generated essentially as described [19]. Specific IgGs
were purifed from hybridoma medium of exponentially
growing clones or ascitic fluid produced in mice [20].

Western blotting and immunoprecipitation.
Cell lysates and tissue extracts were boiled for 5 min
with 2 x Laemmli’s sample buffer and electrophoresed
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on gradient (5-18%) SDS-polyacrylamide gel [21].
Then proteins were electrophoretically transferred
to Immobilon-P membrane (Millipore Corp., USA) in
buffer containing 25 mM Tris, 192.5 mM Glycine, 20%
methanol at 250 mA for 2 hrs [22]. After blocking with
PBST (PBS/0.05% Tween-20) containing 5% dried skim
milk, the membrane was incubated with the appropriate
primary antibody followed by incubation with secondary
anti-mouse or anti-rabbit IgGs conjugated with horse-
radish peroxidase. The filter was washed three times
with PBST and two times with PBS and subjected to
ECL detection system (Amersham Biosciences, USA).
For Ruk/CIN85 immunoprecipitation, precleared cell
lysates (1.0 mg of total protein) were mixed with 20 ul of
anti-SH3A mAB-immobilized beads followed by incuba-
tion for 3 hat4°C and constant mixing. Anti-SH3A mAb
was coupled to protein G-Sepharose beads (Amersham
Biosciences, USA) using dimethylpimelimidate (Sigma)
according to manufactures’ protocol. Myc-tagged
CD2AP from transiently transfected HEK293 cells was
immunoprecipitated using monoclonal anti-myc anti-
bodies followed by incubation with protein G-Sepha-
rose beads. Thereafter, beads were washed 5-6 times
with PBST and boiled in SDS-loading buffer. Obtained
samples were analyzed by SDS-PAGE and Western
blotting as described above.

Immunofluorescence microscopy. Forimmuno-
fluorescence analyses cells were stained with polyclonal
anti-Ruk, or monoclonal anti-SH3A antibodies. In brief,
cells were fixed with cold methanol for 5 min at —-20 °C.
Fixed cells on coverslips were blocked for 30 min with
2% BSA in PBS, incubated with primary antibodies
for 2h, and then with secondary FITC-conjugated an-
tibodies for 1h at room temperature. Afterwards cells
were stained with 300 nM DAPI solution for 5 min and
mounted on glass slides with Vectashield mounting me-
dium (Vector Laboratories, USA). In case of polyclonal
anti-Ruk_, perincubation of antibody with 10-fold molar
excess of Ruk, was used to confirm immunofluores-
cence specificity (see supplementary data). Imaging
was performed under Nikon Diaphot microscope (Nikon
Instruments Inc., USA) with Retiga 1300 CCD camera
(Qlmaging Inc., USA) under 100 x objective lens.

RESULTS AND DISCUSSION

The lack of knowledge regarding the biological sig-
nificance both expression levels and ratios of different
Ruk/CIN85 isoforms complicates investigation of their
roles in cancer cells. The availability of highly specific
antibodies recognizing different epitopes of adaptor
proteinis a prerequisite to perform a detailed analysis
of the expression patterns of Ruk/CIN85 isoforms at
protein level.

N-terminal half of Ruk/CIN85 molecule including
three SH3 domains, and its C-terminal coiled-coil re-
gion were used as antigens to produce monoclonal and
polyclonal antibodies, respectively. GST-fusion forms of
these recombinant proteins were expressed in bacterial
system. Using one-step affinity purification procedure
on glutathione-Sepharose, we obtained milligram quan-

tities of highly pure (approx. 95% purity) preparations of
GST-3SH3 and GST-Ruk, (see supplementary data).

Immunoblot analysis revealed that affinity purified
polyclonal anti-Ruk_ antibodies recognize equally ef-
fectively the main Flag-tagged Ruk isoforms in lysates
of transiently transfected HEK293 cells (Fig. 1, b).
Besides the endogenous full-length p85 Ruk /CIN85
form, a set of proteins with lower molecular weight
was detected as well (Fig. 1, a). For more careful ex-
amination of the specificity of polyclonal antibodies,
we performed an antigen competition experiment. For
this purpose, anti-Ruk_ antibodies were preincubated
with purified His-tagged Ruk_, and then this mixture
was used for Western blotting of Flag-tagged Ruk iso-
forms. We found that detection of all immunoreactive
bands was abrogated by antigen competition (data not
shown). In the second type of study, we firstimmuno-
precipitated L1210 cell lysate with anti-Ruk_antibodies
and then Western blotted the immunoprecipitate with
the same antibodies. As can be seen from Fig. 1, c,
the main endogenous molecular forms of Ruk /CIN85
are detected in obtained immunoprecipitate compar-
ing to whole L1210 cell lysate. Low level of Ruk /CIN85
recovering in immunoprecipitate may be explained by
restricted accessibility of coiled-coil domain for anti-
Ruk, recognition in non-denatured conditions that
is connected with the involvement of this region into
homo- and heterotypic protein-protein interactions.

Immunization of male Balb/c mice with GST-3SH3
and generation of hybridoma cell lines were per-
formed essentially as described by Savinska et al.
[19]. According to ELISAresults, 12 hybridoma clones
of 263 analyzed produced antibodies recognizing
GST-3SH3 but not GST alone. One of the hybridoma
clones (designated MISh-A1), producing the highest
titer of anti-3SH3 antibody, was recloned through two
rounds of dilution cloning procedure. Epitope specifici-
ty of this mAb was further defined by Western blotting
using lysates of HEK293 cells transiently transfected
with constructs encoding Ruk, Ruk,, and Ruk_ iso-
forms as well as the affinity purified preparations of
GST-SH3A, GST-SH3B and GST-SH3C domains of
Ruk. As shownin Fig 1,d, MISh-A1 antibody recognized
full-length form of Ruk and SH3A domain only indicat-
ing its specificity for SH3A domain.

Taking into account high level of homology (39% iden-
tity and 54% similarity in amino acid sequence) between
Ruk/CIN85 and CD2AP/CMS, which belongs to the same
family of adaptor/scaffold proteins, itwasimportantto test
cross-reactivity of produced monoclonal and polyclonal
antibodies. According to Western blot analysis (Fig. 2,
lane 1), endogenous Ruk/CIN85 and CD2AP/CMS pos-
sess identical electrophoretic mobility in SDS-PAGE. For
this reason, we at first performed immunoprecipitation
of endogenous Ruk/CIN85 and myc-tagged CD2AP
from lysates of HEK293 cells, transiently transfected with
pcDNA-myc-CD2AP, followed by immunoblotting (see Fig.
2). Inimmunoprecipitates obtained with monoclonal anti-
SH3A and anti-myc antibodies prominent specific bands
with apparent molecular weight of 85 kDa corresponding
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Fig. 1. Specificity of produced C-terminal anti-Ruk_ polyclonal antibodies (a—c¢) and N-terminal monoclonal anti-SH3A antibody (d).
a, b) immunoblot analysis of lysates of HEK293 cells transiently transfected with constructs encoding Flag-tagged isoforms of Ruk:
1—Ruk; 2 — Ruk,,; 3 — Ruk ;4 — Ruk_; 5 — Ruk,; 6 — Ruk_; ¢) immunoprecipitation of endogenous Ruk isoforms from lysate of
L1210 cells using anti-Ruk_ antibodies: 1 — immunoprecipitate; 2 — whole cell lysate; d) epitope specificity of MISh-A1 hybridoma
clone. Immunoblot analysis of lysates of HEK293 cells transiently transfected with constructs encoding Flag-tagged Ruk, (7), Ruk,, (2)
and Ruk | (3) isoforms, and the affinity purified preparations of GST-SH3C (4), GST-SH3B (5) and GST-SH3A (6) domains of Ruk
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Fig. 2. Analysis of the crossreactivity of anti-Ruk, polyclonal and MISh-1 monoclonal antibodies to CD2AP: total cell lysates of non-
transfected HEK293 cells (1) and HEK293 cells transfected with pcDNA-myc-tag CD2AP (3), proteins immunoprecipitated from
lysates of transfected HEK293 cells with monoclonal anti-SH3A (2) and anti-myc (4) antibodies

to Ruk,/CIN85 (lane 2) and myc-tagged CD2AP (lane 4)
were detected. Very faint Ruk/CIN85- and CD2AP-spe-
cific bands were revealed in anti-myc (WB with anti-Ruk
antibodies, lane 4) and anti-SH3A (WB with anti-CD2AP
antibodies, lane 2) immunoprecipitates correspondingly.
Obtained data are in agreement with previous results [15]
indicating the existence of oligomerization between two
proteins in living cells.

Thus, produced C-terminal polyclonal and N-termi-
nal monoclonal antibodies possess Ruk/CIN85-spe-
cificity and may be used further to study expression of
Ruk/CIN85 isoforms in cell lines of different species

and tissue origins as well as tumour samples using dif-
ferent approaches. The main immunoreactive bands
in total cell lysates detected with anti-Ruk_ antibodies
are presented by proteins with apparent molecular
weights of 130, 80-85, 70-75, 50-56, 34-40 and
19 kDa (Fig. 3). According to the current experimental
data, multiple molecular forms of Ruk/CIN85, identi-
fied by Western-blot analysis with C-terminal antibod-
ies, may result from alternative splicing of pre-mRNA
(85 kDa full-length form, 70 kDa form without first
SHBA domain, 56 kDa form without two SH3 domain,
and 16 kDa Ruk_form containing C-terminal coiled-coil
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region) [7]; post-translational modification through
ubiquitination (130 kDa) [23] and limited proteolysis
caused by the presence of PEST-motifs in C-terminal
half of polypeptide chain (p40) [1, 24]. The existence
of multiple sites for Ser/Thr-specific protein kinases in
Ruk/CIN85 structure allow us to suppose that subforms
around indicated molecular weights are mainly the
result of post-translational modification of Ruk/CIN85
molecular forms through phosphorylation. The highest
levels of full-length form of Ruk/CIN85 are observed in
L1210, Ramos, Hela S3, C6 and U937 cells while lower
expression is revealed in NIH3T3 cells and low to unde-
tectable —in A549 cells. As can been seen in Western blot
p85 generally migrates as doublet with more prominent
upper band for exception of Cos1 and MDCK cells for
which the lower band is stoichiometrically greater. These
results generally agree with Western-blot analysis using
monoclonal anti-SHA antibody (Fig. 3). However, in cases
of Cos1 and MDCK cells anti-SH3A antibody recognizes
only upper faint band. It is possible that specific features
of p85 post-translational modification in different cell lines
can determine differential recognition of these subforms
by MISh-A1 antibody. The obtained data also show that
expression of p70 is high in HEK293, Ramos and MDCK
cells, while p50-56 — in NIH3T3, MDCK and C6 cells.
P16 is detected in Cos1 and L1210 cells only. Thus, the
patterns of multiple Ruk/CIN85 molecular forms expres-
sion are characteristic for each cell line studied that may
be determined by cellular context.
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Fig. 3. Patterns of Ruk/CIN85 isoforms expression in cell lines
of various tissue origins

As it is discussed in Introduction, the formation of
oligomers between Ruk isoforms can result in different
biological consequences [1]. The availability of specific
Ruk/CIN85 N-terminal and C-terminal antibodies al-
lowed precise investigation of oligomerization between
different isoforms in vivo. For this purpose, we first
immunoprecipitated full-length form with monoclonal
MISh-A1 antibody, and then performed Western blot
analysis using both polyclonal anti-Ruk, antibodies and
MISh-A1 antibody. We used MISh-A1 antibody cova-
lently conjugated to protein G-Sepharose for immuno-
precipitation. The results in Fig. 4 show that anti-SH3A
antibody effectively precipitates p85 from lysates of all
cell lines studied: HeLa S3, HEK293, C6 and NIH3T3.
Co-precipitation of proteins around molecular weight of
50-56 kDa, which might represent a form without two
N-terminal SH3 domains, is observed for C6 and NIH3T3
cells but not for HeLa S3 and HEK293 cells. Please note

specific ratios between these subforms in immunopre-
cipitates in comparison to total cell lysates. Possibly,
differences in the state and composition of isoforms in
Ruk/CIN85-mediated oligomeric complexes define their
different biological role in these cell lines.
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Fig 4. Oligomerization between different Ruk/CIN85 isoforms
in vivo. Total cell lysates of HeLa S3, HEK293, C6 and NIH3T3
cells were immunoprecipitated with MISh-A1 antibody followed
byWestern blot analysis using anti-Ruk and MISh-A1 antibodies:
1, 3, 5, 7 — immunoprecipitates; 2, 4, 6, 8 — total cell lysates

To obtain detailed picture of the intracellular distribu-
tion of Ruk/CIN85 we performed further immunofluo-
rescence analysis using C6, NIH3T3 and HEK293 cells
as a model. In all these cells stained with polyclonal
anti-Ruk, antibodies endogenous Ruk variants were
localized predominantly in the cytoplasm and to a
lesser extentin the nuclei (Fig. 5). The cytoplasmic lo-
calization revealed both diffuse and punctate pattern.
Unfortunately results of immunofluorescent staining
with monoclonal antibody were not reproducible.

anti-Ruk;

Pl

Merge

NIH3T3

HEK293

Fig. 5. Immunofluorescence microscopy of C6, NIH3T3 and
HEK?293 cells stained with polyclonal anti-Ruk_ antibodies. Nuclei
were stained with propidium iodide
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Inthe last series of experiments we checked conve-
nience of the produced Ruk/CIN85-specific antibodies
for studies of Ruk/CIN85 isoforms expression across
a large panel of samples representing diverse human
tissues and tumor types. For this purpose we used hu-
man non-transformed skin and melanoma samples,
obtained under surgical procedures in Lviv Regional
Oncological Center, as a model. According to data of
anti-Rukg Western-blot analysis, presented at Fig. 6,
immunoreactive bands with apparent molecular weight
around 70 and 50-56 kDa are the main in extracts of
normal skin tissue. In comparison to the adjacent nor-
mal tissue, pattern of CIN85/Ruk molecular forms in
melanoma samples is characterized by the substantial
increase in the expression level of full-length p85 form,
that presumably can lead to the loss of coordinated
control of apoptosis and proliferation in the transformed
melanocytes [25].
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Fig. 6. Patterns of Ruk/CIN85 isoforms expression in human
non-transformed skin and melanoma samples

The obtained results demonstrate that produced
polyclonal and monoclonal antibodies work well and
reliably not only in Western blotting but also in immu-
noprecipitation. This allows us to continue investigations
in the field of functional proteomics including studies
of expression and biological role of adaptor/scaffold
protein Ruk/CIN85 in human tumors as well as to carry
out search for Ruk /CIN85 binding partners.

ACKNOWLEDGMENTS

Thiswork was supported in part by grants from Fun-
damental Researches State Fund (N2 05.07/00283),
Ministry of Education and Sciences of Ukraine; Na-
tional Academy of Sciences of Ukraine (programme
“Novel medical and biological problems and human
environment”), and West-Ukrainian BioMedical Re-
search Center. We thank Prof. |. Dikic for providing
pGEX-4T/CIN85-3SH3 plasmid and Prof. A. Shaw for
providing pcDNA 3.1-myc-CD2AP plasmid.

REFERENCES

1. Gout I, Middleton G, Adu J, Ninkina NN, Drobot LB,
Filonenko V, Matsuka G, Davies AM, Waterfield M, Buch-
man VL. Negative regulation of PI3-kinase by Ruk, a novel
adaptor protein. EMBO J 2000; 19: 4015-25.

2. Take H, Watabane S, Takeda K, Yu ZX, Iwata N,
Kajigaya S. Cloning and characterization of a novel adaptor

protein, CINSS, that interacts with c-Cbl. Biochem Biophys
Res Commun 2000; 268: 321—S8.

3. Borinstein SC, Hyatt MA, Sykes VW, Straub RE,
Lipkowitz S, Boulter J, Bogler O. SETA is a multifunctional
adapter protein with three SH3 domains that binds Grb2,
Cbl, and the novel SB1 proteins. Cellular Signalling 2000;
12: 769-79.

4. Narita T., Amano F, Yoshizaki K, Nishimoto N, Nishimu-
ra T, Tajima T, Namiki H, Taniyama T. Assigment of SH3KBP1
to human chromosome band Xp22—p21.3 by in situ hybridisa-
tion. Cytogenet Cell Genet 2001; 93: 133—4.

5. Tibaldi EV, Reinherz EL. CD2BP3, CINS85 and the
structurally related adaptor protein CMS bind to the same CD?2
cytoplasmic segment, but elicit divergent functional activities.
Int Immun 2003; 15: 313—29.

6. Dikic I. CIN85/CMS family of adaptor molecules.
FEBS Lett 2002; 529: 110—S5.

7. Buchman VL, Luke C, Borthwick EB, Gout I, Ninkina N.
Organisation of the mouse Ruk locus and expression of iso-
forms in mouse tissues. Gene 2002; 295: 13—7.

8. Finniss S, Movsisyan A, Billecke C, Schmidt M, Ran-
dazzo L, Chen B, Bogler O. Studying protein isoforms of the
adaptor SETA/CIN85/Ruk with monoclonal antibodies.
Biochem Biophys Res Commun 2004; 325: 174—82.

9. Soubeyran P, Kowanetz K, Szymkiewicz I, Langdon WY,
Dikic I. Cbl-CIN85-endophilin complex mediates ligand-
induced downregulation of EGF receptors. Nature 2002;
416: 183—7.

10. Petrelli A, Gilestro GF, Lanzardo S, Comoglio PM,
Migone N, Giordano S. The endophilin-CIN85-Cbl complex
mediates ligand-dependent downregulation of c-Met. Nature
2002; 416: 133—6.

11. Borthwick EB, Korobko 1V, Luke C, Drel VR, Fedy-
shyn YaYa, Ninkina N, Drobot LB, Buchman VL. Multiple
domains of Ruk/CIN85/SETA/CD2BP3 are involved in
interaction with p85a regulatory subunit of PI 3-kinase. J Mol
Biol 2004; 343: 1135—46.

12. Parsons R. Human cancer, PTEN and PI-3 kinase
pathway. Semin Cell Dev Biol 2004; 15: 171—6.

13. Chen B, Borinstein SC, Gillis J, Sykes VW, Bogler O.
The glioma-associated protein SETA interacts with AIP1/Alix
and ALG-2 and modulates apoptosis in astrocytes. J Biol
Chem 2000; 275: 19275-81.

14. Narita T, Nishimura T, Yoshizaki K, Taniyama T.
CINSS5 associates with TNF receptor 1 via Src and modulates
TNF-a-induced apoptosis. Exp Cell Res 2005; 304: 256—64.

15. Hutchings NJ, Clarkson N, Chalkley R, Barclay AN,
Brown MH. Linking the T cell surface protein CD2 to the
actin-capping protein CAPZ via CMS and CINSS5. J Biol
Chem 2003; 278: 22396—403.

16. Schmidt MH, Chen B, Randazzo LM, Bogler O.
SETA/CINS85/Ruk and its binding partner AIP1 associate with
diverse cytoskeletal elements, including FAKs, and modulate
cell adhesion. J Cell Sci 2003; 116: 2845-—55.

17. Narita T, Ando A, Mikami Y, Taniyama T. Overexpres-
sion of CINS8S5 suppresses the growth of herpes simplex virus
in HeLa cells. Exp Cell Res 2005; 311: 265—71.

18. Webster GA, Perkins ND. Transcriptional cross talk be-
tween NF-kappaf3 and p53. Mol Cell Biol 1999; 19: 3485-95.

19. Savinska LO, Luzogubov VV, Usenko VS, Ovcha-
renko GV, Gorbenko ON, Rodnin MV, Vudmaska MI,
Pogribniy PV, Kyyamova RG, Panasyuk GG, Nemazanyy 10,
Malets MS, Palchevskyy SS, Gout IT, Filonenko VV. Immu-
nohistochemical analysis of S6K1 and S6K2 expression in
human breast tumors. Exp Oncol 2004; 26: 24—30.



Experimental Oncology 28, 275-281, 2006 (December)

281

20. Pogrebnoy PV, Kukharenko AP, Tykhonkova IA,
Pal’chevskij SS, Savinskaya LA, Pogrebnaya AP, Valevka TI,
Markeeva NV, Soldatkina MA, Matsuka GKh, Gout IT, Filo-
nenko VV. Generation and characterization of monoclonal
antibodies to p70S6 kinase (3. Exp Oncol 1999; 21: 232—8.

21. Laemmli UK. Cleavage of structural proteins during
the assembly of the head of bacteriophage T4. Nature 1970;
227: 680—4.

22. Towbin H, Staehelin T, Gordon J. Electrophoretic
transfer of proteins from polyacrylamide gels to nitrocellulose

sheets: Procedure and some applications. Proc Natl Acad Sci
USA 1979; 76: 4350—54.

23. Verdier F, Valovka T, Zhyvoloup A, Drobot LB, Buch-
man V, Waterfield M, Gout I. Ruk is ubiquitinated but not de-
graded by the proteasome. Eur J Biochem 2002; 269: 3402—8.

24. Rechsteiner M, Rogers SV. PEST sequences and regu-
lation by proteolysis. Trends Biochem Sci 1996; 21: 267—72.

25. Chudnovsky Ya, Khavari PA, Adams AE. Mclanoma
genetics and the development of rational therapeutics. J Clin
Invest 2005; 115: 813—24.

SKCNMPECCUA N3OPOPM AAANTEPHOIO BEJIKA
RUK/CIN85 B KJIETO4YHbIX JIMHUAX PA3JINYHOIO TKAHEBOIO
NMPOUCXOXAOEHUA U MEJTAHOME HYEJIOBEKA

Ilean: noryyenne MOHOKIOHAIBHBIX U MOJIMKJIOHAJIBHBIX AHTUTE NPOTUB peKOMOMHAHTHBIX GST-KoHbIOTNpoBaHHBIX (hopM OeIKOB,
BKJIIOYAIONINX COOTBETCTBeHHO N-KOHIIeBYI0 M C-KoHIeByI0 YacT apantepHoro 6eka Ruk/CINSS. Anamms npoduieii 3kcnpeccHn
u3oopm Ruk/CINSS u ux cyOK/I€TOUHO¥ JIOKAIM3AIMA B KJIETOYHBIX JJMHMAX PA3IAIHOTO TKAHEBOTO MPOHCXOKICHHS U 00pa3nax
MeJIaHOMBI yelioBeka. Memodsi: pekomouHanTHbie GST-KonbiornpoBannbie ¢parmentsl Ruk/CIN8S (GST-3SH3/CINS5 n GST-
Ruk ) 3xcnpeccupoBanm B 6akTepuanbHoii ccTeMe ¢ nocienyromeii ad(GunHoii 04nCTKOI Ha IIyTaTHOH-Cceapose. [lis nonydenus
MOHOKJIOHAJILHBIX aHTHTe N poTuB 3SH3 (hparmenta CINSS nenosm3oBamm rudpuaoMHyio TexHooruo. [1oJMKIoHAbHbIE AHTHTEIA
npoTuB C-KOHIIEBOTO CYNMepCHUpPATM30BAHHOrO paiiona Ruk oummanm u3 CHIBOPOTKM MMMYHH3MPOBAHHOTO KPoJMKa adduHHOi
xpomarorpadueii na Ruk -cedapose. ITpodum sxcnpeccun nzodopm Ruk/CINSS, nx omromepusanmio 1 CyOKIeTOIHYIO JIOKAJIH-
3aIMI0 U3YYaJIi MeToAamMi BecTepH-0J10T aHAIM32, HMMYHOTIPEMITUTAIIMN W IMMYHO(JTyOpecIieHTHOI MUKpocKonun. Pesy.iomantot:
Ruk/CINS85, SH3-conepxkammii aganTepHblii “cTe/UIaKHbIi” 0eJIOK, NTPaeT BAKHYIO POJIb B CHTHAJIbHBIX MPONECCaX KIEeTOK. N-
KOHIIeBYI0 YacTh MoJiekyisl CINSS, Brmouaionryio 3 SH3 nomena, nu C-KOHIIEBOi Cynepcnupam30BAHHbIN PAHOH HCIOJIB30BAIH
B KQ4€CTB€ AaHTUIC€HOB 1JIs MOJY4Y€HUS MOHOKJIOHAJIBHBIX U NMOJUKIOHAJTBHBIX AHTHTEJI, COOTBETCTBEHHO. HOJIy‘IeHLI I'l/IﬁpPl,HOMLI,
CeKpeTHpYIolIie MOHOKIOHAbHbIE anTuTesa K 3SH3-dparmenty. IToka3zano, uro oxHo 3 3tux antures (MISh-Al) ciemmpmaeckn
Y3HAET 3MATOI, Haxoasmmmiics B nepsom SH3A nomene aganreproro Genka. [Toamknonammubie antu-Ruk antarena, adggunno oun-
HIeHHbIE 13 CBIBOPOTKH MIMMYHH3HPOBAHHOTO KPOJisi, crienngmaeckn y3HaBam ocHoBHbIe H30(hopmbl Ruk/CINSS, Kak HI0TeHHBIE,
TaK ¥ PeKOMOMHAHTHBIE, B M3aTax KieTok HEK293. BaxkHo, 4To mosTydeHHbIe aHTHTEJIA He pearnpoBaym nepekpectHo ¢ CD2AP,
npeICTABUTEJIEM 3TOTO JKe CeMeiiCTBa alanTepHbIX 0eJKoB. MHokecTBeHHbIe MOJIeKyIsIpHbie (hopmbl Ruk/CINSS ¢ kaxymeiics
MoutekyJisipHoii Maccoii 130, 80—85, 70—75, 50—56, 34—40 and 29 k/{a 6bum geTekTHpOBaHbI B 3aTax Kierok NIH3T3, Cosl,
L1210, HEK293, Ramos, HeLa S3, MDCK, C6, A549 u U937 ¢ nomompio anTi-Ruk anturesn. Omromepusammio mexny p85
u p50—56 dopmavu Ruk/CINSS eoisim B kinetkax C6 u NIH3T3, no ne B HeLa S3 m HEK293, nmMyHonpenymurammeii ¢
nomompio antutena MISh-Al u nocienyiomero anmu-Ruk  Becrepn-010T anamsa. IMvyHo(uTyopecueHTHOH MHKPOCKOTIHEN C
ucnonb3opanrem anTi-Ruk anturen sunorennbie BapuanTsbl Ruk BbIsBIsUM NpenMyleCTBEHHO B muToniasve Kierok C6, NIH
3T3, HEK293 n B Gonee au3Koii crenenn B siape. Boicoknii yposennb axcnpeccnn nonmopasmeproii opmbr Ruk /CIN8S sbisiBiien
B 00pa3nax MeJIaHOMBI YeJI0BeKa. Boi6odoi: Ppoduim IKCIpeccHn MHOKECTBEHHbIX HIOreHHbIX BapuanToB Ruk/CIN85 m cmo-
COOHOCTB K (l)OpMPIpOBaHI/IlO OJIMTOMEPHBIX KOMILIEKCOB MEKIY pa3/IMYHbIMU Pl30d)0pMaMl/l SABJIAIOTCSA XapPAKTEPHbIMH IS Ka)K,HOﬁ
HCCIIeI0BAHHOM JIMHIH KJ1eTOK. He MCKIII0ueHo, YTO BbISIBIEHHbIE 0COOEHHOCTH MOTYT ONpe/IesATh cnelpHIecKyi0 OHOTOrHYECKYI0
3HaunMocTh u30(opM Ruk/CINSS B pa3mIHbIX THIAX KJIETOK B 3aBHCHMOCTH OT KJICTOYHOTO KOHTeKCTa. CiecTBHEM BHICOKOTO
YPOBHSA 3KCHpeccHH nosmopasmepHoii hopmbl Ruk /CINSS B 06pasnax MesaHOMBI 4€J10BEKA MOKET ObITh HAPYIIEHHE COTJIACOBAHHOIO
KOHTPOJI NpoLieccoB npo depaniy 1 anonto3a B TpaHCGOPMUPOBAHHBIX MEJIAHONMTAX. AHTHTE/IA, ONMCAHHBIE B 3TOM padore,
MOTYT ObITh HCHIOJTL30BAHBI 1151 3y4eHust akcnpeccun U pynkmmii Ruk/CINSS B omyxossix 9esioBeka.

Karouesvie caosa: Ruk/CINS5, anantepHbie 0eJIKi, AHTHTEJIA, OTUTOMEPU3AINS, JTOKATN3AIHMS
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