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adenocarcinoma 4T1 cells induces an increased migration rate
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Aim. To study the effect of adaptor protein Ruk/CIN85 overexpression on the dynamics of
migration and Matrigel invasion as well as transendothelial migration of murine 4T1 breast
adenocarcinoma cells. Methods. Dynamics of 4T cells migration/invasion was monitored in
real time using the XCELLigence Real-Time Cell Analyzer (RTCA) DP Instrument equipped
with a CIM-plate 16. Transendothelial migration (TEM) of 4T1 cells was performed through
the layer of primary mouse lung endothelial cells seeded on gelatin-coated 24-well transwell
inserts (8-um pores). The two-tailed Student’s t-test for unequal variances was used for statis-
tical analysis. Results. Ruk/CIN85-overexpression in 4T1 cells are indices a significantly
increased motility, Matrigel invasiveness and migration through endothelial cells layer.
Conclusions. The Ruk/CIN85 adaptor protein may play a potential role in the control of me-
tastasis in vivo.

Keywords: tumor cell migration, invasion, 4T1 cells, adaptor protein Ruk/CIN8S.

Acquisition of increased motility rate and inva-
sion potential is a key prerequisite for meta-
static dissemination of malignantly trans-
formed cells followed by their maintenance in
the blood stream, arrest in the distant organ,
extravasation, homing and distant organ colo-
nization [1]. This extremely complex and mul-

tistage process is orchestrated by cellular plas-
ticity associated with adaptation of tumor cells
to dynamic changes in extracellular milieu,
which, in its turn, modulate the functional state
of signaling networks resulting in epigenetic
changes, induction or repression of specific
genes and miRNAs expression patterns [2, 3].
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Adaptor proteins are essential components of
signaling complexes. They not only assemble
the multimolecular complexes but also direct
and coordinate intracellular signaling in order
to fine-tune cellular behavior [4, 5, 6]. One of
such adaptor proteins is Ruk/CIN8S5, ubiqui-
tously expressed in a variety of normal and
cancer tissues in mammals (including human),
birds, reptiles, amphibians, bony fishes and
even insects (according to NCBI Gene tool).
Ruk/CINS85 consists of three SH3 domains,
proline- and serine-enriched regions, and
coiled-coil domain [7]. These binding domains
and motifs as well as sites for post-translation-
al modifications make Ruk/CIN85 a binding
partner for more than 200 proteins involved in
growth factors signaling, apoptosis, cell shape
signaling, cell adhesion, motility and invasion
[8, 9, 10]. Ruk/CIN85 was demonstrated to be
overexpressed in many human cancers, such
as gliomas [11], breast [12] and colon cancers
[13], head and neck squamous cell carcinomas
[14] in comparison to conditionally normal
surrounding tissues. Using tissue samples from
breast cancer patients, we previously demon-
strated that the highest levels of Ruk/CINS85
content was observed in the lymph node me-
tastases and intravascular tumor emboli [12]
that suggests its important role in the meta-
static process. In the present study we analyzed
the effect of Ruk/CIN85 overexpression in
highly invasive mouse breast adenocarcinoma
4TI cells on the cellular features, required for
efficient metastasis: motility, invasiveness, and
transendothelial migration.

Materials and Methods

Cells and transfection. Murine breast adeno-
carcinoma 4T1 cells were cultured in RPMI-

1640 medium supplemented with 10 % fetal
calf serum, 2 mM L-glutamine, 100 U/ml
penicillin, 100 pg/ml streptomycin in a hu-
midified atmosphere containing 5 % CO, at
37°C. Ruk/CIN85-overexpressing subline
RukUp and corresponding control subline were
obtained by Ca-phosphate transfection of 4T1
cells with pRc/CMV2-Ruk; or empty vector,
respectively [12]. Transfected cells were se-
lected with 1 mg/ml geneticin (G418) followed
by subcloning.

Dynamics of cell migration/invasion.
Monitoring of 4T1 cells migration and inva-
sion in real time was performed using the
xCELLigence Real-Time Cell Analyzer
(RTCA) DP Instrument equipped with a CIM-
plate 16 (Roche, Indianapolis, IN) as described
previously [16]. For invasion experiments, the
membranes of CIM-plate 16 wells were coat-
ed with Matrigel and for migration experi-
ments they were left uncoated. 4T1 cells
(7,5x10%) were added to the upper chamber of
the plate well in serum-free medium, and the
lower chamber was filled with 10 % FCS me-
dium. Also, as negative control we used wells
without FCS in the lower chamber (SF).
Migration/invasion was monitored every 10 or
15 min for several hours. For quantification,
the cell index at indicated time points was
averaged from at least three independent mea-
surements.

Transendothelial migration assay.
Transendothelial migration (TEM) assay was
performed as described previously [17].
Briefly, primary mouse lung endothelial cells
(2.5%10%) were seeded on gelatin-coated
24-well transwell inserts (8-um pores; BD
Biosciences) and were grown for two days to
reach the confluence. 4T1 cells of both anal-
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ysed sublines (2,5x10%), pre-stained with
0,4 uM Calcein AM, were seeded into tran-
swell inserts with monocytes (1x10°) purified
from bone marrow in 3 % FCS/RPMI. 10 %
FCS/RPMI was added into the bottom cham-
ber. As a negative control, we seeded mock-
transfected 4T1 cells alone (without mono-
cytes). After 24 hours transwell membranes
were fixed with 2 % PFA and nuclei were
stained with DAPI. Migrated 4T1 cells were
counted using fluorescent microscopy in at
least 20 consecutive viewfields.

Statistical analysis. All experiments were
performed at least in triplicates, and the data
were presented as Mean + SD. For statistical
analysis we used two-tailed Student’s t-test for
unequal variances and difference between
groups was suggested to be significant at
p <0,05.

Results and Discussion

In order to assess the effect of adaptor protein
Ruk/CIN8S on the motility and invasiveness
of 4T1 breast adenocarcinoma cells we used
4TI cells with stable overexpression of full-
length Ruk/CIN8S5 isoform (RukUp subline)
and mock-transfected 4T1 cells as a control.

First, we analysed the dynamics of migra-
tion and Matrigel invasion of both RukUp and
control cells. For this purpose we used xCEL-
Ligence RTCA DP instrument that has inte-
grated Boyden chamber (CIM-Plate 16) and
allowed us to monitor motility and invasive-
ness in real time as a function of the impeded
electron flow through the membrane https://
www.aceabio.com/products/rtca-dp/ [18].

On the graph representing the dependence
of cell index on the time (Fig. 1), for both
analyzed sublines we observed a small peak
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of cell index during first hour in migration and
invasion experiments, and this peak refers to
the attachment of cells to the membrane. Then,
approximately at 12t hour, RukUp and control
cells started to migrate/invade through the
membrane. It was demonstrated that Ruk/
CINS85-overexpressing 4T1 cells had signifi-
cantly higher cell index rate in comparison to
control cells in both migration and Matrigel
invasion experiments (Fig. 1 A, C). For migra-
tion rate, these differences were statistically
significant (p < 0,05) at 12, 16, 20 and 24 hrs
time points (Fig. 1 B) while, for Matrigel inva-
sion rate, — at 36, 48, 60 and 72 hrs time points
(Fig. 1 D).

Next, we compared the ability of RukUp
and control 4T1 cells to transmigrate through
the layer of endothelial cells in vitro using this
approach as a surrogate model of extravasation
process in vivo. After mouse lung endothelial
cells (ECs) seeded on the Boyden chamber
membrane reached the confluence, the inserts
were filled with tumor cells (2,5%10%) togeth-
er with monocytes (1x10°) allowing them to
migrate through the layer of ECs for 24 hrs.
As can be seen from Fig. 2, the efficiency of
TEM was about 18 times higher for Ruk/
CINS85-overexpressing 4T1 cells comparing to
the parental control cells.

Taken together, our findings evidence that
overexpression of adaptor protein Ruk/CIN85
in highly aggressive 4T1 cells led to further
increase of traits associated with breast cancer
progression and metastasis in vivo, especially
motility, Matrigel invasion and transendothe-
lial migration. These data were in agreement
with our previous results showing that Ruk/
CIN8S5-overexpressing human breast adenocar-
cinoma MCF-7 cells acquired increased motil-
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Fig. 1. Ruk/CIN8S affects the dynamics of migration and Matrigel invasion of 4T1 cells. 4 — Real-time migration of
4T1 RukUp and control cells; SF — negative control with serum-free medium in lower chamber of CIM-Plate. B —
Cell migration index of 4T1 RukUp and control cells at time points 12, 16, 20 and 24 hours. * — p < 0,05 in com-
parison to control. C — Real-time Matrigel invasion of 4T1 RukUp and control cells; SF — negative control. D — Cell
invasion index of 4T1 RukUp and control cells at time points 12, 24, 36, 48, 60 and 72 hours. * — p < 0,05 comparing
to control.

ity. Importantly, treatment of these cells with  changes in cell motility [12]. The contribution
the Src inhibitor PP2 and the PI3K inhibitor of Ruk/CINS8S5 to breast cancer malignancy was
LY294002 abolished the Ruk/CIN85-dependent further supported by the fact that reverse silenc-
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ing of the adaptor protein in MCF-7 cells was
followed by inhibition of their motility [19].
Moreover, Cascio et al. showed that Ruk/
CINSS5 promoted invasiveness and metastatic
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Fig. 3. Expression of SH3KBPI gene in TEM+ and
TEM- breast cancer cell lines.
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potential of mouse B16 melanoma cells [20].
When we divided breast cancer cell lines from
a GSE44552 dataset (GEO) into TEM+ (cell
lines with high efficiency of transendothelial
migration) and TEM- (cell lines with low ef-
ficiency of transendothelial migration) (accord-
ing to [21]), it was found that every TEM+ cell
line expresses higher levels of SH3KBPI
mRNA compared to TEM- cell lines (Fig. 3).
These data indicate that Ruk/CIN85 might be
involved in breast cancer metastatic cascade,
possibly by affecting interactions of tumor cells
with microvasculature.

An increasing number of reports have indi-
cated that in different types of human carcino-
mas acquisition of invasive and migratory
properties can be driven by an epithelial-to-
mesenchymal transition (EMT). This process
implies lack of apical-basal polarity, intercel-
lular contacts and adhesive properties, but
acquisition of front-rear polarity, changes in
the cell shape, organization of the cytoskele-
ton, ability to degrade the extracellular matrix
(ECM) [22, 23]. EMT can be induced by a
number of transcription factors, known as
“master regulators” of EMT, such as Twist,
Snail, Slug, Zeb 1/2 etc. These transcription
factors induce expression of mesenchymal
markers (vimentin, N-cadherin, fibronectin)
and repress expression of epithelial markers
(E-cadherin, claudins, B-catenin) [24, 25]. The
changes in expression levels and activity of
EMT-inducing transcription factors may occur
via signaling dependent on TGFf receptor,
tyrosine kinase receptors (such as EGFR,
VEGFR, FGFR), Wnt, Notch, Hedgehog, in-
tegrins, inflammation or hypoxia [22, 26].
There are data suggesting a possible involve-
ment of adaptor protein Ruk/CIN8S in the
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EMT regulation. First, Yakymovych and co-
authors [27] demonstrated that Ruk/CINS85
stimulates the presentation of TGFp receptor
on the cell plasma membrane and thus regu-
lates TGFB-dependent signaling. Also, Ruk/
CINS&5 was shown to be involved in endocy-
tosis and sorting of receptor tyrosine kinases,
the well-known regulators of EMT process,
including EGFR [28, 29], Met [30] and
VEGFR-1[31]. Finally, Ruk/CINSS is a bind-
ing partner of several proteins, involved in
migration, adhesion and cell shape regulation,
such as c-Cbl, endophilins, dynamins, FAK,
Src, and F-actin [9, 28, 32, 33]. All these fea-
tures of adaptor protein Ruk/CIN8S5 can con-
tribute to the control of tumor cell invasiveness
and metastatic potential.

In conclusion, to suppress the Ruk/CIN85-
induced malignant properties of tumor cells
revealed in our study, future investigations of
molecular mechanisms of its action are re-
quired.
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Hanexcnpecis agantepHoro nporeiny Ruk/CIN8S
B KJITHHAX a/IecHOKAaPUHHOMHU MOJIOYHO] 3271031
mumi Jinii 4T1 cynpoBomKy€ThCS 3pOCTAHHAM IX
PYXJIMBOCTi Ta iIHBa3UBHOI0 MOTeHUiaTy

I. P. Topaxk, JI. b. JIpo6or, JI. bopcir, JI. Knondosa

Merta. JlocminuTy BIDIMB HAZEKCIPECIi afanTepHOro mpo-
teiny Ruk/CIN8S Ha nmunamiky mirpamii # iHBasii yepes
Marpureinb, a TAKOXK Ha €(DEeKTUBHICTh TPAHCEHIOTeialb-
HO1 Mirparii KIITHH aJlcHOKapIIHHOMH MOJIOYHOI 3aJI031
wmuii JtiHil 4T1. Meroau. lunamiky mirparrii/iHBasii
xiitaH 47T1 aHamizyBaii B peKUMi peasibHOTO Yacy 3a
noniomororo npunnaxy XCELLigence Real-Time Cell
Analyzer (RTCA) DP Instrument, ocHaIeHoro iMreaaHc-
HnM totanmeTom CIM-plate 16. TpancenmoremianpHy
mirpauito (TEM) xnitun 4T1 3xiiicHioBasM yepes mmap
MICPBUHHUX CHIOTEIIONUTIB JICTCHI MUIII, BUCISIHUX Ha
MeMOpany (po3Mmip mop 8 pm) kamepu boiimena. st
CTaTUCTHYHOTO aHaJli3y BUKOPUCTOBYBAIIM JIBOBHOIPKOBHIA
t-tect CT’rofeHTa TS He3aJIeKHUX BUOIPOK 3 HEPIBHUMH
mucnepcisimu. Pesyabrarn. BeranosieHo, 1o Hasiekenpe-
cist Ruk/CINSS5 y xiitinax miHii 4T1 cynpoBomKy€eThCst
3HAYHUM 3POCTAHHSIM PYXJIMBOCTI, 3IaTHOCTI O iHBas3il
yepe3 Marpurenb Ta Iap SHIOTSaIbHUX KIIITHH.
BucHoBku. OTpumaHi pe3yasTaTd BKa3ylOTh Ha ITOTEH-
uiitHy poss aganteproro nporeiny Ruk/CIN8S y koHTp-
OJIi MeTacTa3yBaHHs in Vivo.

KnmouoBi cuaoBa: mirpailis myXJIMHHAX KJIITHH, 1H-
Basis, xmituan 471, agantepanit nporein Ruk/CINSS.

Ceepxakcnpeccust agantepHoro 6enka Ruk/CIN8S
B KJIETKAX aJeHOKAPIHHOMBI MOJIOYHOI JKeJie3bl
mbimn auauu 4T1 conpoBokaaeTcst yBeJndeHHeM
HX MOABHKHOCTH U MHBA3WBHOTO IMOTEHI[HAJIA

. P. Topax, JI. b. [Ipo6ort, JI. bopcur, JI. Knondosa

Meab. MccnenoBars BIUSHUE CBEPXIKCIIPECCUH AJaIITEP-
Horo miporerHa Ruk/CINSS5 Ha AMHAMUKY MHTpPAIldd 1
WHBa3UM 4epe3 Marpurenb, a Takke Ha 3()(HEeKTHBHOCT
TPaHCIHJOTENNAIBHON MUTPALIMHN KJIIETOK a/ICHOKAPIIMHO-
MBI MOJIOYHOH >kejte3bl MeIuu auHnn 4T1. Mertoasbl.
JnHaMuKy MuTparmn/uHBa3ud kietok 4T1 amammsupo-
BQJIM B PEXXHMME PEATHHOTO BPEMEHH C TTOMOIIBIO IPHOO-
pa XCELLigence Real-Time Cell Analyzer (RTCA) DP
Instrument, ocHaIIEHHOTO UMIETAHCHBIM IUIAHIIIETOM
CIM-plate 16. TpanconmoremmansHyto Murpaiuio (TOM)
KJeToK 4T1 ocylecTBIIsIIM Yepe3 CI0W MEPBUYHBIX JH-
JIOTEJIMOLIUTOB JIETKOTO MBIIIH, BHICESTHHBIX HA MEMOpaHy
(pa3mep mop 8 pum) kamepsl botinena. s cratucride-
CKOT'O aHaJIN3a WCIOIb30BAJIM JIBYXBBHIOOPOUHBIN t-TECT
CrhIOfIeHTa 711 HE3aBUCUMBIX BBIOOPOK C HEpPaBHBIMH
qcnepcusaMu. Pe3yabTaTbl. YCTaHOBIICHO, YTO CBEPXIKC-
npeccust axanrepHoro nporenHa Ruk/CINSS B xirerkax
ymann 4T1 conpoBoXkaaeTcest 3SHaYUTEIFHBIM POCTOM MO/
BIDKHOCTH, CITOCOOHOCTH K MHBA3UM Yepe3 Marpurens u
CJOH PHAOTENHANbHBIX KIEeTOK. BeiBoabl. Ilomyuennsie
Ppe3yabTaThl YKa3bIBAIOT Ha MOTCHIMAIBHYIO POJIb ajarl-
TepHoro nporerHa Ruk/CIN8S B koHTpoIe MeracTa3upo-
BaHMA in Vivo.

KiwuyeBble ¢J10Ba: MUTPaLHs OITYXOJIEBBIX KIIETOK,
nHBasws, kieTku 4T 1, aganTeprsnii nporerH Ruk/CINSS.
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