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Abstract: The p140Cap adaptor protein, encoded by the SRCIN1 gene, negatively controls tumor progression, 
as demonstrated in the subgroup of HER2-amplified breast cancers and in neuroblastoma patients, where high 
p140Cap expression predicts a decreased probability of developing metastasis, with a significantly prolonged 
survival. In NeuT mice, a preclinical model or Her2-positive breast cancer, we previously reported that p140Cap 
counteracts Her2-dependent breast cancer progression, associating with the specific Rac1 Guanine Nucleotide 
Exchange Factor, Tiam1, and limiting the activation of both Tiam1 and Rac1. Here, we show that in TUBO breast 
cancer cells derived from the NeuT tumors, p140Cap expression causes Tiam1 redistribution along the apicobasal 
junctional axis. Furthermore, p140Cap and Tiam1 interact with E-cadherin, a member of the adherence junction, 
with a concomitant increase of E-cadherin at the cell membrane. We characterized biochemically the interaction 
between p140Cap and Tiam1, showing that the amino terminal region of p140Cap (1-287 amino acids) is sufficient 
to associate with full length Tiam1, and with the truncated catalytic domain of Tiam1, with a concomitant decrease 
of the Tiam1 activity. Moreover, in a large cohort of Her2 positive breast cancer, high levels of SRCIN1 expression 
positively correlates with increased survival in patients with high TIAM1 expression. Overall, our findings sustain a 
protective role of p140Cap in Her2 positive breast cancer, where p140Cap can associate with Tiam1 and negatively 
regulate the Tiam1/Rac1 axis.
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Introduction

The p140Cap adaptor protein, also known as 
p130Cas-associated protein or SNIP (SNAP-25 
interacting protein), encoded by the SRCIN1 
gene, is highly expressed in brain, cerebellum 
and in some epithelial tissues [1, 2], as well as 
in a subset of tumors [3-5]. p140Cap has been 
recently involved in counteracting tumor pro-
gression, impairing in vivo spontaneous metas-
tasis formation in preclinical models of both 
breast and neuroblastoma tumors [4, 5]. 
Moreover, p140Cap has been shown to be a 
target of several miRNAs in different cancers, 
including lung, pancreatic, gastric, ovarian and 
colorectal cancer as well as hepatocellular and 
cervical carcinoma. In these tumors, consistent 
with the data obtained in breast cancer and 
neuroblastoma, the miRNA-mediated down-

regulation of p140Cap expression correlates 
with an increased tumor progression [6-17]. 

In human cohorts of breast cancer patients  
harboring the amplification of the HER2 onco-
gene, p140Cap expression correlates with an 
increased survival and a decreased disease 
recurrence [5]. Moreover, in neuroblastoma 
patients, SRCIN1 mRNA levels are an indepen-
dent risk factor inversely correlated to disease 
aggressiveness, with SRCIN1 mRNA higher ex- 
pression in less aggressive neuroblastoma 
stages, and in patients characterized by good 
prognosis [4]. p140Cap is composed by an N 
terminal tyrosine-rich region, an actin-binding 
domain, a proline-rich domain, a coil-coiled re- 
gion, two domains rich in charged amino acids 
and a C terminal proline-rich domain. Previous 
studies reported several signaling molecules 
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able to associate with p140Cap. In addition, 
our recent p140Cap interactome in Her2-
positive (Her2+) breast cancer cells re- 
vealed 373 interacting proteins, including th- 
ose with functions relevant to cell adhesion, 
protein homeostasis, regulation of cell cycle 
and apoptosis, which are frequently deregulat-
ed in cancer [18]. So far, most of these proteins 
have not yet been described as p140Cap inter-
actors. However, we have recently identified the 
Rac1 Guanine nucleotide exchange factor T-cell 
lymphoma invasion and metastasis 1 (Tiam1) 
for its ability to associate with p140Cap specifi-
cally in Her2+ breast cancer cells [5]. 

Rac1 is a member of the Rho family GTPase 
which regulates a wide range of biological pro-
cesses and it functions as a molecular switch 
cycling between an inactive GDP-bound and an 
active GTP-bound state. This process is tightly 
regulated by three types of proteins. Guanine 
nucleotide exchange factors (GEFs) catalyze 
the exchange of GDP for GTP, thereby activating 
the GTPase, whereas GTPase-activating pro-
teins (GAPs) increase the intrinsic GTP hydroly-
sis rate of the GTPase, thereby inactivating  
it. Guanine nucleotide dissociation inhibitors 
(GDIs) sequester the GDP-bound form and 
maintain inactive GTPases in the cytoplasm 
[19]. The activation of Rho family GTPases is 
strictly dependent on their regulators leading  
to different downstream effects. Rac1 GTPase 
has been widely implicated in actin cytoskele-
ton reorganization, migration, mitogenesis, tr- 
ansformation, and metastasis [20, 21]. In par-
ticular, Rac1 is an essential effector pathway 
for Her2-mediated breast cancer progression 
to metastasis [22, 23]. Tiam1 is a large mul- 
tidomain Dbl-family GEF protein that specifi- 
cally activates Rac1. It belongs to the Dbl-fa- 
mily GEFs and contains either a catalytic Dbl-
homology (DH) and a pleckstrin-homology (PH) 
domain. In addition to the catalytic domain, 
Tiam1 has an N-terminal PH domain (PHn), that 
mediates interaction with membranes enriched 
in phosphoinositides, a coiled-coil region with 
sequence (CC-ex), a Ras-binding domain (RBD) 
and, a PSD-95/DlgA/ZO-1 (PDZ) domain [24, 
25]. Tiam1 complex structure and function are 
tightly regulated through protein-protein inter-
action, post translational modification and 
auto-inhibition [24-26]. Tiam1 can either pro-
mote tumor progression or conversely can an- 
tagonize invasion in different cancer types [24, 
27, 28]. Emerging evidence also supports a  

role for Rac1-GEFs in the development and pro-
gression of breast cancer, and a correlation 
between Tiam1 expression and high tumor 
grade has been established in human breast 
carcinomas [29]. Moreover, highly migratory 
and metastatic breast cancer cell lines such as 
the Triple negative MDA-MB-231 cells express 
high Tiam1 levels, and the opposite is true for 
less invasive models such as MCF-7 or SK-BR-3 
cells [30]. In breast cancer preclinical models, 
Tiam1 deficiency reduces mammary tumor ini-
tiation and metastasis formation in NeuT trans-
genic mice [31]. Recently, in breast cancer pa- 
tients, Tiam1 expression is strongly related to 
survival rates in early- and late-stage tumors, 
and survival rates are significantly higher in 
patients with low Tiam1 expression than those 
with high Tiam1 expression [32]. Consistent 
with the data from the preclinical NeuT model 
and the human cohorts, we have previously 
demonstrated both in primary cells derived 
from the NeuT mice, and in human HER2-
amplified breast cancer cells that p140Cap 
expression causes a down-regulation of the 
activity of both Tiam1 and Rac1. As a conse-
quence, p140Cap expressing cells display a 
reduced migratory capability, which, at least in 
part, is explained by the ability of p140Cap to 
associate in a molecular complex with Tiam1 
[5]. 

In this study, we took advantage of the TUBO-
NeuT cell line derived from a spontaneous 
breast tumor arisen in a female BALB/c- 
MMTV-NeuT mouse [33]. Since in these cells 
the p140Cap protein is not detectable, upon 
infection with empty or p140Cap retroviruses, 
we generated stable TUBO-NeuT cells, and 
TUBO-NeuT-p140 cell lines. We already showed 
that TUBO-NeuT-p140 breast cancer cells gave 
rise to smaller tumors, with a decreased ability 
of generating spontaneous metastasis, when 
injected in syngeneic Balb-c mice, compared to 
TUBO-NeuT cells [5]. Moreover, in TUBO-NeuT- 
p140 cells, we have also identified p140Cap as 
a partner of the Rac1 Guanine nucleotide ex- 
change factor Tiam1 associated with a de- 
crease of its activity [5]. Here we show that 
p140Cap affects the distribution of Tiam1 
along the apicobasal junctional axis of the cells. 
We further characterized the interaction be- 
tween p140Cap and Tiam1, demonstrating that 
the amino (N) terminal (1-287 aa) p140Cap 
region is sufficient both for the association with 
the catalytic domain of Tiam1 and for impairing 
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Tiam1 activity. Moreover, in human Her2+ 
patients, high levels of SRCIN1 correlate with 
increased survival in TIAM1 high patients.

Material and methods

DNA constructs

For cloning, restriction enzymes from New 
England Biolab were used. For amplification, 
GoTaq DNA polymerase (#M7806) was from 
Promega. For expression in mammalian cells, 
full-length mouse p140Cap cDNA was cloned 
into the BamHI site of pcDNA3.1/Myc-Hys 
expression vector (Invitrogen) and sequenced 
[2]. Constructs expressing p140Cap domains 
were cloned as described: the full-length 
p140Cap cDNA was digested with XhoI. A DNA 
fragment of 2310 bp and a fragment of 1100 
bp, corresponding to p140Cap aa 1-770 and  
aa 770-1140 respectively were obtained and 
cloned into the XhoI site of pcDNA3.1/Myc-Hys 
expression vector (Invitrogen). p140Cap aa 
351-691 was obtained by PCR amplification 
from full-length mouse p140Cap. Forward pri- 
mer was designed to incorporate a restriction 
site for NheI (1158 bp) (primer sequence: 
GCTGGCTAGCTGCAATGGACTCCCCGCCT), rever- 
se primer was designed to incorporate a restric-
tion site for HindIII (2175 bp) (primer sequence: 
GCAGAAGCTTGACAGCAGTGGGCTG). The ampli-
fied region was cloned into pcDNA3.1/Myc-Hys 
expression vector. p140Cap aa 667-866 was 
obtained from full-length mouse p140Cap, with 
the forward primer incorporating a restriction 
site for XbaI and Kozak sequence (2106 bp) 
(primer sequence: TCTAGAGACATGGCCTCGG- 
CCAGCAGC), and reverse primer incorporating 
a restriction site for HindIII (2703 bp) (primer 
sequence: AAGCTTTACCCTCATCCACTTGCCTTC- 
GGAT); the amplified DNA was cloned into 
pGEM-T Easy expression vector (Promega, 
#A1360) and then into the XbaI/HindIII sites of 
pcDNA3.1/Myc-Hys expression vector from the 
p-GEM vector. p140Cap aa 695-1217 was cut 
from full length cDNA with the Nhe enzyme and 
cloned into the same site of pcDNA3.1/Myc-
Hys expression vector. p140Cap 1-287 RFP 
was obtained cutting with the EcoRV restriction 
enzyme and cloning site of pcDNA3.1/Myc-Hys 
expression vector and then cloned into SacII-
BamHI site of pmRFP-N expression vector.

The p140Cap BirA: MCS-BirA(R118G)-HA and 
pcDNA3.1mycBioID-p140Cap, BirA: MCS-BirA 
(R118G)-HA, pcDNA3.1mycBioID plasmids we- 

re obtained from Professor Thilo Kähne (Otto-
Von-Guericke, University of Magdeburg). pEG-
FP-N1 Tiam1 was a kind gift from Kozo Kaibu- 
chi (Nagoya University, Japan), YF-Tiam1 (Delta-
Tiam1) was a gift from Tobias Meyer (Addge- 
ne plasmid # 20154; http://n2t.net/addgene: 
20154; RRID: Addgene_20154).

Antibodies and cell lines

For western blot analysis, the following antibod-
ies were used: mouse monoclonal antibody 
(Mab) to p140Cap already characterized in [5] 
(1:1000, 0,5 microgram/ml), GFP polyclonal 
antibody, RFP polyclonal antibody and E-cad- 
herin monoclonal antibody home made in our 
Dept Antibody facility [34], Myc monoclonal 
antibody 9E10 (American Type Culture Colle- 
ction), anti Rac1 (1:2000, #05-389 clone 23A8, 
Millipore, Billerica, MA, USA) and anti GAPDH 
(1:8000, MAB374, Millipore, Billerica, MA, 
USA), anti Tiam1 (1:1000, C-16, Santa Cruz 
Biotechnologies, Palo Alto, CA, USA) and 
(1:1000, A300-099A, Bethyl Laboratories 
Montgomery, TX, USA), and anti Tubulin 
(1:8000, T5168, Sigma-Aldrich Co, Italy). Se- 
condary antibodies conjugated with peroxidase 
were purchased from GE Healthcare. Alexa 
Fluor Dye secondary antibodies were obtained 
from Invitrogen (Carlsbad, CA, USA). For immu- 
nofluorescence, slides were stained with anti 
p140 (1:1000, see above), anti E-cadherin anti-
body (1:50, M3612, Dako, Carpinteria, CA, 
USA), GM130 (1:300, 6,10,823, BD Transdu- 
ction Laboratories, Franklin Lakes, NY), fol-
lowed by secondary antibody conjugated with 
Alexa Fluor 488 or 568 (1:200, Molecular 
Probes, Invitrogen, Life Technologies, Monza, 
Italy). 

Culture media were from Invitrogen (Carlsbad, 
CA, USA). Fetal Calf serum (FCS) was from 
EuroClone (Pero, Milano, Italy). HEK293 cells 
and MDA.MB.231 cells were obtained from 
ATCC (LGC Standards S.r.l.-Italy Office, Italy) 
and cultured in DMEM 10% FCS. TUBO-NeuT 
cells were derived from a spontaneous breast 
tumor arisen in a female BALB/c-MMTV-NeuT 
mice [33] and cultured in DMEM 20% FCS. To 
over-express p140Cap into TUBO-NeuT and 
MDA-MB-231 cells, p140Cap cDNA was cloned 
into pBabe-puro as described in [5]. The retrovi-
ruses particles were produced by the calcium 
phosphate transfection of Platinum Retroviral 
Packaging Cell Lines (Cell BioLabs), in 10 cm 
dishes. Briefly, 48 h after transfection, super-
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natant was collected, filtered through a 45 μm 
syringe filter and added directly to sub-conflu-
ent cells. After 48 h, cells were washed and cul-
tured with a selection medium containing puro-
mycin (Sigma) at a final concentration of 1 μg 
ml-1. For TUBO-NeuT and MDA-MB-231 cells, 
individual clones were isolated 20 days after 
the start of the selection. Four individual posi-
tive clones were pooled together to rule out 
clonal artifacts.

HEK293 cell transfection 

HEK293 cells were transfected with the “calci-
um phosphate” method [35]. Briefly, cell densi-
ty was 50-80% confluent on the day of trans-
fection. For transfection DNA was mixed with 
sterilized milliQ water and 50 µL of CaCl2 2M to 
a final volume of 500 µL. Twenty-four hours 
after transfection, the medium was gently aspi-
rated and prewarmed fresh medium was added 
to the plates. The following day, the cells were 
harvested, and proteins were extracted.

BioID assay

HEK293 cells were cultured in DMEM high glu-
cose (Thermofisher: 11965084) supplemented 
with HI-FBS and Pen-Strep 1%. Cells were tran-
siently transfected by calcium phosphate pre-
cipitation, as described above. Culture medium 
was changed one day after transfection. Two 
days after transfection cells were treated for  
3 hours with D-biotin 50 μM (Thermofisher: 
B20656) diluted in the culture medium. Cells 
were incubated twice with biotin-free medium 
for 1 hour, lysed with 500 μl Buffer2 (NaCl: 150 
mM; TRIS-HCl PH 7,5: 20 mM; EDTA: 5 mM; 
Deoxycholate sodium: 12 mM; water), scraped 
and incubated for 15 minutes at 4°C. Lysed 
cells were collected, cropped with 26G injec-
tion needle, sonicated (4 hits for 15 seconds, 
30% power) and centrifuged at 4°C (15000 g) 
for 15 minutes. Supernatants were collected 
and quantified. 500 μg of extracts were in- 
cubated overnight with 10 μg of streptavi- 
din-conjugated resin (PierceTM Streptavidin 
Agarose: 20353). The day after resins were 
centrifuged at 4°C (2500 g) for two minutes 
and the supernatant was removed. Five wash-
es of 1 ml were performed alternating resus-
pension and centrifugation: one wash in Buf- 
fer1 (SDS 2% in deionized water); two washes 
in Buffer2 (previously described); one wash in 
Buffer3 (NaCl: 150 mM; TRIS-HCl pH 7,5: 20 

mM); EDTA: 5 mM; Deoxycholate sodium: 12 
mM; NP40 1%; SDS 0,01%; Triton X-100 1%; 
deionized water); one wash in Buffer4 (NaCl: 
150 mM; TRIS-HCl pH 7,5: 20 mM; EDTA: 5 mM; 
Deoxycholate sodium: 12 mM; NP40 1%; SDS 
0,01%; deionized water). After last washing 
supernatant was removed with a Hamilton nee-
dle. Biotinylated proteins were detached from 
the resin adding a volume of reduced Sample 
Buffer (8% SDS) with an excess of D-biotin (1 
mM) and heating them at 95°C for 15 minutes. 
Eluted proteins were finally collected with a 
Hamilton needle.

Immunoprecipitation and immunoblotting

HEK293 cells were transfected with the corre-
sponding DNA constructs with “calcium phos-
phate” method. Forty-eight hours post-trans-
fection cells were extracted in lysis buffer (150 
mM NaCl, 50 mM Tris pH 7.4, 1% NP-40, 1 mM 
MgCl2, 5% glycerol supplemented with 1 mM 
PMSF, 10 mM NaF, 2 mM NaVO3) containing  
the Protease Inhibitor cocktail (cat.no. 04-693-
1160-001, Roche, USA). Moreover, TUBO-NeuT 
and MDA-MB-231 cells described above, were 
processed in the same way for immunoprecipi-
tation and immunoblotting. Cell lysates were 
centrifuged at 13,000 g for 10 minutes and the 
supernatants were collected and assayed for 
protein concentration using the Bio-Rad pro- 
tein assay method (Biorad, Hercules, CA, USA). 
Thirty micrograms of proteins were run on SDS-
PAGE under reducing conditions using Mini-
PROTEAN® TGXTM Precast Gels from Bio-Rad 
(California 94547 USA). For co-immunoprecipi-
tation experiments, 2 mg of proteins was im- 
munoprecipitated with specific antibodies two 
hours at 4°C in the presence of 14 μl Dyna- 
beads protein G (30 mg Dynabeads®/mL In- 
vitrogen, Carlsbad, CA, USA). Following SDS-
PAGE, proteins were transferred to Nitrocellu- 
lose blotting membrane (GE Healthcare Life 
Sciences), incubated with specific antibodies 
and then detected with peroxidase-conjugat- 
ed secondary antibodies and with Bio-Rad’s  
Clarity ECL on ChemiDoc Touch Imaging System 
(Biorad). When appropriate, the Nitrocellulose 
membranes were stripped according to manu-
facturers’ recommendations and re-probed.

Immunofluorescence

For immunostaining, cells were fixed at RT with 
4% paraformaldehyde (PFA) for 10 min. Cells 
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were then permeabilized in 0.25% Triton-X-100 
in PBS for 10 min, saturated with 1% BSA and 
0.25% Triton-X-100 in PBS for 30 min and incu-
bated with primary antibody p140 (1:500), 
E-cadherin (1:300), GM130 (1:300), Tiam1 
(1:500) at RT for 90 min. Primary antibodies 
were detected with anti-rabbit or anti-mouse 
Alexa Fluor 488/568/647 (Molecular Probes, 
Invitrogen), used at 1:500 dilution for 1 h. For 
F-actin staining, Acti-stain 488 Phalloidin (Cy- 
toskeleton Denver, CO) was used in accordan- 
ce with the manufacturer’s instructions. Coun- 
terstaining was performed with the DNA dye 
DAPI (Sigma) at 0.5 μg/ml DAPI for 5 min and 
washed with PBS. Imaging from TUBO-NeuT 
and TUBO-NeuT-p140 cells were acquired us- 
ing a Leica SP8 confocal system with HyVolu- 
tion 2 (Leica Microsystems) equipped with an 
argon ion, a 561 nm DPSS and a HeNe 633 nm 
lasers. Fixed cells were imaged using a HCX PL 
APO 63×/1.4 NA oil immersion objective. Series 
of x-y-z images were collected. MDA-MB-231 
cells were imaged using an Eclipse 80i-ViCO 
system (Nikon, Japan). Fixed cells were imaged 
using a Plan Fluor 40×/1.3 NA oil immersion 
objective. All the images were analyzed by us- 
ing Fiji Software (an image processing package 
distribution of ImageJ, USA). 

Rac GTPases in vitro activity assay

HEK293 cells were transfected with the corre-
sponding DNA constructs with “calcium phos-
phate” method. Forty-eight hours post-trans-
fection cells were washed twice on ice with PBS 
and then lysed in MLB buffer (25 mM EDTA, 
150 mM NaCl, 2% glycerol, 1% NP40, 1 mM 
EDTA, 10 mM MgCl2, 10 μg/ml each of leu-
peptin, pepstatin, and aprotinin). For pull-down 
experiments glutathione-coupled Sepharose 
4B beads bound to recombinant GST-PAK CRIB 
domain fusion proteins (Cytoskeleton Denver, 
CO) as already described in Grasso et al., 2017, 
were incubated with cell extracts at 4°C for 30 
min, eluted in Laemmli buffer and analyzed for 
the presence of Rac1 by Western blot.

Tiam1 activity assay

Assays were performed using the active Rac1-
GEF assay kit (Cell Biolabs, San Diego, USA) 
according to the manufacturer’s instructions, 
as already described in Grasso et al., 2017. 
HEK293 cells were transfected with the corre-
sponding DNA constructs with “calcium phos-

phate” method. Forty-eight hours post-trans-
fection cells were washed twice with ice-cold 
PBS and lysed in ice-cold 1X Assay/Lysis Buffer 
(1 mM PMSF, 10 μg/ml each of leu peptin, pep-
statin, and aprotinin). Two milligrams of pro-
teins were incubated with 40 μl of resuspend 
Rac1 G15A agarose bead slurry and incubate 
for 1 h at 4°C. Beads were washed 3 times with 
the 1X Assay/Lysis Buffer, resuspended in 40 
microliters of 2X reducing SDS-PAGE sample 
buffer and boiled for 5 min. Pull down superna-
tant were subjected to SDS-PAGE electrophore-
sis and western-blotting with anti-Tiam1 
antibody.

Statistical analysis

Results of three independent experiments are 
reported as mean ± standard error of the me- 
an (SEM). Statistically significant differences 
were evaluated using unpaired t-tests. Error 
bar: SEM. Results were considered significant 
when P-value < 0.05. Statistical tests used  
the GraphPad Prism version 6.0 for Windows 
(GraphPad Software, San Diego California USA, 
www.graphpad.com).

Survival analysis

Normalized gene expression data have been 
downloaded from synapse.org [36], and ana-
lyzed with R 4.0.0. Her2+ patients have been 
selected based on HER2 expression, and high- 
and low-SRCIN1 or TIAM1 classes have been 
defined dividing patients by the median of ge- 
ne’s expression. Annotation for 5-years Disea- 
se Specific Survival has been used for survival 
analysis and Kaplan-Meier curve, through “sur-
vival” and “survminer” R packages [37, 38].

Results

p140Cap affects Tiam1 localization and 
increases E-cadherin expression at the cell 
membrane in Her2+ breast cancer cells

The localization of Tiam1 in epithelial cells  
has been shown to play a crucial role in regulat-
ing cellular function [24]. To assess whether 
p140Cap expression may impact on Tiam1 
expression or localization, here we analyzed 
these features in both TUBO-NeuT and TUBO-
NeuT-p140 breast cancer cells, as models of 
Her2+ breast cancer. Western blot quantifica-
tion of Tiam1 expression with specific antibod-
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we found that not only p140Cap, but also  
Tiam1 co-immunoprecipitated with E-cadherin 
in these cells (Figure 3B), suggesting the exis-
tence of molecular complexes beneath the 
plasma membrane, including p140Cap, Tiam1, 
and E-cadherin. Overall, these results demon-
strate that in Her2 cancer cells, p140Cap may 
interact with both Tiam1 and E-cadherin in a 
molecular complex beneath the membrane, 
affecting the distribution of Tiam1 along the 
z-axis and limiting its GEF activity. These may 
consequently increase the E-cadherin localiza-
tion at the epithelial junction.

p140Cap interacts with Tiam1 through its first 
N-terminal 1-287 amino acids

p140Cap is an adaptor protein, composed of 
several regions that can mediate association 
with specific partners [2]. To define the region 
of p140Cap associating to Tiam1, we tested if 
the two full length proteins are able to interact 
in the HEK293 cell model. p140Cap-Myc pro-
tein was expressed together with the Tiam1-
GFP protein by co-transfection of adequate 
amounts of plasmids. After 72 hours, Tiam1 
was immunoprecipitated with antibodies to 
GFP from cell extracts prepared in 1% NP-40 
lysis buffer. After immunoblotting with p140Cap 
antibodies, we detected p140Cap as a protein 
present in the Tiam1 immunoprecipitate, as 
shown in Figure 4A. This result indicates that 
p140Cap and Tiam1 interact in HEK293 cells. 

To define which part of p140Cap is involv- 
ed in Tiam1 association, various Myc-tagged 
p140Cap region, described in Figure 4B, were 
expressed in HEK293 cells together with the 
Tiam1-GFP construct. After 72 hours, cells ex- 
tracts were immunoprecipitated with anti-GFP. 
In western blot analysis, p140Cap was detect-
ed through the anti-Myc antibodies against the 
Tag, since the monoclonal antibody against 
p140Cap protein, directed to the carboxyter- 
minal domain, does not stain the N-terminal 
region. The result shows that p140Cap associ-
ates with Tiam1 through its N-terminal region 
(1-770 aa) (Figure 4C). In particular, since we  
do not detect any interaction with the region of 
p140Cap corresponding to amino acids 351-
691 and 691-1217, we hypothesized that 
p140Cap could associate with Tiam1 through 
its N-terminal region, containing amino acids 
1-351 including a portion of the tyrosine-rich 
region and the actin-binding domain.

ies on total cell extracts showed that p140Cap 
does not affect the expression of Tiam1 (Fi- 
gure 1A). Similar results were obtained by ana-
lyzing the intensity of Tiam1 immunostaining in 
the same cells (Figure 1B). We then analyzed 
the distribution of Tiam1 in the apicobasal junc-
tional axis by confocal microscopy in at least 
three hundred fifty cells and we found that in 
the presence of p140Cap, Tiam1 significantly 
increased its distribution along the apicobasal 
junctional axis at the cell membrane, repre-
sented by the z-x axis, compared to TUBO-NeuT 
cells (Figure 1C). 

To address whether the impact of p140Cap on 
Tiam1 distribution is specific for Her2 breast 
cancer cells, we analyzed Tiam1 localization in 
MDA-MB-231 cells, a cellular model of triple 
negative breast cancer. These cells are nega-
tive for p140Cap expression (MDA-MB-231 
mock). Therefore, to obtain p140Cap express-
ing cells (MDA-MB-231 p140), we infected cells 
with the same pBABE-p140Cap vector used 
above, to express p140Cap as shown by west-
ern blot and IF staining (Figure 2A). By co-
immunoprecipitations assays we found that 
p140Cap does not associate with Tiam1 in 
these cells (Figure 2B). In MDA-MB-231 cells, 
Tiam1 has already been shown to localize ne- 
arby the specific Golgi cellular compartment 
[39]. Co-immunostaining with the Golgi marker 
GM130 shows that Tiam1 localizes in both 
mock and p140Cap cells in the same compart-
ment, indicating that p140Cap expression does 
not grossly change the localization of Tiam1 in 
Triple negative breast cancer cells (Figure 2C). 
These data suggest that p140Cap can both 
interact with Tiam1 and affect its localization, 
specifically in Her2 transformed cells.

Our previous results show that, in breast can-
cer cells, p140Cap functionally interacts with 
E-cadherin at the cell membrane [3]. Further, 
E-cadherin is a component on the p140Cap 
interactome in the TUBO-NeuT-p140 breast 
cancer cells [18]. Moreover, immunostaining of 
E-cadherin on tumor sections from mice inject-
ed with TUBO-NeuT or TUBO-NeuT-p140 cells 
[5], demonstrated an increased expression of 
E-cadherin at the cell membrane in tumors 
expressing p140Cap. Consistent with these 
data, immunostaining of E-cadherin shows an 
increased expression of E-cadherin at the cell-
cell contact in TUBO-NeuT-p140 cells compar- 
ed to TUBO-NeuT cells (Figure 3A). Moreover, 
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Figure 1. p140Cap does not change Tiam1 expression but affects Tiam1 localization in Her2 transformed cells. A. 
Extracts from TUBO-NeuT and TUBO-NeuT-p140 cells were run on 4-15% SDS-PAGE and blotted with antibodies to 
p140Cap and Tiam1. GAPDH was used as an internal standard for protein loading. The histogram shows in arbitrary 
unit the quantification of three independent experiments. B. TUBO-NeuT and TUBO-NeuT-p140 cells were plated on 
glass coverslips and then fixed and stained with p140Cap (grey) and Tiam1 (red) (left panels). The histogram shows 
the quantification of Tiam1 intensity from three independent experiments. The scale bar represents 20 microme-
ters. C. TUBO-NeuT and TUBO-NeuT-p140 cells were plated on glass coverslips and then fixed and stained with actin 
(green), p140Cap (grey) and Tiam1 (red). Upper lefts panels show representative images of cells in the x-y planes. 
The scale bar represents 10 micrometers. Upper right panels show representative images of whole cell in the the x-z 
plane. The scale bar represents 5 micrometers. Lower panels show Tiam1 staining in the x-z plane at a cross-section 
along the junction highlighted in upper panels by a white arrow. The histogram shows the Tiam1 z length counted 
in 350 cells of TUBO-NeuT and TUBO-NeuT-p140 cells from three independent experiments. Statistical significative 
differences were evaluated using unpaired t-tests (***P < 0.001). Error bar: s.e.m. 
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Figure 2. p140Cap does not bind neither affect Tiam1 localization in MDA.MB.231 triple negative breast cancer 
cells. A. Extracts from MDA.MB.231 mock and p140Cap overexpressing were run on 4-15% SDS-PAGE and blotted 
with antibodies to p140Cap and Tiam1. GAPDH was used as an internal standard for protein loading (left panels). 
MDA.MB.231 mock and p140Cap overexpressing were plated on glass coverslips and then fixed and stained with 
p140 (green) (right panels). The scale bar represents 10 micrometers. B. Extracts from MDA.MB.231 mock and 
p140Cap overexpressing were immuprecipitated with antibodies to p140Cap or Tiam1. Cell extracts and immu-
noprecipitates were run on 4-15% SDS-PAGE and blotted with antibodies to p140Cap and Tiam1. C. MDA.MB.231 
mock and p140Cap overexpressing were plated on glass coverslips and then fixed and stained with GM130 (green) 
and Tiam1 (red). The scale bar represents 10 micrometers.

In order to confirm the interaction of Tiam1 with 
the N-terminal region of p140Cap, and reduce 
further the interacting region, an additional 
RFP-tagged region of p140Cap encoding ami- 
no acids 1-287 was transfected into HEK293 
cells together with the Tiam1-GFP protein. Pro- 
tein extracts were immunoprecipitated with 
GFP antibody. As shown in Figure 4D, we found 
that Tiam1 specifically associates with the N- 
terminal region of p140Cap containing amino 

acids 1-287, thus uncovering a shorter region  
of p140Cap able to interact with Tiam1. 

To assess the proximal interaction between 
p140Cap and Tiam1, we exploited the BioID 
assay, which screen for protein interactions 
that occur in living cells. This technique har-
nesses a promiscuous biotin ligase that is 
fused to a protein of interest and expressed in 
cells, where it biotinylates proteins in the close 

Figure 3. p140Cap increases E-cadherin expression in Her2 transformed cells. A. TUBO-NeuT and TUBO-NeuT-p140 
cells were plated on glass coverslips and then fixed and stained for E-cadherin (grey). The histogram shows the 
quantification of E-cadherin intensity from three independent experiments. Statistical significative differences were 
evaluated using unpaired t-tests (*P < 0.05). Error bar: s.e.m. The scale bar represents 20 micrometers. B. Ex-
tracts from TUBO-NeuT and TUBO-NeuT-p140 expressing cancer cells, were immunoprecipitated with antibodies to 
p140Cap (left panels) or Tiam1 (right panels). Cell extracts and immunoprecipitates were run on 4-15% SDS-PAGE 
and blotted with antibodies to p140Cap, Tiam1 and E-cadherin. 
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Figure 4. Biochemical characterization of p140Cap and Tiam1 interaction. A. Extracts from HEK293 cells transfect-
ed with p140Cap-Myc, Tiam1-GFP and GFP proteins were immunoprecipitated with anti GFP antibody. Cells extracts 
and immunoprecipitates were run on 4-15% SDS-PAGE and blotted with antibodies to p140, Tiam1 and GFP. B. 
Schematic representation of different Myc-tagged p140Cap fragments and Tiam1 protein. C. Extracts from HEK293 
cells transfected with the different Myc-tagged p140 fragments (1-1217 aa, 1-770 aa, 351-691 aa, 667-866 aa 
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and 695-1217 aa), Tiam1-GFP and GFP proteins were immunoprecipitated with anti GFP antibody. Cells extracts 
and immunoprecipitates were run on 4-15% SDS-PAGE and blotted with antibodies to Myc and GFP. D. Extracts from 
HEK293 cells transfected with p140-RFP 1-287 aa, Tiam1-GFP and GFP proteins were immunoprecipitated with 
anti GFP antibody. Cells extracts and immunoprecipitates were run on 4-15% SDS-PAGE and blotted with antibodies 
to RFP and GFP. 

vicinity of the protein of interest in living cells. 
The expected range of biotinylation varies from 
10 to 20 nm depending on the protein complex 
under study [40]. We used fusion proteins con-

taining the BirA enzyme located either at the 
N-terminal (Myc-BirA-p140) or the C-terminal 
(p140-BirA-HA) of p140Cap (Figure 5A). First- 
ly, to test whether Tiam1-GFP was able to inter-

Figure 5. Proxi-tomic analysis of p140Cap in HEK293 cells. (A) Schematic representation of different p140Cap BirA 
fusion protein structures. (B, C) Extracts from HEK293 cells transfected with p140-BirA-HA (B) and Myc-BirA-p140 
(C) constructs in combination with Tiam1-GFP or alone were immunoprecipitated with anti GFP antibody. Cells 
extracts and immunoprecipitates were run on 4-15% SDS-PAGE and blotted with antibodies to Myc, HA and GFP. 
Myc-BirA and BirA-HA constructs were used as negative control. (D, E) Extracts from HEK293 cells transfected with 
p140-BirA-HA (D) and Myc-BirA-p140 (E) constructs in combination with Tiam1-GFP or alone were isolated with the 
BioID protocol, run together with cell extracts on 4-15% SDS-PAGE and blotted with antibodies to Myc, HA and GFP. 
Myc-BirA and BirA-HA constructs were used as negative control.
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act with both these chimeric proteins, we per-
formed an immunoprecipitation assay is HEK- 
293 cells. As shown in Figure 5B and 5C, 
Tiam1-GFP co-immunoprecipitated with both 
proteins, upon transfection of the respective 
plasmids. Therefore, we transfected HEK293 
cells with Tiam1-GFP, Myc-BirA-p140 or p140-
BirA-HA, respectively, and performed the BioID 
assay. In cells transfected with Tiam1-GFP and 
p140-BirA-HA we did not find biotinylated 
Tiam1, confirming our hypothesis that the 
C-terminal is not involved in the interaction 
(Figure 5D). However, we expected a positive 
result in HEK293 cells transfected with Tiam1-
GFP and Myc-BirA-p140, consistent with our 
data showing that the interaction with Tiam1 
occurs through the N-terminal region of p140- 
Cap. On the contrary, Tiam1 was not biotinylat-
ed in those cells (Figure 5E), thus indicating 
that the interaction between p140Cap and Ti- 
am1 is not proximal enough to be detected by 
the assay. Overall, these data suggest that 
p140Cap and Tiam1 do not directly interact  
but belong to a molecular complex where the 
N-terminal region of p140Cap is required to 
associate with Tiam1. 

The N-terminal region of p140Cap is sufficient 
to down-regulate Tiam1 activity in HEK293 
cells

We previously reported that p140Cap limits 
GEF Tiam1 activity towards Rac1 in HER2-
amplified breast cancer cells [5]. To test the 
impact of the p140Cap protein on the Tiam1/
Rac1 axis in HEK293 cells, we first analyzed 
their activity upon transfection with p140Cap-
Myc and Tiam1-GFP. To quantify changes in 
Tiam1 activity, we performed a pulldown assay, 
exploiting Agarose beads bound to the recom-
binant GST-RacG15A fusion protein, a nucleo-
tide-free Rac1 mutant that selectively inte- 
racts and captures active Tiam1 from the cell 
extracts [41]. Active Tiam1 bound to the beads 
was revealed and quantified by western blot-
ting with anti Tiam1 antibodies. The results 
show a significant decrease in the recovery of 
active Tiam1 by GST-RacG15A protein in cells 
transfected with both p140Cap-Myc and Tiam1- 
GFP proteins, compared to cells expressing 
only the Tiam1-GFP protein (Figure 6A). As ex- 
pected, when we analyzed the Rac1 activity in 
HEK293 cells, by performing a classic pulldown 
assay with the recombinant GST-PAK fusion 

protein, we found a decrease in active Rac1 in 
cells expressing both p140Cap-Myc and Tiam1-
GFP proteins, compared to cells expressing 
only Tiam1-GFP protein (Figure 6B). Thus, the 
concomitant expression of Tiam1 and p140Cap 
in HEK293 cells decreases both Tiam1 and 
Rac1 activities demonstrating that p140Cap is 
able to control the activation of the Tiam1/
Rac1 axis in this exogenous system. 

Furthermore, we investigated whether the N- 
terminal p140Cap 1-287 amino acids region 
could affect Tiam1 activity. In HEK293 cells 
expressing p140Cap 1-287-RFP and Tiam1-
GFP we observed a significant decrease of the 
Tiam1 activity, in comparison to cells express-
ing only Tiam1-GFP protein (Figure 6C), show- 
ing that the N-terminal region of p140Cap is 
sufficient not only to associate, but also to 
down-modulate the Tiam1 activity. 

Recently, it has been described a novel mecha-
nism for autoinhibition of Tiam1 by intramolec-
ular interactions whereby, following a confor-
mational change, the PHn-CC-Ex domain blocks 
the Rac1-binding site on the catalytic DH-PHc 
domain [25]. We thus tested if the N-terminal 
region of p140Cap could modulate Tiam1 activ-
ity through binding with the catalytic domain of 
Tiam1, thus interfering with the Rac-1 binding 
site. We express in HEK293 cells the construct 
encoding amino acids 1012-1591, here called 
Delta-Tiam1 (Figure 4B), which contains the 
catalytic Dbl-homology (DH) and the adjacent 
pleckstrin-homology (PH) regions. This truncat-
ed protein represents a constitutive active form 
of Tiam1. As shown in Figure 6D, we observed 
a decrease of Tiam1 activity in cells express- 
ing both the Delta-Tiam1 and the p140Cap  
1-287-RFP proteins, compared to control cells 
expressing only Delta-Tiam1 protein. Overall, 
these results highlight the fact that the con-
comitant expression of p140Cap and Tiam1 in 
the exogenous HEK293 cell system, is suffi-
cient to down-modulate the Tiam1/Rac1 axis, 
and that the N-terminal region of p140Cap can 
associate to the catalytic domain of Tiam1, 
resulting in a decreased Tiam1 activity. 

In Her2+ breast cancer, high levels of SRCIN1 
correlate with increased survival in patients 
with high TIAM1 expression 

We have previously shown that p140Cap 
expression correlates with a higher survival 



p140Cap regulation of Tiam1 GEF activity

4320 Am J Cancer Res 2020;10(12):4308-4324

Figure 6. The N-terminal p140Cap region negatively regulates Tiam1 activity. (A, C, D) The level of active Tiam1 was 
determined using the active Rac-GEF assay kit in HEK293 cells transfected with p140Cap-Myc and Tiam1-GFP pro-
teins in (A), p140-RFP 1-287 aa and Tiam1-GFP in (C), or p140-RFP 1-287 aa and Delta-Tiam1 in (D). Equal amount 
of extracts was incubated for 1 h at 4°C with Rac1 G15A agarose beads. Active Tiam1 and total Tiam1 levels were 
determined using an anti-Tiam1 antibody for western blot detection from eluted material and cell extract fractions, 
respectively. In cell extracts, total amount of p140Cap protein was detected with an anti-p140Cap or anti-RFP and 
antibody to GAPDH was used as loading control. The histogram represents the quantification of active Tiam1 in 
three independent experiments, normalizing active Tiam1 levels to the corresponding total Tiam1 levels and using 
HEK293 cells transfected with only Tiam1-GFP in (A, C) and Delta-Tiam1 in (D) as control. Statistical significative 
differences were evaluated using unpaired t-tests (*P < 0.05; **P < 0.01). Error bar: s.e.m. (B) Activated Rac1 
was pulled down from the same protein extract as in (A), with the CRIB domain of PAK for 1 h at 4°C and detected 
by Western blot with anti-Rac1. Total amount of Rac1, p140Cap and Tiam1 protein were detected in cell extracts 
and Tubulin was used as loading control. The histogram shows the ratio between active and total Rac1 protein 
levels in three independent experiments, normalizing active Rac1 levels to the corresponding total Rac1 levels and  
using HEK293 cells transfected with only Tiam1-GFP as control. Statistical significative differences were evaluated 
using unpaired t-tests (***P < 0.001). Error bar: s.e.m.

probability in Her2+ breast tumors [5]. Here,  
we have investigated the interaction between 
SRCIN1 and TIAM1 expression in a large cohort 
of Her2+ breast cancer patients (n=247, [36]) 
in terms of patients’ survival probability. Inde- 
ed, when considering patients with high TIAM1 
expression, concurrent high SRCIN1 expres-
sion improves patients’ prognosis (p-value = 
0.04, Figure 7), supporting a protective ro- 
le of p140Cap in Her2+ breast cancer through 
the inhibition of Tiam1 activity, particularly rel-
evant in cells expressing high TIAM1 levels.

Discussion 

In this study, we show that, in Her2+ breast 
cancer cells, the adaptor protein p140Cap im- 
pacts on localization and activation of the Rac1 
GTPase GEF Tiam1. Indeed, p140Cap express-

ing cells show an increased Tiam1 distribution  
along the apicobasal junctional axis. Moreover, 
we identified the N-terminal region of p140Cap 
containing the amino acids 1-287 as the region 
involved in the binding with Tiam1. This region 
is also sufficient to down-regulate the Tiam1 
activity, both against the full length Tiam1 pro-
tein and for the truncated constitutively active 
form of Tiam1, here defined as Delta-Tiam1. 
Supporting a protective role of p140Cap via 
interference with Tiam1 activity, the analysis of 
a human Her2+ breast cancer cohort showed 
that Her2+ patients with high TIAM1 expres-
sion display a significantly better prognosis 
when also expressing high levels of SRCIN1.

Our results indicate that p140Cap expression 
correlates with an increased Tiam1 localization 
at the apicobasal epithelial cell junction. We 
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Figure 7. High SRCIN1 expression improves prog-
nosis for HER2 positive patients with high TIAM1 
expression. The Kaplan-Meier curve shows survival 
probability for HER2+ patients expressing high lev-
els of TIAM1. Two classes of patients, divided by the 
median of SRCIN1 expression in the cohort, are com-
pared, showing a difference in survival with p-value 
=0.04. Patients with higher SRCIN1 expression have 
a better survival probability than patients with lower 
SRCIN1 expression.

have previously reported that p140Cap inter-
feres with the Rac1 circuitries that control 
Her2+ tumor progression, leading to both 
Tiam1 and Rac1 inactivation in Her2+ breast 
cancer cells [5]. Together, we may hypothesize 
that the increased distribution of Tiam1 at the 
apicobasal junctions, could be determinant for 
down-regulation of local Rac1 activity nearby 
the plasma membrane. On the other hand, it 
has been already described that Tiam1 is a 
component of the Par complex [26, 42] that 
contributes to spatially restrict Rac1 activation 
and to define epithelial membrane identity  
in epithelial MDCK cells [43]. In Her2+ breast  
cancer cells, the down-regulation of Par3 ca- 
uses up-regulation of the Tiam1/Rac1-GTP ax- 
is, increasing cell invasion and metastasis in 
vivo. In fact, an abnormal increase in Tiam1-
mediated Rac1 activation affects cortical actin 
and E-cadherin junction dynamics. Tiam1-me- 
diated Rac1 activation leads to uncontrolled 
actin dynamics that may compromise E-cad- 
herin junctions, promoting metastasis [26, 44]. 
This aberrant actin dynamics likely compro- 
mises E-cadherin junctions and decreases co- 
hesion between tumor epithelial cells [45]. In- 

terestingly, in our TUBO-NeuT-p140 cells, the 
increased distribution of Tiam1 along apico- 
basal junctional axis and the concomitant de- 
creased activation of Tiam1, is associated with 
an increased expression of E-cadherin at the 
cell membrane. In addition, both p140Cap and 
Tiam1 associates with E-cadherin, indicating 
the existence of molecular complexes that, in 
p140Cap expressing cells, could stabilize both 
Tiam1 and E-Cadherin at the cell membrane. 
The dynamics of E-Cadherin in p140Cap ex- 
pressing cells has been previously character-
ized by Fluorescence Recovery After Photo 
bleaching (FRAP), indicating that p140Cap ov- 
erexpressing cells have a higher amount of  
the immobile fraction, thus confirming that 
p140Cap stabilizes E-Cadherin molecules at 
the cell membrane [3]. Our observations pro-
vide evidence of a new molecular complex com-
posed by p140Cap, Tiam1 and E-cadherin at 
the cell membrane of Her2 transformed tumor 
cells. Therefore, in addition to limit Tiam1 ac- 
tivity, p140Cap could indeed contribute to st- 
rengthen the adherence junction stability th- 
rough the stabilization of E-cadherin expres-
sion. Future studies will determine how p140- 
Cap participates to these molecular interac-
tions in a spatial and temporal manner, to af- 
fect E-cadherin junction stability, a key step in 
regulating tumor progression.

Our present data demonstrate that the N-ter- 
minal region of p140Cap, including aa 1-287, is 
sufficient to associate with Tiam1 and to regu-
late its activity, while the rest of the protein is 
not involved in the association. This region con-
tains the putative myristoylation site and eight 
Tyrosine residues, out of 24 tyrosines that 
forms the so called Tyrosine Enriched Region 
(TER) of p140Cap [46]. So far, any of the asso-
ciation of p140Cap with known binding part-
ners have never been mapped in this N-Terminal 
region. Moreover, TER-expressing cells are pro-
foundly impaired in in vivo tumor growth [34], 
indicating that this p140Cap region is suffici- 
ent to down-regulate tumor properties. Whether 
p140Cap and Tiam1 directly associate was 
tested with the recent biotin-based proximity 
labeling technique Bio ID. This technique allows 
biotinylation of proteins in the close vicinity of 
the protein of interest in living cells and these 
biotinylated proteins are presumed to be in- 
teracting partners of the target protein [47]. 
However, when performing BioID assays on our 
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cells, we found that Tiam1 was not biotinylat- 
ed, indicating that the interaction between 
p140 and Tiam1 was not proximal enough to be 
detected by the assay. This result is also sup-
ported by our recent proteomic analysis of 
p140Cap in TUBO-NeuT-p140 breast cancer 
cells, where Tiam1 was not detected among the 
closest interactors [18]. p140Cap is an “intrin-
sic disorder protein” (IDP). IDPs or intrinsically 
disordered regions (IDRs), do not reach a spon-
taneously stable, well-defined globular three-
dimensional structures, but are dynamically di- 
sordered and fluctuate rapidly from coils to col-
lapsed globules [48, 49]. p140Cap structure is 
for the 75-77% disordered, which allows inter-
actions with alternative binding partners that 
might be indirect or dynamic and therefore dif-
ficult to detect with the BioID assay. On the 
other hand, p140Cap and Tiam1 participate to 
large complexes, with other partners that could 
mediate direct interactions. 

Tiam1 is inhibited by multiple suppressive inter-
actions tightly regulated by auto-inhibition. In 
fact, the N-terminal first 50 amino acids (N50) 
of Tiam1 inhibit its GEF activity by directly bind-
ing the PHn-CC-Ex domain and to a lesser ex- 
tent to the catalytic DH-PHc domain which rep-
resents the Rac1-binding site crucial for the 
GEF activity [42]. More recently, it has also 
been reported that the PHn-CC-Ex domain of 
Tiam1 directly inhibited the catalytic function  
of the DH-PHc domain [25]. Interestingly, here 
we show that the N-terminal region 1-287 of 
p140Cap associates to a truncated form of 
Tiam1, Delta-Tiam1, which contains the cata-
lytic the DH-PHc domain, and represents a  
constitutive active form of Tiam1. This associa-
tion, even if not direct, is sufficient to inhibit 
Delta-Tiam1 activity, indicating that p140Cap 
may negatively control constitutive active form. 
Therefore, p140Cap may enhance or mimic the 
intrinsic auto-inhibitory mechanism of Tiam1, 
where p140Cap binds the catalytic domain of 
Tiam1 resulting in an inactivation of Tiam1 
activity. 

Finally, the analysis of a large Her2+ patients’ 
cohort allows to sort a positive correlation 
between high SRCIN1 levels and increased sur-
vival in patients harboring high TIAM1, sustain-
ing the protective role of p140Cap in Her2+ 
breast cancer through the inhibition of Tiam1 
activity.
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