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Introduction

Rap1GAP (RapGTPase activating protein) is one member of a 
family of negative regulators of Rap proteins (Rap1a/b, Rap2a/b/c 
in mammalian cells). The expression of Rap1GAP is decreased 
in tumors of the pancreas, skin, thyroid and colon.1-6 Rap1GAP 
expression is further decreased in invasive compared to benign 
lesions, suggesting that depletion of Rap1GAP enhances tumor 
progression.1,2,4,5 The advantages conferred to tumor cells by the 
downregulation of Rap1GAP are unknown. Overexpression of 
Rap1GAP in vitro impaired tumor cell proliferation, migration 
and invasion.3-5,7,8 Overexpression of Rap1GAP elicited variable 
effects on tumor formation,5,8-10 but consistently impaired metas-
tasis.5,9,10 We previously reported that silencing Rap1GAP expres-
sion in human colon cancer cells impaired cell-cell adhesion and 
enhanced spreading on collagen.6 The weakening of cell-cell con-
tacts together with alterations in matrix adhesion are hallmarks 
of tumor progression. These data suggest that loss of Rap1GAP 
endows cells with the ability to disseminate and provide a poten-
tial rationale for the progressive downregulation of Rap1GAP in 
human tumors.

The notion that loss of Rap1GAP enhances matrix adhesion is 
not surprising. Silencing Rap1GAP induced sustained increases 
in Rap activity.6 Activated Rap enhances cell-matrix adhesion by 
regulating integrin affinity and avidity.11-13 However, Rap activity 
promotes cell-cell adhesion (reviewed in refs. 14–17), a finding 
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that is difficult to reconcile with the observation that silencing 
Rap1GAP weakened cell-cell adhesion.6 Given the importance 
of alterations in cellular adhesion in tumor progression together 
with the widespread downregulation of Rap1GAP in human 
tumors, we further explored the role of Rap1GAP in the regula-
tion of cell adhesion. Surprisingly, transient and modest over-
expression of Rap1GAP in human colon cancer cells and in 
thyroid epithelial cells impaired matrix adhesion in the absence 
of effects on cell-cell adhesion. These data indicate that the role 
of Rap1GAP in the regulation of Rap signaling is more complex 
than is currently appreciated.

Results

Rap1GAP impairs cell-matrix adhesion. To analyze the role of 
Rap1GAP in the regulation of cell adhesion, an adenovirus was 
used to transiently overexpress Rap1GAP in HCT116 cells. Dose 
response experiments revealed that infection with the Rap1GAP 
adenovirus at 5 IU/cell was sufficient to block endogenous Rap2 
activity (Fig. 1A, lane 2). Rap1 activity was undetectable, most 
likely due to the low level of Rap1 expression in these cells (data 
not shown). Cells overexpressing Rap1GAP exhibited dramatic 
alterations in cell morphology. Rap1GAP-expressing cells were 
more compact and less spread than LacZ-infected cells (Fig. 1B). 
There was no difference in the morphology of LacZ and mock-
infected cells (data not shown).
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importantly, they demonstrate that transient 
overexpression of Rap1GAP is sufficient to 
inhibit Rap2 activity, cell spreading and cell 
migration.

Cell-cell adhesion is not disrupted by 
Rap1GAP. To assess the functional conse-
quences of Rap1GAP overexpression on cell-
cell adhesion, cell dissociation assays were 
conducted. Cells were released from tissue 
culture dishes and subject to dissociation by 
pipetting in the presence of calcium, which 
maintains E-cadherin-mediated cell-cell con-
tacts or in EGTA to disrupt calcium-dependent 
contacts. Although expressed at levels sufficient 
to inhibit Rap2 activity (Fig. 1A), spreading 
on collagen IV (Fig. 2A) and cell migration  
(Fig. 3), Rap1GAP did not render cells more 
sensitive to dissociation (Fig. 4A).

To further investigate effects on cell-cell 
adhesion, we examined whether Rap1GAP 
induced the loss of adherens junction pro-
teins from cell-cell junctions. Cells were fixed 
and stained for HA to identify cells express-
ing HA-Rap1GAP and with antibodies to 
β-catenin or E-cadherin to label adherens junc-
tions. The proportion of cells with β-catenin 
(Fig. 4B) or E-cadherin at cell-cell contacts was 
similar in Rap1GAP-expressing and control 
cells (β-catenin: mock-85.3%, LacZ-84.6%, 
Rap1GAP-87.7%; E-cadherin: mock-77.8%, 

LacZ-71.8%, Rap1GAP-76.1%). At least 50 pairs of cells were 
analyzed for each condition.

To further explore the effects of RapGAP on the accumula-
tion of E-cadherin at the plasma membrane, cell surface expres-
sion of E-cadherin was analyzed in trypsin sensitivity assays. 
Cells were disrupted directly on tissue culture dishes (total in 
Fig. 4C) or trypsinized in the presence of EGTA or calcium 
prior to disruption. As expected, treatment with EGTA removed 
E-cadherin from the cell surface, while calcium protected cell 
surface E-cadherin (Fig. 4C). In agreement with the results 
obtained in the immunostaining experiments, overexpression of 
Rap1GAP did not reduce cell surface expression of E-cadherin. 
Collectively, these data show that transient, modest overexpres-
sion of Rap1GAP is not sufficient to weaken cell-cell adhesion or 
to disrupt E-cadherin-mediated cell-cell contacts in human colon 
cancer cells.

Effects of Rap1GAP on the formation of cell-cell contacts. 
We detected only Rap2 activity in HCT116 cells. As the role of 
Rap2 in E-cadherin-mediated cell adhesion is unknown, we con-
ducted similar experiments in Wistar rat thyroid (WRT) epithe-
lial cells, which express abundant levels of Rap1.19,24 Rap1GAP 
was transiently overexpressed in these cells at the lowest dose 
sufficient to inhibit Rap1 activity.3,18 At 48 h post-infection, cell 
association assays were conducted. Rap1GAP-expressing cells 
formed aggregates in a manner indistinguishable from mock- 
and LacZ-infected cells (Fig. 5A). To confirm that there was no 

To determine if Rap1GAP impaired cell spreading, Rap1GAP-
expressing cells were plated on collagen IV for various times 
(ranging from 15–240 min) and cell area measured by mor-
phometry. Rap1GAP-infected cells were less spread than mock- 
or LacZ-infected cells (Fig. 2A). Measurements of cell area in 
rhodamine phalloidin-stained cells confirmed that Rap1GAP 
significantly impaired cell spreading (Fig. 2B). When plated on 
poly-L-lysine, Rap1GAP-expressing cells were similar in size to 
mock- and LacZ-infected cells, suggesting that Rap1GAP selec-
tively impairs integrin-mediated spreading (data not shown).

To explore consequences on integrin signaling, focal adhesions 
were analyzed by immunostaining for autophosphorylated FAK 
(phospho-FAKY397). Overexpression of Rap1GAP dramati-
cally reduced the appearance of focal adhesions (Fig. 2C). Taken 
together, these results demonstrate that Rap1GAP overexpression 
impairs cell-matrix adhesion in human colon cancer cells.

Rap1GAP inhibits cell migration. Stable overexpression 
of Rap1GAP inhibited cell migration in pancreatic carcinoma 
and melanoma cell lines.3-5 To assess whether acute expression 
of Rap1GAP is sufficient to inhibit migration, Rap1GAP was 
transiently overexpressed in HCT116 cells. Confluent monolay-
ers of Rap1GAP- and LacZ-infected cells were wounded with a 
pipet tip and migration across the wounded area monitored after 
24 h (Fig. 3A). Increased expression of Rap1GAP significantly 
impaired wound closure (Fig. 3B). These findings confirm that 
Rap1GAP expressed from the adenovirus is functional. More 

Figure 1. Overexpression of Rap1GAP impairs Rap 2 activity and induces morphological 
changes in colon cancer cells. (A) HCT116 cells were infected with Rap1GAP adenovirus at 
0, 5, 10 or 21 infectious units (IU)/cell and Rap2 activity monitored in pull-down assays (PD). 
Whole cell lysates (WCL) were subjected to protein gel blotting for Rap2 and Rap1GAP. (B) 
Growing HCT116 cells were imaged (100x) at 48 h post-infection with Rap1GAP or LacZ 
adenoviruses.
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downregulation of Rap1GAP impaired cell-cell adhesion.6 This 
finding was difficult to reconcile with reports that Rap1 promotes 
E-cadherin-mediated cell adhesion (reviewed in refs. 14 and 17). 
Additionally, previous reports demonstrated that overexpression 
of Rap1GAP impaired VE-cadherin- and E-cadherin-mediated 
cell-cell adhesion.25-28 This prompted us to further explore the 
role of Rap1GAP in the regulation of cell adhesion.

We selected human HCT116 colon cancer cells for this 
analysis, as these cells retain E-cadherin-mediated cell-cell con-
tacts. Transient overexpression of Rap1GAP at the lowest level 
sufficient to inhibit Rap2 activity, which comprised all of the 

effect of Rap1GAP on cell association, 
we compared the sizes of the aggre-
gates formed in three independent 
experiments (Fig. 5B). There was no 
significant difference in the size of the 
aggregates formed by Rap1GAP- versus 
LacZ-infected cells.

To further assess the effects of 
Rap1GAP on cell-cell contacts, the 
localization of β-catenin was ana-
lyzed. β-catenin accumulated at 
cell-cell contacts in both Rap1GAP- 
and LacZ-infected cells (Fig. 5C). 
The proportion of Rap1GAP-
expressing cells with β-catenin at 
cell-cell contacts was similar to that 
in mock- and LacZ-infected cells 
(experiment 1: mock-92.0%, LacZ-
94.9%, Rap1GAP-93.8%; experi-
ment 2: mock-83.6%, LacZ-83.3%, 
Rap1GAP-78.6%). At least 90 pairs of 
cells were analyzed per condition.

To exclude the possibility that 
cell-cell contact formation was Rap1-
independent in these cells, the expres-
sion of Rap1 was silenced using RNA 
interference. Depletion of Rap1 dis-
rupted the integrity of cell-cell contacts 
in growing cells (Figs. 6 and 3H). The 
junctions between cells were more irreg-
ular and disorganized in the absence of 
Rap1. β-catenin was lost from cell-cell 
contacts when cells were deprived of cal-
cium (Fig. 6, -calcium). Interestingly, 
under these conditions, Rap1-depleted 
cells were consistently more dissociated 
from one another compared to control 
cells. Within 1 h of transfer to calcium-
supplemented medium, control cells 
spread and began to form cell-cell con-
tacts that labeled for β-catenin (Fig. 6, 
+calcium). The reformation of cell-cell 
contacts was delayed in Rap1-depleted 
cells (Fig. 6, +calcium). These results 
indicate that the absence of inhibitory 
effects of Rap1GAP on cell-cell adhesion is not because cell-cell 
contact formation is independent of Rap1.

Discussion

Although widely used as a tool to inhibit Rap activity, little is 
known about the cellular functions regulated by Rap1GAP. 
Genetic silencing of Rap1GAP in human HT29 colon can-
cer cells increased Rap1 and Rap2 activity, confirming that 
endogenous Rap1GAP is an essential negative regulator of 
both proteins in vivo.6 Despite the increase in Rap activity, 

Figure 2. Rap1GAP impairs spreading on collagen. (A) Mock-, LacZ- and Rap1GAP-infected cells 
were plated on collagen IV for various times (240 min shown here), fixed and stained for F-actin with 
rhodamine phalloidin. (B) Cell area was measured and quantified using morphometry. At least three 
random fields (approximately 100 cells) were measured for each time point. The graph illustrates 
results from a representative experiment (*p < 0.05, **p < 0.01, ***p < 0.001). (C) Mock-, LacZ- and 
Rap1GAP-infected cells were plated on collagen IV for 90 min, fixed and stained for phospho-FAK 
(Y397). Arrows indicate examples of focal adhesions.
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cell-cell adhesion. Hence, we conducted similar experiments 
in rat thyroid epithelial cells, which express abundant levels of 
Rap1.19,24 As previously reported, overexpression of Rap1GAP 
blocked Rap1 activity.3,17 Under the same conditions, Rap1GAP 
overexpression had no effect on cell-cell adhesion or the accumu-
lation of β-catenin at cell-cell junctions. Silencing the expression 
of Rap1 in these cells disrupted cell-cell contacts and delayed 
the formation of cell-cell contacts in calcium switch experiments, 
confirming that Rap1 is required for cell-cell adhesion. The fact 
that modest, transient overexpression of Rap1GAP selectively 
impaired cell-matrix over cell-cell adhesion in two different cell 
lines suggests that the roles of cellular Rap1GAP are more com-
plex than is presently appreciated.

There are only a handful of reports in the literature that have 
analyzed the consequences of Rap1GAP overexpression on cad-
herin-mediated adhesion. Overexpression of Rap1GAPII impaired 
the ability of endothelial cells to plate on immobilized Fc-VE-
cadherin.25,27 Rap1GAPII contains a GoLoco domain in the 
N-terminus that mediates high affinity interaction with heterotri-
meric G protein a subunits.34-36 As Rap1GAP contains only a par-
tial GoLoco domain, it is possible that it fails to localize to cell-cell 
contacts. We do not favor this explanation as it implies that pools 
of active Rap remain in HCT116 cells overexpressing Rap1GAP, 
which we were unable to detect. In addition, overexpression of 
Rap1GAP in Rap1GAP-depleted HT29 colon cancer cells restored 
the accumulation of E-cadherin and p120-catenin at cell-cell 
contacts, further supporting a role for Rap1GAP in the regula-
tion of cell-cell adhesion.6 Overexpression of Rap1GAP disrupted 
the accumulation of VE-cadherin at cell-cell contacts in conflu-
ent HUVECs.26 Whether this was due to impaired matrix adhe-
sion, higher levels of Rap1GAP overexpression or differing roles of 
Rap1GAP in the regulation of VE-cadherin- versus E-cadherin-
mediated adhesion remains to be determined. Microinjection of 
Rap1GAP into MCF7 cells had no effect on cell-cell contacts 
in growing cells, but delayed the accumulation of E-cadherin at 
cell-cell contacts following a calcium switch.28 The significance of 
this delay is unclear in that microinjection of activated Rap1 elic-
ited similar effects. It is noteworthy that other investigators have 
reported aberrant cell-cell junctions in cells expressing high levels 
of activated Rap1.37 Moreover, two reports showed that the disrup-
tion of cell-cell contacts activates Rap1 in epithelial cells.22,38 In 
both studies, trans-ligation of E-cadherin was required to inacti-
vate Rap1, suggesting that sustained Rap1 activity may be incom-
patible with cell-cell adhesion under some circumstances.

The mechanism through which Rap1GAP selectively impairs 
cell-matrix adhesion remains to be elucidated. It is conceivable 
that at low levels of Rap1GAP expression, Rap1GAP is targeted to 
cell-matrix attachment sites, enhancing the inactivation of Rap1 
at these sites. At high levels of Rap1GAP expression, Rap1GAP 
might then be targeted to cell-cell contact sites, leading to the 
disruption of cell-cell adhesion. Interestingly, the scaffolding 

detectable Rap activity in these cells, impaired cell spreading 
on collagen, decreased focal adhesions and inhibited migration. 
However, under these conditions, Rap1GAP did not render cells 
more sensitive to dissociation, nor did it impair the accumulation 
of β-catenin and E-cadherin at cell-cell junctions. The absence 
of inhibitory effects on cell-cell adhesion could indicate that 
E-cadherin-mediated adhesion is independent of Rap2 activity. 
Rap1 and Rap2 mediate overlapping and divergent functions 
(reviewed in ref. 29). Both Rap proteins promote integrin activa-
tion, cell spreading and cell motility.30 However, their localiza-
tions differ31 and specific effectors for Rap2 have been identified 
(reviewed in ref. 32). Rap2 promotes cell-cell adhesion via inte-
grin activation30 and stabilizes β-catenin in Xenopus embryos.33 
It is not yet known whether Rap2 regulates E-cadherin-mediated 

Figure 3. Rap1GAP impairs cell migration. (A) Confluent mock-, LacZ- 
and Rap1GAP-infected cells were wounded and images acquired 
immediately (left parts) and 24 h later (right parts). The magnification 
used was 100x. (B) Quantitation of wound closure from three indepen-
dent experiments is shown (see materials and methods for details). 
The distance migrated by mock-infected cells was set to 1. Rap1GAP 
significantly decreased cell migration (p < 0.05).

Figure 4 (See opposite page). Rap1GAP does not impair cell-cell adhesion. (A) LacZ- and Rap1GAP-infected cells were trypsinized in the presence of 
calcium or EGTA for 10 min, pipetted 10x, plated and images acquired immediately (100x magnification). (B) At 24 h post-infection, mock-, LacZ- and 
Rap1GAP-infected cells were plated overnight, fixed and stained for β-catenin and HA-Rap1GAP. (C) Mock-, LacZ- and Rap1GAP-infected cells were 
disrupted directly on tissue culture dishes (total cell lysates) or trypsinized in the presence of calcium or EGTA prior to lysis. Lysates were subjected to 
protein gel blotting for E-cadherin, Rap1GAP and actin to confirm equal protein loading.
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Protein gel blotting. Protein gel blotting was performed as 
described previously in reference 18. Proteins were detected using 
the FUJI LAS-3000 system and Multi Gauge 3.0 software (Fuji).

Rap activation. Rap activation was assessed as described pre-
viously using the RalGDS Rap-binding domain fused to GST to 
selectively retrieve GTP-bound Rap1 or Rap2.19

Cell spreading. HCT116 cells were plated in serum-containing 
growth medium on collagen IV for various times, fixed and stained 
with rhodamine phalloidin. Cell area was measured using a Zeiss 
Axiophot fluorescence microscope and Zeiss Axiovision software.

Wound assays. Cells were infected with LacZ or Rap1GAP 
virus overnight. Cells were plated in 35 mm dishes with a line 
made down the center. At 24–48 h post-infection, conflu-
ent cell monolayers were wounded perpendicularly to the line  
(5–6 wounds/dish). Images were captured immediately and after 
24 h using a Nikon Eclipse TE2000 microscope and analyzed 
using Image J software. The area measured after 24 h was sub-
tracted from the area measured at 0 h. The area closed by mock-
infected control cells was set to 1.

Cell dissociation assays. Cell dissociation assays were per-
formed as described previously in reference 20. Cells were treated 
with 0.01% trypsin in the presence of EGTA (2 mM) or calcium (2 
mM) for 10 min. Cells were triturated 15 times, plated and images 
acquired immediately using a Nikon Eclipse TE2000 microscope.

Cell association assays. Cell association assays were per-
formed as described previously in references 21 and 22. WRT 
cells were dissociated into single cells in 0.01% trypsin/EGTA  
(2 mM). Two x 106 cells were collected by centrifugation, washed 
and suspended in 3H growth medium containing EGTA (2 mM) 
or calcium (2 mM). After incubation at 37°C for 30 min, cells 
were plated on agarose-coated dishes to prevent matrix attach-
ment and rocked for 16 h. Images were acquired using a Nikon 
Eclipse TE2000 microscope. Aggregate size was measured and 
quantified using morphometry.

Trypsin sensitivity assays. Experiments were performed as 
described previously in reference 23. Cells were lysed directly on 
tissue culture dishes (total cell lysates) or trypsinized (0.01%) 
in the presence of calcium (2 mM) or EGTA (2 mM) prior to 
lysis in RIPA buffer 50 mM Tris-HCl, pH 8.0; 150 mM NaCl;  
0.5% deoxycholate; 1% NP-40; 0.1% sodium dodecyl sulfate 
(SDS); 10 mM NaF; 2 mM Na

3
VO

4
; aprotinin, leupeptin and 

Pefabloc (each at 10 μg/mL). Lysates (equal protein content) 
were subjected to protein gel blotting for E-cadherin.

Immunostaining. For cell spreading and immunostaining for 
focal adhesions, HCT116 cells were plated on collagen IV for 15, 
90, 120 and 240 min. For analysis of adherens junction proteins, 
HCT cells were plated on matrigel and WRT cells on laminin. 
Cells were fixed in MeOH:acetone (1:1) for 15 min at room tem-
perature, stained with primary antibodies diluted in PBS, 5 mg/ml  
bovine serum albumin, 0.2% Triton-X-100 for 1 h at 37°C and 
then with Alexa-fluor-conjugated secondary antibodies for 1 h at 
37°C. Images were captured using a Zeiss Axiophot fluorescence 
microscope and Zeiss Axiovision software. All images for a given 
antibody within an experiment were captured for the same times.

Silencing experiments. WRT cells were transfected with 
Rap1 (400 nM) or scrambled siRNAs (400 nM) using Amaxa 

protein AF6 has been shown to co-localize Rap1GAP and Rap1 
at sites of cell-matrix attachment.39 AF6 also enhances the stabil-
ity of membrane E-cadherin.40 It is tempting to speculate that 
in addition to limiting the duration of Rap activity, Rap1GAP 
may play a role in determining the cellular sites of Rap signaling. 
There are precedents for such a role. Rap1GAP has been pro-
posed to limit Rap activation to intracellular membranes.41 In 
Saccharomyces cerevisiae, Bud2p (RapGAP) recruits Rsr1p/Bud1p 
(Rap1) to the incipient bud site (reviewed in ref. 42).

Based on previous findings,6 we suggest that loss of Rap1GAP 
in human tumors renders tumor cells more sensitive to dissocia-
tion, thereby facilitating tumor cell dissemination. In support of 
that notion, we now show that Rap1GAP overexpression is com-
patible with cell-cell adhesion in tumor cells and in non-trans-
formed epithelial cells. Further studies are required to determine 
how Rap1GAP contributes to the regulation of cell-cell adhesion, 
and whether loss of Rap1GAP in other tumor cells facilitates 
their dissemination.

Materials and Methods

Reagents. Rap1GAP (sc-28189), β-catenin (sc-7199), HA poly-
clonal (sc-805) and HRP secondary antibodies were from Santa 
Cruz Biotechnology. Monoclonal HA antibody was kindly 
provided by Dr. Jeffrey Field (Department of Pharmacology, 
University of Pennsylvania). Glutathione sepharose beads (17-
0756-01) were from GE Healthcare. E-cadherin antibody was 
from EMD Biosciences (205601). Phospho-FAK (Y397) anti-
body (44624G), rhodamine-conjugated phalloidin (R415) 
and Alexa-fluor conjugated secondary antibodies (A21202, 
A21203 and A21207) were from Invitrogen. For Amaxa trans-
fections, Cell Line Nucleofector Kit V was used (VCA-1003). 
Scrambled (1027280), Rap1 (SI01968722, SI03090010) and 
Rap1GAP (SI01737050) siRNAs were from Qiagen. Rap2 anti-
body (610215), Matrigel (356230) and collagen IV (354233) 
were from BD Biosciences. Laminin was from Collaborative 
Biomedical Products (CB40232EA). Low-calcium medium was 
from Invitrogen (SMEM, 11380).

Cell lines and reagents. HCT116 human colon carcinoma 
cells were a generous gift from Dr. John Lynch (Department of 
Medicine, University of Pennsylvania). Cells were propagated 
in McCoy’s 5A medium supplemented with 10% fetal bovine 
serum (FBS). Wistar rat thyroid (WRT) cells were propagated 
in Coon’s modified Ham’s F-12 medium supplemented with calf 
serum (5%), insulin (10 μg/ml), TSH (1 mU/ml) and transferrin 
(5 μg/ml) (referred to as 3H growth medium). WRT cells were 
starved in basal medium (Coon’s modified Ham’s F-12 medium 
devoid of growth factors and serum).

Adenovirus infection. Rap1GAP and LacZ adenoviruses were 
constructed and purified as described previously in reference 3. 
Control (LacZ) and Rap1GAP viruses were infected at an equal 
MOI (multiplicity of infection) of 5 infectious units (IU)/cell in 
HCT116 cells and 10 IU/cell in WRT cells. HCT116 cells were 
infected overnight in growth medium. WRT cells were infected 
overnight in basal medium and transferred to 3H growth medium 
the following day.
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Figure 5. Rap1GAP does not impair cell-cell adhesion in thyroid epithelial cells. (A) Cell association assays were conducted in mock-, LacZ- and 
Rap1GAP-infected WRT cells. Images were acquired at 150x magnification. (B) Aggregate size (LacZ set to 1.0) from three independent experiments 
is shown. There was no significant difference in the size of aggregates formed by Rap1GAP-infected versus LacZ-infected cells (Rap1GAP 1.03 ± 0.09). 
Replicate plates were collected and subjected to protein gel blotting for Rap1GAP. Actin was analyzed to document equal protein loading. (C) Mock-, 
LacZ- and Rap1GAP-infected cells were plated on laminin-coated coverslips overnight. Cells were fixed and stained for β-catenin and HA-Rap1GAP.

electroporation and plated onto glass slips. At 72 h post-transfec-
tion, cells were transferred to low calcium medium (SMEM) for 

1 h and then refed with 3H growth medium for various times. 
Cells were fixed and stained for β-catenin.
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Statistics. All experiments were performed at least two times 
with similar results. Data are presented as means ± SD and sig-
nificance was assessed by t-test. A p value < 0.05 was considered 
to be statistically significant.

Figure 6. Cell-cell junction formation requires Rap1. WRT cells transfected with scrambled or Rap1-directed siRNAs were maintained in 3H growth me-
dium (left parts), transferred to low calcium medium for 1 h (middle parts) or deprived of calcium for 1 h and then transferred to calcium-containing 
medium for 1 h (right parts). Cells were fixed and stained for β-catenin. Total cell lysates were subjected to protein gel blotting to confirm Rap1 deple-
tion. The same filter was reprobed for actin to confirm equal protein loading.
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