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Abstract Connexin genes are considered to form a
family of tumor-suppressor genes. However, the mecha-
nism of connexin-mediated growth control is not well
understood. We now provide several lines of evidence
which suggest that SEMA3F, a member of the class 3
semaphorin family, which is also reported to be a tumor
suppressor, controls the intracellular localization and
function of connexin 43 (Cx43). We employed a series of
rat liver epithelial cell lines, among which we previously
found that the level of expression of malignant phenotypes
(IAR20 < IAR27E < IARG6-1 < IAR27F) is inversely re-
lated to that of gap junctional intercellular communication
(GJIC). When we immunostained SEMA3F and Cx43 in
these cell lines, the extent of immunostaining in the
plasma membrane of both proteins decreased in the order
of TAR20 > IAR27E > IAR6-1 > TAR27F, suggesting a
close relationship between Cx43 and SEMAS3F. Further
studies revealed a partial colocalization of SEMA3F and
Cx43 in the plasma membrane of IAR20 cells. We also
found that both SEMA3F and Cx43 moved from the
cytoplasm to the plasma membrane in a mouse papilloma
cell line when E-cadherin became functional after trans-
ferring the cells from low- to high-calcium conditions.
When SEMAS3F gene expression was inhibited by siRNA
in TAR20 cells, Cx43 localization in the plasma membrane
and GJIC ability were reduced. Moreover, we found that
SEMAJ3F binds with the cytoplasmic loop domain of Cx43,
employing the yeast two-hybrid complementation and
screening assays. Taken together, these results strongly
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suggest that SEMA3F directly associates with Cx43 and
controls its intracellular localization and function.
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Introduction

Gap junction channels mediate direct exchange of ions and
other small molecules (M, <1,000), including second
messengers such as cyclic adenosine monophosphate,
inositol 1,4,5-trisphosphate and Ca?* between adjacent
cells (Bruzzone, White & Paul, 1996). A gap junction
channel consists of two hemichannels (connexons), which
are composed of six transmembrane proteins called “con-
nexins.” So far, 21 connexin genes have been reported in
humans (Sohl & Willecke, 2003). The structures of conn-
exin proteins are similar, consisting of a short intracellular
N-terminal region, four membrane-spanning domains, two
extracellular loops, a cytoplasmic loop and a C-terminal
cytoplasmic tail. The length of the C-terminal tail and the
amino acid sequences of the cytoplasmic loop domain are
relatively more varied than other domains among these
connexins.

Gap junctional intercellular communication (GJIC) is
considered to play an important role in the maintenance of
tissue homeostasis and coordinated cell growth (Loewen-
stein & Kanno, 1966; Yamasaki & Naus, 1996; Trosko &
Ruch, 2002; Mesnil et al., 2005; Leithe, Sirnes & Rivedal,
2006). Inhibition of GJIC is associated with disrupted cell
growth control, and almost all cancer cells show reduced
GJIC ability and/or do not communicate with surrounding
normal cells (Yamasaki et al., 1987, 1999a b, ¢c; Yamasaki
& Naus, 1996; Mesnil, Montesano & Yamasaki, 1986).
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Numerous studies have shown that growth control of GJIC-
deficient cells can be recovered by transfection of connexin
genes (reviewed by Yamasaki & Naus, 1996). Thus,
connexin genes form a family of tumor-suppressor genes.
However, the mechanism of growth control by connexin
genes is not known.

We have previously reported that connexin gene muta-
tions are rarely found, but aberrant intracellular localiza-
tion of connexins is often seen in tumors and in
transformed cell lines (Krutovskikh et al., 1994; Yamasaki
et al., 1999a, b, c). We then reported that intracellular
localization of Cx43 as well as Cx26 is controlled by
functional E-cadherin in a murine papilloma cell line
(Jongen et al., 1991; Hernandez-Blazquez et al., 2001).
However, since there is no evidence that connexins and E-
cadherin bind to each other directly, we are interested in
identifying a factor(s) which links the functions of these
two intercellular junction molecules. Semaphorin (SEMA)
3F, a member of the class 3 semaphorin family, is another
putative tumor-suppressor molecule localized at cell-cell
contact areas (Roche et al., 1996; Kessler et al., 2004,
Xiang et al., 2002; Brambilla et al., 2000), which was also
reported to control function of E-cadherin (Nasarre et al.,
2005).

In order to examine whether SEMA3F and connexins
are functionally related, we used rat liver epithelial cell
lines in which the level of GJIC and the degree of trans-
formed phenotype expression are well studied. In this
series of established rat liver epithelial cell lines, the level
of GJIC and the degree of transformed phenotype expres-
sion are inversely related (Mesnil et al., 1986). The non-
tumorigenic rat liver epithelial cell line IAR20 expresses a
high level of Cx43 and has a high level of GJIC, but
transformed and tumorigenic cell lines (IAR6-1, IAR27E
and [IAR27F) showed less Cx43 plaques in the plasma
membrane and less GJIC ability. In these cell lines, we
found that intracellular localization of SEMA3F was sim-
ilar to that of Cx43 and that its expression was inversely
related to GJIC levels. Further studies suggested that SE-
MASJF binds to the Cx43 loop domain in the yeast two-
hybrid assay, suggesting that SEMA3F may be a specific
partner of Cx43 and play a role in the regulation of normal
function and localization of Cx43.

Materials and Methods

Cell Lines and Cell Culture

The rat liver epithelial cell lines used in this study (IAR20,
TIAR27 and IAR6-1) were isolated as described previously

(Montesano et al., 1977, 1980). IAR27E (epithelioid) and
TAR27F (fibroblastic) were cloned from the parental TAR27
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cell line as described previously (Mesnil et al., 1994). The
P3/22(E) cell line, which expresses endogenous E-cadherin
gene, was cloned from the parental P3/22 cells (Klam et al.,
1999).

The rat epithelial cell lines were cultured in Dulbecco’s
Eagle medium supplemented with 10% fetal bovine serum
(FBS) and penicillin/streptomycin in a 5% CO, incubator
at 37°C. The basal medium used for cultures of P3/22(E)
cells was Eagle minimal essential medium without CaCl,
as modified by Jongen et al. (1991). This medium was then
supplemented with 10% FBS treated with Chelex 100 resin
(Bio-Rad Laboratories, Richmond, CA) to remove calcium.
CaCl, was then added to the medium to attain a final
concentration of 0.05 mm (low calcium, LC) or 1.2 mm
(high calcium, HC). P3/22(E) cells were maintained in LC
medium before use for experiments.

Immunohistochemical Staining

Cells were grown on a cover glass. At confluence, cultures
were washed twice with phosphate-buffered saline (PBS)
and then fixed in methanol for at least 30 min. All treat-
ments were done at room temperature. The cover glass was
washed twice with PBS and incubated in PBS containing
0.2% Triton X-100 for 20 min. Then, cells were blocked
with Blocking Ace (Dainippon Sumitomo Pharma, Osaka,
Japan) for 1 h and incubated with a mixture of mouse anti-
Cx43 (1:800 diluted with PBS; Zymed/Invitrogen, Carls-
bad, CA) and rabbit anti-class 3 semaphorin antibodies
(1:300 diluted with PBS; Santa Cruz Biotechnology, Santa
Cruz, CA) in PBS overnight at 4°C. After washing three
times with PBS, the cells were incubated with a mixture of
Alexa-568 anti-mouse and Alexa-488 anti-rabbit secondary
antibodies (1:300 diluted with PBS; Molecular Probes/In-
vitrogen, Carlsbad, CA) for 1 h at room temperature. After
washing with PBS, the cover glass was mounted on a slide
glass with 0.1% n-propylgallate/PBS. Then, the cells were
observed under a fluorescence microscope (Bx50; Olym-
pus, Tokyo, Japan) and a confocal laser scanning micro-
scope (LSM510 META; Carl Zeiss, Oberkochen,
Germany). The same protocol was used for staining of E-
cadherin (anti-E-cadherin antibody, 1:800 diluted with
PBS; Zymed/Invitrogen).

Reverse Transcriptase-Polymerase Chain Reaction

Total RNA from cultured cells was isolated by ISOGEN
according to the protocol supplied by the furnisher (Nippon
Gene, Tokyo, Japan). The RNA concentration was mea-
sured by GeneQuant pro (GE Healthcare, UK), and reverse
transcriptase-polymerase chain reaction (RT-PCR) was
performed using the one-step kit AccessQuick RT-PCR
system (Promega, Madison, WI) by GeneAmp PCR system



J Membrane Biol (2007) 217:53-61

55

9700 (Applied Biosystems, Foster City, CA). The primers
used were as follows: glyceraldehyde-3-phosphate dehy-
drogenase (G3PDH) (F) 5-ACCACAGTCCATGCCAT-
CAC-3, (R) 5’-TCCACCACCCTGTTGCTGTA-3"; Cx43
(F) 5-AGGAGTTCAATCACTTGGCG-3', (R) 5-GCAG
GATTCGGAAAATGAAA-3’; SEMA3A (F) 5-AGA
CTCACTTGTACGCCTGTGG-3’, (R) 5-AAGATAGCA
AAGTCTCGTCCCAT-3"; SEMA3B (F) 5-TGAACCCTG
AGCACCCTGAGC-3’, (R) 5-ACCCACAAACAGGCG
TCCA-3"; SEMA3F (F) 5-CCGAGGATCTGCAGTGT
GTG-3, (R) 5-GACAGTGGTGAGGCGGTAGG-3". The
amplification program consisted of one cycle of 48°C for 45
min and 95°C for 2 min; 25 cycles of 95°C for 30 s, 60°C for
30 s and 72°C for 30 s; and one cycle of 72°C for 5 min.
PCR products were analyzed on a 2% agarose in Tris-
Acetate-EDTA (TAE) buffer.

Small Interfering RNA Treatment

To knock down SEMAJF gene expression by siRNA, we
selected the target sequence with the aid of an small
interfering RNA (siRNA) design support system (Takara
Bio, Shiga, Japan). The sequence 5-AACCTTTACGC-
CATCGATGAAGT-3’ (position 1268, XM_236623) was
used as the target. For cloning into a pSilencer 2.1 siRNA
expression vector, each DNA oligonucleotide insert se-
quence was decided using an insert design tool (Ambion,
Austin, TX). The insert sequence pairs designed were as
follows: 5-GATCCGCCTTTACGCCATCGATGAATT-
CAAGAGATTCATCGATGGCGTAAAGGTTTTTTGGA
AA-3 (sense) and 5-AGCTTTTCCAAAAAACCTTTAC
GCCATCGATGAATCTCTTGAATTCATCGATGGCG-
TAAAGGCG-3’ (antisense). Based on the protocol sup-
plied for the Silencing'™ siRNA Construction kit
(Ambion), the double-stranded DNA (dsDNA) oligonu-
cleotides including the siRNA target sequence were in-
serted into the pSilencer 2.1 vector. The SEMA3F siRNA
vector was transfected into cells with siPORT™ XP-1
Transfection Agent (Ambion). After 24 h, hygromycin was
added to the cultures and the cells were subcultured when
confluent. After two or three passages in the presence of
hygromycin, the cultures were used for experiments with-
out cloning.

Western Blotting

Cells were grown to confluence and directly lysed in a lysis
buffer (60 mm 4-[2-hydroxyethyl]-1-piperazineethanesulf-
onic acid [HEPES, pH 7.2], 1% Triton X-100, 1% NP-40,
protease inhibitor cocktail [Sigma-Aldrich, St. Louis, MO])
after washing with PBS. Total protein of the lysate was
diluted with 2 X sodium dodecyl sulfate (SDS) sample
buffer and boiled at 95°C for 5 min before electrophoresis

in 10% SDS-polyacrylamide gel electrophoresis gels. After
transfer to polyvinylidene difluoride membranes, the blots
were washed four times with PBS and blocked with the
blocking buffer (Odyssey kit; LI-COR, Lincoln, NE) for 1
h before incubation with the primary antibodies against
SEMAJF (1:300; Chemicon International, Temecula, CA),
Cx43 (1:500, Zymed/Invitrogen) and f-actin (1:2,000,
Sigma-Aldrich). After incubation with the respective sec-
ondary antibodies (Odyssey kit) for 1 h at room tempera-
ture, the bands were scanned by the Odyssey Infrared
Imaging System (LI-COR).

Measurement of GJIC

GJIC was measured by the scrape loading assay (El-Fouly,
Trosko & Chang, 1987). A scrape line was made with a
toothpick on a monolayer of cultured cells in a 0.05%
solution of Lucifer yellow and 0.01% Texas red. Immedi-
ately after scraping, the culture was washed with PBS and
dye transfer was observed under a fluorescence microscope
(Bx10, Olympus).

Yeast Two-Hybrid Complementation and Screening
Assay

The Matchmaker two-hybrid system 3 (Clontech Labora-
tories, Mountain View, CA) was used according to the
supplied protocol to confirm interaction between Cx43 and
SEMAJ3F. The human Cx43 cytoplasmic loop domain
(position aa 96-167) was fused to the GAL4 binding domain
(BD), and the human SEMA3F C-terminal tail (position aa
639-785), which is a specific domain for SEMA3F, was
fused to the GAL4 activation domain (AD). The yeast strain
AH109 was a kind gift from Dr. Omori (Akita University,
Akita, Japan). The vector pAS2-1 containing the Cx43
cytoplasmic loop domain and the vector pGADI10
containing the SEMA3F C-terminal domain were cotrans-
formed into yeast strain AH109 and grown on SD-Trp-Leu-
Ade-His/X-o-Gal plates two or three times. pGADT7-T
(AD/T antigen), pGBKT7-53 (DNA-BD/p53) and
pGBKT7-Lam (DNA-BD/laminC) were used as controls.

To confirm whether SEMAS3F interacts with Cx26, the
same complementation protocol was used. The re-
combinant plasmid construct for the BD consisting of the
human Cx26 cytoplasmic loop domain (position aa 95—
129) cloned into the vector pAS2-1 was kindly provided by
Dr. Omori.

To screen a human heart cDNA library, the supplied
protocol for the Matchmaker two-hybrid system 3 was
used. The Matchmaker human heart cDNA library fused to
the GAL4 AD was purchased from Clontech Laboratories.
Vector pAS2-1 containing the human Cx43 cytoplasmic
loop domain and the amplified library in vector pPGAD10
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were cotransformed into yeast strain AH109 and grown on
SD-Trp-Leu plates. At least five independent transformants
were picked from each plate and replicated on SD-Trp-
Leu-Ade-His/X-o-Gal plates. Positive colonies were res-
treaked on SD-Trp-Leu-Ade-His/X-a-Gal plates two or
three times. Then, the plasmid DNA was isolated from
each positive yeast colony according to the yeast protocol
handbook (Clontech Laboratories). To determine the
identity of the interacting clones, the PCR-amplified
pGADI10 inserts were sequenced using standard tech-
niques. The identities of the inserts were determined by
comparing the cDNA sequences with a BLAST search.

Results

Cx43 and class 3 Semaphorins Are Similarly Expressed
in the Plasma Membrane and Only at Cell-Cell Contact
Areas in IAR Cell Lines

Among TAR cell lines established from rat liver epithelial
cells, IAR20 is nontumorigenic but IAR6-1, IAR27F and
IAR27E showed various degrees of transformed pheno-
types. We previously found that the level GJIC is inversely
related with the degree of transformed phenotypes among
these cell lines (Mesnil et al., 1986). When Cx43 and class
3 semaphorins were immunostained in these cells, we
found that their intracellular localization was very similar
(Fig. 1). While both class 3 semaphorins and Cx43 were
mostly localized in the plasma membrane in IAR20 cells,
their localization in the plasma membrane was reduced in
other cell lines in the order of IAR27E > IAR6-1 >
TIAR27F.

In order to see whether Cx43 is colocalized with class 3
semaphorins in the plasma membrane, we double-immu-
nostained IAR20 cells with the antibody raised against the
SEMA domain of SEMA3A. From observation under the
laser scanning microscope (Fig. 2a) and from comparison
of their signal intensity in the plasma membrane (data not
shown), a partial colocalization of class 3 semaphorins and
Cx43 was confirmed.

Since a major function of connexins is to form gap
junctions, they are considered to be localized at the cell-
cell contact area. We therefore examined whether both
Cx43 and class 3 semaphorins are localized in the plasma
membrane only at the cell-cell contact area. After immu-
nostaining of TAR20 cells, we prepared serial sections of
three-dimensional images of cell-cell contact areas and
noncontact areas under the laser scanning microscope. Our
results showed that class 3 semaphorins and Cx43 are in-
deed located only at cell-cell contact areas and not in the
plasma membrane, which is not in direct contact with
adjacent cells (Fig. 2b).
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IAR27E

IAR27F

Class 3
semaphorins

Cx43

Fig. 1 Localization of Cx43 and class 3 semaphorins in IAR cell line
series (IAR20, 6-1, 27E and 27F)

SEMAJF Is Expressed in All IAR Cell Lines and
Controls Intracellular Localization and Function of
Cx43

Expression of three members of class 3 semaphorins, SE-
MA3A, SEMA3B and SEMAS3F, in IAR cell lines was
examined by RT-PCR (Fig. 3). SEMA3A was expressed in
TAR20 and TAR27E cell lines, and SEMA3B was not ex-
pressed in any IAR cell line. On the other hand, SEMA3F
was expressed in all IAR cell lines. Thus, we consider that
it is SEMAS3F which is expressed and localized in a similar
fashion to Cx43 in these cell lines.

In order to examine if SEMA3F and Cx43 are func-
tionally related, we knocked down the expression of SE-
MASF of TAR20 cells by siRNA (Fig. 4a). When SEMA3F
expression was inhibited by siRNA, localization of Cx43 in
the plasma membrane as well as GJIC level were reduced
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Fig. 2 Localization of Cx43
and class 3 semaphorins in the
plasma membrane of IAR20
cells. a Double-immunostaining
for class 3 semaphorins and
Cx43. b Localization of class 3
semaphorins and Cx43 in the
plasma membrane in the
presence or absence of direct
cell-cell contact. Cross-sectional
observations of these images
confirmed that class 3
semaphorins and Cx43 are
absent from the plasma
membrane in any sections of the
image
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Fig. 3 Expression of class 3 semaphorin family (SEMA3A,
SEMA3B and SEMA3F) and Cx43 genes in IAR cell line series

(Fig. 4b,c). These results indicate that SEMAS3F is in-
volved in control of intracellular localization and function
of Cx43.

Localization of Class 3 Semaphorins and Cx43 Is
E-Cadherin-Dependent

We have previously shown that E-cadherin was essential
for intracellular transport of connexins in mouse epidermal
cells. Thus, only after the E-cadherin gene was transfected

Class 3

semaphorins Merge

Class 3
semaphorins

into a mouse papilloma cell line did Cx43 move from the
cytoplasm at low calcium to cell-cell contact areas at high
calcium and was GJIC ability recovered (Jongen et al.,
1991; Hernandez-Blazquez et al., 2001). In order to see
whether intracellular localization of class 3 semaphorins is
also E-cadherin-dependent, we examined its localization in
P3/22(E) cells (E-cadherin-expressing mouse papilloma
cells) in LC and HC media. We found that class 3 sem-
aphorins remained in the cytoplasm at low calcium but
moved to cell-cell contact areas at high calcium together
with Cx43 and E-cadherin (Fig. 5), suggesting that the
intracellular localization of not only Cx43 but also class 3
semaphorins is E-cadherin-dependent.

SEMAJ3F Binds with Cx43 in the Yeast Two-Hybrid
Complementation Assay

Our results described above suggested that SEMA3F
is closely associated with Cx43 and that it may mediate
E-cadherin-mediated control of Cx43. Therefore, we
examined whether SEMAS3F directly binds to Cx43. Since
Cx43 is properly localized in the plasma membrane even
without its C-terminal domain (Omori & Yamasaki, 1999),
we hypothesized that such a putative binding site may re-
side in the cytoplasmic loop domain. Thus, we prepared the
cytoplasmic loops of Cx43 and Cx26 as the baits and
examined their possible interaction with SEMAS3F,
employing a highly stringent two-hybrid assay (yeast strain
AH109 and four reporters, ADE2, HIS3, LacZ and MEL1).
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Fig. 4 Effect of SEMA3F gene a)
expression knockdown by RT-PCR
siRNA on intracellular -
localization and function of
Cx43 in IAR20 cells. a
SEMA3F mRNA and protein
expression. b Immunostaining
of Cx43. ¢ GJIC level measured
by the scrape-loading method as
described in the text

control

control

Fig. 5 Localization of class 3
semaphorins and Cx43 in mouse
papilloma cell line P3/22(E) in
LC and HC culture media

Low Ca?®*

High Ca?t

In such cotransformation assays, SEMA3F was indeed
found to interact with the human Cx43 cytoplasmic loop
but not with Cx26 or P53 (Table 1).

In order to see whether SEMAS3F can be picked up as a
candidate protein from the cDNA library by the same Cx43
bait, we performed the two-hybrid screening assay
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employing the human heart cDNA library. Among a
number of candidate genes cloned in the screening, we
found that SEMAS3F represents one of those which show
strong interaction with the bait in the yeast two-hybrid
complementary assay (Table 1). These results reinforce our
idea that SEMAJ3F is a specific binding partner of Cx43.
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Table 1 Characterization of the interaction of the Cx43 cytoplasmic
loop domain with SEMAS3F and other candidates by the yeast two-
hybrid complementation assay

Gene (accession number) Interaction®
SEMAS3F (U33920) ++
RBT-1 (AF192529) ++
HSJ2 (AB015798) ++

Natriuretic homologue (M25296)
AP43-1 (AL833672)°

Candidate genes which bind to the bait, cytoplasmic domain of Cx43,
were identified by the yeast two-hybrid screening assay from the
human heart cDNA library as described in the text

4 We confirmed that the interaction of positive control, i.e., p53 and
SV40 T antigen was ++. We also found that SEMA3F does not
interact with the cytoplasmic loop domain of Cx26

® Only a part of the sequence of the gene AL833672 was found in this
clone

Discussion

In this study, we examined a possible relationship between
Cx43 and a member of class 3 semaphorins, SEMAJF,
since both are considered to be tumor suppressors and their
functional relationship with E-cadherin was reported
(Roche et al., 1996; Kessler et al., 2004; Xiang et al.,
2002). Our present study showed a very close localization
of these two proteins at the plasma membrane in a series of
rat liver epithelial cell lines. The expression levels of both
proteins were inversely related with the level of trans-
formed phenotypes of these cell lines, supporting their role
in tumor suppression. When expression of SEMA3JF is
reduced in TAR20 cells, stable localization of Cx43 in the
plasma membrane and GJIC are inhibited, suggesting a role
of SEMAJF in controlling Cx43.

Our results from the yeast two-hybrid complementation
assay also indicate that SEMAJ3F is directly associated with
the Cx43 cytoplasmic loop domain. Moreover, when the
human heart cDNA library was screened with the Cx43
cytoplasmic loop as the bait in yeast two-hybrid assays, the
SEMAJ3F gene was isolated as one of the candidate genes.
While these results strongly indicate that SEMA3F directly
interacts with Cx43, our attempt to coimmunoprecipitate
them was unsuccessful (data not shown). These results
leave some doubt about their direct binding. However,
considering strong evidence from other results supporting a
close relationship between SEMA3F and Cx43 and the fact
that they are directly bound in the yeast, it is possible that
their binding was not strong enough to tolerate coimmu-
noprecipitation.

For studying protein expression of SEMA3F, we used
the antibody raised against the SEMA domain of the
SEMA3 family. Therefore, there was uncertainty whether
SEMAJ3F itself or other SEMA3 members is associated

with intracellular localization and function of Cx43. We
concluded that SEMAJ3F, rather than other SEMA3 mem-
bers, controls Cx43 since only SEMAS3F is expressed in all
IAR cell lines, SEMA3F-specific siRNA expression
downregulated the function of Cx43 and SEMA3F was
found to bind directly with Cx43 in the yeast.

A number of proteins which bind to the C-terminal
domain of Cx43 have been reported (Toyofuku et al., 1998;
Giepmans & Moolenaar, 1998; Butkevich et al., 2004; Fu
et al., 2004; Gellhaus et al., 2004). On the other hand, we
have previously shown that intracellular trafficking and
GJIC ability of Cx43 are not reduced when most parts of its
cytoplasmic C-terminal region are deleted (Omori &
Yamasaki, 1999). We therefore considered that the C-ter-
minal domain of Cx43 plays important roles in its regula-
tion rather than its intrinsic ability. In addition, we have
shown that E-cadherin controls intracellular trafficking of
Cx26, which has a very short cytoplasmic C-terminal do-
main (Hernandez-Blazquez et al., 2001), suggesting the
importance of a cytoplasmic domain other than the C-ter-
minal region of connexins. The importance of interaction
of the cytoplasmic loop domain and the C-terminal tail of
Cx43 for its permeability has long been proposed (Duffy
et al., 2002; Morley, Taffet & Delmar, 1996; Seki et al.,
2004). Recent studies have shown that aquaporin-0 binds to
the cytoplasmic loop domain of Cx45.6 in the eye lens (Yu
& Jiang, 2004; Yu et al., 2005). However, this interaction
had no effect on GJIC ability of Cx45.6 (Yu et al., 2005).
Our data showing that SEMA3F binds to the cytoplasmic
loop domain and regulates intracellular trafficking and
GJIC of Cx43 indicate an additional important role of this
domain in the control of connexin functions.

During the course of this study, we found that N-cadherin
controls the intracellular localization and function of Cx43
in HeLa cells. Our preliminary studies also demonstrated
that N-cadherin controls the localization and function of
Cx43 in TAR20 and IARG6-1 cells (unpublished results).
Similar N-cadherin-dependent control of Cx43 localization
has recently been reported from studies using HeLa cells
(Shaw et al., 2007). Control of connexin function by E-
cadherin has already been reported from several laborato-
ries, including ours (Mege et al., 1988; Jongen et al., 1991;
Meyer et al., 1992). Since both E-cadherin and N-cadherin
are able to control the intracellular localization of connexins,
control of intracellular trafficking and function of connexins
by functional cadherins may be a general mechanism.

In our previous study exploring the mechanisms by
which E-cadherin controls connexin trafficking, we dem-
onstrated that E-cadherin controls intracellular trafficking
of Cx43 and Cx26 from the endoplasmic reticulum to the
plasma membrane via the Golgi apparatus in mouse pap-
illoma cells (Hernandez-Blazquez et al., 2001). These
results indicated that E-cadherin provides signals for
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intracellular trafficking and/or stable plasma membrane
localization of connexins and that an intermediate pro-
tein(s) which directly binds to connexins may exist. Since
intracellular localization of not only Cx43 but also SEMA3
members was E-cadherin-dependent in a mouse cell line
and since Cx43 can bind to SEMAS3F directly, it may be
hypothesized that E-cadherin controls Cx43 with the aid of
SEMA3F.
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