Expression of Gap Junction Proteins Connexin 26
and 43 Is Modulated During Differentiation
of Keratinocytes in Newborn Mouse Epidermis

Yoshihito Kamibayashi,* Masahito Oyamada, Yumiko Oyamada,f and Michio Morit
*Department of Dermatology and fPathology, Sapporo Medical University School of Medicine, Sapporo, Japan

We examined the expression of the gap junction proteins
connexin 26 (Cx26), 32 (Cx32), and 43 (Cx43) in keratino-
cytes of newborn mouse epidermis to elucidate which con-
nexins are expressed in keratinocytes in intact skin of new-
born mice, and whether the expression of connexins is
modulated during terminal differentiation of keratinocytes.
Immunofluorescent staining using antibodies against Cx26,
Cx32, and Cx43 combined with type-specific anti-keratin
immunohistochemistry showed that Cx26 was expressed in
keratinocytes in the granular layer and in the upper part of the
squamous layer, whereas Cx43 was localized in keratinocytes
in the basal layer and in the lower part of the squamous layer.
No specific staining of Cx32 was found in mouse epidermis.

Double staining of Cx26 and Cx43 revealed that some ke-
ratinocytes in the squamous layer expressed both connexins,
but that in most cases localization of the two kinds of con-
nexins was different, i.e., Cx26 was localized on the upper
surface, whereas Cx43 was present on the lower surface of
the plasma membrane of keratinocytes. Northern and West-
ern blot analyses confirmed that Cx26 and Cx43, but not
Cx32, were expressed at mRNA and protein levels in new-
born mouse skin. These results suggest that the modulation
of connexin expression from Cx43 to Cx26 takes place dur-
ing terminal differentiation of keratinocytes in mouse epi-
dermis. Key words: intercellular communication/mouse
skin. J Invest Dermatol 101:773—778, 1993

ap junctions are the transmembrane cl}annels. that
directly link neighboring cells and mediate recipro-
cal exchange of low - molecular-weight metabolites
and ions, including second messengers such as cyclic
adenosine monophosphate (cAMP), inositol tris-
phosphatc, and Ca™**, between the cells. Gap Ju11§t10nal mt.ercellular
communication is thought to play a crucial role in the maintenance
of homeostasis, morphogenesis, cell differentiation, and growth
control in multicellular organisms [1-4]. o '
Like most other epithelial cells, keratinocytes in CpldCI"m‘lS are
connected by gap junctions. Gap junctions in kcratmoc'ytes in intact
skin were detected electron microscopically [5], by using electron-
dense tracers such as lanthanum [6], and by using freeze-fracture
replicas [7]. Existence of gap junctional intercellular communica-
tion in keratinocytes in vivo or in vitro was demonstrated by electro-
physiologic-techniques [8-10] and by dye-transfer assay [10- 12].
Involvement of gap junctional intercellular communication in the
differentiation and cell growth of keratinocytes in epidermis was
suggested by the studies using thc. dye Fransfcr method [11,!2].
These studies showed that gap junctional intercellular communica-
tion in mouse and human skin is restricted to vertical compartments,
which could be related to the organization of the epidermal prolif-
erative unit [13].
The gap junction channels are composed of hexagonal arrange-
ments of oligomeric proteins called connexins (Cx) [14]. Thus far,
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approximately ten different homologous connexin sequences have
been cloned and characterized in the mouse or rat genome [15].
Most organs and many cell types have been shown to express multi-
ple connexins. Expression of connexins in keratinocytes in intact
skin or in culture has been investigated by immunofluorescence and
Northern and Western blot analyses [16-19]. However, the results
of these investigations have sometimes been contradictory. For ex-
ample, with respect to expression of connexins in mouse primary
keratinocytes, Jongen et al [17] showed the expression of Cx43, but
not Cx26, whereas Brissette et al [16] detected both Cx26 and Cx43.
Although a freeze-fracture study revealed that gap junctions exist in
keratinocytes from the basal to the granular layers [7], few studies
have centered on what kinds of connexins are expressed in keratino-
cytes in different layers in intact skin, except that Guo ef al [18]
reported Cx43-immunoreactive plaques in regions of cell /cell con-
tact of suprabasal cells in human epidermis.

In this study, we performed immunofluorescence studies of new-
born mouse epidermis using antibodies against Cx26-, Cx32-, and
Cx43-specific peptides combined with immunohistochemistry for
type-specific keratin expression to elucidate which Cxs are ex-
pressed in keratinocytes in intact skin and whether the expression of
connexins is modulated during terminal differentiation of keratino-
cytes.

MATERIALS AND METHODS

Animals Newborn CD-1 mice, 2448 h old, were used. Dorsal skin was
rapidly frozen in Tissue-Tek O.C.T. compound (Miles Inc., Elkhart, IN) for
immunofluorescence study. Additional portions were quick-frozen in liquid
nitrogen for RNA extraction.

Immunofluorescence Frozen sections about 4-um thick were cut on a
cryostat and placed on poly-L-lysine - coated slides. The sections were fixed
with acetone for 10 min at —20°C and dried. After rinsing in phosphate-
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buffered saline (PBS) containing 5% skim milk for 20 min, the sections were
first incubated with one of the following antibodies for 1 h at room tempera-
ture (RT): a rabbit polyclonal antiserum against a Cx26-specific peptide
(amino acid residues 101-119) [20] (1/6000 dilution), a rabbit anti-J-
peptide antiserum against Cx32 [21] (1/100 dilution), or a rabbit polyclonal
antiserum against Cx43-specific peptide (amino acid residues 360-376)
(1/8000 dilution). After washing in PBS, the sections were reacted with
swine fluorescein-conjugated anti-rabbit immunoglobulins (1/50 dilution;
DAKO, Copenhagen, Denmark) for 1 h and examined under a fluorescence
microscope. Some sections were double-stained for either Cx26 or Cx43 and
keratins 5/6 (K5/6), keratin 10 (K10), or keratin 14 (K14), in which mouse
anti-K5/6 monoclonal antibody (1/20 dilution; Bochringer Mannheim,
Mannheim, Germany), mouse anti-K 10 monoclonal antibody (1/100 dilu-
tion; ICN ImmunoBiologicals, Costa Mesa, CA), or mouse anti-K 14 mono-
clonal antibody (1/1000 dilution; Novocastra Laboratories Ltd., Newcastle-
upon-Tyne, UK) and horse Texas Red-conjugated anti-mouse
immunoglobulins (1/40 dilution; Vector Laboratories, Inc., Burlingame,
CA) were utilized. Some sections were double-stained for Cx26 and Cx43
by utilizing mouse monoclonal antibody against Cx43 (1/1000 dilution;
Zymed Laboratories, Inc., San Francisco, CA). As positive controls, mouse
liver and heart sections were used for Cx26 and for Cx43, respectively.

Northern Blot Analysis Total RNA was isolated from newborn mouse
skin and adult mouse heart and liver using a single-step thiocyanate-phenol-
chloroform extraction method [22]. The concentration of RNA was deter-
mined by measuring absorption at 260 nm and 10 g of total RNA was run
on a 1% agarose/formaldehyde gel containing 0.2 yg/ml of ethidium bro-
mide. Gels were capillary-blotted in 20 X standard saline citrate (SSC) onto
nylon membranes (Hybond N; Amersham, Buckinghamshire, UK) and
fixed by ultraviolet (UV) light. The digoxigenin (DIG) luminescent detec-
tion system (Boehringer Mannheim) was used and the protocol described by
Holtke et al [23] was followed exactly. Transcriptions for the generation of
DIG-labeled antisense RNA probes for Cx26 [24], Cx32[25],and Cx43 [26]
were performed with SP6, SP6, and T3 RNA polymerase (Bochringer
Manngeim), respectively, after linearization of the template DNAs. Mem-
branes were pretreated with 50% (v/v) formamide, 5 X SSC (pH 7.0), 2%
(wt/vol) blocking reagent (Boehringer Mannheim), 0.1% (wt/vol) N-laur-
oyl-sarkosine, 0.02% (wt/v) sodium dodecyl sulfate (SDS) at 68°C for 1 h.
RNA was then hybridized overnight in the same buffer with the DIG-la-
beled probes. Stringent washes were performed for 5 min at RT with 2 X
SSC and 0.1% SDS twice, followed by 15 min at 68°C with 0.1 X SSC and
0.1% SDS twice. X-ray films were exposed at RT for 2-30 min.

Western Blot Analysis For Western blot analysis, whole-tissue fractions
were prepared and gap junction proteins of tissue homogenates were
enriched by alkali treatment according to the method of Herzberg et al [27].
Newborn mouse skin and adult mouse liver were immediately excised from
the animal, placed in 20 mM NaHCOj,, and homogenized using a Potter-
Elvehjem homogenizer. After brief sonication, homogenates were centri-
fuged at 48,400 X gatr,,,, for 20 min. The pellets were washed with 20 mM
NaOH and then 1 mM NaHCOj, using the same centrifugation conditions,
and resuspended in bicarbonate buffer. The pellets were solubilized in
Laemmli sample buffer without dithiothreitol (DTT) for at least 30 min at
RT.

Approximate protein concentration was determined by a bicinchonic acid
protein assay reagent (Pierce Chemical Co., Rockford, IL). Approximately
20 ug of protein for each sample was treated with DTT (final concentration
of 100 mM) for 15 min at RT and then loaded on 10-20% SDS-polyacryla-
mide gels (Daiichi Pure Chemicals Co., Ltd., Tokyo, Japan). Proteins were
electrically transferred to nitrocellulose membranes (Bio-Rad, Richmond,
CA) using a semi-dry blotting for 2 h (0.65 mA /cm?), stained with Ponceau
S (Sigma, St. Louis, MO), and then photographed. The membranes were
saturated overnight at 4°C with a blocking buffer (25 mM Tris, pH 8.0, 125
mM NaCl, 0.1% Tween 20, 4% skim milk, 0.1% Na azide) and incubated
with rabbit anti-Cx26 or anti-Cx43 at the dilution of 1/5000 in the blocking
buffer at RT for 2 h. The membranes were washed with the buffer three
times and incubated with alkaline phosphatase-conjugated anti-rabbit IgG
(1/7500 dilution) (Promega, Madison, W1I) at RT for 1 h. After washing
three times, bound antigens were visualized using 5-bromo-4-chloro-3-in-
dolyl phosphate and nitroblue tetrazolium as chromogenic substrates. The
total lysate of primary neonatal rat cardiac myocytes cultured for 7 d was used
as a positive control for Cx43. Primary neonatal rat cardiac myocytes were
lysed in a buffer (25 mM Tris-HCI, 50 mM NaCl, 0.5% sodium deoxycho-
late, 2% NP-40, 0.2% SDS, 1 mM phenylmethanesulphonyl fluoride, apro-
tinin 50 ug/ml, pH 7.4), centrifuged at 15000 X g for 15 minat 4°C and the
supernatant was used for Western blot analysis.
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Figure 1. Immunofluorescent staining of Cx26 in newborn mouse skin. a)
Phase-contrast image. Bar, 20 um. b) Same section under epifluorescent
optics. ¢) Phase-contrast image with a higher magnification. Bar, 10 um. d)
Same section under epifluorescent optics.

RESULTS

Immunofluorescence Newborn mouse epidermis was thick
enough that the different layers of stratified keratinizing tissues
could be clearly recognized, whereas adult back epidermis was con-
siderably thinner, so that the squamous and granular layers were
only slightly recognizable (data not shown). Therefore, the present
immunofluorescence study was performed on sections from new-
born mouse skin using specific antibodies to Cx26, Cx32, and
Cx43.

The polyclonal antibody against Cx26-specific peptides revealed
macular staining on membranes between adjacent keratinocytes in
the granular layer and in the upper part of the squamous layer (Fig
1). Cx26 was more abundant in the granular layer than in the squa-
mous layer. No fluorescent spots were detected in basal keratino-
cytes with the anti-Cx26 antibody.

The polyclonal antibody against Cx43-specific peptides showed
macular fluorescent plaques on membranes between kcratinocytes
in the basal layer and in the lower part of the squamous layer (Fig 2).
In addition to the localization of Cx43 on the plasma membrane,
some Cx43 fluorescent spots secemed to be localized in cytoplasm, in
accordance with the findings reported by Berthoud et al [28], Naus et
al [29], and Puranam et al [30]. Cx43-positive spots were scarcely
found in keratinocytes in the granular layer. Cx43 was observed on
the lateral surfaces of basal keratinocytes, including attachment sites
to the basal lamina, but whether Cx43 is expressed in the plasma
membrane at the undersurface of basal keratinocytes was not clari-
fied in the present study. The result obtained by use of the mouse
monoclonal antibody against Cx43 was essentially the same as that
with the rabbit antibody against Cx43 (Fig 2f). Hair follicles were
immunolabeled with the anti-Cx43 (Fig 2b) and anti-Cx26 anti-
li)od]ies (data not shown), in agreement with the report of Risek et al

3.

With the polyclonal antibody against Cx32-specific peptides no
specific staining was observed throughout the mouse skin (Fig 3¢).
In the absence of the first antibody, only a little unspecific fluores-
cence was noted in the mouse skin (Fig 3d). The anti-Cx26 and
anti-Cx43 antibodies demonstrated the expected punctate pattern
of Jg)ap Junctional plaques in liver and in heart, respectively (Figs
3e,f).

To elucidate the localization of the Cxs in more detail, we per-
formed double staining of Cx26 or Cx43 and different kinds of
keratins, of which expression depends on the differentiation of ke-
ratinocytes in epidermis [32]. We used anti-K5/6 and anti-K14
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Figure 2. Immunofluorescent staining of Cx43 in newborn mouse skin. a)
phase-contrast image. Bar, 20 um. b) Same section sta.med w1t!1 the r.abbnt
polyclonal antiserum against Cx43. ¢) Phase-contrast image with a higher
magnification. Bar, 10 um. d) Same section stained with the rabbit poly-
clonal antiserum against Cx43. ) Phase-contrast image. Bar, 10 um. f) Same
section stained with the mouse monoclonal antibody against Cx43.

ntibodies to label basal keratinocytes, whereas anti-K10 antibod.y
was utilized for the labeling of suprabasal keratinocytes. The anti-
K5/6 (Figs 4e,f) and anti-K14 (data not shown) antibodies revealed
strong cytoplasmic staining in basal cells as well as weak staining in
keratinocytes in the lower part of the squamous layer, whereas K10
was negative in basal keratinocytes (Figs 5¢,f). These data were in
sccordance with previously rcﬁortcd findings [33]. Keratinocytes
that were positively stained with anti-Cx26 expressed K10 (Fig 5¢),
hut did not express K5/6 (Fig 4c) or K14 (data not shown). On the
other hand, the expression of Cx43 was basically restricted to kera-
rinocytes that expressed K5/6 (Fig 4d) and K14 (data not shown),
with the exception that on rare occasions Cx43 was localized on the
upper surface of keratinocytes in the upper part of the squamous
layer that were negative for K5/6, but positive for I_{IO. These data
revealed that Cx26 is expressed in keratinocytes in the granular
layer and in the upper part of the squamous layer, whereas Cx43 is
Jocalized in keratinocytes in the basal layer and in the lower part of
the squamous layer. '

To assess whether individual keratinocytes express both Cx26
snd Cx43, and if this is the case, whether both connexins colocalize
stthe same gap junction plaques, double staining of Cx26 and Cx43
was performed using rabbit anti-Cx26 antibody and a mouse mono-
clonal antibody against Cx43. About 50% of keratinocytes in the
spper part of the squamous layer expressed both Cx26 and Cx43
(Fig 6), but in most cases the localization of connexins was different.
Cx26 was localized on the upper surface, whereas Cx43 was present
on the lower surface. However, on rare occasions, it seemed that
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Figure 3. Immunofluorescent controls. 4,b) Phase-contrast images of new-
born mouse skin. Bar, 30 ym. ¢) Same section as a stained with anti-Cx32
antibody. d) Same section as b in the absence of the primary antibody. e)
Cx26 localization in mouse liver. Bar, 50 um. f) Cx43 localization in mouse
heart. Bar, 30 um.

Cx26 and Cx43 were colocalized in the same gap junction plaques
at a light microscopic level.

Northern Blot Analysis Total RNA from newborn mouse skin
was examined for Cx26, Cx32, and Cx43 using specific DIG-la-
beled RNA probes. Under stringent conditions, clear bands of 2.5
kilobase pair (kb) with the Cx26 probe and 3.1 kb with the Cx43
probe were detected in mouse skin (Fig 7). These are in accordance
with the reported transcript sizes for Cx26 and Cx43 mRNAs
[24,26]. No bands were observed in mouse skin with the Cx32
probe even after longer exposure.

Western Blot Analysis Alkali-treated tissue homogenates of
newborn mouse skin were examined by Western blot analysis using
the same anti-Cx26 and anti-Cx43 antibodies utilized for immuno-
fluorescence. As positive controls, we used mouse liver and rat car-
diac myocytes for Cx26 and Cx43, respectively. The anti-Cx26
antibody showed an ~ 24-kilodalton (kD) band in mouse skin and
mouse liver, whereas the anti-Cx43 antibody reacted with an
- 43-kD band in mouse skin and rat cardiac myocytes (Fig 8). None
of these bands were found in the absence of the primary antibodies
under otherwise similar conditions (data not shown).

DISCUSSION

The present immunofluorescence study has clearly shown that, in
newborn mouse epidermis, keratinocytes express Cx26 and Cx43
and that different connexins are expressed during differentiation of
keratinocytes. Cx26 was demonstrated only in keratinocytes in the
granular layer and in the upper part of the squamous layer. On the
other hand, the expression of Cx43 was limited to keratinocytes in
the basal layer and in the lower part of the squamous layer. Al-
though some keratinocytes in the squamous layer expressed both
Cx26 and Cx43, Cx26 was localized on the upper surface, whereas
Cx43 was present on the lower surface of the plasma membrane of
those keratinocytes. The Northern and Western blot analyses con-
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Figure 4. Double immunofluorescent staining of Cx26 or Cx43, and kera-
tins K5/6 in newborn mouse skin. a,b) Phase-contrast images. Bars, 10 ym.
¢) Same section as a stained with anti-Cx26 antibody. d) Same section as b
stained with anti-Cx43 antibody. ¢) Same section as a stained with anti-K5/6
-antibody. f) Same section as b stained with anti-K5/6 antibody. Arrows,
borders between epidermis and dermis.

firmed that Cx26 and Cx43, but not Cx32, were expressed at
mRNA and protein levels in newborn mouse skin that included not
only epidermis but also dermis.

With regard to the presence of both Cx26 and Cx43 in keratino-
cytes, the data we obtained in the present study are consistent with
reports that mouse primary keratinocytes in culture express both
Cx26 and Cx43 [16], and that Cx43 and Cx26 are expressed in
keratinocytes of the rat epidermis [31,34]. In contrast, our data are
inconsistent with those of Guo ef al [18] and Meda et al,* who
reported that Cx43 is localized in regions of cell/cell contact of
suprabasal cells, but not in basal or lower spinous keratinocytes in
normal adult human skin and neonatal foresiin. They could find no
Cx26 in any cell types in the skin. The most probable explanation
for the discrepancy is species difference, not age difference, because
newborn mouse skin differs markedly from adult human skin from
both the developmental and the histologic viewpoints, and we
found Cx26 in keratinocytes in adult mouse epidermis (data not
shown).

Nishi et al [35] demonstrated that gap junctional gene expression
can be modulated during the differentiation of a single cell type.
They found that during differentiation of F9, teratocarcinoma cell
line Cx32 was detected only in the visceral endoderm population,
although all the different cell types expressed Cx43 mRNA at very

* Meda P, Masgrau E, Saurat J-H, Salomon D: Identification of connexin
43, a gap junction protein, of human epidermis (abstr). J Invest Dermatol
95:480, 1990

Figure 5. Double immunofluorescent staining of Cx26 or Cx43, and kera-
tin K10 in newborn mouse skin. a,b) Phase-contrast images. Bars, 10 ym. o
Same section as a stained with anti-Cx26 antibody. d) Same section as b
stained with anti-Cx43 antibody. ¢) Same section as a stained with anti-K10
antibody. f) Same section as b stained with anti-K10 antibody. Arrows
borders between epidermis and dermis. g

high levels and expressed Cx26 mRNA at different levels. Stuten-
kemper et al [36] also found that the Cx phenotype is sensitive to the
differentiated state of the cell, that is, the hepatocyte-specific phe-
notype of murine liver cells correlates with high expression of Cx32
and Cx26 but with very low expression of Cx43. In the present
study, we found that during terminal differentiation of keratino-
cytes in mouse epidermis, the Cx expression is modulated from
Cx43 to Cx26 and that some keratinocytes express both connexins,
Our results are in agreement with the findings obtained by Risek e
al [31] for rat skin development. They observed differential expres-
sion of Cx43 and Cx26 in the newly formed epidermal layers,
coinciding with the differentiation of the rat epidermis.

The mechanisms underlying normal keratinocyte differentiation
involve the regulation of expression of a number of structural and
non-structural genes [37]. Among them, keratins are the most
prominent proteins of keratinocytes and the major differentiation
product of skin. In the basal layer, keratinocytes synthesize keratins
K5 and K14. In suprabasal cells, K5 and K14 gene expressions are
repressed and synthesis of a new subset of differentiation-specific
keratins, K1 and K10, is initiated. These become the quantitatively
predominant proteins of differentiated keratinocytes. It has been
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Figure 6. Double immunofluorescent staining of Cx26 and Cx43 in new-
born mouse skin. a) Phase-contrast image. Bar, 10 um. .b) Same section
szined with anti-Cx26 antibody. ¢) Same section stained with mouse mono- 3 1 e
clonal antibody against Cx43. The same cell is marked by asterisks. 2 1 5 8 -

shown that keratin expression is largely regulated at the transcrip- L
tional level by hormones, vitamins, and calcium [37,38] and that
Leratinocyte-specific expression is controlled complexly through Wiignze: &, "Wetena los snalyses S Cort nnil S28 i nenhioen tonse

interactions among various hormones, vitamins, 'their nuclear re- skip, rat cardiac myocytes, and adult mouse liver. Proteins extracted as de-
ceptors, and upstream regulatory regions of keratin genes [37,39- scribed in Materials and Methods (about 20 pg/lane) were separated by SDS-
# PAGE and transferred to nitrocellulose. Lanes 1-4 were stained with

’I"hc turn-on of Cx43 in the basal layer, its subsequent shut-off in ~ Ponceau S. Lanes 5-7 were reacted with anti-Cx43 antibody. Lanes 8-10

were reacted with anti-Cx26 antibody. Lane 1, molecular weight marker;

- f Cx26 in the suprabasal .
the suprabasal layers, and the turn-on o P lanes 2, 5, and 8, newborn mouse skin; lanes 3, 6, and 9, rat cardiac myocytes;

layers are cxpectqd to be regulate.d at the lcy el o.f transcrlptll;m, as}lln lanes 4, 7, and 10, adult mouse liver. The anti-Cx43 antibody shows an
the case of keratin gene expression, but lietle is known about the %5 1y (arrowhead) in mouse skin (lane 5) and rat cardiac myocytes
molecular mechanisms underlying nssuc.-spcc&ﬁc and differentia- (lane 6). The anti-Cx26 antibody reacts with an ~ 24-kD band (arrowhead)
tion-dependent gene expression of connexins. Hennemann et al [42] in mouse skin (lane 8) and adult mouse liver (lane 10).
very recently reported se%uences of mouse Cx26 and Cx32 pro-
moter regions. In spite of the fact that both genes show similar
genomic organization, consensus-binding sites for transcription

factors in the putative promoter regions of both genes revealed few

common denominators. The distinct features of promoter se-
quences of the two Cxs could explain the phenomenon of keratino-

cxzs CX32 CX’43 cytes expressing Cx26, but not Cx32. However, any of the possible
common regulatory elements involved in keratinocyte-specific
1 2 3 4 56 7809 gene expression have been identified in the mouse Cx26 promoter

region [42]. To date, no reports have appeared concerning the pro-
moter region of mouse Cx43 gene. Bertram and colleagues [18,43]
reported that retinoids or retinoic acid increased Cx43 mRNA and

28S 28S 28S Cx43 protein in intact human skin, cultured keratinocytes, and
=g ¥ : “ o C3H 10T1/2 cells, at least at a certain concentration. Retinoic acid
may directly regulate Cx43 expression by interaction with its recep-

' £ " 188 tor and the Cx43 gene, or indirectly by negative control of tran-

18S 18S — scription of a number of differentiation-specific epidermal genes.
et . \ Further studies on regulatory regions of the Cx43 gene and func-

tional analysis of the putative regulatory elements reported earlier
by gel-shift assays and by reporter gene constructs are necessary to
understand the molecular mechanisms of differentiation-specific
Cx gene expression in epidermis.

Recent molecular cloning studies have shown that new members
of the connexin family, that is, two Cx31 transcripts of 1.9 and 2.3
kb [44], the 1.6-kb Cx31.1 mRNA, and two Cx30.3 transcripts of
1.9 and 3.2 kb [45], are expressed in mouse skin and keratinocyte-
derived cell lines. When appropriate antibodies against these con-
nexins become available, it would be of interest to examine whether
expression of these Cx genes is related to terminal differentiation of
keratinocytes.

In conclusion, we have immunohistochemically studied the ex-
Figure 7. Northern blot analyses for Cx26, Cx32, and Cx43 in newl?om pression of connexins in keratinocytes in newborn mouse epi S
mouse skin, adult mouse heart, and liver. Total RNAs (20 ug) were fraction-  1,is e have demonstrated that Cx26 was expressed in keratino-
ated by electrophoresis in a 1% agarosc-formaldehyde gel and hybridized cytes in tlie granular layer and in: the upper part of the squamous
with digoxigenin-labeled Cx26 (lanes 1-3), Cx32 (lanes ) and. Gx43 layer, whereas Cx43 was localized in keratinocytes in the basal layer

! 7-9). Lanes 1, 4, and 7, newborn mouse skin; lanes 2, 5, : |
ﬁ;ﬂ?ﬁ:ﬁ:g hcart;)lanc; 3, 6, and 9, adult mouse liver. The lower half and in ic 10"‘"3".[)5“*f of the anuaméuszlgyer. The modulat(;on. of
of the figure shows ethidium bromide staining of ribosomal RNAs before connexin expression from Cx43 to Cx26 appears to occur during

mansfer to membranes differentiation of keratinocytes in mouse epidermis.
ans ‘
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