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A B S T R A C T

Background: The epidermis possesses regenerative properties that become apparent only after wounding.
Atypical protein kinase C (aPKC) isoforms aPKCz and aPKCl form a ternary complex with Par3 and Par6,
and play crucial roles in establishing and maintaining epithelial cell polarity. The epidermal loss of
aPKCl results in progressive depletion of hair follicle stem cells. However, it is unclear whether aPKCs
have equivalent activities in epidermal regeneration.
Objectives: To clarify functional differences between aPKCz and aPKCl in cutaneous wound healing.
Methods: We compared cutaneous wound healing processes in vivo using mutant mice with genetic
deletion of each aPKC isoform. We also analyzed functional differences between aPKCz and aPKCl in cell
proliferation, directional cell migration, and formation of microtubules in vitro using primary
keratinocytes established from each mutant mouse.
Results: Wound healing was significantly retarded in epidermis-specific aPKCl knockout mice. In aPKCl-
deleted keratinocytes, the correct orientation of cell protrusions toward the wound was disrupted
through the destabilization of Par6β. The elongation of stabilized β-tubulin was also deteriorated in
aPKCl-deleted keratinocytes, leading to defects in cell spreading. Conversely, wound healing and
directional cell migration in aPKCz-deleted mice were comparable to those in their control littermates.
Conclusions: aPKCs are not functionally equivalent; aPKCl, but not aPKCz, plays a primary role in
cutaneous wound healing.
© 2019 Japanese Society for Investigative Dermatology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

The mammalian epidermis has a polarized and stratified
structure. Atypical protein kinase C (aPKC) is a crucial component
of the aPKC/Par3/Par6 ternary complex, which is localized at the
apical domain of epithelial cells and functions as a determinant of
cell polarity [1,2]. The aPKC-Par complex presumably interacts
with the spindle orientation machinery composed of Gαi3, LGN,
mInsc, NuMA, and dynactin [3,4] and is implicated in Notch
signaling-mediated epidermal stratification, differentiation, and
barrier formation [3].
Abbreviations: aPKC, atypical protein kinase C; HF, hair follicle; HFSC, hair
follicle stem cell.
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Mammals possess two aPKC isoforms, aPKCz and aPKCl, which
are expressed in the epidermal basal layer [5]. We and another
group generated conditional epidermis-specific aPKCl-knockout
(aPKCl cKO) mice and found that these mutant mice displayed
progressive hair loss and gradual depletion of the hair follicle stem
cell (HFSC) population with age [6,7].

Wound healing assay represents a classical and useful experi-
mental system to investigate skin regeneration, wherein several
distinct progenitor populations in the hair follicle (HF) mobilize to
the wound area and contribute to re-epithelialization [8,9]. Keratin
15 (K15)-positive progenitor cells located in the bulge/secondary
hair germ region of the HF are transiently involved in re-
epithelialization [10], whereas Lrig1+ cells originating from the
pilosebaceous compartment, Lgr6+ cells in the isthmus, and Gli1+
cells in the upper bulge region contribute to long-term epidermal
healing [11–14]. Given these findings, it is important to investigate
the wound healing processes in aPKCl cKO mice, in which the HFSCs
are mislocalized and gradually depleted [6,7].
er B.V. All rights reserved.
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Cell polarization and directional cell migration are crucial
steps in wound healing, and aPKCs have been implicated in
these processes [15]. In rodent primary astrocytes and
embryonic fibroblasts, the Cdc42/Par/aPKC complex and the
noncanonical Wnt signal transduction pathways cooperate to
promote cell polarity [16–18]. These reports mainly examined
the role of the aPKCz isoform in directional cell migration
during wound healing. For example, in a scratch-wound assay
on a monolayer of rat astrocytes, aPKCz is strongly activated
and associates with Par6 and Cdc42 [17]. As for keratinocytes,
TIAM1, which is a Rac exchange factor and associates with Par3
and aPKCz at the leading edge of keratinocytes, regulates cell
migration [19]. However, these results did not exclude the
possibility that aPKCl is involved in directional cell migration.
Remarkably, in contrast to aPKCl cKO mice, no skin phenotypes
were reported in aPKCz KO mice [20]. Thus, it remains unclear
whether aPKCz and aPKCl are functionally equivalent in
directional cell migration during wound healing. Here, we
aimed to answer these questions using mutant mice with
genetic deletion of each aPKC isoform to assess their roles in
cutaneous wound healing in vivo.

2. Materials and methods

2.1. Animals

Generation of aPKCz knockout (aPKCz KO, Prkcz–/–) mice
and conditional epidermis-specific aPKCl-knockout (aPKCl cKO,
keratin 5-Cre; aPKClDE5/DE5) mice is described elsewhere [7,21].
Prkcz+/– and keratin 5-Cre; aPKClDE5/+ mice were used as
controls. All animal experiments were approved by the animal
research committee of Akita University School of Medicine (No.
26-1-84).

2.2. Antibodies

Primary antibodies used in this study and their working
dilutions in immunohistochemistry were as follows: keratin 14
(1:1000, Covance, Princeton, NJ, USA), keratin 15 (1:50, Thermo
Fisher Scientific, Waltham, MA, USA), Par3 (BD Biosciences,
Franklin Lakes, NJ, USA), Par6β (Santa Cruz Biotechnology, Santa
Cruz, CA, USA), β-catenin (BD Biosciences), GSK3β (BD Biosciences),
phospho-GSK3β (Cell Signaling Technology, Danvers, MA, USA),
Numb (Cell Signaling Technology), phospho-Numb (Cell Signaling
Technology), vinculin (1:1000, Signa, Saint Luis, MO, USA), GM130
(1:500, BD Biosciences), β-tubulin (1:100, Cell Signaling Technolo-
gy), Acti-stain 488 fluorescent phalloidin (100 nM, Cytoskeleton,
Denver, CO, USA), and anti-α-actinin (1:100, Cell Signaling
Technology).

2.3. Wound healing and morphometric analysis of wound closure

Full-thickness wounds (2.25 cm2; 1.5 cm � 1.5 cm) were gener-
ated on the mid-back of 7–8-week-old mice. Wounds were
photographed using a scale, and wound areas were calculated
using Image J Software (National Institutes of Health, Bethesda,
MD, USA). Histology and immunohistochemistry were performed
as described previously [7].

2.4. Golgi reorientation

Golgi reorientation was measured as previously described [17].
Briefly, the cells in the front 1–2 rows facing the wound, in which
the Golgi was within the 120-degree sector, were regarded as
positive.
2.5. In vitro wound healing assay and morphometric analysis

Skin specimens removed from euthanized newborn mice were
incubated in Dulbecco’s modified Eagle’s medium (DMEM; Life
Technologies, Carlsbad, CA, USA) supplemented with 10% fetal
bovine serum (FBS) and 2 mg/ml dispase (Invitrogen, Waltham,
MA, USA) at 4 �C overnight. After peeling off the dermis, the
epidermis was further incubated in 0.25% trypsin/0.02% ethyl-
enediaminetetraacetic acid (EDTA) (Life Technologies) for 15 min
at 37 �C. Keratinocytes were seeded at a density of 8 � 105 cells per
well in a 12-well culture plate on a coverslip coated with type I
collagen (Nitta Gelatin Inc., Osaka, Japan) and incubated in
keratinocyte growth medium (KGM; Kurabo, Osaka, Japan)
supplemented with bovine pituitary extract (BPE) and human
epidermal growth factor (hEGF) until reaching confluence. After
the medium was replaced with KGM without BPE and hEGF, the
cells were further incubated for 24 h, and an artificial linear wound
was created using a 200-ml pipette tip. Plates were fixed with
methanol at 24, and 48 h after wounding and stained with 0.5%
crystal violet in 50% methanol.

After photographs of five independent fields were taken for
each well at 0, 24, and 48 h following wounding, wound areas were
outlined using Image J software, and the outlined areas were
calculated. The percent wound confluence was calculated using the
following equation:

% wound confluence = [(A � B) � 100]/A

where A is the wound area of the initial scratch wound, and B is the
wound area of the scratch wound 24 or 48 h after wounding.

2.6. Cell proliferation assay

Primary keratinocytes prepared as described above were
seeded at a density of 1 �105 cells per well in triplicate in a 24-
well plate. On the day of the assay, the medium was replaced with
0.5 ml of DMEM without FBS containing 10% Alamar blue
(Invitrogen). After 4 h of incubation, 0.1 ml of the medium from
each well was transferred to a 96-well microplate. Fluorescence
(540 nm excitation, 590 nm emission) was measured on a
Fluoroskan Ascent Microplate Fluorometer (Thermo Electron Oy,
Waltham, MA, USA) on days 0, 2, 4, and 6.

2.7. Western blot analysis

Epidermal samples were homogenized in 1� RIPA buffer
(50 mM Tris–HCl pH 7.5, 1% NP-40, 0.5% sodium deoxycholate,
0.1% SDS, 150 mM NaCl, 1 mM EDTA) containing cOmplete Mini
protease inhibitor cocktail (Roche, Mannheim, Germany) and
PhosSTOP phosphatase inhibitor cocktail (Roche) and micro-
centrifuged. The supernatants were subjected to sodium dodecyl
sulfate -polyacrylamide gel electrophoresis and electrotrans-
ferred to a polyvinylidene difluoride membrane, which was then
soaked in 5% non-fat milk in 1 � phosphate buffered saline. The
membrane was incubated with primary antibodies and then with
horseradish peroxidase-conjugated secondary antibody (GE
Healthcare Life Sciences, Marlborough, MA, USA). Detection
was carried out using a Clarity Western ECL substrate (Bio-Rad,
Hercules, CA, USA).

2.8. Quantification and statistical analysis

Data are presented as the mean � standard deviation (SD).
The significance of differences between groups for quantitative
data was determined using the unpaired two-tailed Student’s
t-test in Microsoft Excel 2011 (Microsoft, Redmond, WA, USA).



Fig. 1. Retarded wound healing in epidermis-specific aPKCl-knockout mice. (A) Representative macroscopic views of the wound healing processes in control (left column,
n = 10), aPKCz KO mice (middle column, n = 5), and aPKCl cKO mice (right column, n = 10). Post-wound days (PWD) are indicated. Yellow dotted lines indicate wound scars.
Bar = 1 cm.(B)Percent Openwoundareameasured at indicatedpost-wounddays.TheratiowasexpressedasthewoundareaattheindicatedPWDdividedbytheinitialwoundarea.
*p < 0.01. (C) Anti-K14 antibody immunostaining of the sections of the wound at the indicated PWDs. Bar = 500 mm. Blue and red triangles indicate the original and healing
wound edges, respectively. (D) Quantification of the distance between the healing wound edges at the indicated PWDs in control (10 sections at PWD10,16 sections at PWD 13,
and 13 sections at PWD 15) and aPKCl cKO (7 sections at PWD10, 14 sections at PWD 13, and 12 sections at PWD 15) mice. Data are presented as the mean � SD. *p < 0.01. (E)
Immunohistochemistry of the regions adjacent to the wound in control and aPKCl cKO mice at PWD 17 using an anti-K15 antibody. White arrows, the normal skin–wound
border. Brackets, K15-positive HFSCs. Bar = 100 mm. (F) Quantification of the wound area at PWD 26 in the aPKCz control (n = 12), aPKCz KO (n = 12), aPKCl control (n = 23), and
aPKCl cKO (n = 22) mice. ns, not significant. **p < 0.001. (G) Macroscopic views of wound scars in control and aPKCl cKO mice at PWD 180. Bar = 1 cm.
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3. Results

3.1. aPKC isoforms differentially contribute to integumentary structure
development

Two isoforms of aPKC, aPKCz and aPKCl, are expressed in the
epidermis [5]. Although aPKCl cKO mice are known to show
progressive hair loss [6,7], the precise role of aPKCz in the
epidermis and the adnexal structures has not yet been fully
elucidated. Therefore, we first examined integumentary structure
development in aPKCz KO mice [21]. The integumentary
structures of aPKCz KO mice were grossly and histologically
indistinguishable from those of control mice (Fig. S1A–C).
Fig. 2. Impaired directional cell migration in aPKCl-deleted keratinocytes. (A) S
aPKCz control (n = 5 for 24 h, n = 3 for 48 h), aPKCz KO (n = 2 for 24 h, n = 3 for 48 h), aPKC
48 h). The cells were stained 24 h (upper panels) and 48 h (lower panels) after wounding u
are shown. Bar = 500 mm. (B) Percent wound confluence 24 h after wounding. Data are pre
wounding. *p < 0.05. (D) Cell proliferation assay in cultured aPKCz control, aPKC z-del
experiment was performed in triplicate. Representative data for three independent exp
Moreover, in contrast to aPKCl cKO mice, where the expression
of HFSC markers was diminished and/or mislocalized [6,7], HFSC
markers were normally expressed, and the number of HFSCs was
not changed in aPKCz KO mice (Fig. S2A–C). These results
indicated that aPKCz is dispensable for epidermal and adnexal
development.

3.2. Cutaneous wound healing retardation in aPKC l cKO mice

Because K15-positive HFSCs, which are transiently involved
in re-epithelialization during wound healing [9,10], are gradu-
ally depleted in aPKCl cKO mice [6,7], we hypothesized that
wound healing processes are impaired in the mutant mice. To
cratch wound healing assay on a monolayer of primary keratinocytes from the
l control (n = 3 for 24 h, n = 5 for 48 h), and aPKCl cKO mice (n = 5 for 24 h, n = 11 for
sing 0.5% crystal violet. Representative images of the wound areas for each genotype
sented as the mean � SD. *p < 0.1, **p < 0.05. (C) Percent wound confluence 48 h after
eted, aPKCl control, and aPKC l-deleted keratinocytes at 0, 2, 4, and 6 days. Each
eriments are shown. a.u., arbitrary unit. *p < 0.05.
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examine this possibility, a 2.25 cm2 (1.5 cm � 1.5 cm) full-
thickness wound was created on the mid-back of 7–8-week-
old control and mutant mice for each aPKC isoform. Because
aPKCl cKO mice show growth retardation and surgical insult on
younger mice resulted in early death, we created the wounds in
7-8-week-old mice.

At post-wound day (PWD) 6, no clear difference was
observed in wound closure between control and aPKCl cKO
mice (Fig. 1A). However, wound healing was noticeably
retarded at PWD 13 in aPKCl cKO mice (Fig. 1B). In control
and aPKCz KO mice, scab shedding and re-epithelialization  were
completed at around PWD 17 and PWD 20, respectively.
However, in aPKCl cKO mice, these wound healing processes
were significantly delayed (Fig. 1A). Keratin 14 immunostaining
revealed that the wound was re-epithelialized in aPKCl control
mice at PWD 15 below the scab, whereas re-epithelialization
was not completed in the aPKCl cKO mice at this time-point
(Fig. 1C, D). As expected, K15+ bulge stem cells were diminished
in the peri-wound HFs of aPKCl cKO mice (Fig. 1E). Wound
contraction was also severely impaired in aPKCl cKO mice. The
average wound area at PWD 26 was about 1.7-fold larger in
aPKCl cKO mice (0.47 � 0.13 cm2) than in l control (0.28 � 0.09
cm2), z control (0.26 � 0.09 cm2), and aPKCz KO mice
(0.32 � 0.10 cm2) (Fig. 1F). The wound scar on the back of
aPKCl cKO mice showed no considerable contraction even at
PWD 180 (Fig. 1G). These results suggest that the delayed
wound healing in aPKCl cKO mice results from defects in
epidermal cell migration and wound contraction.
Fig. 3. Randomization of the direction of cellular protrusions in aPKCl-deleted ker
(n = 3), aPKCz-deleted (n = 3), aPKCl control (n = 3), and aPKCl-deleted (n = 5) keratin
Representative data are shown. Nuclei were counterstained with DAPI. Dotted white line
the direction of actin protrusions. Note that the scale bars in aPKCl-deleted keratinocy
3.3. The loss of aPKCl impaired keratinocyte migration

We next performed an in vitro scratch wound assay to examine
whether the defect in wound closure in aPKCl cKO mice does
indeed result from defective migratory activity of keratinocytes. A
scratch wound was created on a primary keratinocyte monolayer
prepared from control and each of the aPKC KO mice. Wound
confluence was markedly decreased in aPKCl-deleted keratino-
cytes at both 24 and 48 h after scratching compared to that in
controls and aPKCz-deleted keratinocytes (Fig. 2A–C). The percent
wound confluence after 24 h was 39.9 � 6.57% in z control,
37.6 � 2.44% in aPKCz KO, 43.3 � 9.17% in l control, and
18.8 � 2.84% in aPKCl cKO mice; it was 56.2 �10.5% in z control,
49.8 � 10.03% in aPKCz KO, 54.4 �16.0% in l control, and
24.8 � 5.0% in aPKCl cKO mice after 48 h.

The impaired wound confluence in aPKCl-deleted keratino-
cytes could be explained by defects in cell proliferation or
migration. As shown in Fig. 2D, primary keratinocytes from aPKCl
cKO mice showed markedly higher cell proliferation activity than
controls and aPKCz-deleted keratinocytes. These results suggest
that delayed wound healing in aPKCl cKO mice was not due to
impaired cell proliferation in the epidermis.

3.4. Directional cell migration was impaired in aPKCl-deleted
keratinocytes

Wenextexaminedwhetherthedirectionalcellmigrationtowardthe
wound was affected in aPKCl-deleted keratinocytes. A major
atinocytes. Closer views of wound-edge primary keratinocytes from aPKCz control
ocytes stained with phalloidin (green) and α-actinin (red) 48 h after wounding.
s indicate the scratched wound (w) borders. Bar = 10 mm. Yellow asterisks indicate
tes are longer than those in the control and aPKCz-deleted keratinocytes.
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consequence of disruption of the monolayer is to induce polarity in cells
proximal to the scratch. One aspect of polarization is the formation of
actin-rich protrusions, specificallyat the frontof the cell [22]. Becauseα-
actinins, actin cross-linking proteins, localize to the lamellipodial
extension of motile cells [23,24], we used α-actinin as a marker for the
leadingedge. In controlsandaPKCz-deleted keratinocytes,wound-edge
keratinocytes extended unidirectional cellular protrusions toward the
scratch wound, whereas the direction of cellular protrusions was
random in aPKCl-deleted keratinocytes (Fig. 3). These results suggest
that aPKCl, but not aPKCz, regulates directional cell migration during
cutaneous wound healing.

3.5. The epidermal loss of aPKC l destabilized Par6β

Another aspect of polarization involves the microtubule
cytoskeleton and can be visualized as reorientation of the Golgi
[17]. As shown in Fig. 4A, Golgi reorientation was also disturbed in
Fig. 4. The loss of epidermal aPKCl destabilized Par6β. (A) Representative images of th
immunostained with an anti-GM130 antibody. Genotypes are indicated. Bar = 50 mm. Ye
the Golgi reorientation. At least 200 cells of each genotype (n = 3) were examined. *
aPKCz control, aPKC z KO, aPKCl control, and aPKC l cKO mice with indicated antibodies
levels of β-tubulin were used as a loading control.
aPKCl-deleted migrating keratinocytes. In aPKCz control, aPKCz-
deleted, and aPKCl control, approximately 45% of migrating
primary keratinocytes facing the wound had the Golgi in the
forward-facing 120-degree sector, whereas this percentage was
significantly decreased to approximately 10% in aPKCl-deleted
keratinocytes (Fig. 4B).

To examine the mechanisms underlying the observed cell
migration defects in aPKCl-deleted keratinocytes, we examined
the expression of Par3, Par6β, and components of the Wnt signaling
pathway at the protein level. As shown in Fig. 4C, the expression
level of Par3 was unchanged in the aPKCl-deleted epidermis,
whereas that of Par6β was significantly decreased. Concomitantly,
the level of phosphorylated GSK-3β was increased. Although in
HeLa cells suppressed expression of both aPKCz and aPKCl by
siRNAs reduced the phosphorylation of Numb [25], the level of
phosphorylated Numb was unchanged in aPKCl-deleted epider-
mis. The expression levels of Par3 and Par6β were unchanged in the
e Golgi reorientation of the migrating keratinocytes facing the wound. The Golgi was
llow asterisks indicate the Golgi within the 120-degree sector. (B) Quantification of
p < 0.05, **p < 0.001. (C) Immunoblot analysis of the newborn epidermis from
. The phosphorylated forms of GSK3β and Numb are indicated by the prefix 'p'. The
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aPKCz-deleted epidermis. These results suggested that aPKCl, but
not aPKCz, regulates directional cell migration through the
stabilization of Par6β and the phosphorylation status of GSK-3β.
Because the interaction between Par6 and aPKC is mediated by the
catalytic domain of aPKCs and the PDZ domain of PAR6 [26,27], the
lack of aPKCl may destabilize Par6β.

3.6. The loss of epidermal aPKCl affected the elongation of stabilized
β-tubulin

Closer inspection of wound-edge keratinocytes revealed that
cell spreading was also impaired in aPKCl-deleted keratinocytes
(Fig. 5A). Control and aPKCz-deleted wound-edge keratinocytes
formed well-developed lamellipodia towards the wound com-
pared to aPKCl-deleted keratinocytes. Morphometric analysis
of wound-edge keratinocytes further revealed that the average
cell areas for aPKCz control, aPKCz-deleted, aPKCl control,
and aPKCl-deleted keratinocytes were 3,913 � 1,627 mm2,
3,840 � 1,391 mm2, 2,775 �1,503 mm2, and 1,485 � 905 mm2,
respectively (Fig. 5B).

The defects in the cell spreading of aPKCl-deleted keratino-
cytes can be explained by the defects in cell-substrate adhesion.
The expression of vinculin, an adaptor protein controlling cell-
substrate adhesion signaling, was unchanged in aPKCl- and
aPKCz-deleted epidermis (Fig. 4C). However, immunostaining with
an anti-β-tubulin antibody revealed that the extension of stabilized
β-tubulin microtubules was perturbed in aPKCl-deleted kerati-
nocytes (Fig. 5C), suggesting that the defects in the cell spreading
of aPKCl-deleted keratinocytes could be explained by this
impairment of microtubule extension.
Fig. 5. Defects in microtubule extension in aPKCl-deleted keratinocytes. (A) Closer
comparisons of the cell areas for wound-edge keratinocytes. The keratinocytes facing the 

More than 150 cells per genotype were included. A black dot in each box plot denotes the m
the wound immunostained with an anti-β-tubulin antibody. Bar = 10 mm.
4. Discussion

Here, we revealed that two aPKC isoforms expressed in the
epidermis are differentially implicated in cutaneous wound
healing. Previous in vitro studies indicated that aPKCz controls
directional cell migration during wound healing [16–18]. However,
functional differences between aPKCz and aPKCl in wound healing
has not been directly addressed except that overexpression of
aPKCz, but not aPKCl, inhibits astrocyte polarization [17]. Using
genetically deleted mice for each aPKC isoform, we found that
aPKCl plays a primary role in cutaneous wound healing in vivo. We
also demonstrated that aPKCl regulates the direction of cellular
protrusions of migrating keratinocytes during wound healing and
that the protein levels of Par6β are destabilized in aPKCl-deleted,
but not in aPKCz-deleted keratinocytes. This is consistent with the
previous observation that aPKCl knockdown in MDCK cells
decreased the protein level of Par6β [28].

In scratch-induced astrocyte migration the Cdc42/Par6/
aPKCz pathway phosphorylates glycogen synthase kinase-3β
(GSK-3β) to inhibit its catalytic activity and the phosphorylation
of GSK-3β leads to its dissociation from aPKCz [18]. In contrast,
we showed that the GSK-3β phosphorylation level was increased
in the absence of aPKCl. Although we currently do not know
how the phosphorylation of GSK-3β was upregulated in the
aPKCl-deleted keratinocytes, the loss of aPKCl may activate
other kinase(s), inactivate phosphatase(s), or release the
inhibitory effects of GSK-3β�interacting proteins. Increased
phosphorylated GSK-3β may lose its accessibility to aPKCz,
which further promotes the randomized migration direction of
aPKCl-deleted keratinocytes.
 views of wound-edge primary keratinocytes. Bar = 100 mm. (B) Box plot showing
wound were outlined using Image J software and the area of each cell was calculated.
ean value. ***p < 0.001. (C) Representative images of migrating keratinocytes facing
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Our results that β-tubulin elongation was disrupted in aPKCl-
deleted, but not in aPKCz-deleted keratinocytes, were inconsistent
with the previous results that treatment of wild-type keratinocytes
with a chemical aPKCz inhibitor disrupted α-tubulin stabilization
[18]. Moreover, the RNAi-based experiments in astrocytes,
embryonic fibroblasts, and HeLa cells showed that aPKCz plays
an important role in cell migration. The differences in cell types,
methods of gene inactivation and their specificities, and the
proteins interacting with each aPKC isoform may account for this
discrepancy.

Accumulating evidence indicates a role of the Wnt signaling
pathway in cytoskeletal remodeling and cell motility. Wnt5a
induces the Cdc42/Par6/aPKC complex [16] and the Dishevelled
(Dvl)/Dishevelled-associating protein with a high frequency of
leucine residues (Daple)/aPKC complex [29] to promote cell
polarity and migration. In HEK293 T cells, aPKCl, but not aPKCz,
associates with the Daple/Dvl complex [29]. Thus, it is possible that
the destruction of the Daple/Dvl/aPKC complex as well as the
Cdc42/Par/aPKC complex may also be involved in the randomized
migration direction in aPKCl-deleted keratinocytes. Consistent
with our data, Daple deficiency was shown to impair epithelial cell
migration in vivo during cutaneous wound healing [29].

Enough attention has not been paid to the functional differ-
ences between aPKCz and aPKCl. Here we show that aPKCs are not
functionally equivalent; aPKCl, but not aPKCz, plays a primary role
in cutaneous wound healing. Our results suggest that aPKCs
differentially regulate a wide range of biological processes
depending on the context.
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