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Abstract

Failure of palatogenesis results in cleft palate, one of the most common congenital disabilities in humans. During the final phases of
palatogenesis, the protective function of the peridermal cell layer must be eliminated for the medial edge epithelia to adhere properly,
which is a prerequisite for the successful fusion of the secondary palate. However, a deeper understanding of the role and fate of the
periderm in palatal adherence and fusion has been hampered due to a lack of appropriate periderm-specific genetic tools to examine
this cell type in vivo. Here we used the cytokeratin-6A (Krt-6a) locus to develop both constitutive (Krtéai-Cre) and inducible (Krtéai-
CrefRT2) periderm-specific Cre driver mouse lines. These novel lines allowed us to achieve both the spatial and temporal control needed
to dissect the periderm fate on a cellular resolution during palatogenesis. Our studies suggest that, already before the opposing palatal
shelves contact each other, at least some palatal periderm cells start to gradually lose their squamous periderm-like phenotype and
dedifferentiate into cuboidal cells, reminiscent of the basal epithelial cells seen in the palatal midline seam. Moreover, we show that
transforming growth factor—f3 (TGF-p) signaling plays a critical periderm-specific role in palatogenesis. Thirty-three percent of embryos
lacking a gene encoding the TGF-f type | receptor (Tgfbrl) in the periderm display a complete cleft of the secondary palate. Our
subsequent experiments demonstrated that Tgfbr/-deficient periderm fails to undergo appropriate dedifferentiation. These studies
define the periderm cell fate during palatogenesis and reveal a novel, critical role for TGF-f3 signaling in periderm dedifferentiation, which
is a prerequisite for appropriate palatal epithelial adhesion and fusion.

Keywords: cleft palate, cell biology, cell differentiation, growth factor(s), morphogenesis, craniofacial biology/genetics

gene targeting technologies, which have allowed manipulation
of genes and development of specific molecular tools. In this
context, neural crest—specific Cre driver lines (Wntl-Cre and
P0-Cre), a palatal mesenchyme-specific driver line (Osr2-Cre),
and an epithelium-specific driver line (Krt14-Cre) have com-
monly been used to dissect cell type—specific molecular mech-
anisms regulating palate development (Chai et al. 2000; Dudas
et al. 2006; Xu et al. 2006; Lan et al. 2007; Liu et al. 2012).
However, only recently we have started to thoroughly under-
stand the critical role of yet another specific cell type called the
periderm (PD) in palatogenesis (Richardson et al. 2014; Hu
et al. 2015; Richardson et al. 2017). Before palatal fusion, the

Introduction

The development of the mammalian secondary palate (palato-
genesis) is a complex developmental process that takes place
during early embryogenesis (Bush and Jiang 2012; Lan et al.
2015). In palatogenesis, bilateral palatal primordia (palatal
shelves) protrude out from the maxillary process of the first
pharyngeal arch, grow down along the sides of the tongue, and
then rapidly elevate and fuse in the midline. Palatal shelves are
covered by the ectoderm-derived epithelium, while the under-
lying mesenchyme is mostly derived from the neural crest and,
to a lesser extent, from the mesoderm. Failure in palatogenesis
results in cleft palate, one of the most common congenital birth
defects in humans.
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During the past decades, studies exploring molecular mech-
anisms in the palatal mesenchyme and epithelium have unrav-
eled signaling processes and gene regulatory networks that
regulate palatal shelf growth, patterning, elevation, and fusion
(Bush and Jiang 2012; Lane and Kaartinen 2014; Lan et al.
2015). These studies have exposed significant and unique dif-
ferences in epithelial-mesenchymal interactions regulating
morphogenesis of the anterior palate, which eventually forms
the bony hard palate, and of the posterior palate, which contributes
to the formation of the muscular soft palate. These discoveries
have only been made possible by advances in tissue-specific
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PD functions as a protective layer in the oral cavity, preventing
aberrant intraoral adhesions, yet its function has to be elimi-
nated at the sites where the fusion is desired (e.g., the medial
edge epithelial [MEE] cells of the secondary palate) (Hammond
et al. 2019). Previous studies have presented different possi-
bilities for the cellular fate of the palatal midline PD. It has
been suggested that PD cells are sloughed off via a process
called desquamation, that they die via programmed cell death,
and that they migrate to oral and nasal epithelial triangles
(Yoshida et al. 2012; Hu et al. 2015; Richardson et al. 2017).
Nevertheless, the lack of appropriate genetic tools has pre-
vented detailed studies on the exact fate of the palatal periderm
during palatal epithelial fusion.

Transforming growth factor—f§ (TGF-p) signaling has been
shown to be important for successful palatal shelf growth and
fusion both in humans and in animal models (Lidral et al.
1998; Jugessur et al. 2003; Vieira et al. 2003; Xu et al. 2008;
Iwata et al. 2013; Parada et al. 2013). The gene encoding
TGF-B3 (Tgfb3) is specifically expressed in palatal MEE cells
(palatal epithelial cells that are destined to form a contact and
fuse) (Fitzpatrick et al. 1990; Pelton et al. 1990), and mice
deficient in Tgfb3 display a complete cleft of the secondary
palate with 100% penetrance (Kaartinen et al. 1995; Proetzel
et al. 1995). Remarkably, epithelium-specific deletion of the
genes encoding TGF-f type I or type II receptors with the
well-characterized Krt14-Cre driver line (Andl et al. 2004)
never results in complete cleft palate. Instead, these mice typi-
cally display posterior submucous cleft and anterior palatal
hole (i.e., the palatal phenotype in these epithelium-specific
TGF-P receptor mutants was consistently less severe than that
in the Tgfb3 germline mutants) (Dudas et al. 2006; Xu et al.
2006). We have previously hypothesized that this discrepancy
is likely due to the fact that the Krt14-Cre driver line used in
these studies does not recombine in the PD (Lane,Yumoto,
Pisano, et al. 2014) (Appendix Fig. 1). In fact, a specific role
for TGF-B signaling in the control of the PD fate has previ-
ously been suggested by Yoshida et al. (2012) and Hu et al.
(2015), who showed that either chemical inhibition of TGF-3
type I receptor or genetic abrogation of 7gfb3 prevented PD
desquamation. In contrast, Richardson et al. (2017) suggested
that the main role of TGF- signaling is to suppress p63
expression in the basal cells of the MEE, which allows palatal
fusion by facilitating PD migration.

Studies on gene function specifically in the palatal PD dur-
ing palatogenesis have been limited by the fact that there are no
useful PD-specific Cre driver lines currently available. To
address this problem, we searched for genes that are specifi-
cally expressed in the PD of prefusion palatal shelves and iden-
tified cytokeratin-6a (Krt-6a) as a promising candidate.
Subsequently, by using the CRISPR-Cas9 gene-editing tech-
nology, we generated and validated both Krt6ai-Cre and
Krt6ai-Cre®®? knockin mouse lines. These lines were used to
identify the fate of palatal PD and to examine the PD-specific
role of TGF-P signaling during palate fusion.

Materials and Methods

Generation, validation, and characterization of Krt6aiCre and
Krt6aiCre®R? mouse lines:

To generate Krt6aiCre and Krt6aiCref’? mice, we used
CRISPR/Cas9 technology (see Appendix for details). All the can-
didate founder lines showed correct targeting without any unde-
sired mutations. Two independent founders were used for each
line to establish the Krt6aiCre and Krt6aiCrePR™ mouse lines.
They both transmitted to the germline with high efficiency.

Timed matings were set up for Krt6aiCre and Krt6aiCrefR™?
male mice with GtROSA)26Sor™#ACTB-tdTomato-EGFP)Luo/ ]
(mTmG) (Jackson Strain #:007576) female mice. When appli-
cable, tamoxifen was administered at embryonal day 13.0
(E13.0) (0.20mg/g body weight [bw], oral gavage), and
embryos were harvested at E14.0 to E16.0. The Tgfbri-flox
animals have been previously described (Dudas et al. 2006).

This research was conducted in strict accordance with the
recommendations in the Guide for the Care and Use of
Laboratory Animals of the National Institutes of Health. The
study obeys the ARRIVE (Animal Research: Reporting of
Vivo Experiments) guidelines. The experiments described here
are specifically approved by the Institutional Animal Care and
Use Committee at the University of Michigan—Ann Arbor
(Protocol Number: PRO00010216). Mouse colonies were
maintained in a standard microisolator animal facility. Mice
used in this study were maintained in outbred (C57BL/6 x SJL)
background. Both male and female embryos (E14.0-E16.0)
were included in analyses.

Lineage tracing, Inmunohistochemistry, TUNEL
Assays, and Fluorescence Microscopy

Harvested embryos were fixed in 4% paraformaldehyde over-
night at +4°C, transferred to phosphate-buffered saline (PBS),
processed through sucrose gradient to OCT compound, and
embedded for frozen sectioning. Sections (10 pm thick) were
stained overnight with primary antibodies at +4°C (antibodies:
Krt6a, Biolegend 905701; p63, R&D systems AF1916; ZO1,
Invitrogen 33-9100; Krt17, Biolegend 697202; Krt14, Covance
PRB-155P). Binding of each antibody was visualized with
Alexa Fluor 594 and 647 secondary antibodies (ThermoFisher)
on slides mounted with ProLong Diamond (with or without
DAPI). Apoptotic cells were detected with the Biotium CF-Dye
TUNEL assay (30074). Images were acquired using a Nikon
Eclipse C1 confocal microscope or Leica DMi8 controlled by
Leica Application Suite X, 3.7.4.23463 software. Three or
more independent samples were analyzed in each assay.

Histology and DAPI Dilactate Staining

The embryos were harvested in Dulbecco’s phosphate-buff-
ered saline, fixed overnight in 4% paraformaldehyde at +4°C,
and processed for paraffin embedding. Briefly, the embryos
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were dehydrated, oriented, and embedded in fresh Blue Ribbon
Tissue Embedding Medium (Leica Surgipath). Serial sections
(5um thickness) were mounted on Superfrost plus slides
(ThermoFisher) and stored at room temperature. Hematoxylin
and eosin staining was performed using a standard protocol.
The stained sections were viewed and documented using an
Olympus BX51 microscope equipped with an Olympus DP71
digital camera. DAPI-dilactate staining was performed as
described by Sandell et al. (2018). Stained embryos were pho-
tographed using the Leica M165FC epifluorescence stereomi-
croscope equipped with an Olympus DP73 digital camera and
software. Three or more independent samples were analyzed in
each assay.

Image Analysis

Nuclear shape assays (length/width ratio) of green fluorescent
protein (GFP)—expressing cells were conducted by using Leica
AIVIA artificial intelligence—guided image analysis and visu-
alization solutions (AIVIA version 10.0.0). The software was
trained to build a model that identified nuclei and measured the
nuclear shape (length vs. width). The training model was
applied to the control and mutant images (each datapoint rep-
resents an independent sample [mouse embryo]). GraphPad
Prism version 9.3.1 (GraphPad Software) was used to perform
unpaired 2-tailed Student’s ¢ tests, where P values less than
0.05 are considered significant.

Results

KrtéaiCre Induces Recombination in the PD
of the Prefusion Palatal Shelves

Our preliminary studies indicated that the cytokeratin-6a
(Krt6a) protein was specifically located in the PD of prefusion
palatal shelves. Upon palatal shelf contact and fusion, Krt6a-
positive cells could be seen throughout the midline epithelial
seam (Fig. 1).

To develop a PD-specific Cre driver line, we used the
CRISPR/Cas9 gene-editing technology to introduce an iCrepA
cassette in-frame into exon 1 of the Kr#6a gene (Fig. 2). When
crossed with the ROSAmTmG reporter line, we could detect
Krt6ai-Cre—induced recombination in the outer periderm, nos-
trils, ear pinnae, and eyelids in embryos harvested at E14.5
(Appendix Fig. 2). In the oral cavity, recombination was
detected broadly in the superficial PD cells (Appendix Fig. 3).
However, in the sublingual epithelium and superior lingual
epithelium, the Krt6aiCre-induced recombination could be
seen in both the PD and the underlying basal epithelium
(Appendix Fig. 3). In elevated prefusion palatal shelves, we
could detect Krt6ai-Cre—induced recombination specifically in
the superficial PD cells, while the p63-positive basal epithelial
cells did not show recombination (Fig. 2B, C). Just before the
palatal shelves formed a contact with each other, a subset of
cells that had undergone the Krt6aiCre-induced recombination
had lost their flattened phenotype and became more cuboidal
(Fig. 2D). This phenotype became very prevalent (>50% of

m
IS
m
t*

Figure |. Cytokeratin 6a is specifically expressed in the periderm of
prefusion palatal shelves. (A) Palatal shelves before contact at E14. (B)
Palatal midline seam during the early fusion (E14.5). (C) Palatal midline
seam during the late fusion (E15). Green fluorescence, Krtéa; magenta
fluorescence, p63; Counterstaining with DAPI, gray nuclear fluorescence.
White arrowheads mark flattened peridermal layer; red arrowheads
mark Krtéa-expressing cells during fusion.

recombined cells had lost their flattened squamous phenotype)
in the palatal shelves that had formed a contact with each other
(Fig. 5B). Simultaneously, the p63-positive basal epithelial
cells started to show recombination as well, and as a conse-
quence, most of the cells in the forming midline epithelial
seam were recombined by Krt6aiCre (Fig. 2F and Appendix
Fig. 3D). As expected, cell—cell junctions of the flattened peri-
derm stained positive for the tight junction marker, ZO1, while
the cuboidal midline epithelial seam cells showed strong
membrane-bound green fluorescence but had lost the positive
701 staining (Appendix Fig. 4). In prefusion and contacting
palatal shelves, the recombined cells did not show apoptosis,
while the midline seam showed characteristic TUNEL staining
(Appendix Fig. 5) as reported earlier (Cuervo and Covarrubias
2004). To conclude, dynamics and patterns of Krt6aiCre-
induced recombination were very similar to those seen in
immunostaining for Krt6a, as shown in Figure 1.

Some of the Flattened Periderm Cells May
Dedifferentiate to Cuboidal Basal Epithelial-Like
Cells during Palatal Fusion

To be able to more accurately define the fate of palatal PD, we
developed a tamoxifen-inducible Krt6aiCre®®™> mouse line by
using the targeting strategy described above (Fig. 3). These
mice were crossed with ROSA:mTmG mice, and Cre-mediated
recombination in Krt6aiCre®R"?::m TmG mice was induced by a
single dose of intraoral tamoxifen administration at E13.0 (the
amount of tamoxifen was titrated so that only a limited number
of recombined cells could be detected). The embryos were har-

vested and analyzed at E14.0 to EI15.5. As expected,
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Figure 2. Krt6iCre induces recombination in the periderm of prefusion palatal shelves. (A) Schematic of the Krtéa genomic locus and the KrtéaiCre-
targeted locus. Ex|, Ex2, Ex3, Ex4, and Ex5: exons | to 5; green box: iCre; blue box: polyadenylation (pA) sequence. (B) Palatal shelves (PS) before
elevation (EI3.5). (C) Palatal shelves before contact (E[4.0). (D) Palatal shelves almost contacting (early E14.5). (E) Palatal shelves showing the midline
seam (late E14.5). (F) Palatal shelves showing the fusing midline seam (E15.0). B’, C', D', E’, and F’ show the high-power images of the fields illustrated
with hatched boxes in B, C, D, E, and F, respectively. Cells recombined with KrtéaiCre show membrane-bound green fluorescence. Basal epithelial cells
were identified with immunostaining for p63 (red fluorescence; red arrowheads). White arrowheads mark the flattened periderm cells precontact; red

arrowheads mark the p63-positive rounded green fluorescence protein (GFP)—positive cells. Counterstaining with DAPI (blue fluorescence).

in prefusion palatal shelves, the Cre-induced marker gene
recombination could be detected specifically in PD cells,
which displayed a characteristic flattened cell morphology
(Fig. 3C). In contrast, in palatal shelves forming the contact,
the PD-derived cells that showed positive marker gene recom-
bination had lost their flattened phenotype and appeared cuboi-
dal, like those seen in the underlying p63-positive basal
epithelium (Fig. 3D, E). In samples showing the midline seam,
we could detect PD-derived cuboidal GFP-positive cells, some
of which also were weakly positive for the basal epithelial
marker, p63 (Fig. 3F). Both the flattened and cuboidal cells
recombined with Krt6aiCre or Krt6aiCrePR™? stained positive
for Krt14, which has generally been thought to be a basal cell
marker (Athwal et al. 2019), although in the prefusion palate,
it also is present in the palatal periderm (Appendix Fig. 6) (Hu
et al. 2015). These data suggest that upon the palatal fusion, at
least some of the palatal PD cells lose their flattened PD-like
phenotype and dedifferentiate into cuboidal basal cell-like epi-
thelial cells.

Partially Penetrant Cleft Palate Phenotype
in Tgfbr :Krt6aiCre Mutants

To address the role of TGF-f signaling in the PD, we crossed
Krt6aiCre mice with mice carrying the floxed Tgfbri allele.

The resulting Tgfbrl:Krt6aiCre mutants displayed a cleft pal-
ate phenotype with a variable penetrance (Fig. 4). While some
mutants showed incomplete clefts characterized with both
anterior and posterior fusion defects, remarkably, a subset of
Tgfbrl::Krt6aiCre mutants (33%, n=12) displayed a complete
cleft of the secondary palate (Fig. 4C and Appendix Table 1).
Interestingly, the complete cleft phenotype was never seen in
epithelium-specific TGF-B receptor mutants induced with
Krt14-Cre (Dudas et al. 2006; Xu et al. 2006), which does not
induce recombination in the periderm. These data indicate that
TGF-B signaling specifically in the PD plays a crucial role dur-
ing palatal epithelial fusion.

Periderm Cells Deficient in the Gene Encoding
the TGF-B3 Type | Receptor Fail to Undergo
Morphological Changes and Remain Periderm-Like

To compare the fate of periderm cells deficient of Tgfbrl to
thatofwild-typecells, wegenerated Krt6aiCre*: Tgfbri™F::mTmG
mice (mutants) and their Krt6aiCre*:Tgfbri™"":mTmG litter-
mates (controls). In prefusion palatal shelves, Krt6aiCre-
induced similar PD-specific recombination both in controls
and in mutants (Fig. 5 and Appendix Fig. 7). In contrast to
contacting and fusing wild-type palatal shelves, where the
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Figure 3. Lineage tracing with the KrtéiCre®R™

mouse line reveals that upon palatal shelf contact and fusion, periderm (PD) cells dedifferentiate to
cuboidal cells, which are positive for the basal cell marker, p63. (A) Schematic of the Krtéa genomic locus and the KrtéaiCre

ERT2_targeted locus. Ex|,

Ex2, Ex3, Ex4, and Ex5: exons | to 5; green box: iCre; red box: ERT2; blue box: polyadenylation (pA) sequence. (B) Schematic of time of intraoral
tamoxifen administration (E|3: green arrow) and harvest (E14, EI4.5, EI5: black arrows). (C) Palatal shelves elevated. (D, E) Palatal shelves forming a
contact. (F) Palatal shelves fusing showing the midline seam. C’, D', E’, and F’ show the high-power images of the fields illustrated with hatched boxes

in C, D, E, and F, respectively. Cells recombined with Krt6aiCretR™

show membrane-bound green fluorescence. Basal epithelial cells were identified

with immunostaining for p63 (red fluorescence). White arrowhead marks the flattened periderm cell, white arrows mark the more cuboidal cells, and

red arrowhead marks Krt6aiCre®R

recombination could be detected in the PD-derived cells and in
the underlying basal epithelial cells, in mutant littermates, the
recombination remained limited to the flattened PD cells (Fig.
5). In both controls and mutants, the flattened and cuboidal
recombined cells stained positive for Grhl3 and Krtl17, which
are proteins known to be present in the periderm (although
their expression is not specific for the periderm) (Appendix
Fig. 8). Quantitative analysis was performed comparing the
mean nuclear length/width ratio of GFP-expressing cells
among controls and mutants for both pre- and postpalatal shelf
contact. There was no significant difference in mean nuclear
length/width ratio between controls (mean=3.471) and
mutants (mean=3.632) before palatal shelf contact, while

recombined cell also expressing p63. Counterstaining with DAPI (blue fluorescence).

mutants with postcontact palatal shelves (mean=4.747)
showed a significantly higher mean nuclear length/width ratio
as compared to their control counterparts (mean=1.920) (Fig.
5). This analysis aligns with the observation that periderm cells
remain squamous before palatal shelf-contact in both controls
and mutants. Furthermore, as seen by the significantly higher
mean nuclear length/width ratio in mutants with postcontact
palatal shelves as compared to controls, periderm cells defi-
cient in the TGF-B type I receptor gene do not undergo a
change shape and remain squamous, supporting the impor-
tance of the TGF-f type I receptor in phenotypic dedifferentia-
tion of the periderm. These data indicate that TGF-f signaling
plays a critical role specifically in the palatal PD either by
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Figure 4. Deletion of transforming growth factor—f (TGF-B) type |
receptor in periderm (PD) cells by the KrtéaiCre transgene results in
cleft palate. (A—C) DAPI-dilactate-stained heads (mandible removed)
showing the macroscopic palate phenotypes (A, control; B and C,
mutants; pp, primary palate). Black arrows in A point to fused palatal
shelves (ps); white arrows in B point to the anterior and posterior
clefts; white arrow in C points to complete cleft. (D-F) Controls (D)
and mutant (E, F) heads were sectioned on anterior, mid, and posterior
levels. Mutant in B and E shows anterior and posterior cleft (black
arrows); mutant in C and F shows complete cleft (black arrows).

permitting their phenotypic dedifferentiation (from flattened to
cuboidal) or by inducing them to phenotypically dedifferenti-
ate during palatal epithelial fusion.

Discussion

In the embryonic skin, peridermal precursors, which detach
from the basement membrane and move to the surface, form a
flattened “endothelial-like” Krt-17—positive PD cell layer in
which the cells are attached to each other by tight junctions
(McGowan and Coulombe 1998). Similar to the embryonic
skin, Krt-17 is also expressed in the mouse oral PD, albeit in
the prefusion palatal shelves, its expression can also be seen in
the basal epithelium (Jin et al. 2014) (Appendix Fig. 9) This
suggests that there exist some distinct differences between the
palatal oral periderm and skin periderm during mouse
embryogenesis.

Recent studies have identified several genes (e.g., Irf6,
Grhi3, Ripk4, and Ikka) that are required for proper PD devel-
opment (Richardson et al. 2009, 2014; De Groote et al. 2015;

Liu et al. 2016). Interestingly, many of these genes are direct
targets of p63, the gene specifically expressed in the basal epi-
thelium (Hammond et al. 2019). The studies examining the
PD’s role in palatogenesis, specifically during the palatal epi-
thelial fusion, have been complicated by the fact that the robust
and commonly used pan-epithelial Krt/4-Cre driver (Andl
et al. 2004) does not recombine in the PD (Lane, Yumoto,
Pisano, et al. 2014). Thus, many studies addressing molecular
and cellular regulation of palatal epithelial fusion have ignored
the potential role of the PD in this process. Moreover, the lack
of appropriate genetic tools has prevented a precise determina-
tion of the cellular fate of the palatal PD. Our present study
suggests that some of the PD cells undergo rapid phenotypic
dedifferentiation to cuboidal cells (Appendix Fig. 10). The
cells recombined with the constitutive Krt6aiCre driver that
also are positive for p63 can represent either peridermal cells
that start to express p63 or basal epithelial cells that become
positive for Krt6a. To resolve this issue, we generated an
inducible Krt6aiCre™ " mouse line. Results obtained using
this novel line suggest that, indeed, the p63-positive cells that
have undergone tamoxifen-induced recombination are derived
from the PD. Alternatively, it is still possible that the recom-
bined cells seen in the midline seam are in fact Krt6a-positive
cuboidal midline epithelial seam cells that have undergone late
recombination. The final dissolution of the palatal midline
seam composed of both the periderm-derived and the basal
epithelium—derived cells takes place as previously outlined
(Kim et al. 2015; Teng et al. 2022).

The critical role of TGF-f signaling for successful palato-
genesis, both in the palatal epithelium and in the palatal mesen-
chyme, has been well documented (Ito et al. 2003; Dudas et al.
2006; Xu et al. 2006, 2008). The gene encoding TGF-B3
(Tgfb3) shows exceptionally strong expression in MEE cells
(Fitzpatrick et al. 1990; Pelton et al. 1990), and mice deficient
in Tgfb3 show a cleft palate phenotype in which the fully
grown palatal shelves fail to fuse (Kaartinen et al. 1995;
Proetzel et al. 1995). Several studies have shown that p63
expression is suppressed during palatal fusion and that this
suppression fails to occur in TGF-B3 and TGF-B receptor
mutants (Iwata et al. 2013; Lane, Yumoto, Azhar, et al. 2014;
Hu et al. 2015). Moreover, the partial rescue of the cleft palate
phenotype of Tgfb37 mice that were heterozygotes for p63
suggested that the key role of TGF-B3 in the MEE would be to
suppress p63 expression, which would result in the periderm
remodeling (Richardson et al. 2017). Our current findings
show that in Krt6aiCre:Tgfbrl mice, periderm cells fail to
dedifferentiate (Fig. 5 and Appendix Fig. 7). As a result, 33%
of periderm-specific 7gfbr! mutant mice display a complete
cleft of the secondary palate, arguing that TGF-3 signaling
plays a critical role specifically in the periderm. In fact, the
periderm-specific role for TGF-B3 has previously been sug-
gested by Wu et al. (2013), who injected a viral vector encod-
ing Tgfb3 in the amniotic fluid of Tgfb3~~ and control embryos
and showed that periderm-specific transduction of 7gfb3 was
sufficient to induce palatal shelf adhesion and fusion in 7gfb3-
deficient embryos.
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In conclusion, our results suggest that the peri-
derm cells covering prefusion palatal shelves
undergo rapid phenotypic dedifferentiation during
palatal epithelial fusion, which is dependent on
periderm-specific TGF-B signaling. This hypoth-
esis still needs to be tested with live imaging
experiments.
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