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Summary
The transforming growth factor beta (TGFβ) pathway is involved in embryonic development and
several inherited and acquired human diseases. The gene for TGFβ3 (Tgfb3) encodes one of the
three ligands for TGF b receptors. It is widely expressed in the embryo and its mutation or
misexpression is found in human diseases. Tgfb3−/− mice die at birth from cleft palate, precluding
functional studies in adults. Here, we generated mice in which exon 6 of Tgfb3 was flanked with
LoxP sites (Tgfb3flox/flox). The adult mice were normal and fertile. EIIa-Cre-mediated deletion of
exon 6 in Tgfb3flox/flox mice efficiently generated Tgfb3 conditional knockout (Tgfb3cko/cko) mice
which died at birth from the same cleft palate defect as Tgfb3−/− mice, indicating that the
conditional and knockout alleles are functionally equivalent. This Tgfb3cko allele will now enable
studies of TGFβ3 function in different cell or tissue types in embryonic development and during
adulthood. genesis 50:59-66, 2012.
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TGFb ligands are multifunctional proteins involved in tissue development and homeostasis
and in tissue remodeling during disease pathogenesis and cancer (Azhar et al., 2003; Laverty
et al., 2009; ten Dijke and Arthur, 2007). In mammals, there are three TGFb ligands
(TGFβ1, TGFβ2 and TGFβ3). They are produced in latent forms, and upon activation they
usually interact with TGFβR1 and TGFβR2 receptors in conjunction with TGFβR3 or
Endoglin and induce phosphorylation of SMAD2 or SMAD3. These SMADs associate with
SMAD4 and translocate to the nucleus, where in association with various co-repressors and
activators they regulate the transcription of target genes. SMAD7 acts as an inhibitor of this
canonical TGFb signaling. TGFβ signaling also occurs through SMAD-independent
pathways.
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Of the three TGFβ ligands, the role of TGFβ3 at the organismal level is somewhat less
understood (Azhar et al., 2009a,b; Kaartinen et al., 1995; Kulkarni et al., 1993; Proetzel et
al., 1995; Sanford et al., 1997; Shull et al., 1992). The importance of a better understanding
of TGFβ3 function is underscored by several inherited and noninherited diseases in which it
has been implicated. For example, mutations in the human TGFB3 gene causes familial
arrhythmogenic right ventricular dysplasia type 1 (ARVD1) [MIM:107970], also known as
arrhythmogenic right ventricular cardiomyopathy 1 (ARVC1) (Beffagna et al., 2005).
ARVD is an autosomaldominant disease characterized by partial degeneration of the
myocardium of the right ventricle, electrical instability, and sudden death. Moreover, gene
association studies show an association of cleft lip and palate (CL/P) with TGFB3 (Lidral et
al., 1998). Genetic polymorphisms are found in TGFB3 in patients with hypertension (Hu et
al., 2010) and ossification of the posterior longitudinal ligament of the spine (OPLL)
(Horikoshi et al., 2006). TGFB3 expression is increased in HELLP syndrome (hemolysis-
elevated liver enzymes-low platelet count) (Emanuelli et al., 2008), and it is elevated in
diseased canine mitral valves (Aupperle et al., 2008). TGFβ3 is critically involved in wound
healing and is currently being used in a clinical trial for treatment of wounds (Laverty et al.,
2009). It is involved in mammary gland development and post-lactational involution
(Flanders and Wakefield, 2009), and it has been strongly implicated in the progression of
various forms of cancer, including breast cancer (Laverty et al., 2009). In vitro, mouse
keratinocytes are not protected against 12-O-tetradecanoylphorbol-13-acetate-induced cell
death in its absence (Li et al., 1999). Finally, a recent study has identified an important role
of TGFβ3 in immune tolerance and autoimmunity (Shah and Qiao, 2008). Thus, it is clear
that TGFβ3 has important roles at the organismal level that need to be better understood.

Tgfb3 is expressed in several tissues during mouse embryonic development, including heart,
lung, skin, and craniofacial structures. Tgfb3 is expressed in a partially overlapping fashion
to Tgfb2 in the developing cardiovascular system (Azhar et al., 2003; Pelton et al., 1991).
However, it is not clear if these ligands have any overlapping functions in cardiovascular
development or function. Tgfb3 is expressed during palatogenesis and wound healing
(Laverty et al., 2009). Consistent with its expression in the developing palate, Tgfb3
knockout mice (Tgfb3−/−) develop cleft palate and die soon after birth (Kaartinen et al.,
1995; Proetzel et al., 1995), precluding any further determination of Tgfb3 function in adult
mice. Thus, Tgfb3 conditional knockout mice are necessary to advance the understanding of
Tgfb3 function not only during embryonic development, but also during tissue remodeling at
postnatal and adult stages, and in the adult in cancer and in diseases of the cardiovascular
and immune-related systems.

To circumvent the embryonic lethality exhibited by Tgfb3−/− mice, we generated
Tgfb3cko/cko mice harboring conditional null alleles of Tgfb3. The Tgfb3 gene consists of
seven exons spanning 21.7 kb on mouse Chromosome 12. A Cre-LoxP strategy was used to
flank exon 6 for Cre-mediated deletion (Fig. 1a-d). This method has been successfully used
by us (Azhar et al., 2009a) and numerous other researchers (Nagy et al., 2009). Exon 6 in
Tgfb3 encodes the mature peptide of TGFb3. Total deletion of exon 6 in Tgfb3−/− embryos
results in cleft palate (Kaartinen et al., 1995; Proetzel et al., 1995). Our conditional gene
targeting of the Tgfb3 locus resulted in four out of 143 G418-resistant ES cell colonies
which had undergone correct homologous recombination. Several mouse chimeras were
produced which transmitted the Tgfb3flox allele to the germline as demonstrated by Southern
hybridization (Fig. 1e-f). PCR genotyping was used to distinguish Tgfb3+/+, Tgfb3+/flox and
Tgfb3flox/flox mice before weaning age (Fig. 2a). Tgfb3flox/flox mice that were born, were
viable, fertile, and indistinguishable from wild-type littermates. Tgfb3flox/flox animals were
born with near expected Mendelian ratio. Real time PCR analysis showed no difference in
“wild-type” Tgfb3 expression between wild-type and Tgfb3flox/flox mice (not shown). The
design of the Tgfb3 targeted allele permits removal of the MC1Neo cassette by mating to a
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Flp deleter mouse line (generating the Tgfb3flox allele) or removal of LoxP-flanked Tgfb3
genomic sequence (including exon 6 and the Frt-MC1NeopA-Frt cassette) by mating to a
Cre deleter line (generating the Tgfb3cko allele). There are numerous publications detailing
the unintended effects of the vigorously and ubiquitously expressed PGK promoter but not
the MC1 promoter on flanking gene expression (Pham et al., 1996; Ren et al., 2002;
Scacheri et al., 2001). However, we are currently analyzing these mice for possible
hypomorphic effects. Collectively, these data are consistent with the observation that the
presence of the LoxP or Frt-MC1NeopA-Frt cassette does not alter TGFb3 function in
Tgfb3flox/flox mice. Consequently, we decided to delete exon 6 and the Frt-MC1NeopA-Frt
cassette in order to produce Tgfb3cko/cko mice by breeding Tgfb3flox/flox mice with EIIa-Cre
transgenic mice. Cre recombinase is expressed in oocytes and preimplantation embryos
when under the control of the adenoviral (EIIa) promoter (Holzenberger et al., 2000).
Hence, this Cre driver line eliminates genes in all cells and creates a complete gene
knockout. The deletion of exon 6 in Tgfb3cko/cko mice was confirmed by PCR (Fig. 2b).
Real-time PCR analysis of the palatal tissues showed that there is no detectable expression
of “wild-type” Tgfb3 expression in Tgfb3cko/cko embryos when compared to control wild-
type embryos (Fig. 2c).

Intercrossing of Tgfb3+/flox EIIa-Cre mice did not produce viable Tgfb3cko mice. Closer
examination of five different litters showed that Tgfb3cko/cko mice were born in the expected
Mendelian ratio but they gasped to death. PCR genotyping confirmed these findings.
Tgfb3cko/cko pups could not suckle well and their stomachs had little milk. Consequently,
Tgfb3cko/cko and wild-type littermate embryos were collected at E18.5 of gestation and
carefully examined for cleft palate (n = 10 for Tgfb3cko/cko, n = 30 for wild-type control).
Interestingly, gross morphological examination of E18.5 embryos under a dissecting
microscope revealed complete cleft palate or severe partial cleft palate in all ofthe
Tgfb3cko/cko embryos (Fig. 3). Similar cleft palate defects were seen in Tgfb3cko/cko new
born pups (not shown). There was no cleft palate in wild-type control embryos (Fig. 3a,c).
Interestingly, Tgfb3cko/cko embryos exhibit the same cleft palate defects which were seen in
Tgfb3−/− mice when on a C57BL/6 genetic background (Fig. 3b-d), (Kaartinen et al., 1995;
Proetzel et al., 1995). This observation is consistent with the fact that we backcrossed
Tgfb3flox/flox mice on to the C57BL/6 background for two generations before crossing with
EIIa-Cre mice which were also on a C57BL/6 background. Thus, our data indicate that the
Tgfb3cko allele is functionally equivalent to the Tgfb3 null allele.

Tgfb3cko/cko mice offer several opportunities. They will be useful in directly testing the role
of TGFβ3 in susceptibility and pathogenesis of ARVD1, CL/P, hypertension, OPLL, valve
disease, craniofacial diseases, and HELLP syndrome. These mice will facilitate TGFβ3
research in wound healing at postnatal stages. Tgfb3cko/cko mice will open up avenues to
investigate the tissue-specific role of TGFb3 in mammary gland development and in post-
lactational involution and breast cancer progression in postnatal mice. In addition, these
mice will provide new opportunities to evaluate TGFβ3 function in various other forms of
cancer. Finally, Tgfb3cko/cko mice can be used to formally test the potential involvement of
TGFβ3 in the pathogenesis of numerous inherited and noninherited diseases in which
mutations or dysregulation of downstream TGFβ signaling components has been implicated.
For instance, genetic mutations and/or dysregulation of TGFβ pathway genes are involved in
cardiovascular and muscular (valve disease, cardiac hypertrophy, cardiac fibrosis, aneurysm,
hypertension, atherosclerosis) (Dietz, 2010; Shimizu et al., 2011; Teekakirikul et al., 2010;
van I et al., 2011), skeletal and craniofacial (Lidral et al., 1998), ocular (Saika et al., 2009),
neurodegenerative, and neuromuscular (Katsuno et al., 2011), and in fibrotic and
immunological disorders and diseases (Pohlers et al., 2009; Shah and Qiao, 2008). In most
cases it remains unclear as to which TGFβ ligand(s) are responsible for these diseases, so
these mice will be useful for determining their ligand/signaling specificity.
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In conclusion, we have produced a Tgfb3cko allele and showed that it causes perinatal
lethality due to cleft palate defects that phenocopy those of Tgfb3β/β mice. Thus, Tgfb3cko/cko

mice provide a novel mouse strain to determine the tissue or cell-type specific roles of
TGFβ3 during embryogenesis and in adult life and to investigate the mechanisms underlying
TGFβ3 dysregulation in human disease.

METHODS
Generation and Phenotypic Analysis of Mice Carrying Tgfb3cko Allele

All procedures are approved by the Institutional Animal Care and Use the Committee at
University of Arizona. Conditional gene targeting vector for the Tgfb3flox/flox mice was
produced from a mouse genomic library clone (129/J). The targeting strategy was to
conditionally delete exon 6 of Tgfb3 by using a Cre-LoxP strategy. A similar approach
targeting exon 6 had been used previously to successfully produce Tgfb3β/β mice (Proetzel et
al., 1995). A 6.5 kb KpnI genomic DNA fragment containing exon 5-7 of Tgfb3 was
subcloned in a pAC7-P7 plasmid and used for building the targeting vector (Fig. 1a-d). The
left homology arm of the targeting vector was 3.1 kb. The right homology arm was 2.4 kb.
Two LoxP sites were placed in similar orientation. The first LoxP site is located in intron 6.
A FrtMC1NeopA-Frt selection cassette with two flanking Frt sites was inserted after this
LoxP site in intron 6. The MC1NeopA cassette was flanked by Frt sites for removal by Flp
recombinase (Farley et al., 2000). The second LoxP site was inserted 344 bp into intron 7. A
diphtheria toxin cassette (PGK-DTA) at the 3′ terminus and an MC1 promoter-herpes
simplex virus-thymidine kinase cassette (MC1TK) at the 5′ terminus of the gene targeting
vector was introduced for negative selection against random integration of the targeting
vector into the embryonic stem (ES) cell genome. The accuracy of the entire targeting vector
was confirmed by DNA sequenc-ing. The PI PspI-linearized targeting vector was
electroporated into KG-1 (129/SvEv) ES cells. ES cells were treated with G418 (225 lg/ml)
and remained in this selection for the entire time they were in culture. Counter selection with
Ganciclovir (2 mM) was applied for 3 days. A total of 143 ES cell colonies were picked and
screened by PCR and southern blotting. Two targeted ES clones were injected into C57BL/6
x DBA2 blastocysts for generating chimeric mice. Germline transmission of the Tgfb3flox

allele was established by breeding the male ES cell chimeric mice to Black-Swiss females
according to previously described methods (Azhar et al., 2009a). Germline transmission of
the Tgfb3flox allele was confirmed by both genomic PCR and southern blotting. The
germline chimeric mice were backcrossed to C57BL/6J mice for two generations. Tgfb31/flox

mice were intercrossed to yield Tgfb3flox/flox mice. Tgfb3+/floxEIIa-Cre mice (129/J/Black-
Swiss/C57BL/6) were generated by crossing Tgfb3flox/flox (129/Black-Swiss/ C57BL/6) to
EIIa-Cre mice (C57BL/6) (Jax Lab, Bar harbor, ME). Timed-pregnant Tgfb31/flox EIIa-Cre
intercrossed mice were used to collect E18.5 wild-type and Tgfb3flox/flox EIIa-Cre embryos
in which the Tgfb3flox allele should have been converted to the Tgfb3cko allele. All embryos
were examined for cleft palate under a stereozoom dissecting microscope (Zeiss Inc.) and
digitally photographed. Tail clips were used to extract genomic DNA (Invitrogen Inc.) for
PCR genotyping of embryos. Non-transgenic EIIa-Cre littermates which were Tgfb3flox/flox

or Tgfb3+/+ EIIa-Cre were used as control animals. PCR analysis on tail clip DNA was used
for genotyping Tgfb3cko/cko mice. The following PCR primers were used for genotyping:
AGATAAACAATGGAGTCT GTCATGG (Tgfb3 forward primer, p1), TTCTGGATTC
ATCGACTGTGG (Neomycin, reverse primer, p2), GTC
TCATATGTGTCTTCCTGTCTCC (Tgfb3 reverse primer, p3); PCR conditions
(Denaturation, 95°C/90 sec; Amplification, 57°C/50 sec, 72°C/60 sec, 95°C/30 sec for 34
cycles, 57°C/50 sec, 72°C/5 min, 28°C/10 min).
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Southern Hybridization, DNA Sequencing, and PCR Analyses
For southern hybridization, mouse tail genomic DNA samples (30 μg) were digested with
restriction endonucleases and electrophoresed in 0.7% agarose gels. DNA was transferred to
positively charged nylon membrane (Roche Applied Science Inc.) by capillary blotting and
crosslinked by UV irradiation. For probe labeling, 5′-end and 3′-end digoxygenin (DIG)-
labeled southern blot probes were prepared by PCR procedure using Taq DNA polymerase
and incorporating DIG-11-dUTP according to the procedures described by the manufacturer
(Roche Applied Science Inc.). The following primers were used to amplify the 5′-end (1.0
kb) probe: AATTGAACTCTGCTCTATTGCTTGC (forward primer) and
GGAAGTGAGTTATATTCAGAGTCATGG (reverse primer). For the 3′-end (0.9 kb
probe), the following primers were used: AGCTTAGATGTGCTTCTCAATG ACC
(forward primer) and CTTCAGCAGACCTAGTCAT TGTAGTCC (reverse primer).
Genomic DNA (50 ng) was used as template in the reaction. The synthesis of the labeled
probes was examined on a gel. The labeled probe was clearly distinguished from the
unlabeled probe since it migrated slower than the unlabeled probe. The manufacturer’s
recommended probe concentration of 10-20 ng/ml was used in the blot hybridizations.
Following prehybridization in 10 ml of DIG EasyHyb solution at 42°C for 1 h, hybridization
was carried out at 42°C overnight in a hybridization oven. The membranes were then
washed 2-3 times in 2x standard sodium citrate (SSC), 0.1% sodium dodecyl sulfate (SDS)
at room temperature for 5 min each and twice in 0.1x SSC, 0.1% SDS at 68°C for 15-20 min
each. Detection of the hybridized probe DNA was carried out as described in the
Manufacturer’s User Guide. CSPD chemiluminescent substrate was used and signals were
visualized on X-ray film after 5-30 min.

Automated DNA sequencing of PCR-amplified products was used to confirm the sequence
accuracy and correct orientation of the Frt-MC1NeopA-Frt cassette and LoxP and Frt
sequences in all targeted ES cell clones and Tgfb3cko/cko mice. The following combination
of PCR and DNA sequencing primers were used to confirm the sequence orientation of
LoxP and FrtMC1NeopA-Frt cassette located in intron 6: For PCR amplification,
GTCACACCTTTCAGCCCAAT (forward primer); CGTGCTATGGGTTGTGTCTG
(reverse primer); sequencing primers, TCGCCTTCTTGACGAGTTCT; AAA
ACCACACTGCTCGACAT; AGGATCTCCTGTCATCTCAC CTTGCTCCTG. The
following primers for amplification and sequencing of the second LoxP located downstream
to exon 6 were used: For PCR amplification, AAATGGGT CCACGAACCTAA (forward
primer); CGTGCTATGGGTT GTGTCTG (reverse primer); sequencing primer, ATGCT
TAGTGTGTGCCATGC.

Genomic PCR was used to detect the Tgfb3cko allele after Cre-mediated excision of exon 6
in the Tgfb3flox allele. Specific primers that were used for the PCR amplification included:
AGATAAACAATGGAGTCTGTCATGG (forward primer, p1),
GTCTCATATGTGTCTTCCTGTCT CC (Tgfb3 reverse primer, p3),
AAGGTCTTCCTGTCTG TAAGTTTCC (Tgfb3 reverse primer, p4); PCR conditions
(denaturation: 95°C/3 min, annealing and amplification 95°C/30 sec, 64°C/1 min, 72°C/2
min for 35 cycles, 72°C/10 min).

Real-Time PCR Analysis
Various tissues (heart, lung, liver, intestine, kidney, lower and upper jaws, and skin) were
collected in RNA. Later RNA stabilization solution (Qiagen Inc., Valencia, CA) from both
control and Tgfb3flox/flox EIIa-Cre-generated embryos at E18.5. Total RNA was extracted
by RNeasy Mini kit (Cat# 74104: Qiagen, Valencia, CA). RNA was DNase treated with
TURBO-DNA free kit (Ambion). cDNA was transcribed using the iScript cDNA Synthesis
Kit (Bio-Rad, Richmond, CA). cDNA concentration was measured using fluorometry
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(Turner Biosystems) after staining with Quant-iT™ OliGreen® ssDNA Assay Kit (#
O11492, Molecular Probes). Equal amounts of cDNA samples from more than three control
or experimental embryos were assessed (each in triplicate) by both RT-PCR and real time
PCR analyses, as described (Azhar et al., 2009a,b). FastStart SYBR Green Master (Roche)
mix was used for real time PCR analysis. Real-time PCR analysis was carried out in the
Rotor Gene 3000 System from Corbett Research. Analysis of the data was carried out using
the Rotor Gene 6 software. All real-time PCR results were normalized to the housekeeping
gene Gapdh. Primers that were used for real time PCR amplification of Tgfb3 included:
Tgfb3 exon 4 forward, GTCACACCTTTCAGCCCAAT; Tgfb3 exon 6 reverse,
CGTGCTATGGGTTGTGTCTG; Gapdh forward, TGACCACAGTCCATGCCATC;
Gapdh reverse, GACGGACACATTGGGGGTAG. Microsoft Excel was used for managing
the data. Findings were reported as means ± SD of the mean, and two-tailed Student’s t-test
(SigmaPlot, Systat Software, Inc., CA) was used for comparing groups. P-values were
calculated, and a P < 0.05 was considered significant.
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FIG. 1.
Conditional gene targeting scheme for generating Tgfb3flox mice. a: Schematic diagram of
the Tgfb3 wild-type genomic locus depicting the genomic region from intron 4 to the 3′
untranslated region. Boxes with numbers on top represent exons. Both 5′ outside and 3′
outside probes and the expected band sizes used for Southern blot screening of targeted
Tgfb3floxES cell colonies are indicated. Restriction enzymes that are used in Southern
hybridization are also highlighted in abbreviated form: E, EcoRI; Bs, Bsu36I; K, KpnI; Ba,
BamHI. b: Conditional gene targeting vector. The targeting vector consists of a KpnI
genomic DNA fragment which contains Tk-MC1 negative selection gene, 5′ or left
homology arm, a LoxP site followed by a Frt-MC1NeopA-Frt cassette in intron 6, another
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LoxP site in intron 7, 3′ or right homology arm, and a PGK-DTA expression cassette. c:
Schematic representation of targeted Tgfb3flox allele. Southern hybridization probes and
PCR screening and genotyping primers are indicated. d: Schematic diagram depicting Cre-
mediated recombination of the Tgfb3flox allele to yield the Tgfb3cko allele. Primers that
identify the Cre-deletion events are indicated. e: Southern hybridization screening showing
successful generation of wild-type, Tgfb3+/flox and Tgfb3flox/flox animals. Genomic DNA
from tail clips is digested with Bsu36I and probed with the external probe (5′ Probe). Bsu36I
cuts in the 5′ outside region of Tgfb3 and inside the targeting vector. Wild-type mice show
an expected 8.7 kb band. Both Tgfb3+/flox and Tgfb3flox/flox animals show expected and
correctly targeted bands of 8.7 kb and 7.4 kb, and 7.4 kb, respectively. f: BamHI digest
probed with an external probe (3′ Probe) confirms the presence of Tgfb3+/flox (9.7 kb and 8.4
kb) and Tgfb3flox/flox (8.4 kb) mice. Wild-type mice show the expected 9.7 kb band.
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FIG. 2.
Generation of mice harboring Tgfb3cko allele. a: PCR genotyping of mice with Tgfb3flox

allele. The primers used are: p1 (intron 6 forward primer), p2 (Neo reverse primer), and p3
(intron 6 reverse primer). The p1 and p3 primers produce a PCR product of 325 bp from the
wild-type allele, whereas p1 and p2 primers give rise to a PCR product of 586 bp from the
Tgfb3flox allele. Band size as measured by DNA size markers is indicated. +/+, wild-type; +/
flox, Tgfb3+/flox; flox/flox, Tgfb3flox/flox. b: Cre-mediated deletion in Tgfb3flox/flox EIIa-Cre
embryos (i.e., embryos with Tgfb3cko alleles) at E18.5. Tgfb3+/+ EIIa-Cre embryos were
used as wild-type controls. The primers used are p1 (intron 6 forward primer), p3 (intron 6
reverse primer), and p4 (intron 7 reverse primer). Genomic DNA extracted from the palate
tissue is used for PCR analysis. Briefly, the p1 and p3 primers produce a PCR product of
325 bp from the wild-type allele, whereas p1 and p3 primers amplify a PCR product of 1246
bp from the undeleted Tgfb3flox allele. The p1 and p4 primers results in a PCR product of
608 bp from the Tgfb3cko allele. Notably, Tgfb3+/+ EIIa-Cre embryos show a PCR product
of 325 bp (i.e., expected band size of a wild-type allele) and that Tgfb3flox/flox EIIa-Cre
embryos give rise to a 608 bp PCR product (i.e., expected band size of a Tgfb3cko allele).
There was no detectable 1246 bp band (i.e., expected band size of an undeleted Tgfb3flox
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allele) in the Tgfb3flox/flox EIIa-Cre embryos, indicating a complete deletion of both
Tgfb3flox alleles (i.e., presence of Tgfb3cko alleles) in Tgfb3flox/flox EIIa-Cre embryos. c:
Real time PCR analysis of “wild-type” Tgfb3 expression in wild-type control and Tgfb3cko

embryos at E18.5. Total RNA from palate tissue is used to prepare the cDNA. Tgfb3 exon 4
forward and Tgfb3 exon 6 reverse primers are used for real time PCR analysis. Note that
there is no detectable “wild-type” Tgfb3 expression in palate tissue of Tgfb3cko embryos (*P
= <0.001, n = 5 for wild-type, n = 3 for Tgfb3cko). Expression levels are normalized to
Gapdh and to the wild-type value.
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FIG. 3.
Conditional deletion of Tgfb3 causes cleft palate in embryos. a: Gross morphological
examination of a wild-type embryo (E18.5) showing normally fused palatal shelves. b: A
Tgfb3flox/flox EIIa-Cre (i.e., Tgfb3cko) embryo at E18.5 exhibits a cleft palate (arrow). c,d:
Diagrammatic representation of normal palatal shelves of a wild-type (C) and the cleft palate
of a Tgfb3cko (D) embryo.
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