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Fgfl10 is necessary for the development of a number of organs that fato develop or
are reduced in size in the null mutant. Here we have knocked du~gf10 speci cally in

the neural crest driven byWntlcre. The WntlcreFgfl0/ mouse phenocopies many of
the null mutant defects, including cleft palate, loss of salary glands, and ocular glands,
highlighting the neural crest origin of the=gfl0 expressing mesenchyme surrounding
these organs. In contrast tissues such as the limbs and lungsvhere Fgf10is expressed

by the surrounding mesoderm, were unaffected, as was the pititary gland whereFgf10

is expressed by the neuroepithelium. The circumvallate palta of the tongue formed but
was hypoplastic in the conditional and=gf10 null embryos, suggesting that other sources
of FGF can compensate in development of this structure. Therécheal cartilage rings
showed normal patterning in the conditional knockout, indiating that the source ofFgf10

for this tissue is mesodermal, which was con rmed usingNntlcre-dtTomto lineage trace
the boundary of the neural crest in this region. The thyroidthymus, and parathyroid
glands surrounding the trachea were present but hypoplastiin the conditional mutant,
indicating that a neighboring source of mesodermaFgfl0 might be able to partially
compensate for loss of neural crest derived-gf10.

Keywords: Fgf10, ocular glands, thyroid, palate, cranial glands, CVP

INTRODUCTION

Fgfl0s an essential signaling molecule from the broblast grovettor family and is involved in
the development of many organs, signaling throdggfr2bin the epithelium Ohuchi et al., 2000
Patients with mutations in one copy of tHegfl0ligand or its receptor have Lacrimo Acoustic
Dental Digital (LADD) syndrome (OMIM 149730) or the relateglasia of Salivary and Lacrimal
Gland (ASLG) syndrome (OMIM 180920), characterized by defeca variety of cranial glands
(Rohmann et al., 2006Mice with a complete knockout dfgfl0die at birth due to a complete
lack of lungs and limbs and formation of a cleft palakéirf et al., 1998; Sekine et al., 1999; Rice
et al., 200}t As in patients, loss dfgfl0also impacts on the development of a number of cranial
glands, with null mutants showing complete loss of the sajivglands, thyroid gland, pituitary
gland Ohuchi et al., 2000 ocular glands Govindarajan et al., 2000; Makarenkova et al., 2000
and the circumvallate papilla (CVP) housing the Von Ebner's d&im the tonguePetersen et al.,
201). The salivary glands have been shown to arrest at the pretage swith heterozygous mice
showing a delay in development that leads to later gland hypafan (Jaskoll et al., 2005; May
et al., 201p The pituitary gland starts to initiate in thEgf10null with an infolding of the oral
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epithelium to form Rathke's pouch at the back of the mouth, butexpected to be normal in these conditional mutants as thecur
the ectoderm is associated with high levels of apoptosis aad tlof theFgflds the neuroectodermal infundibulunTékuma et al.,
pouch disappears by E13.8ffuchi et al., 2000 Other glands 1999. In addition we compare the conditional knockout to the
form but are reduced in size, such as the thymus glafdsichi  phenotype in the nulFgflOmouse to clarify the role of neural
et al., 2000; Revest et al., 2))@nd more subtle defects are alsocrest derivedrgf10n a variety of craniofacial tissues, and identify
observed in the inner ear, in the patterning of the trachedileaye  a few discrepancies with the published literature.
rings, in the teeth and in the skin and hair follicleSt{uchi et al.,
2000; Pauley et al., 2003; Sala et al., R0 these organs loss of MATERIALS AND METHODS
FgflOmay be compensated for by the presenc&gf7or Fgf3,
which can both bind to the same receptatiang et al., 2006  Transgenic Mice
In keeping with this loss of botkgfl0and Fgf3leads to a more Fgfl0 oxed(Fgf10A02 tmclc) mice on a C57BI6 background
severe defect in the inner ean/(ight and Mansour, 2003 and  were produced by MRC-Harwell as part of the International
knockout of the receptoFgfr2bleads to additional defects not Mouse Phenotyping Consortium (IMPCRettitt et al., 2009;
observed ifFgfltknockouts, such as arrest of tooth developmentSkarnes et al., 2011; Bradley et al., J0Egfl0/ females
at the bud stagel{e Moerlooze et al., 2000 were crossed toWntlcre/Fgfl0 € males to generate
During developmentgfl0is expressed in the mesenchymeWntlcreFgfl0/ embryos (3 litters), collected at E14.5,
that surrounds many developing organs (lungs, limbs, oculagE15.5, and E19.5 (E14®D 3; E15.51 D 3; E19.51 D 2). These
glands, palatal shelves, salivary glanBsll(sci et al., 1997; conditional mutants were compared tBgfl0/ litermates
Moustakas et al., 2011; Wells et al., 20lrBcontrast its receptor, that did not carry the cre and were therefore phenotypically
Fgfr2b, is expressed in epithelial structures overlying thesgildtype. A total of 6Fgf10null embryos generated on a mixed
regions, emphasizing the importance of epithelial-mesenailym C57BI6/CD1 background (E14.5, E15.5, E18.5) were used to
interactions Peters et al., 1992; Orr-Urtreger et al., 1993; Riceompare the conditional phenotype with that of the complete
et al., 200% In the developing brair-gfl10is expressed in the null.
infundibulum, which signals to the developing oral epithetiu Whntlcre males were mated tédTomato reporter females
during pituitary gland developmenfifékuma et al., 1998Early  (Gt(ROSA)26 Sor tml14(CAG-tdTomato)Hze JAX labs) to
on during facial developmenEgflOis expressed in the oral lineage trace the neural crest and were viewed with a Nikon
epithelium of the rst pharyngeal archKettunen et al., 2000; SMZ25 uorescence microscope.
Wells et al., 2013 with expression also observed in the tooth The Wntlcremouse is widely used for neural crest specic
germ epithelium in some speciesl@ustakas et al., 20L.1In  knockout studies, however, it has been linked to elevateelde
the otic regionFgfl0is rst expressed in the mesoderm derived of Wnt signaling in the midbrain, particularly ifVntlcreTg/Tg
mesenchyme around the otic epithelium at E8.75 and then in thembryos Lewis et al., 20)3We usedWntlcreTg/C mice for
otic cup and otic vesicle at E9 and E9Q\Wr(ght and Mansour, our crosses to reduce this e ect. In addition, no facial phepet
2009. Fgfl0is therefore expressed in a range of tissues duringras observed iWntlcreembryos compared to WT littermate
development. controls (data not shown), agreeing with results that shbat t
In this paper we have conditionally knocked o#gfl0 any midbrain dysmorphologies caused by ¥atlcreline do not
speci cally in neural crest derived tissue using tiéntlcre cause cranial shape changes(ze et al., 20)4
transgenic line Chai et al., 2000 Previously a conditional Pregnant mice were culled using schedule 1 culling methods
knockout of FgflOhas been carried out usinermolcre, at E14.5 to E19.5, just prior to giving birth. All procedures
which led to speci ¢ loss oFgfl10in the mesoderm around the were carried out as agreed by the UK Home Oce and
developing lungs, resulting in lung branching defeétsléretal., King's College London. Animals were housed in approved non-
2009. By knocking outFgfl0in neural crest derived tissues speci c-pathogen-free conditions. Animal experiments canfo
only we aim to investigate which phenotypes in the null mutantto ARRIVE (animal research: reporting of vivo experiments)
are a consequence speci cally g fl0expression in the neural guidelines.
crest. A number of tissues in the head are known to be derived Embryos were photographed using a Leica dissecting
from the neural crest. These include the mesenchyme arounghicroscope.
the developing salivary glands, thyroid and thymus glareksth,
and the palatine bonedhai et al., 2000; Jiang et al., 2000; JaskcBkeletal Preps
et al.,, 2002; Muller et al., 2008; Johansson et al.,)20te E19.5 embryos were skinned and eviscerated before xin§% 9
FgflCexpressing mesenchyme that underlies the forming CVP ifcthanol. Samples were then stained in alcian blue and alizedin
the tongue is also neural crest derivedocokawa et al., 20).0 to stain cartilages and bones, respectively. Embryos weaxgedle
The origin of the tissue around the developing ocular glandsn 0.5% KOH and stored in glycerol and photographed using a
has not been con rmed as the developing eye is surrounded blyeica dissecting microscope.
neural crest derived mesenchyme and lateral plate mesoderm,
which together forms the periocular mesenchymerfgenberg Histology
et al., 2008 In contrast the limbs and lungs are surrounded byEmbryos were xed in 4% paraformaldehyde and dehydrated
mesoderm and so would be predicted to develop normally irthrough an ethanol or methanol series before embedding ir.wa
the conditionalWntlcre Fgfl@nice. The pituitary would also be Sections were cut on a microtome até and slides were stained
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with a trichrome stain (Haematoxylin, alcian blue and semed). to high apoptosis at early stages of developméliii(chi et al.,

Sections were photographed using a Nikon microscope. 2000Q. In contrast the posterior lobe, which is derived from
the neuroectoderm, is apparent at E13.5 but regresses in the
Thymus Analysis absence of the anterior lobe and has been reported to be lost

To compare the size of the thymus glands in the conditionaby E15.5 ©@huchi et al., 2000 In agreement with the published
mutants the thymus glands fromBgf10/ mice and 4Vntlcre data, we observed a complete loss of the ectodermally derived
Fgf10/ mice were assessed using histology sections at E14p®rtion of the pituitary at E15.5 in th&gf10null mice, but the

The number of sections with a thymus was multiplied by theposterior lobe was still present at this stagéggre 3G). It was
thickness of the sections 8n) to give the total extent of the also still evident at E18.3-{gure 3H), suggesting that this part
gland. This was then compared using a studemést where of the pituitary is not dependent on the presence of the anterior

signi cance wa$ < 0.05. lobe as previously proposed. The conditional mutant showed
normal development of both the anterior and posterior lobe of
Radioactive In situ Hybridisation the pituitary at E15.5Kigures 3E,F, indicating no requirement

CD1 mice were used for expressionkgf10 Fgfl0probe was for neural crest derived Fgf10 in its formation.

a gift from Ivor Mason.In situ hybridisation on wax sections )

was carried out according to previously published protocold2€velopment of a Hypoplastic CVP and

(Kettunen et al., 2000 Fgfl0antisense probe was synthesized_0ss of Salivary and Ocular Glands in

using 35S labeled UTP and signal was identi ed using slivepynt1cre Fgfl0 Conditionals

emulsion, which when developed showed positive signal aQWhiSalivary glands are absent FgflOnulls. In keeping with
grains under dark eld. The magic wand tool in photoshop wasthis result the salivary glands were completely absent in the
used to pseudocolour the white grains red and this layer wagyngitional mutant Figures 4A-C,E~GN D 8/8), although
overlain on top of the light eld image to produce a nal 5 mesenchymal capsule still formed despite the lack of any

compound image. branching epithelium Figure 4G), phenocopying the null
phenotype (Vells et al., 201)3 These results are in agreement
RESULTS with the neural crest origin of the salivary gland mesenchyme
) o (Jaskoll et al., 2002
Normal Lung, Limb and Pituitary Slightly unexpectedly, the conditional mutants also formed
Development but Defective Palate a circumvallate papilla (CVP) at the back of the tongue
Formation in Wntlcre FgflO Conditional (Figures 4D,H N D 3/3). The CVP was smaller in size compared

to littermate controls and the two ngers of invaginating
8Pithelium were reduced, similar to the phenotype observed
N Edapathway mutants\(Vells et al., 2011 We checked the
¥Ieve|0pment of the CVP ikrgfl0Onull embryos, where the CVP
%as been recorded as missing, and found that the CVP was
present but reduced in size in tHegfl0null embryos at E15.5

(N D 3/3), similar to the phenotype in the conditional knockout,
indicating that the CVP can initiate in the absence FE§f10
(Figure 4K).

Fgfl0is expressed at high levels in the mesenchyme around
the developing eye during the stages of ocular gland development
(Figure 10Q. At E15.5 the Harderian gland had initiated in
littermate controls at the back of the eye, while this gland
was missing in the conditional mutant, despite the presence
of a mesenchymal capsulé&igures4l,J N D 3/3). This is
in agreement with previous research thiagflOexpression is
essential for the formation of ocular glands, and con rms that
the source ofgflQs the neural crest around the eye.

Mutants

In agreement with previous studies we observed expression
Fgfl0in the developing lung, limb, ocular glands, palate, salivar
glands, and epithelium of the developing maxilla and mandibl
(Figure 1). As expected conditional mutant§ntlcreFgfl0 /)
had normally developing lungs at E19.biqures 2A,B N D
2/2). Histology of the lungs matched that of littermate cat
(Fgf10/ ;Figures 2C,D, as although there aMy/nt1crepositive
cells located within the developing lungs these are assatiat
with the intrinsic nervous system, which does not expreg&L0
(Freemetal., 20)0The limbs also formed normally\(D 8/8), in
contrast to complete loss of these structurégflOnull mutants
(Figures 2E,EN D 6/6).

In the palate Fgf10 is expressed in the mesenchyme
adjacent to the oral epitheliunf{gure 1D). Palate development
was disrupted in the conditional mutants with a failure in
development of the palatal shelves at E15i§{res 3A,B N D
3/3), suggesting problems in shelf development similar tsého
observed in the nullRice et al., 2004 Just before birth (E19.5) .
defects in formation of the palatine processes of the maxilth a HypopIaS|a Of, Neck Gland_s bl’!t Normal
palatine bone were clear, leaving the vomer visible when dewel acheal Cartilage Patterning in
from the oral sideEigures 3C,0ON D 2/2). Due tothe cleftpalate Conditional Mutants
the conditional mutant would not be predicted to survive pastThe thyroid gland was present, but reduced in size in the
birth, and, in agreement with this, no mutants were disc@eer conditional mutants Figures 5A,B N D 3/3). This suggests
at P1 (postnatal day 1) in one litter where the mother was teft t either that not allFgfl0signaling required for formation of
litter down. this gland is neural crest derived, or that in fact this glarahc

In the Fgfl0null the ectoderm part of the pituitary (Rathke's develop in the absence &fgf10.To conrm this we looked
pouch), which forms the anterior lobe, is completely lost dueat development of the thyroid ifFgf10null mutants. A small
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FIGURE 1 | Expression of Fgf10 in the developing embryo. (A,B,F) E10.5 Frontal sections.(C,D) E15.5 frontal sections.(E) E12.5 Frontal section. Red grains
indicate signal.(A) Developing lungs.Fgfl0 is expressed around the tips of the epithelial lung buds (aows). (B) Developing Limb.Fgfl10is expressed in the
mesenchyme in the distal part of the limb (arrows)C) Developing eye (e)Fgf10is expressed in the mesenchyme at the back of the eye (arrowD) Developing
palate. Fgf10is expressed in the mesenchyme adjacent to the palatal epigdium (arrowsheads)(E) Developing salivary glandFgf10 is expressed in the mesenchyme
(arrows) underlying the epithelial buds on either side of ¢htongue (T).(F) Developing pituitary and molarsFgf10 is expressed at the base of the brain (arrow)
underlying rathke's pouch and in the oral epithelium (arrolead). Scale bars in(B) D 200 mm, same scale (A,C—F).

thyroid was observed in 2/3 cases, and in both cases wakecked for the presence of these glands in our samples. The
unilateral, indicating that the thyroid is able to initiaie the  parathyroids were normally positioned next to the thyroid in
absence ofFgfl0 (Figure 5. The gland tissue was located the conditional mutant, but as with the thyroid were slightl
in the correct place, under the cricoid cartilage, indicgtin hypoplastic Figures 5D,5. No evidence of parathyroids were
that migration cues were una ected in the mutant, howeverobserved in tha=gf10null mutant mice N D 3; Figures 55,

the gland did not extend as far anteriorly toward the thyroidsuggesting again an alternative non-neural crest source fo
cartilage. The null gland when present was smaller than thaiarathyroid gland development in our conditional mutants. The
observed in the conditional mutant suggesting another seur thymus glands in theFgf10null mutants have been shown
of Fgf1l0 might be available for development of this gland irto be hypoplastic @huchi et al., 2000; Revest et al., 2001
the conditional mutant. Alternatively development of thimad  In the conditional mutants the thymus glands were present
might depend on interaction with other tissues, not a ected in(Figures 5G,H but appeared slightly reduced in size in the
the conditional. As the parathyroids migrate to the thyroi¢w conditional mutant at E15.5, although analysis at E14.5&lb
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WT Fgrio KO Whticre Fgf10 fl/fl

b

FIGURE 2 | Normal development of lungs and limbs in ~ WntlcreFgfl0 mutant mice. (A,C) Fgfl0 / Control. (B,D,F) WntlcreFgf10 / mutant. (E) Fgf10 null
mutant. (A,B) Dissected lungs E19.5.(C,D) Lung histology at E19.5.(E) Absence of limbs in nullFgf10 mutant at E14.5 (*).(F) Normal limb development in the
conditional mutant (arrow). Scale bars: 500mm.

no statistically signi cant dierence R D 0.684). This is in out with the glands removed at PO to identify the limit of the
contrast to the null where the thymus glands are much smalleneural crest, which was found to lie between the thyrdidntl
by this stageRevest et al., 20D1n each case, therefore, the neckpositive) and cricoid{Vnt1 negative) cartilages, with the tracheal
glands were less severely a ected in the conditional compired rings being mesodermak{gure 5K). This therefore places the
the null mutant. thymus, thyroid and parathyroids within the mesoderm, despit
We therefore decided to con rm the position of the boundary the glands themselves having a neural crest origin. InRHELO
between the neural crest and mesoderm in this region of tlekne null the trachea cartilages are severely mispatteriseda( et al.,
Tracheas fromWntlcre-tdTomreporter mice were dissected 201J). We therefore investigated tracheal cartilage formagon
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WT Fgr10 il
KO Fgf10 /-

KO WnticreFgf10 fi/fl
KO Fgf10 -/-

FIGURE 3 | Cleft palate but normal pituitary formation in WhntlcreFgfl0 mutant mice. (A,C,E) Fgfl0 / Control. (B,D,F) WntlcreFgfl0 mutant. (G,H)
Fgfl0 / . (A,B) Frontal histology sections through the palate at the levelfdhe molars at E15.5. The palatal shelves have not formed crectly in the conditional
mutant. (C,D) Skeletal preps of the palate at E19.5. Arrow in C points to th&VT palatal processes of the maxilla that have met in the midk. These processes are
missing in the conditional mutant and the underlying vomea(rowhead) is visible (E-H) Developing pituitary gland(E,F) The anterior and posterior lobes form as
normal in the conditional mutant at E15.5(G,H) The anterior lobe is missing but the posterior lobe is stilédent in the Fgf10 null at E15.5(G) and E18.5 (H). AD
anterior lobe derived from oral ectoderm. FD Posterior lobe derived from neuroepithelium. B® Basisphenoid. Scale bars in(A,B) D 500 mm. Scale bars(C,D) D
200 mm. Scale bars(E—H) D 200 mm.

E19.5 by skeletal prep in the conditional mutants. As expectedeached their nal positions in the neck. In agreement withisth
given the limit of the neural crest in this region, the caagk rings  Fgfl0is expressed in the mesenchyme around the thymus at
were una ected in the conditional mutant®N(D 2/2), matching E13.5, a stage after the glands have reached their nal positio

the pattern in littermate controlsKigures 51,J. (Revest et al., 201and is strongly expressed in the ventral
mesenchyme of the developing trachea from E1884 et al.,
DISCUSSION 2017. Mesodermal Fgf10 is therefore in the right place to be able

to signal to the more posterior glands. It is also possible that

The development of the ocular and submandibular andsignals between these tissues and other neighboring stest
sublingual salivary glands was completely dependenEgfi0 are important for their development, and that their presence is
signaling from the neural crest derived mesenchyme, witlinterdependent.
development arresting at early initiation stages as in thé.nu  Early on in developmenEgfl0is strongly expressed in the
This paper therefore con rms that thEgflOexpressing ocular oral epithelium. It was therefore possible that some of the
and salivary gland mesenchyme is derived from the neurakcre orally derived structures would have a reduced phenotype when
As expected, palate development was also disrupted after losscoimpared to theFgflOnull. The glands of the oral cavity,
Fgf10in the neural crest derived mesenchyme of the developinowever, appeared to mimic the null phenotype indicating that
palatal shelves, and the conditional mutation is likely taisea only the loss ofgfl0in the neural crest was critical. Moreover
lethality. the epithelial expression appeared to have no in uence on the

In contrast to these cranial glands other more posterior gan  developing teeth, the molars having only a very minor defect i
such as the thyroid, thymus, and parathyroids did not phenocopyelative size similar to the nullGhuchi et al., 2000 It would
the complete loss dfgf10 The thymus, parathyroids and thyroid therefore be interesting to see whether knocking &gt10in
initiate within neural crest derived mesenchymdi(ler et al., the early epithelium has any e ect on development of these key
2008; Johansson et al., 2DafRd then migrate more posteriorly structures. As expected development of the pituitary, limbd an
to sit within mesodermally derived mesenchyme, as supporteltings was normal in the conditional knockout, in whié¢fgf10
by our neural crest lineage analysis of the trachea, andquevi was provided by the neuroepithelium and mesoderm rather than
lineage tracing that mentions the tracheal rings are notraku neural crest. The tracheal rings were also normal highlighti
crest derived lflatsuoka et al., 2005All of these glands are the fact that theFgflOexpressing mesenchyme that forms the
severely a ected in thé&gf10null but the conditional mutants cartilage rings is not neural crest derived.
had a milder phenotype. In all three glands it is possible thatoth ~ Our comparison of the conditional mutants with thiegf10
Fgfs and alternative signaling pathways are able to compensatull mutants revealed a few di erences between the phenotype
for the initial loss ofFgf10n this tissue, allowing their initiation, observed in our null mice and in previously published data. For
while mesodermaFgflOmay be able to act once the glands haveexample, although it has been reported that the thyroid fails
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FIGURE 4 | Loss of Salivary and ocular glands in ~ WntlcreFgfl0 mutant mice. (A-D,I) Fgfl0 / Control. (E-H,J) WntlcreFgfl0 / mutant. (K) Fgfl0 / .
(A,E) E15.5 head ventral view looking up at the paired submandibat and sublingual glands (arrow). The glands are missing iheé mutant (asterix)(B,F) E15.5 head
dissected down the middle to reveal the glands at the base oftte tongue, outlined in red and arrowed. The glands are missgnin the conditional mutant (arrowhead).
(C,D,G,H,K) Frontal sections at the level of the tongue at E15.5C,G) The branching epithelial tissue of the salivary gland is obsved in the control (arrow) but are
missing in the mutant. The mesenchymal capsule, however, still evident (arrow)(D,H,K) Posterior tongue showing the single circumvallate papilleCVP) in the center
(arrow inD). (H,K) A CVP formed in the null and conditional but was smaller thamithe WT. (1,J) Frontal sections of the eye at E15.5. The harderian gland ahé back
of the eye failed to form in the conditional mutant (asterixiJ). Scale bars(A,B) D 500 mm, same scale in(E,F). Scale bars(C,D,G,l) D 200 nm, same scale in(H,J,K).

to form in Fgfl0null mice (Ohuchi et al., 2000in our null  background usedNin et al., 1998; Sekine et al., 1999; Ohuchi

mice a small amount of glandular tissue was present around thet al., 2000; Rice et al., 2004; Petersen et al.).2lhlfact the

trachea in the region of the thyroid but this was only observe arrest in limb development was reported to occur at slightly

unilaterally. Interestingly, in the Ohuchi paper althouglettext  di erent time-points when theFgflOknockout was originally

states no gland forms the gures highlight arudimentaryitbigl. ~ reported by two groups, with the di erence being suggested to

The thyroid therefore does appear to be able to form in theébe due to genetic backgroundi(n et al., 1998; Sekine et al.,

complete absence &fgflObut is severely hypoplastic, while we 1999. Our ndings have therefore shed light on the structures

saw no evidence of a parathyroid. a ected by neural crest expressifgf1l0but have also revealed
We also observed development of a hypoplastic CVP in theome di erences in the published literature which merit fueth

tongue, which had previously been reported as missing in thavestigation.

FgflOmutant (Petersen et al., 20)L1Fgf7is also expressed in

the mesenchyme of the developing tongue and may compensg&ETHICS STATEMENT

for the loss ofFgfl0in this structure Gohn et al., 20)1These

di erences with the published data may indicate variation doe All experiments were approved by the Home Oce and

genetic background. For our studies we investig&gfilOnulls  conducted with the correct project and personal licenses.

on a mixed C57BI6/CD1 background, while other papers havExperiments using GMOs were approved by the Kings Biological

used a mixed C57bl6/CBA or C57BI6/129SVJ or not reported th8afety Committee.
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FIGURE 5 | Cranial gland and trachea development inthe ~ WntlcreFgfl0 mutant mice. (A,D,G,I) Fgfl0 / Control. (B,E,H,J) WntlcreFgf10 mutant. (C,F)
Fgfl0 / null mice. Frontal sections E15.5(A,B,C) Developing thyroid glands (arrowed) A severely hypoplastgland was observed in the null mutant but was
missing on one side (asterix)(D,E,F) Developing parathyroid glands (arrows). No parathyroid veaobserved in the Fgf10 null(G,H) Developing Thymus glands
(arrow).(1,J) Alcian blue staining for tracheal cartilages at E19.5. Dissted trachea show normal morphology with formation of caitage rings.(K) The neural crest, as
marked by red inWntlcre/tdTom mice, does not extend down the trachea past the thyroid cartage as shown at Postnatal day 0. PTD parathyroid. Scale bars
(A-C,G,H) D 200 mm. Scale bars(D—F)D 100 nm. Scale bars (I-K): 500 mm.
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