
Supporting Information
Xiao et al. 10.1073/pnas.1504177112
SI Materials and Methods
Animals. Gli1LacZ/+, Gli2LacZ/+, Gli1CreER/+, ShhCreGFP/+,
TauLacZ-mGFP, Wnt1-Cre, AdvillinCre/+, Shhflox/+, Smoflox/+, K5-
tTA, TRE-cre, K14-CreER, R26SmoM2/+, Hairless, Atoh1LacZ/+,
R26LacZ/+, and R26YFP/+ mice were described previously, as
shown in the table below:

Mice were housed and bred on an outcrossed Swiss Webster
background in a pathogen-free facility at NCI, Bethesda, MD.
Genotyping of mice was performed by allele-specific PCR on
DNA extracted from tail tissue. Unless otherwise noted, all ob-
servations were made in at least three experimental mice and an
equivalent number of littermate control mice (with the exception
of denervation experiments in which the contralateral back skin
served as an internal control). All experiments were performed in
accordance with institutional guidelines according to Institutional
Animal Care and Use Committee-approved protocols.

Tissue Processing. Skin was fixed in 4% paraformaldehyde for
15 min (for X-Gal staining) or overnight (for immunostaining).
Tissue was whole-mount stained or cryoprotected overnight in
30% sucrose, embedded in O.C.T. (Fisher Scientific), and frozen.
Twelve-millimeter sections were obtained. X-Gal–stained slides
were counterstained with nuclear fast red. For immunohisto-
chemistry/X-Gal combined staining, primary antibody was added
to X-Gal reaction buffer and was incubated overnight at room
temperature followed by standard immunohistochemistry stain-
ing procedures starting from washing of the primary antibody.

Immunofluorescent Staining. Standard and whole-mount immu-
nostaining procedures were performed. Tissue sections on glass
slides were fixed in 4% paraformaldehyde for 15 min before
incubation in 10% serum in 0.1% PBT (0.1% Triton X-100 in
PBS) for 1 h and then in primary antibody (in 5% serum/0.1%
PBT) overnight at 4 °C. The primary antibodies used were rat
anti-K8 (1:50; University of Iowa), rabbit anti–β-galactosidase
(1:200; eBioscience), rabbit anti-K17 (1:200; Epitomics), chicken
anti-GFP (1:1,000; Abcam), rabbit anti-S100 (1:500; Millipore),
chicken anti-neurofilament (1:1,000; Abcam), and rabbit anti-
K14 (1:1,000; Covance). Alexa-Fluor–conjugated secondary an-
tibodies (1:2,000; Invitrogen) were used to detect the signals.
Whole-mount immunostaining followed the online protocol as
described (18). Concomitant staining of littermate control tissue
and control staining in which the primary antibody was omitted
were used to confirm the specificity of experimental staining.
Confocal images were acquired with the Zeiss LSM 710 Confocal
system (Carl Zeiss Inc.).
The Troma-1/K8 antibody developed by Philippe Brulet and

Rolf Kemler was obtained from the Developmental Studies

Hybridoma Bank developed under the auspices of the Eunice
Kennedy Shriver National Institute of Child Health and Human
Development and maintained by the University of Iowa, De-
partment of Biology, Iowa City, IA.

Quantification of Merkel Cells in Touch Domes. The numbers of
Merkel cells per touch dome were assessed by direct visualization
of immunofluorescently stained K8+ Merkel cells in whole-
mount tissue from experimental and control animals. Counting
was performed by a blinded observer. Because shaving and
processing skin occasionally result in tissue damage, Merkel cells
were not counted in touch domes where tissue damage was evi-
dent. In experimental animals in which touch dome maintenance
was impaired, there often were guard hairs with no adjacent
staining for touch dome cells. Because there was no reliable way to
identify these “empty” touch dome sites, we did not include touch
domes with no Merkel cells in our quantifications. Thus, the re-
ported number of Merkel cells per touch dome in mutant animals
is likely to be artificially high, because it reflects the mean number
of Merkel cells in the remaining touch domes. The reported
number is the number of touch domes counted. Because of the
small size and low abundance of touch domes within the epider-
mis, Merkel cell quantification is more prone to sampling errors in
stained tissue sections than in whole-mount tissue. For this reason
we report quantifications of double-stained Merkel cells in sec-
tioned tissues as estimates based on counting >50 individual
Merkel cells.

Surgical Denervation of Cutaneous Nerves.Dorsal cutaneous nerves
were severed by microsurgery as described (19). Briefly, a midline
incision of dorsal trunk skin allowed visualization and surgical
denervation of the right dorsal skin. Sham-treated left dorsal skin
was used as control.

Detection of Shh Deletion and Relative Expression in DRG Neurons.
DRG neurons were dissected from Wnt1-Cre;Shhflox/flox (n = 3)
and control (n = 3) mice. Total RNA was purified using TRIzol
and was reverse transcribed into cDNA following the manufac-
turer’s manual (Invitrogen #11752). Then quantitative RT-PCR
was performed with 18S rRNA as control, using SYBR Green to
detect Shh expression with three technical replicates. Data are
presented as means ± SEM. Genomic deletion of Shh in DRG
neurons and tail biopsy total DNA were examined using ABI
Taqman assay (Mm00560396_cn). The sequences of PCR pri-
mers were Shh-forward: 5′-AAGCAGGTTTCGACTGGGTC-3′;
Shh-reverse: 5′-CCGGGACGTAAGTCCTTCAC-3′. Data are
presented as means ± SD of three technical replicates.

Statistical Analyses. Population datasets are shown as the mean
value; error bars represent SEM. For comparisons between sets,
an unpaired, two-tailed t test was applied.

Animal Treatments. Tamoxifen (Sigma) was dissolved in corn oil
(20 mg/mL) and injected i.p. (200 mg/kg body weight) for three
daily doses to induce CreER. For K14-CreER;R26SmoM2/+ mice,
tamoxifen was dissolved in 100% ethanol (10 mg/mL), and
∼100 uL was applied dropwise to shaved trunk skin once daily
for 3 d to induce CreER. Depilation was achieved by manual
plucking of dorsal trunk skin followed by wax-strip depilation.
K5-tTA;TRE-cre;Smoflox/flox mice were bred and maintained on a
complete rodent diet containing 200 mg/kg dox administered ad
libitum until the point of dox withdrawal, at which time mice
were switched to standard rodent diet.

Gli1LacZ/+ (1)
Gli2LacZ/+ (2)
K5-tTA;TRE-cre;Smoflox/flox;Gli1LacZ/+ (3–5)
Gli1CreER/+;R26LacZ/+ (6, 7)
Gli1CreER/+;R26YFP/+ (8)
ShhCreGFP/+;TauLacZ-mGFP (9, 10)
Hairless (Hr) (11)
Hrhr/hr;Atoh1LacZ/+ (12)
Wnt1-Cre;Shhflox/flox (12, 14)
AdvillinCre/+;Shhflox/flox (15)
K14-CreER;R26SmoM2/+ (16, 17)
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Fig. S1. The touch dome contains Hh-responding cells. (A) Costaining of X-Gal with K17 or K8 immunohistochemistry in the skin of an adult Gli1LacZ/+ mouse.
(B) Whole-mount en face confocal image of β-galactosidase (β-gal) and K8 staining in skin from the back of an adult Gli1LacZ/+ mouse. (Inset) A rare Gli1+ Merkel
cell. (C) Individual channels of Fig. 1B β-gal and K8 staining in skin from the back of an adult Gli1LacZ/+ mouse. (D) Individual channels of Fig. 1C X-Gal (false-
colored red) and K17 staining in the skin of an adult Gli1LacZ/+ mouse. (E) X-Gal section staining and β-gal staining in skin from a Gli2LacZ/+ mouse. (F) Section
staining of X-Gal with nuclear fast red or with K14 immunohistochemistry in the touch dome of an adult K5-tTA;TRE-cre;Smoflox/flox;Gli1LacZ/+ mouse 7 wk after
the withdrawal of dox demonstrating loss of Gli1 in epidermis at sites of touch domes (visualized by Gli1 reporter staining in dermis).
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Fig. S2. Hh-responding progenitor cells maintain the touch dome and associated Schwann cells. (A) Experimental scheme and X-Gal staining in skin from adult
Gli1-GIFM (Gli1CreER/+;R26LacZ/+) mice 4 d, 7 d, and 13 d after tamoxifen induction. (B) Individual channels of Fig. 1D K8 and GFP staining in the skin from a Gli1-
GIFM (Gli1CreER/+;R26YFP/+) mouse 9 d after tamoxifen induction at P23. Red arrows indicate unlabeled Merkel cells. (Inset) A labeled K8low Merkel cell and an
unlabeled K8+ Merkel cell. (C) S100 and GFP staining in skin from a Gli1-GIFM (Gli1CreER/+;R26YFP/+) mouse 9 d after tamoxifen induction at P23. White arrows
indicate labeled Schwann cells. Asterisks in B and C indicate nonspecific staining. (D) Individual channels of Fig. 1E K8, K17, and GFP staining in skin from an
adult Gli1-GIFM (Gli1CreER/+;R26YFP/+) mouse 3 mo after depilation and tamoxifen induction. (Inset) Labeled K8+ Merkel cells. Yellow arrows in B and D indicate
labeled Merkel cells. (Scale bars, 50 μm.)

Xiao et al. www.pnas.org/cgi/content/short/1504177112 4 of 6

www.pnas.org/cgi/content/short/1504177112


Fig. S3. The touch dome lineage is preserved in short-term denervated mouse skin and is maintained independent of cycling hair follicles. (A) K8, K17, and
neurofilament (NF) staining in the skin of an adult Gli1LacZ/+ mouse 2 wk (Left) and 6 wk (Right) after denervation (Den). (Inset) Stained nerve from non-
denervated dermis. (B) X-Gal staining of telogen and anagen hair follicles in Gli1LacZ/+ mouse 9 mo after denervation. The arrowheads indicate the upper bulge
region. (C) X-Gal whole-mount staining in the skin from a 2-mo-old Hairless;Atoh1LacZ/+ mouse and K8, K17, and NF staining in the skin from a 9-mo-old Hairless
mouse. (D) X-Gal whole-mount staining in skin from 5-mo-old Gli1LacZ/+ and Hairless;Gli1LacZ/+ mice. (Scale bars, 50 μm for section staining; 0.5 mm for whole-
mount X-Gal staining.)
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Fig. S4. Conditional knockout of Shh from DRG neurons or of Smo from the epidermis results in failure to maintain the touch dome lineage. (A) Confocal
maximum projection of whole-mount K8 and NF staining in the skin from a P21 Wnt1-Cre;Shhflox/flox mouse. Skin from a P17 WT mouse is shown for com-
parison. (B) K8 whole-mount staining in skin from P13 WT and Wnt1-Cre;Shhflox/flox mice. (C) K8 and K17 staining in skin from 7-mo-old WT and Wnt1-Cre;
Shhflox/flox mice. (D) Quantitative PCR detection of the genomic Shh locus in DRG neurons and tail DNA of P16 WT and mutant (Mut; Wnt1-Cre;Shhflox/flox) mice.
The mean copy number and SD of the Shh target region are normalized to that of the GAPDH locus in each sample. #, data missing. (E) Confocal maximum
projection of whole-mount K8 and NF staining in skin from P0 WT and AdvillinCre/+;Shhflox/flox mice. (F) K8 whole-mount staining in skin from P0 WT and
AdvillinCre/+;Shhflox/flox mice. (G) K8 and K17 whole-mount staining in skin from 4-mo-old WT and AdvillinCre/+;Shhflox/flox mice. (H) Number of K8+ Merkel cells
per touch dome (mean ± SEM) in skin from WT and mutant (Mut; K5-tTA;TRE-cre;Smoflox/flox) mice after Smo deletion at P0 or P21, assessed at the indicated
postnatal day of life. ***P < 0.0001. (I) K8 whole-mount staining in skin from P21 WT and K5-tTA;TRE-cre;Smoflox/flox mice; dox was withdrawn at P0. (Scale
bars, 50 μm.)
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