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1  | BACKGROUND

The hair follicle canal serves a structural function, linking the surface 
epidermis with the mid- region of the follicle, while in the process 
providing an opening through which the hair shaft and sebum can 
exit.[1] Although seemingly nondescript at first glance, this domain is 
colonized by a rich microflora,[2,3] is immunologically and molecularly 
distinct[4–8] and is perturbed in a variety of common skin diseases 
including acne, epidermoid cysts, hidradenitis suppurativa, kera-
tosis pilaris and milia, among others.[1,9–11] Importantly, the unique 
structural features of the hair canal, also known as the infundibu-
lum, likely modulate topical drug delivery through the skin.[12,13] 
Conversely, clogging of the hair canal can lead to enlarged follicular 
ostia or facial pores—a problem that remains a major focus of the 
multi- billion dollar cosmetics industry.[14]

Studies in mice over the past few years have shown that the in-
fundibulum is maintained by Lrig1+ stem cells located near the mid- 
section, or junctional zone region, of the hair follicle.[7,15] These stem 
cells also maintain the sebaceous glands, whose main function is to 
secrete sebum into the hair canal via the sebaceous duct.[16,17] Our 
previous studies have shown that the differentiated suprabasal cells 
that line both the hair canal and sebaceous duct can be identified 
by Keratin 79 (K79).[6] Gene expression experiments further showed 
that Lrig1 and K79 message levels correlate with that of Gata6, 
which encodes a zinc finger transcription factor that plays multi-
ple key roles during development.[7,18] Deletion of Gata6 has been 
reported to stifle hair regeneration by causing replicative stress in 
fast- cycling matrix progenitor cells[19] and can also lead to a reduc-
tion in upper hair follicle cells that ordinarily express this protein.[20] 
Morphological defects in the upper hair follicle, however, have not 
been described in these mutants. Here, we show that both consti-
tutive and inducible deletion of Gata6 causes expansion of the hair 
follicle infundibulum and sebaceous duct. Surprisingly, constitutive 
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Abstract
The uppermost aspect of the hair follicle, known as the infundibulum or hair canal, 
provides a passageway for hair shaft egress and sebum secretion. Recent studies 
have indicated that the infundibulum and sebaceous ducts are lined by molecularly 
distinct differentiated cells expressing markers including Keratin 79 and Gata6. Here, 
we ablated Gata6 from the skin and observed dilation of both the hair canal and se-
baceous ducts, independent of gender and hair cycle stage. Constitutive loss of 
Gata6 yielded only a mild delay in depilation- induced entry into anagen, while unper-
turbed mutant mice possessed overtly normal skin and hair. Furthermore, we noted 
that Keratin 79 and Gata6 expression and localization did not depend upon each 
other. Our findings implicate Gata6 in maintaining the upper hair follicle and suggest 
that regulation of this transcription factor may be compromised in pathologies such 
as acne or infundibular cystic diseases that are characterized by abnormal expansion 
of this follicular domain.
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Gata6 mutants did not exhibit major defects in hair growth, suggest-
ing that other Gata factors may compensate.

2  | QUESTION ADDRESSED

Does Gata6 serve a role in maintaining the upper hair follicle?

3  | RESULTS

We began by assessing the localization of nuclear Gata6 in telogen 
hair follicles in mice and observed substantial overlap with K79 
expression in suprabasal cells of the infundibulum and sebaceous 
ducts (Figure 1A), confirming previous findings.[20] While most Lrig1+ 
stem cells also exhibited nuclear Gata6, expression of Lrig1 was 
stronger in basal cells, whereas Gata6 was elevated in suprabasal 
cells (Figures 1A and S1). We further noted that nuclear Gata6 was 
not detected in the epidermis or lower anagen follicle. This included 
early anagen, when matrix progenitors initially give rise to K79+ cells 
that form the companion layer,[21] as well as later stages, when matrix 

cells surround the mesenchymal dermal papilla (Figure 1B). We con-
firmed these results using a second independent antibody against 
Gata6 and similarly did not detect nuclear Gata6 in matrix cells 
or their differentiated progeny (Figure S2). In human skin, nuclear 
Gata6 was also localized to suprabasal cells in the upper hair follicle, 
but not in the lower anagen bulb (Figures 1C and S3).

To assess the function of Gata6, we generated mice expressing 
Keratin 5 promoter- driven Cre recombinase coupled with homozy-
gous floxed alleles of Gata6 (K5;Gata6). K5;Gata6 mice were born in 
the expected Mendelian ratios and did not exhibit overt phenotypes, 
with the exception of a single hindlimb supernumerary preaxial digit 
in ~50% of mutant animals (Figure S4A), as previously reported.[22] 
We confirmed loss of Gata6 from the upper hair follicle by immu-
nohistochemistry and noted that K79 and Lrig1 were both properly 
expressed in the absence of Gata6 (Figure 1A). Conversely, Gata6 
expression was not dependent on K79 (Figure S4B). Finally, although 
nerves can regulate expression of stem cell markers such as Gli1 and 
Lgr6 in the skin,[23,24] we further noted that the domain of Gata6 ex-
pression was unchanged in denervated hair follicles (Figure S4C,D).

We next assessed hair cycling by shaving K5;Gata6 and lit-
termate control animals at ~3.5 weeks of age to directly observe 

F IGURE  1 Gata6 localization and effects on hair cycling. A, Localization of nuclear Gata6 (green) in control (top) or K5;Gata6 mutant 
skin (bottom). Arrows, Gata6 in upper follicle. Arrowheads, dilated sebaceous ducts. Magnified views also shown. B, Lack of Gata6 (green) 
in early-  (left) or mid- anagen (right) control follicles. On left, K79 (red) identifies early companion layer (arrow).[21] C, Nuclear Gata6 (green, 
arrow) in upper domain of human hair follicle. Magnified view on right. D, Control (left) and K5;Gata6 male mice (right), 2 wk post-depilation. 
E, The same mice at ~20 wk of age. F, Histology of untreated control and K5;Gata6 anagen skin at 4 wk of age. Scale bars, 50 μm
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synchronized entry into anagen. In 10 gender- matched cohorts, we 
did not observe any major changes in hair cycling kinetics between 
mutant and control animals (Figure S5A). To determine whether 
Gata6 affects experimentally induced hair regeneration, we depil-
ated adult K5;Gata6 and littermate control animals at 8 weeks of 
age. In five gender- matched cohorts, we observed that mutant males 
displayed a mild 2- 7- day delay in anagen re- entry, whereas mutant 
females did not differ from controls (Figures 1D and S5B). All mice, 
irrespective of genotype, eventually regenerated and maintained 
a full coat of hair up to 20 weeks of age (Figure 1E). Histological 
analysis further revealed that untreated K5;Gata6 mutants properly 
entered postnatal anagen at 4 weeks of age (Figure 1F), while an in-
dependent cohort of 5 completely unperturbed K5;Gata6 mutants 
also did not exhibit overt hair phenotypes between 18 and 45 weeks 
of age (Figure S5C).

Although indistinguishable by eye, K5;Gata6 mice possessed mi-
croscopic structural defects in the upper hair follicle. We observed 
that both the sebaceous duct and infundibulum were dilated, with 
hair canals resembling early cystic lesions containing keratotic mate-
rial (Figures 1A and 2A,B). These aberrant domains expressed mark-
ers of epidermal and infundibular differentiation (Figure S6), did not 
upregulate Gata3 (Figure S7) and were not associated with increased 
skin inflammation (Figure S8). In control animals, hair canal and seba-
ceous duct size did not vary by gender but increased slightly during 
anagen (Figure 2C,D); nonetheless, subgroup analysis revealed that 
the differences seen in K5;Gata6 mice largely persisted even when 
controlling for gender and overall hair cycle stage (Figure S9). In 

immature 4- week- old animals, K5;Gata6 mutants already exhibited 
enlarged sebaceous ducts (Figure 2E). Finally, we generated mice 
harbouring tamoxifen- inducible Lrig1 promoter- driven Cre recombi-
nase coupled with Gata6 floxed alleles (Lrig1;Gata6 mice) to induce 
deletion in adults. As before, we confirmed loss of Gata6 (Figure S1) 
and observed that Lrig1;Gata6 mice recapitulated the appearance 
of dilated hair canal and sebaceous ducts, ~13 weeks after deletion 
(Figure 2F). Altogether, these findings support a role for Gata6 in 
maintaining proper upper hair follicle morphology.

4  | CONCLUSIONS AND DISCUSSION

Our findings differ from those of Wang et al,[19] who previously re-
ported that nuclear Gata6 is present in the epidermis, infundibulum, 
matrix and inner root sheath, and plays a crucial role during anagen. 
Recent gene expression studies have also shown that Gata6 mRNA 
is expressed in hair follicle stem cells and matrix progenitors.[25,26] 
Although these discrepancies in Gata6 mRNA and protein localiza-
tion are difficult to reconcile, it should be noted that our hair cycle 
studies utilized mice where Gata6 was constitutively deleted from 
the skin, whereas Wang et al inducibly and acutely deleted Gata6. 
Thus, it is conceivable that chronic loss of Gata6 enabled other Gata 
factors to compensate during hair growth, yielding a milder phe-
notype. Indeed, Gata4 can play overlapping roles with Gata6 dur-
ing pancreas and cardiovascular development.[27–29] At the same 
time, the lack of a major hair cycling defect in Gata6 mutants is also 

F IGURE  2 Loss of Gata6 causes upper hair follicle expansion. A, Dorsal skin from control (left) or K5;Gata6 (right) littermate mice at 
~20 wk of age. Arrowheads, dilated hair canals, magnified in right panel. B, Hair canal (HC) or sebaceous duct (SD) area in control or K5;Gata6 
mice at ~20 wk of age. C, HC and SD area in control mice at ~20 wk of age, subdivided by gender or hair cycle stage (D). E, HC and SD area 
in K5;Gata6 and control mice at 4 wk of age. F, Consecutive sections from Lrig1;Gata6 follicle, 13 wk post- tamoxifen. *P < 0.05; ***P < 0.001. 
Scale bars, 50 μm
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consistent with our observation that Gata6 protein is not readily de-
tected in the lower anagen follicle.

As the mechanism underlying hair canal dilation in Gata6 mutants 
remains unclear, we cannot formally rule out the possibility that loss 
of Gata6 affects the structural integrity of the upper follicle, possibly 
leading to histological artifacts. However, consistent with our find-
ings, loss of Gata6 has previously been associated with cyst formation 
in other organs such as the pancreas and ovary.[30,31] In the skin, the 
dilated hair canals are reminiscent of early utriculi- like structures that 
appear in hairless (hr) mice or when Notch signalling is suppressed 
in Lrig1+ stem cells.[6,32] Disruption of Notch pathway components 
causes cyst formation in the hair follicle resembling naevus comedo-
nicus,[33] while mutations in γ- secretase, which activates Notch, have 
been associated with hidradenitis suppurativa.[34] Whether a func-
tional link exists between Notch and Gata6 is tantalizing but currently 
remains unclear and will require further investigation.

5  | E XPERIMENTAL DESIGN

Mouse strains included Gata6tm2.1Sad/J, K79tm2a, Tg(KRT5-cre)5132Jl 
and Lrig1tm1.1(cre/ERT2)Rjc/J.[21,35–37] Gata6 antibodies were from Cell 
Signaling (D61E4) or provided by Dr. Xiang- Xi Xu.[38] Denervation 
was described previously.[39] For additional details, see Data S1.

ACKNOWLEDG EMENTS

We thank Drs. Michele Battle for Gata6 mice and Mike Xu for 
Gata6 antibody. These studies were supported by the NIH 
(R01AR065409), the University of Michigan Department of 
Dermatology, the Biological Sciences Scholars Program, and the 
Center for Organogenesis.

CONFLIC T OF INTERE S T

The authors have declared no conflicting interests.

AUTHOR CONTRIBUTION

J.B.S.,	A.N.V.	and	N.A.V.	performed	research.	S.Y.W.	performed	re-
search, wrote the manuscript and obtained funding.

ORCID

Sunny Y. Wong  http://orcid.org/0000-0002-0222-2681 

R E FE R E N C E S

 [1] M. R. Schneider, R. Paus, Cell Tissue Res. 2014, 358, 697.
 [2] R. Paus, T. Christoph, S. Müller-Röver, J. Investig. Dermatol. Symp. 

Proc. 1999, 4, 226.
	 [3]	 C.	M.	Chronnell,	L.	R.	Ghali,	R.	S.	Ali,	A.	G.	Quinn,	D.	B.	Holland,	J.	

J.	Bull,	W.	J.	Cunliffe,	I.	A.	McKay,	M.	P.	Philpott,	S.	Müller-Röver,	J. 
Invest. Dermatol. 2001, 117, 1120.

	 [4]	 M.	Bertolini,	K.	C.	Meyer,	R.	Slominski,	K.	Kobayashi,	R.	J.	Ludwig,	R.	
Paus, Exp. Dermatol. 2013, 22, 593.

 [5] K. Nagao, T. Kobayashi, K. Moro, M. Ohyama, T. Adachi, D. Y. 
Kitashima, S. Ueha, K. Horiuchi, H. Tanizaki, K. Kabashima, A. 
Kubo, Y. H. Cho, B. E. Clausen, K. Matsushima, M. Suematsu, G. 
C.	 Furtado,	 S.	 A.	 Lira,	 J.	M.	 Farber,	M.	C.	Udey,	M.	Amagai,	Nat. 
Immunol. 2012, 13, 744.

 [6] N. A. Veniaminova, A. N. Vagnozzi, D. Kopinke, T. T. Do, L. C. 
Murtaugh,	 I.	 Maillard,	 A.	 A.	 Dlugosz,	 J.	 F.	 Reiter,	 S.	 Y.	 Wong,	
Development 2013, 140, 4870.

	[7]	 M.	E.	Page,	P.	Lombard,	F.	Ng,	B.	Göttgens,	K.	B.	Jensen,	Cell Stem 
Cell 2013, 13, 1.

	 [8]	 S.	Joost,	A.	Zeisel,	T.	Jacob,	X.	Sun,	G.	La	Manno,	P.	Lönnerberg,	S.	
Linnarsson, M. Kasper, Cell Syst. 2016, 3, 221.

	 [9]	 I.	Kurokawa,	 F.	W.	Danby,	Q.	 Ju,	X.	Wang,	 L.	 F.	Xiang,	 L.	Xia,	W.	
Chen, I. Nagy, M. Picardo, D. H. Suh, R. Ganceviciene, S. Schagen, F. 
Tsatsou,	C.	C.	Zouboulis,	Exp. Dermatol. 2009, 18, 821.

	[10]	 A.	 L.	 Zaenglein,	 E.	 M.	 Graber,	 D.	 M.	 Thiboutot,	 in	 Fitzpatrick’s	
Dermatology in General Medicine (Eds: K. Wolff, L. A. Goldsmith, 
S.	 I.	 Katz,	 B.	 A.	Gilchrest,	 A.	 S.	 Paller,	D.	 J.	 Leffell),	McGraw	Hill	
Medical, Chicago, IL, 2012, pp. 897-917.

	[11]	 V.	D.	Thomas,	N.	R.	Snavely,	K.	K.	Lee,	N.	A.	Swanson,	in:	Fitzpatrick’s	
Dermatology in General Medicine (Eds: L. A. Goldsmith, S. I. Katz, 
B.	 A.	 Gilchrest,	 A.	 S.	 Paller,	 D.	 J.	 Leffell,	 K.	Wolff),	McGraw	Hill	
Medical, Chicago, IL, 2012, pp.1333-1336.

	[12]	 J.	 Lademann,	 H.	 Richter,	 U.	 F.	 Schaefer,	 U.	 Blume-Peytavi,	 A.	
Teichmann, N. Otberg, W. Sterry, Skin Pharmacol. Physiol. 2006, 19, 
232.

	[13]	 B.	Illel,	H.	Schaefer,	J.	Wepierre,	O.	Doucet,	J. Pharm. Sci. 1991, 80, 
424.

	[14]	 S.	J.	Lee,	J.	Seok,	S.	Y.	Jeong,	K.	Y.	Park,	K.	Li,	S.	J.	Seo,	Dermatol. 
Surg. 2016, 42, 277.

	[15]	 K.	B.	 Jensen,	C.	A.	Collins,	E.	Nascimento,	D.	W.	Tan,	M.	Frye,	S.	
Itami, F. M. Watt, Cell Stem Cell 2009, 4, 427.

 [16] C. Niemann, V. Horsley, Semin. Cell Dev. Biol. 2012, 23, 928.
	[17]	 E.	Hinde,	I.	S.	Haslam,	M.	R.	Schneider,	E.	A.	Langan,	J.	E.	Kloepper,	

C.	 Schramm,	 C.	 C.	 Zouboulis,	 R.	 Paus,	Exp. Dermatol. 2013, 22, 
631.

	[18]	 L.	 A.	 Santegoets,	 M.	 V.	 Seters,	 T.	 J.	 Helmerhorst,	 C.	 Heijmans-
Antonissen, P. Hanifi-Moghaddam, P. C. Ewing, W. F. van Ijcken, P. 
J.	van	der	Spek,	W.	I.	van	der	Meijden,	L.	J.	Blok,	Int. J. Cancer 2007, 
121, 759.

	[19]	 A.	B.	Wang,	Y.	V.	Zhang,	T.	Tumbar,	EMBO J. 2017, 36, 61.
 [20] G. Donati, E. Rognoni, T. Hiratsuka, K. Liakath-Ali, E. Hoste, G. 

Kar, M. Kayikci, R. Russell, K. Kretzschmar, K. W. Mulder, S. A. 
Teichmann, F. M. Watt, Nat. Cell Biol. 2017, 19, 603.

 [21] A. L. Mesler, N. A. Veniaminova, M. V. Lull, S. Y. Wong, Cell Rep. 
2017, 19, 809.

 [22] E. Kozhemyakina, A. Ionescu, A. B. Lassar, PLoS Genet. 2014, 10, 
e1004072.

 [23] X. H. Liao, H. Nguyen, Exp. Dermatol. 2014, 23, 195.
	[24]	 I.	Brownell,	E.	Guevara,	C.	B.	Bai,	C.	A.	Loomis,	A.	L.	 Joyner,	Cell 

Stem Cell 2011, 8, 552.
	[25]	 A.	Rezza,	Z.	Wang,	R.	Sennett,	W.	Qiao,	D.	Wang,	N.	Heitman,	K.	

W.	Mok,	C.	Clavel,	R.	Yi,	P.	Zandstra,	A.	Ma’ayan,	M.	Rendl,	Cell Rep. 
2016, 14, 3001.

	[26]	 H.	Yang,	R.	C.	Adam,	Y.	Ge,	Z.	L.	Hua,	E.	Fuchs,	Cell 2017, 169, 1.
	[27]	 M.	 Xin,	 C.	 A.	 Davis,	 J.	 D.	Molkentin,	 C.	 L.	 Lien,	 S.	 A.	 Duncan,	 J.	

A. Richardson, E. N. Olson, Proc. Natl Acad. Sci. U.S.A. 2006, 103, 
11189.

	[28]	 R.	Zhao,	A.	J.	Watt,	M.	A.	Battle,	J.	Li,	B.	J.	Bondow,	S.	A.	Duncan,	
Dev. Biol. 2008, 317, 614.

 [29] S. Xuan, L. Sussel, Development 2016, 143, 780.
	[30]	 S.	Xuan,	M.	J.	Borok,	K.	J.	Decker,	M.	A.	Battle,	S.	A.	Duncan,	M.	A.	

Hale,	R.	J.	Macdonald,	L.	Sussel,	J. Clin. Invest. 2012, 122, 3516.

http://orcid.org/0000-0002-0222-2681
http://orcid.org/0000-0002-0222-2681


     |  349SWANSON et Al.

 [31] K. Q. Cai, C. Caslini, C. D. Capo-chichi, C. Slater, E. R. Smith, H. 
Wu,	A.	J.	Klein-Szanto,	A.	K.	Godwin,	X.	X.	Xu,	PLoS One 2009, 4,  
e6454.

 [32] A. A. Panteleyev, C. van der Veen, T. Rosenbach, S. Müller-Röver, V. 
E. Sokolov, R. Paus, J. Invest. Dermatol. 1998, 110, 902.

	[33]	 Y.	Pan,	M.	H.	Lin,	X.	Tian,	H.	T.	Cheng,	T.	Gridley,	J.	Shen,	R.	Kopan,	
Dev. Cell 2004, 7, 731.

	[34]	 B.	Wang,	W.	Yang,	W.	Wen,	J.	Sun,	B.	Su,	B.	Liu,	D.	Ma,	D.	Lv,	Y.	Wen,	
T.	Qu,	M.	Chen,	M.	Sun,	Y.	Shen,	X.	Zhang,	Science 1065, 2010, 330.

	[35]	 A.	 E.	 Powell,	 Y.	 Wang,	 Y.	 Li,	 E.	 J.	 Poulin,	 A.	 L.	 Means,	 M.	 K.	
Washington,	J.	N.	Higginbotham,	A.	Juchheim,	N.	Prasad,	S.	E.	Levy,	
Y.	Guo,	Y.	Shyr,	B.	J.	Aronow,	K.	M.	Haigis,	J.	L.	Franklin,	R.	J.	Coffey,	
Cell 2012, 149, 146.

	[36]	 A.	Ramirez,	A.	Page,	A.	Gandarillas,	J.	Zanet,	S.	Pibre,	M.	Vidal,	L.	
Tusell,	 A.	 Genesca,	 D.	 A.	Whitaker,	 D.	W.	Melton,	 J.	 L.	 Jorcano,	
Genesis 2004, 39, 52.

	[37]	 C.	P.	Sodhi,	J.	Li,	S.	A.	Duncan,	BMC Dev. Biol. 2006, 6, 19.
 [38] K. Q. Cai, C. D. Capo-Chichi, M. E. Rula, D. H. Yang, X. X. Xu, Dev. 

Dyn. 2008, 237, 2820.
 [39] S. C. Peterson, I. Brownell, S. Y. Wong, J. Vis. Exp. 2016. https://doi.

org/10.3791/54050.

SUPPORTING INFORMATION

Additional supporting information may be found online in the 
Supporting Information section at the end of the article.

FIGURE S1 Localization of Gata6 and deletion in Lrig1;Gata6 mu-
tant hair follicles. Top panels, co- localization of nuclear Gata6 
(green) with Lrig1 (red) in control skin. Bottom, loss of Gata6 
in Lrig1;Gata6 mice, 3 d after tamoxifen- induced gene dele-
tion. Arrows point to the mid- section of the telogen hair fol-
licle, magnified in the middle panels. Right panels depict the 
same view without DAPI staining. Note that nuclear Gata6 is 
enriched in inner, suprabasal cells, whereas Lrig1 is also ex-
pressed in the basal cell layer (dotted line). Scale bars, 50 μm 
FIGURE S2 Validation of Gata6 localization using an indepen-
dent antibody. Upper panels, nuclear Gata6 (green) is detected 
in the upper hair follicle, but not in the lower anagen bulb (bot-
tom panels). Right panels are magnified views of the boxed 
areas, with DAPI omitted for clarity. Asterisk, hair shaft autoflu-
orescence. Arrows, nuclear Gata6. Bottom images were taken 
after long exposure to confirm lack of nuclear Gata6 in the an-
agen bulb. These stainings were performed using a Gata6 anti-
body generated by Dr. Xiang- Xi (Mike) Xu.[38] Scale bars, 50 μm 
FIGURE S3 Gata6 is localized to the upper hair follicle in human skin. 
Nuclear Gata6 (green, arrows) is localized to the upper follicle in 
normal facial skin. Hair follicles in telogen (left panel), early anagen 
(middle panel) and more advanced anagen (right panel) are depicted. 
Note the absence of staining in the lower anagen bulb and epider-
mis. The middle panel is also shown in Figure 1C. Scale bars, 50 μm 
FIGURE S4 Gata6 localization is unaffected in the absence of 
K79 and hair follicle innervation. A, A subset of K5;Gata6 mu-
tant mice exhibit a single supernumerary digit in the hindlimb 
(arrow, right), with the other hindlimb unaffected (left). B, Gata6 

expression (green) in control (top) and K79- deficient (bottom) skin. 
C, Sham- operated (top panels) and denervated skin (bottom pan-
els) stained for neurofilament (NF, green) or K5 (red). D, Sham- 
operated (top panels) and denervated skin (bottom panels) stained 
for Gata6 (green) and Lrig1 (red). Arrows in (B) and (D) point to the 
mid- section of the telogen hair follicle, magnified in the adjoin-
ing right panels. Arrow in (C) points to innervation of the upper 
bulge region, which is lost upon denervation. Scale bars, 50 μm 
FIGURE S5 K5;Gata6 mutant male mice exhibit a mild delay in exper-
imentally induced hair regeneration. A, Visual observations of hair 
cycling in K5;Gata6 (KO) or control littermate animals, subdivided 
by gender, after shaving at ~3.5 wk of age. B, Visual observations of 
experimentally induced anagen re- entry in K5;Gata6 or control lit-
termate animals, after depilation at 8 wk of age. C, Visual observa-
tions of 5 unperturbed K5;Gata6 mutant mice at the indicated ages.  
FIGURE S6 Dilated hair canals in K5;Gata6 mutant mice ex-
press epidermal and infundibular differentiation markers. 
Top, control skin showing expression of K14 (red) in the basal 
cell layer, and differentiation markers (green) in the supra-
basal layer, as indicated. Note that expression of these differ-
entiation markers is found in suprabasal cells of both the in-
terfollicular epidermis and hair canal (arrows). Bottom, these 
same markers are expressed in dilated hair canals (arrows) 
from K5;Gata6 mutant mice at 20 wk of age. Scale bars, 50 μm 
FIGURE S7 K5;Gata6 mutant hair follicles do not exhibit ec-
topic Gata3 expression. Control (top) and K5;Gata6 mu-
tant (bottom) anagen skin at 4 wk of age display proper 
expression of Gata3 (green) in the inner root sheath (ar-
rows) and not elsewhere in the follicle. Surrounding stain-
ing in the dermis is background staining. Scale bars, 50 μm.  
FIGURE S8 K5;Gata6 mutant skin does not exhibit an overall 
increase in inflammation. A, Control (top) and K5;Gata6 mu-
tant (bottom) telogen skin at 20 wk of age possess similar num-
bers of inflammatory cells, as assessed by staining for the pan- 
leukocyte marker CD45 (green). Two typical fields are shown 
for both control and mutant skin. B, Quantitation for (A), where 
the average number of CD45+ leukocytes per low- power 
field in control skin was normalized to “1.” Scale bars, 50 μm 
FIGURE S9 K5;Gata6 mutant mice possess expanded upper hair 
follicle domains. A, Average hair canal (HC) or sebaceous duct (SD) 
area in control or K5;Gata6 mice at ~20 wk of age, subdivided by 
gender, or hair cycle stage (B). Most comparisons approached, but 
did not reach, statistical significance due to smaller numbers of 
independent samples in subgroup analyses. *P < 0.05; **P < 0.01
DATA S1 Supplementary method details
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