
 

 

www.sciencemag.org/cgi/content/full/science.1233029/DC1 

 

 

 

 

Supplementary Materials for 
 

Sept4/ARTS Regulates Stem Cell Apoptosis and Skin Regeneration 

Yaron Fuchs, Samara Brown, Travis Gorenc, Joe Rodriguez, Elaine Fuchs,* Hermann Steller* 

 
 

*Corresponding author. E-mail: steller@rockefeller.edu (H.S.); fuchslb@rockefeller.edu (E.F.) 
 

 

 

Published 20 June 2013 on Science Express 

DOI: 10.1126/science.1233029 
 

 

 

This PDF file includes: 

Materials and Methods 

Figs. S1 to S10 

References 

 



Materials and methods 

 

Mice  

Sept4/ARTS
-/-

, XIAP
-/-

 and XIAP
ΔRING

 were described previously (7, 25, 32). Tg(Krt1-15-

EGFP)2Cot/J, Tg(Krt1-15-cre/PGR)22Cot and Rosa26-YFP mice were purchased from Jackson.   

 

Flow cytometry 

HFSC isolation and FACS analysis was performed with K15-GFP and CD34, Integrin α6, 

Integrin β1 and Sca1 antibodies as previously described (33, 34). HFSCs as well as Sca-I
+
 

keratinocytes  were isolated from the backskin of 8-week-old mice (telogen).  

 

Histology and Immunofluorescence 

Skins were embedded in OCT, frozen, sectioned, and fixed in 4% formaldehyde. For paraffin 

sections, skins were incubated in 4% formaldehyde at 4°C overnight, dehydrated with a series of 

increasing concentrations of ethanol and xylene, and embedded in paraffin. Paraffin sections 

were rehydrated using W-CAP (Bio-optica) and subjected to immunofluorescence microscopy. 

For immunohistochemistry, sections were subjected to antigen unmasking in 10 mM Citrate, pH 

6.0. Sections were incubated with HRP conjugate secondary antibodies (Abs) followed by the 

HRP substrate, diaminobenzidine. Antibodies and dilutions are included in Supplemental Data.  

Tail samples of hair follicles were treated with 5mM EDTA for 4 hours at 37
0
C to separate skin 

epithelium from dermis and fixed in formal saline for 2 hours in room temperature. DWMs were 

performed as in (35). 

 

RT-PCR analysis 

RT-PCR was performed using Express SYBR greener (Invitrogen). Sept4 primers were 

previously described in (12). 

 

Bulge stem cell culture, cell number and apoptosis assays 

CD34
+
 bulge cells were isolated and cultured on mitomycin C-treated J2 3T3 fibroblasts.  For 

assessing cellular expansion 10
4
 freshly isolated cells were plated into 35-mm plates. The 

numbers of colonies (>4 cells) and cell number counted two weeks post plating. For apoptotic 
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assays, CD34
+
 bulge cells were plated on fibronectin coated cover slips in transwell in which the 

upper portion contains the J2 3T3 feeders. Transwells were utilized in order to sustain and easily 

monitor the CD34
+
 cells prior to apoptotic stimuli.   Two days post plating STS (1μM) and Eto 

(50 μM) were added for 2 hours or 14 hours, respectively. Cells were then fixed with 4% PFA 

and subjected to Immunofluorescence microscopy.  

 

Wound repair and Cre induction 

For all wound repair experiments, mice were sedated with ketamine/xylazine (5μg/g) 

administered by intraperitoneal injection. Mice were shaved and excision wounds were 

performed by punch biopsy extraction of 1cm
2
 dorsal-skin.  PWI, mice were individually housed. 

At the desired time PWI, mice were euthanized with CO2 and the wounded skins were harvested 

and placed in 4% paraformaldehyde for paraffin embedding or OCT. Cre
PGR

 was induced by 

topical application of RU486 (1% Sigma) dissolved in ethanol for 5 consecutive days.   

 

Statistical analyses 

All quantification data are mean ±SD. The significance of quantitative data was tested employing 

student T test. 

 

Antibody Information 

ARTS (Rabbit, 1:100, Sigma), CD34 (Rat, 1:100, ebioscience), K15 (Mouse, 1:100, Thermo, 

Chicken, 1:1000, Abcam), Sox9 (Rabbit, 1:100, Millipore, Goat, 1:50, Santa Cruz), Lgr6 

(Rabbit, 1:200, Novus), Integrin α6 (Rat, 1:400, ebioscience), Integrin β1 (Hamster, 1:400, 

ebioscience), Sca1 (Mouse, 1:200, ebioscience), Cleaved-Caspase-3 (Rabbit, 1:100, Cell 

signaling), Cleaved-Caspase-7 (Rabbit, 1:100, Cell signaling), Cleaved-Caspase-9 (Rabbit, 

1:100, Cell signaling), NFATc1 (Mouse, 1:100, Santa Cruz, Rabbit, 1:50, Abcam), TBX1 

(Rabbit, 1:50, Abcam) PCNA (Rabbit, 1:100, Santa Cruz, Mouse, 1:100, Novus),  Ki67 (Rabbit, 

1:1000, Abcam), XIAP (Rabbit, 1:100, Santa Cruz), Lhx2 (Goat, 1:100, Santa Cruz), Tcf3 

(Rabbit, 1:100, Santa Cruz, Rabbit, 1:100, Novus). TUNEL was performed using ApopTag TdT 

(Millipore). 
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Supplementary Figures 

 

Figure S1.  ARTS is expressed in the skin and regulates the number of HFSCs.  A Left 

panel. Immunofluorescence (IF) of telogen-phase (P20) skin sections with ARTS, CD34 and 

K15 antibodies. A Right panel. IF on TWM indicating ARTS antibody specificity B. Anti-

ARTS immunohistochemistry (IHC) of anagen-phase (P14) HFs from WT and Sept4/ARTS
-/- 

mice. Immunolabeling for ARTS was detected in HFSCs, the HG, and the ORS cells of anagenic 

HFs. C. RT-PCR analysis of Sept4 transcripts expressed in CD34
+
 HFSCs. HFSC Sept4 

expression levels were normalized to brain transcripts (top) and examined by gel electrophoresis 

(bottom). Lanes: CD34
+
ScaI

-
 HFSCs (1), Brain (2), Sept4/ARTS

-/-
 CD34

+
ScaI

-
 HFSCs (3) and 

no template control (4).  ARTS was the only Sept4 transcript detectable in HFSCs indicating that 

it is the predominant if not the only splice variant expressed in these cells. D. Cells were first 

sorted for α6
+
β1

+
 and then resorted for CD34

+
Sca1

-
.The percentage of CD34

+
Sca1

-
 HFSCs was 

calculated from the α6
+
β1

+
 population. Depicted is the percentage of CD34

+
α6

hi
 and CD34

+
α6

low 

cells. Average of WT CD34
+
Sca1

-
 HFSCs is 6.04±1.9% and Sept4/ARTS

-/- 
12.65%±2.47% 

(n≥11, P<0.001). Scale Bars: 10μm (B), 20μm (A Left), 200μm (A Right). 

 

Figure S2.  Sept4/ARTS
-/-

 mice display an increased number of HFSCs. A, B. Percentage of 

HFs with extended ES (A) and length of bulge length and epithelial stand (B). C, D. Z-stack of 

whole mount telogen phase tailskins stained for HFSC markers K15 (C) and CD34 (D) (8-week-

old mice).  Scale Bars:  200μm. *** Indicates P<0.001. 

 

Figure S3.  Sept4/ARTS does not affect proliferation. A-D. Number of colonies (>4 cells) and 

fold increase of CD34
+
Sca1

- 
HFSCs and CD34

-
Sca1

+ 
epidermal keratinocytes plated. Data are 

representative of three independent experiments. E-G. Sept4/ARTS does not affect proliferation 

in vivo. Quantification of the number of Ki67
+
 bulge cells (E), Ki67

+
/K15

+
 epidermal cells (F) 

and proliferation in different skin compartments (G) (P21). H. Confocal DHW images of 

proliferating cells in the different skin compartments (P21). INF denotes infundibulum and IFE-

interfollicular epidermis I-K. Sept4/ARTS does not affect proliferation in vitro. I. Confocal 

image of Ki67
+
 and control non-proliferating CD34

+
 cells. J, K. Quantification of the number of 

Ki67
+
 (J) and PCNA

+
 (K) CD34

+
 cells. Scale Bars:  5μm (I) 50μm (H). *** Indicates P<0.001. 
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Figure S4. Sept4/ARTS
-/-

 HFSCs are resistant to apoptosis. A. Schematic of the new bulge 

(NB), old bulge (OB), hair germ (HG) and dermal papilla (DP) during second telogen. B. IF on 

dorsal whole mounts (P50) indicating that Sept4/ARTS
-/-

 HFs form two bulges as WT mice do. 

B. right panel. Analyses of the numbers of K15-GFP
+
 HFSCs within the old and new bulges of 

WT and Sept4/ARTS
-/-

 HFs. C. Percentage of HFs that encompass K15
+
/CP3

+
 cells (P16).  

Outside the bulge, ~75% of WT HFs had at least one K15
+
/CP3

+
 cell in the upper/mid ORS 

while Sept4/ARTS
-/-

 HFs showed staining in only 1-2%. D. Immunofluorescence staining of 

dorsalskin HFs, demonstrating K15
+
/CP3

+ 
and K15

+
/Sox9

+
/TUNEL

+ 
cells (P16). The data shown 

in B and C indicate that loss of Sept4/ARTS causes a striking decrease in apoptosis. E. upper 

panels. Immunofluorescence staining of tailskin HFs, demonstrating that deletion of 

Sept4/ARTS causes increased resistance of bulge cells towards apoptosis. E lower panel left. 

CP3
+
 cells are TUNEL positive. E lower panel right. Enlargement of apoptotic HFSCs, 

demonstrating apoptotic morphology such as membrane blebbing. Scale Bars: 5μm (E lower 

panels), 20μm (B, D) and 100μm (E upper panels) *** Indicates P<0.001. 

 

Figure S5. CD34
+
 HFSCs can be grown without sustaining feeders. Sept4/ARTS

-/-
 and 

control CD34
+
 HFSCs were grown without sustaining J2 feeder cells on either fibronectin- or 

collagen-coated plates. A. Bright field photographs of cells two weeks post plating.  B. Fold 

increase in CD34
+
 cell number of cells plated on fibronectin coated plates. Sept4/ARTS

-/-
 HFSCs 

reached confluence under conditions that severely hindered the growth of control cells, 

indicating that they are protected from stress in the absence of feeder cells.   Scale bar indicates 

500μm. *** Indicates P>0.001 

 

Figure S6. Loss of Sept4/ARTS function accelerates wound healing and improves skin 

regeneration.  A. Pictures of 8-week-old mice, 5 days PWI. Dashed line represents wound 

border. B. Immunofluorescence for PCNA, indicating proliferative activity within the 

regenerated HF niche in Sept4/ARTS
-/-

 mice. Proliferating cells were predominantly positioned 

along the leading edge of regenerating HFs and, in this regard, resembled WT HFs (18). Scale 

Bar: 10μm.  

 

Figure S7. An increased number of YFP
+
 cells in the hair follicle and wounded epidermis of 
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Sept4/ARTS
-/- 

mice. Reporter expression was induced in Tg(Krt1-15-cre/PGR)22Cot;Rosa26-

YFP; Sept4/ARTS
-/- 

and control mice for 5 consecutive days with RU486 from P20-P25 or P45-

P50, and wounding was executed at P26 or P56. Skins were analyzed for YFP with/without 

HFSC markers at t=0d (A, B), 7d (C, D) and 18d-PWI (E, F). G. Zoom-in on regenerated HF in 

Sept4/ARTS
-/-

 mice 18d-PWI. Dashed line indicates dermis-epidermis border. Eighteen days 

PWI, both regenerated HFs and sebaceous glands in the wound bed of P74 Sept4/ARTS
-/- 

skins 

still displayed YFP
+
 cells. Scale Bars: 20 μm (A, B, E), 50 μm (G) 100μm (C, D, F). 

 

Figure S8. XIAP is expressed primarily in the HFSC niche, dermal papilla and sebaceous 

gland. A. IF staining employing XIAP antibody was performed on skin section excised from the 

back K15-GFP reporter mice (P14) B. XIAP expression in the dermal papilla (DP; P14). C. 

During telogen (P20) XIAP can be witnessed in the HFSC niche as well as in the sebaceous 

gland. Scale Bar: 200μm (A) and 50μm (B,C). 

 

Figure S9. Figure S8. XIAP is regulated by and epistatic to Sept4/ARTS. 

A. Western blot demonstrating increased XIAP protein levels in Sept4/ARTS
-/- 

HFSCs. 

Densitometry was performed using GelquantNET software B. H&E staining of full thickness 

excision wounds inflicted on 15-week old male mice. Seven days PWI, mice were euthanized 

and wounds were harvested. Arrows indicate regenerated HFs. Dashed line indicates dermis-

neoepidermis border. Denotation: NE- neoepidermis and GT- wound granulation tissue. Scale 

Bar: 100μm. 

 

Figure S10. Deletion of XIAP suppresses Sept4/ARTS phenotypes in the skin and affects 

HFSC apoptosis. A. Survival of Sept4/ARTS
-/- 

CD34
+
 HFSCs is mediated by XIAP and its 

RING domain. WT, Sept4/ARTS
-/-

, XIAP
-/-

, SX
-/-

 and SX
ΔRing 

CD34
+
 HFSCs were grown 

without sustaining J2 feeder cells on fibronectin-covered plates. In contrast to Sept4/ARTS
-/-

 

HFSCs, which exhibited a dramatic increase in cell number, the growth of SX
-/-

 and SX
RING

 SCs 

was impaired even more severely than the growth of WT control cells.  A. Bright field 

photographs of cells two weeks post plating.  B. Fold increase in (CD34
+
 plated) cell number. C, 

D IF of (CD34
+ 

plated) HFSCs for cleaved-caspase 7 (CP7, C) and cleaved-caspase 9 (CP9, D) 

demonstrating decreased number in Sept4/ARTS
-/-

 and increased number in XIAP
-/-

 HFSCs. 
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Scale Bar: 500μm. (*** Indicates P>0.001). 
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