
Materials and methods 

Patient cell lines 

Patients and skin biopsies.  Full thickness skin biopsies were surgically obtained from the 

forearms of 12 adult patients with SSc of recent onset, which was defined as disease duration of 

less than 18 months from the appearance of clinically detectable skin induration. The patients 

satisfied the 2013 ACR/EULAR criteria for the classification of SSc (1) and had the diffuse cutaneous 

clinical subset as defined by LeRoy et al. (2). Skin biopsies were obtained from a f fec ted  sk in  

on  the  fo rearm. One portion of the biopsies was fixed in formaldehyde and embedded in paraffin 

for diagnostic and other histopathological and immunohistochemical studies. The remaining tissues 

were used for isolation and establishment of dermal fibroblasts as described (3). All participants 

provided written informed consent to participate in this study. Informed consent procedure was 

approved by Thomas Jefferson  IRB#:  06F.186 to SAJ  (4) and NRES-011NE to FDG (5). Discarded 

foreskin tissue was obtained without identifiers and deemed non-human subject research by the 

Medical University of South Carolina. 

 

 

Laser capture microdissection (LCM)  

For LCM, third passage monolayer cultures of dermal fibroblasts derived from the skin biopsies of 

four SSc patients were dissociated and plated directly onto polyethylene naphthalate membrane-

coated slides (Leica Microsystems, Germany). The slides were pretreated with RNAse Zap 

(Ambion, Life Technologies, NY), sterilized with 100% ethanol, and allowed to air dry under an 

ultraviolet light prior to being placed in a standard polystyrene tissue culture dish. Following 48 

h culture, the cells were fixed with acetone and incubated for 7 min on dry ice with mouse anti-α-

SMA primary antibody (1:50, Thermo Fisher Scientific, Fremont, CA). α-SMA was visualised with 

a  fluorescent rabbit anti-mouse Cy3 secondary antibody (1:200, Sigma-Aldrich, Saint Louis, MO).  

The antibody diluent consisted of 2% BSA in PBS with added RNAse inhibitor (1U/µl final 

concentration). Cold PBS was used for all interval rinses. The slides were subsequently 

dehydrated in serial ethanol dilutions and placed on dry ice. LCM and pressure cell capturing were 

performed immediately following antibody staining according to a modification of previously 

published procedures (6, 7)  employing  the PALM MicroBeam system (Zeiss, Oberkochen, 

Germany).  The laser capture microdissected cells were collected in RNAse- free tubes to avoid 

RNA degradation and stored at -80°C until processed. 

 

HOX Tiling Array 

HOX tiling array was performed on RNA from the α-SMA positive and negative SSc fibroblasts using 

the protocol from Rinn et.al Cell 2007 (8) 

 

Small molecule inhibitors  

GSK 126 is a EZH2 methylation transferase inhibitor. It was used at a final concentration of 5uM and 

purchased from LKT Laboratories (G7340). RO4929097 is a gamma-secretase inhibitor, used to ablate 
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cleavage of Notch, at a final concentration of 1 uM and purchased from Cayman Chemical (19996). 

DAPT is a gamma-secretase inhibitor. It was used at a final concentration of 10 uM and purchased from 

Tocris (208255-80-5). All inhibitors were added to fibroblasts in complete media for 48 hours at 37C, 

5%CO2. 

 

In-situ Hybridization 

HOTAIR in situ hybridization staining of healthy and SSc forearm skin biopsies was performed using 

the RNAscope assay (Advanced Cell Diagnostics). The HOTAIR sequence specific probe was 

purchased from RNAscope. Briefly the paraffin embedded tissue sections were processed in RNAase 

free conditions and placed on positively charged slides pre-treated with RNAse zap (Thermo Fisher). 

Slides were treated with xylene to remove the paraffin. Then the probe was hybridized with the tissue 

sections at 40C for 2 hours. The probes were then labelled with a Horseradish peroxidase and 

visualised with DAB substrate. The tissue sections were then counterstained with Hematoxylin and 

imaged using a light microscope. 

 

siRNA transfection/induction protocol 

HOTAIR expression was suppressed in primary fibroblasts using anti-sense oligonucleotides (LNA. 

GapmerR; Qiagen). Primary dermal fibroblasts were plated at 200,000 cells/well in 6-well tissue culture 

plates. The next day, the media was changed to DMEM with 10% FBS but without antibiotics or 

antimycotics. Transfection was done using OptiMEM-I mixed with lipofectamine 2000 (Invitrogen) following 

the manufacturer protocol.  1.5uL of the silencing reagent was added to each well to achieve a final 

concentration of 50nM for the scrambled control LNA and the HOTAIR-specific LNA. 

 

Lentiviral Transduction 

Fibroblasts (FBs) were grown from healthy control forearm biopsies and immortalised using retrovirus 

expressing human telomerase (hTERT) as previously outlined (3). HOTAIR expression was then 

induced by transduction with GIPZ lentiviruses carrying HOTAIR gene sequence or scrambled RNA 

sequence as control in frame with puromycin resistance gene and GFP fluorochrome gene. (Open 

Biosystems, Surrey, UK). For this purpose FBs were seeded at 50% confluence and infected with 

lentiviral particles in serum free DMEM and incubated for 6h, after which an additional 1ml of DMEM 

containing 10% FCS was added and the cells were incubated for a further 72h. Stably transduced FBs 

were positively sorted for GFP fluorescence employing Fluorescence Activated Cell Sorting in sterile 

conditions (BD INFLUX) . Positively sorted cells were further selected in media containing 1.0μg/ml 

puromycin (Life Technologies) for 10 days.  

 

miRNA-34a Transfections 

Fibroblasts were transfected with 67nM of miRNA-34a mimic or a negative control miRNA (Qiagen) 

using lipofectamine 2000 transfection reagent. Fibroblasts were then incubated for 48 hours prior to 

harvesting. 
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Immunofluorescence  

Fibroblasts were grown on glass coverslips, fixed with 4% para-formaldehyde and permeabilised with 

0.1% triton in PBS.  Coverslips were stained with a mouse alpha SMA antibody (Abcam ab7817) and 

visualised with an alexa 594 conjugated anti mouse Ab. (Thermo-Life Technologies) The nuclei were 

counterstained with the DNA stain 4’,6-diamidino-2-phenylindole (DAPI) and mounted in Prolong Gold 

(Invitrogen) 

  

Western blotting 

Total protein was extracted from fibroblasts in RIPA buffer and resolved by SDS-PAGE (10-15% Tris-

Glycine), transferred onto Hybond nitrocellulose membrane (Amersham biosciences) and probed with 

antibodies specific for Collagen type 1(Rockland 600-401-103), Notch 1 (Cell signalling 3608), 

H3K27me3 (Abcam ab6002), Beta Actin (Sigma A5441). Immunoblots were visualized with species-

specific HRP conjugated secondary antibodies (Sigma) and ECL (Thermo/Pierce) on a Biorad 

chemiDoc imaging system. 

 

Quantitative Real time PCR 

RNA was extracted from cells using the RNA extraction kit (Zymo Research) following the 

manufacturing protocols. 1g of RNA was reverse transcribed using the cDNA synthesis kit (Thermo). 

Q-RT-PCR were performed using SyBr Green PCR kit (Thermo) using the PCR machine (Thermo) with 

primers specific for HOTAIR (Forward; GGTAGAAAAAGCAACCACGAAGC Reverse; 

ACATAAACCTCTGTCTGTGACTGCC), Collagen type 1A1 (Forward; CCTCCAGGGCTCCAACGAG 

Reverse; TCTATCACTGTCTTGCCCCA), type 1A2 (Forward; GATGTTGAACTTGTTGCTGAGC 

Reverse; TCTTTCCCCATTCATTTGTCTT), alpha SMA (Forward; TGTATGTGGCTATCCAGGCG 

Reverse; AGAGTCCAGCACGATGCCAG), CTGF (Forward; GTGTGCACTGCCAAAGATGGT 

Reverse; TTGGAAGGACTCACCGCT EZH2 (Forward; TTGTTGGCGGAAGCGTGTAAAATC 

Reverse; TCCCTAGTCCCGCGCAATGAGC) Notch 1 (Forward; CCAGAACTGTGAGGAAAATATCG 

Reverse; TCTTGCAGTTGTTTCCTGGAC), Hes1 (Forward; TACCCAGCCAGTGTCAAC Reverse; 

CAGATGCTGTCTTTGGTTTATCC), miRNA-34a (Forward; GGTTTTGGGTAGGTGTGTTTT Reverse; 

AATCCTCATCCCCTTCACCACCA) and GAPDH (Forward; ACCCACTCCTCCACCTTTGA Reverse; 

CTGTTGCTGTAGCCAAATTCGT). The data obtained was analysed according to the ΔΔ Ct method. 

GAPDH served as housekeeping gene. 

 

Statistical analysis 

Results were presented as mean and standard error. Statical analysis was performed using a two-

tailed, paired Student’s t-test. 
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