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Supplemental methods 

Human samples 

All plasma and tissue were collected with patients’ approval by the Hamilton Integrated 

Research Ethics Board (HIREB #00-1839). Control lung tissue was collected from patients 

undergoing surgery for cancer. Peripheral blood was collected from healthy volunteers or IPF 

patients and sera were aliquoted and stored at -80°C. Lung fibrosis tissue was collected from 

patients undergoing biopsy for the diagnosis of unclear interstitial lung disease. The biopsies 

analysed in this study revealed a usual interstitial pneumonia (UIP) pattern on histopathology. 

Non-fibrotic human lungs were used as control. Following biopsy, all tissue was fixed in 10% 

neutral-buffered formalin and embedded in paraffin. 

 

Animal procedure  

Eight weeks old Sprague Dawley rats were treated according to the guidelines from the 

Canadian Council on Animal Care and approved by the Animal Research Ethics Board of 

McMaster University under protocol #13.12.48. Rats received 5.0x10
8
 pfu of AdTGF-β1 (or 

AdDL control) by intratracheal instillation under isoflurane anaesthesia as previously 

described [17]. Rats were euthanized by abdominal aortic bleeding at day 28 after installation. 

Blood and bronchoalveolar lavage fluid (BALF) were gathered as previously described [18] 

and stored at –20°C after cell count was performed. Frozen right lung lobes were crushed 

under liquid nitrogen and stored at -80°C for further analysis. Left lung lobes were formalin 

fixed and paraffin embedded and used for histology. 

 

Collagen quantification 

Hydroxyproline content in rat lung samples were measured by a colorimetric assay described 

previously [19]. Briefly, after sacrifice, the right four lobes of the lung were removed, snap 

frozen and stored at -80°C. The right four lobes were turned into a finely ground up powder 



and immediately homogenized in RIPA buffer. The total pellet formed from the centrifugation 

of the RIPA homogenized lung tissues was resuspended in PBS and allowed to freeze at -

80°C. The pellet was then subsequently lyophilized for at least 24 hours using a freezer dryer 

apparatus (Modulyod Freezer Dryer, Thermo Electron Corporation). Following the addition 

of 10% TCA solution and subsequent centrifugation, 6ml of 6N HCL were added into each 

tube for pellet hydrolysis at 110°C in dry bath incubator. Samples were later brought to a pH 

of 7 by the addition of NaOH and were incubated for 20 minutes after the addition of 0.05M 

Chloramine T reagent. Chloramine T reagent was destroyed by the adding 70% perchloric 

acid and samples were ultimately incubated for 20 minutes in a 55-65°C water bath shortly 

after adding Ehrlich’s reagent solution. The final reaction absorbance was read at 550nm and 

samples concentrations were determined from the hydroxyproline standard curve. 

Hydroxyproline concentrations were finally calculated and expressed as microgram of 

hydroxyproline per ml of solution. 

 

Ashcroft scoring 

Grading of pulmonary fibrosis was determined by modified Ashcroft’s score [20]. Briefly, 

each lung section was scanned at a magnification of x100 (H&E staining), and each field was 

visually graded from 0 (normal lung) to 8 (total fibrotic obliteration of the field). The mean 

value of the grades obtained for all of the fields was used as the fibrotic score. 

 

ELISA  

Total and active human TGF-β1 from BALFs was determined using ELISA (R&D Systems, 

MN, USA); human and rat HSP90α was determined using ELISA (eBioscience, CA, USA 

and Cedarlane, ON, CA) and human HSP90β was determined using ELISA (USCN life 

science, TX, USA), performed according to the recommendations of the manufacturer 

 

Cell culture 

Control and IPF primary lung fibroblasts were isolated as described before from tumor-free 

lung areas of three patients undergoing surgery for cancer and from 3 patients with ILD 

undergoing surgery and eventually being confirmed as having IPF-UIP [21]. The patients 

gave written consent and the study was approved by the local ethics board (see above). Cells 

were used between Passages 3 and 10. Primary lung fibroblasts were cultured in DMEM 

supplemented 10% FBS. A549 cells (ATCC, UK) were cultured in DMEM supplemented 

10% FBS. Cells were cultured on regular tissue culture plates (Thermo Fisher Scientific, ON, 



Canada) or on tissue culture plates coated with hydrogels of various stiffness (Matrigen, CA, 

USA; 1kPA: soft or 50kPa: stiff). When indicated human primary lung fibroblasts (Ctrl and 

IPF) were grown on regular tissue culture plates (to allow expansion) until P2 and were then 

cultured on the stiff or soft hydrogel until P3 when they were used for the experiments. When 

indicated cells were treated with 5µM (cell treatment) or 10µM (co-IP) of HS-30, a HSP90 

inhibitor that has been specifically designed to be cell impermeable. HS-30 has been kindly 

provided by Timothy Haystead from the Department of Pharmacology and Cancer Biology at 

Duke University, Durham NC, USA. MG132 (Sigma Aldrich, ON, Canada) was used to 

inhibit proteasome activity and was used 6h prior to cell harvesting at a concentration of 

50µM. Specific inhibition of HSP90α, HSP90β and LRP1 was achieved using SiRNA 

(HSP90α: s6994, HSP90β: s14375, LRP1: s8279; Thermo Fisher Scientific, ON, Canada). 

rHSP90α (Enzo life science, NY, USA) was used to treat A549 and primary fibroblasts at a 

concentration of 10 µM for 24 to 48h. rTGF-β1 (R&D Systems, MN, USA) was used to treat 

A549 cells for 48h at 2 ng/ml. Blocking HSP90α antibody (AbHSP90α) was used to treat 

A549 and primary fibroblasts at a concentration of 40 µM for 24 to 48h. SD-208, an ALK5 

inhibitor, was used to treat primary fibroblasts at a concentration of 30 µM for 24 to 48h. 

 

Supernatant collection and concentration 

A549 and Ctrl/IPF lung fibroblasts were placed in serum-free medium for 24h prior to 

supernatant collection. Supernatant protein precipitation was performed using a 

chloroform/methanol precipitation as follows: 4 volumes of methanol were added to 500 µl of 

cell supernatant. Then 1 volume of chloroform was added and 3 volumes of ddH2O. Samples 

were centrifuged 2 minutes at 15000g. After removal of the upper aqueous phase, 4 volumes 

of methanol were added. After a second centrifugation of 2 minutes at 15000g, protein pellets 

were dried using a Speed-Vac. Samples were re-solubilized in a leammli buffer (Bio-Rad 

Laboratories, CA, USA) for Western blot analysis.  

 

Western Blotting 

40 μg of total protein from cell extracts or supernatants were separated on a 10% SDS 

polyacrylamide electrophoresis gels. Proteins were transferred to a PVDF membrane (Bio-

Rad Laboratories, CA, USA) using a wet transfer apparatus and blocked at room temperature 

for 1 hour using 8% skim milk. Western blotting assay was used to detect HSP90α (ADI-SPS-

771-F, Enzo life science), HSP90β (ADI-SPA-844-200, Enzo life science), TGF-β1 (ab92486, 

Abcam, Toronto, ON, Canada), α-SMA (ab7817, Abcam), PCNA (ab18197, Abcam), 



pSmad2 (#3101, Cell Signaling Technology, MA, USA), Smad2 (ab63576, Abcam, ON, 

Canada), Collagen1A1 (ab34710, abcam), ERK (#9102, cell signaling), p-ERK (#4377, cell 

signaling), LRP1 (ab92544, abcam), NKATPase (#3010, cell signaling), TGFβRI (ab31013, 

abcam) and GAPDH (ab9485, Abcam, ON, Canada). Protein detection was performed using 

the SuperSignal West Pico chemiluminescent system (Thermo Fischer Scientific, ON, 

Canada) and read in a ChemiDoc XRS Imaging System (Bio-Rad Laboratories, CA, USA). 

Densitometry measurements were performed with ChemiDoc XRS Imaging System Software. 

GAPDH served as loading control for whole cell extracts and Ponceau staining (Bio-Rad 

Laboratories, CA, USA) was used as a loading control for supernatants. 

 

Immunofluorescence 

Immunostaining of HSP90α (ab59459, abcam) and LRP1 (ab92544, abcam) was performed 

on formalin fixed human lung tissues sections. Briefly, following deparaffinization and 

permeation with a PBS-Triton (0.1%, 5 min) solution, and saturation of nonspecific sites with 

BSA (5%, 30 min), cells were incubated with primary antibodies overnight in a humidified 

chamber at 4°C. Conjugated secondary antibodies were used at a dilution of 1:2000. Slides 

were mounted in Prolong-gold with DAPI (ProLong® Gold antifade regent with DAPI, Life 

technologies). Pictures were taken with an epifluourescence microscope (Olympus IX81) with 

the same setting and exposure time for all pictures. The lung tissues were then stained with 

DAPI, via cover slipping with ProLong Gold Antifade Reagent with DAPI (Thermo Fisher 

Scientific, ON, Canada), before being examined on a LX81 epifluorescent microscope 

(Olympus, Japan). The analysis of dual stains was performed using the plugin (JACoP) for 

imageJ. The software calculates the proportion of “red” and “green” pixels that co-localize in 

each picture regardless of the fluorescence intensity. However; the threshold option of the 

software allows the exclusion of low intensity pixels (unspecific staining/auto-fluorescence) 

thus excluding areas of the picture with no tissue. Therefore, the calculation is automatically 

normalize to area of actual tissue. Picture threshold used for the analyses was identical for all 

images. Analyses show the proportion of green pixels (HSP90α) co-localizing with red pixels 

(LRP1).  

 

Wound closure assay 

Control and IPF primary fibroblasts were cultured for 48 hours in serum free medium and 

supernatant collected served as conditioned medium to treat A549 cells. A wound was 

performed on A549 at confluence with a tip in the middle of the culture. Cells were then 



treated with conditioned medium from Control of IPF fibroblasts with or without a blocking 

HSP90α antibody (ADI-SPS-771-F, Enzo life science). Pictures were taken immediately after 

the scratch and 12h and 24h after treatment (Zeiss, Oberkochen, Germany). In parallel, cell 

proliferation was assessed using Western blotting for PCNA (ab18197, Abcam). 

 

Ex vivo mechanical stretch procedure  

Rat fibrotic lung slices underwent our mechanical stretch protocol as previously described 

[22]. Briefly, a horizontal tissue bath was constructed with dimensions 3x1x1cm. A force 

transducer and a servo-control arm were used in tandem with a digital controller interface 

(Models 400A, 322C, 604C, Aurora Scientific Inc.). Trimmed tissue strips were pasted to 

metal clips via ethyl 2-cyanoacrylate based adhesive (Electron Microscopy Sciences, Inc.) and 

attached to a hook on the force transducer and servo-arm in the tissue bath (Supplemental 

fig.2A-B). AdTGF-β1 treated lungs (D28) were removed on block and cut transversely in 

10x2x2 mm sections. Tissue strips were equilibrated in a solution (Krebs buffer) in the tissue 

bath for 16 minutes in order to bring them to 37°C after which the solution was changed and 

tissue strips were left at rest in the bath without application of stretch. Samples from the tissue 

bath taken at this point (thus before the strips had undergone stretch) were termed “before”. 

Next 10-15 seconds of static 5 mN was applied in order to obtain the Young’s modulus 

measurements. Following these measurements, 5-15 minutes of 5-20 mN cyclical stretch was 

administered and samples from the tissue bath solution samples were collected (termed 

“after”). Lung strips were incubated for six hours in Krebs Buffer with the Complete EDTA-

free Protease inhibitor cocktail (1X, Roche Diagnostics GmbH) without any mechanical 

stimuli and then frozen in liquid nitrogen prior to storage at -80°C for further analysis. Non-

stretched lung tissues were termed “Unstimulated” and stretched lung tissue were called as 

“Stimulated”.  

We aimed to model the tension of breathing in the tissue bath by setting the tension of cyclic 

stretch to 15 mN for 4 minutes oscillating at a frequency of 2 Hz, to a length of 1.1 times the 

original resting length of the tissue strips (lung strips measured 10x2x2 mm). The estimated 

pressure was 15 mN/4mm
2
=0.37 mN/mm

2
. 0.37 mN/mm

2
 is equal to 37.73 cm/H2O, which is 

within the pressure range observed in the lungs of patients with IPF [23]. In some experiments 

lung slices were pre-treated for 2 hours with a protein secretion inhibitor (PTI, eBioscience, 

CA, USA). 

 

Stiffness of tissue  



The stiffness of tissue was expressed as Young’s modulus (N/mm
2
) as previously described 

[22]. The Young’s modulus was calculated using the following formula:  

E =
F/Ao

ΔL/Lo
 

E = Young's modulus 

F = force exerted on the strip; 

A0 = original cross-sectional area of the strip; 

ΔL = amount by which the length of the strip changes; 

L0 = original length of the strip. 

For the determination of the Young modulus all strips had similar dimensions (10x2x2 mm). 

The lung strips started at zero stress and 10-15 seconds of static 5 mN force was applied. 

Thus, F = 5 mN, A0 = 4 mm
2
 and L0 = 10 mm.  

 

Co-IP (Membrane fractionation) 

For LRP1 co-IP, plasma membrane proteins have been extracted using a kit (ab65400, abcam) 

using the manufacturer recommendations. Co-immunoprecipitation experiments were 

performed using the ExactacruzTM kit (Santa-Cruz Biotechnology, TX, USA) following the 

manufacturer’s recommendations. Briefly, antibodies (HSP90α (ADI-SPS-771-F, Enzo life 

science); LRP1 (ab92544, abcam)) were incubated with the corresponding beads for 2 hours 

at 4°C. Plasma membrane fractions or whole cell extracts were mixed with the antibody-bead 

complexes over night at 4°C. Protein-antibody-beads complexes were collected by 

centrifugation and denaturated 5 min at 95°C in loading buffer (Tris-HCl 62.5 mM pH 6.8, β-

mercapto-ethanol 5%, SDS 2.3%, glycerol 10%, bromophenol blue 0.01%). Beads were 

eliminated by centrifugation and proteins were loaded on Western blot gels. Proteasome 

inhibition was done by 4 hours incubation with MG132 in whole cell lysate (30 mM, Sigma-

Aldrich). 

 

Chemical Crosslinking of Cell Surface Proteins 

For some co-IP experiments surface proteins of primary lung fibroblasts were chemically 

crosslinked with the cell impermeable bissulfosuccinimidyl suberate (BS3) crosslinker (5 

mM;  Thermo Scientific, USA) for 1 hour at 4°C as previously described [24].  

 

Statistical analysis 



All results are presented as mean +/- SEM. Statistical analysis between two groups was 

performed using a parametric Student’s t test. Statistical analysis between multiple groups 

with one control group was performed by a one way ANOVA test, with Tukey’s multiple 

comparison test (post hoc). Analysis were performed with GraphPad Prism 6.0 (GraphPad 

Software Inc.), in all cases a p-value less than 0.05 was considered significant. 

 

Supplemental Figure legends 

Supplemental Figure 1: Mechanical stretch machine 

A. Top-down schematic representation of the ex vivo model to apply mechanical stretch to 

lung strips. B. Photograph of the ex vivo model to apply mechanical stretch. 

 

Supplemental figure 2: Circulating HSP90α is upregulated in IPF patients and in AdTGF-β1 

induced lung fibrosis  

A. Serum level of HSP90β measured by ELISA on IPF patients and respective aged-matched 

healthy volunteers (Left panel). Results are presented as mean ± SEM, n = 9 and n = 31 for 

controls and IPF patients respectively. IPF patients have been clustered in 2 groups (Right 

panel): moderate IPF (FVC % predicted > 60%) and severe IPF (FVC % predicted < 60%). 

Results are presented as mean ± SEM, ***p<0.001, n = 9, n = 25 and n = 6 for controls, 

moderate IPF and severe IPF patients respectively. B. Western blot analysis of HSP90 

expression in BALF of rats treated with AdTGF-β1 (AdDL = control). WB presented is 

representative of 3 independent experiments. C. Correlation curves between the serum and 

BALF level of HSP90α in rats treated with AdTGF-β1 and Ashcroft scores of corresponding 

lungs. 

 

Supplemental figure 3: Mechanical stretch and tissue stiffness induce HSP90α secretion 

A. Western blot analysis of HSP90α and HSP90β expression in cells’ supernatant of untreated 

control / IPF primary lung fibroblasts and A549 treated or not with rTGF-β1. WB presented 

are representative of 3 independent experiments. Ponceau staining served as loading control. 

B. Correlation curves between the levels of HSP90α released by fibrotic lung strips after 

stretch and Young’s modulus (stiffness) of corresponding lung strips. 

 

Supplemental Figure 4: HSP90α does not induce pro-fibrotic markers in IPF fibroblasts 

Western blot analysis (and corresponding densitometry) of collagen 1A, p-ERK, ERK, p-



Smad2, Smad2 and α-SMA on human primary IPF fibroblasts treated with rHSP90α or 

vehicle (ctrl) for 48h at 10µM. GAPDH staining served as loading control. Results are 

presented as mean ± SEM, n = 4. 

 

Supplemental Figure 5: rHSP90α does not interact with TGFβRI 

A. Immunoprecipitation (IP) of HSP90α performed on plasma membrane extracted proteins 

followed by immuno-detection of TGFβRI and HSP90α. IP was performed with prior 

crosslinking of extracellular/membrane proteins. IP performed on IPF fibroblasts treated with 

or without rHSP90α for 48h at 10µM. IgG = non-relevant antibody, Input: non-

immunoprecipitated extracts. 

 

Supplemental Figure 6: HSP90α signaling in IPF fibroblasts is independent of TGF-β1 

pathway 

A. Western blot analysis of TGF-β1, α-SMA, p-ERK and ERK expression on human primary 

control fibroblasts treated with rHSP90α for 48h at 10µM and with or without SD-208, an 

ALK5 inhibitor at 30µM. GAPDH staining served as loading control. WB presented is 

representative of 3 independent experiments. B. Total and active TGF-β1 levels measured by 

ELISA on control fibroblasts treated with rHSP90α for 48h at 10µM and with or without SD-

208, an ALK5 inhibitor at 30µM. Results are presented as mean ± SEM, **p<0.01, 

***p<0.001, n = 5. C. Total and active TGF-β1 levels measured by ELISA on control 

fibroblasts treated with rHSP90α for 48h at 10µM and with or without HS-30 at 1mM. 

Results are presented as mean ± SEM, **p<0.01, ***p<0.001, n = 5. 

 


