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SUPPLEMENTARY METHODS

Mouse model of house dust mite (HDM) induced asthma

ATF6a deficient mice (kindly provided by Dr Mofi) on a C57BI6 background and WT control
C57BI6 mice aged approximately 12 weeks were eithallenged with HDM (Greer)(HDM
group)(n=8 mice/ group), or not challenged with HI¥M> HDM group) (n=8 mice/ group) as
previously describéd. The HDM used in this study contains 1,145 ug pdr per 25 ml vial
(Greer product certification of analysis sheet)biref in the HDM group, ATF& deficient or
WT mice were intranasally administered 1apHDM in 50ul PBS on day 0, 7, 14, and 21. On
day 24, AHR was measured, mice were sacrificedtmodchoalveolar lavage (BAL) fluid and
lungs collected to quantitate levels of airwayaniimation and airway remodeling as described
below. All experimental mouse protocols were apptbisy the UCSD Institutional Animal Care

and Use Committee.

M easur ement of airway hyperresponsiveness

Airway responsiveness to methacholine was assessetubated and ventilated mice aged 12
wk (n = 8 mice/group) (flexiVent ventilator; Scireq) ngi Scireq software on day 24 of the
HDM mouse protocol. Mice were anesthetized withakehe (100 mg/kg) and xylazine (10
mg/kg) i.p. and exposed to nebulized PBS and mbtime (0, 3, 24, and 48 mg/ml) as
previously describéd. The following ventilator settings were used: tigalume (10 ml/kg),

frequency (150/min), and positive end-expiratorggsure (3 cmpD).
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L ung processing

Lungs were processed for immunohistology (paragfimbedded lung sections) as previously
described in this laboratdiy In brief, lungs were equivalently inflated with intratracheal
injection of the same volume of 4% paraformaldehgdiition (Sigma Chemicals, St. Louis,

MO) to preserve the pulmonary architecture.

Assessment of thickness of airway smooth muscle layer

The thickness of the airway smooth muscle layer wmasasured byo-smooth actin
immunohistochemistry as previously descrfiéd Lung sections were immunostained with an
anti-mousea-smooth muscle actin Ab to detect peribronchial stinomuscle. The area of
peribronchiala-smooth muscle actin staining in paraffin-embeddeays was outlined and
guantified under a light microscope (Leica DMLS,idze Micro systems) attached to image
analysis system (image-Pro plus, Media Cybernefiethesda MD) as previously describet
Results are expressed as the area of peribroneBm@mlooth actin staining per micrometer length

of basement membrane of bronchioles 15042®0nternal diameter.

Assessment of peribronchial fibrosis

The area of peribronchial trichrome staining in gbam-embedded lungs was outlined and
guantified under a light microscope attached to genaanalysis system as previously
describef®®* Results are expressed as the area of peribrdntithrome staining per

micrometer length of basement membrane of bronegidb0-20@m internal diameter.
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Airway mucus expression.
To quantitate the level of mucus expression inaimeay, the number of periodic acid-Schiff
(PAS) * cells in similar sized individual bronchioles wesunted as previously descri5a6*

Results are expressed as the number of R&ls per bronchiole.

Assessment of airway inflammation
BAL cell counts. BAL fluid was collected by lavaging the lung withml PBS via a tracheal
catheter as previously describ&f* BAL total and differential cell counts were quiéirtl in

Wright Giemsa stained slides.

Peribronchial lung eosinophils, neutrophils, macrophages and lymphocytes.

Levels of lung eosinophils, neutrophils, CD4+ lyropittes, and F4/80 positive macrophages
were quantitated in the peribronchial space in lsictions processed for immunohistochemistry
using an anti-mouse MBP Ab (rabbit polyclonal Alndy provided by James Lee PhD, Mayo
Clinic, Scottsdale, Arizona), an anti-mouse neutibglastase Ab (rat monoclonal Ab SC-
71674, Santa Cruz, Dallas, Tx), an anti-mouse CO¥ (Fat monoclonal Ab, GTX85525,
GeneTex), and an anti-mouse F4/80 Ab (rat monotlohl, SC-52664 Santa Cruz
Biotechnology) as previously descriti@6* The number of individual cells staining positive

the peribronchial space was counted using a ligistascope. Results are expressed as the
number of peribronchial cells staining positive pgeonchiole with 150-20(m of internal

diameter. At least five bronchioles were countedanh slide.
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BAL cytokines
Levels of IL-5 (R&D Systems, Minneapolis, MN), IL31(R&D Systems, Minneapolis, MN),
and TGFB1 (R&D Systems, Minneapolis, MN) were quantitatgcBhisa in BAL fluid obtained

from WT and ATF@ deficient mice.

Mouse airway smooth muscle (MASM) cell culture

Mouse airway smooth muscle was obtained from WT AnB6o deficient mice as previously
describef. In brief, after mouse sacrifice, the tracheasewstcised, cut longitudinally with a
scalpel to expose the lumen and then transferréd1#? Pronase (Roche Applied Science) in
Ham's F-12 nutrient medium and incubated at 4°Qrogbkt. The tracheas were then brushed
with a cotton swab to remove the remaining adhegpithelial cells, cut into small pieces30

per trachea), and cultured in DMEM/F-12 and 10% RBSattachment and outgrowth. Four
days later, smooth muscle cell outgrowth was appaead the cells were left to multiply for 2
more days, after which they were trypsinized arateol into a 175-chflask. Confluency was
reached within about 3-5 days. Experiments wereedonthe second passage, which was split

1:2 from the first passage.

Human airway smooth muscle (hASM) culture and transfection with ATF6a SIRNA

Primary hASM were obtained from Sciencell (Carlsb@#)=® .hASM were maintained and
cultured in flasks or plates (6, 24 and 96 wellngssmooth muscle cell media with smooth
muscle growth supplement (ScienCell) and 2% fet&ire serum. hASM were transfected with
either control siRNA or ATF& siRNA (100nM) by using transfection reagents silr@

(OROGENE) and Opti-MEM (Thermo Fisher Scientifickcarding the manufacturer's
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instructions. The transfected hASM cells were ugéd hrs after the transfection in all
experiments. We assessed the efficiency of Alg€ne knockdown by qRT-PCR as previously
described in this laboratdiy¥ In brief, total RNA was extracted with RNA-STADgTel-
Test) and reverse transcribed with Oligo-dT ande®8pript 1l kit (Life Technologies). qRT-
PCR was performed with TagMan PCR Master Mix andF@&i primers (all from Life
Technology). The relative amounts of transcriptsenermalized to those of housekeeping gene
(GAPDH) mRNA and compared between control siRNAgfacted samples and AT&6iRNA
transfected samples by th&A cycle threshold method as previously describedthis
laborator{>* In addition, we quantitated levels of AT&E@rotein in hASM cells transfected
with either control siRNA or ATF6 siRNA by western blot as previously described his t
laboratory”. In brief, proteins were separated on a SDS/PA@Eagd transferred to a PVDF
membrane. Membranes were blocked in 5% (wt/volkmnillx Tris-buffered saline with Tween
for 1 h and then incubated with primary antibodgmnght at 4 °C. The primary antibodies used
in this study were mouse monoclonal anti-A&R8bcam), and rabbit monoclonal anti-GAPDH

(Genetex).

Eotaxin-1
Levels of eotaxin-1 were quantitated by ELISA (R&D Systemsinméapolis, MN) in the
supernatants of hASM transfected with either cdrelBNA or ATF6x siRNA and stimulated

with IL-13 (100 ng/ml) for 24 hrs.
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mMASM and hASM contraction assay

Either mouse ASM (WT vs ATFeb deficient) or human ASM (control vs ATEG6SIRNA
transfected) were used in an in vitro smooth mugelecontraction assay as previously described
in this laborator§’. ASM (2x10 cells/well) were cultured in basal medium withoubwth
factors for 24 hours before seeding in collagers dede of LPS (Advanced BioMatrix, San
Diego, Calif). After overnight incubation in collag gels, ASM cells were cultured in the
presence or absence of either diluent (controlthasholine (10QuM) or histamine (20QuM)

for varying time periods (0, 15, and 30 min).Wigpaist-induced ASM contraction, the area of
the gel decreases significantly, as described udias of ASM’. The area of the gels was
guantitated by using a Bio-Rad ImageDR transilllaton and Versadoc scanner (Bio-Rad
Laboratories, Hercules, Calif) with an accompanyin@ge-capture and analysis program to
generate the area in square millimeters. Resutex@oressed as % contraction, which compares

the area of the gel at the time point studied ¢oatea of the gel at baseline (0 min).

MASM and hASM Proliferation

mMmASM and hASM proliferation was assessed by Brdtoiporation using a BrdU ELISA
(Exalpha Biological). BrdU incorporation in eitherouse ASM (WT vs ATF® deficient) or
human ASM (control vs ATR6 siRNA transfected) was assessed in ASM (2xddlis/well)
stimulated to proliferate with either 2% FBS (lowoncentration) or 10% FBS (high
concentration), or as a control no FBS in a 96-waltroplate. BrdU was added 24hrs after
incubating ASM with FBS, and 24hrs later BrdU inparation was quantitated according to the

manufacturer's instructions.
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mMmASM and hASM apoptosis.

We used a Caspase-Glo 3/7 apoptosis assay (Prontedaject caspase-3/7 activity in either
mouse ASM (WT vs ATF® deficient) or human ASM (control vs ATEGIRNA transfected).

In these experiments ASM cells (2XldelIs/well) were incubated with either 0% FBS, E&S,

or 10% FBS in 96-well microplate. The Caspase-Glbapoptosis assay utilizes a luminogenic
caspase-3/7 substrate, which contains the tetrigleepequence DEVD to detect caspase-3/7
activity. Incubation of ASM with M staurosporine a known inducer of apoptosis wasl @s a
positive control. Staurosporine was added 24hes afcubating ASM with FBS, and 24hrs later

caspase-3/7 activity was quantitated accordingeéartanufacturer's instructions.

Statistical analysis

All results are presented as mean + SEM. A stasiktioftware package (Graph Pad Prism, San
Diego, CA) was used for the analysis. A t test wasd for analysis of two groups. ANOVA
analysis was use when more than two groups wergad. P values of < 0.05 were considered

statistically significant.
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SUPPLEMENTARY DISCUSSI ON

Our in vivo studies used global AT&6 mice, and thus we are not able to determine whethe
deficiency of ATF@ in ASM, or in cell types other than ASM, could kawmfluenced ASM
contraction in vivo. It is possible that AT&6 mice have a developmental defect in ASM,
although baseline levels of ASM in WT and AEF6mice are similar. The increase in ASM
mass noted in this study in WT mice with four HDMatlenges in vivo over a 3 week period
may either be due to ASM hypertrophy and/or ASMlifgmtion and requires further study.
Although our in vitro studies demonstrate that A&k6 required for methacholine or histamine
induced ASM proliferation in vitro, further studiase needed to determine the role of Ad kb
ASM proliferation induced by other important stimih asthma including leukotrienes and
HDM. In this study we only performed experimentsA8M and thus we are not able to state
whether ATFG regulates the function of other lung structurallscsuch as fibroblasts or
myofibroblasts. Further human studies are alsoerénl determine whether ORMDL3 regulates

ATF6q in human ASM as it does in human bronchial epigheklls'.

In addition to our studies of the ER demonstrathneg ORMDL3 regulates ATF6in mouse and
human lung celf§® previous studies have demonstrated that the ERlent protein 57
(ERp57) is upregulated in allergen challenged mauskhuman lung epithelial céifs Studies

of HDM challenged mice selectively deficient in ElRpin epithelial cells demonstrated reduced
airway inflammation (in particular neutrophils argmphocytes), fibrosis, and AHR
Interestingly, in epithelial cells in vitro, ATk6 knockdown decreased HDM induced
upregulation of ERp57 and decreased apoptodis contrast, ATFG does not regulate levels of

apoptosis in ASM, suggesting that the AtRgathway to ERp57 differs in functional outcomes
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in epithelial cells and ASM. As AT6is a transcription factor that regulates expressibat
least 60 gené&$, further study is needed to determine which doveash pathway from ATR6G
in ASM is important to ASM contractility. One caddie pathway downstream of ATd6s
sarco/endoplasmic reticulum €aATPase 2b (SERCA2b) which like ORMDL3 and ATFB
also localized in the ER. We have previously dertrated that in vitro and in vivo, increased
expression of ORMDL3 leads to increased activatbrATF6a and increased expression of
SERCA2I5>F In addition, knockdown of ATR6reduces levels of SERCA2b expres§idit
Thus, further study is needed to determine whe®teRCA2b or other downstream pathways in

ASM mediate the effect of ATk6on ASM contractility.

10



231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

SUPPLEMENTARY FIGURE LEGENDS:

Supplementary Figure E1. No differencein airway inflammation in ATF6a” vs WT mice.
ATF6a™ or WT mice (n = 8 mice/group) were challenged WM intranasally on day 0, 7, 14,
21. On day 24]evels of BAL cellular inflammation was quantitated, and lutigsues were
processed for immunohistology and image analydie fumber of Wright-Giemsa stainéd
BAL eosinophils,B, BAL lymphocytes,C, BAL neutrophils, andD, BAL macrophages were
quantitated by light microscop¥, The number of peribronchiole MBRosinophilsF, CD4+
lymphocytes, G, neutrophil elastade(NE") neutrophils, andH, F4/80° macrophages per
bronchiole of 150-200m internal diameter was quantitated by immunohlstoustry and image
analysis. Levels of BAL, IL-5, J, IL-13, andK, TGH31 were quantitated by ELISA., Levels
of eotaxin-1 were quantitated by ELISA in the supeant of hASM stimulated with IL-13.P

<0.05,” P <0.001, and NS (not significant).

Supplementary Figure E2. Comparison of ASM contraction in non-siRNA treated hASM
cellsand control sSIRNA treated hASM cellsin vitro.

Levels of smooth muscle contraction in non-siRNAated hASM cells and control siRNA
treated hASM cells were assessed at baseline @im@n), as well as 15 and 30 min after
incubation with eithe’A, methacholine, oB, histamine using an in vitro smooth muscle gel

contraction assayP <0.05,”" P <0.001 and NS (not significant).

11
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