SUPPLEMENTAL MATERIAL
For Bai et al
Seipin knockout mice develop heart failure with preserved ejection fraction

Mice

We used several mouse strains in the current study. (1) The generation of whole body
seipin knockout (SKO) mice was achieved by deletion of exons 5-7 of Bscl2 gene in
ES cells harboring the targeting vector cassette with recombination to replace the wild-
type allele. Mice were crossed with oocyte-specific ZP3-Cre transgenic mice to
generate heterozygous seipin pups (seipin*’). The SKO mice were generated by
intercrossing of heterozygous mice (1). The wild-type mice from littermates were used
as control mice (Ctrl) for experiments. (2) To generate cardiomyocyte-specific seipin
knockout mice (SHKO), homozygous Bscl2 (fl/fl) mice were crossed with
heterozygous Bscl2 mice also containing Cre recombinase driven by the cardiac-
specific murine alpha myosin heavy chain promoter (Myh6-Cre). The homozygous
Bscl2 (fI/fl) mice without Cre recombinase were used as corresponding control mice.
Myh6-Cre mice were obtained from Jackson Laboratory (Stock no:011038). Male mice
were used for all studies. The animals were housed in a temperature and humidity-
controlled environment with 12-hour light /12-hour dark cycle, and maintained on a

standard chow diet with free access to water.

Experimental Protocol



A schematic of the protocol was shown in Figure 1A. The physiological, cardiac and
exercise parameters of Ctrl and SKO mice were characterized serially by nuclear
magnetic resonance (NMR), echocardiography, and treadmill running test at the age of
8 weeks (81 weeks), 15 weeks (15+1 weeks), 23 weeks (23+1 weeks), 36 weeks (36+1
weeks), and 60 weeks. Mouse blood pressure was monitored by implantable telemetry
from young to adult stage (10 to 27 weeks). LV pressure-volume (PV) loop assessment
was performed in adult (23 weeks) and aged (44 weeks) Ctrl and SKO mice via PV
catheters. Mouse heart tissues were harvested at a different age for histological
examination, analysis of titin phosphorylation, and examination of protein and mRNA
levels. The number of animals in each experiment/group was shown in the figure

legends.

Metabolic Characterization of Mice

Body composition of conscious and un-anesthetized mice was assessed by NMR using
a Bruker Minispec Live Mice Analyzer (LF50, Bruker Optics Inc., MA, USA). Lean
mass was examined for comparison between Ctrl and SKO mice at a different age.
Blood glucose levels of adult mice during basal feeding were monitored by tail nicking
using an Accu-Check Advantage Il Glucometer (Roche Diagnostics, Mannheim,
Germany). Serum insulin levels were measured by utilizing the highly sensitive mouse
insulin immunoassay Kit according to the instruction (Antibody and Immunoassay

Services, Hong Kong, China).



Echocardiography

We performed echocardiography assessment using a Vevo 2100 Imaging System
(Fujifilm Visual-Sonics, Canada) as described previously (2). Mice were anesthetized
by inhalation of isoflurane (induction 3-4%, maintenance 1-2% mixed with 100%
oxygen). Standard imaging planes, M-mode, Pulsed Wave Doppler, structure and
functional calculations were conducted to animals according to the American Society
of Echocardiography guidelines. The systolic function was evaluated by calculating EF
and fractional shortening (FS). The Doppler echocardiography was used to examine
diastolic function by measuring the isovolumic relaxation time (IVRT), isovolumic
contraction time (IVCT), and ejection time (ET) of mitral valve flow. The myocardial
performance index (MPI) was calculated by using the formula: MPI=(IVCT+IVRT)/ET.
Heart rate during echocardiography study was maintained in the range of 500 to 550

bpm for M-mode and 400 to 450 bpm for Doppler studies.

Pressure-volume Analysis

In vivo LV pressure-volume measurements were performed in isoflurane-anesthetized
mice (induction 3-4%, maintenance 1.5-2.5% mixed with 100% oxygen). The catheter
(PVR-1045, ADI instruments, Australia) was inserted through the right carotid artery
without opening the chest cavity as described in the protocol (3). The baseline PV loops
at a steady state or varying preload during the vena cava inferior occlusions were
recorded. Data acquisition and analysis were performed using LabChart8 (ADI

instruments, Australia). The LV end-diastolic pressure (EDP) was recorded. The end-



diastolic PV relationship (EDPVR) was analyzed with an exponential fit (P=CeP), with

the exponent f indicated as the stiffness (4).

Exercise Tolerance Test

Exercise tolerance test was performed using a 5-lane rodent treadmill system (LE8710,
Harvard Apparatus, UK). The mice were habituated to this system for three days before
actual experiments. After an acclimation period during which mice ran at low speed (10
m/min for 5 minutes), exercise testing was performed by having mice run at
progressively increasing speeds (speed steps of 4 m/min). The accumulative running
distance and running time were recorded before the mice left the treadmill and remained

on a shock pad for at least five seconds (5).

Blood Pressure Measurement

Blood pressure was measured using an implantable telemetry system (Data Sciences
International, MN, USA) as described (6). In brief, the anesthetized mice with
Hypnorm/ Dormicum mixture (Hypnorm: 0.315 mg/mL of fentanyl and 10 mg/mL of
fluanisone [VetaPharma Ltd, Leeds, UK]; Dormicum: 5 mg/mL of midazolam [Roche
A/S, Hvidovre, Denmark]) were inserted with a telemetry catheter (PA-C10; Data
Sciences International, MN, USA) through left common carotid artery. Mice were
housed individually in a temperature and humidity-controlled facility and maintained
under a 12-hour dark (lights off 7 pm) and 12-hour light (lights on 7 am) cycle. Blood

pressure was recorded using the Dataquest A.R.T. system (Data Sciences International,



MN, USA). The Ctrl and SKO mice (8 weeks old) were implanted with the telemetry
transmitter and allowed two weeks of recovery from the surgery. Both systolic and
diastolic blood pressure (Bp) collected during the dark cycle (7 pm to 7 am) was

compared between Ctrl and SKO mice from the age of 10 to 27 weeks.

Quantification of Cross-sectional Area of Mouse Hearts and Cardiomyocytes

The dissected mouse heart tissues were fixed overnight in neutral buffered
formaldehyde, dehydrated and embedded in paraffin. Tissue blocks were then sectioned
at five micrometers. The longitudinal sections were subjected to the hematoxylin-eosin
staining (H&E) according to the manufacturer’s specifications from Sigma (MO, USA).
The whole heart cross-sectional area was quantified using Image J software (National
Institutes of Health, USA) for comparison. In brief, the images were converted to
greyscale followed by thresholding to remove background and to reveal the positively
stained area. The images were then binary-converted to black and white. The positively
stained area was then automatically measured by software. To quantify the cross-
sectional area of cardiomyocytes, images with the magnification of 400x were captured
using Ni-E motorized upright microscope (Nikon, Japan). At least ten H&E-stained
cross-sections were analyzed from each heart sample to count 1,000 cardiomyocytes.
The average cardiomyocyte area was calculated by dividing the total stained area by

the total number of cells.

Picrosirius Red Staining



Picrosirius Red staining was used to evaluate the interstitial collagen content. The
dissected heart tissues were fixed, dehydrated, and embedded in paraffin as described
above. Tissue blocks were then sectioned at five micrometers. The staining was
performed according to manufacturer’s specifications from Sigma (MO, USA). The
pixel area of positively stained collagen was quantified using Image J software for

comparison.

Neutrophil Extracellular Traps (NETS) Staining

For in situ NETS staining, dissected mouse heart tissues were fixed overnight in neutral
buffered formaldehyde, dehydrated and embedded in paraffin. Tissue blocks were then
sectioned at five micrometers. The tissue sections were blocked with 3% bovine serum
albumin in PBS after antigen retrieval. The NETs components were detected with
primary antibodies recognizing myeloperoxidase (MPQO) and citrullinated histone 3
(Cit-H3, citrulline R2+R8+R17) and then incubated with secondary antibodies
including Alexa Fluor 568-conjugated chicken anti-goat and subsequent Alexa Fluor
488-conjugated goat anti-rabbit. Finally, tissue sections were stained with 4°, 6-
diamidino-2-phenylindole dihydrochloride (DAPI) and determined by computerized
digital planimetry, using a video microscope (Olympus BX41, Japan) with DP2-BSW

imaging system (7).

Western Blotting

The procedures were carried out as described (2,8). In brief, equal amounts of proteins



were separated by SDS-PAGE, transferred to a PVDF membrane, and probed with
specific antibodies to determine the expression of the target proteins. Band intensities
were quantified and analyzed using Image J software. Antibodies against tumor
necrosis factor (TNF), Cit-H3, transforming growth factor beta (TGFB), a-smooth
muscle actin (ACTA2), B-tubulin and neutrophil elastase were purchased from Abcam
(Cambridge, UK). Antibodies recognizing B-actin, cyclic guanosine monophosphate-
dependent protein kinase (PRKG), protein kinase C alpha (PRKCA), signal transducer
and activator of transcription 3 (STAT3), phospho-STAT3 (Tyrosine 705), Janus Kinase
2 (JAK2), phospho-JAK2 (Tyrosine 1007/1008), extracellular signal-regulated protein
kinases 1 and 2 (Erk1/2), and phospho-Erk1/2 (Tyrosine 202/204) were from Cell
Signaling Technology (MA, USA). The antibody against MPO was purchased from
R&D Systems (MN, USA). The antibody recognizing cyclic adenosine
monophosphate—dependent protein kinase catalytic, alpha (PRKACA) was obtained

from Enzo Life Sciences (NY, USA).

RNA Extraction and Quantitative Real-time PCR (QPCR)

Total RNA was isolated from mouse heart tissues using Trizol Reagent (Thermo Fisher
Scientific, Massachusetts, USA). The purity and concentration of total RNA were
determined with a spectrophotometer at 260 nm and 280 nm. Ratios of absorption
(260/280 nm) of all samples were between 1.8 and 2.0. The cDNA was synthesized using
the QuantiTect Reverse Transcription kit from Qiagen (Venlo, Germany). Quantitation

of target genes was performed using SYBR Green PCR Master Mix (Qiagen) and a



StepOnePlus™ Real-Time PCR Systems (Applied Biosystems, CA, USA). Primers
were listed in Supplementary Table 1. Quantification was achieved using Ct values that

were normalized with p-actin or GAPDH as a reference control.

Total titin analysis

The total titin analysis was performed according to the procedure as described (9).
Snap-frozen mouse left ventricular tissues were weighed and pulverized in liquid
nitrogen. The tissue powder was dissolved in 50% urea buffer (8 mol/L Urea, 2 mol/L
Thiourea, 0.05 mol/L Tris-HCI, 0.075 mol/L Dithiothreitol with 3% SDS and 0.03%
Bromophenol blue, pH 6.8) and 50% glycerol with protease inhibitors at 60°C for 10
min. After centrifugation at 13,000 rpm for 15 min, the solubilized samples were
electrophoresed on 1% agarose gels using a vertical SDS-agarose gel system. Gels were
run at 15 mA per gel for three to four hours, then stained with silver staining reagent
(Sigma). The scanned gel images were analyzed to get band intensity using Image J
software. The ratio of total titin expression relative to myosin heavy chain was

calculated for comparison.

Tandem Mass Spectrometry Coupled to Liquid Chromatography

Snap-frozen mouse left ventricular tissues were weighed and pulverized in liquid
nitrogen. Proteins were extracted with lysis buffer containing 6 mol/L urea, 2 mol/L
thiourea and 20 mmol/L HEPES. Total 4 mg of protein from each sample was subjected

to reduction, alkylation and in-solution digestion with Lys-C (Wako, Japan) and



sequencing-grade trypsin (Promega, USA). After 4 hours of digestion at 37°C, the
peptide solution was cleaned up using a Cis cartridge (3M™ Empore™, Sigma). IMAC
beads were employed for selective enrichment of phosphorylated peptides. IMAC
beads were prepared as described with minor modifications (10). Briefly, Ni-NTA
agarose conjugates (Qiagen, Venlo, Germany) was rinsed thrice with MilliQ water and
incubated with 100 mmol/L EDTA pH 8.0 for 30 minutes at room temperature to strip
the nickel. Residual nickel was rinsed thrice with MilliQ water, followed by incubation
with 100 mmol/L iron chloride solution for 30-45 minutes. The resin was then washed
thrice with MilliQ water, followed by 80% acetonitrile / 0.1% trifluoroacetic acid. The
tryptic peptides were then enriched using the iron chloride treated IMAC beads. Tryptic
peptides were reconstituted in 50% acetonitrile / 0.1% trifluoroacetic acid, followed by
1:1 dilution with 99.9% acetonitrile / 0.1% trifluoroacetic acid. The peptides were
incubated with 10 ul of IMAC beads for 30 minutes with end-over-end rotation, and
the beads were subsequently loaded onto self-packed Cis stage tips pretreated with 200
ul methanol (11), washed with 50% acetonitrile / 0.1% formic acid and equilibrated
with 1% formic acid. Following loading onto the stage tip, the IMAC beads were
washed with 80% acetonitrile / 0.1% trifluoroacetic acid and 1% formic acid. The
phosphopeptides were eluted from the IMAC beads onto Cig membranes using 500
mmol/L dibasic sodium phosphate (pH 7.0), followed by washing using 1% formic acid.
The phosphopeptides were stored on the stage tip until they were ready to be analyzed
by LC-MS. The phosphopeptides were eluted from the Cig membranes with 50%

acetonitrile / 0.1% formic acid, dried using a speed vac and reconstituted in 0.1% formic



acid for LC-MS analysis. Reconstituted peptides were analyzed using an EASY-nLC
1000 liquid chromatograph (Thermo Fisher Scientific, Massachusetts, USA) attached
to a Q Exactive™ Hybrid Quadrupole-Orbitrap Mass Spectrometer. (Thermo Fisher
Scientific). Peptides were enriched using a Cig precolumn and separated on a 50 cm
analytical column (EASY-Spray Columns, Thermo Fisher Scientific) at 50°C using a
265 min gradient ranging from 0 to 40% acetonitrile /0.1 % formic acid, followed by a
10 min gradient ranging from 40 to 80% acetonitrile / 0.1 % formic acid and maintained
for 10 min at 80% acetonitrile / 0.1% formic acid. Survey full scan MS spectra (m/z
310-2000) were collected with a resolution of r = 70,000, an AGC target of 3e6 and a
maximum injection time of 10 ms. Twenty of the most intense peptide ions in each
survey scan with an intensity threshold of 10,000, underfill ratio of 1%, and a charge
state >2 were sequentially isolated with a window of 2 Th to a target value of 50,000
with a maximum injection time of 50 ms. These were fragmented in the high energy
collision cell by dissociation, using normalized collision energy of 25%. The MS/MS
was acquired with a starting mass of m/z 100 and a resolution of 17,500 and dynamic
exclusion of duration of 15 s. Data were processed using MaxQuant (Version 1.5.0.30)
and searched against Uniprot2016-12 mouse database containing 245 commonly
observed contaminants. Database search was performed with tryptic specificity
allowing a maximum of two missed cleavages as well as an initial mass tolerance of
45 ppm for precursor ions and 20 ppm for fragment ions. Cysteine
carbamidomethylation was searched as a fixed modification, and N-acetylation,
oxidized methionine, phosphorylated serine/threonine/tyrosine were searched as
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variable modifications. Maximum false discovery rates were set to 0.01 for both protein
and peptide. Proteins were considered identified when supported by at least one unique
peptide with a minimum length of seven amino acids. Each detected phosphorylation

site has a minimum Andromeda Score of 40.
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Online Figure 1: Normal cardiac characteristics in cardiomyocyte-specific seipin
knockout mice

(A) The mRNA expression profile of Bscl2/Seipin gene was analyzed in tissues of adult
Ctrl and SKO mice (18 to 24 weeks, n=6). Fold change was calculated for comparison.
(B) The whole heart tissues were harvested from aged cardiomyocyte-specific seipin
knockout mice (SHKO) and control mice without Cre recombinase (55 to 60 weeks).
The ratios between left ventricular (LV), left atrial (LA), right ventricular (RV), right
atrial (RA) weight to tibia length were calculated for comparison (scale bar=10 mm,
n=11). ND: Non-detectable.
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Online Figure 2: Increased left ventricle mass, but without reduction of ejection
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fraction or fractional shortening in aged SKO mice

(A) Left ventricle internal diameter (LVID) in systole (s) of adult Ctrl and SKO mice
(23 to 36 weeks) was examined via Vevo 2100 echocardiography (n=15). (B) Left
ventricle mass (LV mass), ejection fraction (EF), and fractional shortening (FS) of aged

mice (~60 weeks) were examined by echocardiography. Ctrl: Control; SKO: Seipin

knockout; *p<0.05, compared with age-matched Ctrl mice (n=8).
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Online Figure 3: Comparable levels of total cardiac titin between Ctrl and SKO
mice

Mouse left ventricular tissues were harvested from adult Ctrl and SKO mice (23 to 36
weeks). Expression of total titin was analyzed by using agarose gel electrophoresis. Total

titin was normalized to myosin heavy chain for comparison (n=6).
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TITIN_HUMAN 301 PSPVRSVSPAARISTSPIRSVRSPLLMRKTQASTVATGPEVPPPWKQEGYVASSSEAEMR 360

TITIN_MOUSE 300 PSPVRSVSPAGRISTSPIRSVKSPLLIRKTQTTTMATGPEVPPPWKQEGYVASSTEAEMR 359
EXXEXKREEE KXXXXXXHRLHKRE KKK L 2 X KKRKRORRXHEXRXREXEK L RRRKK

TITIN_HUMAN 897 EVKKEVGVSITGTTVREERFEVLHGREAKVTETARVPAPVEIPVTPPTLVSGLKNVTVIE 956

TITIN_MOUSE 900 EVKKEVGVSISGSTVREEHFEVLRGREAKVTETARVPAPAEVPVTPPTLVSGLKNVTVIE 959
KXXXRRRRRE X KXEEK L KREK L KRRRRRRRRRRERRK X 3 R0k XK R RRRRRR K

TITIN_HUMAN 1377 GKLYVEPAAPLGAPTYIPTLEPVSRIRSLSPRSVSRSPIR----MSPARMSPARMSPARM 1432

TITIN_MOUSE 1379 GKLYVEPAAPFSAPTYMPTPEAVSRIRSVSPRSLSRSPIRMSPAMSPARMSPARMSPARM 1438
KXXKRKRRRR . KXKK XK K KKKRRKXXKK . KKKEKK KXXRRSRKRERRRRRK

TITIN_HUMAN 1793 IVKDEKSLVEESQLPEGRKGLQRIEELERMAHEGALTGVTTDQKEKQKPDIVLYPEPVRV 1852

TITIN_MOUSE 1799 IVKDEKSLVEESQLPDGKKGLQRIEELERMAHEGALTGVTTDQKEKQKPDIVLFPEPVRV 1858
KXXKKFRLRRLXEER L K KKRERKRRRRRRXLERLKRELRRRRKRRXKRREKK  KRRREK

TITIN_HUMAN 2033 KTKDELLHWTKELTEEEKKALAEEGKITIPTFKPDKIELSPSMEAPKIFERIQSQTVGQG 2092

TITIN_MOUSE 2039 KTKDELLHWTKELTEEEKKALAEEGKITIPTFKPERIELSPSMEAPKIFERIQSQTVGQG 2098
EXXXKKKRRORLERXEXLKRRELOORRRLLRRRR + o KOIRKLELRRRLXKKRRRELORK R

TITIN_HUMAN 3413 TYTFVASNAVGQVSSTANLSLEAPESILHERIEQEIEMEMKEFSSSFLSAEEEGLHSAEL 3472

TITIN_MOUSE 3419 TYAFVANNAVGQVSSTATI.RLEAPESILHERIGQQIEMEMKEIASLLSAEEDFQTYSSDL 3478
FX KKK XKXXRKRRRRX X XXKXKRRRRRRRX X XXKXKKKK. X o o X,

TITIN_HUMAN 9173 LIPPSFTKRLSETVEETEGNSFKLEGRVAGSQPITVAWYKNNIEIQPTSNCEITFKNNTL 9232

TITIN_MOUSE 9134 LIPPSFTKKLSETVEETEGNSFKLEGRVAGSQPITVAWYKNNVEIHPTSNCEIMFKNNAL 9193
KRRXEEEK AR RRRXEEERERRRRRRRLEELRRRRRRRE KK KHRKKRK KKK, %

TITIN_HUMAN 22167 GVGPGITSACIVANYPFKVPGPPGTPQVTAVTKDSMTISWHEPLSDGGSPILGYHVERKE 22226

TITIN_MOUSE 23029 GVGPGITSASVVANYPFKVPGPPGTPQVTAVTKDSMTISWHEPLSDGGSPILGYHIERKE 23088
KRRRXXEKE o RRRXXXXEKCOOIEERERXXXXKRORERRAEXXLRRRR KRR, XXX

TITIN_HUMAN 30927 LEYEHRVTAINARGSGKPSRPSKPIVAMDPIAPPGKPQNPRVTDTTRTSVSLAWSVPEDE 30986

TITIN_MOUSE 31789 LEYEHRVTAINARGTGKPSRPSKPTVAMDPIAPPGKPQNPRVTDTTRTSVSLAWSVPEDE 31848

RERKERKRRRRRRR L KXXKKXKRE KXKXXXRXRRKRRKRRREXXRRRRRRKRRAKRRRKK

TITIN_HUMAN 32967 LPRITDQYRPKWRIPKLSQDDLEIVRPARRRTPSPDYD-FYYRPRRRSLGDISDEELLLP 33025

TITIN_MOUSE 33828 LPRITDQYRPKWRIPKLTQDDLEMVRPARRRTPSPDYDLYYYRRRRRSLGDMSDEELLLP 33887
KRKKXKKRRRRRRRRRR  KRRRK  KRRXRRRRRRRRRK o 0KK KXXXXXK KKKRRXX

TITIN_HUMAN 33026 IDDYLAMKRTEEERLRLEEELELGFSASPPSRSPPHFELSSLRYSSPQAHVKVEETRKDF 33085

TITIN_MOUSE 33888 IDDYLAMKRTEEERLRLEEELELGFSASPPSRSPPRFELSSLRYSSPPAHVKVEDRRRDF 33947
R S e P S L e TR S e T S P B e T S S ]

TITIN_HUMAN 33146 KSELDFMSKEEKSRKKSRRQREVTEITEIEEEYEISKHAQRESSSSASRLLRRRRSLSPT 33205

TITIN_MOUSE 34008 KSELDYMSKEEKSKKKSKRQRQVTEITEIEEEYEISRRAQRESSSSVSRLLRRRRSLSPT 34067
XEKKK L KRERRRK KKK KKK RRORRRRRRRRRRRK L KRRRRRXR | XXXKX KR RdkhR

TITIN_HUMAN 33206 YIELMRPVSELIRSRPQPAEEYEDDTERRSPTPERTRPRSPSPVSSERSLSRFERSARFD 33265

TITIN_MOUSE 34068 YIELMRPVSELIRSHPRPAEEYEDDAERRSPTPERTRPRSPSPVSSERSLSRFERSARFD 34127

t*************:*:********:t**********t****t*****************

Online Figure 4: Sequence alignment of human and mouse titin proteins
Sequence alignment of human and mouse titin (UniProtKB Q8WZ42 and A2ASS6,

respectively). Red stars: phosphosites that were altered in SKO LV tissues.
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Online Figure 5: Unaltered protein kinase levels in SKO mouse heart tissues

Protein expression of cyclic guanosine monophosphate-dependent protein kinase
(PRKG), cyclic adenosine monophosphate—dependent protein kinase catalytic, alpha
(PRKACA), total extracellular signal-regulated protein kinases 1 and 2 (Erk1/2), and
phospho-Erk1/2 was examined in mouse heart tissues (23 to 36 weeks, n=6) by Western

blotting. Fold change was calculated for comparison.
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Supplementary Table 1. Sequences of primers used for QPCR analysis.

Gene Species Accession ID Primer sequences
p-actin Forward 5-AGTGTGACGTTGACATCCGT-3'
Mus musculus Gl:11461
(Actb) Reverse 5-CCACCGATCCACACACAGAGTA-3'
a-skeletal Forward 5'-TGAGACCACCTACAACAGCA-3'
. Mus musculus Gl: 11459
actin (Actal) Forward 5'-CCAGAGCTGTGATCTCCTTC-3'
Seipin Forward 5'-ATCTCCACTTCTTCACGC-3'
Mus musculus Gl: 14705
(Bscl2) Forward 5'-CTGCTTCTGTTCAGCGAA-3'
Collagen | Forward 5-AGCCTGAGTCAGCAGATTGAGAA-3
Mus musculus Gl:12842
(Collal) Reverse 5'-TGGTTAGGGTCGATCCAGTACTCT-3'
GAPDH Forward 5'-AACTTTGGCATTGTGGAAGGG-3'
Mus musculus Gl:14433
(Gapdh) Reverse 5'-GGATGCAGGGATGATGTTCT-3'
Forward 5'-CAAAGCCAGAGTCCTTCAGAG-3'
IL-6 (116) Mus musculus G1:16193
Forward 5'-GCCACTCCTTCTGTGACTCC-3'
ICAM-1 Forward 5'-GTGATGCTCAGGTATCCATCCA-3'
Mus musculus Gl:15894
(Ilcaml) Reverse 5'-CACAGTTCTCAAAGCACAGCG-3'
Forward 5'-ATTGACAGGATTGGAGCCCAGAGT-3'
ANP (Nppa) | Mus musculus G1:230899

Forward 5'-TGACACACCACAAGGGCTTAGGAT-3'
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lieng_hsi_ling@nuhs.edu.sg

Dr Houng Bang Liew, Queen Elizabeth Il Hospital, Clinical Research Center,
Sabah, Malaysia. Email: hbliew22@gmail.com

Dr Calambur Narasimhan, Care Hospital, Hyderabad, India. Email:
calambur@hotmail.com

Dr Tachapong Ngarmukos, Ramathibodi Hospital, Mahidol University, Bangkok,
Thailand. Email: tachaponis.nga@mahidol.ac.th

Dr Sang Weon Park, SeJong General Hospital, Seoul, South Korea. Email:
swparkmd@gmail.com

Dr Eugenio Reyes, Manila Doctors Hospital, Manila, Philippines. Email:
eugenereyes@yahoo.com

Professor Bambang B. Siswanto, National Cardiovascular Center Universitas
Indonesia, Jakarta, Indonesia. Email: bambbs@gmail.com

Professor Wataru Shimizu, Department of Cardiovascular Medicine, Nippon
Medical School, Tokyo, Japan. Email: wshimizu@nms.ac.jp

Professor Shu Zhang, Fuwai Cardiovascular Hospital, Beijing, People’s Republic
of China. Email: zsfuwai@vip.163.com

COUNTRY AND SITE INVESTIGATORS

China

Fuwai Hospital: Shu Zhang (Country PI), Xiaohan Fan, Keping Chen. Ruijin Hospital,
Shanghai Jiaotong university: Ligun Wu, Yucai Xie, Qi Jin, Tianyou Ling. The First Affiliated
Hospital With Nanjing Medical University: Xinli Li, Fang Zhou, Yanli Zhou, Dongjie Xu,
Haifeng Zhang. Zhongshan Hospital Fudan University: Yangang Su, Xueying Chen, Shengmei
Qin, Jingfeng Wang, Xue Gong, Zhaodi Wu.
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Hong Kong
The Chinese University of Hong Kong: Cheuk Man Yu (Country PI).

India

CARE Hospital: Calambur Narasimhan (Country PI), B K S Sastry, Arun Gopi, K Raghu, C
Sridevi, Daljeet Kaur. Care Institute of Medical Sciences: Ajay Naik, Keyur Parikh, Anish
Chandarana, Urmil Shah, Milan Chag, Hemang Baxi, Satya Gupta, Jyoti Bhatia, Vaishali
Khakhkhar, Vineet Sankhla, Tejas Patel, Vipul Kapoor. Hero Dayanand Medical College Heart
Institute: Gurpreet Singh Wander, Rohit Tandon. Medanta-The Medicity: Vijay Chopra, Manoj
Kumar, Hatinder Jeet Singh Sethi, Rashmi Verma, Sanjay Mittal. Sir Ganga Ram Hospital:
Jitendra Sawhney, Manish Kr. Sharma. Westfort Hi-Tech Hospital Ltd: Mohanan Padinhare
Purayil.

Indonesia

Rumah Sakit Jantung dan Pembuluh Darah Harapan Kita: Bambang Budi Siswanto (Country
PI). RS Dr Hasan Sadikin: Pintoko Tedjokusumo, Erwan Martanto, Erwinanto. R S Khusus
Jantung Binawaluya: Muhammad Munawar, Jimmy Agung Pambudi. RS Siloam Karawaci:
Antonia Lukito, Ingrid Pardede, Alvin Thengker, Vito Damay, Siska Suridanda Danny, Rarsari
Surarso.

Japan

Nippon Medical School: Wataru Shimizu (Country PI), National Cerebral and Cardiovascular
Center: Takashi Noda, Ikutaro Nakajima, Mitsuru Wada, Kohei Ishibashi. Kinki University
Hospital Cardiovascular Center: Takashi Kurita, Ryoubun Yasuoka. Nippon Medical School
Hospital: Kuniya Asai, Kohji Murai, Yoshiaki Kubota, Yuki Izumi.Toho University Omori
Medical Center: Takanori lkeda, Shinji Hisatake, Takayuki Kabuki, Shunsuke Kiuchi, Tokyo
Women's Medical University: Nobuhisa Hagiwara, Atsushi Suzuki, Dr. Tsuyoshi Suzuki.

Korea

SeJong General Hospital: Sang-Weon Park (Country PI), Suk Keun Hong, SookJin
Lee, Lim Dal Soo, Dong-Hyeok Kim. Korea University Anam Hospital: Jaemin Shim,
Seong-Mi Park, Seung-Young Roh, Young Hoon Kim, Mina Kim, Jong-1l Choi. Korea
University Guro Hospital: Jin Oh Na, Seung Woon Rha, Hong Seog Seo, Dong Joo Oh,
Chang Gyu Park, Eung Ju Kim, Sunki Lee,

Severance Hospital, Yonsei University Health System: Boyoung Joung, Jae-Sun Uhm, Moon
Hyoung Lee, In-Jeong Cho, Hui-Nam Park. Chonnam National University Hospital: Hyung-
Wook Park, Jeong-Gwan Cho, Namsik Yoon, KiHong Lee, Kye Hun Kim. Korea University
Ansan Hospital: Seong Hwan Kim.

Malaysia

Hospital Queen Elizabeth Il: Houng Bang Liew (Country PI), Sahrin Saharudin, Boon Cong
Beh, Yu Wei Lee, Chia How Yen, Mohd Khairi Othman, Amie-Anne Augustine, Mohd Hariz
Mohd Asnawi, Roberto Angelo Mojolou, You Zhuan Tan, Aida Nurbaini Arbain, Chii Koh
Wong. Institut Jantung Negara: Razali Omar, Azmee Mohd Ghazi, Surinder Kaur Khelae,
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David S.P. Chew, Lok Bin Yap, Azlan Hussin, Zulkeflee Muhammad, Mohd. Ghazi Azmee.
University Malaya Medical Centre: Imran Zainal Abidin, Ahmad Syadi Bin Mahmood Zhudi,
Nor Ashikin Md Sari, Ganiga Srinivasaiah Sridhar, Ahmad Syadi Mahmood Zuhdi.
Muhammad Dzafir Ismail. Sarawak General Hospital Heart Centre: Tiong Kiam Ong, Yee Ling
Cham, Ning Zan Khiew, Asri Bin Said, Alan Yean Yip Fong, Nor Hanim Mohd Amin, Keong
Chua Seng, Sian Kong Tan, Kuan Leong Yew.

Philippines
Manila Doctors Hospital: Eugenio Reyes (Country PI), Jones Santos, Allan Lim. Makati
Medical Center: Raul Lapitan, Ryan Andal, Philippine Heart Center: Eleanor Lopez.

Singapore

National Heart Centre Singapore: Carolyn S.P. Lam (Country PI), Kheng Leng David Sim,
Boon Yew Tan, Choon Pin Lim, Louis L.Y. Teo, Laura L.H. Chan. National University Heart
Centre: Lieng Hsi Ling, Ping Chai, Ching Chiew Raymond Wong, Kian Keong Poh, Tan Tock
Seng Hospital: Poh Shuan Daniel Yeo, Evelyn M. Lee, Seet Yong Loh, Min Er Ching, Deanna
Z.L. Khoo, Min Sen Yew, Wenjie Huang. Changi General Hospital-Parent: Kui Toh Gerard
Leong, Jia Hao Jason See, Yaozong Benji Lim, Svenszeat Tan, Colin Yeo, Siang Chew Chai.
Singapore General Hospital-Parent: Fazlur Rehman Jaufeerally, Haresh Tulsidas, Than Aung.
Khoo Teck Puat Hospital: Hean Yee Ong, Lee Fong Ling, Dinna Kar Nee Soon

Taiwan

Mackay Memorial Hospital, Taipei, Taiwan: Chung-Lieh Hung (Country PI), Hung-I
Yeh,Jen-Yuan Kuo, Chih-Hsuan Yen. National Taiwan University Hospital: Juey-Jen Hwang,
Kuo-Liong Chien, Ta-Chen Su, Lian-Yu Lin, Jyh-Ming Juang, Yen-Hung Lin, Fu-Tien Chiang,
Jiunn-Lee Lin, Yi-Lwun Ho, Chii-Ming Lee, Po-Chih Lin, Chi-Sheng Hung, Sheng-Nan Chang,
Jou-Wei Lin, Chih-Neng Hsu. Taipei Veterans General Hospital: Wen-Chung Yu, Tze-Fan
Chao, Shih-Hsien Sung, Kang-Ling Wang, Hsin-Bang Leu, Yenn-Jiang Lin, Shih-Lin Chang,
Po-Hsun Huang, Li-Wei Lo, Cheng-Hsueh Wu. China Medical University Hospital: Hsin-Yueh
Liang, Shih-Sheng Chang, Lien-Cheng Hsiao, Yu-Chen Wang, Chiung-Ray Lu, Hung-Pin Wu,
Yen-Nien Lin, Ke-Wei Chen, Ping-Han Lo, Chung-Ho Hsu, Li-Chuan Hsieh.

Thailand

Ramathibodi Hospital: Tachapong Ngarmukos (Country PI), Mann Chandavimol, Teerapat
Yingchoncharoen, Prasart Laothavorn. Phramongkutklao Hospital:Waraporn Tiyanon.
Maharaj Nakorn Chiang Mai Hospital: Wanwarang Wongcharoen, Arintaya Phrommintikul.
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