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METHODS

Pharmaceutical Reagents. In this study, Enzastaurin (Selleckchem, Houston, TX) and

SUGENS5416 (Tocris, Bristol, UK) were used.

High Throughput siRNA Screen. High throughput siRNA screen of > 22,000 genes using an
Id1-BRE luciferase reporter assay in a C2C12 mouse myoblastoma cell line treated with or
without 250 pm BMP4 was conducted in the Stanford High-Throughput Bioscience Center, as
previously described(E1). Briefly, C2C12 myoblastoma cells were stably transfected with BRE-
Id1 linked to luciferase as a reporter cell line(E1) and screened on 72 x 384 well siRNA plates.
The transfection conditions were optimized with BMP4 as stimulus, siBMPR2 and siTox as
controls, DharmaFect3 as the transfection reagent and optimal concentrations for siRNAs
(25nM) and cell numbers/well (1500). Target genes decreased Idl expression to < 60%,
comparable to siBMPR2, while maintaining a general cell viability of > 70% to exclude cell
death response genes. Of the resulting 579 genes, unspecific genes, such as pseudogenes, RNA
polymerase subunits, RNA splicing, transport factors and ribosome units were excluded in a
secondary screening approach, yielded 96 genes, which were validated by target-specific sSiRNA
pools. Hits were defined as a < 60% reduction in Id1 expression, as well as a stricter cell viability

criteria of > 80% with a least 2 individual siRNAs. This yielded 74 gene candidates that were

cross-validated using the novel meta-analysis approach.
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Meta-Analysis

A novel integrated meta-analysis algorithm and a validation cohort was used to cross-validate the
resulting list of 74 BMPR2 modifier gene candidates from the mouse myoblastoma HTS in seven
publicly available human PAH transcriptomic datasets from the NCBI Gene Expression
Omnibus (GEO) (Lung: GSE15197, GSE24988, GSE48149; PBMC: GSE19617, GSE22356,
GSE33463, GSE703). All samples were uniformly curated using standardized vocabularies linked to

the National Library of Medicine (NLM) United Medical Language System (UMLS), a parent vocabulary

which includes Gene Ontology, SNOMED-CT, ICD-9, and ICD-10, as well as over a hundred other
commonly used standardized vocabularies. The 7 PAH data sets comprised 291 samples from either
PAH lungs (153 samples) or PBMCs (138 samples), which were used to develop a PAH dataset.
We downloaded and manually curated each dataset, as previously described(E2-ES5). Briefly, the
data itself was normalized and converted to log2 using previously published methods(E6). We
used two different meta-analysis approaches, called (i) combining fold changes and (ii)
combining p-values as previously described(E7). Differentially expressed genes were selected
that (i) had a specific false discovery rate threshold < 10%, and (ii) were expressed in the same
direction (up- or downregulated) in at least 75% of the studies. To account for data dominance,
caused by the unequal sample number, we removed one data set at a time for the meta-analysis.
The 74 targets from the mouse myoblastoma HTS were validated in human lung and PBMC
PAH datasets to ensure that potential BMPR2 modifier genes were important in human PAH
samples. A double screening approach was deemed necessary to account for healthy control
subject variability, determining gene targets that are most relevant for human disease and most
consistently regulated.

In addition to comparing the HTS siRNA results with the PAH gene expression datasets, we

predicted an anti-PAH signature, which essentially is characterized by an opposite gene
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expression to the PAH signature. The availability of gene expression profile datasets for drugs
allows identification of FDA-approved drugs that may beneficial to treat PAH. We integrated a
reference collection of gene-expression profiles from cultured human cells treated with bioactive
small molecules. The database LINCS profiled a large number of drugs across many cell lines.
LINCS is the largest database of gene expression profiles of cultured human cells treated with
different drugs. At the time of analysis, there were 20,413 chemical perturbagens profiled on
LINCS across 18 "gold" cell lines on the L1000 platform (www.lincscloud.org). With this
technique we predicted which genes Enzastaurin and Dasatinib would target and whether the

gene expression profile would be more similar to the PAH signature or anti-signature.

Animal Models. Fhit homozygous (-/-) mice were obtained from Kay F. Huebner (Ohio State
University). Bmpr2+/- mice were a gift from Marlene Rabinovitch (Stanford University). Adult
wildtype C57BL/6 mice, Bmpr2+/- or Fhit-/- mice at 8-10 weeks of age were housed in chronic
hypoxia (10% O,) for 3 weeks, followed by a recovery period of 4 weeks in normoxia (21% O,),
if indicated. Bmpr2+/- and Fhit-/- mice and littermates were treated with a daily dose of
Enzastaurin (15 and 5 mg/kg body weight respectively ) or vehicle for the duration of the study,
administered through oral gavage.

Development of experimental PH was induced in adult Sprague Dawley rats (8 weeks old, 180-
220g) through a single subcutaneous dose of the VEGF receptor tyrosine kinase inhibitor
SUGENS5416 (20 mg/kg body weight), followed by exposure to chronic hypoxia (10% O,) for 3
weeks and normoxia for 5 weeks (21% O,), as previously described(E1). SuHx rats and
littermates were treated with a daily dose of Enzastaurin (5 mg/kg body weight) or vehicle for 3

weeks, administered through oral gavage.

E4



Right Ventricular (RV) Systolic Pressure was measured through right jugular vein
catheterization and RV hypertrophy (RVH) was assessed by the weight ratio of the RV to left
ventricle and septum (LV + S).

All animal experiments were approved by the Stanford University Institutional Animal Care and

Use Committee.

Histology and ICC. Murine and rat lung tissue was fixed in paraformaldehyde (PFA) for 48
hours and preserved in EtOH. Paraffin embedded lung slides were stained with a Movat
pentachrome stain (Histo-Tec, Hayward, CA), where vessel loss and muscularization of
pulmonary vessels was visualized by light microscopy. Fluorescent immunocytochemistry on
lung sections was performed on deparaffinized (Histoclear II, National Diagnostics) tissue
sections with primary antibodies for von-Willebrand factor (vWF) and alpha smooth muscle
actin (aSMA) following antigen-retrieval. Human PAH lung tissue was stained for anti-BMPR2
(Ab130206, Abcam) and anti-FHIT (kind gift of Kay F. Huebner, Ohio State University).

PFA-fixed paraffin-embedded heart tissue was stained with trichrome staining (Histo-Tec,

Hayward, CA) to visualize fibrotic transformation.

Cell Culture. Human PAEC (Promocell) or human PASMC (Promocell) were grown as
monolayers in gelatin-coated dishes in a commercial EC (Promocell) or SMC (Promocell)
media, respectively. Cells were passaged at 1:3 ratios and used for experiments from passages 3-

8. Transformed lymphocytes (i.e. lymphoblasts) were cultured in RPMI 1640 with 10-15% FBS.
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Isolation of Cells from Human PAH Patients. PAEC of IPAH and FPAH patients at time of
lung transplant were obtained from digested whole lung tissue, using CD31-AB pulldown beads
(Dynabeads; Invitrogen), as previously described(E1). Peripheral Blood Mononuclear Cells
(PBMCs) from were isolated from the peripheral blood of endstage PAH patients with negative
BMPR? mutation status or healthy volunteers through Ficoll-Paque density gradient
centrifugation, dextran sedimentation and RBC lysis, as previously described(E8). Lymphocytes
from BMPR2™"" PAH patients and their unaffected relatives were isolated from the whole blood
using gradient centrifugation and subsequently virally transformed, as previously described(E1).

Experiments involving human tissue or derived primary cells were approved by the Stanford
University Institutional Review Board and the Administrative Panel on Human Subject

Research.

RNA Interference. FHIT expression was modulated by RNAI in PA endothelial cells (PAEC).
A pool of 4 siRNAs for BMPR2, FHIT, LCK or a non-targeting control pool (Dharmacon) were
transfected into PAECs using the RNAi Max kit (Invitrogen) for 48 hours. mRNA knockdown

efficiency was determined by qPCR.

qPCR Assay to Detect mRNA and miR Expression. For mRNA, total RNA was extracted
from whole lung tissue using the RNAeasy Plus Kit (Qiagen) and reverse transcribed into cDNA
using random primers with the Tagman cDNA reverse transcription Kit (Applied Biosciences)
according to the manufacturer’s instructions. For miR, total miR was isolated from whole lung
tissue using the Tagman miRNA ABC purification Kit (Applied Biosciences) and was reverse

transcribed using specific primers and the Tagman microRNA reverse transcription kit (Applied
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Biosciences). mRNA and miR expression levels were quantified using Tagman primer/probe sets

for the target and normalized to a housekeeping control (mMRNA: GAPDH; miR: RNU48).

Western Blotting. Western blotting was performed as previously described (E1). Antibodies for
BMPR2 (Ab130206, monoclonal, Abcam), FHIT (NBPI-89061, polyclonal, Novus Biologicals;
Ab180806, polyclonal, Abcam), PKC (Ab76016, monoclonal, Abcam), P-PKC (Ab32376,
[Y124], monoclonal, Abcam), LCK (NBPI-19840, polyclonal, Novus Biologicals), p38
(Ab31828, monoclonal, Abcam), Idl (sc133104, monoclonal, Santa Cruz Biotechnology),
Smadl (#9743, Cell Signaling), P-Smad1/5/9 (#13820P, Cell Signaling) and B-Actin (Sc47778,

monoclonal, Santa Cruz) were used.

Apoptosis, DNA Damage, MTT Proliferation and Matrigel Tube Formation Assays. Assays

were conducted according to the manufacturer’s instructions and as previously described(E1,E9).

Deep Tissue Imaging. Deep tissue imaging of agarose-inflated lungs was conducted on a Leica
M205FA fluorescent stereomicroscope using a Hamamatsu Orca Flash 4.0LT camera as
previously described(E10,E11). Arterial muscularization in agarose-inflated lungs was assessed
in arteries accompanying the left lobe secondary lateral airway branch L4 (L:L4)(E10) and was
designated as branching generation 1 before the point of its bifurcation. Further descendant
artery branch generations, generated by bifurcation or domain branching alike, were designated
as branch generations 2-12. An increase in generation numbers was apparent for generations 6-

10 in Fhit-/- mice, whereas wildtype mice did not exceed generation 7 of muscularized vessels.
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Statistical Analysis. Data were analyzed using GraphPad Prism version 7.00, GraphPad
software (La Jolla, CA). Statistical tests were performed as appropriate and included the
following: Student’s t-test, One-Way ANOVA and Two-way ANOVA, followed by the
appropriate post-hoc test, as indicated. Bars show mean + SEM. Differences were considered to
be statistically significant as follows: p<0.05 (*/#), p<0.01 (**/##), p<0.001 (***/###),

P<0.0001 (**%% H#),
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DISCUSSION OF SUPPLEMENTAL FIGURES E1, E2

Sex specific differences in male vs. female Fhit-/- mice in susceptibility to loss of FHIT in
hypoxia.

The occurrence of PAH is greatly increased in female patients, despite the more severe disease
phenotype in males, where it rapidly leads to right heart failure(E12), as replicated in some
animal models(E13,E14). Despite extensive research, the role of estrogen in PAH remains
enigmatic, with both protective and deleterious effects reported(E15). We propose here that
baseline FHIT expression is protective and may be a variable to explain sex differences in PAH,
as steady-state FHIT levels are higher in men than in women(E16).

As reported for ApoE-/- and VIP-/- mice(E13,E14), two PAH models with sex-specific
differences, we observed a more severe phenotype in male Fhit-/- mice. Whereas in Fhit-/-
females, cardiovascular disease presented spontaneously, the RV adapted to hypoxia and the
increases in RVSP were less dramatic in response to acute hypoxia, suggesting the presence of
low-grade PAH at baseline, when FHIT is not present. In contrast, male Fhit-/- mice lacked a
severe pulmo-vascular phenotype in normoxia; however, the acute response to hypoxia induced a
mal-adaptive response in RVH and thus RV pressure, which was poorly reversible upon return to
normoxia, suggesting that the RV in male Fhit-/- mice may be less apt to maintain homeostasis,
paving the way for earlier right heart failure than in females. In support, it has been reported that
FHIT levels are typically higher in men than in women(E16), suggesting that a loss of FHIT in
males may elicit a more severe increase in hemodynamic parameters in the course of the hypoxia
adaptation response. As only muscularization was increased in male Fhit-/- mice with no

changes in RVSP pressures and RVH, this may indicate that the loss of pulmonary vessels was
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not severe enough to elicit an increased pressure in the RV and thus no compensatory response
by the RV was required.

The severe acute hyperresponsive increase in RVSP of male Fhit-/- mice to hypoxia, resembles
the clinical phenotype, where acute RV failure is more commonly observed in male PH patients.
In contrast, female Fhit-/- mice lacked a hyperresponsive RVSP increase in hypoxia; however,
the increased RVSP, RVH and vessel loss at baseline in female, but not male Fhit-/~- mice, argues
for the presence of low-grade PAH in steady-state. However, the differences in RVSP pressure in
normoxia between the sexes may also be accounted for by the more severe loss of pulmonary
vasculature in female Fhit-/-.

While BMPR?2 is undeniably a downstream target of FHIT, the presence of further BMPR2-
independent, PAH-related downstream targets of FHIT is conceivable. In support, whereas we
observed a uniform downregulation of BMPR2 in male and female FPAH patients in
transformed lymphocytes, FHIT expression was unilaterally decreased in female FPAH patients
only, which would link reduced FHIT to the more frequent occurrence of PAH in women(E18)
Yet, the data in FHIT levels in health and disease are conflicting, given that others have
described increased levels of FHIT in women(E17). Further research is required to correlate
FHIT levels in female and male mice and men and the correlation with severity of disease.
Interestingly, FHIT loss was observed more frequently in malignant compared to benign
mammary carcinoma(E19) in menopausal women, supporting the importance of FHIT in the

female sex.
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Table E1 Patient demographics
A Transformed lymphocytes

Patient ID Sex Age at Age at discovery Survival since % disease Relation
time of discovery free years BMPR2 NMD
study Status
Family1 [P1a M 53 43 10 81 NMD+
2nd cousin
P1b F 39 25 14 64 NMD+ of P1a
distant
cousin of
C1 F 74 100 NMD+ P1a and P1b
Father of
C1b M 81 100 NMD+ P1a
unlikely, not
Family2 [P2 F 43 35 8 81 confirmed
unlikely, not
C2 E 72 100 confirmed mother of P2
Family3 |P3 F 39 28 11 72 NMD-
Distant
C3a M 39 100 NMD- cousin of P3
C3b F 50 100 NMD- aunt of P3
Family4 |P4 M 50 38 12 76 NMD+
distant
C4 F 56 100 NMD+ cousin of P4
unlikely, not
Family5 [P5 M 49 34 15 69 confirmed
unlikely, not
C5 M 63 100 confirmed uncle of P5
Family6 [P6a F 65 28 37 43 NMD+ niece of P6b
P6b F 82, 64 18 78 NMD+
brother of
6b, uncle of
C6 M 85| 100 NMD+ P6a
Family7 |P7 F 48] 37 11 77 NMD+
i M 71 100 NMD+ uncle of P7
unrelated |P8 F 34 29 8 34 NMD-
C8 F 67| 100 NMD-
Controls F n=7
M n=3
B PAECs
Group Diagnosis  Sex Age at time of study Racial background
F n=3 Caucasian n=5
Controls M n=3 38.7 + 8.1554 Unknown n=1
IPAH n=7 Caucasian n=8
FPAH n=2 |F n=7 African American n=1
Patients NK n=1 |M n=3 35.1 £ 2.8889 Hispanic n=1

C Lung histology
Patient ID Diagnosis Sex Racial

Background
CC-015 FPAH F 33 Caucasian

Table E1: Summary of patient demographics including age, sex, PAH group, mutational status
when available the patient samples used (transformed lymphocytes, pulmonary artery endothelial
cells and lung histology). E14
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Figure E1: Sex difference in BMPR2 expression in FPAH and Carriers versus healthy
controls

gPCR mRNA analysis of FHIT (A-C) and BMPR2 (D-F) expression in transformed lymphocytes
from selected families with FPAH patients and healthy mutation carrier compared to healthy
controls analyzed for females (B,E), males (C,F) and combined subjects (A,D). N=10, Mean +
SEM, * p < 0.05, One-Way ANOVA, Dunnett’s post-test, for patient demographics see Table E1.
(G,H) Graphic display of BMPR2 and FHIT expression in FPAH patients compared to the carriers
of the same family. Paired t-test p=0.0054 BMPR2, p=0.0026 FHIT.

E15




50;
Figure E2  ,F
E 30
& 201
Z 10

0-

-
by

AW+AD/100 alveoli o

oOmn & o @

[ C57
H FHIT -/-

# EEd I
Nx I-ix

[ C57 @ FHIT -/-

-
N D O ® O
S © © © ©

Muscularisation (%)

-~

] C57 W FHIT-/-
#

Nx I-le Rebx

1O cs7 L e,
1 FHIT --

¥

- d of TV T NN
i-l‘}. "“j{f\"\& - r{)“;}}:"; N ‘
. J

-~ _r

3 L~ S
o ST
'\r

i

1%

o

| 2 @ —ﬁ-—i{‘ -



Figure E2: Fhit-/- C57BL/6 mice develop experimental PAH after chronic exposure to Hypoxia.
Female Fhit-/- C57BL/6 vs. littermate wildtype (C57) mice were housed for three weeks in
normoxic (Nx, 20% 02), hypoxic (Hx, 10 % O2) conditions, a hypoxia-recovery (Rec, 3 weeks
Hx/4 weeks Nx) period for 4 weeks, compared to 7 weeks Nx controls. A, Right ventricle systolic
pressure (RVSP) was measured by pulmonary artery catheterisation (female, C57 n=3, FHIT -/-
Nx n=4, FHIT -/- Hx Rec n=3). B, Right ventricle (RV) hypertrophy is demonstrated by the weight
ratio of RV to left ventricle and septum (RV/LV+S) (female, C57 n=3, Fhit-/- Nx n=4, FHIT -/- Hx
n=3, Fhit-/- Rec n=5). C, Loss of alveolar wall (AW) and alveolar duct (AD) pulmonary vessels. D,
Full or partial muscularization (%) of AW or AD vessels was assessed in MOVAT stained lung
sections (female, C57 n=3, Fhit-/- Nx n=4, Fhit-/- Hx Rec n=3). E-F, Representative MOVAT lung
histology representing vessel loss of small distal vessels (E) or vessel muscularisation (F). Arrows
indicate vessel position. Scale bars represent 200 um. All bars denote Mean £ SEM. * p < 0.05, **
p <0.01, *** p <0.001, *** p < 0.0001 vs. Nx control, # p < 0.05, ### p < 0.001, ### p < 0.0001
vs. C57 control, Two Way ANOVA, Turkey’s post-test.
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Figure E3: FHIT protein expression in Fhit-/- mice compared to C57BL/6 controls in
normoxia versus 3 weeks chronic hypoxia as well as 4 weeks re-oxygenation.
Fhit-/- C57BL/6 vs. littermate wildtype (C57) mice were housed for three weeks in normoxic (NXx,

20% 02), hypoxic (Hx, 10 % O2) conditions, a hypoxia-recovery (Rec, 3 weeks Hx/4 weeks Nx)
period for 4 weeks, compared to 7 weeks Nx controls. Representative densitometric analysis of
FHIT protein expression in lung tissue normalised to a B-actin housekeeping control (male, C57
n=3, Fhit-/- Nx n=3, Fhit-/- Hx n=5, Fhit-/- Rec n=4). All bars denote Mean + SEM. **** p < 0.0001
vs. C57 control, Two Way ANOVA, Turkey’s post-test.
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Figure E4: Enzastaurin prevents the development of hypoxia-induced experimental PAH in
C57BL/6 and BMPR2 +/- mice. Male Wildtype and Bmpr2+/- C57BL/6 (C57) mice were housed
for three weeks in normoxic (Nx, 20% 0O2) and hypoxic (Hx, 10 % O2) conditions, treated with or
without daily administration of 5 mg/kg Enzastaurin by oral gavage/ Alzet mini-osmotic pump
model 2006. A, Right ventricle systolic pressure (RVSP) was measured by pulmonary artery
catheterisation (n=3, Mean £ SEM, * p < 0.05 vs. Nx control, One Way ANOVA, Sidak’s post-test).
B, Right ventricle (RV) hypertrophy is demonstrated by the weight ratio of RV to left ventricle and
septum (n=3, Mean £ SEM, # p < 0.05 vs. vehicle control, Two Way ANOVA, Turkey’s post-test).
C, Loss of alveolar wall (AW) and alveolar duct (AD) pulmonary vessels and D, their full or partial
muscularization (%) was assessed in MOVAT stained lung sections (n=3, Mean + SEM, * p < 0.05
vs. C57 control, ## p < 0.01, ### p< 0.001 vs. vehicle control, Two Way ANOVA, Turkey’s post-
test). E, Representative MOVAT lung histology. Arrows indicate vessel position. Scale bars
represent 200 um. F-G, Representative MOVAT lung histology of large (F) and small vessetss(G)
respectively. Arrows indicate vessel position. Scale bars represent 200 or 50 um, as indicated.
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Figure E5

rat #2
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Figure E5: Representative MOVAT lung histology in Sprague Dawley rat lungs, comparing
Normoxia and Sugen/Hypoxia conditions after 3 weeks of Enzastaurin treatment.
Experimental PAH was induced in male Sasco Sprague Dawley rats by subcutaneous injection of
20 mg/kg body weight SU5416. Animals were housed for 3 weeks in hypoxic (Hx, 10 % O2)
conditions, followed by a 5 week period in normoxia (Nx, 20% O2), following daily administration
of 5 mg/kg body weight Enzastaurin or vehicle control by oral gavage.

Representative MOVAT lung histology of small pulmonary vessels are shown. Scale bars
represent 20 yM.
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Figure E6: PKC and p-PKC protein expression in Sprague Dawley rat lungs, comparing
Normoxia and Sugen/Hypoxia conditions after 3 weeks of Enzastaurin treatment.
Experimental PAH was induced in male Sasco Sprague Dawley rats by subcutaneous injection of
20 mg/kg body weight SU5416. Animals were housed for 3 weeks in hypoxic (Hx, 10% O2)
conditions, followed by a 5 week period in normoxia (Nx, 20% O2), following daily administration
of 5 mg/kg body weight Enzastaurin or vehicle control by oral gavage.

Densitometric analysis of PKC (A) and p-PKC (B) protein expression in lung tissue normalised to
a B-actin housekeeping control (male, Nx n=4, Nx Enz n=4, SuHx n=3, SuHx Enz n=5) and p-PKC
normalised to PKC (C). Representative blots of PKC, p-PKC and B-actin (D). All bars denote Mean
+ SEM. Two Way ANOVA, Turkey’s post-test.
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Figure E7 C57BIl6 — WT mice - Hypoxia
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Figure E7: FK506 and Enzastaurin combined prevent hypoxia induced pulmonary
hypertension and show an additive effect on BMPR2 and Id1 (not FHIT ) mRNA expression.
Male Wildtype C57BL/6 (C57) mice were exposed to three weeks in hypoxic (Hx, 10 % O2), and
treated with 5mg/kg body weight Enzastaurin or vehicle control (saline) with or without
0.05mg/kg/d FK506 by mini-osmotic pump (Alzet model 2004). A Right ventricle systolic pressure
(RVSP) was measured by pulmonary artery catheterisation (n=3, Mean £+ SEM, ** p < 0.01 vs.
Sham control, One Way ANOVA, Dunnett’'s post-test). B Right Ventricular Hypertrophy as
measured by weight RV/LV+S. C-F, AACt analysis of mRNA expression in lung tissue. (n=3,
Mean + SEM, * p < 0.05, ** p < 0.01, *** p < 0.001 vs. Vehicle control, One Way ANOVA, Dunnett’s
. . E21

post-test). Abbreviations: Enz — Enzastaurin.




Figure E8
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Figure E8: Enzastaurin prevents pulmonary hypertension in FHIT -/- mice exposed ti
hypoxia through miR17-5 mediated upregulation of BMPR2 and Id1
Male FHIT-/- mice were exposed to three weeks hypoxia (Hx, 10 % O2), treated with Enzastaurin
or vehicle (saline) control at a concentration of 5mg/kg body weight by mini-osmotic pump (Alzet
model 2004). A, Right ventricle systolic pressure (RVSP) was measured by pulmonary artery
catheterisation (n=3, Mean £+ SEM, * p < 0.05 vs. vehicle control, unpaired Student’s t test). B
Right Ventricular Hypertrophy (RVH) as measured by weight of the RV/ LV+ Septum. C Number of
alveolar wall and alveolar duct vessel/ 100 alveoli (4-5 20 x fields per mouse). D--G, AACt analysis
of mMRNA expression in lung tissue. (n=3, Mean + SEM, * p < 0.05, ** p < 0.01 vs. Vehicle control,
unpaired Student’s t test). Abbreviations: Enz — Enzastaurin
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Figure E9
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Figure E9: WT and FHIT -/- C57BL/6 mice do not develop RV fibrosis following hypoxic

Male Wildtype and FHIT-/- C57BL/6 (C57) mice were housed for three weeks in hypoxic (Hx, 10 %
0O2) conditions and a hypoxia-recovery (Rec, 3 weeks Hx/4 weeks Nx) period for 4 weeks.
Representative Trichrome heart histology is shown. Fibrosis is indicated by the blue colour.

The RV and LV+Septum had to be separated from each other for weight RV/LV+Septum
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Figure E10
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Figure E10: Reduction of BMPR2 and ID1 in PAEC by FHIT knockdown is in part miR17-5
dependent. Human PAEC were plated on the 6 well plates (0.5x10° cells/well) and transfected
with siFhit  (Ambion Silencer ®select, P/N 4392420) 100nM and anti-miR 17-5 inhibitor
(AM12412, Ambion) by RNAiMax for 48 hours. Anti-miR MiRNA inhibitor was used as the negative
control (AM17010, Ambion)l. MIiRNA was isolated by TagMan® miRNA ABC purification kit and
the isolated miRNA was analyzed using Tagman® MicroRNA assays. Fhit, BMPR2 and Id1 gene
expression was measured using Tagman® gene expression assay and normalized to GAPDH
whereas miR17-5 was normalized to RNU48 (A) Relative expression of miR17.5 (B) FHIT, (C)
BMPR2 and (D) ID1. All bars denote Mean + SEM., n=3, * p < 0.05, ** p < 0.01, *** p < 0.001 vs.
Ntsi, One Way ANOVA, Turkey’s post-test, # p < 0.05 vs. NtMir, unpaired Student’s t test,
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Figure E11
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Figure E11: 24 h treatment with Enzastaurin increases FHIT, BMPR2 and Id1 expression in
PAECs in which FHIT is reduced by siRNA. Human PAEC were plated on the 6 well plates
(0.5x10° cells/well) and transfected with siFhit (Ambion Silencer ®select, P/N 4392420) 100nM
and then treated with Non-targeting siRNA 100nM by RNAiMax (Invitrogen) for 48 hours. Cells
were then treated with Enzastaurin 15 uM for 24 hours. RNA was isolated by RNeasy® Plus Mini
Kit (Qiagen) and analyze Fhit, BMPR2 and Id1 gene expression by Tagman® gene expression
assay (Invitrogen. Fhit, BMPR2 and Id1 gene expression was measured using Tagman® gene
expression assay (A) Relative expression of FHIT (B) BMPR2, (C) ID1. All bars denote Mean %
SEM., n=3, One Way ANOVA, Sidack’s multi comparison test **** p < 0.0001, ** p<0.01 Ntsi vs
SiFHIT , ### p<0.0005, ## P<0.01 siFHIT vs siFHIT+Enz.
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Figure E12
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Figure E12: 24 h treatment with Enzastaurin increases FHIT, BMPR2 and Id1 expression in
PAECs in which FHIT is reduced by siRNA. Human PAEC were plated on 6 well plates. When
being 70-80% confluent, cells were treated with Enzastaurin at 0.5uM, 5uM and 15uM respectively
for 24 hours. RNA was isolated by RNeasy® Plus Mini Kit (Qiagen) and Fhit, BMPR2 and Id1
gene expression was measured by Tagman® gene expression assay. (A) Relative expression of
FHIT (B) BMPR2, (C) ID1. All bars denote Mean + SEM., n=3, One Way ANOVA, Dunnet’s
comparison test * p<0.05, ** p<0.01 compared to control.
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Figure E13 Inhibitors:
LY333531 hydrochloride — PKCp selective inhibitor

GF109203X ATP — competitive broad-spectrum PKC inhibitor
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Figure E13: PKC inhibition by pharmaceutical PKC inhibitors, other than Enzastaurin, does
not increase BMPR2-signaling and FHIT expression.

A-B, Relative mRNA expression of BMPR2 normalised to GAPDH in synchronised PAECs
incubated for 24 hours with varying concentrations (5nM — 5uM) of (A) the selective PKCf inhibitor
Ly333531 hydrochloride (B) or the non-selective PKC-inhibitor GF109203X (qPCR, t= 24h, n=3,
Mean + SEM, One Way ANOVA, Dunnett’s post-test, NS). C-D, Relative mRNA expression of Id1
normalised to GAPDH in synchronised PAECs incubated for 24 hours with varying concentrations
(5nM — 5uM) of (C), the selective PKCJ inhibitor Ly333531 hydrochloride (D) or the non-selective
PKC-inhibitor GF109203X (F) (gPCR, t= 24h, n=3, Mean + SEM, One Way ANOVA, Dunnett’s
post-test, NS). E-F, Relative mRNA expression of FHIT normalised to GAPDH in synchronised
PAECs incubated for 24 hours with varying concentrations (5nM — 5uM) of (E), the selective PKC[3
inhibitor Ly333531 hydrochloride (F) or the non-selective PKC-inhibitor GF109203X (I) (QPCR, t=
24h, n=3, Mean = SEM, ** p < 0.01, vs. vehicle control, One Way ANOVA, Dunnett’s post-test).
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Figure E14

Inhibitors:

Enzastaurin: PKCp selective inhibitor

LY333531 hydrochloride — PKCp selective inhibitor
GF109203X ATP — competitive broad-spectrum PKC inhibitor
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Figure E14: Enzastaurin, but not PKCB inhibitor Ly333531, decreases Caspase 3/7-
mediated apoptosis in PAECs.

Caspase 3/7 luminescence in synchronised PAECs incubated for 24 hours with 5uM or 15uM of
Enzastaurin (red bars) and/or 5uM of the selective PKC inhibitor Ly333531 hydrochloride or 5uM
of the non-selective PKC-inhibitor GF109203X (t= 24 h, Caspase-Glo® 3/7 Assay, n=3, Mean *
SEM, * p < 0.05, *** p < 0.001, **** p < 0.0001 vs. non-Enzastaurin treated control, #### p <
0.0001 vs. untreated vehicle control, Two-Way ANOVA, Dunnett’s post-test).
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Figure E15

Figure E15: Representative Immunohistochemistry slides from IPAH patient (without a
BMPR2 mutation)

A: BMPR2 expression B: FHIT expression.

FHIT reduction is mainly localized in neointima.
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Figure E16 PAECs
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Figure E16: Enzastaurin increases BMPR2 expression via downregulation of miR17-5,
whereas Enzastaurin mediated Id1 signaling is not solely dependent on miR17-5
downregulation

Human PAEC were plated on the 6 well plates (0.5x10° cells/well) and transfected withmiR17-5
mimic (AM12412, Ambion) 100nM by RNAmx for 48 hours and treated with Enzastaurin 15 uM for
24 hours. RNA was isolated by RNeasy® Plus Mini Kit (Qiagen) and BMPR2, Id1 and FHIT gene
expression was analyzed by Tagman® gene expression assay. MiRNA was isolated by TagMan®
miRNA ABC purification kit and miR17-5 was analyzed using Tagman® MicroRNA assays (A)
Relative expression of mIR17-5 normalized to RNU48 (B) BMPR2, (C) ID1 and (D) FHIT All bars
denote Mean + SEM., n=3, One Way ANOVA, Sidack’s multi comparison test *** p < 0.001, **
p<0.01 Enz vs ctrl , ### p<0.005 Enz + miR vs Enz, $$$ p < 0.005 Enz+miR vs ctrl.

Enz: Enzastaurin.
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