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SUPPLEMENTARY MATERIALS AND METHODS 

Construction of the PH-extended gene network: Adapted from a prior version of the PH gene 

network (62), the network was constructed with a set of 416 seed genes which were identified as 

related to PH from a contemporaneous curated literature review. Functional interactions for the 

network were collected from DIP (69), BioGRID (70), CORUM (71), InnateDB (72), IntAct (73), 

MINT (74), and MatrixDB (75). The total union of interactions from all these databases was 

referred to as the consolidated interactome (CI).  

Not all 416 seed genes were interconnected into a single largest connected component (LCC). In 

order to ensure inclusion of all the seed genes within a single LCC, intermediate non-seed genes 

were included into an expanded network. The process began by finding the LCC seeds which 

would form the base network. Intermediate non-seed genes were added into the network if they 

would connect one of the yet to be included seeds into the existing network. This process was 

repeated until the maximum number of possible seeds was included. It included a vast majority 

of the original PH genes but yielded a very dense network of interactions. To decrease the 

network’s density in order to ensure meaningful computational predictions, interactions were 

pruned based on the p-values assigned to each interaction computed using Monte Carlo 

simulation. 10,000 random networks were generated using random sets of 416 seed genes. The 

p-value of each interaction corresponded to its frequency of appearance in these random 

networks. Interactions were removed from the PH network in order of descending p-value until 

the point where removing any additional interactions would disconnect one of the seed genes. 

This process generated the pulmonary hypertension (PH)-extended network, consisting of 2,946 

interactions among 747 genes. Finally, the PH-extended network was subdivided into 55 groups 

of related genes (Table S1), using the Map Equation (76) which clusters and divides genes based 

on density of interactions and ready to feed into EDDY-CTRP-PH. 



 

Development of EDDY-CTRP-PH pipeline: First, RNA expression data from the CCLE was 

quantified using the transcript expression quantification tool Salmon (77), log2-transformed, and 

quantized using median absolute deviation (MAD) into under-expressed, intermediate, and over-

expressed levels. Second, drug sensitivity data from the CTRP was used to group sensitive, 

intermediate and non-sensitive CCLE cell lines. Third, the PH-related gene clusters allowed the 

computational interrogation of gene co-expression to be constrained to subgroups of interest. 

Finally, previously known interactions mined from Pathway Commons 2 

(www.pathwaycommons.org) were utilized as prior knowledge in EDDY analysis with a weight of 

0.5, decreasing false-discovery rate without overly reducing differential dependency detection 

sensitivity (78).   

Once these input sources were assembled, EDDY (11) was used to construct graphs for gene 

dependencies in cells sensitive and resistant to a given small molecules, where edges between 

nodes were defined by a pairwise independence test (2 test) of gene expression, with known 

interactions (edges) given a priority. By repeated resampling of each group (sensitive vs. resistant 

cells), multiple unique networks were constructed for each group, and upon scoring, each group 

was characterized with a network likelihood distribution. The significance of the divergence 

between the two distributions was assessed via permutation test. Thus, statistically significant 

differential rewiring among gene networks between cells resistant and sensitive to a small 

molecules was catalogued. These clusters were then visualized with a differential dependency 

network (DDN). Across 368 compounds, 810 cell line responses presented different sensitive and 

non-sensitive groupings, which, in turn, yielded specific significant PH cluster lists from EDDY. Of 

note, even when the same cluster was found to be statistically significant for two different 

compounds, its DDN often displayed substantially different wiring. For visualization, each 

characteristic line in DDNs indicated the identified relationship between nodes (genes): drug-

sensitive (red), drug-resistant (blue), and both (gray) as well as known interactions with 

http://www.pathwaycommons.org/


directionality (solid edges +/- arrow) and previously unknown statistical dependencies (dashed 

edges). 

For each DDN, genes important to the integrity of the network were identified by network analysis. 

Namely, the betweenness-centrality metric assessed a node’s essentiality within a network (79) 

and was visualized in the condition-specific network through the node size. In each DDN, 

essentiality mediators were identified as those with the highest (top 10%) betweenness-centrality 

difference between the two condition-specific networks and the size of the nodes in each DDN 

represented the betweenness-centrality difference. The condition-specific rewiring metric 

identified genes with a significant proportion of condition-specific edges assessed against the 

binomial distribution of these edges across the entire graph. In each DDN, these specificity 

mediators were identified, highlighting particularly highly altered roles between conditions. Both 

essentiality and condition-specific mediators were indicated by square nodes. 

Furthermore, in order to shortlist, the small molecules and clusters were ranked based on three 

criteria: 1) “average” p-value (�̅�∙𝑗 and �̅�𝑖∙; see the description below for detail), 2) frequency of 

mediator involvement, and 3) number (or frequency) of significantly rewired clusters for a given 

small molecule and number (or frequency) of small molecules linked to rewiring of a given cluster. 

Mathematically, let 𝐶 = [𝑐𝑖,𝑗  ] , where 𝑐𝑖,𝑗 = 1  if a PH cluster 𝑃𝑖  is enriched for differentially 

dependencies for a drug 𝐷𝑗 with a p-value 𝑝𝑖,𝑗; and 𝑐𝑖,𝑗 = 0 otherwise.  Also, let 𝑀 = [𝑚𝑖𝑗], where 

𝑚𝑖𝑗 is the number of mediator genes identified for a PH cluster 𝑃𝑖 and a drug 𝐷𝑗.  We also denote 

𝑚𝑖∙ and 𝑚∙𝑗 as the number of unique mediator genes for a PH cluster 𝑃𝑖 and the number of unique 

mediator genes for a drug 𝐷𝑗, respectively. For each drug 𝐷𝑗, we also denote 𝑁𝐶(𝐷𝑗) =  ∑ 𝑐𝑖,𝑗𝑖  as 

the number of PH clusters associated with the drug 𝐷𝑗  and �̅�∙𝑗 = −
1

𝑁𝐶(𝐷𝑗)
∑ log10 𝑝𝑖𝑗𝑖  as the 

“average” p-value for the drug 𝐷𝑗. Finally, for each PH cluster 𝑃𝑖, we denote 𝑁𝐷(𝐶𝑖) =  ∑ 𝑐𝑖,𝑗𝑗  as 

the number of drugs the PH cluster is enriched for differentially dependencies, and �̅�𝑖∙ =



 

−
1

𝑁𝐷(𝐶𝑖)
∑ log10 𝑝𝑖𝑗𝑗  as the “average” p-value for the PH cluster 𝑃𝑖. We then rank a drug for 𝑁𝐶(𝐷𝑗), 

𝑚∙𝑗 (both in descending order) and �̅�∙𝑗 (in ascending order), and denote them 𝑟𝐶(𝐷𝑗), 𝑟𝑚(𝐷𝑗), and 

𝑟𝑝(𝐷𝑗), respectively. As shown in Tables S1-S2, ultimately, the overall rank score of a drug was 

the sum of these three ranks, (𝑟(𝐷𝑗) = 𝑟𝐶(𝐷𝑗) + 𝑟𝑚(𝐷𝑗) + 𝑟𝑝(𝐷𝑗)), and a drug was ranked based 

on the overall rank score (ascending order), 𝑟(𝐷𝑗). Similarly, we ranked a PH cluster for 𝑁𝐷(𝐶𝑖), 

𝑚𝑖∙ (both in descending order) and �̅�𝑖∙ (in ascending order), and denoted them 𝑟𝐷(𝐶𝑖), 𝑟𝑚(𝐶𝑖), and 

𝑟𝑝(𝐶𝑖), respectively. The overall rank score of a PH cluster was the sum of these three ranks 

(𝑟(𝐶𝑖) = 𝑟𝐷(𝐶𝑖) + 𝑟𝑚(𝐶𝑖) + 𝑟𝑝(𝐶𝑖)), and a PH cluster was ranked based on the overall rank score 

(ascending order), 𝑟(𝐶𝑖). 

Gene set enrichment analysis: Gene set enrichment analysis (GSEA) was performed using fgsea 

(80), adapted from the original description (81). Gene Ontology (82, 83) biological processes were 

retrieved from the molecular signatures database (MSigDB) (84, 85).  

Global transcriptome analysis: Total RNA isolated from PAECs treated with IL-1β and vehicle or 

I-BET762 using RNeasy kit (Qiagen) according to manufacturer’s instruction and were analyzed 

to determine global transcriptome expression using Affymetrix Clariom S array. The gene 

expression was normalized with Robust Multiarray Analysis (RMA). For BRD2889, the same 

approach was employed using Affymetrix Clariom S array on RNA isolated from PAECs treated 

with BRD2889 or vehicle and subjected to either hypoxia or normoxia. Differentially expressed 

genes were defined as any gene for which the FDR adjusted p-value was below 0.05 (n=3/grp). 

Reversed genes were further defined as those genes that were differentially expressed in both 

(hypoxia versus normoxia) and in (hypoxia + BRD2889 versus hypoxia) + vehicle as well as were 

regulated in opposite directions. Similarly, for I-BET that were differentially expressed in IL-1β+VC 

versus control and IL-1β+I-BET versus IL-1β+VC and were regulated in opposite directions. The 



 

data for both I-BET and BRD2889 have been submitted to the NCBI Gene Expression Omnibus 

with accession numbers GSE125508 and GSE160255, respectively.  

RT-qPCR analysis: Cells were lysis in 1 ml of QiaZol reagent (Qiagen). Total RNA content was 

extracted using the RNeasy kit (Qiagen), according to the manufacturer’s instructions. Total RNA 

concentration was determined using a BioTek Synergy multimode plate reader. Messenger RNAs 

were reverse transcribed to generate cDNA using the Multiscript RT kit (Thermo Fisher Scientific). 

cDNA for specific gene targets was amplified and quantified via fluorescently-labeled Taqman 

primer sets and Taqman fast advanced master mix (Thermo Fisher Scientific) using an Applied 

Biosystems QuantStudio 6 Flex Real-Time PCR System. Taqman primers used for RT-qPCR are 

listed in Table S8. 

Protein stability assay: The proteasome inhibitor MG132 (M7449, Sigma) was stored at -20°C at 

a concentration of 10 mM diluted in dimethyl sulfoxide (DMSO). PAECs were exposed to MG132 

(5M) vs. DMSO vehicle control for 2hr under hypoxia, prior to harvesting of cellular lysate for 

immunoblotting. 

Proximity ligation assay: A Duolink PLA assay was developed according to the manufacturer’s 

instructions (Sigma Aldrich, DUO96020). Briefly, PAECs were grown on coverslips, and then 

blocked for 1 hr with Duolink Blocking Solution. Samples were then stained with the indicated 

antibodies (anti-Integrin α3 (E-8), Santa Cruz Biotechnology, sc-393298; anti-Galectin 8/Gal-8 

antibody, Abcam, ab109519; and normal Goat IgG Control, R&D Systems, AB-108-C) overnight 

at 4°C, diluted 1:100 in Duolink Antibody Diluent. PLUS and MINUS secondary PLA probes 

against rabbit and mouse IgG in Duolink® Antibody Diluent were added, and the cells were 

incubated at 37°C for 1 h with, followed by incubation with ligation mix for 30 min at 37°C. 

Amplification mix was then applied for 100 min at 37°C. The coverslips were mounted on 

microscope slides with Duolink Mounting Medium with Dapi, and the cells photographed under a 

fluorescence microscope. 



 

Mitochondrial function assays: Baseline mitochondrial function and mitochondrial stress response 

were measured by oxygen consumption rate (OCR) using the Cell Mito Stress Kit with a XF24 

extracellular flux analyzer (SeaHorse Bioscience, North Billerica, MA) following manufacturer’s 

instructions. Briefly, 30,000 cells per well were grown overnight and, for OCR measurements, 

washed with XF assay medium (SeaHorse Bioscience) containing 10mM Glucose, 1mM Sodium-

Pyruvate and 2mM L-Glutamine set to pH=7.40. OCR was measured over time at baseline and 

following consecutive injections of 1µM Oligomycin, 1µM FCCP and a mix of 1µM Rotenone + 

1µM Antimycin A. Following the manufacturer’s instructions, maximal mitochondrial respiration 

was determined as OCR following FCCP (Carbonylcyan ideptrifluoromethoxyphenylhydrazone) 

injection. Spare respiratory capacity was defined as ΔOCRFCCP-baseline and mitochondrial ATP 

production as ΔOCR Baseline-Oligomycin. For extracellular acidification rate (ECAR) 

measurements cells were washed in glucose-free XF base medium (Seahorse Bioscience) 

containing 2mM L-Glutamine at pH 7.35. ECAR was determined after serial injections with 10mM 

D-Glucose, 1µM Oligomycin and 100mM 2-Deoxyglucose.  

Mitochondria isolation: Mitochondrial fraction from cultured PAECs with drug and siGSTP1 using 

the Mammalian Mitochondria Isolation Kit for Tissue & Cultured Cells (Biovision, Inc.) according 

to the manufacturer’s instructions. 

Measurement of mitochondrial complex activities: Complex I activity of isolated mitochondria were 

measured using Complex I Enzyme Activity Microplate assay kit (Abcam, ab109721) according 

to the manufacturer’s protocol. These enzymes were captured within the wells of the microplate 

coated by the corresponding complex enzyme antibody, and activities were detected 

colorimetrically.  

Flow cytometry detection of mitochondrial superoxide: For measuring mitochondrial superoxide, 

cells were incubated with 5µM of MitoSOX Red mitochondrial superoxide indicator (Thermo 

Fisher Scientific) for 10 min in 37oC CO2 incubator. Next, cells were washed with 1X PBS, 



 

trypsinized, and fluorescence (488nm/580nm) was measured on flow analyzer (BD LSR 

FORTESSA or BD LSRII) using BD FACSDIVA software.  

Cellular apoptosis: Caspase-3/7 activity was quantified using the Caspase-Glo 3/7 Assay 

(Promega), according to manufacturer’s instructions. Caspase-3/7 activity was normalized to total 

protein content determined by BCA method (Thermo Fisher Scientific). 

BrdU growth assay:. Cell proliferation was assayed relative to day 0 using a BrdU Cell Proliferation 

Assay Kit (#6813, Cell Signaling) according to the manufacturer’s protocol after incubation for 2 

h with BrdU. 

Lentivirus production: HEK293 cells were transfected using Lipofectamine 2000 (Invitrogen) with 

indicated lentiviral plasmids along with packaging plasmids (pPACK, System Biosciences), 

according to the manufacturer’s instructions. Virus was harvested, sterile filtered (0.22 μm), titered 

via serial dilution and visualization of GFP expression, and utilized for subsequent infection of 

PAECs for gene transduction. 

Immunoblot and densitometry: Cells were lysed in RIPA buffer (Sigma) along with 1X protease 

inhibitor cocktail (Sigma). Protein lysate was resolved by gradient 4%-15% SDS-PAGE gels and 

transferred onto a 0.2µm PVDF membrane (Bio-Rad). Membranes were blocked in 5% non-fat 

milk in 1X PBST buffer for one hour at room temperature. Later, they were incubated in the 

presence of the primary antibody overnight at 4oC and then appropriate HRP-conjugated 

secondary antibodies (Life Technologies). The following antibodies were used: human LGALS8 

(AF1305, RnD Systems), mouse/rat Lgals8 (ab69631, Abcam), pSTAT1 (ab29045, Abcam) and 

STAT1 (ab47425, Abcam), GSTP1 (ab153949, Abcam), ISCU (14812-1-AP, Prointech), 

Glutathione (ab19534, Abcam), HIF2A (NB100-122, Novous), α-Tubulin (CP06, Millipore sigma), 

and ACTB (sc-47778, Santa Cruz). The immunoreactive bands were visualized with the 

Chemidoc XRS+ system (Bio-Rad) using SuperSignal West Femto chemiluminescent substrates 



 

(Thermo Fisher Scientific). The images were later quantified using AlphaEaseFC software (Alpha 

Innotech).  

Plasmids: To  construct  a lentiviral plasmid carrying a GSTP1 transgene, oligonucleotides 

were synthesized by Integrated DNA Technologies. The  primer sequences were as follows: 

forward, CGGGATCCCATGCCGCCCTACACCGTGGTG and reverse, 

AGTTTAGCGGCCGCGTCAGTGGTGGTGGTGGTGGTGCTGTTTCCCGTT. The GSTP1 PCR 

products were amplified from a purchased plasmid (RG2030086, OriGene Technologies) and 

cloned into the vector pCDH-CMV (CD511B-1, System Biosciences) at the 

BamHI(underlined)/NotI(underlined) sites. Appropriate GSTP1 sequence was confirmed in 

comparison to sequence reference GenBank: NM_000852.4. The control lentiviral vector 

expressing GFP was used as a negative control. 

Site-directed mutagenesis: The full-length human ISCU sequence (NCBI accession number 

BC061903) was used as the reference sequence for wildtype (WT) ISCU and cloned using the 

primers: 

forward, CCGGAATTCGACTACAAAGACGATGACGACAAGATGGCGGCGGCTGGGGCTTTC 

reverse, CGGGATCCCGTCATTTCTTCTCTGCCTCTCCTTTTTTGGGTTCTTG.  

Via the QuikChange Primer Design tool (Agilent Technologies), mutagenesis forward primers and 

their reverse complement were then designed to replace the 69th cysteine residue position of 

ISCU to serine (5 ′ - CATTACGTCACCACTTGCTGGAGCCCCCA -3 ′ ) or alanine (5 ′ -

TGCCGTCGACCCCATTGACGGCAGCACGCTGATGAGCAAG-3′). Specifically, the codon TGT 

for Cys69 was replaced by TCT for serine and by GCT for alanine. Site directed mutagenesis was 

carried out using the QuikChange Lightning Site-Directed Mutagenesis kit (Agilent Technologies, 

Santa Clara, CA). XL10-Gold Ultracompetent Cells were transformed with the PCR products. The 

cells were plated on LB agar containing ampicillin (100 μg/mL) and kept at 37°C overnight. 



Plasmids were extracted and transformed into BL21 (DE3) competent cells for protein expression 

and purification. Mutagenesis was confirmed by sequencing and cloned into the vector pCDH-

CMV-GFP (CD511B-1, System Biosciences) at the EcoRI(underlined)/BamHI(underlined) sites.  

LGALS8 (Galectin-8) ELISA: Human LGALS8 ELISA quantification was performed using a kit 

(Sigma-Aldrich, RAB1050) according to the manufacturer’s instructions. 

Measurement of GST activity: The GST activity from lung tissue and PAECs was assayed using 

GST assay kit (Cayman, MI, USA) per the manufacturer’s instructions. 

Rodent echocardiography: Echocardiography was performed using a 15-45MHz transthoracic 

transducer and a Visual Sonics Vevo 3100 system (Fujifilm). Inhaled isoflurane anesthesia was 

used at 2% in 100% O2 during positioning and hair removal and then decreased to isoflurane 

0.8% during imaging. Digital echocardiograms were analyzed off-line for quantitative analysis as 

previously described (62). 

Immunoprecipitation: PAECs were transfected with the indicated combinations of siRNAs by 

Lipofectamine 2000 (Thermo Fisher Scientific) according to the manufacturer’s instructions and/or 

treated with BRD2889 (1M, 24h). Whole cell extract (200 μg) of cells were immunoprecipitated 

with IgG control (1 g, Abcam), anti-GTSP1 Ab (1g, Abcam), anti-GSH Ab (1g, Abcam), or anti-

ISCU (1g, Abcam) and the immune complexes were pulled down with protein A/G agarose 

beads (Santa Cruz, sc-2003). After extensive washing, the immunoprecipitated proteins were 

analyzed by immunoblotting with the indicated antibodies. 

Immunofluorescent staining: Cryostat sections were cut from OCT-embedded lung tissues at 5-

10 µm and mounted on gelatin-coated histological slides. Slides were thawed at room 

temperature for 10-20 min and rehydrated in wash buffer for 10 minutes. All sections were blocked 

in 10% donkey serum and exposed to primary antibody and Alexa 488, 568 and 647-conjugated 

secondary antibodies (Thermo Fisher Scientific). The following primary antibodies were used: 



 

Lgals8 (Ab69631, Abcam; 1/200), IL-1β (ab9722, Abcam; 1/200), GSTP1 (ab153949, Abcam; 

1:100), ISCU (14812-1-AP, Proteintech; 1:100), cleaved caspase 3 (cs-9661, Cell Signaling; 

1/400), α-SMA (F3777, Sigma; 1/200) and CD31 (ab7388, Abcam; 1/200). Images were obtained 

using Nikon A1 confocal microscope with 40X objective. Small pulmonary vessels (10 

vessels/section) that were not associated with bronchial airways were selected for analysis. 

Intensity of staining was quantified using ImageJ software (NIH). Degree of pulmonary arteriolar 

muscularization was assessed in OCT lung sections stained for -SMA by calculation of the 

proportion of fully and partially muscularized peripheral (<100 µm diameter) pulmonary arteriole 

to total peripheral pulmonary arterioles (62).  

 

 

 

 

 

 

  



 

SUPPLEMENTAL FIGURE LEGENDS 

Figure S1. I-BET alters C15 and protects from endothelial dysfunction by directly 

regulating LGALS8. (A) By RT-qPCR, IL-1β-induced expression changes in Cluster 15 members 

(SLC9A3R1, LGALS3) are shown with respect to vehicle control (VC); these effects were 

reversed by both I-BET151 and I-BET762 (n=3/grp). (B) By global transcriptomic microarray 

analysis, a heatmap (left) displays average gene expression (n=3/grp) across 524 genes that 

were found to have significant expression alterations with respect to IL-1β vs. vehicle control (VC) 

and that were reversed by I-BET762 (IL-1β+BRD2889) as compared to IL-1β with vehicle control 

(IL-1β+VC). Gene set enrichment analysis (GSEA) of these differentially expressed genes 

revealed enrichment of pathways relevant to cell death, cell metabolism, and endothelial function. 

The heatmap (right) depicts gene membership in these Gene Ontology (GO) biologic processes 

of interest. (C) Representative scatter plot of MitoSOX Red staining followed by flow cytometry 

data (summarized in Figure 2C) showed IL-1β-driven upregulation of mitochondrial superoxide 

(O2
-) levels reversed by I-BET762 (n=5/grp). (D) RT-qPCR analysis of C15 genes showed that 

the IL-1β-induced increase of CD47 and decrease of ABCC4 and DAG1 were all rescued by I-

BET762 (n=3/grp). The two isoforms of LGALS8, LGALS8-L and LGALS8-M, were increased and 

decreased by IL-1β, respectively; I-BET762 reversed the alterations of LGALS8-L expression but 

not LGALS8-M (n=3/grp). (E) By RT-qPCR, the expression of cluster 15 (C15) genes in IL-1β-

exposed pulmonary artery smooth muscle cells (PASMCs) vs. vehicle control (VC) was assessed 

(n=3/grp). (F) RT-qPCR demonstrated siRNA specific to BRD2 (siBRD2) led to a ~40% reduction 

in BRD2 transcript with no effect on BRD4, while siRNA specific to BRD4 (siBRD4) led to a ~90% 

reduction in BRD4 transcript with no effect on BRD2 and LGALS8-L was reduced by both siRNA 

alone and together – all compared to scrambled control (Scr; n=3/grp). (G-H) The IL-1β-induced 

expression of LGALS8-L was reversed by both Brd2 and 4 siRNA as confirmed by immunoblot at 

the protein level (n=3/grp). The data, except in (B) are plotted as mean ± SEM. Statistical 



 

significance is indicated using one-way ANOVA with Bonferroni’s multiple comparisons testing 

(*p<0.05, **<0.01, ***<0.001). See also Tables S3-S4. 

Figure S2. LGALS8 is upregulated in multiple animal and human examples of PH. (A) By 

ELISA, the plasma level of LGALS8 expression was found to be unchanged among patients with 

Group 1 and 3 PH compare to non-PH controls (n=3-20/grp). (B-E) Similarly, via 

immunofluorescence staining (B, D), expression of LGALS8 was upregulated in whole-vessel in 

CD31+ cells (C, E) in lung sections from a SU5416-hypoxia (Su-Hyp) rat model of PH (n=5; B-C) 

and monocrotaline (MCT)-induced rat model of PH (n=4; D-E) as compared to control (n=4). (F-

I) The increase of LGALS8 was also confirmed by immunoblot and quantification in whole lung 

homogenate from SU5416-hypoxia (Su-Hyp; n=4-5/grp; F,H) and monocrotaline (MCT; n=4-

5/grp; G,I) rat models of PH. (J–K) In a chronic hypoxia mouse model of PH vs. control (n=6/grp), 

immunofluorescence staining (J) demonstrated increased LGALS8 in lung CD31+ endothelial 

cells (K). (L-S) Using immunofluorescence staining (L) and quantification, IL-1β expression was 

increased in lung CD31+ endothelial cells (M) of human patients with Group 1 and Group 3 PH 

compared to controls with non-PH (n=6-8/grp), rats with SU5416-hypoxia (Su-Hyp) (n=4-5/grp; 

N-O), rats with monocrotaline (MCT)-induced PH (n=4/grp; P-Q), and mice with hypoxia-induced 

PH (n=6/grp; R-S). Data are plotted as mean ± SEM. Statistical significance is indicated using 

one-way ANOVA with Bonferroni’s multiple comparisons testing for (A,M) and Student’s t-test for 

(C-K) and (N-S) (*p<0.05, **p<0.01, ***<0.001). Scale bar, 50 µm. See also Table S5.  

Figure S3. LGALS8 regulates endothelial apoptosis and function. (A-B) Densitometry of 

immunoblots for integrin α3 (ITGA3) (A) and integrin β1 (ITGB1) (B) revealed increased 

expression of ITGA3 with IL-1β and no difference in expression of ITGB1, with 90% knockdown 

efficiency by their respective siRNAs. (C) siRNA knockdown of LGALS8 as determined by RT-

qPCR (n=3/grp) showed 90% efficiency. (D) Representative scatter plot of MitoSOX Red staining 

followed by flow cytometry demonstrated that IL-1β-dependent upregulation of mitochondrial 



 

superoxide (O2
-) was reversed by siRNA knockdown of LGALS8 (siLGALS8; n=5/grp); data 

summarized in Figure 3I. (E) Representative scatter plot after flow cytometry showed that I-

BET762-dependent reduction of IL-1β-induced mitochondrial superoxide (O2
-) was attenuated by 

the presence of exogenous recombinant galectin-8 (rhGal8); data summarized in Figure 3K 

(n=3/grp). Statistical significance is indicated using one-way ANOVA with Bonferroni’s multiple 

comparisons testing (*p<0.05, **p<0.01, ***p<0.001). 

Figure S4. Parameters of cardiovascular function in PAH rat models administered I-

BET762. (A) Heart rate of SU5416-hypoxic PAH rats administrated I-BET762 was not altered, as 

compared with vehicle control (VC) (n=4-5/grp). (B-D) SU5416-hypoxic rats administered I-

BET762 did not exhibit altered left ventricular function compared to VC, as measured by left 

ventricle posterior wall (LVPW) thickness (B), ejection fraction (LVEF; C), and fractional 

shortening (LVFS; D) via transthoracic echocardiography (n=3-5/grp). (E) Aortic blood pressure 

(mean arterial pressure, MAP) of SU5416-hypoxic PAH rats administered I-BET762 was not 

altered, as compared with vehicle control (VC) (n=4-5/grp). (F) Heart rate of monocrotaline-

exposed PAH rats administered I-BET762 was not altered, as compared with vehicle control (VC) 

(n=4-5/grp). (G) Aortic blood pressure (mean arterial pressure, MAP) of monocrotaline-exposed 

PAH rats administered I-BET762 was not altered, as compared with vehicle control (VC) (n=3-

5/grp). The data are plotted as mean ± SEM. Statistical significance is indicated using Student’s 

t-test (p>0.05 for all comparisons). 

Figure S5. IBET-762 and LGALS8 control oxidant and apoptotic endothelial pathways 

driven by hypoxia. (A) In PAECs +/- hypoxic exposure, I-BET vs. vehicle controls (VC) reversed 

the hypoxia-induced increases of mitochondrial superoxide (O2
-) levels as determined by flow 

cytometery of MitoSOX Red staining (n=5/grp). (B) In PAECs +/- hypoxic exposure, siLGALS8 

compared with siRNA control (Scr) reversed the hypoxia-induced increases of mitochondrial 

superoxide (O2
-) (n=5/grp). (C-D) Representative scatter plots of MitoSOX Red staining followed 



 

by flow cytometry for experiments in (A-B). (E) In PAECs +/- hypoxic exposure,  I-BET vs. VC 

(left graph) and siLGALS8 vs. Scr (right graph) reversed the hypoxia-induced increases of 

apoptosis, as assessed by caspase-3/7 activity (n=4-6/grp). The data are plotted as mean ± SEM. 

Statistical significance is indicated using two-way ANOVA with Bonferroni’s multiple comparisons 

(*p<0.05, **<0.01, ***<0.001, ****<0.0001). 

Figure S6. Parameters of cardiovascular and pulmonary vascular expression and function 

in hypoxia-induced PH mice administered I-BET762 and in hypoxic Lgals8-/- mice. (A) Heart 

rate of hypoxic mice administered I-BET762 was not altered compared with vehicle control (VC) 

(n=4-6/grp). (B-D) The knockout efficiency of Lgals8-/- mice was determined at the mRNA (B) 

and protein (C-D) level in whole lung lysate measured by RT-qPCR (n=6/grp) and 

immunoblot/densitometry (n=3/grp), respectively. (E-G) Lgals8-/- mice did not exhibit altered left 

ventricular function compared to their littermate controls (WT) as measured by left ventricle 

thickness (E), ejection fraction (LVEF; E), and fractional shortening (LVFS; G) via transthoracic 

echocardiography (n=7/grp). (H) Heart rate was also unchanged between Lgals8-/- mice and their 

littermate controls (WT) (n=6/grp). (I-L) To determine the effect of Lgals8 knockout on PH, Lgals8-

/- mice were exposed to chronic hypoxia for 3 weeks. By immunofluorescence staining, IL-1β 

expression in the pulmonary vessels was not significantly altered in Lgals8-/- mice compared to 

WT mice (I-J, n=5/grp). Decreased apoptosis in whole lung homogenate was observed in Lgals8-

/- mice as determined by immunoblot (K) and respective densitometry (L) of cleaved caspase 3 

(n=3/grp).The data are plotted as mean ± SEM. Statistical significance is indicated using one-way 

ANOVA with Bonferroni’s multiple comparisons testing for (A) and Student’s t-test for (B-L) 

(*p<0.05, ***p≤0.001). Scale bar, 50 µm.  

Figure S7. BRD2889 controls C43 gene expression and improves mitochondrial function 

by targeting GSTP1. (A) By RT-qPCR, in PAECs, expression of C43 genes ISCU and mTOR 

were decreased by hypoxia (48 hrs) and rescued by BRD2889 (5uM) vs. vehicle control (VC) (left 



graph). Other C43 genes were either unaffected by hypoxia (RECK, GOLGA, and RBL2, middle 

graph) or unaffected in hypoxia by BRD2889 (MID2, BANP, AGTRAP, right graph); Un, non-

vehicle exposed cells (n=4/grp). Of note, remaining C43 genes KRT40 and MT1G were not 

assessed, given their disconnection from the BRD2889-specific DDN (Fig. 5A). (B,C) In 

PASMCs, by RT-qPCR, hypoxic expression of C43 genes ISCU and mTOR was unaffected by 

BRD2889 (5uM) (n=5/grp). (D) In PAECs, siRNA efficiency of GSTP1 was confirmed by RT-qPCR 

(n=4/grp). (E) In PAECs subjected to GSTP1 siRNA knockdown vs. scrambled siRNA control 

(Scr), a tracing was generated of oxygen consumption rate (OCR) using a Seahorse XFe96 flux 

analyzer recorded at baseline and following treatment with 1mM oligomycin, 0.5mM FCCP, and 

a 1mM rotenone and antimycin mixture (n=3/grp). (F) GSTP1 knockdown vs. Scr control resulted 

in an increase in basal, ATP-linked, and maximal respiration compared to Scr (n=3/grp). (G-L) 

After lentiviral forced expression of GSTP1 (LVGSTP1), GSTP1 transcript (by RT-qPCR, G, 

n=3/grp) and protein (by immunoblot, H and densitometry quantification, I, n=3/grp) were 

increased compared with vector control (LVCon). Forced GSTP1 expression downregulated 

ISCU protein (J, n=3/grp), increased apoptosis (by caspase 3,7 activity, K, n=4/grp), and 

decreased proliferation (by BrdU incorporation, L, n=4/grp). (M-N) Forced GSTP1 expression also 

decreased basal and mitochondrial OCR (n=3/grp). (O-Q) In hypoxic PAECs treated with 

BRD2889, siRNA knockdown of ISCU vs. Scr control siRNA was performed in normoxia or 

hypoxia; siRNA efficiency was confirmed by RT-qPCR (O) and immunoblot/densitometry (P,Q) 

(n=3/grp). These data are plotted as mean ± SEM. Statistical significance is indicated for multiple 

comparisons using one-way ANOVA with Bonferroni’s multiple comparisons testing and for binary 

comparisons using Student’s t-test (*p<0.05, **<0.01, ***<0.001, ****<0.0001).  

Figure S8. BRD2889 protects against endothelial-specific dysfunction induced by IL-

6/soluble IL-6R+hypoxia. (A-C) In hypoxic PAECs, proteasome inhibitor MG132 (5M, 2h), 

BRD2889 (1M, 24h), vehicle (VC), or no treatment (Un) were added, followed by (A) immunoblot 



 

and densitometry of protein levels of ISCU (B) and GSH (glutathionylated-ISCU; C) (n=3/grp). 

MG132 reversed the hypoxia-induced reduction of ISCU without affecting GSTP1 or 

glutathionylation. BRD2889 also reversed the hypoxia-induced reduction of ISCU, but this was 

accompanied by a reversal of the hypoxic induction of ISCU glutathionylation. (D-F) In PAECs, 

BRD2889 reversed the IL-6/R+hypoxia-mediated increase of GST activity (D) without altering 

GSTP1 expression (E) (n=3/grp). In doing so, BRD2889 reversed the IL-6/R+hypoxic decrease 

of ISCU, as determined by immunoblot (E) and respective densitometry (F). (G) In PAECs, 

expression of proinflammatory genes in response to IL-6/soluble IL-6 receptor (IL-6/R) and 

chronic hypoxia in cultured PAECs. Expression of EDN1, VCAM1, and ICAM1 transcripts were 

analyzed by RT-qPCR. IL-6/sIL-6R+hypoxia treatment induced these inflammatory gene 

transcripts, but BRD2889 normalized this upregulation (n=3/grp). (H-J) BRD2889 improved 

endothelial function by reversing the IL-6/R+hypoxia-mediated decrease in mitochondrial 

Complex I activity (H), the increase in apoptotic caspase 3/7 activity (I), and the decrease in BrdU 

incorporation as a measure of proliferation (J) (n=6/grp). (K-M) PASMCs were exposed similarly 

to IL-6/R+hypoxia. Representative immunoblot (K) and densitometry (L) demonstrated hypoxic 

IL-6/R+hypoxia-induced ISCU reduction that was not rescued by BRD2889 (1uM). In addition, 

BRD2889 did not affect GSTP1 protein expression (K) or GST activity (M) (n=3/grp). (N-P) In 

PASMCs treated as in (K), BRD2889 did not affect the IL-6/sIL-6R+hypoxia-induced alterations 

of mitochondrial Complex I activity (N) and proliferation (P); and the modest alterations of 

apoptosis were only subtly changed by BRD2889 (O) (n=3/grp). (Q-S) siRNA knockdown of 

GSTP1 (siGSTP1) vs scrambled siRNA control (Scr) in PASMCs under normoxia or hypoxia. 

Despite knockdown of GSTP1 expression (by immunoblot and densitometry, Q-R), GST activity 

was not altered by siGSTP1 (S) (n=3/grp). These data are plotted as mean ± SEM. Statistical 

significance is indicated using one-way ANOVA with Bonferroni’s multiple comparisons testing 

(*p<0.05, **<0.01, ***<0.001, ****<0.0001).  



 

Figure S9. Expression of ISCU and GSTP1 in human PH and parameters of cardiovascular 

function in hypoxic IL-6 Tg mice administered BRD2889. (A-E) Using immunofluorescence 

staining and respective quantification, expression of ISCU was decreased (A) and GSTP1 (B) 

was increased in CD31+ (C-D) endothelium of lung sections from human patients with Group 1 

(n=8) and Group 3 (n=8) PH as compared to non-PH controls (n=6). In addition, GST activity was 

increased in lung tissue of both Group 1 and Group 3 patients compared with non-PH controls 

(n=4/grp) (E). (F) Lung GST activity was also increased in hypoxic IL-6 Tg PAH mice vs. normoxic 

wildtype (WT) mice (n=4/grp). (G-J) No significant differences were observed in fractional 

shortening (G), ejection fraction (H), posterior wall (PW) thickness (I), and heart rate (J) of hypoxic 

IL-6 Tg mice following 10 days of treatment with either vehicle (n=3/grp) vs. BRD2889 (10mg/kg, 

n=4/grp). Statistical significance is indicated using Student’s t test comparing vehicle-treated and 

BRD2889 treatment groups in mice. Statistical significance is indicated using one-way ANOVA 

with Bonferroni’s multiple comparisons testing for comparing human samples (*p<0.05, **<0.01, 

***<0.001, ****<0.0001). See also Table S5.  

Figure S10. Parameters of cardiovascular function in PAH rat models administered 

BRD2889. (A) Heart rate of SU5416-hypoxic PAH rats administered BRD2889 was not altered, 

as compared with vehicle control (VC) (n=3-6/grp). (B-D) SU5416-hypoxic rats administered 

BRD2889 did not exhibit altered left ventricular function compared to VC, as measured by left 

ventricle posterior wall (LVPW) thickness (B), ejection fraction (LVEF; C), and fractional 

shortening (LVFS; D) via transthoracic echocardiography (n=5-6/grp). (E) Aortic blood pressure 

(mean arterial pressure, MAP) of SU5416-hypoxic PAH rats administered BRD2889 was not 

altered, as compared with vehicle control (VC) (n=3-6/grp). (F-I) By RT-qPCR, transcript levels of 

injury markers of the liver (Got, F; Gpt1, G) or kidney (Cst3, H; Lcn2, I) were not altered by 

BRD2889 vs. VC in SU5416-hypoxic PAH rats (n=4-6/grp). (J) Heart rate of monocrotaline-

exposed PAH rats administered BRD2889 was not altered, as compared with vehicle control (VC) 



 

(n=4-6/grp). (K) Aortic blood pressure (mean arterial pressure, MAP) of monocrotaline-exposed 

PAH rats administered BRD2889 was not altered, as compared with vehicle control (VC) (n=4-

5/grp). (L-P) By RT-qPCR, transcript levels of injury markers of the liver (Got, L; Gpt1, M), kidney 

(Cst3, N; Lcn2, O), or intestines (Ldha, P) were not altered by BRD2889 vs. VC in monocrotaline-

exposed PAH rats (n=3-4/grp). The data are plotted as mean ± SEM. Statistical significance is 

indicated using Student’s t-test (p>0.05 for all comparisons).  

  



 
 

SUPPLEMENTAL TABLES 

Table S1. Cluster information and scores. Clusters were sorted according to their rewiring 

scores as defined in Methods. This score considered the average p-value (mean(-log10(p))); 2) 

number (or frequency) of small molecules linked to rewiring of a given cluster (freq_drug); and 3) 

frequency of mediator involvement (freq_mediator). Rankings of clusters by these criteria 

individually (rank.pval, rank.freq_drug, rank.freq_mediator) as well as overall (rank.sum = sum of 

the ranks, rank.overall = rank based on sum.ranks) are listed. Genes in each cluster are also 

provided. This table is provided as separate excel sheet due to limited space here. 

Table S2. Small molecule scores. Drugs were sorted according to their rewiring scores as 

defined in Methods. This score considered the average p-value (mean(-log10(p)); avg_pval); 2) 

number (or frequency) of rewired clusters linked to a given drug (freq_cluster); and 3) frequency 

of mediator involvement (freq_mediator). Rankings of clusters by these criteria individually 

(rank.pval, rank.freq_drug, rank.freq_mediator) as well as overall (rank.sum = sum of the ranks, 

rank.overall = rank based on sum.ranks) are listed. This table is provided as separate excel sheet 

due to limited space here.  

Table S3. Differential expression of PAEC genes altered by IL-1β and reversed by I-BET. 

Affymetrix probe IDs and gene names are listed. Comparing IL-1 treatment vs. untreated (Un) 

as well as comparing I-BET vs. vehicle treatment (in the presence of IL-1), log2(fold change), 

unadjusted p value, and adjusted p values are listed (n=3/grp). This table is provided as separate 

excel sheet due to limited space here.  

Table S4. Pathway enrichment in biologic processes relevant to Cell Death, Cell 

Metabolism, or Endothelial Function that are reversed by I-BET. Gene set enrichment 

analysis was performed across those IL-1-specific genes that were reversed by I-BET (Table 

S3). Gene Ontology (GO) pathways ranked by p value are listed, with significant enrichment noted 



 

at adjusted p value < 0.05. Pathways, unadjusted p values (pval), and adjusted p values (padj) 

are listed, along with the total size of GO pathways and leading edge genes for each pathway. 

This table is provided as separate excel sheet due to limited space here. 

Table S5. Clinical characteristics of WSPH Group 1 PAH and Group 3 PH patients used for 

in situ staining and plasma profiling. CHD, congenital heart disease; COPD, chronic 

obstructive pulmonary disease; CTD, connective tissue disease; IPAH, idiopathic pulmonary 

arterial hypertension; IPF, idiopathic pulmonary fibrosis; PH, pulmonary hypertension.  

Age Gender mPAP* 

(mmHg) 

Diagnosis Clinical description 

PAH patients 

34 Female 50 IPAH Cardiopulmonary arrest (autopsy) 

64 Female 55 IPAH Cardiopulmonary arrest (autopsy) 

68 Female 44 Scleroderma (PAH) Bilateral lung transplant 

12 Male 53 BMPR2 mutation 

(Hereditary PAH) 

Bilateral lung transplant 

16 Male 62 IPAH Bilateral lung transplant 

1 Male 50 Trisomy 21 (PAH) Lung resection 

19 Male 48 IPAH Lung resection 

42 Female 57 Scleroderma (PAH Bilateral lung transplant 

Group 3 PH patients 

62 Male 28 IPF (Group 3 PH) Bilateral lung transplant 

58 Male 28 IPF (Group 3 PH) Bilateral lung transplant 

63 Male 27 IPF (Group 3 PH) Bilateral lung transplant 

50 Male 30 IPF (Group 3 PH) Bilateral lung transplant 



 

61 Male 37 IPF (Group 3 PH) Bilateral lung transplant 

69 Female 29 IPF (Group 3 PH) Bilateral lung transplant 

72 Male 46 IPF (Group 3 PH) Rapid autopsy 

66 Male 34 IPF (Group 3 PH) Bilateral lung transplant 

PERIPHERAL PLASMA SAMPLES  

46 Female  Control  

61 Male  Control  

59 Female  Control  

50 Female  Control  

65 Female  Control  

34 Female  Control  

49 Female  Control  

31 Male  Control  

52 Female  Control  

35 Male  Control  

43 Male  Control  

31 Female  Control  

51 Female  Control  

61 Female  Control  

54 Female  Control  

58 Female 53 IPAH  

47 Male 52 IPAH  

43 Female 53 CHD (PAH)  

83 Male 45 IPAH  

53 Female 54 IPAH  



 

47 Female 32 CTD (PAH)  

73 Female 28 IPAH  

55 Female 52 CTD (PAH)  

41 Male 51 IPAH  

73 Female 41 Scleroderma (PAH)  

65 Female 32 Scleroderma (PAH)  

57 Male 53 IPAH  

26 Female 34 IPAH  

58 Male 61 IPAH  

58 Female 53 CTD (PAH)  

73 Female 32 Scleroderma (PAH)  

37 Male 37 Scleroderma (PAH)  

72 Female 27 Scleroderma (PAH)  

67 Male 49 

Portopulmonary 

hypertension (PAH) 

 

58 Male 43 CTD (PAH)  

68 Female 25.3 COPD (Group 3 PH)  

70 Male 37 COPD (Group 3 PH)  

40 Female 29 COPD (Group 3 PH)  

*Mean pulmonary arterial pressure (mPAP) 

Table S6. Differential expression of PAEC genes altered by hypoxia and reversed by 

BRD2889. Gene symbols are listed. Comparing hypoxia vs. normoxia as well as comparing 

BRD2889 vs. vehicle treatment (in hypoxia), log2(fold change), unadjusted p value, and adjusted 

p values are listed (n=3/grp). This table is provided as separate excel sheet due to limited space 

here.  



 

Table S7. Pathway enrichment in biologic processes relevant to Cell Cycle, Cell Death, or 

Metabolism that are reversed by BRD2889. Gene set enrichment analysis was performed 

across those IL-1-specific genes that were reversed by I-BET (Table S6). Gene Ontology (GO) 

pathways ranked by p value are listed, with significant enrichment noted at adjusted p value < 

0.05. Pathways, unadjusted p values (pval), and adjusted p values (padj) are listed, along with 

the total size of GO pathways and leading edge genes for each pathway. This table is provided 

as separate excel sheet due to limited space here. 

Table S8. Key Resources. 

Reagent/resource Source Identifier 

PAECs Lonza CC-2530 

PASMCs Lonza CC-2581 

Endothelial cell growth media Lonza CC-3121, CC-4133 

Smooth muscle cell growth 

media 

Lonza CC-3182 

Human recombinant IL-1β Peprotech 200-01B 

DMSO Sigma 41639 

I-BET151 Selleckchem S2780 

I-BET762 Selleckchem S7189 

Human recombinant galectin-8  R&D Systems 1305-GA-050 

IL-6/IL-6R alpha Protein Chimera Millipore  8954-SR 

BRD2889 Broad Institute (22) 

MG132 Sigma Aldrich 474791 

C57BL/6J mice  Jackson 

Laboratory 

RRID: IMSR_JAX:000664 



 

Lgals8-/- mice KOMP RRID: MGI:5824822 

Sprague-Dawley rats Charles River 

Laboratory 

RRID: RGD_10395233 

IL-6 transgenic mice  (68) 

human LGALS8  RnD Systems Cat# AF1305, RRID: AB_2137229 

mouse/rat Lgals8  Abcam Cat# ab69631, RRID: AB_1268941 

pSTAT1  Abcam Cat# ab29045, RRID: AB_778096 

STAT1  Abcam Cat# ab47425, RRID: AB_882708 

GSTP1  Abcam Cat# ab153949, RRID: AB_2877700 

ISCU  Prointech Cat#14812-1-AP, RRID: 

AB_2280362 

Glutathione  Abcam Cat# ab19534, RRID: AB_880243 

HIF2A Novous Cat# NB100-122, RRID: 

AB_10002593 

α-Tubulin Millipore sigma Cat# CP06, RRID: AB_2617116 

ACTB  Santa Cruz Cat# sc-47778, RRID: AB_2714189 

IL-1β  Abcam Cat# ab9722, RRID: AB_308765 

cleaved caspase3  Cell Signaling Cat# cs-9661, RRID: AB_2341188 

α-SMA  Sigma Cat# F3777, RRID: AB_476977 

CD31  Abcam Cat# ab7388, RRID: AB_305905 

Taqman primers Thermo Fisher 

Scientific 

LGALS8 (Hs01057135_m1), 

LGALS3 (Hs00173587_m1), 

NHERF1 (Hs00188594_m1), 

NHERF2 (Hs01033104_g1), ABCC4 

(Hs00988721_m1), CD47 



 

(Hs00179953_m1), DAG1 

(Hs00189308_m1), LGALS8-L 

(Hs01062767_g1), VCAM1 

(Hs01003372_m1), VEGF 

(Hs00900055_m1), CD31 

(Hs00169777_m1), CDH5 

(Hs00901465_m1), BRD2 

(Hs01121986_g1), BRD4 

(Hs04188087_m1), STAT1 

(Hs01013996_m1), GSTP1 

(Hs04419827_g1), ISCU 

(Hs00384510_m1), RECK 

(Hs00221638_m1), MT1G 

(Hs02578922_g1), MTOR 

(Hs00234508_m1), GOLGA2 

(Hs01067737_m1), MID2 

(Hs00201978_m1), KRT40 

(Hs01057909_m1), BANP 

(Hs00215370_m1), AGTRAP 

(Hs01564425_m1), RBL2 

(Hs00180562_m1) 
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