Poster#366  TD-8236, a lung-selective inhaled pan-JAK inhibitor, inhibits gene expression related to severe asthma and exhaled nitric oxide (FeNO) in 3-D airway epithelium

liquid interface (ALI) cultures derived from asthmatic donors
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RESULTS

» Asthma is a heterogeneous inflammatory lung syndrome with multiple
endotypes (e.g., T2-high and T2-low) and disease severity associated

INTRODUCTION
with many Janus kinase (JAK)-dependent cytokines (e.g., IL-13, IL-4, IL-5,

5 E i TSLP, IFNy, IL-6, and IL-23)
» (Gene expression studies of bronchial brushings from asthmatic patients

Reanalysis of public data set (GSE63142) demonstrates distinct and overlapping gene expression profiles based on asthma
severity or FeNO level

TD-8236 inhibits basal asthma-associated gene expression in ALI cultures Upregulated gene

Downregulated gene

Top 60 genes inhibited by 1 uM TD-8236 in ALI cultures Genes upregulated in high FeNO vs low FeNO

Severity-based analyses FeNO-based analyses

Top upregulated
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¢ ¢ I ¢ ¢ ¢ ¢ in early clinical development, can be driven by NOS2 gene expression in 5 CXCL14 1.25 CEACAMS5 1.39 NOS2 1.92 TPSAB1 0.97 ZMAT4 0.59 hin : : —_
i ithelial cells? 6 NOS?2 1.23 NOS2 1.26 TPSAB1 1.55 CXCL14 0.95 CST2 0.58 > CXCL1O 0 25 RORC = 40 MXI =
dalrway epitnelial cells nonsevere _ _ _ Log, fold change
7 TPRXL 1.21 SLC22A16 1.12 TFF1 1.51 FGFBP1 0.90 KYAT 0.57 - 6 PDGFRA il 26 PDCDILG2 s 46 BLNK IF22
STAT1 STAT2 STAT3 STAT5 STATG6 ] i ] . ] ] : : : : : asthmatics _ 57 cD14 —1.44 47 CD274 —1 21
» Biomarkers of T2-low lung inflammation in bronchial brushings have not 8 CPA3 1.14 ITLN1 1.09 POSTN 1.36 TFF1 0.88 SERPINB10 0.57 573 CgEEF;Z g-gg A 5 Al o CD36 163 —1.04
: - i : : 9 FKBP5 1.13 TFF1 1.06 CST1 1.34 TPRXL 0.84 FETUB 0.55 2. 1. 1.
v bgen wldely f haracterl_z_ed, but the_no_n .TZ cytokine pathways associated 10 CD86 1.11 POSTN 1.00 SLC22A16 1.33 AKR1B10 0.80 POSTN 0.54 9 CFI —2.51 29  S100A8 =1.43 49 RUNX1 =1.16 SOCS1 1.04 -1.16
with disease® are sensitive to JAK inhibition 11 TEF1 1.08 TFF3 0.93 TCN1 1.30 FKBP5 0.78 C8A 0.54 Top upregulated 10 IFI35 -2.40 30 SERPING1 -1.43 50  SOCS1 -1.16
: : L : : : : T : 12 KRT6A 1.07 TCN1 0.92 PYCR1 1.21 UPK1B 0.76 SERPINB2 0.54 genes in 11 CCL2 =2.23 31 HLA-DPB1 -1.43 951 PYCARD -1.15 TNFSF10 0.34 -0.79
T2 and non-T2 inflammation and Chronic airway remodeling, Disease-relevant pathology, such - - -
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AIM

» |dentify genes of interest from public data sets related to asthma severity and FeNO level

P <0.05 for all fold change values shown. P <0.05 for all fold change values shown.

» NOS2 and CCL26 have the strongest correlation to FeNO, followed by CDH26
» NOS2 is detected in asthmatic populations regardless of disease severity

» Demonstrate detection of genes of interest in bronchial brushings from asthmatic donors with a range of FeNO levels » Epithelial expression of POSTN, CLCA1, and SERPINB2 in the lung characterize T2 asthma as previously described® Pathway analyses of genes inhibited by 1 yM TD-8236 in ALI cultures

» Demonstrate inhibition of expression of genes of interest in TD-8236-treated airway epithelium air-liquid interface (ALI) cultures from asthmatic donors

. . . . . ) ) ) ) ) Term Resource Accession Gene count P-value Gene expression trend
Genes of interest are detected in bronchial epithelial brushings from asthmatic patients with high (>30 ppb) and low (<30 ppb)
Public data set Bronchial brushings ALl cultures vemedi anali HLA-DPA1, HLA-DPB1, HLA-DRB3, HLA-DQA1, GBP1,
g FeNO levels Interferon-y r:ti‘\jl\':ed signaling Gene Ontology Biological Process G0:0060333 18 0.00 STAT1, HLA-DQB1, PML, ICAM1, IFNGR1, HLA-B, IRF1, B2M, HLA-A,
: . . P Y IRF7, HLA-DRB1, HLA-DRA
Asthma severity and Expression detectable Iin Gene expression
FeNO-related samples from asthmatic e to TD-8236 Basal expression of conventional Th2-associated genes Gene expression detectable using NanoString HLA-DPA1, HLA-DPB1, HLA-DRB3, HLA-DQA1,
genes of interest patients sensitive 1o B . Antigen processing and presentation Gene Ontology Biological Process G0:0019882 13 0.00 HLA-DQB1, HLA-B, HLA-DMB, FCGRT, CD74,
10 1 FeNO <30 ppb Top HLA-A, HLA-DRB1, PSMBS8, HLA-DRA
107 o (RINO R upregulated
= == %’ genes from HLA-DPA1, HLA-DPB1, HLA-DRB3, HLA-DQAA1,
Q 10°g public data set Graft-vs-host disease KEGG Pathway hsa05332 12 0.00 HLA-DQB1, HLA-B, HLA-DMB, HLA-DMA,
3 .. reanalysis HLA-A, HLA-DRB1, HLA-DRA
M ET H O D S : = %j FKBPS5, IL1R2,
B oo CEACAMG HLA-DPA1, HLA-DPB1, HLA-DRB3, HLA-DQA1, HLA-DQB1
QO 104 ’ y ’ y ’
:E 3 .H@ Asthma KEGG Pathway hsa05310 9 0.01 HLA-DMB, HLA-DMA, HLA-DRB1, HLA-DRA
s 3 I IFITM1, STAT1, IFNAR2, MX1, HLA-B
i 4 } —a_ ® : : : : : . ’ ’ ’ ’ -,
Mlcroarray data analyses E 102 - é % = % = ? - _— Type | interferon signaling pathway Gene Ontology Biological Process G0:0060337 9 0.02 IRF1, HLA-A, IRF7, PSMBS
. . . . . . . Q . ’
» Microarray (GSE63142)? data, which included 27 healthy controls, 72 nonsevere asthmatics, and 56 severe asthmatics, was downloaded from Gene Expression Omnibus © 101 — SO significantly
B ctsc  correlated to FeNO T cell receptor signaling pathwa Gene Ontology Biological Process G0:0050852 11 0.04 HLA-DPA1, HLA-DPB1, HLA-DRBS, HLA-DQA1, HLA-DQB1, PSMB10,
» Samples were grouped based on either asthma severity (healthy control, nonsevere, and severe) or FeNO level (healthy control, <30 ppb FeNO [low], and >30 ppb FeNO 100 E in public data set PO SISNETNG PaTiay Iy 008 ' | HLA-DRB1, PSMB9, PSMB8, HLA-DRA

CENWEWEE

IL1RL1, CD274, PIK3R5,
CD44, IL13, ATG16L1,
All data points are shown. Whiskers indicate min and max values. Thirteen bronchial epithelial brushing samples were analyzed (10 high, 3 low) with 1 to 2 IRF9

replicates each. CLCA1 expression was not quantified in FeNO <30 ppb because it was below the limit of quantitation in the reference sample. Only includes genes detected by NanoString.

[high]), or correlated to donor FeNO values (ppb)
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POSTN CLCA1 SEPRINB2 MUCS5AC SPDEF CDH26 ALOX15A  NOS2 CCL26

» Samples were quality checked using arrayQualityMetrics (R QC package), and QC-passed samples were processed through limma (R package)

» Samples were background corrected and normalized using quantile normalization, and intensities of the replicate genes or probes were averaged for differential expression

s » NanoString greatly expands the candidate gene pool from asthmatic bronchial epithelial cells grown in ALI sensitive to TD-8236 at baseline
analysis

. . . . . . . . » A subset of these genes that were upregulated in the FeNO >30 vs FeNO <30 ppb bronchial brushings are sensitive to TD-8236
» Using the Empirical Bayes Statistics for Differential Expression method, fold change and p-values were calculated, and the Bonferroni and Hochberg correction method was

. . . » Detection of genes of interest was confirmed in bronchial epithelial brushing samples from mild asthmatic patients, independent of FeNO level
used to generate adjusted p-values for each severity or FeNO level comparison set

» Pathway analysis on inhibition of baseline gene expression in asthmatic ALI cultures identifies asthma-relevant inflammatory processes

» The expression of many genes was upregulated in patients with high FeNO relative to those with low FeNO and was independent of asthma severit
» Spearman correlations were performed for normalized intensities of genes from each sample vs FeNO values at a threshold false discovery rate of 5% P Y9 Preg P J P y

Bronchial epithelial brushings from asthmatic donors

» RNA from bronchial epithelial brushings of 13 steroid-naive, mild asthmatic donors with a mean FeNO score of 56.8 ppb was obtained from the Medicines Evaluation Unit

(MEU; Manchester, England) Inhibition of IL-13-induced NOS2 expression Inhibition of IL-13-induced gene expression CONCLUSIONS

> RNAwas analyzed for gene expression using the nCounter® Immunology Panel (Human V2) and the Vantage 3D RNA Cellular Signaling Panel (NanoString Technologies, "]+ TBE10 1w No treatment » Candidate genes relating to FeNO and asthma severity were identified from a public data set and many of the genes were expressed in

Seattle, WA na/mL IL- : : : . . :
. ) . . . . . . - 188ng;mt:t-1§+10|.|MTD-8236 bronchial epithelial brushings from asthmatic patients regardless of FeNO level
» Real-time PCR was performed using TagMan gene expression assays (Thermo Fisher, Waltham, MA) on StepOnePlus (Applied Biosystems, Foster City, CA)

TD-8236 inhibits IL-13-induced expression of asthma-associated genes in ALI cultures
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» TD-8236 inhibits many of the candidate FeNO-related and asthma-severity-related genes at baseline and with IL-13 induction in
air-liquid interface cultures derived from asthmatic bronchial epithelial cells

— Relative quantification of gene expression was normalized to GAPDH and calculated using the 2724 method
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ALl culture assays

» Asthmatic donor tracheal/bronchial epithelial cells were grown and differentiated on a porous membrane support, allowing an air-liquid interface with warmed culture
medium below the cells and a gaseous test atmosphere above (EpiAirway™ system, MatTek, Ashland, MA)

» TD-8236 was diluted in dimethyl sulfoxide (DMSO) to a final DMSO concentration of 0.1%; 0.1% DSMO alone served as vehicle control
» Cultures were exposed to prewarmed media containing no treatment (basal) or 1, 10, or 100 ng/ml IL-13 (R&D Systems, Inc., Minneapolis, MN) for up to 8 days
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» Many inflammatory processes relevant to asthma were identified by pathway analysis of TD-8236-inhibited gene expression in air-liquid
interface cultures
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Relative Quantification/GAPDH
o

Relative Quantification/GAPDH

» The broad effect of TD-8236 in air-liquid interface cultures demonstrates the potential to treat the heterogeneous inflammation
associated with asthma
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NanoString data analyses of ALI cultures and bronchial brushings

[IL-13 (ng/mL)] 1 1 1 1 10 10 10 10 100 100 100 100 10-2-
* : POSTN SERPINB2 MUC5AC  SPDEF CDH26

ALOX15A NOS2 CCL26

» Raw data files were analyzed using nSolver (version 4.0) per the software manual’s instructions and data was passed through quality control steps, background correction, mD-8236(M] o0 01 1 3 0o 01 1 3 0o 01 1 3

and normalized using housekeeping genes

Mean and SD from one donor (TBE-19) are shown. ALI cultures were incubated with indicated agents for 4 hours. One ALI membrane per
condition was tested. One PCR replicate was performed for no treatment and IL-13 + 10 uM TD-8236 conditions. Two PCR replicates were
performed for 100 ng/mL IL-13.

Results from 3 donors are shown. ALI cultures were incubated with indicated agents for 8 days with media changed every 2 days. Each data

point is the mean of 2 replicate ALl membranes with 1 PCR replicate each. Funding: This study was funded by Theravance Biopharma Ireland Ltd. and poster development was funded by Theravance Biopharma US, Inc.

» Pairwise differential expression was estimated and genes with p-value <0.05 were considered as significant for further enriched pathway analysis
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» Targeted pathway mapping was used to identify genes associated with asthma-related cytokine signaling, and the compiled gene list was mapped to genes significantly > InALl cultures, TD-8236 inhibited IL-13-induced NOS2 expression in a dose-dependent manner at multiple stimulation concentrations
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regulated by TD-8236 in ALI cultures; similar expression trends between donors were identified

» 10 uM TD-8236 also inhibited IL-13-induced expression of several other genes of interest related to asthma severity, FeNO, and mucus production Nicole Seneca, PhD, of AlphaBioCom LLC, King of Prussia, PA, USA.



