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Learning Objectives: The INTERLUNG study

ClinicalTrials.gov: NCT02812290

MMDx-TBB, MMDx-3BMB

To understand:;:

The unmet need in lung transplant diagnostics

The principles of microarray analysis

Unsupervised and supervised analysis of high dimensionality data
The relationship of the MMDx-TBB diagnoses to histology diagnoses
The potential for changing care: MMDx-3BMB

1.
2.
3.
4.
5.
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MMDx-Lung:
the TBB* project

INTERLUNG (and launching INTERLUNGEX)

ClinicalTrials.gov: NCT02812290

In press JHLT Jan 2019

*TBB = transbronchial biopsy
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ORIGINAL CLINICAL SCIENCE

Molecular assessment of rejection and injury in
lung transplant biopsies

Kieran M. Halloran, MD, PhD,” Michael D. Parl::e-s,)()':,t Jessica Chang,,)'{.!'i,t
Irina L. Timofte, XX, Gregory L. Snell, XX," Glen P. Westall, XX,"
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K. M. Halloran, M. D. Parkes, J. Chang, I. L. Timofte,
G. I. Snell, G. P. Westall, R. Hachem, D. Kreisel, E.
Trulock, A. Roux, S. Juvet, S. Keshavjee, P. Jaksch,
W. Klepetko, and P. F. Halloran.

Molecular Assessment of Rejection and Injury in
Lung Transplant Transbronchial Biopsies.

J Heart Lung Transplant in press 2019.
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Histology of Transbronchial Lung Biopsies
Has Poor Interobserver Agreement

A grade B grade Antibody mediated rejection
Perivascular and interstitial Lymphocytic Bronchiolitis C4d straining?
mononuclear cell infiltration Interobserver agreement = 0.035 Neutrophilic

Interobserver agreement = 0.18 capillaritis/margination?
Interobserver agreement = ??

Arcasoy SM, Berry G, Marboe CC, et al. Pathologic Interpretation of Transbronchial Biopsy for Acute Rejection of Lung Allograft Is Highly Variable. Am J Transplant. 2011;11(2):320-328. doi:10.1111/j.1600-
6143.2010.03382.x.

Stewart S, Fishbein MC, Snell Gl, et al. Revision of the 1996 Working Formulation for the Standardization of Nomenclature in the Diagnosis of Lung Rejection. The Journal of Heart and Lung Transplantation
2007;26(12):1229-1242. doi:10.1016/j.healun.2007.10.017.

Levine DJ, Glanville AR, Aboyoun C, et al. Antibody-mediated rejection of the lung: A consensus report of the International Society for Heart and Lung Transplantation. J H
406. doi:10.1016/j.healun.2016.01.1223. s
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Sample alveolar content

Geometric Mean Surfactant Expression
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Sample Rank By Geometric Mean Surfactant Expression
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Surfactant (SFT) transcript expression in 242 TBBs. The 50 highest
variance probesets in 242 TBB were identified. From this, 11 probe sets
representing four SFT genes were identified (11757270_x_at,
11763961 _x_at, 11754641 _x_at, 11742494 s_at, 11735664 _s_at,
11764024 x_at, 11748373 _s_at, 11734773_x_at, 11745166_x_at,
11763809_x_at, 11749911_x_at) and their geometric mean expression
across 242 TBB samples was calculated. The samples were ordered by
decreasing geometric mean. The 152 samples to the left of the dashed
vertical line were deemed to have sufficiently high SFT expression (i.e.
high alveolar content) to be used in subsequent analyses of the TBBs.

K. M. Halloran, M. D. Parkes, J. Chang, I. L. Timofte, G. |. Snell, G. P. Westall, R.
Hachem, D. Kreisel, E. Trulock, A. Roux, S. Juvet, S. Keshavjee, P. Jaksch, W.

Klepetko, and P. F. Halloran. Molecular Assessment of Rejection and Injury in Lung
Transplant Transbronchial Biopsies. J Heart Lung Transplant in press 2019.




Rejection transcript expression
Four-state (4 archetype) model:

Developing MMDx-Lung (TBB):
the same approach as for heart EMBs

S1 = No rejection or injury

normal —
S2:cur = TCMR (includes ABMR?)
S3,.sur = €ndothelial (not actually ABMR?)

S4iiury = lung abnormalities not rejection
/ATAGC




K. M. Halloran, M. D. Parkes, J. Chang, I. L. Timofte, G. I. Snell, G. P. Westall, R.
Hachem, D. Kreisel, E. Trulock, A. Roux, S. Juvet, S. Keshavjee, P. Jaksch, W.
Klepetko, and P. F. Halloran. Molecular Assessment of Rejection and Injury in Lung

Transplant Transbronchial Biopsies. J Heart Lung Transplant in press 2019. 0
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Summary of transcripts associated with archetype scores
and principal components in TBBs

Key cellular expression patterns of the top 20 transcripts correlated or anti-correlated

Score” with the molecular score Interpretation
S, ormal 5 IFNG-inducible, 8 T/NK, 7 T/NK/MMDC Absence of rejection and injury
S21cur 15T (5T, 5T/NK, 5 T/NK/MMDC), 3 IFNG-inducible, 2 MMDC T cell-mediated rejection
S3endothelial 17 HUVEC, 1 T/NK/MMDC, 1 MMDC, 1 Parenchymal Endothelial
S4njury 19 MMDC (16 MMDC, 3 T/NK/MMDC), 1 HUVEC Macrophage infiltration (injury)
PC1 7 IENG-inducible, 6 T/NK, 7 T/NK/MMDC Rejection/inflammation
PC2 10 HUVEC, 2 IFNG-inducible, 5 MMDC, 1 Parenchymal, 2 unclear (low expression) Endothelial
PC3 1 IFNG-inducible, 18 MMDC (14 MMDC , 4 T/NK/MMDC) 1 HUVEC Macrophage infiltration (injury)

* 13 Slpomar 18 S27cumrs 2 S3agmrs 0 S4injurys 14 PCL, 3 PC2, and 1 of the PC3 top 20 transcripts were RATSs
Abbreviations: IFNG — interferon gamma,; T — effector T cells; NK — NK cells; MMDC — macrophages, monocytes, or dendritic cells; HUVEC — human
umbilical vein endothelial cells; TCMR — T cell-mediated rejection; ABMR — antibody-mediated rejection

K. M. Halloran, M. D. Parkes, J. Chang, I. L. Timofte, G. |. Snell, G. P. Westall, R.
Hachem, D. Kreisel, E. Trulock, A. Roux, S. Juvet, S. Keshavjee, P. Jaksch, W.

2019-03-06 Klepetko, and P. F. Halloran. Molecular Assessment of Rejection and Injury in Lung
Transplant Transbronchial Biopsies. J Heart Lung Transplant in press 2019.




Explaining the Molecular Microscope® report

for transbronchial lung biopsies (MMDx-Lung)

Alberta Transplant Applied Genomics ¢
hge Medical Research Centre

Clinical information He. Comse Additional detail Comparison to normal

Fax 780-407-34

INTERLUN( Time post-transplant;  hial Bi Rejection, injury-related Scores interpreted vs.

Patient information
Date of transplant,
date of biopsy, etc.

Chial Biopsy)
indication, DSA (if provided) E——— transcript scores in this biopsy | relatively normal biopsies

Sample Name

Biopsy Number s\lgnl[;.: abnommal
Date Reported (Y-M-D) Normal
Date Received (Y-M-D) Apnormal
Date of Transplant {Y-M-D) Abnormal
Date of Biopsy (Y-M_D —
. . psy ( ) S Slightly abnomal
. Abnormal
I n I C a TimMagBiopsy Post-Tx | 129 Days Abnormal
—— DSA Stalts, | NA | Ciinical Dx Rejection and Injury-relaied Abnormal
. - PRA Status | NA | Infection Abnormal
Injury-ralated - -
iranscripls [GCMAT) 0.80 Abnormal
Pure molecular i i Othar Surfactant iranscnpls (Alveoiar content [t 15342 ..naquate

Abnormal biopsy with extensive parenchymal injury. Minimal ABMR-like changes. Minimal TCMR-like changes. Extensive injury
(Injury score 0.7, IRRATs and QEMATs abnormal). (The relationship between the rejection archetype scores and actual rejection i
states is unclear and is the subject of the ongoing INTERLUNG study.) Valies In the 557 percantle of biopsies W 51,2

f Rolatively Local
Proportion Model 1 N | 0.28 TCMR-Like (%1 ABMR Like (X3
Pro p tions oyt Hormal | Acuta Rejection Alrway _ Oher —
Injur) elatively ‘ X
N O rm aI TC M R I V“ Model 2 Normal 0.19 TCMR-Like 011 ABMR Like 0.00 Lung Injury on ISHLT s ISHLT a ISHLT [T
) k) A Grade B Grage C Grage Capillantis andior NA
ABMR, injur —
Diagnosia.
H Inju Current Biopsy vs Reference Set: PC2 vs PC1 Current Biopsy vs Reference Set: PC2 vs PC3 L
[ Clinical nofss |
® A1 Relatively Homa 1: Relaiely Normal [ ]
o | ® A2 TCMR-Like 2: TCMR-Like
9] ® AY ABMR-Like N 3. ABMR:Like
® A4 Lung Injury ® Ad: Lung Injury
Referances

Visualization ; X0
Relationship of this Xt
biopsy to all others in Ao
the reference biopsies ; ® N
PC2 vs.PC1; .
PC2 vs.PC3 Y

10 2 * N EER]

i1} Halloran PF, Potena L, Duong Van Huyen JP, Bruneval P, Leone O, KIm DH, e & Buliding a i) olecular diagnostic system In heart
1

fransplant rajection: the heart molecular microscope MMDw. J Heart Lung Transplant 20

(2) Halloran PF, Famulskl KS, Resve J. Molecular sssessment of disease states 1 Kldney transplant . Haturs Reviews Nepfmlogy
3 534-
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Transoronchial Blopsles. 201N preparation.
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Chronic lung allograft dysfunction (CLAD) Is
causing most lung transplants to fail
prematurely (e.g. 5 years)

Histology cannot define CLAD
Can MMDx TBB define CLAD?

/ATAGC




Relating MMDx-Lung TBB scores to CLAD status Decreased S4 S1 and PC3

Increased re'ection—like processes 82 PC1
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Relationships between molecular phenotype scores and chronic lung allograft dysfunction (CLAD) at biopsy. From left to right the S1,,ma, S2rcmr: S3endotheliain aNd S, SCOTEs from
the RAT-based archetype model and the principal component scores PC1, PC2, and PC3 from RAT-based principal component analysis in 152 TBBs (y axis) are plotted according to the
CLAD status at biopsy (x axis). P-values of a Mann-Whitney U-test are reported at the top of each plot. N=36 CLAD, N=116 No CLAD.




MMDx-Lung:
the mucosal biopsy (3BMB*) project

INTERLUNG (and launching INTERLUNGEX)

ClinicalTrials.gov: NCT02812290

*3BMB endobronchial mucosal biopsy from 3" bifurcation

/ATAGC




The 3BMB study

Supplementary Table 1. Centers participating in the INTERLUNG 3BMB study

Location Principal Investigator(s) Number of Biopsies
Baltimore Irina Timofte 46
Edmonton Kieran Halloran, Philip Halloran 20
Melbourne Gregory Snell, Glen Westall 52
San Antonio Deborah Levine 8
St. Louis Ramsey Hachem, Daniel Kreisel, Elbert Trulock 15
Toronto Stephen Juvet, Shaf Keshavjee 56
Vienna Peter Jaksch, Walter Klepetko 1

Total 198




Mucosal biopsies: much safer than TBBs

» Prospective collection of mucosal
biopsies from indication or
surveillance bronchoscopies in lung
transplant recipients

— 3" airway bifurcation (3B-MB),
typically between RLL and RML airway

» 1-2 pieces for molecular analysis

— Quantitative expression of 453
rejection-associated transcripts
(RATS)

 Originally identified by association with
kidney transplant rejection histology

* No histology component * Image courtesy of Olympus

ATAGC



The 205 3BMBs have variance
that is compatible with TCMR.
This could avoid TBBs in
higher risk patients
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Figure 1. Principal component analysis (PCA) and archetypal analysis were
performed based on rejection-associated transcript (RAT) expression in 198 3BMBs.
The biopsies are plotted according to their PC1 and PC2 scores. Biopsies are
colored according to their highest of three archetype scores (S1,omair S2tcmr
S3.ndothelial)- E@Ch score describes a biopsy’s similarity to each of the three
archetypes (Al omar A2temry A3endotheliar)- THE archetypes are represented by the
enlarged points. Black — normal, red — TCMR, blue — endothelial.

Figure 1 — 3BMB 198
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Developing MMDx-Lung 3BMBs:
the same approach as for heart EMBs, TBBs, livers

Rejection transcript expression

Four-state (4 archetype) model:

= S1 ..o = NO rejection or injury

" S2jection = 1CMR (includes ABMR?)

" S3.4otheiial = (?27N0t actually ABMR?)
=S4,y =Ilungabnormalities not rejection

l ATAGC



MB3198 AA3 RAT S2,icciion.—Correlated Genes (Non-Redundant)

Table 4. Top transcripts correlated with S2_.....in 198 3BMBs
. Gene - Mean Expression in biopsy groups . L
1 2 3
Correlation Symbol Gene Name PBT Annotations 1 ) A2 3 Primary Expression in Cell Panel

major histocompatibility complex, B, DC, HUVEC (IFNG), MC, MP

0.88 HLA-DMB class II, DM beta GRIT3, Rejection-RAT 276 861 366 (IFNG)
e ) GRIT3, ABMR-RAT,
0.87 GBP5 guanylate binding protein 5 Rejection-RAT 74 422 107 HUVEC (IFNG), MP (IFNG), NK, T
GRIT3, ABMR-RAT,
0.86 PSMB9 proteasome subunit beta 9 Rejection-RAT, TCMR- 873 2482 1102 DC, HUVEC (IFNG), MC, MP (IFNG),
NK, T
RAT, IFNG
. . . GRIT3, ABMR-RAT,
0.86 IDO1 indoleamine 2,3-dioxygenase 1 Rejection-RAT 141 1405 134 HUVEC (IFNG), MP (IFNG)
. 0.86 IFI30 I,?:;Z?nr%% gamma-inducible GRIT3 903 3027 1066 DC, HUVEC (IFNG), MC, MP
CO rre | atl O n Of 085 FAM26F family with sequence similarity 26, GRIT?,, ABMR-RAT, 145 678 208 MC, MP (IENG)
member F Rejection-RAT
82 . . Wlth 0.85 CD53 CD53 molecule 169 630 268 B, DC, MC, MP (IFNG), NK, T
re ectlon . . . GRIT3, ABMR-RAT,
. J ; 0.84 HLA-DRA major histocompatibility complex, IRRAT950, Rejection- 5636 11015 7149 B, DC, HUVEC (IFNG), MC, MP
tl me Of bIOpsy class Il, DR alpha RAT (IFNG)
) GRIT3, Rejection-RAT, DC, HUVEC (IFNG), MC, MP (IFNG),
OSt tran S Iant 0.84 PSMB10 proteasome subunit beta 10 TCMR-RAT 882 1448 829 NK, T
p p 0.84 PSMB8 proteasome subunit beta 8 GRIT3, Rejection-RAT 1171 2254 1192 DC, HUVEC (lF":“E)’.I_MC’ MP (IFNG),
—_ +O 32 0.84 IRF8 interferon regulatory factor 8 GRIT3 122 427 185 B, DC, MC, MP (IFNG)
i 0.84 LAPTMS 'Sysos°ma' protein transmembrane IRRAT950 373 1170 539 B, DC, MC, MP, NK, T, M
0.84 HcLs1 ~ hematopoietic cell-specific Lyn 195 436 235 B, DC, MC, MP, NK, T, M
substrate 1
0.83 CD86 CD86 molecule IRRAT950, QCMAT 52 162 73 DC, MC, MP, M
0.83 ARHGAP30 Rho GTPase activating protein 30 77 171 98 B, DC, MC, MP, NK, T, MMDC
0.83 EPSTIL (egtezeslt')a' stromal interaction 1 GRIT3 172 758 223 HUVEC (IFNG), MP (IFNG)
0.83 FYB FYN binding protein 88 320 137 MC, MP, MMDC
major histocompatibility complex,
. class Il, DQ alpha 1; major GRIT3, IRRAT950,
083 HLA-DQAL histocompatibility complex, class II, Rejection-RAT 1029 2845 1391 DC, MP (IFNG)
DR alpha
) GRIT3, ABMR-RAT,
0.83 IRF1 interferon regulatory factor 1 Rejection-RAT 199 482 225 HUVEC (IFNG), MC, MP (IFNG)
0.83 pTprc  Protein tyrosine phosphatase, IRRAT30 216 825 354 B, DC, MC, MP, NK, T, MMDC

receptor type, C
1Spearman correlation

2ABMR-RAT — ABMR-associated RATs, AMAT1 — Alternatively activated macrophage transcripts, BAT — B cell transcripts, DSAST — DSA-selective transcripts, ENDAT —
Endothelial cell transcripts, IGT — Immunoglobulin transcripts, IRITD3 — Day 3 injury/repair transcripts (mouse), GRIT3 — IFNG-inducible transcripts, IRITD5 — Day 5 injury/repair
transcripts (mouse), IRRAT30/IRRAT950 — Injury/repair-associated transcripts (human), Rejection-RAT — Rejection-associated RATs, QCMAT — Macrophage transcripts, TCMR-
RAT — TCMR-associated RATs

3B — B cells, DC — Dendritic cells, HUVEC — Human umbilical vein endothelial cells, IFNG — IFNG-inducible, MP — Monocytes/macrophages, NK — NK cells, T — T cells, M -,
MMDC -




MB3198 RAT PC1 — Correlated Genes

_Table 6. Top transcripts correlated with PC1in 198 3BMBs

Mean Expression in biopsy groups

Correlation® Gene Symbol Gene Name PBT Annotations? Al A2 A3 Primary Expression in Cell Panel®
0.93 LCP2 lymphocyte cytosolic protein 2 Rejection-RAT 110 405 185 MC, MP, NK, T, MMDC
: major histocompatibility complex, class  GRIT3, Rejection- B, DC, HUVEC (IFNG), MC, MP
0.92 HLA-DMB 1L, DM beta RAT 658 1870 919 (IFNG)
0.92 IRF8 interferon regulatory factor 8 GRIT3 122 427 185 B, DC, MC, MP (IFNG)
0.91 HCST hematopoietic cell signal transducer Rejection-RAT 137 340 194 DC, MC, MP, NK, T
0.91 FYB FYN binding protein 88 320 137 MC, MP
0.91 CD53 CD53 molecule 169 630 268 B, DC, MC, MP (IFNG), NK, T
0.90 LCP1 g’lzspt:‘n‘;cyte cytosolic protein 1 (L- IRITD5, IRRAT950 474 1609 755 DC, MC, MP, NK
0.90 TNESF13B tumor necrosis factor (ligand) GRIT3, TCMR- 66 204 101 DC, MC, MP
superfamily, member 13b RAT
. ] GRIT3, ABMR-
Corre|at|0n W|th 0.90 GBP5 guanylate binding protein 5 RAT, Rejection- 74 422 107 HUVEC (IFNG), MP (IFNG), NK, T
RAT
tl me Of b|0 S 0.90 LAPTM5 lysosomal protein transmembrane 5 IRRAT950 539 1506 797 B, DC, MC, MP, NK, T
p y 0.90 DOCK2 dedicator of cytokinesis 2 IRRAT950 60 202 98 DC, MC, MP, NK, T
post_transp|ant 0.90 PTPRC f;g;e'gtyros'”e phosphatase, receptor IRRAT30 193 691 314 B, DC, MC, MP, NK, T
0.89 ARHGAP30 Rho GTPase activating protein 30 7 171 98 B, DC, MC, MP, NK, T
= +0.37 0.89 CD86 CD86 molecule IRRATISO, 52 162 73 DC, MC, MP
QCMAT
IRRAT950,
0.89 AOAH acyloxyacyl hydrolase (neutrophil) Rejection-RAT, 75 231 109 MC, MP, NK, T
TCMR-RAT
GRIT3, ABMR-
0.89 PSMB9 proteasome subunit beta 9 RAT, Rejection- 873 2482 1102 Be, HUEI/FE,\(‘:G(;F',\\IE)’TMC’ MP
RAT, TCMR-RAT ! !
0.89 SASH3 SAM and SH3 domain containing 3 39 110 56 DC, MC, MP, NK, T
0.88 ILIORA interleukin 10 receptor, alpha 144 298 182 DC, MC, MP (IFNG), NK, T
0.88 CD48 CD48 molecule 87 316 154 B, MC, MP, NK, T
major histocompatibility complex, class GRIT3, ABMR-
0.88 HLA-DPAL J p y plex, RAT, Rejection- 4037 9860 5853 B, DC, MC, MP, IFNG
Il, DP alpha 1 RAT

1Spearman correlation

2ABMR-RAT — ABMR-associated RATs, AMAT1 — Alternatively activated macrophage transcripts, BAT — B cell transcripts, DSAST — DSA-selective transcripts, ENDAT — Endothelial cell transcripts, IGT —
Immunoglobulin transcripts, IRITD3 — Day 3 injury/repair transcripts (mouse), GRIT3 — IFNG-inducible transcripts, IRITD5 — Day 5 injury/repair transcripts (mouse), IRRAT30/IRRAT950 — Injury/repair-associated
transcripts (human), Rejection-RAT — Rejection-associated RATs, QCMAT — Macrophage transcripts, TCMR-RAT — TCMR-associated RATs

3B — B cells, DC — Dendritic cells, HUVEC — Human umbilical vein endothelial cells, IFNG — IFNG-inducible, MP — Monocytes/macrophages, NK — NK cells, T — T cells, MMDC -




Pathway analysis
3BMB 198 AA3 RAT S2....ciion TOP 100

Table 9. Gene Ontology (GO) biological process terms associated with top 100 S2/eeciign-correlated transcfipts

. Fold Corrected

GO Term Hits in Top 100 Enrichment P-Value P-value:

interferon-gamma-mediated signaling pathway 14 35.2 8.5E-17 7.2E-14
immune response 23 9.8 8.8E-16 2.9E-13
T cell tor signali th NN— i i i i 15 18.1 7.5E-14 1.6E-11

cell receptor signaling pathway S2,¢jection =IFNG signaling, TCR signaling,
y _ .y presence of inflammation,

positive regulation of T cell proliferation 10 29.8 3.9E-11 6.3E-09
antigen processing and presentation of peptide or polysaccharide antigen via MHC class Il 7 73.6 2.9E-10 3.8E-08
antigen processing and presentation 9 29.2 6.4E-10 7.0E-08
T cell costimulation 9 20.6 1.1E-08 1.0E-06
innate immune response 16 6.6 1.3E-08 1.1E-06
inflammatory response 15 7.1 2.1E-08 1.5E-06
antigen processing and presentation of exogenous peptide antigen via MHC class Il 9 17.5 4.1E-08 2.7E-06

1 Benjamini-Hochberg
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Direct comparisons of TBB
reports to 3BMB reports
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Interesting case #1

TBB and 3BMB reports agreed and showed
relatively healthy lung transplant (1 year and
330 days post Tx)

Mgs?%ﬁ& /ATAGC




Lung Case #1

Report — Page 1

Redacted

Pure molecular interpretation
Pure Molecular Interpretation
Relatively healthy lung transplant. Minimal ABMR-like changes. Minimal TCMR-like changes. Minimal parenchymal injury
(Injury score 0.11, IRRATs and QCMATs normal). (The relationship between the rejection archetype scores and actual rejection Relatively healthy lung transplant. (The refationship between the rejection archetype scores and actual rejection states is
states fs unclear and is the subject of the ongoing INTERLUNG study.) unclear and is the subject of the ongoing INTERLUNG study.)
Relatively " .
Froporfion Model 1 Normal 092 | TCMR-Like 0.00 | ABMR-Like | 0.07 - —
Rejection and P ‘ F"””“"“?:.E;}ES"““"“ Relatively Normal 0.70 ‘ Rejecfion ‘ 0.00 ‘ Endothelial ‘ 0.30 ‘
Injus Model 2 Nir‘:::f"f 0.80 | TCMR-Like | 0.00 | ABMR-Like | 0.00 | Lunginjury | 0.11 ]
Current Biopsy vs Reference Set: PC2 vs PC1 Current Biopsy vs Reference Set: PC2 vs PC3
Current Biopsy vs Reference Set: PC2 vs PC1 Current Biopsy vs Reference Set: PC2 vs PC3 T T
; T ® Al Relatively Normal ® A1 Relatively Normal:
® A1 Relatively Normal ® A1 Relatvely Normal H @ AZ: Rejection H ® A2 Rejection :
® AZ: TCMR-Like ® AZ: TCMR-Like : & A3 Endothekal wdothelial
S| ® A3 ABMR-Like 5] ® A3 ABMR-Like i &8
@ A4 Lung Injury @ A4 Lung Injury ™ 3 B M B
e BB
5 5 g 3]
g e a o &
® .
=1 i
8§
20 0 20 40 15 -0 5 0 5 10 15 20 10 0 10 20 30 40 10 5 0 5 10 15
PC1 PC3



Lung Case #1

Report Page 2

Molecular Phenotype
Geneigene sets Biopsy score Mormal Limit* Interpretationd
D5 A-selective transcripts (DSAST) 014 =0.31 Normal
ABMR-related Endothelisl DS A-zalective transcripts (2 DEAST) 018 =0 .46 Mormal
Mk cell burden transcripts (MKE) -0.06 =046 Normal
Cytotoxic T cell transcripts (QCAT) -0.01 =0.3 Mormal
T cell burdentranscrpts (TCE) 0.21 =045 Normal
UELE A IFNG {Interferon gamma) 5.06 =5.42 Normal
GTLA4 (T cellcheckpoinf) 4.55 =4.92 Normal
Rejection and injury-relaied | |IFMG-inducible transoripts (GRIT) 010 =0.14 Mormal
. Injury transcrpts (IRRAT) -0.21 =0.44 Normal
Injury-related ————
Macrophage transcripts (QCMAT) 0.11 =0.3 Mormal
Other Surfactant transoripts (Aleolar contentit 8025 =B267 Slightly Low

“Normal range for @ genasigans 52 (SxcaEpt sufactant) includss
surtaclam Includes wales Ine 25 parcamiiz in 3l Diopskas.
+Surtacian scors I3 e QEOMAtC Mmasn sxprassion leva calcuaisd
1EMgNEy N0l - Mapsy soorals Datwaan e 907 and 9% parcam

of Wapsias Wilh S1,=0.7 (relativaly narmal opsies). The namal Bmi far

TBB |

Wit 5=z 0.7 (ralatvaly norm 3 Dopsias). Apnormal - Hopsy soore axcaads

Molecular Phenotype
Genel/gene sets Eiopsy score Normal Limit® Interpretafiont

DSA-zelective transcripts [DSAST) 0.08 =0.18 Normal
ABMR-related Endothelisl DS A-sslective transcripts (e DSAST) 0.05 <0.25 Normal

NK cell burden transcripts (NKB) 0.21 =0.27 Slightly abnormal
Cytotoxic T cell transcripts [QCAT) =0.42 Normal

T cell burden transcrpts (TCB) <0.44 Slightly abnormal
ENNL =L {FNG (Interferon gsmms) <4.86 Normal
CTLA4 (T cell checkpoinf <5 24 Normal
L . IFMG-inducible transoripts (GRIT) <012 Normal
SRRSO Macrophage transcripts (QCMAT <032 Normal

“Normal range for S ganssigans S5 (000l SurlsClaT) ncudss vawss i)
tsightly abnomal - bapsy scaralks an iha 30" and 99" parcaniia of
waluzs Inihe 95" parcanile of Dhapskas Wil S1ucadl7 (reflaiivaly normal bag

(r=iEtvaly normal mopskes),
normal blopskas). Abnonmal - blopsy score excaads

3BMB

Local Histopathology Phenotype In Paired Transbronchial Biopsy

i 2 cana of b WIT Slye207 {refamvely — = 2 = C—
s Wi S pacaie. of thpsles Wi Sle20 ity flam Acute Rejection Airway Inflammation Chronic Airway Rejection Other
n Cdd NA
Local His gy Phenotype ISHLT ISHLT ISHLT FECTropRiE
Acute R ti Airway Inflammation Chronic Airway Rejection Other A Grade NA B Grade NA C Grade NA Capillaritis and/or NA
ISHLT ISHLT ISHLT Cid NA Margination
Meutrophilic : P
A Grade NA B Grade NA C Grade NA Capillaritis andior NA ioris s .
Margination
Diagnosis NA Clinical notes |
Clinical notes |
| References
(1) Hellomn PF, Poiens L, Duong Yan Huyen JP, Bupewel P, Leone O, Kim DH, et al. Buiding = tissue-bssed mokoulsr degnostic system in heart
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Interesting case #2

BB and 3BMB reports agreed and showed
minor abnormalities and low probabillity of
rejection (279 days post Tx)
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Lung Case #2

 Clinical information:

« Bx Indication: Surveillance

= preBx Treatment: Cyclosporine, Mycophenolate
= DSA Class Il, PRA Class

= Primary Disease: Idiopathic Pulmonary Fibrosis
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Lung Case

Report Page 1

interpretation

Pure Molecular Interpretation
Minor abnormalities. Mild ABMR-like changes of uncertain significance. Minimal TCMR-like changes. Minimal parenchymal

injury (Injury score 0.021). (The relationship between the rejection archetype scores and actual rejection states is unciear and is Low probahility of rejection. (The relationship between the rejection archetype scores and actual rejection states is unclear and
the subject of the ongoing INTERLUNG study.) is the subject of the ongoing INTERLUNG study.)

Relatively " .
Proportion Model 1 N | 0.56 | TCMR-Like 0.00 | ABMR-Like | 0.44 - —
Rejection and orme | F"’p""'“l’:jff}“"“""" Relatively Normal 0.58 ‘ Rejection ‘ 0.00 Endothelial | 0.42 ‘
Inju Model 2 ss'r“n_l":f"’ 0.56 | TCMR-Like | 0.00 | ABMR-Like | 0.23 | Lunginjury | 0.21
Current Biopsy vs Reference Set: PC2 vs PC1 Current Biopsy vs Reference Set: PC2 vs PC3
Current Biopsy vs Reference Set: PC2 vs PC1 Current Biopsy vs Reference Set: PC2 vs PC3 T T
; v ® A1 Relatively Mormal ® A1 Relatvely Normal;
& Al Relatively Normal ® Al: Relatively Normal ® A2 Rejection | ® A2 Rejection
® A2 TCMR-Like ® A2 TCMR-Like @ A3 Endothelial oy
9] ® A3 ABMR-Like ! 2| ® A3 ABMR-Like : &
@ A4: Lung | : & A4: Lung Inj
"y : 3BMB
e BB
o T ° o
o & o * jo ® 3] .
[ g of o o 0 ° e
L] [ ]
? ? *. 4%
- o ° 80O, .
L
8 8 L]
i °
-20 ] 20 40 -15 -10 5 [+] H] 10 15 =20 =10 ] 10 20 30 40 =10 -5 4] 5 10 15
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Lung Case #2

Report Page 2

Molecular Phenotype Molecular Phenotype
Gene/gene sets Biopsy score Normal Limit* Interpretationt Genelgene sets Biopsy score Normal Limit* Interpretationt

DSA-salective transcripts (DSAST) 0.44 <031 Slightly abnormal DSA-zselective transcripts (DSAST) 0.44 =0.19 Abnormal

ABMR-related Endothelisl DS A-selective transcripts (2DSAST) 0.22 =0.46 Normal ABMR-related Endothelisl DS A-selective transcripts (2 DEAST) 0.41 =0.25 Abnormal
MK cell burden transoipts (MKE) 0.82 <046 Abnormal MK cell burden transoripts (MKEB) 018 =0.27 Mormal
Cytotosxic T cell transcripts (QCATY 0.66 =0.3 Abnormal Cytotoxic T cell transcripts (QCAT) -0.41 =0.42 Normal
T e I::; E;fj:::;l:;ﬁmﬂ 2:; :2::; Sllu::\rr‘ ::::Irmal TR T cell burden ranscripts (TCE) 0.14 <0.44 Normal
CTLA4 rl'cellcheckpoil"lt- FEE] <492 Normal IPNG (interferon gamms) 467 “4.88 Norma!
- _ _ - - CTLA4 (T cellcheckpoinf 4.11 <5.24 Normal

Rejecfion and injury-relsied | |IFNG-inducible transcripts (GRIT) -0.04 =0.14 Normal - - —
— — L - |IFMG-inducible transoripts (GRIT) -0.02 =0.12 MNormal
Injury-related Injury transcripts [IREAT:- 0.08 =0.44 Mormal Rejection and injury-relaied Macrophage transcripts (QCMAT) 0.0% 032 Normal
Magcrophage transcripts (QCMAT) 0.11 =0.3 Normal = . .
Other Surfsctant transcripts [Alveolar contert)T 14445 =8367 Adequate “Nonmal range for all ganasigana sats (excapl surlacland) inchudes values I fhe 90" parcanila of blopsles wilh S1xz207 (ralafivaly nonmal biapsles).,.

“Normal ranga for 31 ganasigana =2 (avcapt suactan includss vauss Inthe 907 parcantiz of blopsles Wit 51,207 (relatvaly noma miopsisz). Tha nomma Bmit for
swtactan Indudes valuss nthe 25 parcania in Gl kapeks

+1Suriactant scorz ks The geomeiric mean sprassion leval iied acroes 11 surfacianl orobs sots.

1SEgntly abnormal — Hapsy soorals batwaan tha 90" and 99 parcany Wi 51207 {relavaly nonm 3l Biapeias). Abnarmal - Blopsy S00ra excasds

tSEgniy aonormal - Hopsy sowals b an tha 907 and 99 parcamiia of valuas In 1ha Dopsl 2 Wit 51,207 (raaw narmal mopsias). ADnormal — Hopsy Soore axcaads

vaus InMe 99" parcamiia Of Diopsias Wil 51,207 (raaivaly nomal i

waUSS e 997 prcaniiz Of DOPSIas Wi S1ys20.7 (ralaivaly nonm s Y okl oprs
B B Acute Rejection Airway Inflammafion cfion Other
I C4d Not done
_ . Lm-. !ﬂﬂime_ _ ISHLT ISHLT ISHLT Meutrophilic
Acute Rejection Airway Inflammation Chronic Airway Rejection Other A Grade Li] B Grade x C Grade x Capillaritis and/or No
Cad NA Margination
ISHLT ISHLT ISHLT Meutrophilic 5 = —
A Grade NA B Grade NA C Grade NA Capillsritis sndior NA Diagnosis No findings
Margination
S e e L Clinical notes |
Clinical notes |
|
References
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MMDx In TBBs, and 3BMBs

« TBBs: continuing to 1000 biopsies
— Define ABMR and injury
— Need more tissue: 2 bites (or more?)

« 3BMBs: highly promising — a change in care
— Define ABMR and injury
— Need more tissue: 2 bites (or more?)
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Potential of molecular measurements to change care

Mechanisms (not just “biomarkers”)
Reclassify the disease states
New tests
International standard
Recalibrate conventional tests
Guide and monitor response to therapy
Empower clinical trials: new treatments
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A. Relationship between CLAD and molecular scores in 256 TBBs (55 CLAD, 175 No CLAD)
p=038 |p=9e-04| p=03 |p=3e-04| p=0.1 p=1 |p=6e-06| TB B

N ] . ] T The Molecular Features of
) | - S R I S A RS U CLAD in Transbronchial
: TR T I N R R | ol and Endobronchial
I 3l AR RNy | BB i §HE Mucosa Biopsies
; ¢ ; Parkes MD1, Halloran PF1, Chang
s 2] e 5 1L Bl 4 J1, Famulski KS1, Reeve J1,
Q | - y Hachem R2, Jaksch P3, Juvet S4,
s{ L L : = o #s P gl = ® . ol . Klepetko W3, Keshavjee S4, Kreisel
NaC’LAD CL'AD uccruo CL‘AD NnC'LAD CL‘AD NeK;LAD CL'AD NoC‘LAD CL‘AD NoC'LAD c\_‘m Nocrun CLIAD D2, Levlne D5, Roux A6’ Sne” GI7,
Trulock E2, Timofte IL8, Westall
B. RElationship between CLAD and molecular scores in 198 |3BMB (42 CLAD, 156 No CLAD) GP7, Halloran KM1.
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CLAD status at or before biopsy




