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More than meets the eye

19 yo male with history of ESRD secondary to congenital kidney disease
S/P deceased kidney transplant 1/24/26 (KDPI 46%), 4 HLA MM, PRA 0%

induced withThymo.

Had multiple Gl symptoms and had Mycophenolic Acid switched to
Imuran and dose reduced due to leukopenia and EBV viremia detected

in a high-risk patient.

Creatinine plateaued around 2.
Biopsy done 4/6: No rejection

Creatinine worsened
Biopsy done 4/28: ACR and AMR with de novo DSA.



Impact of Prevalence on predictive values

® Positive predictive value (PPV) is the number of true
positives 1f the test 1s positive

® Negative predictive value (NPV) 1s the number of
true negatives if the test 1s negative
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Monitoring kidney function through serum creatinine:
The Last To Know
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Mechanisms of Immune Monitoring
What’s Available for Evaluation?
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Targeting Dendritic Cells

How Tregs suppress effector T cells

Inhibitory CytoRines
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Extracellular vesicles
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EC matrix
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High Throughput approach of discovery

Hallmarks of exosomes
Regulation of gene Balance of immune response
transcription and and regulation of central and
translation peripheral immunity
Survival and Receptor-ligand
proliferation signaling
Reproduction and Apoptosis
development Nucleic acid
e Cellular
Angiogenesis Q Flotillin-1 differentiation
and wound HSPT0 g,) and neoplasia
healing HSP90 CPO R
A“.'(;"O Cellular migration
Waste s and metastatic
management disease
A e Transmembrane ;
Host-microbiome proteins Metabolic
interaction and viral Cholesterol reprogramming
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The biology, function, and biomedical applications of exosomes, Volume: 367, Issue: 6478, DOI: (10.1126/science.aau6977)
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ImageStream
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B cell specific EV

EVs production from cultivated B cells
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Immune cell specific EVs in urine of
rejecting kidney allografts

Urine Sample

* EV from T cell
* EV from Tubular cell
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Immune cell specific EVs in urine of rejecting
kidney allografts

Jongmin Park
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Integrated Kidney Exosome Analysis (iKEA)
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The biology, function, and biomedical applications of exosomes, Volume: 367, Issue: 6478, DOI: (10.1126/science.aau6977)

Regulation of gene
transcription and

Reproduction and
dEVW

;(‘;Q . Data analysis L Sequencing :"!‘m'.w,'w
= — ] <

High Throughput approach of discovery

Hallmarks of exosomes

Balance of immune response
and regulation of central and
peripheral immunity
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Cell specific EV sighature

e HPA

Surface Protein Specific for
Kidney Cells
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Endothelial cell specific EV
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B cell specific EV

EVs production from cultivated B cells
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EV sorting is possible

CytoFLEX SRT |
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High Throughput approach of discovery

\4

Urinary EV cell specific
signhatures

Bulk Urinary EV
analysis
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Urine exosome RNA stability

Reproducibility- Control Urine Batches
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Urine exosome RNA stability
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Phases of Biomarkers Discovery

—

Discovery. Standardizatio Commercialization

» Targeted or non- * Use independent * Laboratory

targeted samples equipment

approaches * Identify a refined * Reagents
*  High-throughput set * Can the test be

technologies *  Prospective reproduced in
* Identify a panel multicentral different

validation laboratories
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CLINICAL RESEARCH @ www.jasn.org

Discovery and Validation of a Urinary Exosome mRNA
Signature for the Diagnosis of Human Kidney
Transplant Rejection

Rania El Fekih,' James Hurley,2 Vasisht Tadigotla,2 Areegj Alghamdi,1 Anand Srivastava,’
Christine Coticchia,? John Choi,' Hazim Allos,’ Karim Yatim,! Juliano Alhaddadﬂj),1

Siawosh Eskandari’ Philip Chu," Albana B. Mihali®," Isadora T. Lape,1 Mauricio P. Lima Filho,’
Bruno T. Aoyama,1 Anil Chandraker,! Kassem Safa® James F. Markmann,®

Leonardo V. Riella(D,1 Richard N. Formica@,4 Johan Skog,2 and Jamil R. Azzi'
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Consort Flow Diagram and histologic diagnosis of
enrolled patients

219 Biopsy Samples
175 Patients

7N

Analysis Cohort: 27 excluded:
192 biopsies 5 BKV
P 22 Borderline TCMR

RN

59 Active Rejection 133 No Rejection

N

8 Acute ABMR 16 chronic, active ABMR

35 TCMR
17 1A N —
91B
4 1A

21B
3 chronic TCMR
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Sample processing workflow

Standard Exosomal RNA OpenArray real time PCR Analysis
Urine sample extraction RNA profiling

_o §m / ff_: g Multivariate
- B Analysis

Cyda

* The exosomes are isolated from the urine with EXOPRO
(ExosomeDx)

* RNA reverse transcribed using the VILO ¢cDNA synthesis kit
(Thermo Fisher).

* Analyzed using the TagMan® OpenArray® Human
Inflammation

% BRIGHAM AND HARVARD
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Upregulated Genes
Role in Immune activation

All cause rejection ABMR vs TCMR

Pro-inflammatory cytokines IL32
CXCL14
B2M
TGF8 superfamily BMP7
Upregulated in acute allograft C3 C3
;b CXCL11 CXCL11
rejection
Inflammasome, different STAT1, TBP, NAMPT,  IFNAR2

IFNGR1, IRAKZ,

inflammatory processes IL18BP, SERPINAL

Regulating protein trafficking, CD74 8847&
dendritic cell migration and T
lymphocytes homing
BRIGHAM AND @aE HARVARD
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Intercalated cell A ‘%
&
o

Principale cells Cycling ce”S':i
?
A
.%ndothelial Cells
MSigDB Hallmark 2020 MSigDB Hallmark 2020
Allograft Rejection *1.4e-04 Interferon Gamma Response *4.31e-09
Interferon Gamma Response *1.4e-04 Allograft Rejection *1.22e-05
UV Response Dn *5.59e-03 IL-6/JAK/STAT3 Signaling *3.48e-05
IL-2/STATS Signaling 1.35e-02 Interferon Alpha Response *4.82e-05
Androgen Response 2.59e-02 P at h W ays Inflammatory Response *4.10e-04 Pat h WayS
Mitotic Spindle 8.85-02 enric h ed in T- Coagulation *4.68e-03 enriched in
Apical Junction 8.92e-02 Cel I S TNF-alpha Signaling via NF-kB *9.59e-03 u EVS
Reactive Oxygen Species Pathway 1.16e-01 Adipogenesis *9.59e-03
UV Response Up 3.28e-01 Estrogen Response Late *9.59%-03
TNF-alpha Signaling via NF-kB 3.95e-01 Complement *9.59-03
0 1 2 3 0 1 p 3 2 5 6 7
—logio(p-value) —loguo(p-value)
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Phases of Biomarkers Discovery

—

Discovery. Standardizatio Commercialization

» Targeted or non- * Use independent * Laboratory

targeted samples equipment

approaches * Identify a refined * Reagents
*  High-throughput set * Can the test be

technologies *  Prospective reproduced in
* Identify a panel multicentral different

validation laboratories
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Transfer the signature to a clinical platform

27
e BMP7

o IL32
25 » IRAK2
IFNGR1
IFNAR2
IL18BP
PGK1
SERPINAT
CXCL14
cD74
NAMPT
cD#4
B2M
CXCL11
STAT1

PYCARD
3ml 5ml 10ml 20ml TBP
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Validation study reflecting real-life

|

190 For-cause biopsies
178 patients

|

|

|

221 Management biopsies
188 patients

4 US transplant Centers

|

|

69 any-cause rejection

e

121 No
rejection

49 any-cause rejection

|

172 No

rejection

TCMR 1A
Bl TCMR=1B

B ABMR/Mixed

Biopsies with inflammation, such BKV associated nephropathy,
Interstitital Nephritis, Recurrent Glomerulonephritis or IC deposition—
were not excluded from analysis.

€A BRIGHAM AND 0 MEDICAL SCHOOL
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Role of Inflammation in Classification: Results for Clinically Indicated Biopsies

——— - o EE
"*-\..:.a- 9 L e 0.6

PGK1

Score

CXCL14, BMPT C3,
CD74 PYCARD, STAT1,

TEP NAMPT, IFNGR1, 0.2
IRAKZ IL18BP SERPINA
CO74, C3, CXCLYY,
CD44, IL1SER IFNARZ 0

0 20 40 60 80 100 120 140 160 180
Sample

I Rejection
Il Non-rejection (Significant Inflammation)
Non-rejection

Any-cause rejection only §! ;-ca"nsei,',?,j:;t,i::ﬁ%'n Significant inflamation
s T e » pathologic lymphoproliferative infiltrate
» moderate to severe lymphocytic infiltration
Sensitivity 0.93 (0.841-0.982) 0.94 (0.868-0.981) » interstitial nephritis (BKV nephritis or acute
Soecificity 0.43 (0.34-0.523) 0.53 (0.422-0.628) interstitial nephritis)
PPV 0.45 (0.364-0.543) 0.63 (0.544-0.719) > glomerulopathy, or immune complex
NPV 0.93 (0.827-0.98) 0.91 (0.804-0.97) deposition)
Unnecessary 43% (34%-52%) 53% (42%-63%) )
biopsies avoided El Fekih et al. Kl reports, 2025




Prognostic Potential:
ExoTRU score is associated with 5 years outcome

HR=2.23, p-val=0.023

Five-Year Composite Endpoints:

* >30% decrease in eGFR

* Subsequent rejection

o * De novo DSA

* Loss of graft with either return to
dialysis or re-transplant

0.9

0.7

Event Free Survival

0.6

0.5 \—|_

0 50 100 150 200 250

Weeks
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Prognostic Potential:
ExoTRU score is associated with 3 years outcome

ExoTRU at 3 months Post Transplant

411 biopsy samples

j } 50
p=0.001
190 For-cause biopsies 221 Management biopsies O
178 patients 188 patients % 40—
=
l | | | £ 30
8
69 any-cause rejection 121 No 49 any-cause rejection 172 No >
rejection rejection ™
o 20
(o)
\ 8
@
TCMR 1A o
“ -
o
\ 0 —
& o
IFNAR2, PYCARD, CD44, IRAK2, B2M and NAMPT & &
PGK1 & 5
BRIGHAM AND @EE HARVARD P & :
| : ; 0 o Unpublished data
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Predictive Potential:
ExoTRU scores correlate with response to treatment and 3 years outcome

— =0.001

8 60 P
23 samples from patients who have had a s
repeat ExoTRU score after being treated for @
rejection, we looked at the change in score g' 40 -
after treatment. 8

>

. ™
Responders: patients who showed at least 9 20
30% decrease in the urinary score after g
treatment. 3
Non responders: score increased or was stable g 0-
after treatment °
& P
> o
R Q%Q
@
&
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Independent Validation By Thermo Fisher
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One Lambda Pre-Transplant Risk Assessment Assay

Search All v Search by catalog number, product name, keyword, application

A test leveraging a unique RNA signature pre-transplant that provides information about post-

transplant graft function and immunosuppression status in deceased-donor kidney transplant

recipients.

Learn more

MMDx for Molecular Gene Expression Biopsy Assessment

9

Innovative software leveraging gene expression data from biopsied heart and kidney tissue.

This service can provide information that can supplement diagnoses of allograft injury via
histopathology and other parameters.

Learn more

TacroType™ Pharmacogenetic Test

TacroType is a pharmacogenetic test designed to assess genetic variation in the CYP3A5
gene that affects how a transplant patient metabolizes tacrolimus. The test helps provide
insights that transplant teams may use to inform dosing decisions from the very first dose.

Learn more

One Lambda Devyser Chimerism NGS Assay

Designed to provide accurate and sensitive detection of microchimerism levels in stem cell
transplant samples, the One Lambda Devyser Chimerism NGS assay is an ideal choice for
HLA and molecular core labs associated with HSCT Programs.

Learn more

9

9

9

Q Order Status Quick Order

One Lambda Devyser Accept cfDNA Assay

An NGS-based assay developed for clinicians and HLA laboratories to detect cell-free DNA in
human plasma samples. This assay provides high sensitivity, with minimal hands-on time and
results in as little as 24 hours.

Learn more ->

One Lambda CXCL10 Assay

Noninvasive urine-based test that can detect the CXCL10 chemokine in human urine samples
for kidney transplantation. Multiple studies have shown that elevated CXCL10 is associated
with inflammation and early graft dysfunction.

Learn more ->

Antibody monitoring assays

HLA donor specific antibodies (DSAs) are linked to transplant rejection. Our reliable, high-
sensitivity single-bead assays offer optimal antibody monitoring for better transplant care.

Learn more -

One Lambda Exosomes Kidney Transplant Assay

EKTRA is a rapid, non-invasive urinary assay utilizing gPCR technology to evaluate exosomal
mRNA.

Learn more >

Sign in



More than meets the eye

19 yo male with history of ESRD secondary to congenital kidney disease S/P deceased kidney
transplant 1/24/26 (KDPI 46%), 4 HLA MM, PRA 0% induced with thymo.

Had multiple GI symptoms and had Mycophenolic Acid switched to Imuran and dose reduced
due to leukopenia and EBV viremia detected in a high risk patient.

Creatinine plateaued around 2.

Biopsy done 4/6: No rejection

Creatinine worsened
Biopsy done 4/28: ACR and AMR.

EKTRA 3/30/26: 0.7 in favor of rejection



Lessons learned at BWH:
EKTRA in the Clinic

e Excellent rule out test

 Stable kidney function and no proteinuria with EKTRA positive-> Many
cases of ABMR and ACR from borderline to 2A

» cfDNA negative but EKTRA positive: Few cases showing biopsy with active
disease from interstitial inflammation to ACR IB and partially treated
ABMR.

* Patients with history of ESRD secondary to IgA nephropathy with positive
EKTRA post transplant-> IgA nephropathy recurrence even in the absence
of proteinuria and hematuria.

* EKTRA positive but biopsy normal: High Risk patients.
 Limitations: Preemptive Transplantation, urine infections...



Building a Complete Translational Pipeline

Connecting human Findings to advanced therapeutic development

(%)

Bridging the Gap

Connecting human sample findings to
small animal models and non-human

primates.

o

Therapeutic Platforms

Developing in-house or partnered
platforms for biologics, gene therapies,
and small molecules.

®

Al-Powered Discovery

Harnessing Al for virtual drug screening
and drug repurposing.

Exosome isolation

RNA sequencing
CD74

cxoL11
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]
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B2)
STAT1 ¢
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-2 -1 0 1 2
log,FC (+ vs. - rejection)
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From humans back to mice
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Unpublished data



Front Top

Murine CD4* T cells (TIRF)
alFNyR1(PE) aCD74( Colocalization (white) Munne CD4+ TlRF
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Unpublished data
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THE FUTURE: URINE MOLECULAR SIGNATURES
GUIDING PERSONALIZED THERAPY FOR KIDNEY TRANSPLANT RECIPIENTS

A simple urine test. Deep molecular insight. Personalized care.

1. A SIMPLE SAMPLE 2. MOLECULAR SIGNATURES 3. PATHWAY INSIGHTS 4. PERSONALIZED THERAPY

What's in the urine? What's happening Right drug. Right dose. Right patient.
in the allograft?

>
- =

~ || KIDNEY TRANSPLANT | |
gl FoLLoW-p | .

mRNA /
gene expression

AN

Key Pathways

@ Immune activation

PATIENT MOLECULAR PROFILE RECOMMENDED STRATEGY

o . | Calcineurin inhibitor
Immune activation |
(4 dose)

Inflammation

Proteins

~ ({\) Inflammation (@ mTOR inhibitor
< Endothelial injury
sareoe ¢ T s
= MicroRNAs - Endothelial injury * Fibrosis Anti-inflammatory
: ﬂ e @ therapy

Metabolic stress

Complement activation .ﬁ Y Complement inhibitor

Cell therapy /
Treg therapy 7~

/\/vd\r

3%~ Fibrosis

@D Metabolic stress

Exosomes

—— —
Low High

® Metabolites

Y Complement
Y ©®

activation
(N =

: = ( ; S = = ;

Non-invasive. A multi-omics snapshot | Molecular signatures Data-driven decisions

R.epeata.ble. of the allograft | reveal active pathways to maximize efficacy £
Patient-friendly. and immune activity. before clinical signs. and minimize toxicity.

Detect problems early Personalize therapy Improve graft survival Reduce toxicity
Intervene early for each patient and patient outcomes Improve quality of life
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Questions and different perspective?




Autumn,
the season that teaches us that change can be beautiful

(@azzilab
(@jazzitup

a Thank you
&jazzi@bwh.harvard.edu
Visit the Azzi lab at
Jazzilab.bwh.harvard.edu
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Type 1 Interferon
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1- Kawano et al (JCI 2018).
2- Zavidij et al. (Nature Cancer 2020)
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Waterfall plot of the urine exosome gene scores.
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Waterfall plot of the urine exosome gene scores.
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Evaluation chart for kidney transplant recipients

Patient being tested for
any-cause Rejection

l

Patient below cut-point

Yes No
NPV=93.3% PPV=86.2%

Rule out rejection

) o TCMR vs ABMR
and continue monitoring

'

Patient below cut-point

Yes No
NPV=90.6% \PPV=77.8%

TCMR ABMR

| BRIGHAM AND EE HARVARD
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CD74 as a Macrophage Migration Inhibitory Factor
(MIF) Receptor

p53)] . syk T

PI3K

ERK 1/21 Akt

1T NFB1

| BRIGHAM AND 20 HARVARD Unpublished data
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Integrated Kidney Exosome Analysis (iKEA)

.
‘ T™MB

Electrode reduction

Power switch

AN

N W g
\
©
©
S
\
N

Electrode insert  USB port

IKEA (UA)

Y
0 5 10 15

Benchtop system (pA)

% ERIGHARIAND o %@ L — Park, Assaker....Lee and Azzi. ACS Nano. 2017 11 28; 11(11):11041-11046.
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|deal Biomarker

® Sample entire graft (avoid bias from sampling error)
® High positive and negative predictive value
® Diagnose rejection (acute and/or chronic) before 1ts occurrence

® Uncover over-immunosuppressed/identify tolerant states
® Rapid

® Responsive

® Non-invasive

® [nexpensive

@@E HARVARD
l¢) MEDICAL SCHOOL
S0 TEACHING AFFILIATE

A BRIGHAM AND
8/ WOMEN’S HOSPITAL




CD74KO Recipient’s Allograft Show Heightened
Treg Infiltration

FoxP3

Tregs
10.4%

Allograft

% of Tregs % PD1+ Tregs

50 %k %k %k

B6 WT

e
©3
W 0q
°\° w
% of CD4+ cells
N w Y
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CD74KO

FoxP3 >

T HARVARD CD25 > Unpublished data
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Tregs Depletion Results in Allograft Rejection

Anti-CD25

'

100

Balb/C to CD74KO

Balb/C to CD74KO
+ anti-CD25 Ab

Allograft Survival (%)

0 20 40 60 80 100
Time (days)

' BRIGHAM AND HARVARD U .
| , - npublished data
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Frequency of CD74+ Tregs Increases in
Allograft and Draining Lymph Node

Allograft dLN SPL % CD74+ Tregs
: s ok ok K

% of Tregs
H
2

Unpublished data
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MIF-CD74 pathway inhibits Tregs homeostasis,
function and stability with potential collaboration
from IFNy

Stimulation LICD74

oA
o™
N
R &‘
ntramembrane cleavage
W\ ) == @D\ cp74-1cD-IRF1

Activated intranuclear translocation
@ IRF1 binds
to ISGs
‘Foxn
e HARVARD Ifitm1
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translation

Survival and
proliferation

AAA LA

management

Urinary EV ceffspecific

S|gnatures

The biology, function, and biomedical applications of exosomes, Volume: 367, Issue: 6478, DOI: (10.1126/science.aau6977)

Regulation of gene
transcription and

Reproduction and
dEVW

;(‘;Q . Data analysis L Sequencing :"!‘m'.w,'w
= — ] <

High Throughput approach of discovery

Hallmarks of exosomes

Balance of immune response
and regulation of central and
peripheral immunity

Receptor-ligand

v/
7 signaling
F@O % Apoptosis
Nucleic acid
(DRIA. RNA) Cellular
Flotillin-1 differentiation
and neoplasia
" Cellular migration
ALIX ,..o.: and meta;tatuc
. disease
v Metabolites
Transmembrane S/ s ;
proteins 7 /1) At Cholesterol sobisiesd
— reprogramming —»
and regulation
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Cell specific EV sighature

e HPA

Surface Protein Specific for an, A
Kidney Cells S22,
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High Throughput approach of discovery

\4

Urinary EV cell specific
signhatures

Bulk Urinary EV
analysis

zam HARVARD

24¢/ MEDICAL SCHOOL
$13/  TEACHING AFFILIATE

F A BRIGHAM AND
<)) WOMEN’S HOSPITAL

¢



Receiver-Operating-Characteristic (ROC) curve for
Diagnosis of any-cause Acute Rejection and ABMR

= 2 —
—— Exosome [AUC:0.90 (95% Cl: 0.85-0.96)]
P I eGFR [AUC:0.59 (95% Cl: 0.50-0.67)] = AUC: 0.865 (0.761-0.970)
oio 012 0T4 ofe o.ls 1.0 0.0 0.2 of4 ofe 0.8 1.0
1 - Specificity 1 - Specificity
= Any cause rejection: Exosome RNA ABMR discriminating RNA signature AUC
signature AUC =0.90 (95% CI 0.84-0.96) 0.87 (95%CI 0.76-0.97).

vs eGFR AUC= 0.59 (95%CI 0.5-0.67).
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Urine exosome RNA stability

105

e
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% ExoRNA Yield

85
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Number of Days
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Overview of the sample handling

&
......
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Explored biomarkers in kidney transplantation

( Pre-Transplant ) ( Post-Transplant )

O
O

(Cross-Match® for DSA |

e ®
° .'N:'Vo
LX) °® [ ]

: .
Recipient T cells

IFNy ELISPOT®

I Protein based Micro-arrays I
: (Proteinomics, Mass Spectrometry,:
i Luminex, ELISPOT)

Allo-APC

cfdd-DNA®

stud

(NGS® for TCR Repertoire |

Yatim and Azzi. Semin Nephrol. 2022
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Clinically Available Biomarkers: Donor-derived

‘ k Cell Free DNA

%‘g‘

(a7

A

Donor Cell
Free DNA

BRIGHAM AND @& HARVARD p ) .
| #74 ] ‘ SiP aul et al., Kidney Transplantation, 2021
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Clinically Available Biomarkers: Donor-derived
Cell Free DNA

Plasma and cell-free DNA

J White blood cells
} Red blood cells

* DART study, Bloom et al, ] Am Soc
Nephrol, 28:2221-2232, 2017

Cell-free DNA

19
P=0.001
2 —
- AUC=0.74 AlloSure test
g 6 - g ° Performance Performance at
.o = : 1% threshold
g A ) i § . metric
* g ROC/AUC 0.74
: ] I ? (95% CI 0.61-0.86)
. . o’
0 0.3%& Lo o Sensitivity 85%
No active rejection Active relection no [+3] 0.4 <X a8 1.0 Spec ificity 5 9%
n=80 n=27 False poskive fractian
AUC=0.74 [55% CI L.61-D.4H6) N PV 8 4%
BRIGHAM AND s HARVARD PPV 61%
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Clinically Available Biomarkers: Donor-derived Cell
Free DNA

b0
p=0.05
Plasma and cell-free DNA
J White blood cells
g — } Red blood cells
6 . ¥
—_ ° Cell-free DNA
g These are the patients
Z ]
g, you need to catch for
3 7 . . AlloSure test
. early detection!! Performance  Performance at
metric 1% threshold
5 * . ROC/AUC 0.74
L. . (95% Cl 0.61-0.86)
» . Sensitivity 85%
Specificit 59%
o l e —— P Y °
NPV 84%
No Ac:\;cgl({)qcctlon TCnIviRé[A TC;I\/IE]zOIB PPV 61%
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nature medicine

Article

https://doi.org/10.1038/s41591-024-03087-3

Cell-free DNA for the detection of kidney

allograftrejection

2,882 kidney tx recipients:

- 14 European and US
Transplant centers

- An observational
population-based study

Mean dd-cfDNA (%)

(French derivation cohort)

Donor-derived cell-free
DNA levels strongly
correlated with:
- AMR
- TCMR

Mixed rejection
- (p<0.0001)

1 "

| @ Mixed

[J No specific lesions

O IFTA

[ Borderline

[J FSGS

O Glomerulitis without rejection
[ pvN

O Inactive AMR

[0 CA-TCMR

O Equivocal for diagnosis of AMR
[ CA-AMR

B Active AMR

@ Acute TCMR

Loupy A et al, Nature Med 2024



Cell-free DNA for the detection of kidney allograft

rejection

Combining

dd-cfDNA with standard of

care assessments

(eGFR, proteinuria,

anti-HLA DSA,

previous

episode of

rejection, kidney graft instability) improves

ability to predict rejection
AUC 0.842 vs 0.743

Sensitivity

1.0 T

0.8 -

o
o

o
N

024 J

— Model with dd-cfDNA = 0.842
— Model without dd-cfDNA = 0.743

0.2

0.4 0.6 0.8 1.0
1 - specificity

Loupy A et al, Nature Med 2024



Clinically Available Biomarkers:
ImmuKnow




Lymphocyte Response

Lympho-

ImmuKnow® Cytokine . :
Test Assays proliferation

— ~ ATP
| 1/2-6hours

. 5-10 days
CIonaI Expansion

Lymphocyte 6 - 24 hours
J IO Influx of ions Proliferation
Stimulation :
Surface receptor clustering
RNA synthesis

Cytokine production & release
DNA replication



ImmuKnow™ Cell Function Test

O
. Incubate . 90

@ 15-18 hrs.
@ B i

Wash

)

OO

Lymphocyte Magnetic separation
Stimulation w/PHA of CD4 cells.
ATP
ATP ATP o detection

‘ rea?ents:: i

Cell lysis to release ATP

Measure light intensity

J. Britz et. al.,"In Vitro CMI: Rapid Assay for Measuring Cell-Mediated Immunity’] CRC Press, 2002



Immune Function Correlates With

! Clinical Outcomes

1000

Strong

Moderate

Immune Response (ATP ng/mL)

Low

Healthy Rejection Stable Infection
(n=155) (n=39) (n=504) (n=66)

Multicenter Studies: NIDDK, UCLA, JHU, UPMC, NZTI, LifeLink, UAB, UMD, INOVA, UTMB



MRNA in Urinary Cells.

\

LIQUID BIOPSY URINARY
cells MARKERS

» -7 IncRNA
TUMORCELLS ~ g
\—/ MRNA €
o) -
*-:ii» (7 PROTENS
N4 .. | miRNA f7  CDNA

LiBetal. N Engl) Med 2001;344:947-954.
Suthanthiran M et al. N Engl J Med 2013;369:20-31.

/ URINE SAMPLE
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Levels of mRNA in Urinary Cells.

% % % i % % % — Prospective collection
' $o s — 4300 urine specimens
il s s . ol . el from 485 kldney_ graft

— T | recipients

N % % c, : % % — Day 3 through month 12

g o s o after transplantation.
e e o i — CD3g, IP-10 and 18S

= s RNA

;. % % % i . ° % . 79% sensitivity and 78%

8 8 % % specificity

RSN S I " [AUCL0.85

e @ % RN

) ’:'Ac;:;:g:nar No Rejection Ff:.::'t’!i,. n_:'% _Z_Ac:z;;g:m No Rejection _stable Suthanthiran M et al. N Engl J Med 2013;369:20-31.
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Phases of Biomarkers Discovery

—

Discovery. Standardizatio Commercialization

» Targeted or non- * Use independent * Laboratory

targeted samples equipment

approaches * Identify a refined * Reagents
*  High-throughput set * Can the test be

technologies *  Prospective reproduced in
* Identify a panel multicentral different

validation laboratories

| BRIGHAM AND 2em HARVARD
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Compound 778 interaction with CD74




Target Preparation Virtual Screening MD Simulations
(AlphaFold2-Multimer - (VirtualFlow - MOE - (GROMACS: 100 ns

Pharmacophore/ADMET

Protonation/Charges). Schrédinger). triplicate runs). (SwissADME, DFT)

side view top view

Docking box




/

Top 100 candidate compound were synthesized and screened.

) colored product

TMB substrate
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Biomarkers subtypes

CLINICAL DISEASE
ACTIVITY

A 1. No disease activity 5

2. Transient disease , spontaneous resolution |

3. Active disease , good prognosis |
4. Active disease , good prognosis if correctly treated

bad prognosis if left untreated |

Clinical 5. Active disease , bad prognosis despite treatment |

|

disease

|
| response biomarker || Monitoring biomarker |
|

F :

Non-invasive biomarker
<« ®§ § § § §® §®§ & i S

Invasive biomarker

point.

Supcliniwl
* Prognostic biomarkers: disencs
* predict clinical outcome
regardless of treatment -
No disease |
. . activity |
* Predictive biomarkers: | |
* Change in response to | | |
treatment Riskisuscapibiity biomarker]" Diagnostic biomarker |
| ”Prognostlc blomarkerl : |
* Surrogate end points: [ Predictive biomarker I |
. L. Safety/ pharmacodynamic/
* Substitute for a clinical end :
|

g HARVAKD
MG EGHROL Maarten Naesens, JASN 29(1) 24-34, 2018
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Long-term outcomes following acute rejection in
kidney transplant recipients

DATA
AUSTRALIA & v a

NEW ZEALAND
DIALYS!S & TRANSPLA

LANT

Association between early AR and late outcomes for KTRs

13614 KTRs 1997-2017
2906 with early acute rejection
(AR in 15t 6mth)

Comparison of AR vs no AR:
- Graft survival

- Causes of graft loss
- Patient survival

- Causes of death
Models adjusted for era, donor,
recipient, immune risk and DGF

doi: 10.1681/ASN.2018111101

Philip A. Clayton et al. JASN 2019;30:1697-1707
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Causes of Graft Loss Hazard Ratio

Death with function e 1.22
Acute rejection —e— 1.85
Chronic allograft neph. - 1.39
Glomerulonephritis —t— 1.16
Other causes — 1.44

Causes of Death

Cardiovascular —— 1.30
Infection —— 1.11
Cancer e 1.35
Social causes e 1.49
Other causes —e— i 0.93

05 1 2
Hazard ratio (95% Cl)

KTRs with early AR are at increased risks of death,
from CV disease and cancer, and graft failure, from
chronic allograft nephropathy and late AR.
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Frequency of CD74+ Tregs Increases in
Allograft and Draining Lymph Node

Allograft dLN SPL % CD74+ Tregs
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MIF-CD74 pathway inhibits Tregs homeostasis,
function and stability with potential collaboration
from IFNy

Stimulation LICD74
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CD74KO Recipient’s Allograft Show Heightened
Treg Infiltration

FoxP3

Tregs
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Over 70 Years of Kidney Transplantation:
Have We Changed the Paradigm?

Burn Victims Crush Victims WW I

U.K. The Netherlands

| |
Skin Grafting I Artificial Kidney
| (Brigham-Kolff)
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Immunology of Rejection v
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Immunosuppression 1
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Balancing Immunosuppression, Infection And Malignancy

Too Much Too Little
= [nfection " Allograft
Reicct
* Malignancy Gection
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PCA analysis of the RNA sequencing data
show a distinct clustering of rejection and
non-rejection patients
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To raise or not to raise!!!

32 yo female with history of ESRD 2/2 MPGN type 1 and chronic immune complex GN with long
history of treatment with IS, s/p LRKTx in 2017 cw EBV-negative PTLD, DLBCL type.

Completed 4 does of rituximab, followed by R-CHOP and she completed 4 cycles through
10/16/24.

PET CT 11/18/2024 No evidence of FDG avid disease.
Cr stable at baseline, 0.85 UPCR 0.11
On TAC 0.5 mg twice daily, level 5.3 and on prednisone 5 mg

-Discussed IS regimen option to switch from Tac to mTOR inh

-Patient anxious about her kidney function long-term. Should we reoptimize IS?



Lessons learned at BWH:
EKTRA in the Clinic

e Excellent rule out test

 Stable kidney function and no proteinuria with EKTRA positive-> Many
cases of ABMR and ACR from borderline to 2A

» cfDNA negative but EKTRA positive: Few cases showing biopsy with active
disease from interstitial inflammation to ACR IB and partially treated
ABMR.

* Patients with history of ESRD secondary to IgA nephropathy with positive
EKTRA post transplant-> IgA nephropathy recurrence even in the absence
of proteinuria and hematuria.

* EKTRA positive but biopsy normal: High Risk patients.
 Limitations: Preemptive Transplantation, urine infections...



Inflammation Precedes Injury

Inflammation Precedes Injury in Kidney Transplantation

Alloimmune Activation & Inflammation Structural Injury

QNI ERASAL BRIV P CXCL9 / CXCL10
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EKTRA detects immune activation
before kidney injury occurs,
enabling earlier intervention than

. ‘ cfDNA or creatinine.
EKTRA (urinary EV mRNA)
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Building a Complete Translational Pipeline

Connecting human Findings to advanced therapeutic development

(4n)
®)

Bridging the Gap

Connecting human sample findings to
small animal models and non-human

primates.

®

Therapeutic Platforms

Developing in-house or partnered
platforms for biologics, gene therapies,
and small molecules.

®

Al-Powered Discovery

Harnessing Al for virtual drug screening
and drug repurposing.




