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TLKaAoU e BLOAOYLKO OelkTNn?

MEeTPNOLUEC OUOLEC O€ eva BLOAoYLKO cuoTna Ttou oL SLadopEC ot
OUYKEVTPWON TOUC avtavakAoUv dtatapaxeg otnv puaoLoAoylkn Asttoupyia
TOU CUGCTHMOTOC

Alvouv amavtnon yLa T eVOEXOUEVEC ETILOPACELC EVEPYETLKEC 1 N EVOC
dOPAKOU N HLoG OepameUTIKNC AywWYNC, O€ OUYKEKPLUEVOUC AOOEVELC, WOTE
oL yLaTpol val yvwpilouv €K TWV MPOTEPWV TIPLV TIPOXWPNOOUV OE Xopnynon tng
omnola Beparmeiog

Biomarkers working group, 2001
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McNerney et al.2012
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e AELKTNC TPOYVWONC

Wallis et al., 2010



DISCOVERY & VERIFICATION | VALIDATION | WHO REVIEW

o 763 MEAETEC
« 2010 - 2015

The Bill & Melinda Gates
Foundation announced $7.7
million to identify biomarkers for
diagnosing TB

lipoarabinomannan
inurine

Tuberculosis Biomarker Pipeline

International Journal of Infectious Diseases 2017
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Biobank initiative

Biobank type

Objective

Sample type

Location

Grand challenge in global health of
protective immunity against TB in

the context of HIV/AIDS in Africa

GSK TB Biobank

TB Immunology Research
Tissue Bank
TBA

Catalysis Foundation for Health
(TB Diagnostic Biomarker Research)
CTB2

WHO/TDR

TBRU

TBTC

National Reference Laboratories

(eg, RIVM, the Netherlands; Swiss TPH;

National TB Reference Laboratory,
Borstel, Germany; Swedish National
Institute of Public Health, Stockholm)
K-RITH

SUN-IRG

SATVI

Public—private

partnership

Public—private
partnership
Public—private
partnership
Public—private
partnership
Nonprofit

Independent

research
Public

Public

Public

Public

Independent
research

Independent
research

Independent
research

Study correlates to
immune protection for
biomarkers discovery
Predictive surrogate
biomarkers
Collaborative research
on TB

TB treatment predictive
biomarkers

TB treatment predictive
biomarkers

TB treatment predictive
biomarkers

TB diagnostic biomarkers

Surrogate biomarkers
of protective immune
response: able to do
early-stage clinical trials
Clinical trials

Public health

Biomarkers, sequencing
genomes of multidrug-
resistant TB, characterizing
the human immune
response to TB
Immunology of

M. tuberculosis infection
and host biomarkers

Clinical trials

Various

Blood, sputum
Fluid and tissue
sample types
Various
Various

Various

Various

Various

Human samples

M. tuberculosis
strains, clinical
isolates

Various

Various

Various

Uganda, The Gambia,
Malawi, South Africa, Ethiopia

Africa and Europe

Africa and Europe

South Africa and India

South Africa, Southeast Asia, USA
South Africa, India, Southeast Asia, USA
South Africa, Peru, Colombia, Vietnam,
Kenya, Canada, The Gambia, Uganda,
Brazil, Spain, Bangladesh, Zambia

USA, Uganda, Brazil, Philippines,
South Africa

USA, Brazil, Peru, Spain, South Africa,
Uganda, Kenya, Vietnam, Hong Kong
South Africa-NHLS (CTB), Lesotho,
Uganda

South Africa (KwaZulu-Natal)

South Africa (Cape Town)

South Africa (Cape Town)

WHO 2017
TB biomarkers



Table 1. Diagnostic markers of TB under research.

Marker " sample and/or method " Associated outcome
Antigens for immunological assays
HBHA protein PBMCs, IFN-y concentration LTBI “T
DosR proteins PEMCs, IFN-y concentration LTBI “T*
RD peptides and proteins PBMCs, IFN-y concentration [ frequency Contact with M. tuberculosis T

of IFN-y-producing cells

Chemokines and cytokines
IP-10

IL-4/1L-452, IL-4/IFN-y

Plasma concentration
mREMNA from unstimulated PEMCs

Contact with M. tuberculosis T

Treatment response -l
Infection reactivation T*

Antigen detection

LAM Urine concentration Active TB T/ treatment response .|
Antigen B5 Serum,/sputum concentration Active TB “T*/ treatment response .|
Rv1681 Urine concentration Active TB ‘T
Molecular methods
Transrenal DNA Urine Active TB ‘T
LAMP Sputum Active TB ‘T
MNon-specific markers
Volatile organic compounds Breath Active PTB T
Neopterin Serum concentration Treatment response -l relapse ‘T
sICAM1 Serum concentration Treatment response -l
suPAR Serum concentration Risk of mortality ‘T

EBioMedicine. 2017



https://www.ncbi.nlm.nih.gov/pubmed/29100778

A, Pathogen biomarkers

B. Host hiomarkers .
i 1. Clinical markers ’&:
1. Mycobacterial load

a. Symptoms {nausea, anorexia, weight loss, cough, chest pain, sputum, haemoptysis,

3. Mycobacterial count in sputum wasting, night swezts|
b. Early bactericidal activity decraase in colony forming units (CFUJ in sputum during early phase b. Ski tests

of treatment c. Chest X-ray (extent of disease, severity of disease, cavitary disease)
C. Sputum culture: conversion after two months' therapy (time to detection) 2. Inflammatory markers

3. C-reactive protein

. Sputum cuiture: conversion after two years' therapy o
b. Erythrocyte sedimentation rate

L Mycobactertal cell wall products 3. Biochemical markers and liver function tests
3. Lipoarabinamannan a. Adenosine deaminase
b. Phenalic glycolipid-1 b. Liver enzymes (serum glutamic pyruvic fransaminase, serum glutamic oxaloacetic transaminase,
¢ Dactin alkaline phosphatase|
o . Volatile metabolites (oreath markers)
) MW A Immune markers
3. Antigen 8 a. Bcell markers - antibody/M. tuberculosis antigen studies
D. Antigen 858 b. Tcell markers
¢. Antigen 858 RNA I. associated with Th1 responses: LAG-3V3, splice variant of LAG.

: S Ii. associated with Th2 responses: sCD30, total Igk, CCL22
d. Mycobacterial nucleic acids | - :
C. Immune cytokines

a. Mycooacterial DNA and its fragments (cannot distinguish live from dead bacill L Type 1 (Th1) cytokines (L2 1L7 12, IFNAY)
b. Mycobacterial mRNA and its fragments ii. Type 2 (Th2) cytokines (IL-4, IL402, IL-4/1L-402 ratios, TNRQ, IL-1B, L6, IL-10)

. Mfcﬂhﬂﬂlﬁﬁﬂl volatile metabolites in breath il. Inflammatory cytokines (TNF, IL:1p,IL6, IL10}

Lancet Infect Dis 2007



Biomarker Meonates, children, Location
adolescent or adult
population
Validated correlates of TB risk
Commercial or traditional tests RO1-specific immune response in IGRA, Children and adults Global
for LTBI diagnosis immune sensitisation to PPD in TST
Molecular tests mRMA expression signature of 16 IFN Adolescents Africa
MESpoOnse QEnes
Cell activation markers Increased HLA-DR-expressing CO4" T-cells Infants Africa
Blood cell counts Elevated monocyte/lymphocyte ratio Adults Africa
Unvalidated correlates of TB risk
Molecular tests IL-13 and AIRE mRMNA expression signature Adults Europe
Elevated expression signatures of IFN Infants with strong Africa
response and T-cell genes response to BCG
vaccination
Elevated expression signatures of Infants with weak Africa
inflammation, myeloid and glucose metabolism response to BCG
genes vaccination
Antigen-specific T-cells Increased IFM-y-expressing AgBbA-specific Infants Africa
T-cells
Increased Th1-cytokine-expressing Infants with strong Africa
BCG-specific CO4" T-cells response to BCG
vaccination
Cell differentiation markers Downmedulation of CO27 in CO4™ T-cells Adults Africa
Serum/plasma cytokine tests Increased levels of IP-10 Adults Africa
Antigen-specific antibodies Elevated levels of anti-AgB5A-binding IgG Infants Africa
Responses to latency antigens IFMN-y response to in witro stimulation of Adults Europe
PBMCs using HBHA
IFM-y response to in witro stimulation Adults Europe
of whole blood using Rv2428
CO8" T-cell response IFM-y response to in witre RD1 Children and adults Africa
stimulation of PBMCs Europe

hhhhhhhhhh

ERJ 2016



Assoclated outcome

Assoclated outcome Froposed
level of
certatny *

Muonth 2 culture status Required duration of treatment* i

Relapse i
&MU EL 0515 TEALMENT eMe I

(GeneXpert M TE/RIF assay) Bxtent of disease at start of treatment™ I

Mtuberoulosis RNA Treatment effect™* I

Liquid culture time to positive in Treatment failure® I

automated liquid culture Treatment effect’*** I
Relapse™ I

Early bactericidal activity, 7-14 days  Inahility to distinguish curative vs non-curative treatment™  No rolet
Inability to distinguish & vs 18 month regimens™ Mo rolet
Inability to detect curative effect of linezolid™ Mo rolet

Serial colomy counts, 1-2 months Treatment effect I
Correlation with month 2 status™® I

PET/CT imaging Treatment effect™ I

Sputum AgBs Treatment failure and relapse’™ Il

Antiphospholipid antibody Treatment effect™ I

IIring lipoarabinomannan Treatment effect™ I

Urine tuberculosis DNA Treatment effect™ I

Antialanine dehydrogenase Treatment failure™ Il

antibody

Volatile organic compounds Active tuberculosis™* I

Interferon y release assay (ELISPOT  Latent infection treatment (no effect)™* Mo rolet

orwhaole blood)

Whaole blood bactericidal activity
Meopterin

Soluble imtercellular adhesion
mialecule-1

Soluble interleukin-2R

Soluble tumour necrosis factor
receptor, granzyme B

Spurtum interferon y

C-reactive protein

Soluble urokinase plasminogen
activator receptor

Latent infection effect®
Treatment failure
Subsequent active tuberculosis=>

Treatment effect?®®
Cormrelation with month 2 status®

Treatment effect®
Relapse*

Treatment effect®

Treatment effect™
Extent of disease at start of treatment®

Treatment effect®
Treatment effect, death¥=

Death™
Correlation with month 2 status®

{Continues on next page)

(Continued from prevous page)
Matural killer T cells
Mycobacterial grow th inhibition
as5aAys

Interlewkin 18
Matural killer and (D4 T cells
B2

Whole blood interferon y release
assay
Transariptomics

Proteomics

Metabolomics
microRMA

Extent of disease at start of treatment™

Vaccine effect=s
Revaccination {mo effect)®
Correlaticnwith other markers™=%5=

Subsequent active tuberculosis*
Subsequent active tuberculosis™
Subsequent active tuberculosis*

Subsequent active tuberculosis=*
Diagnosis of subclinical tuberculosis™

Diagnosis of active tuberculosis vs latent infection™=

Treatment effect™"

Diagnosis of active tuberculosis vs other chronic

inflammatory diseases™

Diagnosis of active tuberculosis vs latent disease™ I

Diagnosis of active tuberculosis vs latent disease” I

ELISPOT=erzyme-linked immunosorbent spot assay. * Data do not support a role as biomarker. Hlll=high certainty,
capturing differences in dinical outcomes across treatment groups in prospective mndomisad trials; li=intermediate
certainty, predicting differences in outcomes in patients in non-interventional studies; and I=low certainty, biological
plausibility without associationwith dinical outcome.

Table: Candidate blomarkers In tuberculosls

KaAAépyeLla mtuéAwv otoug U0 UNVES

OLumnoAounol deikteg dev SramiotwOnKov EMOPKELG

Lancet 2013




Biomarkers M. TB

"GO
S

MukoBaktnpldiako ¢poptio
ota nTUeAa

\ '-
0-— o~ o K/oo mtuéAwv Suo MAVEC HETE TR XoprHynon
=2 s v avtlTB aywyng

=) JTATLOTIKI) ONMOVTIKA OXEoN K/a TTTUEAWV OTOUC

—10- 2 unveg ko vmtotpor ¢ (R=-0.753, p=0.001)
MeplodkoTNTa TWV SEYUATWY amo €va Selypa

_10- o TouAdyLotov 6Uo ava eBdopada (ava pnva)
Méetpnon CFU eBdopadlaiwe amo tn 2" pepa

A aywyng
=307 Mn apvnTKomoilnon Twv TTUEAWV otoug 2
~10 -5 0 2 10 15 20

UNVEC amoOEeKVU EL UTIOTPOTTN

* H mpooBbnkn EMB J8ev emnp€ace 1O XPOVLKO
dtaotnua duo pnvwv R TNV  mBavotnta
UTTOTPOTING

Change Iin 2 month conversion rate

EMEB, ethambutcl; P24, pyrazinamide; B, rfampicin; T, thiacetazone.

Each symbol represents the difference between expenmental and control regimens within a
single trial. A significant relationship was identified by Spearman rank comelation (R =-0.78
F=0.038).

Benator et al. 2002
Wallis & Johnson, 2006



An Interferon-Inducible Neutrophil-Driven Blood Transcriptional
Signaturein Human Tuberculosis. Nature 2010

Interferon Signalling

a. b : X & 2000-2009 ingenuty Systems. Inc. Al rights reserved
IFNy ’ g:/l'g (O Complex
: : _ W/ Cytokine/Growth factor
1PNy lFNy m, IFNy JFNA JFNA @ Enzyme

[113) R1 R2

Cytoplasm ’ i SF Kinase . . . .
T "‘"‘*ﬁ" *+ e Gp (O Pepde 393 transcript signature for active TB in

R aep 16 \ D Phosphatase

M ) Tanscption et Intermediate and high burden settings,

S Transmembrane receptor

* o | W rter - - - -
@ @, B correlating with radiological extent of

= Relations

T p—— i—. @ Overepresented Tonscrpts disease and reverting
« UK Test Set & South African Validation

PIAS] e TC-PTP
“ISRF

/
' . IRF1 | (PSMBS . IRF9 .Q‘.@ GIP2 Gwz. IRF9 ’ PSMBE Set
c. Whole Blood d. Separated cells e 2-12 MO after therapy

Neutrophils Monocytes

DRIP1
GAS

= 1"5ﬂ i LiE - 4 * IFN-y and Type I IFN o/} receptor
ol E: signalling were significantly over-
- - ) 3 represented in blood from active TB
k qgg-,-,a ﬂ!!lh § patients
: = : l :  Neutrophils are the predominant cell type
an I A

oo Rl s s ey o infected with rapidly replicating M.Tb



Quantification of circulating Mycobacterium
tuberculosis antigen peptides allows rapid diagnosis
of active disease and treatment monitoring

Chang Liu®®<, Zhen Zhao?, Jia Fan®<, Christopher J. Lyon®‘, Hung-Jen Wu*®, Dobrin Nedelkov', Adrian M. Zelazny®,
Kenneth N. Olivierd, Lisa H. Cazares", Steven M. Holland', Edward A. Graviss), and Ye Hu*>P<"

20000450
101
* CFP-10
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Diagnostic Potential of Novel Salivary Host Biomarkers as Candidates for the
Immunological Diagnosis of Tuberculosis Disease and Monitoring of Tuberculosis

Treatment Response. Plos one 2016

Table2. Median levels and interguartile ranges (in parenthesis) of host markers detected in baseline saliva samples from the TB patients(n=18)

and individuals with ORD (n = 33) and their diagnostic accuracies for TB disease.

qﬂ@b

Marker ( ORD ) P value AUC Cutoff value |Sensitivity %(95% Cl) |Specificity %(95% Cl)
AM 1966(1546-3503! | T0ATTRE100R1 | N2 InR7INENRA | <1981 RNIDR_T4\ ag (72-97)
» ECM-2 146414 4 | IL-18, IL-23, ECM-l, HQCl and f_|b_r|.nogen, which 3 ((31-66)

5 diagnosed TB disease with a sensitivity of 88.9% and

DF-15 | 002(002-0.1) specificity of 89.7%, regardless of HIV infection status b (58-29)
Granzyme B* |0.0240.05 0.001£0.003 0.036 10.55 <(.0150 100 (81-100) 27 (13-46)
m) L1 364(159-1834) |169(43-30.4) | 0.027 | 0.69(0.52-0.86) | <7.285 39(17-64) 07 (84-100)
) IL16 56.1(22.0-144.3) the concentrations of 11 of the markers 5 (66-95)
» IL-17A 6.1(2.2-10) changed during treatment 7(48-82)
IL-23 0(0-0) 0.3(0-2.0) 00023 10.73(0.59-0.88) |>0.1550  |61(36-83) 85 (68-95)
Myoglobulin | 0.4(0.2-0.7) 0.6(0.3-0.8) 0097 |0.64(0.49-0.80) | >0.2500 100(81-100) 27 (13-46)
) sip B10(55-61.0) |55(55-5.5) 0031 |067(0.51-0.82) | <3326 83(50-96) 52 (34-89)
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IL-2, IL-6, MIP-1B may improve diagnostic sensitivity for M.Tb compared with assessment of IFNb
Cooperetal., 2011

IP-10, MCP-1, MCP-2, MCP-3,IL-1RA in supernatants from whole blood stimulated with M.Tb antigens
was also reported to be a marker of tuberculosis infection Nemeth et al. 2011

IP-10 may be a better alternative marker for Ilatent TB infection diagnosis among
immunocompromised individuals and children Khader et al. 2009

IL-2, IFN-y, TNF-a expression profiles of CD4+ T cells promise in detecting active TB
Mihret A et al., 2013

TNF, IL-12(p40), IL-17 are increased in TB cases and can discriminate active TB disease /LTBI
Basile et al., 2011

IFN-y (but not IP-10, MCP-2 and IL-2) response to RD1 selected peptides is associated with active TB
with a higher specificity than QFT / TST

Scriba et al., 2008



Multiplex analysis of plasma cytokines/chemokines showing differentimmune

responsesin active TB patients, latent TB infection and healthy participants.
Tuberculosis 2017
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https://www.ncbi.nlm.nih.gov/pubmed/29050777

Biomarkers Can Identify Pulmonary Tuberculosis in HIV-infected

Drug Users Months Prior to Clinical Diagnosis
EBioMedicine. 2014

14 HIV-infected drug users obtained before TB diagnosis

15 controls

11

8 months prior to clinical diagnosis

141 genes
* AIRE: with increased expressionin control:

* |L13: with increased expression in cases
* IL13 had been obtained

190-250 days prior to TB diagnosis

Normalized expression IL13 (log2}
o

Time to TB diagndgjs (da


https://www.ncbi.nlm.nih.gov/pubmed/26137541

LAM (Lipoarabinomannan)

= 17.5 kD glycolipid

Biomarkers M.TB ota OL,)p(X Zodel

* EUKOAN amnoktnon 6elypatoc (rodid, pun opthovviec yAwooa)

* LAM (Lipoarabinomannan) is the main component of M.Tb cell wall a3ctively

secreted from infected alveolar macrophage
Wood R et al. BMC Infect Dis. 2012

e urinary LAM concentration after 2 months treatment of anti TB in TB patients

Shah M et al.J Clin Microbiol.2010

e Avixeuon M.Tb 156110DNA ot oUpa € t0B€eVELC e TIVELU LOVLIKN dupaTiwon
KOl LELWOoN TwV ETUNESWVY SUO MAVEC LETA TNV aywyN

Cannaset al. Clint) Tuberc Lung Dis. 2008



The Diagnostic Value of Urine Lipoarabinomannan (LAM)

Antigen in Childhood Tuberculosis.
J ClinDiagnRes. 2017

Charactenstics Non-TB (n=12) TE (n = 49)
Urinary LAM {mg/T) 0.46:0.30 1.60=1.02 |
) Diagnosis
Urnnary LAM
TB Non TB
€ 0.98)mglL 47 2
< 0.98 mg'L T 10
Tota 49 12

Sensitivity 83.3%
Specificity 83.7%

) Microbiology examination
Urnnary LAM — -
Posrtive Negative
@r@m 7 16
< 169 mglL 14 24
Tota 21 40

Sensitivity 33%
Specificity 60%




Diagnostic accuracy of a low-cost, urine antigen, point-of-care screening assay for HIV-associated
pulmonary tuberculosis before antiretroviral therapy: a descriptive study.
Lancet Infect Dis. 2012

TB prevalence Determine TB-LAM Determine TB-LAM and sputum AFB*
Positive predictive value Negative predictive value Positive predictive value Negative predictive value
All patients (n=516) 16:5% (13-4-200)  80-0% (61.4-92:3) 87-4% (84-2-90-3) 84.1% (69.9-93-4) 89-8% (86.7-92.4)

CD4 cell count {cells per pL)t

<50 281% (17-6-40-8)  92.3% (64-0-99-8) 90-2% (78-6-967) 92.9% (66-1-99-8) 90-0% (78-2-96-7)

<100 227% (157-309)  93-8% (69-8-99-8) 87:5% (79-9-93-0) 95.0% (751-99-9) 90-7% (83.6-95:5)

<150 20:5% (15-4-26-4)  91-3% (72:0-98-9) 87-6% (82:2-01.8) 93:1% (77-2-99-2) 90-3% (85-2-94-0)

=200 182% (141-228)  B88.5%(69.8-976) 88-0% (83.7-91.4) 88.6% (73.3-96-8) 90-3% (86-3-93.5)

=200 13:2% (8-7-189)  667%(9-4-992) B87-1% (81-4-91.6) 75:0% (34-9-96-8) 89-5% (84.1-93-6)
WHO stage

Stage 1or2 13.6% (10-2-17.7)  63-6% (30-8-891) 88-0% (84-1-91-3) 78:9% (54-4-93-9) 90-2% (86-4-93-2)

Stage 3 or 4 22.4% (16:3-29-4)  94-4% (72.7-99-9) 86-8% (80-3-91.7) 91-7% (73-0-99.0) 89-7% (83-5-94-1)
WHO symptom screen

Positive 19.7% (157-242)  84-6% (651-95.6) 85-4% (81.1-89.0) 87.2% (72-6-95.7) 88-6% (84.6-91.9)

Negative 9-4% (5:3-150)  66:7%(9-4-99-2) 92:3% (86-0-96.0) 75:0% (19:4-99-4) 93-5% (88-4-96-8)
Any chest-radiograph abnormalityt  26-4% (20.9-325)  850% (62:1-96-8) 79-4% (73-4-84-6) 90-3% (74-2-98-0) 83-7%(77.9-88.5)



Avtlyovo 85/85B

* Biomarker ota ntveAa
* Métpnon avtiyovou 85/85B ota mtueAa pe ELISA
 Melwon TLHWV AKOMA KoL Ao tnv pwtn efdouada

e Auénuéva emtimeda SnAwvouv TiBavr) UTTOTPOTIN KAl LN OVTATIOKPLON
oTnv aywyn

* INH guaioBnto

* [La to avtlyovo 85B RNA ta emineda tou ota TUEAA LLELWVOVTOL
oAU ypnyopa

Berry M.P et al, Nature. 2010



Biomarkers M.TB otnv avarvon

* AViYVEUON TITNTIKWV OUCLWYV OTNV OVATIVON

urtepoéeidlo tou udpoyovou
gntavio, vapuoaldivio, eéavio, Bev{oAio

* Mn emepBatikog BloAoykog delktng aviyvevong npoioviwv M.Tb
Kota T SLAPKELO TNC AYWYNC Kol o€ TiBavr UTIOTPOT VOOOU

* Agplo-OTEPEO-XpWHOTOYpAdia

* Mn LKAVOTIOLNTLKA QTOTEAEOHOTO

Kwiatkowska S et al. Respir Med 1999



Breath biomarkers of active pulmonary tuberculosis
Tuberculosis 2010

M. Phillips et al. / Tuberadlosis xex (2000) 1-7

0.8 50
Breath VOC biomarkers of active pulmonary TB. 45
5 g oo, Lt Singl i Random
Oxetane, 3-(1-methylethyl)- 2 |-t - Monte Carfo g 4 — Com
Dodecane, 4- methyl- S o7fe ter” simulation w387
Cyclohexane, hexyl- S I . E 304
Bis-(3,5,5-trimethylhexyl ) phthalate S 065 =,-"j:“.: Bue g 251
. ¥ i iy ®
Benzene, 1,3, 5-trimethyl- .j;;‘ Ital:...‘;.'“,-':: S *’ g 20 Voan of
Decane, 3,7-dimethyl- 3 UCRMRRSLLY O .. 5 151 multiple
r o et ‘:"f'-" ot . Monte Carlo
Tridecane O W ' 10 - simulations
1-Nonene, 4,6,8-trimethyl- 5
Heptane, 3-ethyl-2-methyl- . . o , , ,
1-Hexene, 4-methyl- 0.5 0.6 0.7 0.8 0.8 0.5 0.6 0.7 0.8
C-statistic - random diagnosis C-statistic cutoff value

Employing triple criterion of disease, y /7 ol
breath biomarkers identified active TB . _—
with 85% accuracy, sensitivity 84%,  °° ot E Sty 54.7%
specificity 64.7% I B e e
W TR
: ol




Improving tuberculosis diagnostics with biomarkers.

Current Biomarker Findings 2015

Pleural IFN-y

IP-10

ADA

sFasL is released from T lymp and
exerts cytotoxic effectson M.Tb
hidden macrophages

* Urine biomarkers, eg, LAM

DcR3, FasL, PCT
» Serum biomarkers, eg, PCT

llllutvl, THIGAT IV Wy \la, NI NG

» Sputum biomarkers, eg, urease

* Pleural biomarker, eg, IFN-y, ADA,

5iS

FasL

pCT

5% of all TB forms
40%—63% of TPE
+

PCT is lower in patients with TPE

INF-y >75 pg/MI

ADA >40 IU/mL

DcR3 >9.3 ng/mL

TNF-sR1>3.2 ng/mL

independent factors associated with TPE



Biomarkers...... still loading

* LAG-3V3 (a soluble splice variant of lymphocyte activation gene) oxeti{opevo
ue tn Thl

* |L-4/IL-46, ratio

* IL-4 avénuevo o TB

* |L-46, avénuevo o€ TB kat LTBI
mRNA encoding IL-46,

* [L-4/1L-462 ratio oTATLOTIKA apvNTLKNA oXEon KLE TN coPapn vooo (6mo)

European Union (EU)-funded University College London -VACSEL/VACSIS 2000
Scott & Rook, 2000
Dheda et al., 2005
Walzl et al., 2008



AVTLIOWHOTO WC [.0ELKTEC

e AVTIOWMOTO EVOVTL TWV MTPWTEWVIKWY eVIUUWYV Tou M.tb
alanine dehydrogenase
malate synthetase
* Ta entimeda cuvOeovTaL e TNV TIBavn amotuxia otnv avillB aywyn

YynAa enimeda avtiowpatwy alanine
dehydrogenase ocuvdeovtal e

ETLBOPUMEVN VOOO KoL UE XALLNAQ TTOCOOTA
gTLTUYLOC TNC Oeparmeiac kal avénuevn Bvntotnta

Daley P, et al. Int Tuberc Lung Dis 2009



Mn etdkol B.6elktec M. TB

* MNapAyeToL Amo EVEPYOTIOLNMEVO povokUuTTapo/pakpodayo

* Tot LOVOKUTTOPO TIAPOAYOUV VEOTITEPLVN OTOV EVEPYOTIOLOUVTOL KUPLWC
Qo TNV Y-WvTePPEPOVN

e Avuénueva emnimeda aveuplokovtal o€ SLEYEPON TNC KUTTAPLKNC OVOoLOC

$

* HIV-TB
Awayvwon TB

Y€ EMLTUXN

eEp(xT[ELa Immannuel et al. 2001
Turgutet al., 2006

Wallis et al., 1996




Mn etokol B.flodeiktec M. TB

* YYnAad enimeda otnv

* Ogela paon apxkn ddon TB

* YynAa enineda otn TB e JUOXETLON ETUNESWV Ot

* AUénon og ocoPapn & ntUEAA UE KAKN
EKTETAEVN VOOO npoyvwon kat Bvnrotnta

* Melwon emumedwy * Melwaon enutedwyv Kata
KOTA TN OLAPKELDL TNC T SLApKELA TNC OYWYNC
AyWwyne e AtatnpouUvtatl uPnAd

* JuvnNOwc 1Mo peta aKOUN KAl 8 mo peTA

Bajaj, Rattan & Ahmad, 1989 Eugen-Olsen et al., 2002
Lee & Chang, 2003



Advanced technological platforms for biomarker discovery

Transcriptomics

Differentially expressed genes
that distinguish latent from
active TB

Proteomics

Differentially expressed
proteins that distinguish latent
from active TB

Metabolomics
Metabolomics exploits
the identification of small

metabolites

Combinations
of above
three platforms

RNA

100 000 transcripts
imetabolites <1500 Da) P
Proteins 1 000 000 proteins
Biochemical analytes 2400 compounds

Courtesy of 5. Panda




Biomarkers

Transcriptomics Proteomics Metabolomics
Metaypapwua Mpwteouikn MetaBoAwuikn
* CD64 * rRV3369 * small molecules
e Rab33A . (RV3874 <1500 Da
* Rab interactor3 ||« pstS1 protein * serumor urine
. Ly by mass

6G6D * heat shock spectrometry
* Cl4orf2 protein X
e TEX264 * MPT64
* ATP5G1 * TrxC

* NOLA3

ONA  Gone mRNA  Proteins

G;E}me U ﬂ J\/

Transcriptome Proteome Metabolome



Biomarker and Therapeutic
Targets for Tuberculosis:
Role of Micro RNAs

Journal of Investigative Genomics 2016

Group Sample miRNA Beferences
Active TBE and HCS PEMC miR-155, miR-144* Wu et al. [17], Liu et al. [9]
Active TB and HCS Serum miR-29a, miR-93* Fuetal. [18]
Active TB and HCS Sputum miR-20a Fuetal. [18]
Active TBE and HCS Sputum miR-19b-2*, miR-3179, miR-147 Yietal [19]
Active TB and HCS Serum miF‘iﬁﬂ'ﬁ‘gﬁBﬂ;:ﬂnﬂ;F_‘ffd;“m' Zhang et al. [20]
Active TB and HCS Serum miR-361-5p miR-889 miR-376-3p Qietal [26]
Active TBE and HCS Serum miR-182 miR-197 Abd-El et al. [27]
Active TB and HCS PEMC miR-424 and miR-365 Wang et al. [4]
Active TBE and HCS PBMC & PFMC miR-146a Spinelli et al. [28]

miR-148a miR-16 miR-192 miR-193a-
Active TB and HCS Serum 5;})11:‘]3559?_1;3;?]:’;E:Iiilﬂrf'ﬂig‘:g1‘:' Miotto et al. [29]
let-7e miR-146

Active TB and HCS PBMC mi:;;f_g;j:;:fLT;E;?:EZ?I Zhou et al. [21]
PTE and other viral infections Serum miR-361-5p, miR-889, miR-576-3p Qietal [26]

Active TB and LTBI Macrophages hsa-miR-16. mii?:_’lrggﬂ'lm' miR-137, Zheng et al. [30]

Active TB and LTEI Serum hsza-miR-196b and hsa-miR-376¢ Zhang et al. [31]

Active TB and LTBI PEMC has-miR-21* Xuetal [32]

Active TB and LTBI PBMC miR-1 gﬂb*'gglzil::iif{_?lif"*z * miR- Wang et al. [4]

Active TB and LTBI PEMC miR-146a, miR-150, miR-16 miR-221 Wu [33]

Active TB and LTBI PEMC miR-155 and miR-155* Stern et al. [23]

Active TB and controls Plasma hsa-let-7b and hsa-miR-30b Kin et al. [25]




AUOKOALEC

* AUOKOAQ KOIL EPEVVNTLKA TIPWTOKOAAQL

e AKpLBa AoyaplOpLka TpwWTOKOAAQ
* MeA£teg va oupmeplAappfavouv peyalo aplbuo acBevwv
e Xwpec pe uPnAA TOCOOTA UTTOTPOTIWVY KoL ETTAVOAOLMWEEWVY arto TB eival

OLKOVOULKA TTIOAU aotaBeic Kat SV TPOAYOUV AVAAOYEC LEAETEC

* HIV-TB



HBwN deovtoloyla

ALOPOPETIKEC TTIOALTIOTIKEC KOUATOUPEC Katl OpnNOKEUTIKEC TTEMOLTNOELC
ETILPEPOUV TPOTTOTIOLNOELC KOl TIDOCAPLUOYVEC OTA TTPWTOKOAAX
OUUUETOXNC TWV OUEVWV
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