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Problems

WHO Global Tuberculosis Report 2016:
Total Tuberculosis case 10.4 M, Dead 1.8
M, only 61% of t ases were
diagnosed

Thailand is on B high burden
country; incide ,000 new TB cases,
only 60% were bacteriologically confirmed

Current TB diagnostic varied in sensitivity
and usually takes long turn around time (2
weeks — 2months) and rely much on the
quality of the sputum samples

Lowrbacterial load in HIV infected
individual and children infected with TB
and often seen disseminated TB rather
than pulmonary TB




Background : TB Infection

One person with untreated
smear-positive pulmonary
tuberculosis

Results in“infection” of

Active TB disease (ATB):
e is characterized by

10-14 people per year ‘ ic featu res i.e.

(TSTH)
. &3&0“ ;%%q ight-loss with
d symptoms of

Active tuberculosis

Reactivation

Of the 10-14"infected”
people, 0.6-1.2 individuals
go on to develop active
tuberculosis

9.2 million new cases
and 1.4 million deaths
per year

tissue destruction

Latent TB Infection (LTBI):
e Infections with
presented immune
reactions but no symptom
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2 billion estimated
prevalence

Pascual V. et al. Annu. Rev. Immunol. 2010.




Ways to Tackle TB Problems

Figure 2. Projected acceleration in the decline of global tuberculosis incidence rates to target New TOOIS
levels
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The End TB strategy, WHO 2015




Diagnosis of TB

R

Clinical Diagnosis ‘ N > Molecular
' ‘ ' Diagnostics

Interferon
Gamma

release

@ Sputum smear
assay (IGRA)

TB Culture . T ‘M Rapid Test




- Traditional markers
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a The test set (UK) Latent individuals cluster b Healthy Active tuberculosis patients
54 Participants W|th active TB controls
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e Identified genes that differentially expressed only in Active TB but not LTBI or healthy
* Global gene expression pattern from most of LTBI cases resembles that of healthy
» “Active TB Pattern” changed back to “Healthy Pattern” after treatment completion
* Most of the highly differentiated genes were belonged to IFN-responsive genes family

Berry M.P. et al. Nature 2010 [



Interferon signalling

Modular and pathway ¥y b %’Q
analysis revealed that the TB p

0 Complex

. § X\ Jaat v Cytokine/growth factor
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: open 4 [ | '
was dominated by a
neutrophil-driven interferon
(IFN)-
inducible gene profile
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Chan gesin South Africa 2011 Cohort, genes normalised to median (15837)

Expression 2N

E Normalised
DeteCted (0 K Early g i Expression

g at 0 months
as 2 Weeks after [l go2s
anti-TB L
Treatment
Initiation Months

B South Africa 2011 Cohort (664 list)

Normalised
expression

* Gene expression p

blood of African untr
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Bloom, C. | et al. 2012 PLoS ONE, 7(10).



Blood gene expression signatures can differentiate
Active TB in an HIV-TB co-infection cohort

27 minimum transcripts
were identified to
differentiate active TB
patients from latent TB
dividuals
velop a disease risk

expression level of the
27 genes to calculate the
risk of having active TB
Disease risk score can be
used for diagnosis of
active TB with 95%
sensitivity and 90%
specificity
Differentiation power
does not decrease from
HIV status

Disease risk score
Diseaserisk score
Diseaserisk score

TB vs. LTBI

Sensiftivity
Sensitivity
Sensitjwity

Fit
kmpineal Dats

T
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1- Specificity 1-Specificity 1-Specificity

Kaforou, M., et al. PLoS Med 2013, 10(10)




New Diagnostic Method for TB

For use with smear negative TB,
HIV-TB and Childhood

Ugmples other than sputum
Novel Biomarkers

Faster turnaround time

High sensitivity and specificity

Gene Expression biomarkers in Blood




1. Blood
Collection

Methods

2. RNA 3. Measure A

Extraction and level of target
Reverse RNA
Transcription (Expression) y

Droplots




Methods

e Selected genes with highest differentiate power
from public TB microarray data

e Tested the “Top 20” genes in small sample size (10
TB and 10 Healthy)

-
e Defined a combination of genes that best predict
active TB - “TB Sick Score”

e Tested in with bigger sample size (38 TB, 40 Healthy,
18 Treated TB)




Comparison
of 11
Selected
Gene
Expression
Levels
among
Active TB

Healthy and
Previous TB
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List of Genes in the Panel

FCGRIA FC.
=

STAT1 Selection

suggested by

Genome-wide

HPRT1 association

study

** Internal control gene




100,000

Sensitivity 82.5%
Specificity 100%
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Cut off value = 1.0

Active TB Previous TB

Satproedprai N. et al. 2015 genes and immunity




Sensitivity and Specificity of “TB Sick Score” as
Compared to Cuiture Confirmation

Diagnosis Healthy

B Cured TB
Results Control

(TB sick score =

1.0)

Not TB
(TB sick score < 63
1.0)

Total 18 96

Sensitivity 82.5%

Specificity 100%

Positive Predictive Value (PPV) 100%
Negative Predictive Value (NPV) 88.89%
(TB incidence in Thailand = 182/100,000)

Satproedprai N. et al. 2015 genes and
immunity
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Sputum
Smear

Smear
Positive

Testing th
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Smear

Negative

e
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Culture
Negative

Comparison of gene
expression levels in
blood from patients
with smear negative
culture positive vs.
Changed diagnosis

Clinical TB

Changed
Diagnosis

CA lung

Bronchitis




FCGR1A FCGR1B variant 1 FCGR1B variant2

7 out of 9 selected genes
showed

when compare gene
expression levels between ;
smear negative culture

positive, smear neg - a !
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Sensitivity and Specificity of the New Method
in Sputum Smear Negative Patients

AUC = 0.951
Sensitivity = 82.6%
Specificity = 100%
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Gene expression

biomarkers and TB
treatsent moniton’




Standard TB Treatment Course = 6 months

Diagnosis 2 weeks 2 months months

RNA samples RNA samples RNA samples RNA samples
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18
patients with culture
ation
p for 4 visits during
tment

Visit 1: at Diagnosis

Visit 2: 2 wk. after treatment
Visit 3: 2 mo. after treatment
Visit 4: Treatment complete

Unpublished data




Gene Expression

Biomarkers as a T.for
Str"cation of Latent TB




Latent TB — The Key to End TB?

M. tuberculosis
aerosol

Koul A. et al. Nature 469(7331):483-90 - January 2011
Treatment




Can Gene Expression Biomarkers
differentiate immune spectrum of LTBI?

Infection eliminated Latent TB Subclinical Active

I infection TB disease TB disease
With innate or  With acquired S :

immune response® immune response
Mycobacterium
tuberculosis

fos

l

@ &;@\Gmnulmm
' |

TST Negative Positive Pasitive Positive Usually positive
IGRA Negative Positive Positive Positive Usually positive
Culture MNegative Negative MNegative Intermittently positive  Positive

Sputum smear Negative Negative Negative Usually negative Positive or negative
Infectious No No No Sporadically Yes

Symptoms Mone Mild or none Mild to severe

Preferred treatment Preventive therapy Multidrug therapy Mu_l_tifﬂ_rug-.ﬁ-ierapy{

MNature Reviews | Disease Primers

Pai, M. et al. 2016 Nat. Rev. Dis. Primer




TST

IGRA

Culture
Sputum smear
Infectious

Symptoms

Preferred treatment

Infection @liminated Latent TB Subclinical Active

f infection TB disease TB disease
With innate With acquired : . d

immune response” immune response

Mycobacterium
tuberculosis

Fo's

— L e———

Granuloma
:ig: C i; ﬂ@"J

Negative Positive Positive itive Usually positive
Negative Positive Pasitive ‘o5 Usually positive

Negative Negative Negative termittently positive Positive

Negative Negative Negative Usually negative Positive or negative

No No No Sporadically Yes
None Mild or none Mild to severe

Preventive therapy Multidrug therapy. Multl'ﬂ;'ug;.th'erap_]{

MNature RBviews | Disease Primers

IGRA -ve
Chest X-ray Chest X-ray Chest X-ray &
Normal Normal Sputum -ve

Sputum -ve Culture -ve  Sputum -ve
Culture -ve



Expression levels of FCGR1 changes according to
the immune Spectrum of TB infection
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Normalized Expression

| FCGR1B1

RA +ve IGRA +ve
est X-ray + Chest X-ray
utum -ve Abnormal

Iture -ve  Sputum -ve
Culture +ve

| FCGR1B2

Normalized Expression

IGRA +ve
Chest X-ray
Abnormal

Sputum +ve
Culture +ve




Gene Expression Biomarkers in LTBI

SERPIMG T

ARER T2
APl
FLGELE
I'EAck

Controls
551-720 days

£ | 361-450 days

181-360 days

1-180days
+

ROCAUC(95%C)  Sensitivity (95%C1)  Threshold
By 6 month period
30 s Gsmoisy o 16igenes transcript can predict Latent TB

361-540 6) 2.0-525) 1%

i A - progression up to 6 months (180 days) in

720 3 61%

DB o advances with 71.2% sensitivity with overall

1-360 66 9) 61%

7bi20a73 sensitivity of 58.4% for the total time period of

Total time period 74 ) 61%

Sensitivity values are reported at a specificity of 80.0% (95% C 78-6-81.4). ROCAUC=area under receiver operating 2 ye a rs ( 7 2 O d a ys )

characteristic cursz. ACS=adolescent cohort study.

Table 1: Cross-validation performance of the tuberculosis risk signature in the ACS training set by days

befretuberaossdagnosi Zak D.E. et al. 2016 Lancet




Discovery of New Biomarkers for TB Diagnosis

Berry MP et al. 2010 - identify blood gene
expression biomarkers (signatures) in blood that can
differentiate Active TB patients from Latent TB and
normal control

Bloom CL et al. 2012 - ré possibility of using
gene expression signatu | to monitor
treatment response

Kaforou M et al. 2013 — e expression
signatures can differentiate Active TB in a HIV-TB co-
infection cohort

Anderson S. et al. 2014 — Confirmed that blood gene
expression signatures can also be used in pediatrics
TR B

Satproedprai et al. 2015 — Reported the use of 7
genes expression level to accurately differentiate
Active' TB fromaNormal and Cured TB

Zak DE et al. 2016 — Identify 16 genes panel that can
predict TB reactivation 6 months in advance
Suliman et al. 2018 — Using of 4-genes panel to
predict up to 2 years of TB onset in Latent TB across
4 African countries




Developed a new diagnostic method for TB
using RNA biomarkers
Detect in blood / High Sens. Spec. / Sh around time

Can b.d to assist Active TB Diagnosis in

suspe case with smear negative or
culture negative N

Plausible with HIV-TB and Childhood TB

May be used to assist diagnosis of active TB
in contact investigation and risk stratification
for TB or preventive TB Treatment
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