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•• Background of Tuberculosis Background of Tuberculosis 

•• Novel Host Gene expression biomarker Novel Host Gene expression biomarker 
for TB diagnosisfor TB diagnosisfor TB diagnosis for TB diagnosis 
•• Discovery Discovery 

New Diagnostic toolNew Diagnostic tool•• New Diagnostic toolNew Diagnostic tool
•• New method for Treatment Monitoring New method for Treatment Monitoring 
•• For stratification of Latent Tuberculosis For stratification of Latent Tuberculosis 



ProblemsProblems
•• WHO Global Tuberculosis ReportWHO Global Tuberculosis Report  20162016: : 

Total Tuberculosis case Total Tuberculosis case 1010..4 4 M, Dead M, Dead 11..8 8 
M, only M, only 6161% of those cases were % of those cases were 
diagnosed diagnosed 

h l d f hh l d f h h h b dh h b d•• Thailand is one of the Thailand is one of the 30 30 TB high burden TB high burden 
country; incidence country; incidence 119119,,000 000 new TB cases, new TB cases, 
only only 6060%% were bacteriologically confirmed were bacteriologically confirmed 

•• Current TB diagnostic varied in sensitivity Current TB diagnostic varied in sensitivity 
and usually takes long turn around time (and usually takes long turn around time (2 2 

kk 22 th ) d l h thth ) d l h thweeks weeks –– 22months) and rely much on the months) and rely much on the 
quality of the sputum samplesquality of the sputum samples

•• Low bacterial load in HIV infectedLow bacterial load in HIV infected•• Low bacterial load in HIV infected Low bacterial load in HIV infected 
individual and children infected with TB individual and children infected with TB 
and often seen disseminated TB rather and often seen disseminated TB rather 
than pulmonary TBthan pulmonary TBthan pulmonary TBthan pulmonary TB



Background : TB InfectionBackground : TB Infection

Active TB disease (ATB):
• is characterized by 
systemic features i.e. 
fever weight-loss withfever, weight loss  with 
localized symptoms of 
tissue destruction

Latent TB Infection (LTBI):
I f ti ith• Infections with 

presented immune 
reactions but no symptom

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



Ways to Tackle TB ProblemsWays to Tackle TB Problemsyy
New Tools

Vaccine- Vaccine 
- Treatment 
- Diagnosticsg

- Early Detection 
- Rapid and more 

accurateaccurate
- POCT for active TB 

and latent TB
Better biological- Better biological 
indicators for 
safety and efficacy 

i l i l- Biological  
indicators for 
treatment 

The End TB strategy, WHO 2015 
response



Diagnosis of TBDiagnosis of TB

Clinical Diagnosis Molecular 
Diagnostics

InterferonAcid fast bacilli 
staining of 
Sputum smear

Interferon 
Gamma 
release Sputum smear 
assay (IGRA)

TB Culture Rapid Test



Blood gene 
expression 
analysis 
delivers adelivers a 
snapshot of 
global hostglobal host 
responses 
against 
infection

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



TranscriptomeTranscriptome Analysis Identified Analysis Identified 
“Blood Transcriptional Signatures” Exclusive for TB“Blood Transcriptional Signatures” Exclusive for TBBlood Transcriptional Signatures  Exclusive for TB   Blood Transcriptional Signatures  Exclusive for TB   

Active TBNormal + LTBI

394394 
genes

• 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 completionActive 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 6



Modular and pathway 
analysis revealed that the TB 

signature
was dominated by a 

neutrophil-driven interferonneutrophil driven interferon 
(IFN)-

inducible gene profile
• Pathway analysis revealed that 

most of the highly 
differentiated genes amongdifferentiated genes among 
active TB and healthy control 
are from IFN gamma and Type I 
Interferon pathways p y

• Modular analysis from various 
types of cells isolated from the 
same whole blood samples 
shows that induced IFN genes 
are overexpressed in 

Berry M.P. et al. Nature 2010 

Neutrophils and Monocytes but 
not CD4- and CD 8 - T cells 



Changes in Genes 
Expressions wereExpressions were 
Detected as Early 
as 2 Weeks after f
anti-TB 
Treatment 
I iti tiInitiation

• Gene expression profiles in 
blood of African untreated TB 
patients were compared with 

fil ft 2 k 2 th 6profiles after 2 wks, 2 months 6 
months and 12 months after 
initiation of anti-TB treatment 

• Changes were seen as early as 2 g y
wks and gradually reduced to 
normal 

• Pathway analysis reveals genes 
with highest differentiation are

Bloom, C. I et al. 2012 PLoS ONE, 7(10). 

with highest differentiation are 
from IFN signaling pathway



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

• 27 minimum transcripts 
were identified to 
diff ti t ti TBdifferentiate active TB 
patients from latent TB 
individuals 

• Develop a disease risk p
score that takes 
expression level of the 
27 genes to calculate the 
i k f h i ti TBrisk of having active TB 

• Disease risk score can be 
used for diagnosis of 
active TB with 95% 
sensitivity and 90% 
specificity 

• Differentiation power 
d t d fdoes not decrease from 
HIV status 

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



New Diagnostic Method for TBNew Diagnostic Method for TBgg

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

 Use samples other than sputum
HIV-TB and Childhood TB

 Novel Biomarkers 
 Faster turnaround time 

 High sensitivity and specificity 

Gene Expression biomarkers in Blood 



MethodsMethods

1 Blood
2. RNA 

Extraction and
3. Measure 

level of target1. Blood 
Collection 

Extraction and 
Reverse 

Transcription

level of target 
RNA 

(Expression)Transcription (Expression)



MethodsMethods
• Selected genes with highest differentiate power 

1
g g p

from public TB microarray data 

2
• Tested the “Top 20” genes in small sample size (10 

TB and 10 Healthy) 

• Defined a combination of genes that best predict 
3 active TB  “TB Sick Score”

4
• Tested in with bigger sample size (38 TB, 40 Healthy, 

18 Treated TB)



Comparison 
of 11 f
Selected 
Gene 
Expression 
Levels 
amongamong 
Active TB 
Healthy and y
Previous TB 

P<0.001
(Except ( p
EPB41L3)

Satproedprai N. et al. 2015 genes and 
immunity



Li t fLi t f G i th P lG i th P lList of List of Genes in the Panel Genes in the Panel 

FCGR1A FCGR1B1

FCGR1B2 APOL1

STAT1 KAZN Selection 
suggested by

HPRT1** MAFB

suggested by 
Genome-wide 

association  
dstudy

** Internal control gene 



Results: “TB Sick Score” is highly specific for Results: “TB Sick Score” is highly specific for 
Active TB patientsActive TB patientsActive TB patients Active TB patients 

Sensitivity 82.5%
Specificity  100%

k 
Sc

or
e

TB
 S

ic
k

T

Cut off value = 1.0

Active TB Previous  TB Healthy

Satproedprai N. et al. 2015 genes and immunity



Sensitivity and Specificity of “TB Sick Score” as 
C d t C lt C fi ti

Diagnosis
TB

Healthy 
Cured TB Total

Compared to Culture Confirmation 

Results
TB

Control
Cured TB Total

TB
(TB sick score 

1.0)
33 0 0 33

Not TB
(TB sick score  7 38 18 63

1.0)
Total 40 38 18 96

Sensitivity 82.5%
Specificity  100%
Positive Predictive Value (PPV) 100%

Satproedprai N. et al. 2015 genes and 
i iPositive Predictive Value (PPV)  100%

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

immunity



Sputum 
Smear 

Testing the New Method in 
Smear Negative Patients

Smear 
Positive

Smear 
Negative

Smear Negative Patients
Positive Negative  

Culture 
Positive

Culture 
NegativePositive Negative

Clinical TB Changed = not TBClinical TB  Diagnosis 

l
Comparison of gene 

= not TB

CA lung expression levels in 
blood from patients 

Bronchitis  with smear negative 
culture positive vs. 

COPD Changed diagnosis  



Comparison of Gene Expression Level 
in Smear Negative TB Casesin Smear Negative TB Cases

7 out of 9 selected genes7 out of 9 selected genes 
showed p value > 0.01 
when compare gene 
expression levels betweenexpression levels between 
smear negative culture 
positive, smear negative 
culture negative andculture negative and 
change diagnosis 

unpublished data



Sensitivity and Specificity of the New Method Sensitivity and Specificity of the New Method 
i S t S N ti P ti ti S t S N ti P ti tin Sputum Smear Negative Patientsin Sputum Smear Negative Patients

AUC = 0 951d AUC = 0.951
Sensitivity = 82.6%
Specificity = 100%Ce

nt
ro

id

Cut-off

an
t f

ro
m

 
Di

st
a

U bli h dUnpublished 
data



Gene expression Gene expression 
biomarkers and TB biomarkers and TB 
treatment monitoring treatment monitoring 



Standard TB Treatment Course = 6 months

Diagnosis 2 weeks 2 months 6 months

RNA samples RNA samples RNA samples RNA samples



Gene Gene eexpression xpression llevels changes during the evels changes during the 
course of TB treatmentcourse of TB treatmentcourse of TB treatment course of TB treatment 

• 18 smear positive TB P<0.01
patients with culture 
confirmation 

• Follow up for 4 visits during 

P 0.01

p g
TB treatment

Visit 1: at Diagnosis

CD53

Visit 1: at Diagnosis
Visit 2: 2 wk. after treatment 
Visit 3: 2 mo. after treatment 
Visit 4: Treatment complete

STAT1
GBP5

Visit 4: Treatment complete 
KCNJ15
FCGR1B1
FCGR1A
MAFB

FCGR1B2
APOL1
KAZRIN

Unpublished data

KAZRIN



GeneGene ExpressionExpressionGene Gene Expression Expression 
Biomarkers as a Tool forBiomarkers as a Tool forBiomarkers as a Tool for  Biomarkers as a Tool for  
Stratification Stratification of Latent TB of Latent TB 



Latent TB Latent TB –– The Key to End TB?The Key to End TB?

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



Can Can Gene Expression Gene Expression Biomarkers Biomarkers 
differentiate immune spectrum of LTBI? differentiate immune spectrum of LTBI? 

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



Can Gene Expression Biomarkers differentiate Can Gene Expression Biomarkers differentiate 
immune spectrum of LTBI?immune spectrum of LTBI?immune spectrum of LTBI? immune spectrum of LTBI? 

IGRA +ve
Chest X-ray 
N l

IGRA +ve
Chest X-ray 
S t

IGRA +ve
Chest X-ray 
Ab l

IGRA +ve
Chest X-ray 
Ab l

IGRA -ve
Chest X-ray 
Normal Normal

Sputum -ve
Culture -ve

Sputum -ve
Culture -ve

Abnormal
Sputum -ve
Culture +ve

Abnormal
Sputum +ve
Culture +ve

Normal



Expression levels of FCGR1 changes according to 
th I S t f TB i f tithe Immune Spectrum of TB infection
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Sputum +ve
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Unpublished data
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Gene Expression Biomarkers in LTBI 

• 16 genes transcript can predict Latent TB 
h ( d )progression up to 6 months (180 days) in 

advances with 71.2% sensitivity with overall 
sensitivity of 58.4% for the total time period of 
2 years (720 days)   

Zak D.E. et al. 2016 Lancet 25



Discovery of New Biomarkers for TB Diagnosis  Discovery of New Biomarkers for TB Diagnosis  
•• Berry MP Berry MP et al. et al. 2010 2010 –– identify blood gene identify blood gene 

expression biomarkers (signatures) in blood that can expression biomarkers (signatures) in blood that can 
differentiate Active TB patients from Latent TB and differentiate Active TB patients from Latent TB and 

l ll lnormal control normal control 
•• Bloom CL et al. Bloom CL et al. 2012 2012 -- report the possibility of using report the possibility of using 

gene expression signatures as a tool to monitor gene expression signatures as a tool to monitor 
t t tt t ttreatment responsetreatment response

•• KaforouKaforou M M et al. et al. 2013 2013 –– Blood gene expression Blood gene expression 
signatures can differentiate Active TB in a HIVsignatures can differentiate Active TB in a HIV--TB coTB co--
infection cohortinfection cohortinfection cohort infection cohort 

•• Anderson S. Anderson S. et al. et al. 2014 2014 ––  Confirmed that blood gene Confirmed that blood gene 
expression signatures can also be used in pediatrics expression signatures can also be used in pediatrics 
TBTBTB TB 

•• SatproedpraiSatproedprai et al. et al. 2015 2015 –– Reported the use of Reported the use of 7 7 
genes expression level to accurately differentiate genes expression level to accurately differentiate 
Active TB from Normal and Cured TBActive TB from Normal and Cured TBActive TB from Normal and Cured TB Active TB from Normal and Cured TB 

•• Zak DE Zak DE et al. et al. 2016 2016 –– Identify Identify 16 16 genes panel that can genes panel that can 
predict TB reactivation predict TB reactivation 6 6 months in advancemonths in advance

•• SulimanSuliman et al. et al. 2018 2018 –– Using of Using of 44--genes panel to genes panel to Su aSu a et a .et a . 0 80 8 Us g oUs g o ge es pa e toge es pa e to
predict up to predict up to 2 2 years of TB onset in Latent TB across years of TB onset in Latent TB across 
4 4 AAfrican countriesfrican countries



SummarySummarySummarySummary
 Developed a new diagnostic method for TB p g

using RNA biomarkers  
Detect in blood / High Sens Spec / Short turnaround timeDetect in blood / High Sens. Spec. / Short turnaround time  

 Can be used to assist Active TB Diagnosis in 
suspected case with smear negative or 
culture negative g

 Plausible with HIV-TB and Childhood TB

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