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Use of four biomarkers derived from transcriptional signatures

for the diagnosis of active tuberculosis

YAO Xiang-yang', DENG Chen-xi*, LIU Wei’, WU Zhi-chao®,
WANG Han?, JIAN Li-juan', GE Sheng-xiang’

(1.The First Affiliated Hospital of Xiamen University s, Xiamen 361000, China ;
2.National Institute of Diagnostics and Vaccine Development in Infectious Diseases »

Xiamen University , Xiamen 361000, China)

Abstract: This study explored the implications of transcriptomic results for screening host protein targets in the diagnosis of
active tuberculosis. The levels of FCGR1A, DUSP3, SEPT4 and BATF?2 proteins in the whole blood of 30 patients with active
tuberculosis and 30 patients with other non-tuberculosis disease were measured, and the differences were analyzed. A total of
160 active tuberculosis samples and 116 non-tuberculosis samples were used to verify this difference. The whole blood FCGR1A
protein level was significantly higher in the 30 patients with active tuberculosis (2.424 ng/mlL) than the 30 patients with non-
tuberculosis disease 2.154 ng/ml (Z=—2.979,P =0.036). No significant difference was observed in other protein levels in the
whole blood between groups. In the verification cohort, the level of whole blood FCGR1A protein was significantly higher in the
active tuberculosis group (3.377 ng/mL) than the non-tuberculosis group 2.003 ng/ml (Z= —5.738, P<C0.001). In addition,
ROC curve analysis indicated that the FCGR1A protein level distinguished active tuberculosis from non-tuberculosis lung dis-
ease (AUC=0.702, P<C0.01). In general, differences exist between host transcriptional markers and their translated proteins
in the diagnosis of active tuberculosis, thus suggesting that the transcriptomic results have limited value in guiding the develop-
ment of host immune detection reagents.
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WA TR B 7R TR O B A A X R, R R IR 2
AL 2 T A o AERS I FE I 5 U R A R A
JEAR B X3 G5 A% 03 RO B RTIE 45 4% 70 RO 18 5
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GeneXpert 55, HAE Uk FHARAS o B M & 19 R %
FORE S B SR T AE VR FAAR A thi2 Wi Pk BRAK TH R A2,
W Ah o bR A I Ty 12 KA L T IR AR A, % T fili o 45
WA Ty BRI A% 08 Wb A 1) Jik 435 4% B8 & (o A\
P2 Tk B o 7 SRR BB N RN A L i IR
BATBRBIREA R ICER ) . 24107 o 5 5 B 1 45 A%
I I R 12 W7 7 vk L i 3 AR 41 41 (World Health Or-
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Tab.1 Frequencies of FCGR1A, DUSP3, SEPT4 and BATF2

genes in nine significant transcriptional signatures

SCifk FCGR1A DUSP3 SEPT4 BATF?2
Kaforou'™ — DUSP3 SEPT4 —
Laux"® FCGR1A — — —
Laux™’ FCGR1A — — —
Franciscot® - DUSP3 - -
Sweeny ' - DUSP3 - -
Sambarey!'?! FCGR1A — — —
Kaforout™ FCGR1A DUSP3 - —
Roet" — — — BATEF2
Roel ] — — — BATF2

=" HARAL

1 MEEAFZE

1.1 SRR

L1 IGIRARA 336 il DR A8 35 A 0 56 4 1M Am AR
BIRAE A B 1T KB 5 — B Be 45 b4y e il Bk 1) 2
e H & (2020 4F 3 A & 2020 4 8 A ¥ MBIV T
R EPUEEE R E R AT Ik S Mm, IF T —20 C
PRAF . FHorh 190 1113 201k 45 #% 28 35 4R 48 8 b il 45
K2 Wibr v ) (WS 288-2017) " #32 , Hofth 146 519
S A% I A8 3 A i A i e g | it S Ao 9 A LAt g
. BEMLKEH P 30 flZ i E S 30 BlAESS R H
by B30 07 208 A B LAY A A B E BA B . A IR 5T 42
JE TR BN DA S B A0 B2 By S e, T IR
B R .

1.1.2 FERXF KM FCGRIA,.DUSP3,SEPT4
F BATE2 520 8 11 S AR I 50 50 e BT il A S 0 ==
HIHA 45, 96 FL AL AR W T B 1106 44 28 24 W, il 1
G 28 W B S 50 CELISAD A6 00 e FH 10 5 R 3 AT WK
eV TR AN 2 S 9 X R G T R AR 25 A BR A
Pt

1.1.3 0 FZAUL DRGSO T2 E
Thermo 23wl H ) Ye AR LI T A 50 #1343 AL 2%
A B W B AR A T 22 B S5 A g GBI A BR
NN

1.2 SRk

1.2.1 Xk de ik ELISA #5720 mmol/L
R ER % Ml (pH 7. O TR A BE 2 400 ng/mlL,
100 pL/FLINA ZE AL, 37 CHEEMYE 2 h; PBST
VBV (20 mmol/L % M 4k 2% vp W, pH 7.4, 150

mmol/L NaCl,0.05% B —20) %M 1 K. mA
HHAW (1% BSA)200 L/FL.37 CHEEE A 2 h,
B g 0 1A ) 2R FH 3k 72 4k 92 s 12 AR o Sk 4 Tl
TAEWEE N 1 g/mL., KD . 75 © A B 19 S AR
FRAEFLANA 100 L BEAS (B MR BE 1Y 28 50 F BBt i
B4 I LA S Y I R AR A, 37 CHEIEBEF 1 h,
PBST %M 5 W A 100 pl. TAEH B b5 ic brik
37 CIEIRMFH 1 hJ5 . A PBST WA 5 WA 100
L AR i S AL W B9, 37 “C ol {5 15 min; 4
LA 50 L Ze 1B W2 1k W I » Kl 450 nm &b (Z
FZ K 630 nm) HEEE (OD A .

1.2.2 ELISA Rtk R &M M e ¥4 A E
A A A 200 /N AR T R AT AR L A R,
L2 1T g sr i 77 B AT I A . RS TR R A RE L Y
FAEME 2 W, L2 R OD i 59 ¥ 48 k17 53
38T .

1.2.3 SR AR 4 2 A% 1% NP-40
F10.25 Yo b SR B IR A T ) L 2 BEC Ly A fm 3 £y Y
il YLV BB R AT R AR N 24 A VRIR A T IE R 3 ) i
/N & 2 B0 HL L 10 min (12 000
r/min) , W H VIR 1.2.1 BTk 07 i gEAT RGN
1.3 Geib=#4r#r A SPSS 22.0 #44xt Bods it
114531245381 FIH GraphPad Prism 8 # i 17 &
il . X R RS 53 A B R A b AL EOR Y o33 £
] #E (TQRO) #4741 34, 2 1) $ic 4l bb 45 R I AU AE 2
BRSSP bR R X 53 T B M 25 % AR 25 %
Jili s LA 32 3 & TAE #l £k (Receiver operating charac-
teristicy, ROC) #7207, 118 H g 4 F | X (Area
under ROC curve, AUC) , /R 4 i K 2 B 5 500 2
et Cut off {E I LA H3 R AR 57 B, P <<
0.05 RmZRBAAGI¥E L,

2 # B

2.1 BESEBAFI N B 2= 51 R fE SRR L 7E
i 35 BA B v, 06 sl 25 4 21 5 AR T sl M 25 A% AL 1 AR
Wi 22 57 LG #E X (1 =1.18, P>>0.05) .1
TESUE A b, 43 A 22 S A Se i 2 i L (e = —5.37,
P <C0.05) ; 7€ Ui 1 BA 51 1 565 30 BA 371 v, 36 3f P 45 4%
H(X*=5.71,P<C0.05) 5AETH sh P45 % 4l (X° =
5.96, P<<0.05)WyMERI M 2 R A gt B L. T8
P BAS v, 3% S 45 4% 2 TGRA BH L 85 3% B E
U R PR Xpert B HE 3 1w T AR S5 42 it 4, 22
SEAAGEIFE L TELE 2,
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Tab.2 Demographic and clinical characteristics of analyzed participants
TSR Ik 45 A% fili 955 41 X/t P {i
i () 30 30
AR 1% 6 B (Y 43 BT BE L TQRD 59.50 (43.75~67.25) 49 (27.25~67) 1.18 0.24
wmo MERICE /2O 23/7 14/26 5.71 0.02
E% IGRA FHH:BIE 70 26 (86.67) 5 (16.67) 26.70 0.00
I B OB ) 14 (46.67) 0 (0.00) 17.96 0.00
W R FREGIECo 12 (40.00) 1(3.33) 9.82 0.00
Xpert BHMEFI Y0 13 (43.33) 0 (0.00) 11.68 0.00
B () 160 116
AR P B (IQR) 51 (31~65) 61 (53~69.75) —5.37 0.00
g% PR/ 20 107/53 93/23 5.96 0.02
i& IGRA FHH:GI %70 134 (83.75) 35 (30.17) 81.32 0.00
I g R BBV 76 (47.50) 13 (11.21) 1054 0.00
W R PR o 65 (40.63) 6 (5.17) 44.24 0.00
Xpert BB ¥ %0 54 (33.75) 9 (7.76) 25.79 0.00
2.2 WPrikJe.nik ELISA f L m B E AL FCGRIA 5 DUSP3
%40 Mo 3= 15 ) FCGR1A. DUSP3. SEPT4 #I | e _ et
BATE? 2 1R 20 % /N4 fL3 o6 45 42 Lo B B S gw ........................................ gm ..........................................
F I BEAT AR 43 51 AH L 08 BUHT 44 9 0 75 ELISA § 21 § 2
TR R AT AL S A . K D A Y B vk EE RN é- §+
OD {EEUEA 2 JiE 00 %4 KU 43 51122 ) B 10 L oy, _
LR A T U A G R B0 7 7E 0,98 L 1928 111 vk i * PCoRIA AR ) IR DUSPS AGHA (ogml))
0 R A Ay a7 A 0 ) e PRV R (BT 1D S5 R Bow c, SEPT4 b BATF2
4 PP J2 .0 7 ELISA K6 9032 57 1 26 14 38 40 N e . | roo w00
%IJ ﬂﬂ 0.156 ~ 10 ng/mL (FCGRIA)‘ 1. 56 ~ 50 § LY RO UU AUURURN g 0o
ng/mL(DUSP3).0.059~1.875 ng/mL(SEPT4) fil 2-2' §-2'
0.039~2.5 ng/mL(BATF2), %“' %""
2.3 41t FCGR1A,DUSP3,SEPT4 #l BATF2 6 - 6 -
EAMKT WG FCGRIA . DUSP3 ,SEPT4 il *  lSPTAgk Ragnly ? BT AR g

BATF2 4 I8 K76 1 201 25 4% i85 f k45
Rl BB Z e A AE 25 7. 40 i A 4 Ff ELISA
BRI 30 91155 2l Pk 25 4% S5 E N 30 11 AF 25 4% it s
BMEANE 2 b A . FCGRIA # A 76 3% 3 P 45
¥ & A b 9 KSE R 2. 424 (IQR:2.179~2.810)
ng/mL, 1M 76 AE 45 &% i 5 [ & 4 i o iy oK SF R
2. 154 (IQR: 2.015~2.335) ng/mL(F 3), B fIH:
WRAMEZFAGRITFEEN(Z=—2.979,P <
0.05), HAth 3 ARk ¥ 76 W 41 B8 35 2 (6] 22 5 L 40
TR E 2),

2.4 A FCGRIA K- X431 2l 1 45 4% e 1
FgE it —F kel FCGR1A fE H/KFE X

A Jy FCGR1A; BN DUSP3; C iy SEPT4; D N BATF2,
1 WA F 35 ELISA # U B9 2 455 Bl

Fig.1 Linear range of double-antibody sandwich ELISA

SrEERE AR S5 % B FH B e T, ] FCGRIA
ELISA R FIK I T 55 48 160 153 3% 3 1 45 4% Fi1 116
Ty AR 25 R It F8 L 45 R W R s B 4 A R A
' FCGRIA EHRBY/KF K 3.377 (IQR: 2.181~
6.580) ng/mlL, ML 45 1% fili s f8 & 2k 2.003 (IQR:
1.390~3.109) ng/mL. B K R AP H £ R EAE
ittt W (Z=—5.738, P<C0.001) (& 3), ROC
M2k 2 BT 28 B R FCGRIA KK 2 12 W 45 4% 9%
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B AUC 2} 0.702(P<C0.01) (& 4), RIGH KL H
e U B Cut off {HM 3.036 ng/mL, AT 7 f

BE R 73.28% (95% CI: 64.57% ~80. 49 %) , 5 S iF
A 60.63% (95%CI : 52.89% ~67.86%),

A FCGRI1A B DUSP3 c SEPT4 D BATF2
P=0.002 5 — . .
40 —— 100 | £=0.0830 , 1.5 (P=0.5059 | 1.0 |_P=09789 |
° ° o
3.5 ° 80 oo 0.8 o
530 . 3 s ° 502 3 : %o
E ™ o830 o E 60 8 E ° E 06 s
o) ) 0.2 o ) ° o
£25 29885 2 £ ° £ % £ 0o, —o°
S20] 8o8°8 B g 2o o ® os g
) ° ° 0000 m W %80
1.5 ° 20 o 0.0 0.2 E., -
o°°°°°o o
ool . 0 . ; . . ool__oos8s  38%88
B non-TB B non-TB B non-TB B non-TB

I :A N FCGR1A; B DUSP3; C 3 SEPT4; D BATF2; TB i #4515 3% s non-TB Sy Jifi 45 A% il 95 58 %
PE] P fi B e £ oA v 7 0, 3 22 4R 0 O 4oz [ BB,
B2 AEAEAEEFIEEZSEEZMFEEEIINEAMPHKTE

Fig.2 Protein levels in the whole blood of patients with active tuberculosis and non-tuberculosis pulmonary disease

x3 BEEIEME FCGR1A.DUSP3 . SEPT4 #1 BATF2 I E B /K E

Tab.3  Protein levels of FCGR1A, DUSP3, SEPT4 and BATF2 in patients whole blood
G5y TG BN PEEE %4 (n=30) AR L5 4 (n =30) Z 18 P i
FCGR1A(ng/mL)
Hh A £ (IQR) 2.424 (2.179~2.810) 2.154 (2.015~2.335) —2.979 0.003
70 [l 0.110~1.820 0.220~1.070
DUSP3(ng/mlL)
oA £ (IQR) 35.357 (12.028~61.301) 23.546 (12.704~36.594) —1.449 0.147
70 7.240~87.960 5.660~72.960
SEPT4(ng/mlL)
oA £ (IQR) 0.054 (0.039~0.072) 0.052 (0.042~0.065) —0.170 0.865
70 [ 0.020~0.830 0.020~0.230
BATF2(ng/mL)
oA L (IQR) 0.184 (0.080~0.467) 0.170 (0.066~0.499) —0.244 0.807
70 [l 0.010~0.880 0.010~0.790
3 3 i b PR S KT B 25 SR RT R UK BLAE 2R 1 KCF Y 22

B A% 2 1 SR R P IR Y 2 Sk T A ) i
12 W DR X ™ 52 ) 45 A% 19 B A A B T AR
HTA . BT AR GO B IR IR R B A R R A
00 45 5 T IR Wb AR A T B B TR R WObR AR (i
IV R VA5 B A 7 3k AT LA X T 928 i 435 4% it b
S58 A K HIV gk e 45 G g2 B8 ) (KT 9 J8 2% 7T LA
BATHEAF RS WRE . MR L5 s 4l b B AE A
BET LW B9 45 4% 12 Wi fi 10 8 A 32 ) BOK 8 2 1 56
. HEDN T A5 e Hbn S i R 2 5T
4 %21 (Tllumina Fl Affymetrix 46) #l PCR &l , )&
EHRHRC &K MR B AEIm R A2
2 o AN BRI R, 100 e A Ay A L ARSAS Y S A
0] S AT A T ] R AR B = b X BRI

St b AHR O G HRGE . AW BT X 20 R SE R IE
SORibP/ VRS (RS it 7/ iDL e e S IS R iiBul
R I A 5 B 4 A S8 R AR 25 A% i 5 A1 J il
T R S B R SR I R A — 2, )
A FCGRIA 41l 35 F /K 16 45 B MR 45 4% /8 &
AR B 22 52 . R, Jiang L 24T AR ] 41 41
JUE 45 B 5% S ARG B r WE 58 R B LU mRNA
RS E RS PO A: SO o 1 N Ran - G o5 i
TE 5 SR oK B AT DX G5 4% 0 A 25 100 1 b 354
FAR FUKF A — 2 BA 58 2 A () B9 i R A 1L 45 4%
4 I 5% o3 2 A I T 5T IR 1 AN BE 58 4 S A A 52
i EE AR EWRTT RN

BARAI FCGRIA 1 H /K15 1 3h 1 25 1 8
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FCGRI1A
154 P<0.001
= 10+ R
£
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5 o0
& b
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non[TB
1 TB A i 3l M 45 4% /8 3, non-TB AR &5 4% i s /8 25 . & ehom
REL 18 960 2 g v o B 1R 22 A D 0o T B
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& 1 Bk
Fig.3 FCGRIA protein levels in the whole blood of pa-
tients with active tuberculosis and non-tuberculosis

pulmonary disease

ROC curve of FCGR1A
100
80
8
2 60
=
g 40
n
204 [ 7 AUC=0.702
, (95%C/:0.641-0.764)
0 - 1 1 1 1

0 20 40 60 80 100
_ Specificity /%
4 £I FCGRIA ZERAKFRSFHEEZMIEL &
Bifi % B9 ROC #h 2%
Fig.4 ROC curves of FCGR1A protein levels in differen-
tiating active tuberculosis and non-tuberculosis pul-

monary disease
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WHO TPP X T 5T 4 58 W 45 4% 0 18 150 19 225K
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5| H A S BRI KO B AR Ak L BN I TR A B SR KO
o 2R 1 2 A KO 7E 2 MO AR S b b — e L B
BT B IS W M (1 10 A 5 2 2 1 R S R A 5t
FIR PP HEATER G P R AR AL I I2 AL RE . B
A ORI 1 B4 L SR AR S 2R 2
A 2 SO IR R AL . e, I % J 3 T e
F A1 1L K B3 B A5 R G s 12 W R
T 2L B 22 (W BB DX 431 8l 1k 25 4% RN AE 45 & il s 1Y)

T E A MR VAR R OF 4 JLEE G B R 2 T 7
PG R M AE . 2 BUE 24 W 77 09 42 126 1 bR
WY, — P LU O HRGE 1 FE R SRR P AR 2
AR IR (K b 3R AT 3% — B0 F s — S ] DLl O 42
L5 3% ) 5 2 B K b B AT O

LT VR S A A R 6 AR R A T & B
T3 B WG R S, A AURT R 5 IR 5 F 8 YA
T 11 18 SR B I 3L, a0 G 06 il 45 A% L il 4 285 4 4% L i T
DAL 43— 6 00 7 AR SO T R R 36 S22 7 LA e
(501 13 25 1 1 - (5 S I e = £~ 7 = SN
SER RS 2E R Iy ik 5 2 B AR — SR,
ANBE 5T 42 T A2 I AR GT I 20 M 45 %32 W 14 I DR M BE T
SRS N2 A% A 2 R R 3R 50 TE 1k X3 R 45 A% B i
R R R B G R - TR R R S g
IGRA AN 32 A A 10 H2 B 10 52 0, {H TG 75 X 43 5 AR IRk
YL RN Bl M S5 0, S5 T A RS I 7y SR R R S
JERAR . BRI 5 A A I S A 2 I A DG R Y
C & BLIF B AIE T 408 4 il v 431 32 35 PR B s oK
V- BE A WX 3 1 B 1 2 R R AR S5 R R A B AP A
I Hp I A 2 35 R 2R KPR X4 L B
F3 AR TEA S AE I A . A 5T UKk TR B
KV EFREEEHN, R EEAKTEEE
WAFTE AR 05 2 P 45 4% X 43 Rk 7 . &5 S 22 I s
T 5 5 DAY 4 0t 2K 1 KT St )RR A 6 B M 45 %
A 25 A% it [B) A7 F 22 5 o AFL[] et A 30 o0 1 A
PRI B KA R B 5 7 K — B 22 5
AR 5T 45 SR B R 4 il A 3 B A AR R A A KT B
SRRAR SR Z A AR 22 R R B TR
F3 7K 1) 356 20 235 A% S 328 A6 0 590 77 78 T R L (H
Ivi) Bt 13, 2 B 4 1ML 65 A% % S 4 27 W I 9 8 12 2R
FUBF 1 9 48 50 (AT B

PR L

BlRAATHA bk, BB #, X, %, 4 #
HEUAGSOR TES UL S HH R[] FE
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