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Bioinformatics-based identification of novel biomarkers for tuberculosis diagnosis and treatment
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Objective To search for potential novel biomarkers for the diagnosis and treatment of tuberculosis (TB)
by bioinformatics methods. Methods The datasets GSE34608 and GSE54992 were downloaded from the Gene Expres-
sion Omnibus (GEQ) database,the GEO2R online tool was used to screen differentially expressed genes (DEGs) of tu-
berculosis. And the DEGs were enriched for Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways by R softwarecluster profile package. The STRINGwas used to analyze Protein-Protein Interaction
(PPD of DEGs, and utilized the Cytoscape software plug-in APP Molecular Complex Detection (MCODE) to create a
cluster network and identify the top module. The CytoHubba plug-in discovered the top ten hub genes and quantitative re-
al-time polymerase chain reaction (qRT-PCR) was utilized to validate these hub genes. Finally, the gene datasets
GSE116542,GSE34608,GSE25435 were used to screen for co-differentially expressed miRNAs (DE miRNAs). To pre-
dict miRNA target genes,the DE miRNAs were submitted to TargetScan, miRDB,and miRWalk,and used the Venn on-
line tool to look for common genes among DEGs and DE miRNAs target genes. Then the DEG-DE miRNA network was
constructed using Cytoscape software. Results A total of 379 DEGs were screened.of which 225 were up-regulated and

154 were down-regulated. These DEGs were mainly associated with innate immune response, inflammatory response,
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NOD-like receptor signaling pathway,phagosome.etc. Ten hub genes (STAT1,DDX58, TLR8.TLR7,SAMDIL,IF144,
1IF1441.,XAF1,UBE2L6,IFITM1) were screened, of which STAT1,SAMDIL and IFI44 were validated. Two miRNAs

(hsa-miR-361-5p and hsa-miR-425-3p) were selected for the construction of the DEG-DE miRNA network.

Conclusion

A total of 379 DEGs were screened out,of which 10 hub genes may become novel biomarkers for the diagnosis and

treatment of tuberculosis.
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Table 1 Gene expression dataset and miRNA dataset microarray information
. FE 5 Sample
kW HES EE KK L h
- ] . < EH R
Type Dataset Country Source . Platform
Normal Tuberculosis
. 4 . GPL6480 Platform (Agilent-014850 Whole Human Genome Microarray
ﬁ y
GSE34608  1EH I 3¢ 18 8 4x44K G4112F (Probe Name version))
mRNA c ]
R - GPL570 Platform ([ HG-U133 _Plus_ 2] Affymetrix Human Genome
GSE54992 i I ¥ 6 I U133 Plus 2.0 Array)
SPLIC . y ix Multi-species mi )
GSE116542 ] % g 1 GPL19117 Platform ([ miRNA-4] Affymetrix Multi-species miRNA-4
Array)
. | P - GPL7731 platforms (Agilent-019118 Human miRNA Microarray 2. 0
% Y
miRNA GSE34608 feH i 8 8 G4470B (Feature Number version))
TPL1085 T . Mi .
GSE25435 ] L 3 5 GPL10850 Platform (Agilent-021827 Human miRNA Microarray (V3)

(miRBase release 12. 0 miRNA ID version))
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BLIR T RE A ZEPRR 15 B2 . R R BHEY clus-
ter profile L AL #E 4T Go il KEGG 18 % 73 #r. P <<
0.05 fil FDR<C0. 05 A BA Giit 248 . i ik
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(PMA)ES THP-1 27 AL M H W40 . 24 h )5 &
F PMA [0 55 57 2k, W% R 48 22 vh W (PBS) BE ¥ 3
U, A0 FE BT I 35 IR 0
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XF THP-1 BEATR G R R B (MOD 2y 10, /&4 4 h
J5 I PBS YR AN 3 W, 78 THP-1 & Jl$% % ik vh 55
F¢ 24 h, fif FI B 26 RNA 5] & (DNase I (CWBIO
o E 2N\ P D BE R RNA, {8 ] PerfectStart® Uni
RT&.qPCR & #| & ( TransGen Biotech ™ [# 2\ & 7=
i) B RNA S 5 cDNA,
7 qRT-PCR KIEXEER

ffi | PerfectStart® Uni RT&qPCR it # &
(TransGen Biotech W [ 2\ & 7= i) fl QuantStudio
Real-Time PCR % 4t #f 47 9 i 5E 12 3R & Wiy 6 S B
(qRT-PCR) (% [EH Thermo Fisher Scientific 2 & f=
i) . SR kB Bractin, 2T I H T 2
RNA W RIX 5K, SIS0 2.
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Table 2 The sequences of primer
R AT Tl 51 I=1:2]]
Name Forward sequence(5'-3") Reverse sequence(5'- 3")

STATI CAGCTTGACTCAAAATTCCTGGA
DDX58 TGTGCTCCTACAGGTTGTGGA
TLR8 ATGTTCCTTCAGTCGTCAATGC
TLR7 CACATACCAGACATCTCCCCA
SAMDIL  GAAACAGGAGCACTCAATCTCA
IF144 TTTTCGATGCGAAGATTCACTGG
IFI44L TCTGCCATTTATGTTGTGTGACA
XAF1 GCTCCACGAGTCCTACTGTG
UBE2L6  TGGACGAGAACGGACAGATTT
IFITM1 TCAACATCCACAGCGAGACC
GAPDH  GGAGCGAGATCCCTCCAAAAT

TGAAGATTACGCTTGCTTTTCCT
CACTGGGATCTGATTCGCAAAA
TTGCTGCACTCTGCAATAACT
CCCAGTGGAATAGGTACACAGTT
CAGCCTTACTGGTGATTTTCACA
CCTGATGCGTTACATGCCCTT
CAGGTGTAATTGGTTTACGGGAA
GTTCACTGCGACAGACATCTC
GGCTCCCTGATATTCGGTCTATT
TGTCACAGAGCCGAATACCAG
GGCTGTTGTCATACTTCTCATGG

8 ZitFEHMH

K SPSS 17. 0 #AF AT BT 7 o0 M. T5 22501
SIS 5 B L8R Student's ¢ Ky, P <
0.05 NERAGIFEX, HiA2EFMERM Graph
Pad Prism 7.0 Al 4k,
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Fig. 1 Identification of DEGs and DE miRNAs
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i 5207 (4 TF 1] 98 15 45 #E CC o, FE Y DEGs 84 X
S AL A O 4 B BT L R B AR IX A5 s ME T
1) DEGs % 5 & 1 45 & M ¢ (Bl 2A-C f1# 3),
KEGG i #4531 @7~ . F 9 DEGs 7E3 5 b B & &
EFEARME. MIKZ T, L DEGs 78 NOD £
ZARAE S 3 B A VEOR R H bt 3 R (& 2D-E
kb,
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Table 4 KEGG pathway analysis of DEGs

B3 i i 4 B HEH P il P
Category Term Count P Value FDR
KEGG PATHWAY hsa0U621: NOD ke vecep- )0 o e ) oassa0sss

tor signaling pathway

KEGG_PATHWAY  hsa04145 : Phagosome 9 6.45E04  0.043620888

KEGG_PATHWAY  hsa05133: Pertussis 7 3. T5E-04 0.043620888
e .

KEGG_PATHWAY 09200: Proteoglyaans in ) o op o0 013232768

cancer

1. Bk KEGG_PATHWAY b KEGG ) Go & & 447 F s Hadh Lk,
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Table 3 Go enrichment analysis of DEGs et gt
% B4 T HERC O PML WP I 8 — s
Category Term Count P value FDR o optn ot o s oy st | _ p— [ |
BP G0:0045087 ~innate immune response 27 3. 11E-10 4, T0E-07 o bt
L LR
BP  GO:0006955~immune response 21 1. 23E-07 3, T3E-05 H P— .o
BP G0:0006954~inflammatory response 19 1. 82E-07 4. 60E-05 e
\ 700~ P : ores{®
B GO: 0032/69 positive r.egulanon of 12 L LE08 5. 25606 T ImE
818060‘%30?83‘5 facto_ryproductllon. . Yulﬂen:::hmenl fold !nr;hmen!
Bp : positive regulation of in- 12 | 39E08 5 95506
flammatory response
B (x():0001092~vp(.Jsmve regula}l(}n of NF- 12 6. 59507 L B0 s -
kappaB transcription factor activity .
BP  GO:0051607~ defense response to virus 12 2.24E-05  0.003309244 - ! o —t et Tl I
BP GO:0042742~ defense response to bacterium 12 2.52E-05  0.003309244 I"' o
B G();00v32731 ~ pOSlthe. regulation of in- 1 89910 6. SOE07 0 ety e
terleukin-1 beta production
GO: 0043123 ~ positive regulation of I R me‘zmm‘ hm:,mm per
B , oo 11 2.4TE-0 0.003309244
g kappaB kinase/ NF-kappaB3 signaling ¥ 3309
70:0071222~¢ S S i - Y o- = AE 4 Y o— = AE /4 Yo = A/
Bp GO:00 1, 22~ cellular response to lipopo 1 2.50E05  0.003309244 A F,o BP 444 B GoCC EE.%)}*}T C Go-MF &&#57tr
lysaccharide D I8 DEGs B KEGG ## 41  E T DEGs iy KEGG i §
GO: 0032496 ~ response to lipopolysac- _ i
BP ; 10 2. 84E-0¢ 0,003309244 =
charide B 3509 B 2 DEGs fJ Go 1 KEGG BE M7
GO+ 0032757 ~ positive regulation of in- o ) A The result of GO_BP, enrichment analysls B The result of
BP terleukin-8 production 7 4. T4E-05  0.005125991 Go-CC enrichment analysis C The result of Go-MF enrichment anal-
. » ) ) ysis D KEGG pathway analysis of upregulated DEGs E KEGG
BP G()l:0£.326755 Nd pOtilthE regulation of in- 7 5.99E-04  0.045365583 pathway analysis of downregulated DEGs
terleuiind production Fig. 2 Go and KEGG enrichment analysis of DEGs
Bp G(?;00%5429N9051t1ve regulation of nitric 6 L28E0L 0.012115656
oxide biosynthetic process
: . 3 XEERMEERE I
BP GO: 0019731 ~ antibacterial humoral re- 6 S L0E01 0026076733
sponse ' ' %UFH STRING Wﬁﬁ*@@ PPI mgﬁa@jﬁ 307 /I\_.—lij_
B (7();1903428~p.051t1.ve regula‘non of reac- 5 268505 0.003300244 ‘,f_:',; H1072 /I\iﬂ%% ,72 /I\ DEGs ﬁﬁﬂgﬁ%ﬁﬁl\ , éﬁ%ﬂn &
tive oxygen species biosynthetic process .
X ) o 3., WM Cytoscape By CytoHubba #fi {4 7£ PPI
B G0:0002224 ~ toll-like receptor signaling ; 6 88E-05  0.008966537
. 88E-05 . 53 N N N
pathway é%qjﬁ‘ﬁ%]iﬂj 10 4\3@%%%}%”%3 STATl\DDX58\
3010002227 ~ innate | i
B0 e gy TLRS, TLRT, SAMDIL, IFI44, IFM4L, XAFL,
ucosa
BE2L6.1IFITMI1, MCODE i 3 12 A L
BP G0:0050832~defense response to fungus 5 4,02E-04  0.032003925 U 6 EE €O *Hj‘i'ﬁ:)ﬁ%]ﬁ Hj ]’Jﬁg*% j&
CC GO:0005886~ plasma membrane 83 T.SAE0T  5.84E05 (K 4A.B) .
CC GO:0005737~ cytoplasm 78 6.33E04  0,011626084 o g
CC G0:0003829~cytosol 76 0.001045409 0.018004262 D s
CC GO:0005576~extracellular region 57 5.TE12 LITE09 - B oo B g
CC  GO:0070062~extracellular exosome 5 9.35E11 1.48E08 ® s Les® ®T o
iz ) s N cogie S
cC GO:0005615~ extracellular space 43 1. 06E-06 6. 58E-05 & o® FT o ® D w: o G
CC 6010005794~ Golgi apparatus 30 2.39E06  1.24E04 T bt 4 -y ® @
CC GO:0005764~ lysosome 4 LME05  5.39E04 - g g iy B e T gy,
" § @ & e T Bz i o St
CC GO:0035580~ specific granule lumen 11 5. 30E-10 5. 48E-08 g @ '“::'A‘p ! g 0 G g, P
CC  GO:0035579~ specific granule membrane 8 3.51E-05  0.001088308 e @ e - o amPe B gl Pt g @ -
CcC GO:0034774~ secretory granule lumen 8 1.55E-04  0.00370647 P, O ”"m:,::‘""f:; ‘"";f:'::":;:“wm o0 &2 .y
CC G0:0072562~ blood microparticle 8 6.38E-04  0.011626084 ® oe® el ate® T
CC GO:1904724~ tertiary granule lumen 7 L76E05  6.05E-04 o® __ Toste Teo "o
CC GO:0070821~ tertiary granule membrane 7 8.89E-05  0.002504558 P T :;fmm Mt GP ol wgan AR
30, 7~ - it N, Wy D e W i
e GO: 0030667 ~ secretory granule mem 7 5 95E0L 001085952 - T e O i
brane it @ “cion T
CC GO:0098794~ postsynapse 7 0.001137303 0.018556001 & o odin Dt
SUGIBE4 L 4
MOR 4 ~ ficolin-1-1 - @ PR
e GO: 1904813 ~ ficolin-1-rich granule lu 7 0.001533392 0. 023767569 < & &
men [
o ix(): 0035577 ~ azurophil granule mem- 6 2 70E00 0.006181982
rane
CC  GO:0030141~ secretory granule 6 0.00313778  0.046319608 WA SRR LA, e AR TIEER,
CC GO:0042581~ specific granule 5 6. 38E-06 2.83E-04 3 DEGs Ky PPI [ 4%
e (010042582~ azurophil granule A L1IEO0L  0,002870653 Notes: The red nodes represent upregulated genes, and the blue
ME  GO:0005515~protein binding 16 5.89E05  0.019032617 nodes represent downregulated genes.

U B MF  DEGs [y Go & 487 F IS A48 LA,

Fig.3 The PPI network of DEGs
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A The 10 hub genes B The top module obtained from the PPI
network. Red nodes represent upregulated genes

Fig. 4 Identification of hub genes
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Fig. 5 The relative expression level of hub genes
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miR-423-5P
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A VENN B has-miR-361-5p #15 [H 5 DEGs 13t 7] % [}
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6 EETHiE VENN B
A VENN diagram screened the common genes between has-miR-
361-5p target genes and DEGs B VENN diagram screened the com-
mon genes between hsa-miR-423-5p target genes and DEGs
Fig. 6 VENN diagram of the gene screen
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regulated miRNAs,
Fig. 7 The PPI network based on DEGs and DE miRNA
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NOD #5208 {5 5 380 8% Wit (A R0 2 1 SR 5 A O . 45
I Fe — A PR RAE PG . A0 P T 5 A% R IR
7 H R A AR . M BRI L A i R A
8T DT 3 400 0 P A R O DS T T Y A
G N L 5 40 I T A O Y R 4 It & AR
A5, NOD FEAZ A (NLR) 5 4 5 1 953 06 41 &, 8
PR AE 1A G0 92 RIS B 1k G 8 vh R AR Y . W
S AT Rk B 22 S R A L Mtb SR YL S 14 i Y
J N AT 5%, FE X 48 DEGs WA Al (i i i Hh 45 2% A 56 1
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R STRING ¥ # PPI W %, CytoHubba 1 {4
PUIN 10 A~ 5 45 % 90 i BE A OC 1 SC B L Y, A0 4
STATI1, DDX58, TLRS. TLR7, SAMDIL, 1FI44,
IF144L . XAF1,UBE2L6 I IFITM1, qRT-PCR & /&
Hofr 3 A3 K (STAT1,SAMDIL 1 1F144) 7£ Mth-
BCG B RIKAKTFRET &, F5H T 5%
1% Al F 1(signal transducer and activator of transcrip-
tion 1,STATD & T4 R (IFN) {5 5 15 T 1) S 241 1%
T4 FEAR A A AR K R T RN R (i TFN AT TL-6)
Mkl T A 5 45 Fh gl i Th REY . STATL 2 B %%
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B, 76 Mtb J& Y i) 10 B B, B MR 1L 1 STATY vl i ik
TR T TR R SR O . SR Mitb SR YL S B iR
fb STATT R Th & AR S BN . LR HOR ok
WERR ALY STATL FIR3G A0, 410 240 L 94 1~ . £ Meb 76
BETE EABE R R . BAN . STATL 78 bR & Je b &
A UUEE A L 1 4 A0 A o A K. SAMDIL 2
— A5 Z G R B AR 7 5 Y R A
MIRAGE Z& &1k 45 45 8- 4 it i, 40 g s /0 25 & fiF
BB B 2 SR R 6 £ A AR R UL A 7 LR A AR
SAMDOL HA5 5t 3 58 F5 P, 76 71 M98 L 20 e
RANAE J v % ¥ B0 AR AL R 22 B ps3 aE B
H5H, BFSE R, SAMDYL 78 A I h 3 35 B2 T
H SAMDOL #] #1 il Mtb J& Y% J5 i 40 M 3 587 .+
MEIFE S HEH 44 (interferon-induced protein 44,
IFI44) 2 TR T4 R G IE L T RE7E 1 5 fo e
PRI B R LR b & A Y L SR TF144 7E Mitb
Y o /R M N 5 2, de Oyarzabal %70 % 18
IF144 76 TST BHEF TST B 40 i b 5 A fa] L IFN

IRIT 6 NI TFI44 KRB TR, BIE, 73X 2 OC F 3
P, STATL S& 45 06 A W) bn & W) 1 B ik, STATI
FARK T 0] e 2% sh e TB & AR & e (098 16 28 Wy
HEW . HETGT SAMDIL FiI TF144 76 45 29 i
HIF 5 1 2, 3T A 3k DR 7 45 00 TP 19 2% 0 BIL 1 o AS T
2, — BRI SAMDOL Al fE A 7E R TB br
X7/ R

b 56 f & N n DExD/H-box fift i€ B 58
(DDX58/RIG-D) , s —Fipg 5 RNA B U0 52 44, 77
FIRLIEN 177 A 4e 47 e e R 28, IR AE DU B S g vh
AR 18 IFN il 3 78 5 W40 i 7= 4 NO
SRARYT Mtb™ . o T ki B B AL Mb 2 1k 1
il B 43 18 IFN {55, TLR7 #il TLRS & toll #£52
& CTLR) F W i 61, TLR7 2 5948 B Be 4K J5 8 o
MyD88 i # #1715 5 5% 5, 5l DC 40 M. T 40 s . E
I 2 f60 (40 40 i S R 5 43 W6 T TENIFN 45 41 g 8 -7
P Mtb 25, BeAh, BTG TLR7 a4 o 40 i [
WL WEBR AN N Mtb, TB 5 Bt TLRS £ &
FEEY, BWFSE W], TLR4 A TLRS S8 — B AL il i
TLRS BAR Can i 4E % RNA) 25 Mth iR 9], i S
Thl g W@, IFI44L (interferon-induced protein 44-
like) & 1 B4 Z H i FEE K] (type T interferon- stimu-
lating gene,I1SG) , J& T IF144 F %, 1 Pi K 75 36 P
RIFEEAEN, A B9 & W IFI4AL 76 A W 40 i 4
Mtb 1 1F [ 3 75 F3E Bk bk B AR T L R TFT44 1 Af
S Mtb 78 41 M P9 89 77 35S . XTAP-AH 6 ) F 1
(XAFD) [ A9 & AR5 %90 CTB) 1 & HL ] h & 15
FEFT . Mtb 7] S5 3 36 XAEL (193 31K 5K 1% 5 0 4
MR T A0 R S R AT R R I R A
fitt E21.6 (UBE2L6) 5 Z54% 05 th i 4 H Biiz RAL A T
BT E ML, 1A IFN GE5] &2 UBE2L6 A I ¥,
UBE2L6 A4l Mtb Y5 F W4 i J = 1F-
ITM ZGEAHE TR B BB EH TAFITMD , i
IFITM1 Al 4 il TFN-y A9 $7 88 5 7 A5, Xk s
KEZ 5EB M kA R BURAE IR AR R 245 8
I LB W B AR 0 AT AT R IR A AT

AT 5T 0 o A 5 25 A LAY DE miRNA
(hsa-mir-361-5p Fl hsa-mir-421-5p). i (AW 5% %
M hsa-mir-361-5p i & = 5 W 5H 08 1= 7% B i 24
S AR e LI L S A5 R 1Y) S A
PR R R E AR A BN R 5 R
FHEE, has-mir-361-5p i 2 I 4 A fig & 45 1% 9k Fr il
AU, b has-mir-421-5p A] i 3 $8 AR 4
#17 (hypoxia response inhibitors, HRR) B 3R 4 fiE #1
P S 1k T2 -7 L 4 H5 hif A 5 19 S8 RE 3 (X 10 35 48 5
Tk,
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i BTk, A B g 0k th S S AR R
DE miRNA (hsa-miR-361-5p il hsa-miR-421-5p), &
R AT HT R 25 S 3R GA R IR 32 5 A 1 RN 48 i R 4y
W LA S S e S ARG . TRl B &2 30 10 AN G SE A, Horpr
3 A (STAT1,SAMDIL Al 1F144) 4 qRT-PCR %,
bR PR R RE R BT ) S5 A 12 I R I T Y AR WA R
Y. DEG-DE miRNA PPI 2575 B T I BH 45 1% 9% &
A R R 43T HILTR o Ry 45 R Y & s BIL I AE SR 4 1R T
— T B T .
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