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EFFENEBRTERMAPK-Mcl-1{ES@KNE MR
BAENEHNENEEFES TR ESSIGIIF

Boaawm't, F RV, ZAM E F REE Y, BaX Y ZH0, o8
(1. AR 2E B 2E B B AR 2 2O %, B AT 1 832008 2. st ith 7 5 R &5 Kk 2L B
I E, HEE AT 83200833, 1R F R — M JE L B FRAMEE, B AW 832008;
4. EEDAEZ P ZWPHAE AR E, B AR 832008)

(# Z] B FT22E0E K (MAPK) -8 & 4000 1 MK )F 51 1 (Mcl-1) {55375k
At (BCG) &Y B W 40 j ik Ak 3E R b 9/ T, R BB LT RE A9 0 AL o ik DA ep il i SE P 3R 36
(GEO) %4 2 F 4 GSE89391 il GSE51029 ¥ 5 41 I Fy %4 . M7 FHE1E £ 12 (MSigDB) T %%
MAPK {5 5 3 #AH KL 4 o R AR RAEAE R0 (GSVA) X GEO B 4 v B 46 i 25 4 i 47
BREAIE AR TR (ssGSEA), A MAPKAE 38 G V4 o AR Mel-1 335K v (i B0k g
FEA ST Mcl-11m F R H M Mcl- IR B A, FFilfT BEHEFESTT (GSEA). K H Spearman #H % 43
B Al GEO 048 122 v B W 40 it b Me /-1 32 357K 5 MAPKGHE B& I8 P A9 AR OGP o e ) 40 i S5 5 98 1
B (ERK) i B BHHr 7 PD98059 (50 wmol- L") . c-Jun & H: AR Sl (INK) 38 % FH W 771 SP600125
(30 pmol-L™") Fl p38 il % FH W7 7] SB203580 (60 pmol-L~") . ¥ Raw264. 7 4} 53 A XF BE2H | 4% FIL by
FIAL R . BCG 4 K BCG YL J5 £ BHWT 7 Ab BRA , i 4 BCG BV IF 1B S AH 7 4 40 B, 45 2Hm A A g
BELUTAR . 0. 1270124 h5 WO 45 AL 400 13 e A B AR AS o R TG BR G 22 W U (ELISA) A 45 41
EWEA M 13 Mel-1. F4EA 3R 6 (IL-6) . MRS F o (TNF-o) . FI4EMIA % 10 (IL-10) &
BAbE KN T B (TGF-B) K, SEif99)6E 8 PCR (RT-qPCR) 46 I 4% 20 I 40 Jfg vf M1 B AR i
WS S ARG E (INOS) mRNA FI M2 BUFR &Y RAE X F 1 (Fizzl) mRNA £k K.
R GEOBURFE, SRS MM (MTB) B i %F B8 W 20 M e, MTB BS54 0 41
W Mcl-1 3R R BRI B TR (P<<0.05). ssGSEAZrHr, 5 # MTB B YL i % 18 g 40 g b4
MTB &% (1 g 4 b MAPK {55 38 B 06 PR PP 43 W T (P<<0.05). GSEA 43T, Mcl-15 3Rk 4H
ZHRAEFEFEFET MAPKE K (P<<0.05), Spearman #H &M 434, Mcl-1 3 Rk K5
MAPK {5 5l B iG PEPE A RIEM L LR (P<K0.05). FHi12M 24 h)5, 5BCGA Hbir, BHKHI AL 2
14 45 25 15 W 200 Jf b 375 98 b Micl-1 K I R B (P<<0.05). FHi12hm, S HE, BCGHAE M
A0 8 _E 35 W TL-6 A TNF-o K -39 8 8 FF % (P<<0.05); 5 BCG4 4, BCG+SP 4 M BCG+
PD+SP 2H FL W 40 i b 75 W P TL-6 S TNF-a K-V B SRR (P<<0.05). THi24 h)5, S5xF#4Ll
B, BCG Y E W4 il 3§ W h TNF-a KW I & (P<<0.05); 5 BCGHIL#, BCGHPD4 .
BCG+SP4l. BCG+SB4 M BCG+PD-+SP 2 F W 41 il &35 W b 1L-6 K7 ¥ 88 B B % (P<<0.05),
A BEL W 750 1) 5 25 W 4 b 3 W P TNF oK - B R (P<<0.05), THi12h)E, SXTHRAE,
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BCG 4B Mg 4n i b3 Wb TGF-B/K W B Fh | (P<<0.05); 5 BCGHLILE, BCGHSP4l, BCG+
PD+SP4l. BCG+PD+SB4l. BCG+SP+SB M BCG+PD+SP+SBZF WA i h TGF-3
ACEX R AR (P<0.05). THi24h)G, SXTRBA i, BCG 4L E WAL I % i 1L-10 KSF 3 i
FhE (P<<0.05); 5BCGH#E, BCG+PD4 . BCG+SP4 . BCG+PD+SP4 . BCG+PD+SB4
M BCG+SP+SB 4 F W 40 it b 3% % P 1L-10 & TGFE-R/KEX W] W fA% (P<<0.05). &) 0h, 55Xt
M I #, BCG 4 E W 40 i b iNOS Fil Fizzl mRNA 3k K F3¥ 8] B F4 5 (P<<0.05), THil2h)5,
Sx gl S, BCG 4 E 40 i b iNOS mRNA ik 7K L FEAK (P<<0.01), Fizzl mRNA % EKF
Wl T (P<<0.01); 5 BCGAL A, M A BH W 5 45 241 B w4 b iNOS mRNA Rk /K-35 0]
JHE (P<<0.01), BCG+PD4 . BCG+PD+SP4 . BCG+PD+SB4 . BCG+SP+SB 4 M BCGH
PD+SP+SB 41 EL W4 il Fizz ] mRNA REKCFI B (P<<0.01), THi24h)5, S5xFa i,
BCG 4 E W28 il i iNOS Fl Fizz ] mRNA FRik7KFH B B A& (P<<0.05); 5 BCGA LA, i ABHLKr
FI Y 45 4 E W 20 b iINOS mRNA B KE B B A, ZREHEIF%EE L (P>0.05); BCGH+
PD+SP 41 E W 248 Ml i Fizz ] mRNA Rk R FEAL (P<<0.01). 5% : MAPK(FE 5 il % n] GE 38 i
PP Mel-13% AT BCG B F W 40 i i A AL pE AR, Hoh INKGE 5% & FE 0 M /E A, p38 5 ERK il
B 2 5 R

[x@RA] AWELY; AW B, 8R40 20 Fe 1, 22250608 A Mg E S
B c-Jun 23 R S

[FESES] R363.2 [X#kiREB/] A
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ABSTRACT Obijective: To discuss the role of mitogen-activated protein kinase (MAPK) -myeloid cell
leukemia sequence 1 (Mcl-1) signaling axis in the polarization process of macrophages infected with
Bacillus Calmette-Guérin (BCG), and to clarify its possible molecular mechanism. Methods: The
transcriptome sequencing data of GSE89391 and GSES51029 were downloaded from Gene Expression
Omnibus (GEO) database, and the MAPK signaling pathway-related gene sets were downloaded from
Molecular Signatures Database (MSigDB). The gene set variation analysis (GSVA) package was used to
perform single-sample gene set enrichment analysis (ssGSEA) on the macrophage data in GEO database,
and the activity scores of MAPK signaling pathway were calculated. The infected samples were divided into
Mecl-1 high expression group and Mc/-1 low expression group according to the median of Mc/-1 expression
level, and gene set enrichment analysis (GSEA) was performed. Spearman correlation analysis was used
to assess the correlation between Mc/-1 expression level and MAPK pathway activity in macrophages in
GEO database. The extracellular signal-regulated kinase (ERK) pathway blocker PD98059 (50 pmol-1.71),
c-Jun N-terminal kinase (JNK) pathway blocker SP600125 (30 pmol-1. ~!) , and p38 pathway blocker
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SB203580 (60 pmol-L ') were prepared. The Raw264. 7 cells were divided into control group, various
blocker-treated groups, BCG group, and various blocker-treated groups after BCG infection. BCG
bacterial solution was prepared and used to infect the cells in corresponding groups, and the corresponding
blockers were added to the cells in various groups. The cell supernatants and cell samples in various groups
were collected at 0, 12, and 24 h after treatment. Enzyme-linked immunosorbent assay (ELISA) method
was used to detect the levels of Mcl-1, interleukin-6 (I1.-6), tumor necrosis factor-a (TNF-a), interleukin-10
(TL.-10) , and transforming growth factor-B (TGF-B) in supernatant of the macrophages in various groups;
real-time fluorescence quantitative PCR (RT-qgPCR) method was used to detect the expression levels of
M1 marker inducible nitric oxide synthase (iNOS) mRNA and M2 marker found in inflammatory zone 1
(Fizz1) mRNA in the macrophages in various groups. Results: Based on GEO databases, compared with
uninfected control macrophages, the level of Mc/-1 gene in the macrophages infected with Mycobacterium
tuberculosis (MTB) was significantly increased (P<C0.05). The ssGSEA analysis results showed that
compared with uninfected control macrophages, the MAPK signaling pathway activity score in MTB-
infected macrophages was significantly increased (P<C0.05). The GSEA analysis results revealed that
differentially expressed genes in Mc/-1 high expression groups were significantly enriched in the MAPK
pathway (P<C0.05). The Spearman correlation analysis results indicated there was a positive correlation
between the expression level of Mc/-1 gene and MAPK signaling pathway activity score (P<<0.05). At 12
and 24 h after treatment, compared with BCG group, the levels of Mc¢/-1 in supernatant of the macrophages in
various blocker-treated groups were significantly decreased (P<C0.05). At 12 h after treatment, compared
with control group, the levels of IL-6 and TNF-«a in supernatant of the macrophages in BCG group were
significantly increased (P<C0. 05). Compared with BCG group, the levels of I1.-6 and TNF -« in supernatants
of the macrophages in BCG+ SP and BCG+PD-+SP groups were significantly decreased (P<C0. 05). At24h
after treatment, compared with control group, the level of TNF-a in supernatant of the macrophages in BCG
group was significantly increased (P<C0. 05). Compared with BCG group, the levels of IL.-6 in supernatants
of the macrophages in BCG+PD, BCG+SP, BCG+SB, and BCG+PD+SP groups were significantly
decreased (P<C0.05), and the levels of TNF-« in supernatants of the macrophages in all blocker-treated
groups were significantly decreased (P<C0.05). At 12 h after treatment, compared with control group, the
level of TGF-B in supernatant of the macrophages in BCG group was significantly increased (P<C0. 05).
Compared with BCG group, the levels of TGF-§ in supernatants of the macrophages in BCG+SP, BCG+
PD+SP, BCG+PD+SB, BCG+SP-+SB, and BCG+PD+ SP-+SB groups were significantly increased
(P<C0.05). At 24 h after treatment, compared with control group, the level of IL.-10 in supernatant of the
macrophages in BCG group was significantly increased (P<Z0.05). Compared with BCG group, the levels
of 1L-10 and TGF- B in supernatants of the macrophages in BCG+PD, BCG+SP, BCG+PD+SP,
BCG+PD+SB, and BCG+SP+SB groups were significantly decreased (P<C0.05). At O h after
infection, compared with control group, the expression levels of iINOS and Fizzl mRNA in the
macrophages in BCG group were significantly increased (P<C0.05). At 12 h after treatment, compared
with control group, the expression level of INOS mRNA in the macrophages in BCG group was
significantly decreased (P<C0.01), while the expression level of Fizz] mRNA was significantly increased
(P<C0.01). Compared with BCG group, the expression levels of iNOS mRNA in the macrophages in all
blocker-treated groups were significantly increased (P<C0.01), and the expression levels of Fizz] mRNA
in the macrophages in BCG+PD, BCG+PD+SP, BCG+PD+SB, BCG+SP+SB, and BCG+PD+
SP+SB groups were significantly increased (P<<0.01). At 24 h after treatment, compared with control
group, the expression levels of ZINOS and Fizzl mRNA in the macrophages in BCG group were significantly
increased (P<C0.05). The expression levels of iINOS mRNA in the macrophages between BCG group and
all blocker-treated groups showed no statistically significant difference (P>>0.05). Compared with BCG
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group, the expression level of Fizz] mRNA in the macrophages in BCG+PD-+SP group was significantly

decreased (P<C0.01). Conclusion: MAPK signaling pathway may mediate the polarization process of

macrophages infected with BCG by regulating Mcl-1 activity, in which the JNK pathway plays a core

regulatory role, and the p38 and ERK pathways are synergistically involved in the regulation.
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2519 (tuberculosis, TB) J& 1 45 4% 43 B AT
W (Mycobacterium tuberculosis, MTB) 5| ) —
PP Y N . KA (Bacillus Calmette-Guérin,
BCG) & H mirME— 3K FH T 0B 45 o e iy
BCG & — Fl 4= AUl 57 15 2 17, P00 5 0 400 i 5%
B8 B BE AR A I ¥ 1 1 (myeloid
cell leukemia sequence 1, Mcl-1) FEFEA{E RN B 40 i
W K F 2 (B-cell lymphoma 2, Bel-2) FKi&E#it
MTEr, Bl EEAEE TS S RN
f g% 1 R 2 FIE LR A RS (mitogen-
activated protein kinase, MAPK) {55 i 4% 7F 40 il
WL A RIS B A T R AR AE I, R T
Z AR Mcl-1 19 35 o AR 41 /i 1 oF ot
KB MAPK A5 5 1 % 2 % Wi MTB A5 i bk H37Rv
JRR L 8 L W3 A B O T e AR AR RS 1 2 . AR
M, MAPK{E 5 B4 Mcl-1 235 19 )8 455 DL K% )
PR L I 240 B A PR S 1) i 8 5 o i AN W . AR
GER AW AR B2 03 15 S 36 06 IR AH 45 A 1 SR I
WAV BCG I Gt 5 W3 20 i 2 o MAPK A5 5 3 % 4
Mel-1 235 K F Wi 20 Mot Ak i I 4 L], DL O 45
%90 Y SR 2 T6 7 SR et it 1 B e A i
1 #AREFE
1.1 A#HEEFHH fEEEEENEE (Gene
Expression Omnibus, GEO) % #5 JF (https://www.
ncbi. nlm. nih. gov/geo/) W, LL “Mycobacterium
tuberculosis” M “THP-1" R EERK R, YAk
&R “® A (Homo sapiens) 7, £&0fiik, 4 A
GSES89391 #1 GSES51029 %4 #fs % Bk 47 J5 £E 7 #7 -
GSE89391 4 4 £ 4% 14 /4~ % BB AR 154 MTB
Y B EA SRR AS . GSES1029 #4645 4§ 154~ %)
BEAEAFN 154> MTB B B i I REA o il ] R %K
(v 4.4.3) #FAT B AL . N 2 FRAE ERHE R
(Molecular Signatures Database , MSigDB) (https://
www. gsea-msigdb. org/gsea/index. jsp) T # MAPK
15 5 3 B A0 OC R AL (T 3 R AR R A AT
(gene set variation analysis, GSVA ) # 1 £ (v 4.4.3)

Xof B A HE AR FE AT BRE AR Sk R AE B AR 3 T (single-
sample Gene Set Enrichment Analysis, ssGSEA) ,
T MAPK {5 53l i 136 PEPE 70 o R4 Mel- 12
R, % GEO B MTB B E
I 20 ML RE AR 3 D M- 175 3238 20 R Mel- TR 3R 4
GRSFIMRGERENTNEL, A GSVAH
(v 4.4.3) XiZIE N5 IR N A 5 0B (Gene
Set Enrichment Analysis, GSEA).

1.2 @me . 2E2XANFNE  DRPZE AR R
Raw264. 7 B o E R # B M, i S8 % % M
ARG F7 . BCG Wk H [ B b 24 i A a2 BF 5% B
AT OAE . IR AR LT F DMEM 8: 35 2k [ 56
Hyclone A &, H4042 6 (interleukin-6, IL-6) .
e R FE I T « (tumor necrosis factor-a, TNF-a) .
FI 414 % 10 (interleukin-10, 1L-10) . # k4K
+ B (transforming growth factor-g, TGF-B) Hi
Mel-1 B HE fe & W ol 5
immunosorbent assay, ELISA) il i3] & W B =X
DU 3K B R 2B ) B IR A R A 7], QuantiFast
SYBR Green PCR Kit i3] & 1 H 8 F QIAGEN 24
AL, A0S RNA $2 050 & B b E A st R AR A
LR A R A A, TRIzoli #I [ 3£ E Invitrogen
ocEL, MO AN E S R M (extracellular
signal-regulated kinase, ERK)if i FH Wi 7] PD98059 .,
c-Jun & F K ¥ i B8 (c-Jun N-terminal kinase,
JNK) i #% BH W 77 SP600125 H1 p38 MAPK i % BH
Wi 75 SB203580 ¥y A 3% [ Sigma 22 Fl o BT A 514
WP ME R A TAY TR (L) BhaRA A
5% . NanoDrop 2000 %8 &k 43 56 5 B 1 A il 5 A
H 2& [ Thermo 2w, W% (U A 55 & Bio-RAD
2yl LightCycler 96 2%t € 1 PCR XA A i 1
Roche 28 H] .

1.3 ZREHRFEERHNE BUEYLZEHENK
RYVKEEFRIELEFRI~AHERSETHBCGH
%, BT E®ES T, mAEE RS MR
(phosphate buffered saline, PBS), 7 4r 0 & £
JRCIE) B VR LAY TR B R o R ] 22 T L ik O 0 TR

(enzyme-linked
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JEZ 25 1.0 2 [ i (McFarland turbidity
unit, MCF), ¥ F3.0X10°CFU-mL ',

1.4 tmfa3zsifelr  Raw264. 7 0G40 Al &
10 M4 i F 1 F-fHE RN e eERsE, T
37°C. 5% CORGFF I F7 o 17 40 M il & B 5k 5]
90 %6 W, 4% Lo HE 47 40 i A% A0 . B AR R 4 i 4
JfL 42 F T 6 L AN AL ES IR A b, T BERL 3 S X BRA
BCGH (JMABCG W& E WA A) . BCG+
PD #4H (BCG & 4+ J5 hn A FH Wr 7 PD98059) |
BCG+SP4 (BCG g J5 fin A BH W 7 SP600125)
BCG-+SB4l (BCG B4 J5 in A BH W7 ] SB203580) .
BCG+PD+SP 4 (BCG 24t J5 [7] i i A BH K7 71
PD98059 A1 SP600125) . BCG+PD+SB4 (BCG
&G I A B m A BH W7 7] PD98059 1 SB203580) |
BCG+SP+SB 4l (BCG &Yt J [ 1 A BH W 51
SP600125 #il SB203580) K BCG+PD+SP+SB 4
(BCG B J5 [m] B A 3 4 BELIBT 551 ) .

1.5 @A om A HBEANH: 401N
10: 1/ el , £ 2 %1 % 19 BCG 1 A& W ik
Raw264. 740l . J&Ye 4 h)5, fli ]l PBS 2% i 7
VE3WK, T S8 IR . BCHlA g T
FEW M (dimethyl sulfoxide, DMSO) ) PD98059
(50 pmol-L ") . SP600125 (30 pmol-L ') #i
SB203580 (60 pmol-1L ") . & “1.4" S H4,
TEAS A BCG YL 5 1 F 10 41 A Hh 43 590 i A Rz BEL 17
F, TAMJS 0. 12F0 24 h 5 Mo 4 40 0 B 35 35 i
Wo HBCRGEYME VAN, 58 PD4L. SP4l.
SB#l . PD+SP 4 . PD+SB 4 . SP+SB 41 fl
PD+SP-+SB4, F 4% 4140 M b 43 5 i A 57 BH B
F, F 0. 12H124 h Mo HE 240 i K 35 5% 1 W .
1.6 ELISA 49 &840 8 L& F Mcl-1.1L-6,
TNF-a.IL-10 o TGF-B A F TFABJ5 0. 12 1
24 h e W AE S AL =B s W, 1100 g &0
5 min. B 100 pL 40 ML 3G 37 EVE W, A So i i
Py 96 FLAN M B SRl b, A% 4R IR ELISA 057 &
Ui WS ERAE G A% 4 A0 M W Mel-1, 1L-6.,
TNF-a., IL-10 1 TGF-B/KF.

1.7 % 8 % & & & PCR (real-time fluorescence
quantitative PCR, RT-qPCR) # 4| &-41 E & 4@ it
¥ iINOS #= X 32 B 3% -F 1 (found in inflammatory
zone 1, Fizzl) mRNA XK+ INERHE Y
2, 1000 remin '&.0>5min, % EiE. A2 mL
PBS ZZ op il F 2 4 L, 2.0 IR VR 2. L

1 mL TRIzol 5 i &2 We AT, 2L Ml 240 B o K 240 it &
W% 2 1.5 mL EPA, $2HC40 8 RNA, fiff
FH NanoDrop 2000 8 #b 43 50t BE 11l i RNA WO
JEH I RNA MR E, 82 i Pk I RNA i, %
HEE B S iR & DT 5, RNA #0655 5% O cDNA
J5 B T PCRA . W& 95°C. 5 min, 95°C,
10s, 57°C, 30s, HAOMNEH ., SIYITHI L% 1,
FEA#2 8 QuantiFast SYBR Green PCR R #| & 4 I
PEAT I, O o R 2R 8 F PCR Y3 =91 1Y
Festko Vhp-actin hNZ, KM 2“2k R&H
A iINOS F Fizz ]l mRNA Fik K-,

#1 RT-qPCREI#1F%)
Tab.1 Primer sequences of RT-qPCR

Gene Sequence (5'—3") Length (bp)
INOS F:TGATGTGCTGCCTCTGGTCT 20
R:GAGCTCCTGGAACCACTCGT 20
Fizzl F:GAGATCCAGAGTGGAGATACTTGC 24
R:TCTTAGGACAGTTGGCAGCAG 21
f-actin  F:GTGACGTTGACATCCGTAAAGA 22
R:GCCGGACTCATCGTACTCC 19

1.8 %t ¥ 454 KM SPSS 23.0 Fl GraphPad
8. OB AT L AT 540 B o 45 AL E WA M [ W b
Mecl-1, IL-6, TNF-a, IL-10 1 TGF-B 7K ¥ K 4 il
H1iNOS Fl Fizz I mRNA 35K P45 G IE &5
Phats RoR, 2418 BE AR 25 50 b 55Ok FH B I R
ZEAr T, ALERE A I B R LSD-2 ke 56 o
PLP<<0. 05 = A geit e i L,

2 &% R

2.1 GEOX®EEPESE MM Mcl-1 4B R&KFP
7t GSE51029 #l GSE89391 B ¥ £ v, 5 K ¥k
MTB e (1 % B8 B W 40 i b %, MTB 3 i) B i
i H Mel-1 58 K 3= 3k 7K F- 3 B 5 785 (P<<0. 05) .
W,
2.2 GEO¥#EAEFE# MR MAPKZ 5 EREM
X K5 £ GSES1029 F1 GSE89391 #E 47 ssGSEA
ST, SR EIR 5 RBE MTB YL 5 X B8 41
i, MTB YS9 I 40 i b MAPK {5 5 38 %
EPEVE BB A (P<<0.05). WL 2,
2.3 GEO % # & ¥ MAPK 4% % & % GSEA £ #f
X GSE51029 Al GSE89391 #i #i 4 #k 47 GSEA 43
Br, @iRBIR: Mcl-1mRIXAWERN D EFSET
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Fig. 1 Expression levels of Mc¢/-1 gene in macrophages in GEO database
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Fig. 2 Activity scores of MAPK signaling pathway in macrophages in GEO database

MAPK i # (Adj P<<0.01), #2mi%HHN5MAPK /R : 78 GSE89391 ¥4 % v, Mcl-1 £k K F 5
A G, LR 3. MAPK {5 %5 i B WG M P 2 EMH XX R =
2.4 GEO##EAE ¥ MAPKAZESHEBE Mcl-14 R 0.542, P=0.036); 7E GSE51029$#ls s, —&
REKRFHAEM  Spearman H KN4 W 45 R B AAEAE RN (P>0.05), WK 4,

KEGG MAPK signaling pathway KEGG MAPK signaling pathway
g 0.3 NES=1.62 2 NES=1.65
§ Pvalue=0.000 2 § 0.3k Pvalue=0.000 1
2 02 adj.Pvalue=0.001 9 e adj.Pvalue=0.003 6
g Y 5
E 0.1 E
9 o 0.1
2
g g
ERE ER |
£ 0 Z oF
) )
. . . Il .
S : cl-1 high expression ] | S Mcl-1 high expression | | |
0
5000 10 000 15000 4000 8000 12 000 16 000
Rank in ordered dataset Rank in ordered dataset
A B

A': GSE51029;B:GSE89391.
B3 GEO$HEE T Mcl-1 FFREH MAPKARE S8 B GSEA BS54 HT
Fig. 3 GSEA enrichment analysis on MAPK signaling pathway in Mc/-1 high expression groups in GEO database
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R=0.3545 P=0.196
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Mcl-1 expression level
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Fig. 4 Correlation analysis between Mc¢/-1 expression level and activity score of MAPK signaling pathway

2.5 BUMEHMMPLEFER P Mcl-1KF 44+
Wil2M24h)s, SXMAE, BCG 4 E W4
W W Mel-1 K SF B B BE AR (P<<0.05) ;5 §
BCG 41 LA, I A BH W 300 J5 45 20 1 240 A | 3 W
o Mel-17KF 5 BRI (P<<0.05). W32,

2 AHEWRMHM EFERT Mcl-1KF
Tab.2 Levels of Mcl-1 in supernatant of macrophages in

various groups (n=3, %5, pp/(pg-L ]

Mcl-1 level
Group
(t/h) 0 12 24

Control 0.48420.02 1.044:0.03  1.5140.14
BCG 0.4620.06  0.764:0.01"  1.060.04"
BCG+PD — 0.5740.04"  0.5740.02"
BCG+SP — 0.4240.05"  0.4740.06"
BCG+SB — 0.362-0.12"  0.5240.08"
BCG+PD+SP — 0.4140.06"  0.5740.02"
BCG+PD+SB — 0.3940.03"  0.4740.01°
BCG+SP+SB — 0.3440.07"  0.43%0.02"
BCG+PD+SP+SB — 0.3940.08~ 0.4540.02~

“—".No data. "P<<0.05 compared with control group; “P<<0.05

compared with BCG group.

26 ZFUAEBERA@mELARTMIARLAAXEF
IL-6 #2 TNF-a KF T H12h/5, SXHEA L,
BCG 41 E Wi 248 B L %5 W 1L-6 A1 TNF -a 7K F 2 B
BIE (P<<0.05); S BCGALE, BCG+HSPAH

il BCG+PD+SP 41 B b 4 fg I % W 1L-6 &
TNF-a /KB B AL (P<<0.05), BCG+PD4 .
BCG+SB 4 fl BCG+PD+SB 41 = W 40 il | 3% i
t TNF-o K 28] B FEAR (P<<0.05), 124 h
Ja, SX A, BCG 4 E W40 i b ik |
TNF-o K F B 8 74 & (P<<0.05); 5 BCG4lH
%, BCGH+PD4l ., BCG+SP4 . BCG+SB 4 fl
BCG+PD-+SP 4 E W 4 il [ 3% W 1L-6 /K71 1]
AR (P<<0.05), BCG+PD+SP+SB 4 E mi
S b E Wb IL-6 KB B (P<<0.05),
N BB 551 119 25 41 0 A0 i 7 VR TNF - K OF- 2
B R#AIC (P<<0.05). WL#3.

2.7 BHMEMmMBLFAR T M2BHAXEF
IL-10 #= TGF-B A+ FH 12h)5, 5X 4L
B, BCGHEME4 My Fil W TGF-3/KF 8 8 7t
fm (P<<0.05), IL-107K°F #2255 o it 5 5 X
(P> 0.05); 5 BCG 4l Ik &, BCG + SP 41 .
BCG+PD+SP 4 . BCG+PD+SB 4 . BCG+
SP+SB 41 #1 BCG+PD-+SP+SB 4 F W 40 Jid |- 7
Wh TGF-B/AKFI B I (P<<0.05), THi24h)5,
x4 A, BCG 4 E W dn i b i b 1L-10 K
EW R TR (P<<0.05), TGF-BKF 2% T
Gt X (P>0.05); 5BCG4lLE, BCGH+
PD# . BCG+SP#4 . BCG+PD+SP# . BCG+
PD+SB 4 #1 BCG+SP+SB 4 E W 40 il | %5 W
IL-10 J TGF-g K % # B & F& it (P<<0.05) ,
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#3 FAHABERMHK_EEWRP IL-6 M TNF-a KF
Tab.3 Levels of IL-6 and TNF -« in supernatant of macrophages in various groups [7=3, x5, 0,/(ng-L )]

IL-6 TNF-o
Group

(t/h) 0 12 24 0 12 24
Control 84.14420.02 166.274-7.46 51.77+£1.22 68.0842.52 161.554-13.85 158.8144.73
BCG 81.6447.21 290.384+9.21° 59.89+3.17 74.8241.88 194.2045.66 177.3242.87"
BCG+PD — 190.40+15.20 44.75+2.94% - 160.45+41.96> 97.91+1.93~
BCG+SP — 145.61+13.49" 42.28+2.45> - 161.56+20.18" 81.86+2.72%
BCG+SB — 205.324+10.09 47 4742445 - 165.1545.54 86.034+2.07~
BCG+PD+SP — 183.54+16.04" 43.154+1.22° — 165.91-+19.06> 64.18+3.37°
BCG+PD-+SB — 170.24+18.08 56.92+1.21 — 163.68+18.87" 50.8142.95
BCG+SP+SB — 254.15416.04 53.494-3.64 — 195.584+12.93 58.4347.20°
BCG+PD+SP+SB — 224.85+17.00 82.50+1.20" — 200.75+7.20 69.23+2.32"

“—":Nodata. "P<<0.05 compared with control group; “P<0.05 compared with BCG group.

BCG+PD+SP-+SB 41 F W 40 g | 3% % b 1L-10 /K
I B (P<<0.05). WL 4.

2.8 ZHAE®E@MPF INOS # Fizzl mRNA % ik
KEF OGS 0h, SXMALLE, BCGHE WM
it rh iINOS Fl Fizz 1 mRNA 357K 45 8 5 745 (P<
0.05), FHiJ512h, Sx 4, SB4l. PD+
SP ZH #1 PD+SB 2 E g 41 ffl 1 :NOS mRNA 3R ik 7K
S B & T (P<<0.01), SB 4. PD+SP 4 .
PD+SB 4. SP+SB 4l Al PD+SP+SB 4 5 I 41
Jil H Fizz 1 mRNA 3k KF 1 8 & (P<<0.05)
BCG 4 E W4 g o iNOS mRNA 2235 7K - B 2 [
(P<<0.01), Fizzl mRNA £ik/KFHETE (P<
0.01); 5 BCGH e, EYLIFm AW 5 4 4
Ei W 20 B iINOS mRNA 2 ik K F 5 0] 8 7+ 5

BCG+PD+SB 41 . BCG+SP+SB 4] 1 BCG+
PD+SP-+SB 4 F W4l it tf Fizzl mRNA 357K
Wl Tt (P<<0.01). THUF24h, S5XHRA L,
PD#4l. SP4l. SB4l. PD+SB ISP+ SB 4 F Ik
AL iINOS mRNA F235 7K -0 W FE AR (P<<0. 05) ,
PD4. SP4l. SB4l. PD+SP4l . PD+SB4l .
SP+SB 4] f1 PD+SP-+SB 4 F W 40 ffg v Fizzl
mRNA £k R EEAR (P<<0.05), BCGHE
Wik 20 i Hh INOS Fil Fizz ] mRNA 357K - 249 B 52 Tt
(P<<0.05); 5 BCGA i, By A BB 5
A4 E WA INOS mRNA # G A8k, 257
LGt #E L (P>0.05); BCG+PD+SP 4 E K
MM Fizz]l mRNA #3535 /K 01 B REAK (P<<0.01) .

(P<<0.01), BCG-+PD 4. BCG+PD+SP 4 . LR 5,
R4 SAEBHK - EBRF IL-108 TGF-BK>F
Tab.4 Levels of IL-10 and TGF-B in supernatant of macrophages in various groups [#n=3, =5, 0,/(ng-1."")]
IL-10 TGF-8
Group
(¢/h) 0 12 24 0 12 24
Control 34.69411.47 27.8943.42 53.58+5.07 72.74+4.73 314.724-9.84 424.23+7.36
BCG 43.57410.66 31.4745.47 71.77+£2.68" 79.5245.69 379.254-17.08" 464.49+3.65
BCG+PD - 38.65+1.85 52.26+5.95° — 396.454-18.38 289.7247.69>
BCG+SP — 32.45+5.77 56.2242.03% - 424.214+16.88 368.48+9.90~
BCG+SB - 35.3842.26 66.16--7.03 — 394.314-9.83 477.11+18.24
BCG-+PD+SP - 33.4241.07 63.54+4.16° — 411.40+23.13% 320.59+11.41%
BCG+PD+SB — 38.66+6.24 65.09+2.80~ - 426.28431.43% 348.98+7.53"
BCG+SP+SB — 37.01+3.60 64.42+3.24" — 436.96+16.86" 348.98+3.76"
BCG+PD+SP+SB — 37.34+1.07 56.35+1.65" — 493.91+16.65" 469.92+14.51

“—7”:No data. "P<<0.05 compared with control group; “P<<0.05 compared with BCG group.
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5 FUABEBAMP INOSH Fizz] mRNA FikKF
Tab.5 Expression levels of INOS and Fizzl mRNA in macrophages in various groups (n=3, x+s)
INOS Fizzl
Group
(¢/h) 0 12 24 0 12 24

Control 1.0040.10 1.0040.10 1.0040.10 1.0040.10 1.0040.10 1.0040.10
PD — 1.330.13 0.54740.05" — 1.2470.66 0.3140.04"
SP — 1.6020.13 0.84740.11" — 1.4940.64 0.2640.10"
SB — 2.314+0.177 0.4840.08" — 4.4342.13° 0.4140.117
PD+SP — 2.0220.88" 1.0040.14 — 8.270.64" 0.77+£0.12°
PD+SB — 2.154+0.04" 0.74+0.09" — 2.69740.89" 0.224+0.01"
SP+SB — 1.3520.09 0.6140.04" — 6.5974-0.27" 0.184-0.08"
PD+SP+SB — 0.7640.23 0.6140.06 — 2.44+0.90" 0.83£0.20"
BCG 1.3440.07" 0.502£0.03" 1.8640.10° 1.4340.217 2.4240.48" 32.3241.12°
BCG+PD — 1.57+0.14%4 0.64=0.09 — 3.4840.36" 24.24+3.66
BCG+SP — 1.5940.15°" 0.8740.03 - 1.4540.63 29.5140.41
BCG+SB — 1.9440.13%4 0.52740.06 — 1.4940.40 24.6542.17
BCG+PD+SP — 2.19+0.06°% 1.19+0.18 — 15.98+0.914% 2.87+0.32°%
BCG+PD+SB — 2.564+0.12°% 0.91+0.02 — 8.1640.76"" 32.88+1.76
BCG+SP+SB — 1.3540.22" 0.3740.03 - 3.524-0.32" 14.747+2.40
BCG+PD+SP+SB — 1.1740.15"" 0.9474-0.08 — 7.604£0.79%4 22.7841.76

“—”:Nodata. "P<<0.05, “"P<<0.01 compared with control group; “

3 3

BCG J& M1 4= 4 B FF B AT A 0 06 B 9% 1 Bk, 3
AR AR A BRES R B 45 T R T OREEE R
Befp s, BCG nl¥TE ARG R G0, il & 2%
Hh B WM fE A e iE b 2 2 5 hrR gt f2
A Shy DRl %) G 2 A5 IO 400 L, I 4 3 e I B
3 I A RT3 s 240 0 TR B O R A G e R g
P BCG B YLt B rf, 5 W 41 g o i A% A6 T A )
R LIRS JEAAR . MRS v A0 i e £ A e
SEAE SiA S, 40 TNF-o Fl 1L-6 %5 W 20 i 4 46
K S INOS, M- HURGAE T s M2 R E g 40 fifg )0
e J5 058 1 40 W TGF-R AT IL-10 Z 4 & [ 1,
IR TR R ZERMFizzl 0+, 3544
B M RAETH IR o F W40 X 2 AR A sh 5
P S e By A 5 2 SR 2 P

BB RIS Y R B Mel-1 ] 3 ad R 8
MTB J&& 4 F G 20 i 19 £7 76 Rl A, 52 15 32 f 0
FNE o AEIRYL U A A e £ R ML B Ak
Je WA G Pk M2 A, iZzad B2 % 3 MAPK {5 5 i
BRI R AL A, Mcl-1 #5578 7] 8 MAPK {3
53 BTSSR . A B SR A T B T R G
Br MTB gk g4 F i 40 i 1 40 | # pL i, T

'P<0.05, “*P<C0.01 compared with BCG group.

MSigDB ¥ J# 5 %6 th 267 4> MAPK {5 5 18 B A% L
FED, 5 GSEA 4347 PF Al sk G 28 vt BE2H F g 4
J rf Mcl-1 %35 7K & MAPK {5 5 18 5% 1% AL 3F 70 1Y
Z 5, IR Mcl-15 MAPK {5 538 B 1 P 0 56 15
FRAE . AP g R B R MTB Y ] B & ¥
MAPK {55 53l i, H IG5 Mcl-1 %A K 72
EMXEXEZR, BIE T MAPK-Mecl-1 %176 75 3= 6 % )
R RO EVERT . BCGHE I MTB Y 98 7 95 1
PR, TR SR AR T T R G g BT B A
T AR Y BT, AR SCHEE I BCG B g
R, MAPK {55 38 6 ) 8 W] A58 i 5% 09 Mcl-1
T, R B AN Mt S SR i AN i
Wikl . 2R EoR: §BCGAHILE, BCGH
SP @ F W 40 ML E g Wb M1 OB bR S W) IL-6
TNF-a K-8 8 FEAL, B W40+ iNOS mRNA
FIRACE BT, BV Wb M2 B FR & 1L-10
Ml TGF-B /K F & Mcl-1 7K 3F ] & F& ik ; BCG+
PD-+SP 2 E W 40 il ' Fize ] mRNA 2 ik K F B
FEAS, $ER LR bR 29 7T 68 52 INK 3l % 32 22 4
Horp M1 Ak B INOS [ 15 52 INK AT P38 il 1% 52
M, M2 % Ak A F Fizzl W 32 INK A1 ERK 3 % 3 5]
JAFE, I ERK G #% ik 2 5 8 45 1L-10 F1 TGF-8 1Y
Fik, FEREERER: INK AZOTHIEE R, p3s



HAEW, %

BE TR A PR o 5 MAPK-Mcl- 115558 % 1L e 20 604 £ 38142 L ok 1 A= o - 449

M ERK il [ 76 A [7] ) Ak By B U M/, MAPK
FAT 5 i I 2 (B AFAE B 44 (4 28 R4 N 2%

Zi iR, MAPK {55 i #% 7E BCG %L fir 5
1) B I 20 B A A A R R G R VE AT, L INK Gl
% T RE 7E 8 T B 40 A T e AN A Ak Oy A E
VERL o ASHIFSE Sy B0 A MIT B B 5 #9381 137 14 5 2%
Pk K B 20 H 0 v A A R SRR DL A%, ok S5
I IR T A BT R s R S . SRR, H AT A IR B
JE i = BCG & G i N 28 10 440 it 4% 3% 20 500
AR AT #HE ST BCG 7 5 1 B e 1 22 41 22 5088 T
Ub AN, A 5T AN FE A A0 AN A R b E AT, ROk
T 5% 17 7 3h Py A5 A B E I P B ER & B . ERKS
i R MAPK % 0 522 5, I 76 B 40 i
Uiseh AW EER, AU AR T B
WMo Sk W ST AT 8 AN ERKDS 18 % 609 4 S5 1k 4 i
ORI SE N, AT 4 T Hb B MAPK (F 5 W 45 1E
BCG & YL ik 40 i 28 72 v Xk Mcl-1 F A% £k 1 o8 4%
HL -

F g5 A

T A 7R WA AR 25 5%

EERBAEN:

WHRRS 5K LEBEME RS, FR.
FAEMEFS S SRR R, EEEMER XSS
TR, EHMMEIRS S IIES . B CH R Bk

(&% 30k ]

[1] LANGE C, AABY P, BEHR M A, et al. 100 years of
Mycobacterium  bovis Bacille Calmette-Guérin [ J].
Lancet Infect Dis, 2022, 22(1): e2-el2.

[2] CHEN JJ, GAO L, WU X Y, et al. BCG-induced
trained immunity: history, mechanisms and potential
applications[J]. J Transl Med, 2023, 21(1): 106.

[3] BICKETT T E, MCLEAN J, CREISSEN E, et al.
Characterizing the BCG induced macrophage and
neutrophil mechanisms for defense against
Mycobacterium tuberculosis [J]. Front Immunol, 2020,
11: 1202.

[4] LIU L M, SHI W J, XIAO X, et al. BCG
immunotherapy inhibits cancer progression by promoting
the M1 macrophage differentiation of THP-1 cells via
the Rb/E2F1 pathway in cervical carcinoma[J]. Oncol
Rep, 2021, 46(5): 245.

[5] CHOI Y Y, HAN M S, LEE H J, et al

Mycobacterium bovis osteitis following immunization

with Bacille Calmette-Guérin (BCG) in KorealJ].

J Korean Med Sci, 2018, 34(1): e3.

[6] BEarwy, 2= W, fRiErh, 4. 45800 BOFT 1 0 B 2
WO LT R A IR A, 2023, 39(5):
492-499.

[7] KURSCHAT C, METZ A, KIRSCHNEK S, et al.
Importance  of Bcl-2-family  proteins in  murine
hematopoietic progenitor and early B cells [J]. Cell
Death Dis, 2021, 12(8): 784.

[8] TANTAWY S I, TIMOFEEVA N, SARKAR A,
et al. Targeting MCL-1 protein to treat cancer:
opportunities and challenges [J]. Front Oncol, 2023,
13: 1226289.

(9] B &, e 4n, A8 3018 M IR B M T 98/ B
R 20 20T i 2 A S P e A 20 A LT ] I IR IE 24 35
2025, 41(3): 461-468.

[10]OPYDO M, MLYCZYNSKA A, MLYCZYNSKA E,
et al. Synergistic action of MCL-1 inhibitor with BCL-2/
BCL-XL or MAPK pathway inhibitors enhances acute
myeloid leukemia cell apoptosis and differentiation [J].
Int J Mol Sci, 2023, 24(8): 7180.

[11JHANL, LU Y, WANG X F, et al. Regulatory role and
mechanism of the inhibition of the Mcl-1 pathway during
apoptosis  and H37Rv-infected
macrophages[ J]. Medicine, 2020, 99(42): e22438.

[12]LT J L, LU J B, WANG G Z, et al. Past, present

polarization  of

and future of Bacille Calmette-Guérin vaccine use In
ChinalJ]. Vaccines, 2022, 10(7): 1157.
[13] 5 4. H37Rv 5 BCG & Yt BoMac i 41 4 7 X L I 4
MO ACAE AR5 [ D], K& & Mol R, 2023.
[14] CHO H, KWON H Y, SHARMA A, et al. Visualizing
inflammation with an M1 macrophage selective probe via
GLUT1 as the gating target [J]. Nat Commun,
2022, 13(1): 5974.

[15] JALTE , 83 RAg, 2R Hr . A8 o B R 28 1 i B 16 7 F 52
HERELT]. i E S ARGE, 2024, 44(7) : 547-552.

[16] R EF, EmiE, ¥ kde, 5. 5 kA b 7e 25 9 14
JHA5L 0 T R VR B g R SR [T]. MR 42 B 2 ik, 2025,
50(11): 1478-1484.

[17]LUO M, ZHAO F K,

Macrophage polarization:  an

CHENG H, et al

important role in

inflammatory diseases [J]. Front Immunol, 2024, 15:
1352946.

[18] MOLINA-OLVERA G, RIVAS-ORTIZ C 1,
SCHCOLNIK-CABRERA A, et al. RNA microarray-
based comparison of innate immune phenotypes between
human THP-1 macrophages stimulated with two BCG
strains[ J]. Int J Mol Sci, 2022, 23(9): 4525.

[191 /A, EEZE, HRIWE, 5. b2y 98 25008 A G H i



450 TR (BEFR) H52E %28 2026 4F 3 J

240 S T 40 LT8R 9 36 7 7 A S LA LT ] e R R 2 A [22] 5 ¥, THM, T/AJ7, % TRBel-2Z K& A fe 2t

2025, 41(6) : 1199-1206. MTBRERGe /N BUE W40 MR P T2 [T]. BLR B 27 5 1 A
[20]BO H T, MOURE U A E, YANG Y M, et al. 2018, 38(10): 1383-1388.

Mycobacterium  tuberculosis-macrophage  interaction: [23]LT P, LI Y, WANG C C, et al. Comparative

Molecular updates [J]. Front Cell Infect Microbiol, transcriptomics reveals common and strain-specific

2023, 13: 1062963. responses of human macrophages to infection with
[21] £ €/, EBf, £ B8, 5 8 PUERM e /- 18 R X g Mycobacterium tuberculosis and Mycobacterium bovis

AN TR 45 R TR /N BUIE RS B Al R T i sz e [T . BCG[J]. Microb Pathog, 2024, 189: 106593.

o R R A B 2R 5k, 2015, 31(12): 2195-2201.



