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Triggering receptor expressed on myeloid cells 2 mediates the involvement of M2-type macrophages in
pulmonary tuberculosis infection
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Objective To investigate the expression level of myeloid triggered receptor 2 (TREM2) in lung lesion
tissues of patients with tuberculosis and its correlation with markers related to macrophage polarization. Methods The
pathological inflammatory manifestations were assessed by hematoxylin-eosin ( H&E) staining, the expression and
localization of CD68-+ macrophages and M1/M2 macrophage-specific molecules and TREM2 in lung tissues were detected
by immunohistochemistry,and the expression levels of M1/M2 macrophage-associated cytokines I11.-10 and IL.-12 were
examined in peripheral blood by using enzyme-linked immunosorbent assay (ELISA) and real-time fluorescence
quantitative PCR (gqRT-PCR), and the correlation between TREM2 and the characteristic cytokines of M1/M2
macrophages was further analyzed. Results Patients with pulmonary tuberculosis had significant Langhans giant cells
and tuberculous granulomas in the focal tissues. The expression of both TREM2 and macrophage polarization-associated
markers was significantly increased around the granulomas, and the expression of TREM2 and the M2 macrophage
marker,CD163,were localized in the same way. The mRNA expression levels of TREM2,1L-10 and IL.-12 as well as the

expression of 11.-10 and I1.-12 in the peripheral blood of patients with pulmonary tuberculosis were significantly higher
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than those of controls. Correlation analysis showed a significant positive correlation between TREM2 and the M2

macrophage-associated cytokine 1I.-10.  Conclusion

TREM2 was positively correlated with M2 macrophage-specific

cytokines, suggesting that TREM2 may mediate the critical role of macrophage polarization to M2 in the development of

TB.
QGG N Tuberculosis; TREM2 ; Macrophage
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Table 1 PCR primersequence

FER A
Gene type

SIYFSI(5'-3")

Primer sequence

F:CCAGCCTGCATACTTGCCA
R:GGCAGAGTAGTCTCTTGCCAG
F:GACTTTAAGGGTTACCTGGGTTG
R: TCACATGCGCCTTGATGTCTG

TREM2

1L10
F:ATCTCGGTTGGTGTTGTTCC
R:GGGTATCTGTCCTCTGTCC
F:CTGGGCTACACTGAGCACC
R:AAGTGGTCGTTGAGGGCAATG

1L12

GAPDH
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Table 2 Antibodiesused forimmunohistochemistry

bk /| i TR A B
Antibody Brand Concentration
Ag85B Bioss(bs-6460R) , China 1: 300
TREM?2 Bioss(bs-2723R) , China 1: 200
CD68 abcam(ab955) , Britain 1: 2000
iNOS Bioss(bs-0162R) , China 1: 300
CD163 Bioss(bs-2527R) , China 1:100

5 FHUTESH

K GraphPad Prism(v8. 0. 1) ,SPSS(v26. 0) Fl
Image] SFHAFH T Geit2 0 M. € B 5ORH IRNIEZS
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Gt E L,
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(ALB) k8 41. 76 +3. 14(P <<0. 01) , C-JZ )i /&
F(CRP) By £ 35 & 4 42. 70 (9. 31, 104. 30) (P <
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2.83(P<<0. 0D AR EEST., Hh 5 EH
AP JRI L SR T AR I I 20 A L 2 (Heo) F1-F- 34 21 40 i
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Table 3 Basic clinical data

i 1 Bl il 5 % AL X HE 2
J§E|
Ttem (n=43) (n=37) P
¢ TB group Control group
Age (year) 19, 51£11.90 40,27+13.61 0.422

Gender (Male/ Female) 23/20 21/16 0.77

ALB (u/L) 41.76+3.14" 45.64+1.64  0.002
CRP (mg/L) 42.70€9.31,104,30) *  2.56(1.70,4.74) <0.01
WBC (10°/L) 8.96+2.83" 7.05+1,57 0.01

Hb (g/L) 124,25421.81" 120.97413.72  0.036

Het (%) 38.24+4,23 40.29+3.51  0.396
MCV(FD 83.90+7.32 87.56+7.98  0.913

T ALB: A% [ CRP: C-JZ i & F1, WBC: [ 402 Hb: ift 25 % 1, Het: il 20
Ji L4, MCV  F B 2L R AL, © P<<0. 05, *" P<<0.01,

Ag8SB

AB TB 2 AN Xk 8 20 A 95 ACRE-BF 40 3 (2 (200 X)) C.D
TB 41 FE i %t BRAA Y Ag85B S b e (200X) E  Ag85B #ji
ALY 85 R Ge 1t o3

B1 MEzmELEEER

A,B TB and Distal side control group group hematoxylin and
eosin staining (200X) C,D TB group and Ag85B IHC staining of
distal side control (200X) E Ag85B IHC staining results statistical
analysis.

Fig.1 Pulmonary tuberculosis pathological staining
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BRI TER
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R 2, WA 8l , TREM-2 F2 2383k T 41 i
L FEE 0 240 L e A B U 40 AT DL B R 5 L A R
WEZH AT LA R 3R 58 T 4l A% 9 (Bl 2A,B) . CD68 fE
Shy L 240 L ) MR R S R A R kR AR A 5 K A ]
PHAE 235, 322250 T 40 A A2 R0 240 I L 3 o, A % R 4 4
20t ] O 3 O A A 0 DX 3 3 A T A A% A



* 408 -

T E R ORAE Y F L
Journal of Pathogen Biology

2024 4F 4 H 519 B 4 #
Apr. 2024, Vol. 19.No. 4

(K 2C, D), i iINOS FI CD163 1 Jy F W 41 it % 4k
M1 il M2 BB bR 540 £6 45 4% 58 i k4 8L 2 %
I 240 6 AR A D S B 3 3k A X R 2k 0 T
A% (B 2E.F-G, HD o 38 5 %0 gk 28 U o 4 21
() G (D7 73 HEAT 4L A) EL B 22 S 3 A G2 R

s i

AB GEI% A TB 41 TREM2 %414k e (5(200X)  C.D
TN F AR AL NS5 A% 4 CD68 S AL YL (4. (200 X)) EF - T % IR 41
M TB 41 INOS FfE b Y (200 <) G H il B4l TB 41
CD163 # e AL Y £4,(200 X)

2 MZERARRBEALER

A,B Distal side control and TB group TREM2 IHC staining (200
X)) C,D Distal side control group and TB group CD68 IHC staining
(200 X ) E, F Distal side control group and TB group iNOS
IHCstaining (200X) G, H Distal side control group and TB group
CD163 THC staining (200 X)

Fig.2 Pulmonary tuberculosis IHC results
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W IL-10 FHIL-12 Rk R 25 NI 3, % 4, 458
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10 By 357K F R 105. 80(65. 36,230, 51) pg/mL, IL-
12 By kK F K 25.35(12.52,110. 08) pg/mL, % F
B Gt E X,

R4 HEEETF IL-10 F1 1L-12 RiEKFE (pg/mL)
Table 4 Cytokine IL-10 and IL-12 expression levels(pg/mL)

20 i A T Bl i 5 % A1 X 2]

Cytokine TB group Control group
1L.-10 105.80(65. 36,230.51) 30.13(30.01,30.18) 0.008
1L-12 25.35(12.52,110.08) 9.11(2.32,19. 36) 0.006

P

5 ##%HEFHESFEME TREM-2, IL-10, IL-12 B
mRNA #HX RIEERHEXESF

Rt — R AR B TREM-2 5 20 i 1Y
K&, K H gRT-PCR £l TREM-2,1L-10 #I 1L-12
) mRNA FXT RN, 250 UL 4 FIER 5. &SPk
gER 4 TREM-2,11-10 Al TL-12 {40 X 28 3k K 34 i
EE TR, b, TREM-2 76 TB 2H AR %) 6 ik 7K
Wk 5.49(4. 01,6.33),1L-10 7E TB 24 B9 A1 % 28 3k 7k
Sl 32.43(22.56,36.73),1L-12 RPN IEAELE TB
ZH AR XT3 K 15, 52(13. 74,17, 26) Fl 23, 56+
6.42, MK H4E R R, TREM-2 1 1L-10 2 8]

RS IEMERER  HMER R BEN 0. 444,11 5
1L-12 B3 2 BIANTEAE A R R (F 5,

IL-12 IL-10
400 4004
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200 200 -|V

100 1 100 %

[ 1
R S R S
$ & $ &
& \‘o\ & 69\
2 2
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A ZEEEE S RABEIN A IL-10 RIXACFWHE B %45

WA 5 0 B2 A SR TL-12 R IR KT 1Y LA
3 ZEENEMD IL-10 5 IL-12 RixKkFH T4

A Comparison of the level of IL.-10 in peripheral blood between
tuberculosis patients and control patients B  Comparison of the level
of IL-12 in peripheral blood between tuberculosis patients and control
patients

Fig.3 Changes of IL-10 and IL-12 expression levels
in peripheral blood of tuberculosis patients

& 5 TREM2.IL-10 #1 IL-12 mRNA Fi& K F
Table 5 TREM2,IL-10 and IL-12 mRNA expression levels

41 it & 5 1% 2l P i 45 A% 41 Xf B 40 p
Cytokine TB group Control group
TREM2 5.49(4.01,6.33) 0.95+0. 95 <0.01
1L-10 32.43(22.56,36.73) 1.31(0.61,1.62) <0.01
IL-12A 15.52(13.74,17.26) 1.5441.02 <20. 01
1L-12B 23.56746.42 1.01¢0.66,1.52) <0. 01
TREM2 IL-124 IL-12B IL-10
10 25 x 40 50
- — o ok
8 20 20 40
6 15 30
20
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OQQ G\’Q OQQ eoQ coQ QQQ B"Q OQQ
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A TREM2 mRNA X £#KKF  B.C IL-12 mRNA X
FIKKFE D IL-10 mRNA BN % KK
4 qRT-PCRZER
A TREM2 mRNA relative expression B, C
relative expression D IL-10 mRNA relative expression
Fig. 4 qRT-PCR results
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i A0 B AEHLAR HEPT Meb (1 3 B2 b 8 % 48 T AR
F M1 2R3 A58 Mtb FIAEHE PR 2F O il i i 72
1 M2 FES5 K9 A 25 I il i A v % 4% 36 3 24
E AR S 0 2 M 1 T TR R

TREM2 0.444
0.8
IL-12A -0.024
0.4
IL-12B | -0.112 0.374 0.041
IL-10 | 0.444 -0.024 0.041 0
TREM2 IL-12A  IL-12B IL-10

B 5 TREM2 5 IL-10.IL-12A,1L-12B #J Spearman #8 X 4 5 #7
Fig.5 Spearman correlation analysis of TREM2 with IL-10,
IL-12A and IL-12B

M1 B E g 20 i By IEN-v 58 LPS 5 5 3 fh i >k
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TREM2 1) 3Rk 52 SIS [a] 5 i AR sl A [ 5 5 2% 1 1) 52
Wi AR 5 51 & B S R A RE R Y . AR R B
BE 4 i 7E 22 Pl i oh B %0 A A 32 DR T L R ) 2
TREM2 A 3 2 ()5 B T 0 S pe 5 5 HX 4l .

ABEFEWCER 43 B 45 ¥ 83 0 A1 A it Rk 2
20, 3 o e B 4 Ak W 8¢ TREM-2, CD68., iNOS FI
CD163 [k N ¥4 8 TREM-2 5K [\ # 1k 2
RIE WA A 56 2, ik ELISA K6 I 5 3% 40 & 1
L5 240 % Ak #H O€ 1 TL-10,11-12 A 22 3k K 3F L i
i3 qRT-PCR %1l TREM2,1L-10 #1 I1L-12 # mRNA
FARFF B K-, AT TREM-2 5 F g 40 i Ak 38 bk
AR M S0 b7 L 0 — A2 38 R TREM-2 5 5 g 41 i i 1k
(P

TREM-2 (3% 15 fie B 76 5082 40 AT A2 19 B 51K

A M (monocyte-derived dentritic cells, MODCs) H #%
B AH 2K A B8 R AN AR 3R TR B AR A0 AL /D
5240 i R R 0 R I A TS AR IR T S
HALZE R R TREM-2 3258 36 35 T 40 Jifd Jifg A A0 20 i
b FERIEAE Langhans 22 4% B W 40 i B A8 Y 45 #%
PR 25 B 5 A7, BT LA UL B B & BH M R ik, CD68 /E
W% 24 L Py B 7R 25 8 B o 7 R A L IR ) B
PRI R E WA AE BT Mtb Hh Z ¥ E EEAIEM .
341, iINOS #1 CD163 435I/ M1 Fl M2 B B Wi 41
M R EATEY R m A SR AR EM L, B
CD163 7£ 2 4% Fi W 41 i ff 3 A0 i B o 1 2 25 3 oy 1
B.3X 5 TREM-2 By Kk E M 28—, £
TREM-2 fin]fig 2 5 M2 it #F 5 Wi 40 v 3K 1k 9 i
Ao A I &5 A R AR I TREM-2 A E g
1A AH G PR F 0 326 38 K F L 5 L K B4 A s i A AN R
s TREM-2 mRNA [ A% 38 7K - 2 25 15 1 %t i
20, FRW] TREM-2 JCit /2 75 W kb #0007 38 J2 16 S0 & il 1
WERR P EIE T EEAY ¥, qRT-PCR M
ELISA M50 25 9, 10L-12 Al 1L-10 7 245 ¥ 3 11 4h
Je i A4 B ) o KO e 3k L T e M2 43 ) A0 i
K7 1L-10, 78 5 % A0 A o ) 2 3K oL o v — 28,
HE— 25 MG PE A BT H o8 TREM-2 5 TIL-10 9 mRNA
FHX 335 K 5 1 3 IE A O $% TREM-2 1B —Fh
PEREAZ AR Mitb R B rp L, il g2 5 7 M2
WG 4 2 2 24 0 2 80 A

Turnbull 2 41 TREM-2 5 H 1k 45 4 )5 1]
05 1 W 40 B A4 3 AE DL B TNF-o 1 TL-6 S5 472 48 M40
JitL K 7 B 43 W6, TREM-2 78 M2 R 10 490 Jifg 5 35 1o A
FEIA W AN L AE M1 B g 40 B R LR Bk L 5
AW 5 45 R AR — B, TREM-2 fil CD163 7E
Langhans £ 1% 6 41 i 1) i 2% R it JE 40 5 PH 1 3235 .
Chen 25 i3 15 1E % £ 18 TREM-2 1 5 I 40 Jfg 4
Fo, i %k TREM-2 B RBE T LPS R /™ E 21
1L-10, FEAHFFE R 11L-10 F1 1L-12 B3 3K K14
£, 1L-10 B R IRKF B F W L, k— P Mt
Br& B TREM-2 1 TL-10 £ mRNA #f % 3 35 7K F &2
WEIFEA X, TREM2 /5 Mtb J& YL E I 40 i i) i1y
G2 I T Z AR W] LABE W7 i 98 YR 5 Tl F- (TNF-) |
YA A R -1 (IL-1R) A6 M & (ROS) 1 7= A=, 7] 1if 34
98 TP Z-BUFN-R) Al IL-10 Ay /= A ,

Zi b Tk, TREM2 [R5 5 M2 B 054 i 4 5=
P20 L PR 5 0 E A OG, SR W] TREM2 Al g R H
Wk 21 B AR A A i 45 A% s v R 45 DGR AE .
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