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EL W20 MR LA o R GE i B 23R 1Y, BA A
[ AR AL AL, Hiig 228 (lipopolysaccharide , LPS)
2 T4 R -y (interferon—y, IFN-y ) #1307 4= i) M1 %4
LI 200, 2 300 8 KT B A2 4 5800, e 40 A
Z 4 (interleukin4 | IL-4 ) HlJ 38 7= A i) M2 50 =5 20
el B R OE s GARRIN B/ SES D
A ( stimulator of interferon gene, STING ) 2 #L {4 5
KRGIERGE AT, 5 TR EER B
PN . CAFES Y i, TLR4/NF-«B
fF5B0E & LPS 4 S 1y M1 HY 5 W 20 i A% Ak 179 3¢
B OPURS 5 RAEIG A9 STING 18 I n] fEth & 521
E WA A . [R]IF, STING 38 % 38 3ok 5% el . 1 4
IR ACRE A5 2l T 40 MOIR A Y ia 5 b 35 7 1t
SR R TR ABEIE . B, % B 90 58 i 4R )
STING i zh7) — B Z E A8 I Kk ( dimeric amidoben-
zimidazole , diABZI) 7% STING i s fE 75 175 3 B Wi
YA, IFE— 2P AR R STING sl 7175 Ak 5
() EL R 20 T T 40 2 B8 20 7 AR VR T, DL GF
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1 kST

1.1 ##

1.1.1 Wiz &% %Bsh4 RAW264. 7 41 R
B i AR R A BR 2 W SPE 2 g F b
C57BL/6] /NEL 5 H,6 ~8 JEIWS, IR Fi & 15 ~20 g,
W [ ¥ e 38 o DL S0 A DR 2 ) T R T R A
KR I m EBE R s bl B H 45T 12 h |1
Ot JE/ PRI SR A B T A AR PRI K AR
S SE g A B 4L . 20190091,

1.1.2 22X AARE  FEEN AT
FITC anti-mouse CD86 . PE anti-mouse CDI11b APC
anti-mouse F4/80 ,PE-Cy7 anti-mouse CD206 ,PE an-
ti-mouse GzmB | PE-Cy7 anti-mouse CD107a . PerCP-
Cy5. 5 anti-mouse CD8 . PE-Cy7 anti-mouse CD4 , PE
anti-mouse CD8 ., FITC anti-mouse TNF-oo, PerCP-
Cy5. 5 anti-mouse IL-2  APC anti-mouse IFN-y #Jllt) 5
22 [H Biolegend /A ] ; eFluor506-FVD Iy B 3£ [E Ther-
mo Fisher Scientific 2\ &) ; IC Fixation Buffer , Perme-
abilization Buffer 10 x ¥4 ] 3 [E Thermo Fisher Scien-
tific 2\ ) ; RAW264. 7 & F 4535 3500 B 257 Ser-
vicebio 23] ; RPMI-1640 5574k 7 — 5 R I KW
H & Gibeo 24 ] IG4F MLV W B I 4ERR AR A
FAR N F] ; diABZI( CAS number: 2138299-34-8) i F
% E Invivogen 4\ #; Anti-STING ., Anti-IRF3 | Anti-
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TBK1 Iy B 35 B Abcam /A 7] ; Anti-p-STING , Anti-p-
IRF3  Anti-p-TBK1 I H 225 Cell Signaling Technolo-
gy V), RIPA Lysis Buffer BCA 2 I i 177 &1
H L Beyotime A= ) £ AR 22 7] s PAGE B JiE 1 il
& (10% ) B F i AERGE A ) B2 25 R A W)
PVDF BN 5 3% [ Millipore 23 "], 324048 i 5t
A AL (BD FACSLyric, 3& ) 5 H1L 3K X & #% X
( Bio-Rad PowerPac Basic, 3£ H) ; 8 1 B2 (_EiF
1594 JS-1070PEV) |

1.2 7k

121 mpess [HAEE 10% IG5 05 A 1%
T - R R IE WA RAW264. 7 L FI 40 i 15 97 S 7E
5% CO, 37 CHIMIEEFRAGHE IR AN , 1 WA 40 i
W R 1 R SRAE 2 ~3 d AR U T IR
1.2.2 mpasfnbals FRaoman i, I
AN A2 % 10 ml 2.0 %, 800 r/min B0 5
min , {5 JF 200 Jfd 35 57 e BT R AN B 2 1 x
10°4~/ml, B4l 2 ml 80 F 6 fLA. %+ E 4
STING 3 & 1% AL A I, SE B 2 Fai i K 204
J3K 90% BH s F 1 wmol/L ) diABZI 3|3 3 h J5 it
17 Western blot 5255 ; Xof T . g 41 MU Al £k 52 56, 55 5
T AN A A Ik 80% T 1 umol /L 1Y
diABZI il 12 b J5 A7 i 2R I 5 X - e 8% 53 52
3, 5L 06 4 T 40 M AR K B0 G B IR 60% Bl 1
pmol/L [¥) diABZI #il38 12 h, U 3% 41 g 3 F§ PBS ¥
Ve, Bt I - 1 8 1) /) LI B 00 R i A 1 o 24
h G HEA TR AT, B A R % BEZE i A GE IR RR Y di-
ABZI 757 .

1.2.3 BEmiplh e mietizn  Hila/hR
VLI 2 200 B0, JBC/ )N BUIEE , 70 o 288 IO AT F 5 1
JGmAE & PBS,800 r/min . 10 min J5 2 F ¥
W, AL 22 8, 800 r/min B5.0> 10 min J5 7
UM PBS PE# 1 a2, % 18 diABZI #|
W12 h 50 LA R =1 2 A ER I
1 wg/ml CD3 11 pg/ml CD28 TyREMEHLIA ) 1640
e IR AL R 24 ho XPF T A0 R BRI, By
FREE A RVAT AT A0 A BT s X T T 48 S
0B AT RE AN , B 5% 5 SRR IR L A0 T R 7S =
96 fL#, i 5 wg/ml CD3 + 1 pg/ml CD28 + 10
we/ml BEA TEAHIHES b b sk

1.2.4 Western blot 2% RHAE IR
(RIPA) Zfift 40 g O 25 O W B R L
BCA 25 v 2 ) 7 12X 50) & ) 5 A AR 9k B felE ] RI-
PA B & AEAMREE T J5 , 5 4 x 858 EAES vhil

JEE TR 100 °C 10 min, gk E¥& A5 RIAT
4T Western blot 32Ky, Bl & 10% SDS-PAGE i #i
JBE, A R B 11 I AR AR 1A S B ) marker, TR AR HRLIK
HL UK 28 o BT B , 2 1 I 2 1 0 B Y L Y
SER/INI) PVDF R, F RSB0 I T eI |, e X%
ST - T T IR vh R AT B I B IR 58 e S AT
W], i A4 : Anti-STING (1 : 1 000) , Anti-p-
STING (1 : 1 000), Anti-IRF3 (1 : 1 000) , Anti-p-
IRF3 (1 : 1 000), Anti-TBK1 (1 : 1 000) , Anti-p-
TBKI (1 :1000), Anti-Tubulin (1 : 10 000) , —$
W5, 4045 . HRP-Goat Anti-Rabbit IgG (110 000) ,
HRP-Goat Anti-Mouse IgG (1 : 10 000) ,BRYGE %

1.2.5 AXmieA  WORESRA A, 955 40
WSy 2 x 10°4/ml, F3FL 200 wl A F 96 F1 U AR
M ,4 °C 800 r/min .0 10 min, 5 FIEW, LA &L
50 wl Jefafk 2,45 I8 PBS: Ab =200 1 B Ho il it i
S TR BEOL I T HE 20 min, JA 150
FACS Flow ¥, 2.0 [F] A, 32 EIE W, A 200wl
FACS Flow ¥R B &g EALKIN . X7 SR gy
BRI, TR Y5 A IC Fixation buffer 2L [& &
Y 100wl BEEEE I 6 20 min, (8 ddH, 0 4% 10 x
Permeabilization #5581 x PWP 255l TAE WK, LA &F
FL50 wl Jefafh 2, #B8 PWP TAE# : Ab =200 : 1
8 L 1] T A8 2 €5 AU, RO & il R R 20
min, A 150 pl PWP TAER, &0 R AT, 5% B,
B 200 wl FACS Flow $ 85 AL

1.3 %it=x4biE %] GraphPad Prism 8.0 {4
I SPSS 27. 0 B AF 53 5 BEAT A I AN GE T2 73 #r, it
i Shapiro-Wilk #6556 % 1 % b4 47 IE A PEA 5
X AR AGORE, 20 ) 22 5 OB T o 635 %) T
EIE AT GORL , 20 18] 22 53 LU B T HE S 5pk f i
5o & BIrA P AR NN, P <0.05 =554
il B o

2 H#R

2.1 diABZI HiEE KA STING &% fii [ 1
pmol/ L (1) TAEHe B Hil  RAW264. 7 BG4I 3 h,
PR AR (3 31 ] Western blot #51M /N3F STING
W) dABZI VR TR, 45 R o, dIABZI JI1
3 h, i #§AH G B ER 1L 0S5 1 p-TBKI1 | p-IRF3 | p-
STING (¥ &ik /K-8 g 19, i TBK1 [ IRF3 STING
FIRTCHIR S SR dABZI BB HEGE T B W2l
STING . WL 1,

2.2 diABZI {23 E M40 M1 484k ffi ] diABZI
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P 5 W A 12 b, o R AR R g3 A A
STING 3 i 0 15 XoF 5 W 240 JE A AL Ry 52 i o 24528
N, SR RRALAR EE A0 12 h 5 B B R AN AR i M1
WeALbREY) CD86 73 ¥ F-H 5O 3 L (P =
0.022) , M2 Hfttr&Ed) CD206 I3 - F- 34 5¢ 5tk JE
A BB A TG 7 3 X, CD86/CD206 L {E #
WA TR RAL (P =0.030) , 25 B4 RIER,
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2.3 diABZI i S M1 R4 /5 B0 B I 40 R (R i
CD8 T dfaiE{L 7 kil STING 38 PG 75
WA B W 240 B 6k CD8 ™ T 41 M D g i 52, 56
diABZI JilE E WA 12 h {3 M1 A% Ak, Y 4 20
PLZBRaR B 1 diABZI Ko i VR i A M R -, P L
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Fig. 1 The expression of STING pathway-related proteins in macrophages after diABZI stimulation

** P <0.01 vs Control group.
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Fig. 2 The expression of CD86 and CD206 molecules on the surface of macrophages after diABZI stimulation

A: Macrophage surface CD86 and CD206 expression after diABZI stimulation; B: Representative flow chart; * P <0. 05 vs Control group.
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SRk ARG SR 24 b A0 AT R di-
ABZI Jilj 2 $ea% 5% 5 CD8 ™ T 4l 3R & fbbr ks
CD107a 3 (P =0.029) , ki B( GzmB) 32
AT E BB TG o 25 TR, it
STING & #&B0E 75 M1 Ak 1Y B 200 i RE S 25 e
i CD8 " T #H i1k, LI 3,

2.4 diABZI 5 M1 RULEHERMEEH T 44
FEZBREE F oy 7RI T 20 M D e N 2 RE
AEAL TR 1. 2.2 Z5 4K /) BROMLIAR 2 448 L 5 I e 24
Muts%FE 24 h J5 , ORI A0, 9 4 CD3 + CD28
+BFA A RIS b, i 2Nl i o i oo, 7 itk 2
YA, IABZI H 3 4H IFN-y* CD8* T 4 Jfd (P =
0.034) IL-2* CD8" T 4 Jfd (P =0.018) , TNF-o*
CD8 T 4fiffd (P =0. 033 ) 47 22 5 W] g 3 & 5 [A] B dli-
ABZI #ilj# 40 TL2* CD4* T 4f s (P =0.012) , TNF-
o "CDAY T 4 Hy (P =0.026) 1y B @ 3 =5, IFN-y *
CD4 " T 20 MR A 3G ka3 e gt 2= 2 3, I
K45,
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B T 2200 B8 1 4 i o1 , At 0 200 A, e
SRR H LU I AERIOR R 1 25 i R 25 A0 3
AR AR Ry A B R AL, AT R AN [R) 1 AT
RED . BRTIOMRTE O W, B i A kR
PIRR T (2 R A M1 R EIFIPL R () M2 R A, HAK
Rk, 75 LPS B IFN-y 25 il 30~ 5 S ik fb iy M1 #Y
2 MLTE A B 41 MY = #% 3k CD68 | CD8O |, CD86 il
CD16/32 , If-fighf 73 WAMIE A 40 M PRl -3 2 IL-1 \IL-6
IL-12 iNOS Fl TNF-o 55, 3X $6 A JoT 175 5 0 45 Rl e
TEE D ALEIA BT 2R 50 AR s R R AE , 5 B AR
B, 7E IL4 (IL-13 [1IL-10 \ TGF-B 25§ # T 5 Sl 1k
1) M2 72281 Ak B W 20 il 155 2535 Arg-1,CD206 47T
2 I FIL-1055 , GBS D 4% S8 RF S, £ #F F0 I 1
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Fig. 3 The expression of molecules on the surface of CD8 * T cells after co-culture

A: Expression of molecules on the surface of CD8 * T cells after diABZI stimulation of macrophages co-cultured with splenocytes; B: Representative

flow chart; * P <0.05 vs Control group.
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Fig. 4 Cytokine secretion capacity of CD8 * T cells after co-culture

A IFN-y* CD8 * T — cell frequency after diABZI stimulation of macrophages co-cultured with splenocytes; B: IL-2* CD8 * T — cell frequency; C:

TNF-a * CD8 * T — cell frequency; * P <0.05 vs Control group.

FATS A ZUE S b R, AT sl ™ B ) S e L

YRR R (1) 56— T BT 42, 1 W 240 L ) P A
3% & ( pattern recognition receptors, PRRs) 3 1R 5l
5 JEARFH 56 3 T #5 2 ( pathogen-associated molecular
pattern , PAMP ) SCHAth P I P45 5, B0 H ™ 4 ML
FEUE R A FEIFARE I M1 M4k A wFsE 7
i, TLR4/NF-kB i /& M1 E W 4 f b fb 1% 55 2L
il —  LPS il i3 86 2434k 7 88 (myeloid differen-
tiation factor 88, MyD88 ) {k#fi [ i 14 5 TLR4 4545,
PO NF-«B 38, T i 2 0E B Y 35, 5t
[}, JAK/STAT1 Notch 1 miRNA £8{= 53 B& L]
[FFES 5 B R B AR A IR 5 . 3 SRR SR W], A

VU2 T 00 40 P G5 308 B 155 A X L e
i M1 AR A EEE R, STING JEHLA & A fyi
RGN EH B, H B GR R 2 AR 3 GMP-
AMP & i ( cyclic GMP-AMP synthase, cGAS) -5l
K F AP IR TR AN PE DNA sl b e 20 i S5 1 42 1l
PR AR DNA AL S A5 30 5 — IR IR
(ceyclic GMP-AMP, cGAMP) %5 4 Jf ##41% STING 7&
B, Jf it —215S TBKI iR is & IRF3 1A
B P TR A SRR R i 4% 5%, R STING i AF
FHT NF-kB 3 % , 755 R AE 40 il K5 4 TNF (1L-18
FIIL-6 [kt diABZI 53 A B —FhAl:
ATZ/INF STING 3" ABFFTEY] , diABZI
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Fig. 5 Cytokine secretion capacity of CD4 * T cells after co-culture
A IFN-y* CD4 * T cell frequency after diABZI stimulation of macrophages co-cultured with splenocytes; B: IL-2* CD4 * T cell frequency; C: TNF-

o " CD4* T cell frequency; * P <0.05 vs Control group.
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CD86 ik L, M2 FriE¥) CD206 ik A MMk
#,CD86/CD206 LY fEL TH i, X 4B 45 R 2 L W], Al
TLR4/NF-«B i % — 4, STING i % (19 33 dL A Bl
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AP EEPERARE o ARPFSHREEE] T CD8 T 4
A B A UKL B 3 WA RE T, (H 22 R R IR B
Gl o 7w, RS ALEAL T T 40 ks
SR AL R 1 43I BE T, 5 iAZBL iR AL E
Wi 2 B 3% 5% I, 70 Sk T 4l v TRN-y * /112 7/
TNF-o* CD8 " T 4 ffd Lt 51 B & b, [W] B IL2 7/
TNF-o " CD4 " T 2 He ol 3 B9 . A B AFSE 3%
B, iAZBI 755 M1 # Ak i v 20 O RE 3G 5% T 41 ity
(RN RE T, FLAH M B2 1F F M o3 b 4 i X5 e 0 3
o, X TE—E A FE L fg R 1 STING 3 % i A L
il , RPEL W 41 i STING 3 6 1 i kil i B4 R B
W2 A ML AR AL HE IR 2E T 40T fE

ZE bR diABZI 3% B W4 il STING i [ i
S ML ARAL, 4k e F T 40 DR R 2, 42
7 STING 33051 diABZI 1y 1 FH 7 fig 25 55 58 4 N 410
HlPE SR IR A R PR B TR T A L
J71l .
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M1 polarization of macrophage induced by

STING signaling promotes T cell immune response
Li Jianfei, Duan Zhi, Liu Qian, Zong Qiyin, Duan Wanlu, Liu Futing, Zhang Hao, Zhou Qiang, Wang Qin

( Dept of Clinical Laboratory, The Second Affiliated Hospital of Anhui Medical University, Hefei

Abstract Objective

on macrophage polarization function and its role in T-cell response. Methods

230601 )

To investigate the effect of activation of the stimulator of interferon genes (STING) pathway

Mouse macrophage RAW264. 7 cells

were used. STING signaling related proteins in RAW264. 7 macrophage treated with STING agonist diABZI were
analyzed by Western blot, including TANK-binding kinase-l (TBK1), interferon regulatory factor-3(IRF3),
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STING, p-TBK1, p-IRF3, p-STING. The polarization of macrophage RAW264. 7 cells treated with diABZI was an-
alyzed by flow cytometry. Co-culture of diABZI-treated RAW264. 7 macrophage and T cells was applied to evaluate
the change of T cell response. Results  STING signaling related proteins were upregulated in macrophage
RAW264.7 cells treated with diABZI for 3 hours. The expression of CD86 was upregulated on the surface of macro-
phages after 12 hours of diABZI treatment, and the CD86/CD206 ratio was elevated, which presented the M1 po-
larization phenotype. When coculturing diABZI-treated macrophage RAW264.7 cells with T cells, the cytokine se-
cretion ability of T cells including CD4 " T and CD8 * T cells was enhanced and the expression of CD107a in CD8 *
T cells was upregulated. Conclusion STING signaling induces M1 polarization of macrophages which enhance the
function of T cells, especially CD8 " T cell immune response.

Key words macrophage; STING signaling; polarization of macrophage; T cell immune response; CD4 ™ T cells;
CD8*T cells
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