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Al e TNF-o Rk 5 3 B R4 i % A M2 Y A Al — S8 B AR b 6
KRR ARG MRIASEIR T MR BN R SRR
PE5TES R531.6
The role of tumor necrosis factor in spleen infection caused by Leishmania
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Abstract Objective To explore the role of tumour necrosis factor(TNF) in splenic infection of mice by

Leishmania major. Methods To establish an infection model, promastigotes of Leishmania were injected
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intradermally into the right hind foot of mice. The thickness of the footpad and body weight were measured to
monitor the infection. Histological changes in the spleen after infection were observed by HE staining. Changes in
lymphocytes and monocytes in the spleen were detected by flow cytometry. The expression level of
Arginase-1(Arg-1) and inducible nitric oxide synthase (iNOS) in the spleen was determined by indirect
immunofluorescence. The effect of TNF-o. on macrophage infection with Leishmania was evaluated in vitro.
Results Compared to B6.WT mice, the spleens of B6.TNF”- mice showed significant enlargement 42 days
post-infection, with structural disruption. Various cells infiltrated and were dispersed throughout the entire spleen.
Flow cytometry results indicated that after infection with Leishmania, there was no significant change in the
proportions of T cells and B cells in the spleens of the mice, while CD11b monocytic cells significantly increased.
Immunofluorescence results revealed that the M2 macrophage/monocyte marker Arg-1 was highly expressed in
the spleens of B6.TNF’ mice (P < 0.05). The expression of iNOS in the spleens of B6.WT mice was relatively
strong (P < 0.05). In vitro studies found that the absence or inhibition of TNF-o significantly increased the
infection of Leishmania by peritoneal macrophages (P < 0.01), while the addition of TNF-a markedly inhibited
this infection (P < 0.01). Conclusion The splenic infection in B6.TNF’ mice following subcutaneous
inoculation of L. major in the hind footpad may be associated with the absence of TNF-a, which leads to M2-type
differentiation of macrophages and reduced nitric oxide (NO) production.

Key words Leishmania; tumor necrosis factor; spleen; macrophages; flow cytometry analysis; immune response
Fund program National Natural Science Foundation of China (No. 81703524)

Corresponding author  Hu Shanshan, E-mail: shanshanhu@ustc.edu.cn

Ftt 22 A 2 A S P A L SR B R Bk BE A, RRERZ I A ERY) 100 JT A FlH 20K
Gl PR IUAL 5T 15 ) BB LABe B0 8 B0 P9 R AR CRUEE  FFFIREAT D T, FE SR8 S 3885 b, C57BL
(B6.WT) B BALB/c /MR E KA & 5 Bt (Leishmania, L. major) & 1 AN TR 508 Gk SRz i 40
AT HOVE P DR T 48 (ThU/Th2) OSsidk — Rk 4 dish i allal, L. major #&H12 B6.WT /M
TR JE @ = AR -y Cinterferon-y,IFN-y) DL —%( L% (nitric oxide,NO) SZBLH#. 1M 5 &1
BALB/c /)N B 7E R Gy £ 27 A Th2 ZUAN IR 7=, JEvi b A A2t 28 5E Tk e 341,

JHRE R SE R F--a (tumor necrosis factor-o, TNF-o) & —Fh 2 A+, 2 b ERRii . 4 5R 4
PR T 4k E40 A S S e = A o BEAER FCPIR B, TNF-o 8K J5 S50 L. major fIRFTEL /N B AR YL IR L,
MELERR, EEE IS IS E L major YR, TNF-o [R5k 5 350U AT Hhs i (8 R 5% an
HAR S M2 B B4 /3K, NO P2 A28/, L. major ASAERIBERE, B A HH 2 75 th 726 AT 200U
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RGN ? R, 2T TR T TNF-o 2R IR /N SR B L. major AR, 52/ BRMUAEAZ 16, 1) B TNF-a

FEGURRH BPE NS, D9IRRTT TNF-o 3677 FT Sl 2 PR R R U1 e it B R AR 3

1 M55 E

11 #8

1.1.1 BB SRUST B6.WT A1 B6.TNF//)N B (1 5 [ 240

1.1.2 FH-SRRFSKEE  FI 2 5 SR b8 [ R ARG A5 0 TE TG a6+ S50 R FH 4R 25 A Uk
P BALB/C /MR,  CARAE NS IR I B6.WT /NRAT B6. TNF /NS, AT /MR RRE (20+2) g
HEPE, BRI 6~12 J, FAFR TR o W7 B 0 S0 T SPR REE b, BT S s B0 AR 3 2 30 B Jhi
LR KENMICELZE o ittt (BIeBigm S : A13934 & A13935) .

1.1.3 FEiXHA5{4¥ CD1lb. CCR2,CD19.CD4. CD8o i siHifh (155 : ab133357. ah273050. ab254170.
ab183685. ah217344, E[E Abcam AF]) ; TNF-a (1%%5: 315-01A-1MG, #if¥>98%, #i%: 50 ug, 3
[ Thermo Fisher Scientific A ) ; {KAPEH (Enbrel) ($%5: P7113F, 4iF>95%, #t%: 50 ug, EH
AB Biosciences A#)) ; K& EEHE 1 (arginase-1,Arg-1)  ESH—&Z L& &8 Cinducible nitric oxide
synthase,iNOS) Hifk (155 : 16001-1-AP, 18985-1-AP, BN =&AL ARGRAFD) 5 1 BKER (575
C2-28-100MG, [ Sigma A=) ;5 NO &7l & (Greiss Reagent | F1 11D | BiéAZMZ IR | (175
S0021S, D7073, LHiGEEANRKAEMHABAN) « FH-HEHER. Hank's PHT . RPMI 1640 £5953E (1%
“5: PB180120, PB180323, PM150110B, i LEMBHHEAMAT) ¢ JF ML (Fi5: 085-060,
WERRPFEMHARGIRATD  HE PEKAE (585: G1120, JbZRERRHEAIRATD . BOLLRER
i (A5 pkk TCSSP8, fl[EpkRARD ; iA4if{L (A1'5: BDFACSCanto I, %[EH BD A ;
WX EE (5. Pannoramic MIDI 11, %2 F] 3D HISTECH A7)

12 F&E

1.21 FHSFREREIEFE N T RERS ARG, L major 383 5 &1 BALB/C /N RIEATHAL. K
Gerilr, W ERAEEA 10% A, -5E5 R . AR T = FE R AN 10 mmol/L 4-F2 L FEIR 1% L6872 (1) RPMI 1640
Frgrderh &, JFE Novy-MacNeal-Nicolle M3 fERHE Ed#HAT R RTER IR, #5957 % 2~3 X, LALRIE L. major
(Y78 S e AT K G e )

122 HAEERRESE AU/ 2y BE.WT ZR1 B6. TNF 4.4 3 X 108 N4k T+ 1 H 1) i 6 ks (U
BB BT 0.9% LA, MAARUN 50 pb, JEIE R IS RN )G R, T
L. major JEYLiEis

123 FftrREHBESIMFESBER L major /£ 5 & BALB/C /NR P HETHLUEA, MG AL



HZIPIREL L. major TEAASNEFR 2 2~3 X K AR ohE IR I IE ELR 40 i 1 & B6.WT XJHE41. B6.WT TNF-a
TRALFEZH (50 ng/mL) « B6.WT Enbrel 7440 (20 ng/mL) LLJ% B6. TNF/ X HE4H, 7€ L. major EXYLRT,
fE s EVEAH A 5 TNF-a. Enbrel 2350875 2 h, Fi&3¢ L. major 48 h.
1.2.4 NRBIEMWER HE & L5 6 A EM/NL, BUH T BONBEER 2 E¥A 7 ( phosphate
buffered saline, PBS) Hi&¥k. PR BATE T 4%2 KRR EE, AWaE, V) /E##T HE 44,
It s kAL J5 B R A G €5 5~10 min; RKEE S (5, BERHALGL 0 1~2 min, &JEHK. EHIL I P
Pt P o ot S R R I A R AR A R A BRI S
125 BAEEAMMZMEBERSE S L major 6 J& /N B HHE RIS D) e/ B o FRAE &7 JRS R 11 AL
FAZHERZTRNG | 1) Hank's “F47 SV HiE 4K 30 min: VHALSERUE, HH A H0RE 100 pm fERiduE, DL
B T Z AL s 4 °C 1400 r/imin B0 5 min, A1 2040 M 242 o L 25 BRZLAA L, N PBS 2 15 mL
AL N . ARTE 4 °CHAF T 8.0 5 min #EATWCEE, BERWEGPTR 2 I &5, KARESAE 1 mLPBS
DU EEAT 5 285
1.2.6 WAL WHPRIEN K MENE AR ERRRE IR (1~2) >10% AN Hf/mL, 347 2 A4l
e ta,, B T N InE A ISP K FACS Buffer 7 50 uL: CD4 PerCP-Cy5.5 (1: 200) « CD8a Pacific Blue
(1:200) . CDI9FITC (1: 300) , Hiz, 4°CELHFH 30 min; WHS G, AIA 1 mL FACS Buffer &
2o B0 5min, FEEE, SEESEANEAE FIMA 300 L FACS Buffer HEiE, JjE/E LK.
1.2.7 [EHEREIIAERN Arg-1. INOS MIFE ML ALK, AWSEIYIY, SR)5 G i
IEIEW (Triton X-100) #HATEBEAFE. 5%H) BSA =ik Lh, A Arg-1 (1: 200) 5% iNOS (1: 200)
—Hr4°CHEER, KH, FiRFIMATOGFRCHT (1. 500) BEGHFH 2h, PBS Pk 31K, DAPI 4Lt
5 min JEIATUIOGCHE KA, fRPhE A &5, ERICERME PRSI NEREA.
1.2.8 EIEEMMMMSBESIESR 4 BO.WT NRIBHT 2 RIEAEE, BT 75% L8R 5 min f5H# Al
WE,s A/NEIEE NS VA I EE PBS S0l 5 mL, IR 1 min, 16 NGRS 25 EUIE
FEs B AR AR S 15 mL B0, B0 10 min J5 3 BIEL FITA T RPMI 1640 4597 56 5 B
HHEIE, K EEE NGRS TR IR T, BT 37 °C. 5% COx WA IERIEFRMPRFR 2h, 4505,
FHI PBS ML 2 S A, AR I EE LR A B D/ BRI IS SRR AR, 15 1] RPMI 1640 15 7R L4k S5 57
TRAFI, F3% 10% DMSO HIRAF R B4, /B IAFE, o8B T-80 cCOKFET LR, REHF EMA
PR R A -
1.2.9 Griess ZE#M NO &8 U X5 Greiss Reagent | Fl 11, KA 5, FIANMES FR R R bt b, 4245
FL 50 pL 7£ 96 FLAR I A ARHE S AR i, FEIDN 5 Greiss Reagent | Fil Greiss Reagent I1, 50 puL/fL, =
I NI A 30 min, {EH 766 THAE 546 nm B R IIE RO E o i bk i e SRR R, BE T HE
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FNO & &,
1.3 G408 K GraphPad Prism V9.0 BFHET S22 408, Fra BdEH Ll X £ S KIEAAFR R, 4l

72 5 LUK F B R 307 22 0 B A t ke, P<<0.05 AZE R A Gtit 22 X

285R

2.1 TNF-o GRESBUNRIERE L. major FHEIBEMA  7EELRT, WA/ RIMIEIESNA B E L ER .
TEIRYL G 25 42 K, B6.TNF//NR & BB E R K, H ISR WG5S 28 KT, B6.TNF
INREIRIEE S LK TF B6.WT /NR, 7E5 42 RACFERT AT E &i#id 300 mg (P < 0.05) . #MEZR,

B6.WT /N 5 L =5 U R Sk 28 d Je R B B K. W 1.

& 1 B6.WT f1 B6. TNF/NRBBIEBREEN (XS, n=5
Fig. 1 The infection of spleen in B6.WT and B6. TNF”mice (X *S,n=5)

A: The appearance of the spleens from uninfected and L. major-infected B6.WT and B6.TNF” mice; B: The
weight of the mouse spleens at different time points after infection; *P < 0.05 vs B6.WT.
2.2 (INRIRBEALARTRIBE TN HE LR EOR, BE.TNF /N RBATHSURHE R AE T BESAE. 1
ARBEGLH) B6.WT I B6. TNF /NGl o, BRAE S 14 56 B, 2 BEAN0 9 B8 S IRV T o (ERAEIK G 42d J5, 5 B6.WT
NEAREE, BE.TNF/NRBMESS R 2500, FIBE IR AN, EEAWK, SRR I o i T 54
PRk, L 2.



& 2 B6.WT 1 B6. TNF//NRBRIFHLRE (XS, n=5)
Fig.2 Histopathology of the spleen in B6.WT and B6. TNF* mice ( X = S ,n=5)
A: Representative pathological images of spleen tissue >5; B: Pathological change score of corresponding spleen
tissue injury in mice; """ P < 0.001 vs B6.WT .
2.3 TNF-o SR BFHER Lmajor [NEERBE PR EMABEAMEE RALERER, €L major Y 42dfE, T
#if (ELF5 CDA™HI CD8* T 4D A1 B 4 iy LB 78 1 4/ B 18] 22 57 JE 4 i 2 3, $78 TNF-a SRR

XPRRME S T 4R AT B 4R Rt e B . WA 3.



Al 3 L.major EZext/N WAL T 40540 B iffaigma (XS, n=5)
Fig.3 The impact of L. major infection on T cells and B cells in mouse spleen ( X &+ S ,n=5)

A-C: Flow cytometric analysis of CD4*, CD8*T cells, and CD19* B cell populations in B6.WT and B6.TNF’-; C-E:
Corresponding statistical analysis of the flow cytometry data.

2.4 TNF-o BR&EM /DR REMBEMIEN AR, EREAM 250 42d 5, 5 B6.WT /M
FHEE, BE.TNF /N ZA b CD11b m#ik, #on N BUE S L major J&, B6.TNF /I it I Hh F A% 2 i
IRIEBIN (P <0.001) o RETIYERIL, B6.TNF/NRRFHA T Arg-1 mKiE, #2725 CD11b* 40 ft
FIRE RIS Arg-1 1) M2 BYEEAR . [E)IF, BE.WT /NI INOS RIBAHXTELH, BE.TNF/ /MR
iINOS KA T H o fit, XL BHIR, 7EHZ TNF-o (IEBLT, L. major Y5 M2 B B g = A= b &

# NO. WA 4.



&l 4 TNF-a FIGRASTHREAAH 2 F db B AR BRI (XS, n=5)
Fig .4 The impact of TNF-a deficiency on splenic macrophages in mice infected with Leishmania

(X %S ,n=5)

A, B: Flow cytometric analysis of splenic monocytes in B6.WT and B6.TNF’- mice and the corresponding
statistical results; C: The detection of Arg-1 expression and MFI quantitative analysis >200; D: The detection of

iNOS expression and MFI quantitative analysis >200; P < 0.05, """ P < 0.001 vs B6.WT.



2.5 TNF-a %t L. major EEEREREEREEMAISNE M B6.WT Fl B6. TNF /)il rH R B i E 4,  7E L.
major & G414 Sl A SMEYE TNF-oo F1 TNF-o0 #015177) Enbrelo 1833 % BG40 4 26 4% L. major [ EL B EAT
i, R, ST, TNF-o #6175 Enbrel A5, EWEANAEYS Lmajor LLEIRIE FF, 5
KH BE6.TNF/N R B IE I E o e R g fel, i BLEEAiE e Lmajor BRI RS2, EWEAnR AR
XK A, AMIRTE TNF-o 535 406 7 BV, B R e L i FEA, 20 Py i i s> (P
< 0.01) . NO &Z 5XIHIH 2 5 dif e SN oS> 1, B it B4 CResl 2 Bl 745, NO K
FEAE AT DU I AR A, TEAHER SRR ITAL . dId Griess 1IN E MEAHER ER A5 R, TNF-o #11
77 Enbrel ALP /5, EMELRNE ™42 NO FIfE /7 W1 2 B AIC, T AMEE TNF-o AT A2 NO R 42(P < 0.01).
$27R TNF-o X NO [FI52 00 AT B8 A2 52 0 EL VR 40 i /R e B2 R K. ALIEL 5.

B6.WT TNF--
B6.WT Control B6.WT Enbrel B6.WT TNF Control

& 5 TNF-a %t L.major B EREHBMIRE (XS, n=5)
Fig.5 The impact of TNF-a on macrophages infected by L. major ( X £ S,n=5)
A: B6.WT and B6.TNF” mouse peritoneal macrophages treated with Enbrel or TNF followed by L. major
infection (arrows indicate L. major-infected macrophages) >400; B: Statistics of L. major infection in peritoneal
macrophages; C: Detection of NO in peritoneal macrophages infected with L. major after the treatment with

Enbrel or TNF-a using the griess reagent. ** P < 0.01 vs B6.WT Control, P < 0.01 vs B6.WT TNF.
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FA s — P A AT 2 R JURGE T RS G2,  TNF-o 7RI 4% Thl S S B DA R 40 T AR
WA RIFEEANTESRIER . WEARTIA ORI, TNF-o KI5 2 B RAI A 2 5 R HRHTRL /N B R
R TR L, WREE MR, BRI KRR . SR, BRI TNF-o ISR L major f£ 3% IHL
) AR AU 2 75t 2 7 AR 2R AU s i e N BB . R, AN B ASERIT T TNF-a FEE K L. major B4 1)
PR & LD o

BRI TNF-a B2 EZRIEZ —, EAI7E 2 B0 A B IOE RIS, BENS 0 K TNF-a. ELERZH
JFE L. major BEGerh Iy WE M . — 5, EAMEAZF AR E 25 T, L. major 7] DLE R #H]vE
Bl A B Ak B i P AU PR A S S ML ke EL R B M R R VR, AT SESIUI 35, 55— D0 T, Bkt v LA
I A A AR SR AR, AU R TNF-a A1 1L-12, 30% T 43 0e st Thl B4Rz, MimiEss
& EXT G HT A0 BRI & L — RT3 A2 BUE L (MD) FIEARMEEAL (M2) PRFIR RIS,
LML BRI (M1 RERRAEHE) 1 Thl 40P 740 IFN-y 35377 £ B, BRI 28 20 e b 1 A4 i 75
PEA BTN INOS, A AT/ A% S8 L. major HWEEY 5T NOPL, i Th2 BL4H M X 7~ (4n IL-4, IL-10 1 1L-13)
FECT B SRS (M2 BB , AR ER NO, A RIT L. major A4 A E 112
W], TNF-a 38 lild 5 2 iR 45, s NF-«B {5 5@ i%, #EIE S TIPE X E A TIPE2 f13Ri4, TIPE2
A LS G PISKIAKL (5 SIS RGE M2 EWRA A4k, ST e B2, M) RAE B 341k, PIBK/AKt
T EAE F AR R AR AR A, I LRSS NF-«B #4231 FJ8 — Rk (p50/p50) « 2t M1 7 Eig
41 INOS i,

AFFRI B6.TNF//NRAERGL G2 42 RIMPLT MEMEIm AN &3, (RIS M iR, i
AL T FRASORN AN B, K B S L 20 M 70 A/ E B A R 2 23 e o KR ] TNF-ou 78 45 57 A 5 IR I 12
MV BA HEAE . A 3 0 S8 S B AE A A0 A 27 A e 07 T R 35 AR R, G2
CD4* Fi1 CD8* T #iiJfil. #F L. major EYerh, $550E CDA* T 4B B IFN-y, AE08H XMH &L EW
PERI S i E 08, DAL, Bz TNF-o BF /N RIFREZIH Thl RFEZH, S Eas H s
7 Thl B, 40 T-box ¥&3[HF 21 FIFN-y /K-F380. AHFFR MK CDA* F1 CD8* T 4l g Lt 5 Jo AT A 4%
1, Bk, AWTFE SOGEE S, BRSO IR AR Thl B, 1R 2 A JUB G IR R &2
KEFE, APFEMHEYE CCR2 1 CD11b #Rid &KL B6. TNF/NRAER YL L. major J& I o (1 [0 4 o 2 B HY
M2 RIETRANN, X RIS Arg-1, BRI EIR AV S EIRMR R, X —id 5 INOS /42 NO
(R A2 38 5 7] — SR RE 2R IS, #i] T NO HU-E B IFdid A 4h S8 K B TNF-o0 #01771) Enbrel 3458 1 B g
ARG L. major (IELBI, RN T ONO (74, 1X 2 S EUHESZ TNF-o SHIFRVA YT (¥ 83 R AL 2 ik
GRS R ARG, PRI, Enbrel 5% TNF-o 01 7 B4 ] 75 ZL8EA0R,  Rppl R AEAAH 2 R AT s X

L5 EPTR, TNF-o BI6K SEUN RAERGAT 8 I USRS MBI G, MEZ AL, & F
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R MR R, e Az 4RIy M2 BEE AR, FeA/D & NO, SRR & 5 s A7
FERGR L . IXLESE RRW], TNF-a £ EREA AL M D RE R CBIEM, T REDVAI M 2 7 dui
(K136 7 R BB R HE R
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