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Protective effect of staphylococcal nuclease on 2, 4, 6-trinitro-benzene sulfonic

acid-induced colitis in mice
ZHANG Tingting, MEI Yinliu, DONG Wanfa, WANG Jingxun, JIN Liang*, WU Jie" "
Minigene Pharmacy Laboratory, School of Life Science and Technology, China Pharmaceutical University, Nanjing 210009, China

Abstract To explore the improving effect and mechanism of staphylococcal nuclease ( SNase) -mediated degrada-
tion of neutrophil extracellular traps ( NETs) on 2, 4, 6-trinitro-benzene sulfonic acid ( TNBS) -induced colitis in
mice. The model of colitis in female BALB/c mice was established by intrarectal injection of 2. 5% TNBS solution,
and SNase loaded by Lactococcus lactis ( L. lactis) were orally administrated for 6 days. To investigate the effect of
SNase-mediated degradation of neutrophil extracellular traps on colitis in mice, the experiment was divided into
control group, TNBS model group, NZ900 group and L. lactis pCYT: SNase group. The daily body weight, stool
consistency and bleeding of mice were observed. The pathological condition of HE in colon group was detected. The
activity of MPO and the mRNA expression level of inflammatory cytokines in each group were measured, and the

concentration of inflammatory factors in serum was detected. The expression of NETs level marker citH3 in colon
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tissue was determined by immunohistochemistry. The results showed that SNase loaded by lactis acid bacteria could

alleviate the weight loss, disease activity index score, colonic length and pathological damage induced by TNBS in

mice, and reduce the levels of inflammatory cytokines in serum and colonic tissue, inhibit the activity of MPO and

the expression of Ly6G and citH3 in colon tissue. The preliminary mechanism showed that SNase could down-regu-

late the expression of inflammatory cytokines and reduce the content of NETs markers to alleviate colitis in mice.
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R — T i T8 B , B4 Bt M4 W R (ulcera-
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— AN GEREE R R 35S PR i SR B A A
FERZRAEAE . HAET IBD Ja 77 T B 2K T AR
IBR A AE 22, (BAFTEAS BN 5 | 5 5 R S5 Bk
A RIS IR A T

Hh AL 20 A LA BT SR AR 5 — 18
Je R TR A S b R AR BAE T, 2004 4 BFSY
N B3 B PR 20 AT 3 sk — o Y Oy 2k B
T SR A T ——H AL 20 B A 21754 9 (neu-
trophil extracellular traps, NETs) , ‘& & 1% 46 1 o ¢k
LA BB N A 45 G €5 )5t DNA 72 N IR , OF
£ 5% B 5 OB AR 1 I T R A Y T 4 IR 2
720 TR, NETs 8475955 J5 141 1) [ Bif 2. 2
XA 6 2H 23 LA £, NETs (19 32 32 5 g mli o
AL R 5RO R RGMELLRARIEF 2
Bl 1 Bk G B S MU AR 5 R L o b
KB PEL R BB L5 A 2 2 Fh NETs B,
SYERI T AT R B e PR e B 1 A
3(PR3) it AL Py (MPO) | Fh kL 20 i 53
HENE(NE ) F2H 25 0950 1 40 i e e 4 14
(ANCA) W] LK TBD 2 R BUR 9 bk s 4
XU 21 NETs JE S 72 B O i ANCA
AT, AT 4 588 AL AR S8 S 57, 3 2 4 9
o BUEAT WL, NETs JEZ 5 1BD Bk i .

DNA J& NETs = 2ZHY 454 1o, NETs ST 7 1%
117 DNA ZERFS5H SE 8Pk, R PF NETs (1
DNA FZ8rT DIBH I 2B 70 3 B fess, BN

St Z TSR], DNase 7] FH T i35 F134 97 A
NETs ¥ 2 1M 5| & B2k o 4 8 (8 45 3R 40
B ) ) %) 1K TR A% PR 18 ( SNase ) J2& — B AT W IR —
Pl il 1% P 1 AL 2R 1, REVE DD ) DNA FI RNA K
HEIE MY 3" - WY, HopH 4.8 ~9.2 Z A A
A AR P RS S

FLIE B (lactis acid bacteria, LAB) 2 /NMA &
i A, I R B, FLIR FL BRI ( Lactococcus
lactis , L. lactis ) W] LA 36 5 ' W2 1Y 3 J32 4= 28 (A7 15 5
90% ~98% ) , I I E W E , DLFLER FLER A 2
IRHAR T RSO RS T S . AR
A g ol 25 I B AL FLIR I L. lactis pCYT: SNase
A LIFEE R A SNase, I H T 56T H B0
T FE o AT LI 4G R R
B 45 731k SNase (15 241 FLIR 18— J7 0 W] ARS
FERLT NOD /)y U 3 v Jf 3% SNase 11
FEARIFFE HOoRF B 26 15 SNase 14 51 20 L2 1 E 1
25 TNBS 175 T (0 45 7 2 BB /N B, AR Y H AR T
NETs [ xS /) B 18 25 1) PR 4 AL

o

1.1 #5550

5% TNBS /K (S&[H Sigma 23 w]) 5 FLEE R
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BRI A 4 x10° CFU, T4 6 Kib
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L.lactis administration every day

Figure 1  Schematic representation of L. lactis administration and
induction of colitis in mice by 2.5% 2,4, 6-trinitro-benzene sulfonic

acid( TNBS)

Table 1 Disease activity index ( DAI) score after TNBS induction
in mice
Score Body weight loss/%  Stool consistency Bleeding
0 <0 Normal Negative
1 1-5 - -
2 6-10 Loose stool Hemoccult positive
3 11-15 - -
4 >15 Diarrhea Gross bleeding

2.3 s HE 547

SIS T 4% Z R ETEE, &0

A AL S wm YR, HE Qe )5 7 BN T

WELZE I R NLZ 54 58 38 1 AR 40 Mk i | B
B AR SR VAN MR SR O, AR i e Fr R B X
BN R AR AT B (0)
(1) (2) . BB & WHEAR T Y5
2.4 “Rpa g MPO Ba & 2

3RS A I H 2 20 mg Aidy , IMAAE3ER
IKWIFEES 1 10% WL 5) 28,4 °C,12 000 r/min
B0 15 min YR EVE W, B 10% 45 1% 5] 9% EIE
10 pL 1 TMB ¥ 100 wL,37 °C /2 5 min, JIIA
2 mol/L iR 50 wL 281k 0, F 450 nm Abi e i
W, MPO AHXS G (U/g ZHEURE ) = (I Rk
WO — R BRI SRS ) /B (g) o
2.5 L QPCR %

FREUEE I 2041 50 mg, JII A Trizol 500 L., $2HX
ALRNA ERJFI 2 g RNA 2 B0 % e inlf & 5
i ¢cDNA, il SYBR Green #4743, S 1w 4% 14 4n
.95 °C 30 s fFF 1 1,95 °C 5 5,60 °C 30 s f§3F
40 Ik, GAPDH {EREIRY G NS, #AXT FRIB KT
24 FoR, 5 IIF S L 2,
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Table 2 Sequences of real time PCR primers

Gene Primer sequences (5'—3")

GAPDH Forward ; CTCTCTGCTCCTCCTGTTCGACAG
Reverse ; GTGGAATCTATTGGAACATGT

TNF-a Forward ; CCTGTAGCCCACGTCGTAG
Reverse; GGGAGTAGACAAGGTACAACCC

IL-18 Forward ; GAAATGCCACCTTTTGACAGTG
Reverse ; TGGATGCTCTCATCAGGACAG

IL-6 Forward ; CTGCAAGAGACTTCCATCCAG

Reverse ; TCAGTGGTATAGACAGGTGTTGG

2.6 AKX S @R T

K H] LEGENDplex™ Z [ P48 ) £, iUk
DN I 55 R RE AR Y AR PR PR T (T B A
Bt s AR AR B AR 200 S R R 2 IR IFE 7 2 b,
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S AR ST S pm Y 5,
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3 4 B

3.1 FTHSLKHE SNase Rk 6§ 5T
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Figure 2 12% SDS-PAGE analysis of SNase induced by nisin in
L. lactis pCYT ; SNase

Lane 1: Protein marker; Lane 2: Supernant of the lysate of L. lactis
pCYT :SNase; Lane 3 ; Supernant of the lysate of L. lactis pCYT; SNase
induced by nisin (50 ng/mL)
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Figure 3 SNase ameliorated the TNBS-induced colitis in mice (x +s,n=3-8)

A ;:Body weight changes;B:Disease activity index ( DAI) scores;C;Images of colon;D;Relative colon lengths; E ; Relative spleen weights LL:TNBS +

NZ9000 ; LL-SNase : TNBS + L. lactis pCYT ; SNase
*P<0.05," " P<0.01 vs TNBS group

Control

LL-SNase

Histological score

Figure 4 SNase reduced histological damage in TNBS-induced mice colitis (x +s,n=3)

A ; Histological micro-photographs of hematoxylin/eosin-stained sections of distal colon ( x200) ;B Histological scores for histological change

*P<0.05," " " P<0.001 vs TNBS group

3.3 SNase B &% W ¥ KAk K HFKF
AHIF X 25 2H 13 v 55 48 0 A S i 20 i R
AP T R E . GniEl 6 iz, TNBS 5% 1) /)
UIMLTE 12 28 40 i PR - TL-6 7K OF 55 5 45 2, 30 46 4
MR 7 IL-10 & & R [%, TNF-a  IL-13, IL-17A FlI

IFN-y ZCP-2A47 b THE S HER 047 I . 25 1k 22
5. T LL-SNase 4bFHfE .25 F i TNBS £5)i7 % /)N
BP0 AR A A B TL-10 7K, AN [R) B B T i 46
AN 5 oKF o Ht Al BUE H, SNase REBCE /IR
TR JEAE K- o
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Figure 5 SNase reduced the inflammatory response in the colon tissue of TNBS-induced mice colitis (x £s,n =4-6)

A; Activity of myeloperaxidase (MPO) enzyme in colon;B:Relative mRNA expression level of TNF-a;C: Relative mRNA expression level of IL-18;
D: Relative mRNA expression level of IL-6

“P<0.05," " P<0.01 vs TNBS group
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Figure 6 SNase suppressed the expression of inflammatory cytokines in TNBS-induced colitis mice (x +s,n =3-8)
A:TNF-a;B:IL-18;C:IL-6;D:IL-17A;E.IFN-y; F.IL-10
* P <0.05 vs TNBS group

3.4 SNase #e45 %  TNBS i F/ 0 RLEmar b GWFREITI , @1 e e e s 2 in 41
NETs K-F 47 &4 F 21 NETs KCFPFR&Y) citH3 F e 248 i dric 43

J T AR5 SNase $ [ I & A Al AW GI A8 F Ly6G Eik, WE 7 s, TNBS 4 Ly6G Fil
NETs JE B, A WF TR 25 L 45 i 4 40 NETs /KPR citH3 5 50 I i 1 B X B4, 3271 TNBS 41/
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Figure 7 SNase reduced NETs-associated proteins in TNBS-induced colitis mice (x +s,n =3)

A ; Representative immunohistochemical images showing Ly6G-positive cell and citH3-positive cell in colon section ( x200) ; B ; Percentages of Ly6G-

positive cell and citH3-positive cell in colon section
**P<0.01 vs TNBS group
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