i E A AEY) 2424 9] Chinese Journal of Cell Biology 2021, 43(11): 21422148 DOI: 10.11844/cjcb.2021.11.0005

K £ R AR MDPEUNOD2IE S = 1F

CXCL1., CXCL2. CXCL3FICXCLSFTIAHI N FHH!
ke e R e

(R R I R K VD A BE B G 36 R, Kb 410004 21 HE R 4B K b rp s 2 B PR 0 5286 5, K7D 410004)

WE AR LK e e P R B — Ik (muramy] dipeptide, MDP)7%& /A NOD2#%-#24L F F &
kg dEAE. R RT-PCRA2qRT-PCRAY 7 iE MM AL E . 400 B F 202 & % H5A42049 mRNA
FIAKF. Western blotAa M A2049 & & & iAK-F. ELISAKRIAEALE FCXCLY(XARIL-8)49/K-F. A5
FikdE e kit RIAA20. 4% 27, MDPR B HCT116%m A% 44 H FCXCLl. CXCL2. CXCL3
FaCXCL8#) £ ik, 42 R 5S4 X B FTNFo. IL-1pF2IL-689 % X; MDPHAT %544 KUE LA a4, 4
KA FL G 0 B R AL BP0 R A2 5 2 2 T 4, MDPAL 22 _EAA20, 12id & 35 A205+ < T AMDP#%
S04 IR B BB, IL-1B_EAA20, /2IL-1BFI4L 22 ) 4 R 6 F AMDPEF- 89 Bs . %2, K Lk
4m it MDP#5 3%t ECXCL1. CXCL2. CXCL3#=CXCL8#) & A, HA207 AL shft 2 AL 69 T A%

KR TG G RAEHIE; M RERE K, B T S 52, K b R A

The Molecular Mechanism of NOD2 Activated by MDP in
Colorectal Epithelial Cells to Induce Tolerant
CXCL1, CXCL2, CXCL3 and CXCLS8

ZHANG Zhao', CAO Ting', HU Ling', HU Jinyue**
("Department of Clinical Laboratory, the Affiliated Changsha Central Hospital, Hengyang Medical School, University of South China,
Changsha 410004, China; *Central Laboratory, the Affiliated Changsha Central Hospital, Hengyang Medical School, University of
South China, Changsha 410004, China)

Abstract This study explored the regulatory mechanism of MDP (muramyl dipeptide) activated NOD2 to
induce chemokine expression in colorectal epithelial cells. RT-PCR and qRT-PCR were used to detect mRNA levels
of chemokines, cytokines and ubiquitin editing enzyme A20. Western blot was used to detect protein level of A20.
ELISA was used to detect protein level of chemokine CXCLS (also called IL-8). The liposome transfection method
was used to over-express A20. The results showed that MDP treatment of HCT116 cells induced the expression of
chemokines CXCL1, CXCL2, CXCL3 and CXCLS, but did not induce the expression of pro-inflammatory factors
TNFa, IL-1B and IL-6. The production of chemokines induced by MDP was tolerent, because the chemokine levels
induced by the re-treatment with MDP after a pre-treatment with MDP was decreased significantly compared with the
non-pre-treated group. MDP treatment up-regulated A20, but A20 overexpression did not down-regulate the immune

response induced by MDP. Meanwhile, IL-1B up-regulated A20, but IL-1p pre-treatment also failed to down-regulate
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MDP-induced immune response. In conclusion, MDP induces the tolerant expression of CXCL1, CXCL2, CXCL3

and CXCLS in colorectal epithelial cells, and A20 does not participate in the formation of this tolerance mechanism.
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1.1 #
1.1.1  fmie K b HCT116. B A% 40 i
THP14 H 3£ EATCC.,

1.12 £ZK#  NOD2#zh#MDPY [ 2 FIn-
vivogenA F]; B NIL-1B. TL-8P Ik 50 1% 43 AT ik 71l
&4 8 3 [E Peprotech 2 7] ; RNAFHHE A Trizol. #%
L fLipofectamine 30001 H 3 H Invitrogen A 7;
PCRA| ¥ H IR YN 4 K F R B A IR 2 75 i 5%
R ) £ [ 3% E Fermentas A 7); %3t AGAPDH—
Piv RILANA20—HL. FhiR —HiHE EEECST
2 A, ECLAL 2 K 6 far il 8 71 &2 1 | 35 E Biologi-
cal Industries A @ ; A2050 0 H 3% [E Genecopoeia /s
A YIS T 24/6 LA H i univ-biof R A Fl;
DMEM = # 5% 77 56 . RPMI 16408% 3736, i 4 ik
T BT P ZEF A A ]

1.2 753

12,1 @mfgs  BHKEEEARHCTIG, B
T T EH10% FBSHI 1% -5 % 2 [N DMEME; 77 &
o R ALY THPL, B35 T8 4 10% FBSH1%
T E R IRPMI 164055723 71, i1/l 37 °C. 5%
COFE TR 7

122 RT-PCR  S£E4HHE, FTrizolZf#, $&HUE
RNA, 70606 FE 11 & MRNAS &, #8R 575 & i
] 45 B RNATE 5 5 icDNA, PCRY™ 1 H [IDNA
B, 1E 1% 35 1 B 4t 15 LUK, GelRed(Biotium) i
. FTHRIEIF AL,

123 qRT-PCR  HZ KN HF}EA 7] f TagMan
Universal PCR master Mixfl LightCycle 9615l /4t
I8 H 3L R A B LA3-BE R H i % i & ¥ (GAPDH)
(3 38 7K A A Y R B, ok B S R [ 16 gk
ATV AL AL FE A 2 A b B3k AT B 40 B At
o FERIFRIAIKF B SRU0 4R i A 525 DR 4 DL 50
F50of HE AR i H ) 2 TR 9 DU s R 3R I



2144 CWER

*1 5149575
Table 1 Primer sequences

HE DR A R FFAI(5'—3") KJ&/bp

Gene name Primer sequence (5'—3") Lengh /bp

GAPDH F: AGAAGG CTG GGG CTCATT T 280
R: CCATCA CGC CACAGTTTCC

CXCLI F: TCA CCC CAA GAA CAT CCAAA 304
R: TCC TAA GCG ATG CTC AAA CA

CXCL2 F: GCA GGG AAT TCA CCT CAAGAA 297
R: AAC ACA TTA GGC GCA ATC CA

CXCL3 F: AAC AGC AGC TTT CTA GGG ACA 311
R: GTG ATC CAC TAATTG CTT GCA

CXCL4 F: AGT CAT TGG CCA CAG AGA CC 336
R: TTC CTT CCATTC TTC AGC GT

CXCLS5 F: ACA GGC AAATTC CTG ACT GCT 336
R: CCATAAATG CTG GCC TTCTT

CXCL6 F: ACG CTG AGA GTA AAC CCC AAA 332
R: TTT CCC CCA CAC TCT TCA AA

CXCL7 F: ACA CTG AAG GAT GGG AGG AAA 316
R: GGG TTG AAA CCAGGC TTATT

CXCLS F: TTG GCA GCC TTC CTGATT T 253
R: TCAAAAACT TCT CCA CAA CCC

CXCL9 F: TCT CCC AAT TCA TCC TCA CTC 306
R: AAT GGT CTG GTT GCC ATC CT

CXCL10 F: ATG CAG TGC TTC CAA GGA TG 324
R: ACC CCA AAG CAG AAA GAT TCC

CXCLI1 F: TTG GCT GTG ATA TTG TGT GCT 293
R: TGC TCT TTT CCA GGA CTT CA

CXCLI2 F: TGT GGC ACT CAG ATA CCG ACT 314
R: AAA GAC GGA TCT CAC AGA GGG

CXCLI3 F: TTC TTC ACT CAC AGC ACC CTA 307
R: ATG GAT TCC TTT GCC TCT TG

CXCL14 F: ATG GAT TCC TTT GCC TCT TG 327
R: CAT TTT ATA GCT GCG TGC GAA

CXCLI6 F: AGAAGC AGC CGGAAAAAAA 336
R: TGA CGC CTATAATCC TCG CA

CXCL6 F: ACG CTG AGA GTAAAC CCC AAA 317
R: TTT CCC CCACACTCT TCA AA

CXCL17 F: GTG CAAAGATTG GTT CCT GA 325
R: TGATTT AGG GGT GGG TAC AGT

TNF-o. F: AAG CC TGT AGC CCATGT TGT 355
R: AGT CGG TCACCCTTCTCCA

IL-18 F: TTG AAG CTG ATG GCC CTA AAC 335
R: CAC CAAGCTTTTTTG CTG TG

1L-6 F: CCA GTA CCC CCA GGA GAA GAT 391
R: TTG CCT TTT TCT GCA GGA AC

A20 F: TCC CCA GGAAAG AAG GAATT 300
R: TGG CTT TTG CTG TCC CAATA

1.24 Westernblot  UAE4NAD, I 100 pLEL - LI 5% AR Wk A, I\ —$t(1:1 000) 4 °Cid 14,
AR A, BXS0 pg i BR A, IINS* B A L FEGR M, IO\ —P1(1:2 000) 37 °C ¥ H2 h, HECLAL 22 & 6k
100 °C 2 5 min, T-10% SDS-PAGE#%EH: FH 43 55 2R 11, TR,
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12.5 ELISA  USEAPREIE EiE, IBELISAR
SV BT . S BUD O B B AR
B, PBSYE3VX, IHA100 puLf5 AL i, 37 °CHEH2 h,
PBS¥E3IR, AW I: — 4, 37 °CiF & 1 h, PBSHE3IX,
N E B, 37 °CREE15 min, I W, Kk
KAE450 nmAbFIDE, 2l bn i ith 2 71 SHIL-8 )k
o BAFEM R EINES L,

1.2.6 A20/mAadk MG R 24400k, HXA20
JFUki1 pg, FLipofectamine 3000%% YL4M il . #4448 h
J&i, Western blothé il 5% Je 41 i v a5 i R ik . N
SRR B Qe Al bk, FH 1 pg/mLVEE R4 2 25 A BE3 A
J, SR B P A AR I 5 E A20R B IR
127 SitFaoar SR g RAE R 3 A
e ZE (xts) Koo 1B Guit 20 K EXCEL.
GraphPad Prism 81, P4 4118 /) 2 57 i 2 M G v HAf
FXUEStudent’s #5556, P<0.05 N Z 7 BA Geit2r 5 X
(4 F4HENqRT-PCRATELISASLEG K it . 52 £in=3).

2 %
2.1 MDPFEHUNOD2IES#LEF CXCLI,
CXCL2. CXCL3FICXCLS8HIZRIX

Khg LR 4N HCT116H5 pg/mL MDPALH J5,
RT-PCRAI qRT-PCR&5 7R : itk MDPi 1k NOD2

(A)

CXCLs
12345678910111213141617

HCTl116

MDP

HCT116

THPI

~

B)

&

/h

cxcry 335bp
cxcr2 335be

cxcrs 391 oo 716
GAPDH 130 vy | GAPDH

S TexcE BN FCXCLI. CXCL2. CXCL3A
CXCL8?.% Fi(KI1AFIE1B). #A1f1, MDPANE S
KA T TNFa. IL-1BF1IL-6(interleukin-6) 2212 (&
1C). {ERXIIE, FETHP1EAZ 40, F5 pg/mL MDP
Wb TS CXCLI. CXCL2, CXCL3HI CXCLS Lk
JTNFa. IL-1B/)RIE(FIDAIEIE), XEess JE
W], MDP5 3 i) %72 S S AE i b S 40 P 5 B A% 4 i
I 5
2.2 NOD2iFSHBUEFEAMZ

A P B 75 5 10 B 2 e N 351 B AR A 1) 47
BRETTHLE . AT 2 M MDPIEAENOD2E Stk
TR AL, HCT1164H M2 A [R19 B [IMDPAL 3
24 hJ&, H IR HMDP 10 ug/mLAL FE3 h, qRT-PCRAS:
M # kR FCXCLI. CXCL2, CXCLS % ik KF,
45 L W RNOD2 W) IR Ak B2 5 75 TR Ak B 0T 15 S Ak A
FCXCLI. CXCL2. CXCLSHI/K 23 F %, # B
MDPFFEMN A T RIS B A i 52 14 (#2).
23 ZEHRBEHATFHNOD2IFSHHEKL
=+

A202 TollFE 52 7K 75 5 1) G 8 S 8L (1) 47 i %
T, MAE 40 i A20tH AE FUA#ENOD2. AHE 5T
i, FIMDPAL#HCT11641 4, gRT-PCR LA A Western
blot&h H i /R A203 3k 1 I HL 5 i 8] 7] 2 4% 8 1

HCTI116
) Medium @MDP

100

—_
S

—_

Fold induction

0.1
1234567 8§ 910111213141617

CXCLs

(E)

/h
TNFo

IL-1P

THPI

A, B: RT-PCR(A)FIqQRT-PCR(B)FMHCT11645 pg/mL MDPALHE3 )5k K111 IA K. C: RT-PCREIJHCT11641145 png/mL MDPAL
FRAS R 1) 5 98 9 K7 IImRNA KA K P Dy E: RT-PCRAGMITHP1ZIIZS pg/mL MDPAL RS [R] i [ J5 4k K -1 (D) FI I 48 41 i R 1 (E) )

mRNAFRILKF.

A,B: RT-PCR (A) and qRT-PCR (B) analysis of mRNA levels of chemokines in HCT116 cells treated with 5 pg/mL MDP for 3 h. C: RT-PCR analysis
of mRNA levels of cytokines in HCT116 cells treated with 5 pg/mL MDP for indicated time periods. D,E: RT-PCR analysis of mRNA levels of chemo-
kines (D) and pro-inflammatory cytokines (E) in THP1 cells treated with 5 pg/mL MDP for indicated time periods.

E1 MDPFSHCTU64AE L E FRIL

Fig.1 MDP induces chemokine expression in HCT116 cells
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cxcLl g g
£ 30 £ 30 CXCL2 £ 45 CXCLS
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0 0 0
Pre-MDP 0 0 1 5 10 10 pg/mL  preMDP O 0 1 5 10 10 pg/mL Pre-MDP 0 0 1 5 10 10 pg/mL
Re-MDP 0 10 10 10 10 0 pg/mL  Re-MDP 0 10 10 10 10 0 pg/mL Re-MDP 0 10 10 10 10 0 pg/mL

Pre-MDP A TALFE, Re-MDP A X ALFE . *P<0.05, 5MDPA AL I (55240 bb 4
Pre-MDP is pre-processing, and Re-MDP is re-processing. *P<0.05 compared with the group without MDP pre-treatment (the second group).
E2 MDPESHCTI6RILMILEFRAMZ M

Fig.2 MDP induces HCT116 to express chemokines with tolerance

(A) ®) (©) (D)
g8 s MDP /pg-mL "’ MDP
EN 56 0 01051 5 10 0136122 h
24 g4 A20 (%= e—ememe (720
22 = 2
0 13 6 1224 /h 00.1051 510

MDP MDP /pg-mL"!

A. B: qRT-PCREIMHCT 116411255 pg/mL MDP 4 FEA [A] I i) (A)BAS [k FEMDPAR B3 h (B) 54200 3K 1L . *P<0.05, 57 ExTHRZAAA L. C.
D: Western bloti& I HCT 1164182 A [7] 4 JE MDPAL #1124 h (C)EkS5 pg/mL MDPALEE AR [H] [ ] (D) J5 A20 /1 %35 »
A,B: qRT-PCR analysis of mRNA levels of 420 in HCT116 cells treated with 5 pg/mL MDP for indicated time periods (A), or treated with indicated
concentrations of MDP for 3 h (B). *P<0.05 compared with control groups. C,D: Western blot analysis of A20 protein levels in HCT116 cells treated
with indicated concentrations of MDP for 24 h (C), or treated with 5 pg/mL MDP for indicated time periods (D).
&3 MDP_LiA20803% &
Fig.3 MDP up-regulates the expression of A20

(A) (B) B Mock EA20 B Mock  @A20 W Mock  WA20
. 16 16 16
MDP /pg:mL s CXCLI CXCL2 . CXCLS
01 50 13 E 12 12
8
— ! : :
o
GAPDH & 0
07 L s 97 1 s 0 1 5
Mock A20 MDP /pg'mL-! MDP /pg-mL-"! MDP /ug'mL™"

A: Western blot#a: il J5i A7 % J% J5 A2011) i ik 5 . B: qRT-PCRAS I ik % IAA20/HCT 116 MDP % 33 hJi 1) ¥ 1L Rl F-CXCLI. CXCL2.

CXCLSH)FIENE DL«
A: Western blot analysis of A20 preotein levels after A20 plasmid transfection. B: qRT-PCR analysis the expression of chemokines CXCLI, CXCL2 and

CXCL8 in HCT116 overexpressing A20 after 3 h of induction by MDP.
El4 T RIEA20TFEMDP TS SHELE F

Fig.4 A20 over-expression does not regulate the expression of chemokines induced by MDP

(E13). FIH T R K A20/57 KL Y« HCT116, A203K ik qRT-PCR(E 5B)LL K ELISA(E 5O 45 R B R 5

FiAE4A); 1Hid FIEA204 68 R IANOD2 A S 1) MDPEL IL- 1B AL FE AR LE , TL-1BFRAL EE AN AS

Fatk R 7 (K4B), HERA207E K b % 4 s AN 42 I NOD2 T 5 T &L K 7 CXCL1. CXCL2.

NOD2 i S &L 1. CXCLS, /i ARk, $E7 M b R 4 i HIL-1p

2.4 IL-1BIESHIA207~ NAMDPIE SRS E T S HIA20 RN FENOD2FT 75 S 1 S % [ 5
YN 75 S A200) B . ABFR A, AL

IL-1BALF#E HCT116, RT-PCRAGI A201 KI5, 45 3 wig
R A20) 30k B (BI5A). BEfE, AR [ A7 G 2 8 G AE B B SR A A N AR D T K

IL-1BFiALFE HCT11640 M0, FH MDPi#FAT AL FE . HEEEPER, —HEXZWMEMNR, R Lt
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(A) IL-1f ©

12 24 /h

Marker

01 36

A20

CXCLS8 /ng'mL"!

300 bp
280 bp GAPDH
B)
24 % 247 *
%
=
£ 181 X 18
=
B 124 12
=
Z 6 6
0 0

IL-1IB 0 01 520 1 520
MDP 0 5 55 5 00 0

O
9 2 =

001 520 1 520
05555 000

0
-1 0 0 15 20 1 5 20ngmL
MDP 0 5 55

500 0 pgmL

247

*

001 520 1 5 20 ng/mL
05555 00 0 pg/mL

A: RT-PCREMHCT11640 112210 ng/mL IL-1B4k B8 A [A i [ 420 mRNA [ 147K F-. B: qRT-PCRAG I K 7 - K¢ 240 I IL-1 BT Ak #24 hj5MDP
%5 S3 WL R T R IA . *P<0.05, SMDPERIL-1B# A FEAHAH HE . C: ELISAKE I K W b i 41 i FITL-1B i kb #E24 hjm, MDPAL 24 hifs &

CXCL8IFIE M . *P<0.05, 5MDPEIL-1B A HAHAM L o

A: RT-PCR analysis of 420 mRNA levels in HCT116 cells treated with 10 ng/mL IL-1f for indicated time periods. B: qRT-PCR analysis of chemokine
mRNA levels in HCT116 cells pre-treated with indicated concentration of IL-1f for 24 h, and re-treated with MDP for 3 h. *P<0.05 compared with
MDP or IL-1f treated alone groups. C: ELISA analysis of CXCLS8 protein levels in HCT116 cells pre-treated with indicated concentration of IL-1f for
24 h, and re-treated with MDP for 24 h. *P<0.05, compared with MDP or IL-1p treated alone groups.
E5 IL-1pFRALEEXTMDPE RIS SHELE FRikpIF2M0
Fig.5 The effect of IL-1P pre-treatment on chemokine expression induced by MDP re-treatment
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