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Targeted suppression of Actl in the macrophages ameliorates
experimental ulcerative colitis in mice induced by dextran sodium sulfate
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(1. Vascular Biology Research Institute, School of Basic Sciences, 2. School of Health Sciences, Guangdong
Pharmaceutical University, Guangzhou 510006, China)

[ Abstract] Objective To investigate the role of macrophage-derived Actl ( nuclear factor kappa B activator 1) in
the inflammatory bowel disease. Methods  Genetically engineered mice carrying targeted suppression of Actl in the mac-
rophages (Anti-Actl) were used for the dextran sodium sulfate ( DSS)-induced ulcerative colitis. The severity of colitis was
assessed by weight loss, stool consistency, fecal blood index, colorectal length and H&E histology. The infiltration of
CD45 " leukocytes and CD68 * macrophages in the inflammatory intestine was observed by immunohistochemical staining
and expression levels of mRNA for inflammatory cytokines in colon tissues were analyzed by RT-qPCR. Results As com-
pared with C57 mice, the anti-Actl mice exhibited less severe acute colitis following DSS treatment, with reduced CD45 *
leukocyte and CD68 * macrophage infiltrates in the colon tissue. Inflamed colons of the anti-Actl mice expressed lower mR-
NA levels of TNF-a, IL-1B and IL-6. Conclusions Targeted suppression of Actl in the macrophages ameliorates dextran
sodium sulfate-induced intestinal inflammation.

[ Key words] Actl; Genetically engineered mouse; Ulcerative colitis; Macrophage

Corresponding  author: GU Qu-liang. E-mail: glgu@ gdpu. edu. cn

RAEME % (inflammatory bowel disease, 1BD) PE4E 1 2 (ulcerative colitis, UC) #1752 & B 5
B RS BH A9 B 38 RORE MR, B 5 (Crohn’ s diseases, CD), HHJIAN IBD K& % /& 15t

[E€TH]EXRAARFEETH (455 :31471290)
[EBERN]B—B(1991 - ), L, WEse A, Lol i BEA #2%% | Email ; guiyihe1234@ 163. com
[EWAESR TR (1979 - ) , L, BIBAZ , BF5E 07 1) < 38 S8 5 MR 43 FAE 9% . Email : lgu@ gdpu. edu. cn



586 v [ SEEG B 2016 4E 12 A 45 24 55 6 1 Acta Lab Anim Sci Sin, December 2016, Vol. 24. No. 6

& BRI RGN 5 22 IR 3 AH ELAE s, Herp
i T8 b S B 5 S S BURY S E B N kS A AR
FAU . 3 285 R s 40 UG 2 — o 1A S 40
U S S PN T S I A U S )3
o P OCHPE VR ] . BORBZ IR s B
WEAZ 5 T IBD MR A K, 7ETE sk 1BD 3%
P14 g 3 0 S v 5 40 L ) 25 A S o 237

1% R F-kB (nuclear factor-kB , NF-kB ) 7£ # i )
o7 A ek AR, & IBD KRR e —
e L e S R, 2 5 48 B 0T 0 98 R 2 7
BB Z R R TR R R AR 12 NF-«B R A48
TNF-a | IL-1B \IL-6 ,COX2 & fb A+ A 3 il A
22140 Actl 42 NF-kB 3% L 7 1 (nuclear factor
kappa B activator 1) XFR A TRAF3 fEHEEH 2.,
CIKS ( connection to IkB kinase and stress-activated
protein kinases) , Actl FEAS [ 40 A 1Y F0 928 K H A&
FETRCEAER, BERTERT T T 40 A0 B 40/ 519
BIENL, e IL-17 55l B/ R E N, 2=
5 IL-17 A 3 8 NF-«B 38 ¥ 19 16 16 & 48 9 2
B,

WRMEHLFR 5 ( dextran sodium sulfate, DSS) 7
S/ INER A AE PR I A 8 s B LA LA i 1 R
Tt 97 FIVKLAH LRI S R AIE 19 45 W 28 i, FL e B i A2
P NZE UCH " BFGT R, 1 B 4 B e S
5% Actl 19/INERXT DSS 15545 i R 0 SEURRPE R AR
YT E R0 M K NF-«B %% 5% 7€ 1BD T igfEH,
AHESE UL B W 40 M Actl 2 3K 9 3 1) 410 461 A /)N B
(anti-Actl ) AAFFEXTG  FIH DSS 55 UC i85
TR BRI Actl 76 UC OTER
1 #MRE5FE
1.1 SRz

SPF 4% C57BL/6 /INEL (AR C57) W H AR
[ 2 5 0 B ) b [ SCXK (#2)2013 - 0002 ], anti-
Actl /INERUHT P R 27 B 96 200 A= ) 27 iF 5 T A
H(CSTBL/6 57 ) Wikt MErE, 4 10 H {18
~22 ¢,8 J#E, SLIAE)T ARARR2E AT [ SYXK
(#2012 -0125])

1.2 anti-Actl /NREETE

B AL 2L, SR IGE K 24 DNA, PCR §74% H
A B, PCR #5190 :5" = CTG GTG CAG ACA
GCC TAG CTG-3', T #5191 5:5"-CCT GCG AGC
TAA AGT CCT GGA- 3’ (Invitrogen) , PCR j=#JH 7k

Je WS A5ty KN, BRI 3 5%71 24 250 bp, X} DNA
S BRI /N B, SR FH 98 7 't ok A T . s 44 i
Actl BYFRIXNEOL, BT LA R fedi B CD68 ( Protein-
tech) \Actl (Santa Cruz) .FITC ¢ YGHnic — 9t ( Life
Technologies) , ¢t AR BEAAEIC KT o
1.3 DSS FS/IMR UC B MEL

4 C57 Fl anti-Actl HEPE/NER A 10 2 FEHLS>
R IR FNSLHG 20, B4 5 H 2% Cooper 251V ()
Dk ST Sk UC AL, BISEgi /N A AR 2%
DSS(MW 36 x10° ~ 50 x10° , MP Biomedicals) 7K
WIELE T d, R — R 40B 1 DSS I, X 4
INERIR P 7848k AR s DSS W, 236 10 1) 45 K W
URAN SR ZNE IR E P U 2 (R Eh N 3 1) T N 1797
RN 58 B 0L L, Lb 3 A A /N B4 W 4% O R
[ A
1.4 ZRFARREBREESFEESS

DSS i 5 UC #ERIEE 7 K, AbsE/N R, BUITT TR
ity B 28 s B R (R B AL 45 B K S L, 9\
) IR 4R L 4% Z R WSS E5E , B
WK SS A a3, U1, HE e W fUE B g 45
WA BN S RAERARERE |, R ER SUF VR4 53
5 9.0 4 IEH SRR 1 A B IRAE S 17352
O B IRR E K 27333 A R IRIR 2 Bk B
JIE b B ek P R R AR 4 . B
B BERE BRI A SO AR 0
1.5 fEALERNEIFELR CD4S,CD68 FKik

WA ALY, mE S EPUR B R 3%
H, 0,/ B K i A ALY, 10% BSA E 0, —Hih
Pt Bl CD45 ( Proteintech ) | %9t . CD68 ( Protein-
tech) ,DAB (4, 7R KRR 44, St BB &L
KA.
1.6 RT-qPCR & MEERFHL TNF-o IL-1B, IL-
6 Fik

K H TRIzol i3 ( Invitrogen ) 43 ! £ X} B8 2H
FISZEGZH Y €57 Fl anti-Actl /DG IHZHZ 5 RNA
2258 A0 3 O B TR R I 4 )R B e, PR RT-
qPCR 150 & (Takara ) YL HH B EAE, & 519 7500
T, LA GAPDH HNZ: .

GADPH-F5' - GGTGAAGGTCGGTGTGAACG -3',

GADPH-R5'-CTCGCTCCTGGAAGATGGTG -3';

TNF-a-F5"-CAGGCGGTGCCTATGTCTC-3'

TNF-a-R5’-CGATCACCCCGAAGTTCAGTAG-3';

IL-1B-F5'-GCAACTGTTCCTGAACTCAACT-3'
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IL-1B-R5'-ATCTTTTGGGGTCCGTCAACT-3';
IL-6-F5'-TAGTCCTTCCTACCCCAATTTCC-3’,
IL-6-R5’-TTGGTCCTTAGCCACTCCTTC-3',,
1.7 HRGITEALE
SLEEHE LA (x +5) 8, K Graph Pad Prism
5 BTG A . 24 IR LU BCR H—4E T 25 47
Bt , W2 ] LU 3R IR ¢ K ge 3234, P <0. 05
hEFSEAGIHFE L,

2 R
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MRS K E, S Em B4 M, 5 C57 /MR
FHLE  anti-Actl /NEURF A E 53 L (A) ZEEREH
FE(B) fEIMFEEE (C) MEE B K AR (D) 451
W R A bR A (K 3) o

DAPI

Cs57

anti-Actl

‘
\

100

250

500

750
1000
bp #1 2 3 4

1 Anti-Actl /)L R %

Fig.1 Genotype characterization of the anti-Actl mouse
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i AR A b BB o B AR R A s (1L 4) 4G
Wi B AT BRAH S 43 25 SR o, B e P B
WEAHAE Actl X DSS FrBhE 45 1 ( Trans ) A i 25
(Dist) B A AE I8 4% A TS {25 ) %8 30 i 45 15 ( Prox )
WA —E MR EH
2.4 EHEANEIEREAAE Actl XF DSS 5 UC /I
FRL&5 B 48 40 ¢ e 41 B iR E RO S M

S A R R, DSS 1S UC A/ LU 45
JAHZR20H 4 MIARICY) CDAS AR -5 Wk 40 i b ic
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/N BRI PR T4 1) 2R i B S 9si /D | 457 1 4 R
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Fig. 2

Actl expression on macrophages in the colon tissues detected by immunofluorescence
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1]

NS AL TNF-o, IL-1B mRNA FiA ¥
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LT €57 /R SE B0 4 anti-Act]l /N TNF-a
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<0.05) (K 6),
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Fig.3 Colitis severity of C57 and anti-Actl mice assessed by weight loss (A),

stool consistency (B), fecal blood index (C) and colorectal length (D)

54 3 C57DSS
Il anti-Actl DSS
* *
5 4 — =
2
=]
2
Z 34
3
&
327 NS
.2 —
jas]
| -ﬁ
0- ’
Prox Trans Dist

4 C57 il anti-Actl /NREE ISR B~ S0
Fig.4 Histopathological changes in the colon tissues of C57 and anti-Actl mice
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WAL Actl FE NF-kB {551 8% 1 16 44 I 1 1%
RIJFEEFR R Actl IR TL-17 15518 M7
RN, BB 5 1117 S/ NF-xB %:(5 5
BRI, WFSE &I, IBD & L E o ARERY 45
WA SUFAE T 22 B W 0 R, LY 1L-17 7KF
Tt X 4R Actl 1E IBD &4 K] B k1%
HEEM,

WFFE o R S o IR I AN Actl W] DA
I/ INERUSE B0 B 92 M i 1 R R A ™ R
Actl BRI WA 1L-25 9551 Th2 BYZH A 5 1L-



o [ SE I Eh M 2E AR 2016 4F 12 A %5 24 5556 W1 Acta Lab Anim Sci Sin, December 2016, Vol. 24 No. 6 589

Anti-Actl

CD68

B 5 C57 Hl anti-Act] /)NS5 S AE 240 M IR 135

Fig. 5
TNF-a IL-1pB
*
2.5 — 4 4
*

8 2.0
2 3
O *
=
5 1.5
p 21
(a2
£ 1.0
o
2
s 1
2 0.5

e
=)
o

H,0 DSS H,0
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Fig.6 Changes of the colonic expression of mRNA for target genes in the anti-Actl mice

4 1L-5 1L-13 FE A0 R 5 r 223k, DT ik 20 4o #5 Ji
& R g TR s 20 i 3 22 5 b Rz A0 AR S Acdd
BACIREE T TL-25 51 R0 Th2 1540558 Bz 7 il il 348 48
REST S AE L R AR R AR Actl /N B, DSS
VB I 45 i 20 7 B AR B U e

AR SEZ6 ) FH W 20 M Actl 2 3K 4 40 1] 300 1 7
INEL BT 5 NF-kB 16 B A A Actl ZEXF UC
FIREIR, 45BN, RN Actl FEPAMEH S,
DSS i T 1045 % 56 7 B R B I Wi, R, RAE
BBASE 1 4 T I A4 e ) 92 1 B 2L TNF - | TL-
1B T IL-6 ik W] AR TAE N 1Y €57 /MR, Horr,
IL-1B /&1 IBD 718 RNFE i B Z M 12—,
AWFFTHIE , IBD £ I I 0 266 1 1A 2 B 4
M43 TL-18 BH 4800, 1L-6 7£ IBD f7il 4 AE Ml i
PE SN RN, KB I AN R A TL-6 7KF
T AN, ARy M2 Y A A T
11 T NF-B {5538 i, 51 TNF-a Fl IL-6 5548 5F
A+ 5 o ARWFFELE R P anti-Actl /D FIE DSS

P35 IL-6 mRNA R A Uit @ A Gt 2e 2
St IR SR BF IS AR, TL-17 56 DR B 14 /N BUFE
DSS i 5 B % 48 il E{H IL-6 mRNA ik %A 78
R bt FRATTKE A R K AR TL-6 kAR
b, B — 20K At A2 58 R A 4 DR 5 1 ik AR
Ak, TRl BB 7R A ) B WA Actl &3R5 98 I i B
BE 520 A] BE 2 AN 5 9E B 1Y RIS MU A G,
AETEHABAE FHBLS

FH T L WA 2 — S B | T 9 P AR Y A
PN, AN [ ZH LRI B X 3 Bl o34k ST AR
A aa e NGB A I s RS N e N i Uy % N i e
YI2FIee . I H R 7R IS v 20 A o i fb 6 780 5 Ho A
HAH—E 25 I TR B R LA EEE
X, 1 IBD HE A P I 40 B ) e R A A R AR
T AR L A A, SRR R R AR
FEOC TRl A ] B VR A0 M Actl F kRS b Xt
DSS BUBPERAIL ] A DI, 2 38 2 B NEF-
kB 55 TG AL TR S AE I & Actl FaBA I T



590

SIS B4R 2016 4F 12 A %524 55 6 ] Acta Lab Anim Sci Sin, December 2016, Vol. 24. No. 6

B AL 5 it — 22T R R

(1]

& % x #t

Al-Ghadban S, Kaissi S, Homaidan FR, et al. Cross-talk be-
tween intestinal epithelial cells and immune cells in inflammatory
bowel disease [ J]. Sci Rep, 2016, 6. 29783.

Singh UP, Singh NP, Murphy EA, et al. Chemokine and cyto-
kine levels in inflammatory bowel disease patients [ J]. Cyto-
kine, 2016, 77. 44 —49.

Wang, W, Li X, Zheng D, et al. Dynamic changes and func-
tions of macrophages and M1/M2 subpopulations during ulcera-
tive colitis-associated carcinogenesis in an AOM/DSS mouse mod-
el [J]. Mol Med Rep, 2015, 11(4) . 2397 -2406.

McDaniel DK, Eden K, Ringel VM, et al. Emerging roles for
noncanonical NF-kB signaling in the modulation of inflammatory
bowel disease pathobiology [J]. Inflamm Bowel Dis, 2016, 22
(9) : 2265 -2279.

Li X, Commane M, Nie H, et al. Actl, an NF-kB-activating
protein [ J]. PNAS, 2000, 97(19) : 10489 —10493.

Sgnder SU, Saret S, Tang W, et al. IL-17-induced NF-kappaB
activation via CIKS/Actl ; physiologic significance and signaling
mechanisms [ J]. J Biol Chem, 2011, 286 (15): 12881 —
12890.

Hartupee J, Liu C, Novotny M, et al. IL-17 signaling for mRNA
stabilization does not require TNF receptor-associated factor 6
[J]. J Immunol, 2009, 182(3): 1660 — 1666.

Qian, Y,Liu C, Hartupee J, et al. The adaptor Actl is required
for interleukin 17-dependent signaling associated with autoim-
mune and inflammatory disease [ J]. Nat Immunol, 2007, 8
(3): 247 -256.

SR, BE M, BT, . /N L R N K
SRHESUA LA T]. P E LI B Y AE R, 2012, 20(6) : 69

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

-72.

Cooper HS, Murthy SN, Shah RS, et al. Clinicopathologic study
of dextran sulfate sodium experimental murine colitis [ J]. Lab
Invest, 1993, 69(2) . 238 —249.

2P B BOENL Actl AR H3 5 14 (0
RIR OGN T 15 SR 56 /0. o O NS
(Andro) HL A FHUMARHLHI AT ST D], hERLA BRI
B, 2009.

Murano M, Maemura K, Hirata I, et al. Therapeutic effect of in-
tracolonically administered nuclear factor kappa B ( p65) anti-
sense oligonucleotide on mouse dextran sulphate sodium ( DSS)
—induced colitis [ J]. Clin Exp Immunol, 2000, 120(1): 51
-58.

Andresen L, Jorgensen VL, Perner A, et al. Activation of nucle-
ar factor kappaB in colonic mucosa from patients with collagenous
and ulcerative colitis [ J]. Gut,2005, 54(4) : 503 —509.
Fujino S, Andoh A, Bamba S, et al. Increased expression of in-
terleukin 17 in inflammatory bowel disease [J]. Gut, 2003, 52
(1):65-70.

Swaidani S, Bulek K, Kang Z, et al. The critical role of epithe-
lial-derived Actl in IL-17- and IL-25-mediated pulmonary inflam-
mation [J]. J Immunol, 2009. 182(3) . 1631 —1640.
Nishikawa K, Seo N, Torii M, et al. Interleukin-17 induces an
atypical M2-like macrophage subpopulation that regulates intesti-
nal inflammation [ J]. PLoS One, 2014, 9(9) : e108494.
Cosin-Roger J, Ortiz-Masia D, Calatayud S, et al. The activa-
tion of Wnt signaling by a STAT6-dependent macrophage pheno-
type promotes mucosal repair in murine IBD [ J]. Mucosal Immu-
nol, 2016, 9(4) : 986 —998.

(7= EHHI] 2016 -10-09





