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Galectin-3 (Gal-3) &2 3L F st H3F 5 2 i bativ o &% LRk F° 0 %
¥ Gal-3 A E P RERERE A Mo A% LR T s Interleukin-22 (IL-22) it
i 4 ALF B9 4 Reg3P/3y 2 S100A8/A9 % i3 %5 i ¥ il X s o % J° o
IL-22 & & 3] IL-22 % $ 5 > ¢ 7% v 7 % Jak1/Tyk2-STAT3 ~ Akt 2 MAPK 3t 5LE:
e sy AT Gal-3 2 IL-22 a4 BT g £ R 44 5 AP
B3k Gal-3 # 37 %47 & IL-22/IL-22R 5L @vE > ¥ A% & 4 e st iy o AP
Fyov Mo Gal-3 i 2 %82 A IL-22/IL-22R T 53 & 0z (EAELEL AT o A dsde
BB % e sd o B2k Gal-3 2 447 A3 47 Regl3b/3g chd o e Gal-3 € f

#r IL-22 #73% % 4 3eh S100A8/A9 o

Me&EF - 2P MERE R3S 9 £-22 R - FUFPEPS - Reg3b ~ Reg3g »

S100A8 ~ S1I00A9
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Abstract

Galectin-3 (Gal-3) is known to exert a lot of biological function. Expression of
Gal-3 is significantly downregulated in the gut of patients with inflammatory bowel
disease (IBD). Interleukin-22 (IL-22) is known to protect against colitis through
enhancing the production of antimicrobial peptides (AMP), such as Reg3p/3y and
S100A8/A9. Binding of IL-22 to its receptor activates Jakl/Tyk2-STAT3, Akt and
MAPK signaling pathways. It has been reported that Gal-3 and IL-22 are important to
maintain the intestinal homeostasis. We hypothesize that Gal-3 may participate in IL-22
signaling and regulate the functions in intestinal epithelial cells (IECs). In our study,
Gal-3 seems not regulate the three major IL-22 signaling pathways. Although Gal-3 is
not involved in regulating Reg3b/3g expression, it negatively regulates IL-22-induced

S100A8/A9 expression in colon.

Key words: galectin-3, Interleukin-22, inflammatory bowel disease, antimicrobial

peptides, Reg3b, Reg3g, SI00AS8, SI00A9

d0i:10.6342/NTU201704125



8 T UUSRUUUUUURRRUURRUURURUURUUUURRR . i 44 § G W | % |
B2 B R s 111
ADSIIACE. ...ttt ettt et ettt ettt et ebeeas v
N U G iiieeeeeteee e e —eee e e ——eee e e ——eee e e a——eee e ——tee e e bteeeeabteeeentaaeeeeanaaeeeantaaeeeanraeeeanns 1
1. Inflammatory bowel disease (IBD) .......cccoooiiviiiiiiiiieieieeeeceeee e 1
2. Galectin (Gal) ..cccvieeeiiecieecee e e 2
2.1 GaleCtiNs F 71 cueeviieieeieieieeeese ettt 2
# =~ Galecting & BB HEA B o 2
% = ~ Galectins A A #FE ] B F A5 e 2
2.2 Galectin-3 (Gal-3) ..ccooieiieeieeeeeeee e e 3
3. Interleukin-22 (IL-22) ....cccceoiieeiieeieeieeeee ettt ettt ere e ereessaeeneeas 4
4. 4L v  (antimicrobial peptides/proteins, AMPS)..........ccccccvviiniiiiniinnnn. 5
A1 RO B B3y ittt et e nae s 5
4.2 STOOASB/AD ...ttt s 5
B == TSRS 7
1 172 B2 2 oviuieeieteseseete et ettt et et et te et et et te et a b eae et e b seete b eaeeteete b eseete et et eaeeteaas 7
1.1 CMT-93 (Mouse intestinal epithelial cell line)..........ccceevevvvercrerennnenne 7
1.2 HT-29 (human intestinal epithelial cell line)..........c.ccceevveevvieenveennennn. 7
2 B T B ettt bt a ettt ea et ne et nes 7
21 FIFER R IR s 7
22 BEBRIZIE T s 8
3. KNOCKAOWN. ...ttt et 8
\

d0i:10.6342/NTU201704125



[SX)

5. @ 3 B BLZ (Western BIOHNG) .o..eeevieiiiiiiiiiieeeeeeeeee e e 9
0. A BT et SR abe 10

N T ettt sttt et 11
1. Galectin-3 F % e TEC .o 11
2. A ERAR D galecting profile ..o 11
3. IL-22 % B25% 4 & fwe galectins & A F e 11
4. Gal-3 » 2F 73 %88 b IL-22 #73 %ch AMPs 2 2 & in VItro ... 12
5. Gal-3 7 258 IL-22/IL-22R axis 731 & A EL B E . 13
6. Gal-3 ¢ #55 IL-22Ral 1% IR eX VIVO..ooioiiiiiiccccccece 13
7. Gal-3 44 % 2585 IL-22 #13 0 Reg3B/y 2- % T €X ViVO..oeuneee.. 14
8. Gal-3 4 2 ¢ 83t IL-22 #734 ¥+ S100A8/A9 2 % . invivo.......... 14
T = RS SRPRS 15
Bl et b et r et e eaeese et e b e s e beeteeaeereeneas 18
N S )’% ............................................................................................................. 29
N ettt b et sttt be e i
P = D IR s i
it = Lgals3 SARNA SEQUENCE......c.eeuieuieiiieieieeieceeieeee e i

Lo IMIOUSE ettt ettt et ettt st 1

2. HUMAN Lo ettt i

FE T2 2 0 28] ettt v
it it w @ Real-time PCR PIImers ......cooeieieiiiiiiieieieeeeee e v

Lo MIOUSE ettt et ettt \%

Vi

d0i:10.6342/NTU201704125



Vil

d0i:10.6342/NTU201704125



W% P&

Figure 1. The profile of galectins in IEC cell line. ........ccccoceniiniiiininniiiiinciiinnn. 19
Figure 2. The profile of galectins in IL-22 treated CMT-93 cell line...................... 20
Figure 3. The efficiency of Galectin-3 knockdown...........cccevveniiiininninicnenncnnne. 21
Figure 4. The mRNA expression of IL-22-induced-antimicrobial proteins. ............ 22
Figure 5. The expression of Reg3p in IL-22-treated CMT-93 cell line.................... 23
Figure 6. The IL-22/IL-22 receptor signaling pathways in CMT-93 cell line.......... 24

Figure 7. /| &+ % ¥ Gal-3 4 2 $>° rIL-22 # ¥4 B AMPs 2 B - 26

Figure 8. Gal-3 @5 ¢ IL-22 # % AMPs 4 T2 Bk 484 © oo, 28

Vil

d0i:10.6342/NTU201704125



\
o

% % J % (intestinal epithelial cell, IEC) 5 %53 p % R B[R0 [§ 5 55 p ¢F >
¥ 4 % extracellular matrix (4v fibrin, fibronectin v collagen %) > 12 3% % i i
F 4 (Midwood KS, et al. 2004) « i & & ¥ e g 2 514 2 A p R AR %A
B g P o f ﬁ%‘}?ﬁzﬁl A Sk % k4 € &~ lamina propria ¥ ©
BEF G P RRRME RBFE EAF LRSS B R LR AT A
v FRA e FHERLIE G €45 ARY F (4o galectins, osteopontin,
tenascins, thrombospondins, vitronectin %) » 12 4% & ¢} iﬁf‘s RS R SN

(Midwood KS, et al. 2004) o # %45 "5 if BEZ % i Ap0chz B § 2L £ & o

1. Inflammatory bowel disease (IBD)

% X (Inflammatory bowel disease; IBD) & A &7 7 s » 384 & A FIR
$AAMEREFF M (- NOD2, IL10, ILIOR % IL23R)° ¥ % i £ 3 &8 & &
WAZ QR 5 B L ATk al b RS E F Rt X

MR TR A A BRarx B2 (Khor, Gardet, and Xavier 2011) °

v

Agpen IBD A & % 4 5 5 5 ¢ Crohn’s disease (CD) % ulcerative colitis
(UC) > 5= + » CD %,{é\é‘x FIPIM s FRABFEF LR AR un Y
(ileum) f= < % (colon) % pcE ;@ UC R4 # LFHIRis L& J ¥ 305

(Podolsky 2002) -
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2. Galectin (Gal)

2.1 Galectins f§ /i

P2 7 P-galactoside

Galectins f** B-galactoside binding lectin family > €
group AR Foam flz o B A F LR S LGALS- P w0 ¢ dvirf fede e d o

£7F 15 fé galectins » & # 4+ & = = 47 © (1) Prototypical from > (2) chimeric

=7
form (3) Tandem repeat> # I 4~ & » H #7/f e7 galectins & # F3)% 7 o o b ¢k »

- a7t b BE 2 %o 974 I galecting 4~ # 354 7 F o (Cummings RD,

Liu FT. 2009)

% — ~ Galectins % .s%ﬁ.k\ B

Form Structure Galectins
Prototypical Homodimer Gal-1, Gal-2, Gal-7, Gal-10, Gal-13, Gal-14
Chimeric Monomer Gal-3

Tandem repeat ~ Heterodimer Gal-4, Gal-8, Gal-9, Gal-12

(Cummings RD, Liu FT. 2009)

4% = > Galectins & A ¥g&7 -] Res # {35
Species Galectins
Human gal-1, gal-2, gal-3, gal-4, gal-7, gal-8, gal-9, gal-10, gal-12,
gal-13, gal-14
Mouse gal-1, gal-2, gal-3, gal-4, gal-7, gal-8, gal-9, gal-12
(Cummings RD, Liu FT. 2009)
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2.2  Galectin-3 (Gal-3)

Galectin-3 & *&— chimeric galectin® 8 S5 2 — 4 & carbohydrate recognition
domain (CRD) > § § #%:% 7 7 P-galactoside i 4F eij-v H £ lactose’ ¥ — =h ] &
amino-terminal domain - Galectin-3 Fv 2. 4~ F+ € 9 5 36kDa > H X %] LGALS3
BeiE % 14 5.4 ¢ %8 q21-22 (Raimond et al. 1997) o 7 fo 3t — 4L Jovi B ih g & 3
7V > galectin-3 ¢4 = 7 4_endoplasmic reticulum (ER)-Golgi apparatus % v o 37 %
E.%‘« fmre 2L dnve € 4 I Galectin-3 » Galectin-3 & A& # R 0% F (Hubert et
al. 1995) > gt b4 £ IR & ¥ $% (Moutsatsos et al. 1987) ~ ‘m#e % o £ 72 b JLHF

(Sato and Hughes 1994) -

7 e ehlefimiz @ o galectin3 AR E LA FEP G AY S0 v 4

\\\?{r

B = WA S T RE B Y 2 2 1 % (Dumic, Dabelic, and Flogel
2006) « # #H4 G T &~ 5 LF f (del Pozoetal. 2002) # 3u % F & (Li

et al. 2008) °

wIBD & ¢ > % & A dm¥e 91 & 40 galectin-3 # i (Jensen-Jarolim E, et al
2002; Muller et al. 2006) > @ matrix metalloproteinases #* Jix % > H it I f%
galectin-3 (Baugh et al. 1999) » # DSS #: 4 #3% ¢ > galectin-3"" % & 4k & DSS
6 ME T R wild type -0 BHEE R E B LS galectin-3 > Bt
tz & DSS #7i¢ = crdf & (Tsai HF, et al. 2016) o 72+ & fap* % % & 7A ¥ galectin-3

%22 3% % i homeostasis °
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3. Interleukin-22 (IL-22)

IL-22 # /% IL-10 family > ¢ 179 amino acids #7%& = » & + £ X % 20 kDa >
ATFVIL22 B ix % 12504 ¢ #8F oIL-22 % d 4% w9 974 3> 4o Th17~Th22 ~
type 3 innate lymphoid cells (ILC3s) % o IL-22 receptor P|#% I % % 2L 4 7 ‘m¥e
o e TR L5 A K - % i & (Perusina Lanfranca M, et al. 2016) - IL-22
receptor ¢ IL-22R1 £ IL-10R2 E'Li'ﬁé'%\; v % IL-22 % & F IL-22R1 18 » i = ﬁf‘@]
:x % > JI3t 2 IL-10R2 A = heterodimer > & @ Fx# fw ¥ p 20 5L @ L > 4o
JAK1/Tyk2-STAT3 signaling (Geethanjali Pickert, et al. 2009; Eva Hainzl, et al.
2015) ~ PI3K/Akt pathway ~ MAPK pathway (Mitra A, et al. 2012; Lejeune D, et al.

2002; Wolk K, et al. 2006) °

R LR T R 7 (= C. rodentium Fc S. typhimurium) R % 7 5
e d 5> IL-22 % i ik & (Zheng Y, et al. 2008; Raffatellu M, et al.
2008) o pt ¢k IL-22 &t # 3 IEC 08 % £ F] » 4o Antimicrobial peptides (Reg3p ~
Reg3y ~ SI00A7 ~ S100A8) ~ mucin (MUCI ~ MUC3 ~ MUC10 4= MUC 13) - ¢*
hA B Erdimee b= A M A& F) (40 Bel2 s Belx) 2 AT MRS A A it
% % gobletcells A f“ 2 34 o & DSS &3t ¢ »IL-227 X R a4k & DSS
oA P AMETREAGE R LRy PG HEA 0 T wild type BEE
(Pickert G, et al. 2009) - & #8 %35 > IL-22 3t % ¥ if o9 homeostasis $/# 2L % £

& 4 4 (Pham TA, et al. 2014; Schreiber F, et al. 2015) -
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4. #LF 3¢ (antimicrobial peptides/proteins, AMPs)

4.1 Reg3p/3y

FLF 37 Reg3 (regenerating gene family protein III) » 4% >+ lectin family -
Reg3f #-v 2~ + &£ X5 17kDa > Reg3y ¥ 5 19kDa - %ig ¢ cr7Reg3f/y 2L & d
epithelial cells #74 ;& > @ H 31 &7 Paneth cells 3 1 & &~ i+ (Cash HL, et al.
Science. 2006) - Reg3P/y s . Gram-positive bacteria sim?2 BE F A5 =0 3L > i3 =
W r < 0 R 5 Regd3p i % & F| Gram-negative bacteria e £E 1
lipopolysaccharides (LPS) ¢3 carbohydrate moieties » i = !w ) 7 =  (Sohini
Mukherjee and Lora V. Hooper. 2015) o p* #b &w 344k & ¢ (myocardial ischemia)
3¢ @ BoReg3f £ 7 chemokine {45 % £ macrophage & 2 3% (Lorchner H,
et al. 2015) © zx Reg3f/y > 8% 3 F 2 ¥ Fa 2 REFRFLE AP FTLL &

g o

4.2 S100A8/A9

S100A8 (calgranulin A s f migration inhibitory factor-related protein 8;
MRP-8) 2 SI100A9 (calgranulin B £ f MRP-14) # >t S100 calcium-binding
family » }* 7253 T4 A4 WA A NT GENFERYd 5 4 FE R R S 4
g F UREE S A2 S100s ° SI00A8 ¥ S100A9 & 3 7 Feed 3rb i >

v b B &35 5 heterocomplex (* & S100A8/A9 & calprotectin) °
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S100A8/A9 R iz % ’l‘:‘_f'_?%\ e Y s ¥ e g TR A R RSN E W TR
#& LPS ~ TNFo ~ [L1a ~ IL-1B ~ IL-10 & IL-22 3 % A 4 L % S100A8/A9 ;
b ¢ AT S L& P2 ¢ s 4o dendritic cells (DCs) ~ macrophages ~ neutrophils % »
h LA Fe f R e end T8 5 M 27 5 i (Geetha Srikrishna, 2011 (review); Michelle

M. Averill, 2012 (review)) °

SI00A8/A9 % ¢ 2% 5 ~ » A3 § 4 125 5 o w2 p 59 S100A8/A9 st
B4 ~ % i NADPH oxidase ~ i¥ 5 transcription factors ~ %22 DNA 4R 2 %
22 tubulin-dependent cytoskeletal rearrangements % o % 3F L pFHp > & 8 3 dmie ¢
11 S100A8/A9 it ¥ 5 damage-associated molecular pattern (DAMP) - % i TLR4

m:e % & & (Geetha Srikrishna, 2011 (review)) ©

F 5 I R 7 (v Staphylococcus aureus ~ Salmonella Typhimurium) # % P& >
Z& Mn™ fo Zn® 54 %k o SI00A8/A9 £ 4 A& AIEH 0 i RBTRE Y
$Mn’" 2 Zn*' > g @ & Pyl R F 2 £ (Brian D, 2008) o @ S Typhimurium
i% i * ¥ % I zinc transporter (ZnuABC) %k ¥t#< S100A8/A9 i¥* (Janet Z. Liu,

2012) -
d 3 Gal-3 2 IL-22 3% 5 gafFd BIgeiged & &4 > epaim

PFHRS L Bt PR T LGS A PERAY T 0 Gal3 ok

IL-22 e g @i o 50 & I -
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1.1 CMT-93 (Mouse intestinal epithelial cell line)
sk AR
DMEM medium (Gibco #11885-076), 10 % FBS, 100 U/ml Penicillin, 100 pg/ml

Streptomycin

1.2 HT-29 (human intestinal epithelial cell line)
sk dhpe
DMEM medium (Gibco #11885-076), 10 % FBS, 100 U/ml Penicillin, 100 pg/ml

Streptomycin

2.1 :};ggf’rﬁ]}%{,-}l}gﬁ

(1) B3] v R 7 % R d o B2 B ARS |-

(2) M 1 MRS RER BHFEHE RS- B8

(3) T B DR T R

(4) FOTF T EAz > % 0.50m E YR  HEADTM B E 9 2om i
< EE o

(5) MF 7 HHEH B P IVRE B
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(6) ME 1§ o

(7) mpe™ 2 i&{7 starvation *

) BE o

(8) # 2 cm A% HEEASw B REHEIERA R YRR EAS D BT/ A

2 100 ng/ml 7 IL-22 > 3 & ffe™ 3> = | FF{sdc™ B 2SR

real-time PCR -

22 LR

i 1 2 3

Condition for Washing Starvation Incubation
RPMI medium (Gibco 11875-085) + + +
FBS - 1% 20 %
L-Glutamine 4 mM 4 mM 4 mM
Fungizone-amphotericin B 5 pg/ml 5 pg/ml 5 pg/ml
Gentamycin 20 pg/ml 20 pg/ml 20 pg/ml
Penicillin 200 U/ml 200 U/ml 200 U/ml
Streptomycin 200 pg/ml 200 pg/ml 200 pg/ml

3. Knockdown

(1) #-lmrzf8*> 6-well culture dish ¢ overnight °

2) # “f medium > 4r > 7 3 8 pg/ml polybrene 7 culture meduium » £ 4 » 4§

% mouse Gal-3 shRNA (*# i =) ¢ lentivirus #& % CMT-93 ; 3+ human

Gal-3 shRNA (*#i* =) &7 lentivirus #& % HT-29 ; 34+ shLuc > lentivirus

d0i:10.6342/NTU201704125



)

(1
)
3)
4
)

(6)

(7)

S.

B % control A W& ¢t A & cell lines - MOI % 30 i®% prfF 24 -] pF o
# % medium > 4v » 7 3 1~2 pg/ml puromycin ¢ growth medium > %% 223
B &> 72 | P o (puromycin v & Moef 5L # P fw e o lentivirus £

anti-puromycin {4 > i FEH AE L 2 # 2w o)

Real-time PCR

FI* trizol +747% fRme o

4v » lcc chloroform » & # » 13,000rpm &t~ 30mins °

B kokE oM 7 RNA-

2 isopropanol @47 11 RNA > 13,000rpm &< 30mins °

# % isopropanol > 4 » 75% methanol %3 7% 4% 54 > 13,000rpm &t
30mins °

1 * reverse transcription kit (BIO-RAD, Thermo Scientific #K1642) #- RNA
F # 4% cDNA -

f1* SYBR GREEN (BIO-RAD) % p %4 F]2. primer ("t =) PP #&

cDNA 14 = & > %g."lﬁ o RNA h& g o

o > % 22 (Western Blotting)

77

#-m¥2 4] * Novagen’s phosphosafe extraction reagent (Millipore) X f% I Z_

¥ 30 FkAR > fl* SDS-PAGE # % kA + £ < | thks § o #Fvo Tk

# 3| PVDF membrane (0.2 pM ¢ 0.45 uM Millipore) > §1* 7 5 3~5 % BSA

9
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TBST 7% i 5 1541 (blocking buffer) s 41 % # % fadd (2 =) HRlp ds -
z tef1* %3 HRP eh% = #k (¥% 2 o 1 chemiluminescence detection kit 1§ 7]

I hEIRE o

6. 3t it

Real-time PCR 2 #cdg %41 * GraphPad Prism 6 Software (GraphPad, San

Diego, CA) it {7 5u3* 4 7§ * unpaired two-tailed 7 tests +* 5 22 ¥ éhi & o

p<005 57 HFLE - HHi7>85T5E + SD-

10
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1. Galectin-3 ¥ i % 3 & IEC

b3t A gg e BUArdg chgalectins A7 AR 7 B & w01 A
Fe galectins » F T3 B oo & 0 23l CMT-93 cell lines £ HT-29 intestinal
epithelial cell lines #7# .77 galectins profile » A % #-yt & & fm 2 83 culture
dishes > W11 - & R A% > ™ w% E 4| * real-time PCR #s it & fRim¥e
e galectins profile - 3 . CMT-93 cell lines & & # 3 Gal-1 > Gal-3 =% 2 (Fig.
1A) ; HT-29 cell lines % & % . Gal-4 > Gal-3 = 2. > Gal-8 v Gal-9 P|#c& 4R

(Fig. 1B) » ¥ Gal-3 § b5 &% & L e v o

% B 7 §2 4 galectins profile

bl

2. w3

—_—

d 3 galectin-3 & i dmPzend £~ F7F > 57 /mid CMT-93 cell lines

224

£ HT-29 cell lines c'm?z % & 8 F ¢ £ 5 galectins profile o 73t % 2 X 2 % 4
X R PETT w7 > 1t real-time PCR # 45 ¢t = kim P2 c17 galectins profile o %

Fiwre g R+ B3 galectins profile (Fig. 1) o

3. IL-22 % 5% 4 & % galectins thi Ao #

11

d0i:10.6342/NTU201704125



d 3P mmEiEe= 1I§’< %57 IL-22 2% ¢ B galectins e ME > 5 7 /ERR
IL-22 2% € B 5% 4 4 'w¥s e galectins profile ™ % galectins e R E > k-
CMT-93 cell lines 5 i starvation overnight & » £ %+ & 72 %+ 40ng/ml rIL-22
2 24 /] pF > 4% real-time PCR 1 ;| galectin profile » 4 3 rIL-22 7 ®5%

% m¥z en1 galectins A~ # 352 H £ (Fig. 2) -

4. Gal-3 » F# %2 4 IL-22 #73f &0 AMPs 2. 4 3 in vitro

IL-22 i ¥ IECs # 3 AMPs (Reg3P ~ Reg3y ~ SI00A7 ~ S1I00AS8) (Zheng
Y, etal. 2008) o % 7 Fzin Gal-3 & F S A HELEP > APEA* lentivirus & %
galectin-3 sShRNA I CMT-93 % HT-29 cell lines ¥ - mouse Gal-3 shRNA (*# i%
=) ¢ lentivirus #& % CMT-93; 34+ human Gal-3 shRNA (*4 # =) 7 lentivirus
#& 2 HT-29:3+ shLuc =7 lentivirus R ¥ 5 control 4 %|#& % st = &k cell linese
F1* Western blot FEZLR %23 » & R CMT-93 (#54867) #r4] Gal-3 % JhrcF

+ (Fig. 3) -

4 = # {4 5 Gal-3 KD (#54867) CMT-93 cell line » £ starvation overnight >
£ 12 20 ng/ml rIL-22 A&J2/% fid2 24 | p5 > i 47 real-time PCR ° rIL-22 # %
CMT-93 cell line % I AMPs 22z % » % % &_control % & Knockdown k& » 3t3*+

T EEELR

FEin AMPs ¢hg-v A RELE T L8 > %2 Regdp tait 4 o 11 rlL-22

;% Control/Gal-3 KD (#54867) CMT-93 cell lines » £ i 5 7 I FF R 2L (0 hr, 12

12
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hrs, 18 hrs, 24 hrs) {c B~ :& 7 Western BlottingeControl fe & §1]% 12 /| FF{s »

# B % 1 Reg3f > @ Gal-3 KD ‘e Reg3p £ 48 £ L 14> control & (Fig. 5)

5. Gal-3 # 8% IL-22/IL-22R axis i & ;L@

45t Gal-3 21 & IL-22 “r3f W ih RegdPly 2 2 B° o @ 4% if o in
IL-22/IL-22R & & $ = iE 3 ihaefc » & u] 5 JAKI/Tyk2-STAT3 pathway -
PI3K/Akt pathway ~ MAPK pathway o % #7235 Gal-3 & F #:i0 = g B s kB i
Reg3B/y % & » 2412 rIL-22 /&2 % Gal-3 KD (#54867) CMT-93 cell lines & °

L3R f pER RET B fm e > 11 Western Blotting kFxin Gal-3 £.F 48 4
IL-22/IL-22R 5L i@ vRpeje @ o & _Figure 6 {7 #v>Gal-3 % #25% pSTAT3~pAKT -
pERK ~ pJNK et it 2 L8 o &% Gal3 7 i 588 6 AR ok & N B8

IL-22 #73 #eh Reg3fly 2 # E -

6. Gal-3 ¢ %% IL-22Ral % 3R exvivo

B P 2R REDFALAF I o i wild type ¥ Gal-3 KO mice (%
EI)ynfpcel %\ﬁ%“f 0.5cm ehE % R Efs » $FPiTif v $E 4 2cm =
BERE LA R SESER A P BTS2/ EJE 100 ng/ml rIL-22 0 2 )
PFis T E_%‘« 1 2_ {8 i {7 real-time PCRe p #A /™ ¥ wild type #4p+* > Gal-3 KO
mice 1+ %5 & g 5 IL-22 Ral o @ rIL-22 §lgcfs > 7 825 wild type £ Gal-3

KO mice ¢ IL-22 Ral # 3 (Fig. 7C) »
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7. Gal-3# % % 5 IL-22 #73 # ¢ Reg3B/y 2 % R exvivo

Ap ZRERT swild type 22 Gal-3 KO mice #7 Reg3b/3g eriA#H L L E 4k o
B rIL-22 §jcfé > wild type 7 Reg3b/3g 2 & HARH + 2 » L @ hg F it A4

2 > Gal-3 KO mice 1 Reg3b/3g | & % i+ (Fig. 7D) °

8. Gal-3 # 4 ¢ ;g IL-22 #73 ¥+ S100A8/A9 2 # . invivo

Bp ARETT o wild type ¥ Gal-3 KO mice < % 3 i1 ST00A8/A9 A # 4
BB o o IL-22 Hlgets o wild type 1 S100A8 22 1+ 2 » @ A100A9 %
MEAZKEF LR ; Gal-3 KO mice 77S100A8/A9 # IL-22 fjcis ¥ dgF + 2 o
# wild type mice 4pt > Gal-3 KO mice eh= % sk rIL-22 fljcis » H

S100A8/A9 14 L€ & % + 2 (Fig. 7D) »
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® - 3

C. rodentium J 2% ;% ¢ > IL-22 & 3% % antimicrobial proteins =4 IR >
¢ % Reg3P/3y ~ SI00A8/A9 + * *4< s g » ¥ IL-22-KO mice ] AMPs 4
BAE > = Fakgt A &% e [L-22 4 innate immune ® 5 € & & 4

(Zheng Y, et al. Nat Med. 2008) -

g ¥ Reg3b/3g i & d 4 A e o1 4 s o & CMT-93 cell line # > IL-22 #
% Reg3b 2. 24 3 > % control =7 s 7k 3 + 2484 > Gal-3 KD =¥ 4%+ 2 7|
Fral o Ra A E L GRFLE (Fig 4A)od Ak n=3 SD &% - T &
Wefh AR 0 AR E AT A & Regdp Fv FARE L 0BT RET Gal3
ERE IL-22 FEA M Reg3ping 2 (Fig. 5) > s AR E£4F 5 xR %> © FEsn i

E # & real-time PCR 2 % % -

% ig ¢ IL-22/IL-22R axis e97F P @ iE8: i3 & 5 = 15 STAT3 pathway~AKT
pathway ~ MAPK pathway (Akira Sekikawa, 2010) - Reg3 % JL< STAT3 % &
1y (Pickert G, et al. J Exp Med. 2009) » % CMT-93 cell line » > Gal-3 # 7 B 5%
IL-22/IL-22R/STAT3 axis (Fig. 6) » = &% ¢ # 33| pSTAT3 % & F| promoter ' >
B A Fvo b vh>Gal-3 » & %2 & AKT pathway~MAPK pathway * (Fig. 6) >

2P Gal-3 ¥ i B H 8 A SRS AMPs £ IR o
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IL-22 sc 7% i NF-kB # ¥ STAT3 {2 Bs8wmPz 3 4 24 2 #  inflammatory
cytokine (H. Fukui, et al. 2011; K.A. Cho, et al. 2012; Lim C, Savan R. 2014) - =@
NF-kB £ STAT3 '# 7 Reg3 ¢ transcription factors (Nata K, et al. 2004) - %3 3
wmre ¢ > Gal-3 ek 4 g # M NF-xB &t F & > & ¥ 5 cytokines & #
(Chen, H. Y., 2006; Hsu, D. K., 2000) » f& &% % & w?® * > Gal-3 ¥_F # 47
IL22R/NF-kB pathway i 8 % Reg3 eh# Biv$ Fid— % Fiin o o ¢ » STATI,

STATS + 4 df # 47 & IL-22/IL-22R axis /¢ » 4 $ Fi&— #H s (Lim C,

Savan R. 2014) -

hfde S @ 5 Gal-3 44 P IL-22Ral i@ AL P2 s 2T Ak

.|_

% IL-22/IL-22R signaling 3t 5L 3 % (Fig. 7C) » X @ Reg3b/3g ™ %
SI00A8/A9 A d# 4 T & 484 > d J42R] Gal-3 ¥ e B 7 P RS A B

2 IL-22Ral £ Reg3b/3g 2 S100A8/A9 e I o

¢ wild type mice 4p* - Gal-3 KO mice = % e » rIL-22 £ ¥ 4 2 9
Reg3b/3g ¥t & ¢+ p £ % (Fig. 7D) > #* 3 % 52 CMT-93 cell line #fR % 3] e

W9 - & (Fig 4A) -

Aa rll-22 %A 2 1 S100A8/A9 & Gal-3 KO mice i % msid » gr g
B x 2 - SI00A8/A9 % Reg3b/3g % = rIL-22 #rAdy » ot T RE &R % o
% Judith Behnsen & 4 %7 7 ¢ 4 > 22 wild type mice #4p 't > IL-22 KO mice &
Regdg chiA# A RE S - @ SI00A8/A9 RIEF > A H L IRAPF oA E o o
IL-22 KO mice #% % F| Salmonella R % 14 > SI00A8/A9 # E &% plHrd] >
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Reg3g R & - 2 % 3 (Judith Behnsen, et al. 2014) » & P [L-22 2L

S100A8/A9 sri— 24 «t’i—'ﬁ » @ Reg3g RIx 3| IL-22 8 A4 -

A Gal-3 KO mice @~ % %2k ® »rlL-22 #73 E 1 S100A8/A9 w4 & &
wildtype % » &7 Gal-3 it 2847 IL-22 #73 % 1 SI00A8/A9 % 7 (Fig. 7D) » #
7 SI00A8/A9 %% 5 % 4 A in% § £ R0 5 Lk wie s § & Mo & Theodore
Kouo ¥ % e 7 ¢ # IR > ¥ wild type mice 48+ > Gal-3 KO mice =
CD8"TILs ¢ % I 5 ¢ S100A8 (Theodore Kouo, et al. 2015) = & ** % %t & e
lamina propria * § 7 L#E A E wrz o A T L L wmre € 4 IL-22 RN F R
tIL-22 3% % Gal-3 KO mice % % 2.4 & 2 1S100A8/A9 & A ¥ + 2 (Fig. 7D) »
RIS RFT i RS AL e 5EE C BEAE LS e S

S100A8/A9 -

N8
i

Mk A2 BT GRkn™ > Gal-3 3 B EAMPs chA# A RE - § < %

feee ] IL-22 fipcps > Gal-3 a foddx IL-22 3 H 4 IR S100A8/A9 - d pt+

fooGal3 AREBERERRAIPFER LS
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Figure 1. The profile of galectins in IEC cell line.

(A) mouse cell line, CMT-93. (B) human cell line, HT-29. The cells were seeded in
day0 and harvested in day2 and day4, respectively, without any treatment. The mRNA
expression of galectins are screened by real-time PCR. Data was repeated two times

independently.

19

d0i:10.6342/NTU201704125



riL-22
Seeding cells Starvation \L Harvest
| | | |
| ! Overnight ! 24hrs !
Day0 Dayl Day2 Day3
B
£ 07 4 M Control
% 0.6 W IL-22 (40ng/ml)
2 05
5 04
a
¢ 03 -
o
$ 0.2
()
2 01 - i
[
< 00 — o ——
5 . p D A 2 9 L
Y AT A Y N P B\
‘(\6 «\6 «\6 «\6 «\6 6\6 «\6 &R

Figure 2. The profile of galectins in IL-22 treated CMT-93 cell line.
CMT-93 cell line is treated with or without recombinant IL-22 (40ng/ml) for 24 hours
after starvation overnight, and then screened the profile of galectins by real-time PCR.

Data was repeated two times independently.

20

d0i:10.6342/NTU201704125



CMT-93

Gal-3 KD

% 5 A
7 g0’ g

Q& PP P

35- - — - e |- Gal-3

40-

HT-29

35-

55-
40-

C\\z

Gal-3KD

> A ®
5> q”’& > S
LR e

Sa=_==

55- - —— | . 3- i
B = & | Pracun

-Gal-3

- B-actin

Figure 3. The efficiency of Galectin-3 knockdown.

f1#* #F mouse Gal-3 shRNA (#54863 ~ #54865 ~ #54867) =1 lentivirus #& %

CMT-93 cell line ; ## human Gal-3 shRNA (#29304 ~ #29305 ~ #29307 ~ #29308)

e lentivirus ## 4 HT-29 cell line; 4% # shLuc 7 lentivirus B] ¥ % control (CTL)

w2 S FR cell lines ©
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Figure 4. The mRNA expression of IL-22-induced-antimicrobial proteins.
Gal-3-Knockdown cell lines were treated with or without recombinant IL-22 for 24
hours after starvation overnight, and then measured the mRNA expression of AMPs

by real-time PCR. (A) CMT-93 cell line, n=3 (B) HT-29 cell line, n=1. ***P<0.001 -
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Figure 5. The expression of Reg3p in IL-22-treated CMT-93 cell line.

CMT-93 cell line with or without Gal-3-Knockdown are treated with recombinant

IL-22 (20ng/ml) for serious time points after starvation overnight.
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Figure 6. The IL-22/IL-22 receptor signaling pathways in CMT-93 cell line.

CMT-93 cell line starvation overnight ¢ » £ 4r » 20 ng/ml recombinant IL-22 & {7
Tligr> 2B A% b PFR B~ w? > 4| * Western Blotting #x3% Gal-3 £_F #2258

IL-22/IL-22R ™ 74 & 8@ 1 (STAT3, Akt and MAPK signaling pathways) °
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Abbr.

AMPs Antimicrobial peptides

CD Crohn’s disease

CRD Carbohydrate recognition domain
DSS Dextran sodium sulfate

Gal Galectin

IBD Inflammatory bowel disease

IEC Intestinal Epithelial Cell

UC Ulcerative colitis
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%t i¢ = ! Lgals3 shRNA sequence

1. Mouse

Clone ID Vector Target Oligo Sequence
Sequence

TRCNO00000 pLKO.1 CCCAACGC CCGGCCCAACGCAAACAGGATTG

54863 AAACAGGA TTCTCGAGAACAATCCTGTTTGCG
TTGTT TTGGGTTTTTG

TRCN00000 pLKO.1 GCAGTACA CCGGGCAGTACAACCATCGGATG

54865 ACCATCGG  AACTCGAGTTCATCCGATGGTTGT
ATGAA ACTGCTTTTTG

TRCN00000 pLKO.1 CCGCATGCT CCGGCCGCATGCTGATCACAATCA

54867 GATCACAAT TCTCGAGATGATTGTGATCAGCAT
CAT GCGGTTTTTG

fif ¢ Rl Nk AT A E o % (RNAicore) > d FlH Al 9%z

#ix o
2. Human
Clone ID Vector Target Oligo Sequence
Sequence
TRCN00000 pLKO.1 GCTCACTTG CCGGGCTCACTTGTTGCAGTACAATC
29304 TTGCAGTAC TCGAGATTGTACTGCAACAAGTGAG
AAT CTTTTT
TRCN00000 pLKO.1 CCCACGCTT CCGGCCCACGCTTCAATGAGAACAA
29305 CAATGAGA CTCGAGTTGTTCTCATTGAAGCGTGG
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ACAA GTTTTT
TRCN00000 pLKO.1 GCAGTACA CCGGGCAGTACAATCATCGGGTTAA
29307 ATCATCGGG CTCGAGTTAACCCGATGATTGTACTG

TTAA CTTTTT

fif t ¢ AT i Nk A T A E e % (RNAIcore) > o Bl A Al 2%

ko
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Source Catalog Number

Anti-mouse B-actin

Anti-mouse Gal-3
Anti-human Gal-3
Anti-mouse STAT3 (79D7)
Anti-mouse pSTAT3 (Y705)

Anti-mouse AKT (pan) (C67E7)

Anti-mouse pAKT (Serd73)

Anti-mouse p44/42 MAPK (Erk1/2)

(137F5)

Anti-mouse P-p44/42 MAPK (Erk1/2)

(Thr202/Tyr204)
Anti-mouse pJNK1(pY185)
/pINK2(pY 185)/pINK3(pY223)
Anti-mouse Reg3b
Recombinant mouse IL-22

Recombinant human IL-22

Genetex GTX109639
(P EFTRAFARLI%RT)

(P PR EAIAL %)

Cell signaling #4904
Abcam Ab76315
Cell signaling #4691

Cell signaling #9271

Cell signaling #4695

Cell Signaling #4370
Abcam #ab76572
R&D Systems AF5110
eBioscience 14-8221-63
PEPROTECH 200-22
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it = : Real-time PCR Primers

1. Mouse
Name Sequence (5' to 3')
RPL7 Forward 5’- TCAACAAGGCTTCAATTAACAT -3’
Reverse 5’- CAATCAAGGAATTATCTGTCAA -3’
IL-22Ral Forward 5’-TCG GCT TGC TCT GTT ATC
Reverse 5’-CCACTGAGGTCCAAGACA
Reg3b Forward 5’- ATGGCTCCTACTGCTATGCC
Reverse 5’-GTGTCCTCCAGG CCTCTTT
Reg3g Forward 5’-ATG GCT CCT ATT GCT ATG CC
Reverse 5’- GAT GTC CTGAGG GCCTCTT
S100A8 Forward 5’-TGT CCT CAG TTT GTG CAG AAT ATA AA
Reverse 5’-TCACCATCG CAAGGAACT CC
S100A9 Forward 5’- GGT GGAAGCACA GTT GGCA
Reverse 5’- GTG TCC AGG TCC TCC ATG ATG
Galectin-1 Forward 5’- CTCTCGGGTGGAGTCTTCTG -3’
Reverse 5’- GGTTTGAGATTCAGGTTGCTG -3’
Galectin-2 Forward 5’- CTAGGAGCAACTGGGAGAGC -3’
Reverse 5’- CCCTGGTTTCATGTTCAGGT -3’
Galectin-3 Forward 5’- GCCTACCCCAGTGCTCCT -3’
Reverse 5’- GGTCATAGGGCACCGTCA -3’
Galectin-4 Forward 5’- CATGCCTGAGCACTACAAGG -3’
Reverse 5’- CGAGGAAGTTGATGGACTGAA -3’
Galectin-7 Forward 5’- ATGAGAATTCGAGGCATGGT -3’
Reverse 5’- CACCGCATAGCAGGTTTACA -3’
Galectin-8 Forward 5’- ATCGTGTTCATGGTGCTCAA -3’
Reverse 5’- CGTACAGCAGAACATGCCTTC -3’
Galectin-9 Forward 5’- ACCCTACCACCTCGTGGAC -3’
Reverse 5’- GACAGGGGCTGCAGAGTTC -3’
Galectin-12 Forward 5’- ACCCGATTCCTGACAGCTT -3’
Reverse 5’- GTGACCATCTTGCCTGCATA -3°

Galectins % ik :

PLETREFEARLY %R
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2. Human

Name Sequence (5'to 3")
GAPDH Forward CCCATCACC ATC TTC CAG GAG
Reverse GTT GTC ATG GAT GAC CTT GG
Reg3a Forward GAGAGT GACTCCTGATTG CCT CCT
Reverse GGG ACA GCG GAT CCG TGC AG
Reg3g Forward GTG ACC CGATTG CCT CCT CAA GTC
Reverse GGC AGG AAA GCAGCATCCAGGAC
Galectin-1 Forward CGC CAG CAACCT GAATCT
Reverse CAG GTT CAG CAC GAAGCTCT
Galectin-2 Forward GGT TAA GAA CAT GGA CAT GAA GC
Reverse TGG CCCAGATTAATTACAAAGC
Galectin-3 Forward GAG CCT ACC CTG CCACTG
Reverse AGG CAA AGG CAG GTT ATA AGG
Galectin-4 Forward TTC ATA GTC CTG GCT GAG CAC
Reverse CGG TGC CCGTACTCATAG A
Galectin-7 Forward CAG ACG ACG GCT TCAAGG
Reverse AAG ATC CTC ACG GAG TCC AG
Galectin-8 Forward TGC ACC AAAATA CCACCTATG A
Reverse CACTTCTCCTTTAAC GACGACA
Galectin-9 Forward CAC CGT GTG GACACCATCT
Reverse GAA GGC AGG CTG AAC AGG
Galectin-10 Forward ATG CTC AGT TCA AAT TCT TGG
Reverse AGT GTG CTTTGGTCGTCGT
Galectin-12 Forward GGA GTTGCCCCACTGTCAT
Reverse CGT CGT GACATAAGG AACCA
Galectin-13 Forward GCG TGA GTT TGG GAT ATG GA
Reverse ATG CGTATG CCATTGACCTT
Galectin-14 Forward TCA CAC AGAAGA CTG GACACAA

Reverse

AACAGG CAGTGT GTATGGTAC G

Galectins % ik :

PLETREFEARLY %R
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§h 4 4 4% ¢ B6.Lgals 1/3/12-wt

1% 5 3% ¢ 124(B) Biaerk: & s A RA R
b3 B
BHpkie | R¥ | L4488 5 i 3 L 3] ke E-33 Hix
& F5 | 04/13/2017 | F3-fE4est | F4-SE45%% Q N/A EL-02(7%)
& FS 04/13/2017 F3-fiE4R5% F4-$E4R 55 Q N/A EL-02(/5)
& F5 04/13/2017 | F3-fE4R5E | FA-SELRSE Q N/A EL-02(/£)
&b % 4 #% © B6.1gals-3+/-(het*het)
4% 5% 3% © 124(B) By & W5 afA T En
B
Bk | K% HABM i D 3.1 ana A% i x:3
Q 3 lgals-3
2060 F5 05/08/2017 F4-1853 | F4-1856 Q -/- EL-01(/5)
2061 F5 05/08/2017 F4-1853 | F4-1856 Q -/- EL-01(/%)
2102 F5 05/13/2017 F4-0975 | F4-1155 Q /- EL-01(/5)
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