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Figure 1. ETBF colonization in infected gerbil - -osveree 213

Figure 2. Body weight change and intestinal morphology in

gerbils inoculated with ETBF (5 X 10° CFU) for 6 days - - 15

Figure 3. Histological evaluation of colitis induced by

Figure 4. Western blot analysis of E-cadherin in ETBF-
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Table 2. Western blot analysis of junctional proteins
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ETBF : enterotoxigenic Bacteroides fragilis
BFT : Bacteroides fragilis toxin

IBD : inflammatory bowel disease

LPS : lipopolysaccharide

iNOS : inducible nitric oxide synthase
COX-2 : Cyclooxygenase-2

NO : Nitric oxide

PG : prostaglandin

PBS : phosphate-buffered saline

BHIA : brain heart infusion agar

RIPA © radioimmunoprecipitation assay
ECL : enhanced chemiluminescence

DC : distal colon

MC : middle colon

PC : proximal colon

DC : distal small colon
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1. 239 %E 9 ETBFY %<

218 % E L (Central Lab Animals (Seoul, Korea)ol A T3+
Tt A d", dFA)S A& Y. AFSeol Hash

Ao 24, cagew® R EoAYse Argsloem, 23T,

O
:I:l‘
(Central Lab Animals)¥} HEHHdH & AF54A HAASF=H

aL
[}

. B AFo = =HAA W El¥H ETBF strain 86-5443-

i
ol
oL

2-2(pft-2)5 A& Th(31). ETBFE  37C, E7IA  AH A
vitamin K (0.5 ug/ml), hemin (5 ug/ml), clindamycin (6 ug/ml),
gentamicin (50 ug/ml)°] #H7}%¥ brain heart infusion brothol
RT3, 14). ETBF AF <54 Ad, Edd E(500 ml)el
A A clindamycin (50 wug/ml), gentamicin (150 wug/ml)<
I, AW ETBF 5 X 10° colony forming units (CFU)E
TR Fosglt. ETBFE A FE AP ETBFE A F A

B ARE TRt cagedl €Ol AbEEglow wd A



2. 4 4 ETBFY # ¥ 53

A S R cageol FAl ZEd o] tiHE dAv. dH 2
1.5 ml tubeo] Wol FAE ZFSAH3SAT. Fecal pelleto 500
ul® phosphate-buffered saline (PBS)S H7F3t 3 pestles
o] &3] ZolF i, vortex ¥ F PBSE A5 A st vitamin K
(0.5 wug/ml), hemin (5 wug/ml), clindamycin (6 ug/ml),
gentamicin (50 wug/ml)°o] #7}¥ Brain Heart Infusion Agar
(BHIA) plate (Research Products International Corp, USA)oQl
Azstgdc. PYHES HE3 platex anaerobic jarel Yo 37T
incubatorol A 48A] 3+ w3t ol U9  ETBFY CFUE

=439,

uAE F . 70% alcoholS Wy dHol A LA HAMFAu.
FTIE FE ZAANRE Ezx JtE T, g¥gs FE

FoAMEY H74A tEa felMEH FE7bA e 42357

=)
o



A =g, 2% S A7FE salineS & 33 M I &
proximal, middle, distale® FE3Io 3F5EIY. HI=
2H7F salineo® 33 A H3I  F  proximal, middle,

distaloe® FEI 35831 A 2 SHsA Yo 717 &

A %S cassetted Yol 10% formalindl 97} ZAIT. T &
22 1.5 ml tubeel Wol -80C o H#AAT. WA (cecum)>

27t ¢ salinelo® 33 A T 2 Fol ®r& 1.5 ml

oy
ME
ol

tubeo] -80C o H#I3 YR FEEL cassetteod] Yol 10%

formalinol] %7}

Ky
o
o
k)

4. A ZZF 9 lysates T H|

% *%2AS& protease inhibitor cocktail (Calbiochenm,
USA)o] (3%  radioimmunoprecipitation assay (RIPA) lysis
buffer (Millipore, USA) 300 ul® 2 oz & iceodlA 30 %+
lysis & t. I & lysates= 14,000 rpm, 4C oA 20 Ezt
A= S T NanoQuant spectrophotometer (TECAN,

Switzerland) & & lysated wwWzaS AHFF ),



5. Western blot 4

Protein (7.5 ug)ol total volume 10 ul”7} ¥ Al lysatesS 5HX
SDS-PAGE loading buffer [60 mM Tris-HCl (pH 6.8), 2% SDS,
2.5% glycerol, 14.4 mM 2-mercaptoethanol, 0.1% bromophenol

blue] o &3t

vy
rot

o ZF wello]l 10% SDS-PAGE gel [1.0 mm,
separating gel 10%, stacking gel 3.7%, 10 well]ol A 120V=

1A 7 3083 AV|ds Y. 2 F W AS nitrocellulose

A

membrane (Bio-Rad, USA)® 70VZ 1 A%+t  transfersta
transfer¥ nitrocellulose membrane & 5% skim milk (Becton-
Dickinson, USA)elA 1A%+ &< blocking 3% % primary Ab

(Table 1)& 5% skim milk®2 1:1000 3]A3to] 4Tol| A 124 7H

ja}

k8- A] 7] a2 PBST [PBS, Tween-20 05%(v/v)]lel 5% %t 33 washing

ol

} 91t} . Secondary AbE § 5% skim milk® 1:10,000=2 3] 4] 3} o]

i1t
rlo

ol 4 1AZF Wr$ A7l 3 PBSTel 53] washing 3t Tt.
Nitrocellulose membrane< enhanced chemiluminescence (ECL)
kit (Thermo, USA)= B3 Al 7] 31 X-ray film (Denville

Scientific, USA)e & &3 HA .



Table 1. List of primary antibodies

Ant ibody Clone Company Cat #
Rabbit anti-E-cadherin H-108 Santa Cruz sc-7870
Rat anti-mouse-E-cadherin ECCD2 Zymed 13-1900
Adherens Rat anti-mouse-E-Cadherin ECCD1 Zymed 13-1800
junction Mouse anti-E-cadherin C36 BD 610182
Mouse anti-N-cadherin 3B9 Zymed 33-3900
Rabbit anti-pan-cadherin = Zymed 71-7100
Mouse anti-occludin 0C-3F10 Zymed 33-1500
Tight

Rabbit anti-occludin - Zymed 71-1500

junction
Rabbit anti-claudin-5 - Invitrogen 34-1600
Mouse anti-desmoglein-1 27B2 Zymed 32-6000

Desmosomal
Mouse anti-desmoglein-2 6D8 Zymed 32-6100

junction
Mouse anti-desmoglein-3 5G11 Zymed 32-6300

10



6. g ZZ <9 HEE ¢ A

10% formalino] 2GS F2AS Fxeo o 4A3 7

] 44 ¥ 3 ethanol 70%, 90%, 95%, 100% <o = 7+7t

off

=i
AN @445 WPsar 100% ethanolel Al 1A17F 30%7F 23]
g Estdth. Xyleneel 1AZF 3087 23] ©@4 FHEAAHS
AP t. Paraffing HEAA Evjstzr 5 um FAZR
A 3t . Xyleneo] 387 23 w9 ¥, ethanol 100%, 95%,
95%, 80% <o = Z+Zh 153 HAZ} F, FxEdd FAsta
Harris hematoxylin®] 2&3F @AAS & Fx&Eo 23 FAs L
1% HCl-alcoholel 23 HA&AH. Fx=o 23 FAsa
eosino| 1&3F @A . ethanol 95%, 95%, 100%, 100%, 100%

s o w2 7z 153 A A3k ethanol-xylened] 153, xylene©l

11



I11. A3

1. <t A AW ETBF # <Y

ETBF7F Aol AWM 42 4 A=A Ldopbrr] 93 A

ETBF A% & A9 WS PBSE A g Aste] BHIA platedl

%3] anaerobic jarol Yo 37C incubatorol A 48A] 7+
Hjokst ek, EZFger AWl clindamycin, gentamicing & If
FHFFE T3 FFF 1 BHIA plate Weolx= clindamycin,

gentamicine] 23 ¥ o] Qo] Ao oi¥  y e  ETBFY
Aegxor wgFste CFUE SA v, EBFE AT et
AW wHE o Yol ETBF7F 5 X 107 - 6 X 10'° CFU/gram
stool® #HZE% A (Figure 1). ETBFE HF3d A && ZFgot
Ao A= ETBF7F AZHA &k, o A3E& F3] ETBF7F

TEYS AdS #FAANE 7 Ave As HAx=2 Fdssdd.
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Figure 1. ETBF colonization in infected gerbils.

Fresh stool were collected, immediately weighed, resuspended
in PBS and then serially diluted onto BHIA plates containing
clindamycin and gentamicin. Colonization of ETBF is shown as
CFU/gram stool. The dotted line shows the detection limit (3
x 10® CFU). ETBF was not detected in uninfected gerbils. Each

dot represents one mouse. Bars indicate median value.
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(a)

110-
(0]
=k
& 1007 -~ ETBF
o -k- Mock
£ 904
(@)]
D
= 80-
>
©
o 70
X
60 T T T T 1 1 1
Q N v > ™ %) ©
T days
Infection
(b) ETBF MOCK

Figure 2. Body weight change and intestinal morphology in
gerbils inoculated with ETBF (5 X 10° CFU) for 6 days.

(a) Body weight change. The daily body weight of individual

gerbils was normalized to the starting body weight. N=5, mock.
N=7, ETBF. (b) Gross morphology of the intestine. S:stomach,

Siismall intestine, C:cecum, Li:large intestine, R:rectum.

Scale bars, 1 cm.
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3. ETBF A Fd <3 FTZ<d AU AE ¢ A

ETBFE Aol HFstdes 45 A dHd HFA

ETBF <ol 9oa dAF5S doveA dotr7] f&iA AdES

AEste, WA} |, A2HS EIJAY. L A
2~ A5 proximal, middle, distalo 2 S ®3o Ao Sx2=
proximal, middle, distal® %3 A %9 GSTi¥ distal HF &=

HGE A& st FsdvAdS o] &3to] 408 &, 100w &,

l

400 & 2 B3, ETBFES A F3 FZzler Aol A= MOCK
Ao Hd WA Ao TE RN A= HF Tt
ARG, Y 2FHAAHE 95S #F & F A Y (Figure

3).
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(44

Figure 3. Histological evaluation of colitis induced by ETBF.

Histopathology was examined by H&E staining.

infected gerbils for 6 days post—-infection.

H&E-stained tissue sections of mock-

and ETBF-

(a) cecum (b) distal colon (c¢) middle colon (d)

proximal colon (e) distal small intestine. Magnification (x40, x100, x400)



4. Tt AW Aol A EIBFel <3 E-cadhering

g oy

ETBF=  Ab# 3 w9 2ol A  E-cadhering EHAZA FIS
of 7| Al ZItkar dE A ATh(17). TS AMAAE ¢ F o
dojt 7] Aol w9t Aol A e o] E-cadhering # Ao
o3 AolA Lot 7] 3] Western blote %3] E-cadhering
AEs . ETBF HE %, 6¢ Fo distal colon¥ middle

colon® A3 A ELZo|A E-cadherin (~120 kDa)<S western

blots& S3l A& £ ZI} E-cadherin’t #+AHA g
ETBFE HF3g AW NOCK Aol Ao Zpol7p A H A skt
(Figure 4). 2322 Atg3d vhg-2o M= 2 ETBF7E AW 9
E-cadhering ® A% QL v& 7zorw o AALS

dovm Am Hr},
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A) B)

E-Cadherin GAPDH

DC MC

DC MC

ETBF MOCK ETBF MOCK MCF7

ETBF MOCK ETBF MOCK MCF7

Figure 4. Western blot analysis of E-cadherin in ETBF-

120 kDa

infected gerbils.

Epithelial cell lysates from distal colon (DC) and middle
colon (MC) of Mock-infected or ETBF-infected gerbils were
examined for A) E-cadherin and B) GAPDH expression. MCF7
(human breast cell line) was used as a control for E-cadherin

expression.
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5. ZAA Y A ¥ epithelial cell junction @& 4

"¢ A4  E-cadherine] ®AHA g& Aoz  Ho}

adherens junction9 E-cadherin ©] ¢ ¢ o= junction?

L
=
i

of @ Aol oa PFol Aol Ao AFAAT.

g
K
>

Tt Aol A dFol dod 7AESE dofrH 7] 9
7k junction® @ AL Western blots F3 HEF3(10).
Occludin®} claudine tight junction® ¥dAs= v Aoy
desmogleine desmosomal junctione A= W Aot} . ETBF
infection® 3] o] 3§ wuwldol FHH=x . 1=y

A AEE FA= =

O
2
i
2

2t cross reactivity”}

Slo] dwA A7 HEHA ZFAd(Table 2). 2822 4

oF s g & F A,

25



Table 2. Western blot analysis of junctional proteins

Ant ibody Clone | Size (kDa) |Detection

Rabbit anti-E-cadherin H-108 120 X
Rat anti-Mouse-E-cadherin ECCD2 120 X

Adherens
Rat anti-Mouse-E-Cadherin ECCD1 120 X

junction
Mouse anti-E-cadherin C36 120 0
Mouse anti-N-cadherin 3B9 - X
Mouse anti-occludin 0C-3F10 220 X
Tight junction Rabbit anti-occludin - 220 X
Rabbit anti-claudin-5 - 22-65 X
Mouse anti-desmoglein-1 27B2 165 X

Desmosomal
Mouse anti-desmoglein-2 6D8 165 X

junction
Mouse anti-desmoglein-3 5G11 140 X
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ABSTRACT

Evaluation of the Mongolian gerbil as an experimental animal

model for Enterotoxigenic Bacteroides fragil/is induced colitis.

Yim, Sejin
Department of Biomedical Life Sceince
The Graduate School of Health and Environment

Yonsei University

Enterotoxigenic Bacteroides fragilis (ETBF) is a molecular
subset of B. fragilis which secretes an enterotoxin. ETBF infection
results in colitis and diarrhea but it can also be detected in 10~30% of
asymptomatic individuals. Studies in humans and mice demonstrated that
the secreted enterotoxin is a 20 kDa metalloprotease which induces
ectodomain cleavage of the cell-cell junctional protein, E-cadherin,
resulting in colitis. Recent results from several studies have shown
that ETBF was found at a higher prevalence in inflammatory bowel disease

(IBD) patients and colorectal cancer patients compared to normal
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individuals. In previous studies, ETBF infection of mice induced a
chronic colitis but not colon cancer. It is possible that ETBF infection
may have induced colon cancer if the mouse life span had been longer. In
this study, I tested whether the Mongolian gerbil would be susceptible
to ETBF infection. I found that ETBF infected gerbils exhibited a
dramatic decrease in body weight accompanied by diarrhea and dehydration.
In addition, ETBF was present in the stool for the duration of the
experiment suggesting that the Mongolian gerbil was successfully
colonized by ETBF. I examined the histology of the colon and found that
inflammation was limited to the large intestine. However, E-cadherin
cleavage was not evident in the mucosal epithelial cells of infected
gerbils suggesting that a different mechanism was involved in colitis in
gerbils compared to humans and mice. This study demonstrates that the
Mongolian gerbil could be used as model for ETBF infection. The longer
life-span of the gerbil compared to the mouse provides an appropriate
model to determine the long term effects of ETBF on chronic colitis and

colon cancer.

Key words : ETBF, B. fragilis toxin, Mongolian gerbil, colorectal cancer,

inflammatory bowel disease, E-cadherin
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