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Cytokine Gene Expression of Peritoneal Tissues in Response to
Mixed Infection of Bacteroides fragilis and Escherichia coli

Jung Mogg Kim, Young-Jeon Kim', Hwon-Kyum Park’ and Yang-Ja Cho

Department of Microbiology and Institute of Biomedical Science, Department of
General Surgery’, Hanyang University College of Medicine;
Department of Life Sciences, Joongbu University'

Bacteroides fragilis and Escherichia coli, normal colonic inhabitants, are the most frequently
isolated bacteria in infected tissues, particularly in intraabdominal abscesses. This study was
designed to determine whether enteric bacteria may alter the B. fragilis-induced expression of
proinflammatory cytokines in mouse peritoneal tissue (MPT). After C57BL/6 mice were inoculated
with abscess-forming mixture containing B. fragilis in the presence or absence of E. coli, RNA
was extracted from MPT. Expression of interleukin (IL)-1o. and tumor necrosis factor (TNF)o
mRNA was assessed using RT-PCR and standard RNA. Each cytokine protein was also measured
by ELISA. The co-inoculation of E. coli into mouse peritoneal cavity advanced the onset of
abscess development by B. fragilis infection. When mouse was co-infected with E. coli and B.
fragilis intraperitoneally, there was a synergistic increase in the expression of IL-1c. and TNFo
mRNA in MPT and this was paralleled by increased cytokine protein secretion. Mixed inoculation
of heat-killed E. coli and B. fragilis did not cause a synergistic increase in those cytokine mRNA
expression. These results suggest that enteric bacteria may significantly affect proinflammatory
cytokine signal produced by host peritoneal cavity in response to B. fragilis infection.

Key Words: Bacteroides fragilis, Escherichia coli, Intraabdominal abscess, Proinflammatory
cytokine, Quantitative RT-PCR, Synergy
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oju] ZHd v Yo’ B ) 5% 24 L AT
% 3FTFE HES AF QST LR
de F9E J B (fibrin)T e}zl A% (colla-
gen fiber)2 o] R0} A ¥ 9} (capsule) o2 £ %
o gl 722 Ho giP. a2dd dFA 2t
F&97) A8 e 7 24 222 proinflam-
matory cytokine®] F#o] A olt) B HAE
2 B. fragilisZ ZF9 A7l C57BL/6 w32 B}
Z& oA proinflammatory cytokine§] interleukin
(IL)-10, IL-6, tumor necrosis factor (TNF)ow 82t
o}l 2} monocyte chemotactic protein (MCP)-13}
macrophage inflammatory protein (MIP)-1a$} 22
chemokine @ o] F3 AP S &A% H} g}t
2. 0] % proinflammatory cytokine & Z4) 2] &
A3 A sto] T E Pt oh]g B X9 £33}
2 A3}, prostaglandin L%} B, nitric oxide 5
22 4F AR A Bt gy o
e FF HAPS et A8 & 4 9l
T B. fragilis7} B7F W] R
we B A X258 TNFa A4 o]
7}2 o2 M abscess7t - EE AolgE 7} o)
EHAH?. o) s} o] proinflammatory cytokine
< B. fragilis ZYg ol 23 W W] /W& 24
3} key factor2 &g}

AgHoR BB E7} Yo diAddwtS g4
AE Bl TFol FAHA LA, B. fra-
giliset NATE& £ ZAAAA S HolE B fra-
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Abggo) ZFHFTPS, olg) e ¥Ye MY
& & e 71A 9 IR B fragilis7t QAT
¢} phagocytic killing& <} 4] gehe 714 o] A} A=)
ATHY, 2w hFET o)A oblutE g 4
AL EF ZEAH S ol o] A ofvinpgt
< Z9A% < Ao v3e proinflammatory cy-
tokine S 2}7} synergisticdt Al Z7}3H. u}a}
A proinflammatory cytokinee] F9% Ao o]
& & S Aol Foj v FoM?, yAFL B.
fragilis 79 9 2)8} -+ %5 = proinflammatory cy-
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A 7}A] B. fragilis 3B FoNA o9 2L 7%
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B. fragilis®t WAdS T AT | 2EY

£ cytokineS FAAL FFHE AW (reverse transcri-
ptional polymerase chain reaction, RT-PCR)2. & 7]

AR A BE 34 RNASH A 93 GAAL
PCR (quantitative RT-PCR)-2- o] -&3}o] T H cy-
tokine mRNA 2315 233t T 2EE

WRNAZ} R 27t ololAEAe) A3
Gs7] Aokl 23 239E fyoT B4,
W 239 (enzyme-linked immunosorbent assay,
ELISA) & o] &3}o] £u]H cytokine T d & 7
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B. fragilis Wi¥< 93t BE @F (ATCC
23745)% vitamin X (0.1 pg/ml, Sigma Chemical Co.,
St. Louis, MO, US.A) 2@ hemin (5 pg/ml, Sigma)o]
3H-¥ 5% sheep blood agarol] & &3t 9, anaero-
bic chamber (Forma Scientific Inc., Mariette, OH,
US.A)9 E3 71~ (85% Ny, 10% Hy, 5% COy) &
A 2~3U7F Wkt # FeEE FAFA
o} 3122 peptone-yeast-glucose W)X (PYG medium,
0.5% yeast extract, 2% proteose peptone, 0.5% NaCl,
0.0055% cystein-hydrochloride, 20% glucose)ol] &
Fokal 24N MFT T TE FARYG 2§
phosphate buffered saline (PBS, pH 7.2)C. 2 33] A
49 ¥ Ade] o] 23U} T 2L McFar-
land nephelometer& o] -&-3}93 t}.

230 $%E 4N 9t A&
A2 1x10° P D9 (colony-forming unit,
CFU)Q] B. fragilis®} E. coli DH5¢. (Promega, Madi-
son, Wis, US.A)ol| 22 <o d27d 3# AU
£-E (autoclaved colonic and cecal contents, ACC)
3} 10% (wt/vol) BaSO.E £33 5, 25 gauge 5
Atubs 2 C57BLI6 vH-2 (B 8~10F) B3 Ul
of FAlAT ACCE E53tA ntd A
Aol A 27 AEE AAste] & AZAL H,
WEEe) 2 HE R 59 RICAA B
$E TS AT 2 F 1500 pmo. 2 A5
o A RS =A% 5, 04 um filter (Millipore
products, Bedford, MA, US.A)2 o 33} 2 & o
o] &3tgit}. A thZF o= ACCS 10% BaSO,
2 ERN7 N EEDL EeAT 2o wat
Me 60CoHA 3087 71 Ael§ E. coli DHSa
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X 9™ AL PCR

F9 =225 E RNA &

2-1. =8 BRNA &

B. fragilisE T3 % $EERAS Qa1
47 Azto] ARY F rhe2E AY BHAR
9, B3-S ANt A A B 24 &

AH AT AT 22 o2 HE S RNAE Ot
tawa sand'® (Fisher Chemical, Fair Lawn, NJ, U.S.A.)
9} guanidinium thiocyanate-phenol-chloroform-2- o]
g3te] 239tk BN 2% RNAS integrity
€ gel A719 5ol 3t EAFHT?.

2-2. in vifro reverse transcription & cDNA PCR

A4 cytokine w2 IL-la B TNFog
t}. o] & cytokine2] @7]x4¥ ¥ RT-PCRE 7| &
o Py a FgsdD. &, F2F 02~1 pgd
%2 RNAZ 0.1 pg9 oligodThset & 37T
A 60% F< WHE-AlA cDNAE THE I, PCR
thermal cycler (GenAmp PCR System 9600, Perkin-
Elmer Cetus, Norwalk, Conn., US.A)Z S ZA]Z}.
FE T2 3L 7]E2) W2 Taq polymerase
(2.5 unit, Perkin-Elmer Cetus)E 3 7}3F & 95C
] 1087t heat inactivationA] Z1©} (hot start method).
IL-1axe 95TCelA] 123t denature, 60CN A 2%
30z %< annealing¥} extension, TNFou 2 B-actin
95ColA] 183t denature, 727C oA 28 30% E<H
annealing@} extensiono] Yo} 2 dgon, &
AP A= 3238 Qe

SAHNZZ o2 E cDNA &4 73 eA RNA
WAl ZF52 2ol PCRE AFE A& AFR3LS
o FANETLZ2E 2.5 ug/mlel phytohemagg-
lutinin (PHA, Sigma) . 2 6X] 7} £t A= A7) w}
S22 U AR FETERE FET RNAE o &
3t Tt

PCRo| &y &, o]E productE 2% NuSieve
agarose gel (FMC Bioproducts, Rockland, ME, US.A))
2 A719 %3 5 ethidium bromide Mo =2 3t
LA
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A}8-3Fo] (competitive RT-PCR) IL-1a % TNFo
mRNA 23 £448 234 EF RNAE
71E NFPD A} FYF AL o] LA
A= A7} 5x10° transcripts/ug RNA o] Abo] @@ g
352 Sulgle ARE BT
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o 5%

B W 23 $2E9 ¥39 proinflammatory
cytokine TH¥] A& ELISA Hhg o2 &233qrt.
EZ W 28 552 71&E9 PHE o] &3hd
d1omh HEA o2 0.2 um filter2 o 43
Aol o) BT wHe2 B 2H0] 5o 9|
£ IL-loe € TNFoo] 42 &4 3817] 93t R&D
Systems (Minneapolis, MN, U.S.A)dl| A 7§23 kit
& o §3e] Azsate] HIAUZ AR
ol U R 27 well| M o] BFAE T8 H, &
24g o] &3t Y| cytokine ¥ AHESH
Wilcoxon ranksum-testE ©]-83}<d T
oJA & AR, p valuert 0.05 ©)
#o st Aoty B st
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RS
agdmﬂ 98 573
& Zoti7] ste
1x10° CFU9} B. fragzlts9—]- tﬁﬂﬁi T2 274
AN 423 g7 CS7BL6 vl$-2o] HES H
39 & ohe2 B3 AN OS5, SUoE F
o 34 §BZ BASHUT. AF AT B. fragilis
e HEPE W vF 2 HE v~

9] 20%) st o, AATE FA HAFS
7Agole 80%X AR FUdol FHHE
& F AAS. 2t 78 Foll B. fragilis &
AEE vh¥2 BFolA Fo] F4s o AT
of B Wl g d4 =& I/ ¥

oz A43e I 4 AT (Table 1),
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Table 1. The incidence of abscess formation in CS7BL/6 mice inoculated with B. fragilis and E. coli

Day after inoculation

Inoculated bacteria

3 7
B. fragilis 1/5 (207 5/5 (100)
E. coli 0/5 0/5
B. fragilis + E. coli 5/5 (100) ND’

1. C57BL/6 mxce were inoculated with abscess-forming mixture contalmng B. fragilis (1x10 CFU) and/or E.
coli (1x10° CFU). Intraabdominal abscesses were observed after the mice were killed by cervical dislocation

3 or 7 days after inoculation.

2. Numbers of mice with intraabdominal abscess/total inoculated mice (%)

3. ND, not done

Table 2. Quannflcanon of cytokine mRNA expression in mouse peritoneal tissues infected with B. fragilis and/

or E. coli*
Cytokines Control B. fragilis E. coli B. fragilis + E. coli (‘fold-increase)2
IL-1a 41x10" 2.6x10° 3.6x10 6.5x10° (25)
TNFa <5x10° 5.9x10° <5x10° 21x10° (36)
B-actin 55x10° 52x10° 51x10° 53x10°

. C57BL/6 mice were inoculated with abscess-forming mixture containing B. fragilis (1 x 10° CFU) and/or E.
coli (1x108 CFU), after which peritoneal tissue RNA was extracted by Ottawa sand and the guanidinium
thiocyanate-phenol-chloroform method 3 days after inoculation. Quantification of cytokine mRNA was per-
formed by RT-PCR using specific primers for each cytokine and synthe‘llc standard RNA. Results are

expressed as the number of cytokine transcripts/ug of tissue RNA.
2. Parenthesis is fold-increase of mixed infected group to B. fragilis alone

) )

C

IL-1a

TNFa

Figure 1. Cytokine mRNA expression in the intra-
peritoneal tissues infected with B. fragilis and E. coli.
CS57BL/6 mice were inoculated with abscess—formmg
mixture contammg B. fragilis (1x 10° CFU) and/or
E. coli (1x10° CFU), after which peritoneal tissue
RNA was extracted by Ottawa sand and the guani-
dinium thiocyanate-phenol-chloroform method 3 days
after inoculation. Each cytokine mRNA was observed
by RT-PCR using specific primers. (+), positive con-
trol; (), negative control; B, B. fragilis; E, E. coli;
B+E, mixed infection of B. fragilis and E. coli.

dl OLA} S

(sl g s 7—%0}93\5}' 1
o)A IL-1oc @ TNFa

2 TNFa mRNA2] ¥

1y
A3 T A7 2
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mRNA signal2 B. fragilis %8 779 A7l F0] H)
st FteE 4 5 AA (Fig. 1)

) 99} o] @43k RT-PCRe] A rjuto
ZE mRNAY =7 A2 AARA oz frte
& 71 W2, £F RNAZ o] §3te] 2@ g n}
2~ mRNA 2242 FIsidct. 2 49 Lo
mRNAS] Z 9o gloide £ g 29
%% RNA 1 pg 2 37 6.5x10° mRNA £2}47}
B o] B fragilis & ZFAN T (2.6x10°
mRNA 2x}55/ug 22 RNA)J ]3] 251 9] 2338
Z7}2 Vel o) ® & TNFo mRNA 28-S 3

FRE o= T FEAI7 TollA 22 RNA
1 g % 2.1x10° mRNA 22}15=71 28 = o] B. fra-

gilis & G2 T (5.9x10° mRNA B2 /ug
Z3Z RNA)o| B]&) 36u) o] Fd o] Z71sl )
&9 B-actin mRNAS] A L-of ol iz 2
ZETolM AL v%w 3o By A (&
5x10° mRNA ¥x}4/ug 22 RNA)E Ho] 9]
T} (Table 2). 4 ] £ cytokine mRNAS] 2 o)
dud Bd)e} daE e A E A8 9sld
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Table 3. Cytokine mRNA expression in mouse peritoneal tissues co-infected with B. fragilis and heat-killed

E. coli
Cytokines Control B. fragilis Heat-killed E. coli B. fragilis + heat-killed E. coli
IL-1o 4.0x 10 45x10° 43x10° 47x10*
TNFo <5x10° 55x10° <5 x 10° 52x10°
B-actin 5.1x 10* 4.8 x 10 53x 10 5.1x10*

C57BL/6 mice were moculated with abscess-forming mixture containing B. fragilis (1 x 10° CFU) and heat-
killed E. coli (1 x 10° CFU), after which peritoneal tissue RNA was extracted by Ottawa sand and the guani-
dinium thiocyanate-phenol-chloroform method 3 days. after inoculation. Quantification of cytokine mRNA
was performed by RT-PCR using specific primers for each cytokine and synthetic standard RNA. Results are
expressed as the number of cytokine transcripts/jig of tissue RNA

2 #&4% ELISA o2 43 23}, &
g TolA 9 IL-1a (119.6+11.7 ng/ml) &
TNFo (58.0+7.9 ng/ml)e] TS+ B. fragilis W&
Z4A 7 7o B3t (IL-lo, 50.4+8.8 ng/ml
TNFa, 19.2+4.5 ng/ml) ¥4 JYERY (p value
<0.05), ©] & cytokine mRNA 2&# F4d3} F-AHg
& 4 ARt (Fig. 2).

z)
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=
3. gXelo 2fF tigwe £y adol =&
LY proinflammatory cytokine & &iof ojx|= H&

A7l 2] 3 proinflammatory cytokine o3& 4}
EA7F Aol Yl E FYSHA VEE £
A& LolH 7] 93t E. coli DH5aE 60°C
3083 71 A& H, B. fragilisot A v}
2o FANT. 32U F B 27 RNAZ 3
%3t} 3P cytokine mRNA Ex}42 A 33
A3, A dehd A Zo] ATy £F 24
o] ©] & cytokine mRNA 4% Aot B 4 ¢l
At} (Table 3). o] ¢} 2& A3e Ao} gl A
ol 87 A3 432 A B. fragilisoll <]t
proinflammatory cytokine®] 32 33 =4 A

olgh= A& AlAte) o
I &
2 AN fAF] #F-L B fragiliso] 9
& 22U Y BAHLL Z/AAGS, B2 A
Nz thgdel £ Z4HIUL W, B. fra-

giliso] 21& B W 5F B4 717 HAE S
#AZE 5 AUt BA Y dA T B fragilisQ)
g 74 98 B 22 A & proinflamma-
tory cytokine - 2, IL-1ae2} TNFae] 23 o] syner-
gistic3t Al F7F= At} ©] € cytokine2 FFA X
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Figure 2. The amount of IL-1a and TNFa protein
in the intraperitoneal tissues after infection of B. fra-
gilis and E. coli. After intraperitoneal tissues were
taken from C57BL/6 mice inoculated with abscess-
forming mixture contammg B. fragilis (1 x 10° CFU)
and/or E. coli (1x10° CFU) at day 3 after ino-
culation, tissue fluid was extracted using a polytron
homogenizer and a sonic dismembrator. IL-100 and
TNFa protein levels were determined by ELISA.
Each result is expressed as mean + SEM of five
mice. Asterisks indicate values with B. fragilis and
E. coli infection that are significantly different from
B. fragilis alone (p<0.05).
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proinflammatory cytokineS A HAAA =4F
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TP, 2231 AHg SRR M Z Ao} e
AT R AFHPE o YA = cytokine F-S
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E2 50U v 34 AHd oM HES A
A g B AE] AFe] £ Fo T &
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AAME JEE A STFTHAAAE Tl 9
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