KENMEMBEE $34% £S5 199
J. Korean Soc. Microbiol.,, Vol. 34, No. 5, 1999

AFA AT 7del o8 A AFu] Al Eol) A &)
Cyclooxygenase-2 Wl & o]¢] Whalo] 4w Al E
Apoptosisel] u]Xx|&= od8k

=Abstract=

Expression of Cyclooxygenase-2 in Intestinal Epithelial Cells in Response to
Invasive Bacterial Infection and its Role of Epithelial Cell Apoptosis

Jung Mogg Kim, Shin Jae Kang and Yang-Ja Cho

Department of Microbiology and Institute of Biomedical Science,
Hanyang University College of Medicine

Invasion of enteric bacteria, such as Salmonella and invasive E. coli, into intestinal epithelial
cells induces proinflammatory gene responses and finally epithelial cell apoptosis. In this study,
we asked whether invasive bacterial infection of human intestinal epithelial cells could upregulate
cyclooxygenase-2 (COX-2) gene expression and whether increased COX-2 expression could
influence intestinal epithelial cell apoptosis. Expression of COX-2 mRNA and prostaglandin (PG)
E; production were upregulated in HT-29 colon epithelial cells which were infected with S. dublin
or invasive E. coli, as examined by quantitative RT-PCR and radioimmunoassay. Inhibition of
COX-2 expression and PGE, production using NS-398, a specific COX-2 inhibitor, showed a
significant increase of epithelial cell apoptosis and caspase-3 activation in HT-29 cells infected
with invasive bacteria. However, the addition of valerylsalicylate, a specific COX-1 inhibitor, did
not change apoptosis in S. dublin-infected HT-29 cells. These results suggest that upregulated
COX-2 expression and PGE, production in response to invasive bacterial infection could contribute
to host defense by inhibiting apoptosis of intestinal epithelial cells.
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ARE T AFAH AT A9 o3 CoX-2 ¢d

th. o™ o|F AlZe] A FU8 F AL
w4 FEFde §F A7 AH A AAE
= AE ndd & o, o oA Lol A A
3 T o] EXRHEYH FE5 < signalo] AW T
d9 AL =3t FPE o] EFHQ)
d 2 AGA AN e Z4F ALdFA
(proinflammatory) WI7W X & & 4 it &, ¥ A4
AFEo] ASHANE 25 AQAS o o] A
FANE FF 1AL olulel] 8PS cytokineS
Este] 4o gZ Uk A G,
Prostaglandin (PG} 913 # ¥ & 24dte F
23 AR Th*). £3] PGEE: Wi ¥ 2434 LA
chloride £H] & 2% ®gt opel?, YA o £
APL o HALE oA F AP, oy
PG| Y Z2 prostanocid= M7 7+ ol o) % AA}
o YoIM Fag AANZ Ragn g, e
PG A& AAAL F e FAE FAE A
S AAe A2E F3AZ F UG PG free
arachidonic acid2 58 AJAJHt}. £, arachidonic
acid7} PGHE 1A 8}5 11, o] o] PGE, PGF, throm-
boxan, prostacyclin. 2 WZHE}. o] I F ama-
chidonic acid’} PGHZ ® 3}5 & @A+ cyclooxy-
genase (COX) ZE+ prostaglandin H synthase (PGHS)
e B 544 o8 mAdt. COXE F 7}
A FFH7F Ak, A WA = EEEHE
(constitutive expression) COX-13} oi® z}5& Wk
< o AAEE CoX-27t A, B3] COX-2%&
FA4AA YA 2 A wf 32 A2 3Y
Hi YA, Bfol e dYAE, AFS
HAE SNA v $ o Az $RAGD.
A4 e A Ee Al S A ol §-
goe AEE TS Ao 23 HF B
HEZE YA (gastric gland) Fi= A7 Qo A9 A
2%} crypt compartmentel A 2 3ke] 9473 A=
ERoz oF@ch 9% W% BAL SR
de A EEs £l o 3~5¢ =4, &
A2 o2 apoptosisitE 714 & Eat AALTO.
a3 d) Salmonella®t & A4HA AT B Heli-
cobacter pyloriz} 97 A48 A o] ZEEHAS o,
299 ANATE 4 SERkE B2 apop-
tosis 74 & A Vo, §9 Ccox-29] HAL
271271 A Zo|ME apoptosis7} A H 1, D5
U AE A o A= COX-29] o] A4 AE
o ua) Z7tso] Yep), olel 2o AREL
COX-27} t AT A X 9] apoptosisE =AY &

AeS ALY o 53] FEF4 Aol g€
WAZHA LA A COX-2 Aol F7HeThE B
29 u)Fo) AT Tl 9% cOX-2 TEH
apoptosis?}o] #A| T AFAH Ao g A
A7 dE olgsted oA e Fagt
A Agddn. a2y ofA A AFAd Al
T g Zd Qo)A COX-2 &3} apoptosis A&
Zte] FA O A= Eud v glok wel 2
ATolMe B3 AT Fd) ot A o
Ao A Eol| A COX-27} BEE =R 9 o579,
COX-2 &8sl 45 A=+ PGE o3 i3
A apoptosis7t W 3tE + A=A E &t
o JAFA A FEFA A 553 JqH 7]
AL AEstnA vt

£ AN A8 71 FFEE S dublin
lane strain?} invasive E. coli (serotype O29:NM,
ATCC 43892)4 o} 18l 1 fAA 23S 8 Al
= ) IAH5AL AAAZ] invasion-defective mutant
T S. dublin invAS} A X YoM e T4 5
22 A A3} replication-defective mutant T F¢] §.
dublin aroAZ o) &3l o). e v P 1%
24 WERTOZE E coli DHS0E AM&3R o}
7182 #FE-L tryptic soy broth (Difco Laboratories,
Detroit, Mich., USA)el] ‘g o] 37Cell A th4=71714]
e 9, A58 gole 234& A9 &

45 A Lol ZFGA AT,
2 YR ATME Y % 2 Y

Aol AL QA WA G N EFZE HT-29
A X (ATCC HTB 38)Qth. o] 4| X2 10% ¢
o}8 A (fetal bovine serum; FBS, Hyclone Labora-
tories, Logan, UT, USA)e] ¥3¥ DMEM #j}ZA]
(Sigma, St. Louis, Mo., USA)| 719 A &of] o] &
ST #d Ade & HHOE APy
. = NAAAT N EE 6-well plates] monolayer
HA wFe o, 23 o AES Ak
a ¥, 37T, 5% CO: v F7] FelA 1A <
M}z gk &, EdF phosphate buffered saline (PBS)
2 33 AFsta, AYskA &1 dot e A
2 A A7 Y95t gentamicin (50 pg/ml, Gibco
BRL, Grand Island, NY, USA)S A 713 A2 4%

- 480 -



Jung Mogg Kim, er al.: COX-2 Expression in Response to Invasive Bacterial Infection

Table 1. Oligonucleotide primers for RT-PCR analysis of HT-29 colon epithelial cells

Size of PCR
;Ill)l:gé: Sense primers Antisense primers products (bp)
Target Standard
COX-1 5'-CTTGACCGCTACCA 5-AGAGGGVAGAATA 309 _
GTGTGA-3' CGAGTGT-3'
5-TTCAAATGAGATTGT 5"AGATCATCTCTGCC
COX-2 GGGAAAATTGCT-3' TGAGTATCTT-3 305 425
Bracti 5"TGACGGGGTCACCCAC 5'-CTAGAAGCATTGCGGT 661 246
-actin ACTGTGCCCATCTA-3' GGACGATGGAGGG-3'
A7} uh okt o). FE 3232 Adstgn. A dxForE A}
A A M (intracellular bacteria) 4= 273 L2 YZTTE TNF-a (5 ng/m)Z 62| 2F

£ agar dilution Y22 A3 54t} =, gentamicin
EA stelA 4 AZE ek ¥, H4E PBSE
HT-29 N £ E 23] AH 3 5, 2T F/HFE 7t
o AEE FAAC}E 1 H, tymptic soy broths
343 3, o] BAL 55CFE A A7) tryptic soy
agar9} EF3Hch 1 H, o] £9E Petri dishol
3o] 29 0, ITCAM W MFR F 24
& 335

3. 2t E AAtm M EZ oA el COX-1 Y COX-2
mRNA 2§ = &elg 9/st RT-PCR

AA WGS9 £ RNAE 71 E9 Wdl =
guanidinium thiocyanate-phenol-chloroform-& o] €3}
o #2331, 23 RNAY| integrity= gel % 7]
R EIEEEERERER)

2% 1 pge} total RNAZ 0.1 pgo) oligo(dThs
S} A 37CTAM 608 F ¥HSAIA cDNAE
9HE &, PCR thermal cycler (GenAmp PCR System
9600, Perkin-Elmer Cetus, Norwalk, Conn., USA)Z
cDNAE FHZA|Z .

PCR& %3 COX-1, COX-2¢} B-actin primer2]
H7] HE 9 PCR B &9 A7]+ Table 13} 2
o} o] primerES Ho|x I /)9 introng X
Fot=S 4Aste], 29 genomic DNA7L Z&
Hegte 1 A7)9 93te] cDNAZRE FEZ8
PCR product®} g FHEHEE 3t $F =
2OWE 95ToA 45% 7b denaturationA] 7] i1,
COX-29] A 60 ColM 1% 30z, COX-17} B-ac-
tne] Z-$- 72CAA 182 40% E<F annealing @ ex-
tension®] YAUEE 3t} o3 cycles] & 3

AS 3 RNAS o] &3t or, 4 dareze
cDNA 4 oA RNA thal ZFF5ZE o
PCRE Al33 A& A431] T} PCRo] B¢ &,
PCR AH&-& 2% NuSieve agarose gel (FMC Biopro-
ducts, Rockland, ME, USA)Z A 7| £3 5 ethi-
dium bromide G4} o 2 &915}¢ .

4. wHE COX-2 & B-actin mRNA2S| Xzt

g 8l COX-2 mRNAS} B-actin mRNA2] 7 28
ete] EFE RNAE A =3t o] F RNAE
Eo U2 JAHALe] A GARE A oA
g RNAS F Y3 AP ol ALg 7tssle
478 =, ¥F RNAE COX-2 gened
& 4 9l sense primer®} antisense primer2)
7l el ¥ 2 AZHAEE dA sy e, o
9] PCR %% product 277} A EZHE &4
RNAo M FZH 53 RNA2| PCR producte] =
71l ¥ial A oF 100 bp H = o] \A] sttt o]
ot 22 AA dzste 2 F3 coX-20] g
E & RNA2| PCR product?] =17]& 425 bpel 1,
B-actinell o) gk X F RNAQ) PCR producte] =7]
& 746 bp{T} (Table 1). 1 5}, A L2 2E 22
gk 1 g RNAS 2~5 vl 2 A 3 AA7 &
RNAE T A @B A WA A JAALE A
ate] 71&0 WY ul2 28 Y mRNAS] E215
£ 3 Fatg o

154 Mizol Z2HE Moz zRe
PGE; Y interleukin-8 (IL-8) X

5.

of off gt 4 N o
4

5.
4y

(K1)

AT FEAR H, 43 AR F g 33

-481 -



ARE 5 AFA AT Fdol o cox-2 ¢d

< A A%t PBSE 13 A ATt 1 3 2 mg/
mi2] bovine serum albumin (BSA, Sigma)¥} 20 uM
9] arachidonic acid (Sigma)7} £ 39 DMEM 1 ml
& AZF TS 158 o e 9 ARYL 3
£l th. 1 5, radioimmunoassay S A} 3 sha AF
Hdo ¥3E PGE:9 ¥& &3 39t &, [H]
o] label® PGE,Z W 3 fol H7H3 A, &-
PGE; B Z7 FAE 718tch 2FHA 42
[3H]-labelled PGE>E magnetic dextran-coated char-
coalo] F&AIZ H, A4 £ P22 AAG
o 1 ¥ §-PGE; YA ET Ao Z/E [H-
labelled PGE;%H-2- liquid scintillation counter= 7%
stal W%} A ool E3HE POES] F& TFoisd
o} o]de] W] AS-E A|YEL PerSeptive
Biosystems 3} A} (Framingham, MA, USA)] A&
S

Wop AR ee] £HE 1L A e 7|2 3
o] & ELISA kit (R&D Systems, Minneapolis, MN,
USAYE o] §3te] Sy stgint.

6. &4 MT UY 5 R4 HZ e apo-
ptosis 3

Apoptosis7} 13 F< M X9] G = DNase
o] 93] ¥A 3} (fragmentation)7} Lo} A= oli-
gonucleosome FENZ M EA Y2 SZdTHY. o)
¢} & oligonucleosome- histone®™} DNAZ A
Hoj 3t} o} & o] &3t AFA AT AEAl
7! HT-29 A X (1x10°)¢] lysate® TE 5, 1]g
streptoavidin®] coating® ©] Sl wellol] 713+ .
1 ¥ biotino] AgE vk~ F-histone YA T
GHE Hrlsted A2l 147 W] o, pero-
xidase7} 29 vh$-~ 3-DNA SAEZ A S
1217 B¢t 7Heteh HEF 02 22-azino-di(3-
ethylbenzthiazolin-sulfonate) 2 103 5<F WA A 7]

&, 405 nmol| A FR=E A3t o] 3
o] A} Ab&-& A]9FS & cell death detection ELISA™™
kit (Boehringer Mannheim GmbH, Germany)Z °]-&-
st g9 A £ W2 {39 oligonucleosome
o] A S7HeS A x3Ate] M E 72
AAA e gz dig Foidd FF=e
B]-§ (enrichment factor)Z X7]3}R t}.

7. AEH M 24 F M E 2| cas-
pase-3 24T £H

Caspase-3 &4 == p-nitroanilide (pPNA)=Z. label

9 Asp-Glu-Val-Asp (DEVD)e} 83} A2 =3
FGTD. 2, uypsin Aeistel "ol P
A EE PBSE 13 A b3, 3x10°71 2] A
¥ of lysate buffer [10 mM Tris-HCl (pH 7.5), 10
mM NaH,PO,/NaHPOs (pH 7.5), 130 mM NaCl, 1%
Triton-X100, 10 mM NaPPi]Z H7}3ldch o

= oA 208% FF A H, 4T A 12,000
pmes 3% QAsd 4FARe A5,
o] A2jo] 1 mM HEPES buffers} 37 50 pMe)
DEVD-pNA (Clontech, Palo Alto, CA, USA)E 7}
g F, 37Tl A 1A13E WA &t 1 F ELISA
readerZ ©}-8-8t] 405 nmol| N FH=E =74 5
Nz v wg AdA Q] F2] 2 caspase-3 LA
=E Brletdd A dRTeEE AA T Al
¥ Pz A ZTFQ Jukat A X o) 3 -Fas TA T
T A (clone CH-11, IgM, Upstate Biotechnology,
Lake Placid, New York, USA) (50 ng/ml)S 8A]3t
B¢t 7ot A& A E g og o)Lt &
A z} A3 nirt DEVD-pNAS] A 7tell A1 A cas-
pase-3 A A2 Asp-Glu-Val-Asp-CH;F (DEVD-
fmk, 50 pM; Clontech)E- A}-8-3lad F 719 caspase-
3 3% dAHAE Edstd = FUt
7} 5ol d9 AA & FrHekch

1. HEN AT 2Y 3 UEMTMEZA L
COX-2 REA Wl U PGE, M4

S. dublin’g ZFE A7l HT-29 AN+ 24
Z7]%¥ COX-2 mRNAS] #do] Frld uhd,
COX-1 @ B-actin mRNA signal& t)ZFo v}3j
Zpo)l & YERRA ¢Skt (Fig. 1). o] ¢ 22 23}
Z ulelo g 7+ 24A7k74R] COX-2 mRNA it
d BAFE A A, 3 347 T dx
ol ¥a] o 558 F71ete] peakol]l = H (S
dublin 7}, 1.6 X 107 transcripts/ug RNA; ¥ 74
=T, 29X 10° transcripts/jug RNA), 7+ 2443
A Aaste AE¥E Bo Fo} (Fig 24A). ©)
A8 systemol| A 2] PGE, A T S. dublin 734
3A1Zbe]] 1314025 ng/ml= th 2 (0212029 ng/
ml)ol] ¥ 3t 6.28) 9] F7HE Vrebl 7] Al &ste]
(p value<0.05), 7+g 12A17tel] Hojd] =23
(S. dublin +EF, 8.72+1.15 ng/ml; ¥ g A=
&, 0234012 ng/ml), ZHA s ATgE BodF
o1 24X 7HA e FEE A3 A

-482 -



Jung Mogg Kim, et al: COX-2 Expression in Response to Invasive Bacterial Infection

Time after infection (h)

0 1 3 6

#*)() C SC S CS CS

Figure 1. RT-PCR analysis of COX-1, COX-2
and B-actin mRNA in S. dublin-infected HT-29 colon
epithelial cells. Confluent monolayers of HT-29 cells
were infected with S. dublin (5% 10’ /well) for the in-
dicated hours, after which cellular RNA was extrac-
ted by the guanidinium thiocyanate-phenol-chloro-
form method. The (+) and (—) represent positive
and negative controls, respectively. The "C" repre-
sents the bands of RT-PCR products for cellular
RNA extracted from uninfected HT-29 cells and the
"S" represents those from S. dublin-infected cells.

(Fig. 2B). 2¥d] 74 3A13F Fof] 233 M2
W S. dublin 75 AV AT, H3AQ 7o 3
HFE&L Fo #g2 of 3.8%5 e, in-
vasion-defective mutant 52 73+ <F 0.005%,
replication-defective mutant ¥+ ¢F 0.23% &
EhJj9lth. o] wi, invasion-defective mutant T FZ
7+ A} 71 HT-29 A E ol A COX-2 mRNAS} PGE;
AR 271 AZH A gkttt ¥A replication-
defective mutant #52 7FFA]Z] HT-29 A X9
A COX-2 mRNAS} PGE;, A& A AHQ] 7] 5&
Yehll= S dubling ZFEAI7] AR BEE
S0 v]8) AABHA wokx|m 11T (Table 2).
G A7 HT-29 A oA =
COX-2 mRNA®] Td o] 7o v} < 354)
ek Z2AE Q0 (7 3A]3L, invasive E. coli 7}
A2, 9.5%10° COX-2 transcripts/ug total RNA; T
2, 2.7%x10° COX-2 transcripts/ug RNA), o] A&
systemo| A 7+ 12A]3bol} £ & PGE, A4 #2
4.72+0.92 ng/mle] o}, ¥+ BlAHA AT E.
coli DH50= COX-2 mRNA 3 9 PGE, A4l 9]
%7hE vepiA 2ok (Table 2). 2 AR A
2} # 3 n}r} inoculation sizeE ThEA| 3 o]-f=
AgFeol g2 #FEY AE | o5& 7tsst
oA FA B 9 del A

Invasive E. coli&
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Figure 2. (A) Quantification of COX-2 and P-actin
mRNA in S. dublin-infected HT-29 colon epithelial
cells. Data are the representative of three different
cultures and similar data were obtained in three dif-
ferent cultures. (B) PGE, production in S. dublin-in-
fected HT-29 cells. At the indicated times after S.
dublin infection, cultures were washed and incubated
for 15 minutes in a 1 ml vol of DMEM containing 2
mg/ml BSA and 20 pM arachidonic acids. PGE, lev-
els were analyzed by radioimmunoassay. Data repre-
sent mean + SEM of the results from three different
cultures.
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Table 2. COX-2 mRNA expression and PGE, production by HT-29 cells in response to bacterial infection

Intracellular bacteria® No. of COX-2 mRNA" PGE, production®

Bacteria Inoculum (% of inoculum) (ratio infected/control)  (ratio infected/control) -

S. dublin 50x10"  1.9x10° (3.8) 1.8x107 (67) 8.53+1.87 (47)

S. dublin invA 1.0x10°  5.8x10° (0.0005) 2.3%10° 0.15+1.87 (0.8)
(invasion-defective)

S. dublin aroA 1.0x10°  23x10° (0.23) 3.8x10° (14) 1.75+0.85 (9.7)
(replication-defective)

E. coli 029:NM 25%10°  2.0x10° (0.8) 9.5x10° (35) 4.72+0.92 (26)

E. coli DH50 50%10°  8.5x10° (0.0017) 3.2x10° (1.2) 0.21+0.16 (1.7)
(non-invasive)

None 0 0 2.7x10° 0.18+0.11

Confluent HT-29 monolayers in 6-well plates were infected for 1 hour with the indicated dose of bacteria,
washed, and further incubated with gentamicin.

* Monolayers were lysed in sterile water 3 hour after the addition of gentamicin, and numbers of intracellular
bacteria were determined by plating of serial dilutions on tryptic soy agar plates and overnight incubation. Data
represent mean value of the results from three different experiments.

® Cellular RNA was extracted 3 hour after the addition of gentamicin, and numbers of COX-2 mRNA were
determined by quantitative RT-PCR. Data are expressed as number of COX-2 transcripts/ig cellular RNA.
These are the representatives of three different cultures and similar data were obtained in these three cultures.

¢ Cultures were washed 12 hour after the addition of gentamicin and incubated for 15 minutes in a 1 ml vol of
DMEM containing 2 mg/ml BSA and 20 uM arachidonic acid. PGE; levels were analyzed by radioimmunoassay.

Data are expressed as ng/ml and represent mean + SEM of the results from three different cultures

2. 54 M ZdHol ost cidatoiMze
caspase-3 4 2! apoptosis F &

S. dublin-g Z+gA17) HT-29 o 234 5] A Lol A
caspase-3 &/ =9} apoptosis 52 A7t E
B BEsAT. 1 A, S dubling 39 A2 HI-
29 A Lo A& COX-2 mRNAY} peakol] =23t 7+
Y4 3A|Zt7}A] caspase-3  apoptosis®} HE &=
Zo vl HohE Aol & UehillA] gsith o
1} 2+ 6A17H5H caspase-39] o] Zty
o] 242 217kA] R 5 Ao} (p value<0.05) (Fig. 3A).
v, 422 Q1 DNA 233k 714 184 2ko] A
WA oF YEh7] Al Zetgi el (Fig. 3B). o] 9 2
AHNEL S dublin Q9 Z7)d= COX-29] &3
o] F7tste] PGE; QA F7MA17) 3, o]ojA
caspase-3°] &4} 3}¥ o] & apoptosis7} FEEHE
Al 2 £AE A AE Fa gl

3. A&EY Mz Zedofl 23 Wl E PGE] 2
e & m| M apoptosise] o H|

A9 AN A4 A 2o 2|8 HT-

29 O3S A EF 0| A PGE:9] A o] Z7lH &
AL GAT = AU} webr] o9 o] Zrtd
PGE:7} th 775 A 3E 2} apoptosisel] B X &= o &
& AT Fig a4 B vish o] §
dublin® 8 A7} HT-29 A E o) COX-2 o] o
A Al NS-398' (10 uM, Cayman Chemical Co.,
Ann Arbor, MI, USA)S 713102 o) 2] apoptosisi=
S. dublintr-& ZFQ A1) ol v3te < 68% =7}
3ttt 019k BU3A, T 1242 T 238
caspase-3 A = I A] NS-398 27| o] ]3] Z/}5)
At} (Fig. 4B). ©]9} 22 AL = G AHA
M@ E. coli 029:NME 7+ A1Z] HT-29 A o
Me FLaA FFHAG 7D 24747 F cell
death detection ELISA &% Z 3}9] enrichment fac-
tor; E. coli 029:NM 74, 3.8+0.4; E. coli 029:
NM + NS-398 #] 2], 6.940.4; mean+SD, n=2).
a3y COX-1 5o] AAAQ valerylsalicylate® (10
uM, Cayman Chemical Co.)E %2 3l-S 7 HT-29
M Z 9] apoptosisol] &= 2] g+ z}o] 7} @FE A o
Sk} (79 24A1%F F cell death detection ELISA
27 A9 enrichment factor; S. dublin 7+,
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Figure 3. Time course of caspase-3 activation and
apoptosis following S. dublin infection of HT-29
cells. (A) Confluent monolayers of HT-29 cells in 6-
well plates were infected with S. dublin (1x10%
well) and the cells were assayed for caspase-3 acti-
vity at the indicated times after infection. Values are
means -+ SEM of three different experiments. (B)
Parallel cultures were assessed for apoptosis at the
indicated times after infection using the cell death
detection ELISA. Numbers refer to DNA fragmenta-
tion as measured by the enrichment factor. Values
are means = SEM of three different experiments,

6.8--0.7; 8. dublin + valerylsalicylate 3] 2, 6.6+
0.9; mean + 8D, n=3).

ol ¢} 2 4A¥ systemo] NS-398 (10 uM)<
7}& 5] 24 A3t 39 PGE9] % &A% A3},
S. dublin g 9 2] 3 PGE;2] 42 NS-3984] 2
3 -3 ALHUTH (Fig. 40). 2t wjk 3
AL Ao IL8S 23§ 23}, NS-3989]
9] 3ted IL-89) ok Wizl= x| %9t} (Fig. 4D). ©]
o} & Z3= NS-3980] COX-2¢)] Bo|xozm
Zh-8-3l= vbdE, S, dublin Z+E o) 2] g cytokine A
dole dFE AR E2g A s F0)

2k

I

g4 AT S ZEA ARSI AM oA
COX-2 mRNA 28 2 PGE, AAlo] Z7}5 Q).
W COX-12 Al Aol &) 48 #7152 v
ERhR] ¢fgkth oj9} e A £F whgo #
Aol A Aol AT AYAE ) COX-
19] I ¥ chE COX-29) HEo] o a3 Ao
e A& AAE ok agu F2EA 93 H
Z 2 oA COX-1& constitutived}A] LE == vhm
COX-2€ 1 #d 7Zw=r} 9. walha P44
279 AAPAME COX-10] COX2ET} o *
2% 98 FP3lElg FHYHY, olF AR o]
F isoforme] #173¢ WellM oj® & & P}
A dsiAe Adz FHH] A Lot g
A 2 AFoM e A8 A A g 2
o] Z7lEE COX-271 43 ukgd ojw ot
& R =X #AEH .

PolarityE H &= A JHMEE ©|-83 A
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Figure 4. Effects of COX-2 inhibition on apoptosis in S. dublin-infected HT-29 colon epnhehal cells. (A)
Confluent monolayers of HT-29 cells in 6-well plates were infected with S. dublin (1 x 10%well) in the presence of
NS-398 (10 uM), a specific inhibitor, and gentamicin for 24 hours. Apoptosis was assessed using the cell death
detection ELISA. Numbers refer to DNA fragmentation as measured by the enrichment factor. Values are mean +
SEM of the results from three different cultures. (B) Cultures and infection conditions were identical to A. After
24 hours, infected cells were assayed for caspase-3 activity. Values are mean + SEM of the results from three
different cultures. (C) Cultures and infection conditions were identical to A. After 24 hours, cultures were washed
and incubated for 15 minutes in a 1 ml vol of DMEM containing 2 mg/ml BSA and 20 UM arachidonic acids.
PGE, levels were analyzed by radicimmunoassay. Values are mean + SEM of the results from three different cul-
tures. (D) Cultures and infection conditions were identical to A. After 24 hours, culture supernatants were har-
vested and IL-8 levels were determined by ELISA. Values are mean + SEM of the results from three different
cultures. Asterisks of all panels indicate values significantly different from S. dublin-infected cells without added
NS-398 (p<0.05).
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