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INTERLEUKIN-1 (IL-1) is  an  inflam m atory m edia tor that
in creases  Cl– secretion  in  inte stin al epith elial cells. To
ide ntify  the  s ign al tran sduction  pathw ay(s ) involved
in  IL-1’s  action, cells w ere tr eated w ith  IL-1 and the
leve ls  of cycloox ygenase  (COX) enzym es , pros ta-
glandin  E2 (PGE2) and phospholipase  A2-activatin g
protein  (PLAP), and th e activity  of phospholipase A2

(PLA2) were  m easured. IL-1 caused concen tration -
and tim e-dependen t in crease s  in  the  levels  of PLA2

activity , and/or in  th e levels  of PLAP, COX-2 and PGE2.
Th e IL-in duced in crease  in  PGE2 leve ls  w as  biphasic,
w ith  the  fir s t peak due to th e in crease in  PLAP levels ,
and the  second peak due to  th e in crease in  COX-2
leve ls . Th is  in crease in  PGE2 leve ls  m ay provide a
m echan ism  for acute  and ch ron ic in flam m ation  in
the  in te stin e.

Key w ords : Interleukin-1 receptor, Cytokines, Prosta-
glandin E2 production, Epithe lial ce lls, Inflammatory bow el
disease

Introduction

Many cell functions are  regulated by members  of the
cytokine  receptor superfamily. Signaling  by these
receptors depends upon their as sociation w ith diffe r-
ent second messengers and signal transduction sys-
te ms. Inte rleukin-1 (IL-1), w hich is produced by
macrophage s/monocyte s, plays a central role in
immune and inf lammatory re sponses, ac ts on a
varie ty of ce ll types, and ex hibits  multiple biologic al
activ itie s. IL-1 signal follow s binding  to specific
receptors on the  cell surface . Studie s have  re vealed
the presence  of tw o types of IL-1 receptors : T-cell/
fibroblast type  I re ceptor ex pre ssed on T ce lls,
epithe lial ce lls and fibroblasts ; and type  II receptor
ex pre ssed on B ce lls , macrophage s and myeloid
ce lls .1–3 Murine  and human cDNA for both receptors
have  been cloned and the ir amino ac id sequences
have  been reporte d.2,3 The tw o IL-1 re ceptors are
transmembrane  glycoprote ins of the immunoglobulin
(Ig) supe rfamily organized into  three  IgG-like  ex trac -
ellular domains  and share  28% amino ac id sequence
identity.2

In the  inte stine , IL-1 has  been show n to be  an
important inf lammatory mediator w hose leve ls are
inc re ased in inf lammatory bowe l disease .4,5 Recently,

w e reporte d that IL-1 stimulate s the  synthesis  of
prostaglandin E2 (PGE2) in rabbit distal colon,6

partially through the  induc tion of synthe sis of a
phospholipase -A2 ac tivating  prote in (PLAP). PLAP in
turn ac tivate s  PLA2, w hich cause s an inc rease in
prostanoid synthe sis.7,8 The  aim of this  study w as to
inve stigate  w hether IL-1 ex erts  its  e ffec ts dire c tly on
epithe lial c ells through binding  to specific  IL-1
receptor binding  s ite s  on epithe lial c ell membrane s,
and to identify the  signal transduction system(s)
involve d in the  mechanism of ac tion of acute  and
chronic  ex posure  of IL-1 on epithe lial ce ll function.

Materials and methods

Materials

Human re combinant IL-1 b w as obtaine d as  a gift from
Dr P. Smith and Dr J. Lee  at Smith Kline  and Beecham
(Philade lphia, PA). Ac rylamide , N9 ,N9 -bis-methylene-
acrylamide , sodium dodecyl sulfate  (SDS), glyc ine ,
bromophenol blue , coomassie  blue R-250, alkaline
phosphatas e conjugated goat anti-rabbit IgG, Immun-
Lite  II chemiluminescent prote in detection system
and PVDF membrane  w ere  from Bio-Rad Laboratory
(Me lville , NY). Hydroc ortisone , insulin, trans ferrin

ISSN 0962-9351 print/ISSN 1466-1861 online/99/040189-09 © 1999 Taylor & Francis Ltd 189

Research Paper

Mediators of Inflammation, 8, 189–197 (1999)



and se lenium w ere  from ITS Collaborative  Research
(Bedford, MA). Fluorescein isothiocyanate  (FITC)
conjugate d goat anti-rabbit IgG w as from Jackson
ImmunoResearch Labs (West Grove , PA). Penic illin
and stre ptomyc in, RPMI, Dulbecco’s Modifie d Eagle ’s
Medium (DMEM), goat serum and Earl’s  balanced salt
solution were  from Gibco Laboratorie s (Grand Island,
NY). All the othe r chemic als  w ere  from Sigma (St.
Louis, MO).

Methods

(1)  Prim a ry  cu ltu re  o f rabbit co lo n ic  epithe lia l
c e lls :
Colonocyte s w ere  pre pared as desc ribed re cently.9

The distal colon w as  re moved and w ashed in phos-
phate  buffe red saline  (PBS) containing  penic illin
(100 U/ml), streptomycin (100 m g/ml), fungizone
(10 m g/ml) and gentamyc in (100 m g/ml). Colonocytes
w ere  dissociated by ex posing the  washed tissue to
dispase (neutral prote ase mix , 3 mg/ml) prepare d in
DMEM, low  glucose  containing  10% fe tal c alf se rum,
100 U/ml penic illin and 100 m g/ml streptomyc in, and
50 m g/ml gentamyc in and 5 m g/ml fungizone) for 1 h
at 37°C. The mucosal surface w as sc raped afte r
dige stion to re lease cells , w hich w ere  then re covere d
by centrifugation at 800xg for 5 min. Ce lls  w ere  then
plac ed onto plate s containing  mitomycin grow th-
arre ste d feeder cells (Sw is s 3T3 fibroblas ts, ATCC no.
CCL 92) in DMEM supplemented by 20% fe tal calf
se rum, hydrocortisone  (0.5 m g/ml), and a mix ture  of
insulin (5 m g/ml), trans ferrin (5 m g/ml) and selenium
(5 ng/ml) w ith penic illin (100 U/ml), s treptomycin
(100 m g/ml) and gentamyc in (40 m g/ml). Culture s
w ere  se lec te d by diffe rential plating  for the  epithelial
population at the  firs t tw o se rial passage s, making use
of the fac t that fibroblasts  attac h to cell culture  plate s
very fast w hile  the  epithelial c ells do not. Epithelial
ce lls  w ere  used only betw een the  third and six th
passage s. At the passages used, these  cells we re
positive  for cytoke ratin staining  (epithe lial c ell-spe-
cific  marke r) and negative  for vimentin staining
(fibroblast c ell marke r) as has been show n pre-
viously.9 Cells from diffe rent animals  w ere  used to
inc re ase the number, n .

To pre pare  cell homogenate s, c ells w ere  sc raped
off the  culture  flasks in homogenization buffer
cons is ting of: 62.5 mM Tris –HCl, 2 mM Na2-EDTA,
1 mM PMSF, 1 mM benzamidine , pH 6.8, containing
10 m g/ml each of aprotinin, soybean trypsin inhibitor,
leupeptin and antip ain. Ce lls  w ere  homogenized in
2 ml homogenization buffer by a Dounce  homoge-
nize r for 10 stroke s and then sonicate d (model
XL2005 sonicator, Heat Systems Inc ., Farmingdale ,
NY) for 10 s. The homogenate  w as then centrifuge d at
500xg for 10 min to remove  cell debris , and the
resulting supernatant w as used for samples  to run on
the polyacrylamide  ge ls .

(2)  Po ly a cry la m ide  g e l e le c tro pho re s is  a nd We s te rn
blo t a na ly s is :
Polyac rylamide  gel e le ctrophore sis w as pe rforme d
according to Laemmli10 in a module  Mini-Prote in II
ele ctrophoresis syste m (Bio-Rad laboratorie s). Sam-
ples  (10 m g each) w ere  loaded on 12% SDS-poly-
acrylamide  ge l. Prote ins we re  separate d (using con-
stant voltage  of 200 V) for 45 min and then
trans ferre d to a PVDF membrane  using the mini
Trans -Blot e le ctrophoretic  trans fer ce ll (Bio-Rad Lab-
oratorie s, 100 V and 250 mA for 1 h). Follow ing
trans fer, the  membrane  w as w ashed in Tris -buffer
saline  (TBS), then incubated w ith 5% non-fat dry
milk in TBS for 1 h at room temperature  follow ed by
anothe r w ashing w ith TBS containing  0.5% Tween-20
(TTBS). The  membrane  w as  incubated w ith the  first
antibody (anti-IL-1 re ceptor antibodie s: sheep anti-
human IL-1R type I-R3 w as a gene rous gift from Dr
J. E. Sims, Immunex  Corporation, Seattle , WA; or
antime littin antibodie s  for the  dete ction of PLAP
w hich w ere  a generous gift from Dr J. Bomalaski,
Medic al College of Pennsylvania, PA; or w ith
cycloox ygenase (COX)-polyclonal anti PGHS pur-
chased from Accurate , Westbury, NY) at 1:500 dilu-
tion in 1% non-fat dry milk in TBS for 16 h. The
membrane  w as w ashed w ith TTBS, then inc ubate d
w ith alkaline  phosphatase conjugate d goat-anti-rabbit
IgG for 2 h. The  membrane  w as w ashed w ith TTBS
again, and inc ubate d w ith the  enhanc er (Immun-lite ,
Bio Rad Laboratorie s) for 30 min. The Immun-Lite  II
chemiluminescent dete ction syste m was used to
dete ct the  immunoreaction bands on the  membrane .
A PhosphorImage r SF Scanning  system and Image-
Quant softw are  (Molecular Dynamic s, Sunnyvale ,
CA) w ere  used for the  scanning  and e stimation of
each band density.

(3)  Flow  c y to m e try :
Samples containing  at le as t 1 3 106 ce lls w e re  incu-
bated on ice  for 60 min w ith 50 m l rabbit gamma
globulin (Sigma, St. Louis, MO) at 10 mg/ml to block
Fc re ceptor binding , and 100 m l of a 1/100 dilution of
eithe r normal sheep se rum (Jackson Immunoresearch
laboratorie s Inc ., Westgrove , PA) or sheep anti-human
IL-1 receptor type  I serum (Immunex ). Samples we re
w ashed tw ic e w ith PBS containing  0.1% bovine  serum
albumen and 0.1% NaN3 (PBSA), and then inc ubate d
on ic e for 30 min w ith a 1/50 dilution of FITC-
conjugate d donke y anti-sheep IgG (heavy and light
chains) (Jackson Immunoresearch Labs Inc .) that had
been absorbed to remove ac tivity to rabbit serum
prote ins. The samples we re  w ashed thre e times in PBS
and resuspended in PBS containing  2% paraformalde-
hyde  for analys is on a Bec ton Dickinson FACSCAN
using the  Consort 30 softw are . Live  gate s w ere  se t
based on forw ard scatte r profile s. The Kolmogorov –
Smirnov Test w as used to dete rmine  the  s ignific anc e
of a shift in fluorescent inte nsity of IEC staine d w ith
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antibody to IL-1 re ceptors .11 Discriminatio n of dead
and live  cells w as performed by the  tw o-color analys is
using FITC and propidium iodide  (PI). Dead cells
w ere  gated out w ith PI.

(4)  Mea s urem ent o f to ta l PLA2, s e c re to r y  PLA2 a nd
c y to pla s m ic PLA2 a ctivitie s :
Purifie d porcine  pancreatic  PLA2 (ICN Biochemicals,
Cleve land, OH) w as used as a standard. The  supe r-
natant w as removed from the ce lls  and homogeniza-
tion buffe r (containing  62.5 mM Tris –HCl, 10 m g/ml
aprotinin, 10 m g/ml soybean trypsin inhibitor,
10 m g/ml leupeptin, 10 m g/ml pepstatin A, 12 mM
benzamidine , 1 mM PMSF and 10 m g/ml antip ain) w as
added. The ce lls  we re  homogenized using Dounce
homogenizer for 10 stroke s then sonic ated for 10 s.
Assays for measuring PLA2 ac tivity w ere  done  using
the PLA2 assay kits  from Cayman Chemical (Ann
Arbor, MI). The assay uses  the  thio e ste r de rivative  of
the appropriate  substrate  for the spec ific  PLA2 type to
be measured. Upon hydrolysis  of the  thio ester bond
at the sn-2 position by PLA2, free thiols  are  de tec te d
using 5,5 9 -dithiobis (2-nitrobenzoic  ac id).

(5)  Mea s urem ent o f PGE2 le ve ls :
Cells w ere  inc ubate d w ith IL-1 b (10 ng/ml) for 30 min
in culture  medium. Aliquots from the  supernatant
w ere  trans ferred to Eppendorf tube s and centrifuge d
at 4°C, for 2 min at 9000 rpm in the Eppendorf
centrifuge . Samples w ere  kept at – 70°C for late r
dete rmination  of PGE2 leve ls  using radio immunoassay
(RIA). Commerc ially available RIA kits  for measure-
ment of PGE2 w ere  used (Advanc ed Magnetic s Inc .,
MA). The  assay invo lved incubating  the  sample  w ith
the corre sponding  antis e rum ove rnight at 4°C and
then centrifug ing for 15 min at 4°C at 1000xg. The
supe rnatant w as then trans ferred to sc intillatio n vials ,
and scintillant adde d and vial counted in a liquid
sc intillatio n counte r.

Results

Identification of the IL-1 receptor protein on
epithelial cells

For the  epithelial cells to be dire c tly re gulated by IL-1,
the receptor for IL-1 has  to be  pre sent on the ce ll
membrane s. Using Western blot analys is, we  w ere
able  to show  that IL-1 re ceptor is indeed present in
normal unstimulate d epithelial ce lls (Fig. 1). The
receptor identifie d had an apparent molecular w e ight
at 80 kD, consiste nt w ith the  IL-1R type I. Using
similar methodology, IL-1R type II (Sheep anti-human
IL-1R type  II w as a generous gift from Immunex ) w as
not pre sent on the se epithelial c ells (data not
show n).

Flow  cytometry ex periments w ere  also per-
forme d to furthe r prove  the  presenc e of the recep-
tor on the  isolated epithelial ce lls. Forw ard scatte r
of ep ithe lial c ells revealed the  presenc e of one
population of ce lls based on s ize. Cells w ere  treate d
w ith eithe r immune se rum (antibodie s obtaine d as
a gift from Immunex  as  lis ted in Mate rials ) or non-
immune serum (contro ls). They show ed a shift in
fluorescence  (Fig. 2) w hich w as signific ant (total
number of ex perime nts=4; P<0.001), indic ating  the
presenc e of the  receptor on the epithelial cells.
Similar ex pe rime nts  we re  re peated using antibodie s
to IL-1R type II (Sheep anti-human IL-1R type II w as
a generous gift from Immunex ). No IL-1R type II
w as present on the  epithelial c ells (data not
show n).

IL-1 a ctio n and m echan ism  in  epithe lia l ce lls
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FIG. 1. A representative Western blot (one of three experi-
ments) showing the presence of the IL-1 receptor type I (size,
80 kD) in the cultured colonic epithelial cells (lane a). Lane b
shows the presence of the IL-1 receptor in human monocytes
as a positive control.

FIG. 2. Single-parameter fluorescence histograms (one of
three experiments) of: (A) unstained cells, (B) cells stained
with non-immune serum, and (C) cells stained with anti-
bodies against IL-1R type I. There was a significant shift in
fluorescence (P<0.001), indicating the presence of the recep-
tor on the epithelial cells.



Using Western blotting  assays , we  tested w hether
long ex posure  of IL-1 re gulate s  the  leve ls of IL-1R. The
leve ls  of IL-1 re ceptor w ere  not changed by treatme nt
by IL-1 for up to 24 h (Fig. 3).

PLAP levels in epithelial cells

Inte stinal epithelial ce lls w ere  incubated w ith IL-1 b at
diffe rent concentratio ns and for diffe rent time  peri-
ods, and the  leve ls of PLAP measure d using Western
blotting  assays. PLAP leve ls w ere  signific antly
inc re ased w hen ce lls we re  treated w ith IL-1 b to reach
max imal leve ls be tw een 10 and 30 min w ith IL-1 b
concentratio n of 30 ng/ml (Fig. 4). PLAP leve ls went
back to baseline  leve ls afte rw ards and stayed there
even 24 h post-tre atment w ith IL-1 b .

Activity of PLA2 in epithelial cells

Epithelial c ells w ere  incubated w ith diffe rent concen-
tratio ns of IL-1 b for diffe rent lengths of time, and the
activ ity of sec re tory (sPLA2), cytoplasmic  PLA2

(cPLA2) and total PLA2 enzymes measured. sPLA2
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FIG. 3. Levels of IL-1 receptor, type I, in rabbit colonocytes
treated with IL-1 (30 ng/ml) for different time periods. No
significant increase in the receptor levels was observed at
any of the times tested. Data are means±SE for four separate
experiments.

FIG. 4. (A) A representative Western blot (one of four experiments) showing the presence of PLAP (size, 42 kD) and its induction
in cells treated with IL-1 (10 ng/ml) for different time periods. Lane a, 0 min; lane b, 2 min; lane c, 10 min; lane d, 30 min; lane
e, 1 h; lane f, 12 h; and lane g, 24 h. (B) Levels of PLAP in cells treated with IL-1 (10ng/ml) for different time periods. (C) Levels
of PLAP in cells treated with different concentrations of IL-1 for 10 min. * P<0.05, ** P<0.005; P value represents the comparison
of the effect of IL-1 on PLAP levels as compared with untreated control. Data are means±SE for four separate experiments.
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activ ity we re  inc re ased signific antly w ith IL-1 b treat-
ment and re ached a peak of ac tivity of around
10 nmol/min/mg prote in 30 min afte r IL-1 b addition
at a concentration of 30 ng/ml (Fig. 5). This  inc re ase
corre lated w ell w ith the inc rease observed in IL-
1-induc ed PLAP leve ls. sPLA2 leve ls w ent back to
baseline  leve ls  and stayed at contro l leve ls  24 h afte r
IL-1 b treatment. The  activity of cPLA2 did not change
by IL-1 treatme nt over the  time  course  or the
concentratio n range  studie d, as show n in Fig. 5.

Levels of COX-1 and COX-2 in epithelial cells

To test w hethe r IL-1 had any e ffec t on the  COX
pathw ay, COX-1 and COX-2 prote in leve ls we re
measured at diffe rent IL-1 b concentrations  and diffe r-
ent times. IL-1 had no e ffec t on COX-1 prote in leve ls

(data not show n). However, COX-2, w hich w as  not
present in the  inte stinal epithe lial ce lls  unde r contro l
conditions (Fig. 6), w as s ignific antly induc ed by IL-1 b
tre atment. It re ached peak leve ls 6 h post-treatme nt
and w as  back to almost undetec table  leve ls  in around
24 h.

Production of PGE2 by epithelial cells and
regulation by IL-1 b

Treatme nt of epithe lial c ells for long times w ith IL-1 b
causes  a biphas ic  inc re ase in the  leve ls of PGE2 (Fig.
7). The firs t peak that w as  observed 30 min afte r
additio n of IL-1 b corre lated we ll w ith the inc re ase in
PLAP leve ls  as already seen and published earlie r.7,8

The second peak appeare d 6 h afte r the additio n of IL-
1 b , corre lating we ll w ith the  inc rease obse rved in

FIG. 5. Activity of total ( d ), secretory ( s ), and cytoplasmic PLA2 ( m ): (A) in cells treated with IL-1 (10 ng/ml) for different time
periods, and (B) in cells treated with different concentrations of IL-1 for 10min. * P<0.05, ** P<0.005; P value represents the
comparison of the effect of IL-1 on PLA2 levels as compared with untreated control. Data are means±SE for six separate
experiments.



FIG. 6. (A) A representative Western blot (one of three experiments) showing induction of COX-2 (size, 70 kD) protein synthesis
by IL-1b for different time periods as follows: lane a, 0 min; lane b, 30 min; lane c, 1 h; lane d, 2 h; lane e, 4 h; lane f, 6 h; lane g,
8 h; lane h, 12 h; and lane i, 24 h. (B) Levels of COX-2 in cells treated with IL-1 b (10ng/ml) for 24 h. * P<0.05, ** P<0.005; P value
represents the comparison of the effect of IL-1 b on COX-2 levels as compared with untreated control. Data are means±SE for
three separate experiments.

FIG. 7. Levels of PGE2 in ( d ) cells treated with IL-1 b (10 ng/ml) as compared with ( j ) control untreated cells, with ( s ) cells
treated with the IL-1ra and with ( m ) cells treated with IL-1 b and IL-1ra together. * P<0.05, ** P<0.005; P value represents the
comparison of the treatment on PGE2 production as compared with untreated time control. Data are means±SE for six separate
experiments.
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COX-2 leve ls already reported. Both peaks  w ere
comple te ly abolished w hen cells w ere  pre treate d
w ith IL-1 re ceptor antagonis t (IL-1ra) (100 ng/ml),
providing  furthe r evide nce  that the se colonic  cells
posse ss a func tional IL-1 re ceptor. Only the  second
peak w as abolished w hen the  cells w e re  pre treate d
w ith a se le ctive  COX-2 inhibitor L-745,337 (5-metha-
ne sulfonamide -6-(2,4-dif luorothiophenyl)-1-indanone ,
a generous gift from Merck-Frosst Cente r for Ther-
apeutic  Research, Canada12) be fore  the additio n of IL-
1, as  show n in Fig. 8, providing  additional  evidence
that the second peak in PGE2 produc tion is  indeed
due  to COX-2 induc tion.

Discussion

Cytokine s play a vital role in coordinating  inf lamma-
tory re sponse s. They are  invo lved in re sponse s to viral
and bacte rial infe ctions , immunity and hemopoie sis.
Various inte rleukins  and othe r cytokine s have  been
found to be w idespread in their distribution and to
ex e rt diffe re nt e ffec ts among diffe re nt cell popula-
tions. This complex  netw ork of regulatory factors  may
be e specially important in the  mucosa of the  gastro-
inte stinal trac t. Inte stinal epithe lial c ells ex press and
respond to several active  cytokine s, inc luding IL-1, IL-
2, IL-6, TNF-a , IFN-g and TGF-b .13–17 The gastro-
inte stinal mucosal immune response  syste m has  been
recognized to encompass a dive rse mix ture  of cells
w ithin the  mucosal lamina propria and gut associate d
lymphoid tissue, w hose functional prope rtie s are
both mediate d and modulate d by a highly complex
range  of cytokine s.

IL-1 has been show n to be a major constitue nt in
mucosal inf lammation. Incubation of rabbit colon

w ith IL-1 b induc es mucosal production of PGE2,
PGF1a and thrombox ane .4 Comine lli e t a l.18 found
elevated IL-1 leve ls in the  colon of rabbits  w ith
immune-complex -induc ed colitis . The leve ls  of IL-1
corre lated w ith the  degre e of inf lammation. IL-1 also
regulate s the rate  of prolife ration in ke ratino cytes,19

thymic  epithelium20 and fibroblasts ,21,22 and affec ts
inte stinal ep ithe lial ce ll prolife ration. These studie s
suggest that IL-1 receptors are  present on inte stinal
epithe lial c ells and that IL-1 might act dire ctly on the
inte stinal epithe lium. IL-1R have  been show n to be
present on IEC-18 rat inte stinal epithelial c ells23 and
on a human colon cance r cell line 24 w hich resemble s
the type  I IL-1 receptor. Similar finding s w ere  found in
the pre sent study, w here  the IL-1 receptor, type I, w as
identifie d on the  colonic  epithelial ce ll membrane s.
Thus, the biological effe cts  observed in the colonic
epithe lial c ells in inf lammation are  due to the IL-1
receptor type I, as has been suggested in other ce ll
type s.25

Although it is true  that in the  inf lamed inte stine  the
chie f se cretors  of e icosanoids  are  like ly to be infiltrat-
ing monocytes  and/or macrophage s and neutrophils,
the question re mains  w hether the re  is local prosta-
noid production by epithe lial c ells and w hether that
production is  regulate d by agonists  in the  ce ll milieu.
We have  show n that IL-1 b induc es the  synthe sis of
PLAP in the rabbit distal colonic  mucosa that in turn
activate s  PLA2 to result in inc re ased leve ls  of PGE2.6,8

In the  present study, we  were  able  to show  that rabbit
colonic  epithe lial cells also ex pre ss functional COX
and PLA2 enzyme, and are  able to produce measurable
basal amounts  of PGE2. PGE2 le ve ls w ere  signific antly
inc re ased w hen the ce lls  w ere  stimulate d w ith IL-1 b .
This inc rease is due to inc re ase s in the activity of the
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FIG. 8. Levels of PGE2 in ( d ) cells treated with IL-1 b (10 ng/ml) as compared with ( s ) cells treated with the IL-1b and COX-2
synthesis inhibitor L-745,337. * P<0.05; P value represents the comparison of the effect of IL-1b on PGE2 production as
compared with COX-2 inhibitor treated cells. Data are means±SE for four separate experiments.



enzymes involve d in the  prostaglandin metabolism
pathw ay, mainly PLA2 and/or COX.

Components of membrane  phospholipids play an
important role in ce llular signal transduc tion. The
formation of certain lip id second messenge rs occurs
as the  re sult of the  PLA2-catalyzed cleavage  of the  fatty
ac id from phospholipids. The  re leased fatty ac ids may
regulate  cellular functions  themselves or, in the case
of arachidonic  ac id, may be  metabolized to bioactive
prostaglandins  and leukotrie nes. These latte r metabo-
lite s  gove rn cellular functions  as  dive rse as  inf lamma-
tion, ion channe l activ itie s and neurotransmiss ion.26

The re lease of arachidonic  ac id-de rive d lip id media-
tors is  a charac te ristic  of chronic  and acute  inf lamma-
tion. There  are  multiple PLA2 isoforms w ith varying
struc tural and func tional charac te ris tic s . IL-1 b has
been show n to specific ally inc re ase the  ac tivity of the
small molecular w e ight PLA2 (of group II) in EL-4
murine  T cells  w ithout any effe ct on the  high
molecular w eight enzyme.27 In our studie s, we  found
that IL-1 b induc ed an inc rease in sPLA2 ac tivity three-
to five fold w ithout affe cting the cytoplasmic  form of
the enzyme cPLA2. This enhanced enzyme ac tivity
induc ed by IL-1 b is due  to the inc reased leve ls  of
PLAP as w e have  show n recently,6,8 w hich w as
orig inally isolated by its  antige nic  and func tional
similaritie s to me littin, a bee venom peptide .28

COX enzyme conve rts  arachidonic  ac id to prosta-
glandins  and thrombox ane s. COX ex ists in at least
tw o isoforms, a constitutive  isoform, COX-1, and an
induc ible  form, COX-2. The COX isoforms are  enco-
ded by gene s located on diffe rent chromosomes29 and
are  only 60% identic al w ith the  catalytic  re gions  being
conserved. COX-1 seems to re pre sent most of the
activ ity under basal conditions , w hile  COX-2, w hich is
normally unde te ctable in most tissue s, appears  to be
the pre dominant isoform present unde r inf lammatory
conditions. In the  pre sent study, IL-1 b treatme nt had
no effe ct on the leve ls of COX-1, but induced the
synthe sis of COX-2 signific antly. These IL-1 b -induced
inc re ases obse rved in PLA2 and COX-2 would there-
fore  result in a large  amount of pros taglandin produc-
tion. Inte re stingly, IL-1 b caused a biphas ic  inc rease  in
the leve ls of PGE2, w here  the  firs t peak w as  reached
at 30 min and corre lated we ll w ith the  inc rease of
PLAP leve ls and PLA2 activity, and the second peak
reached at 6 h w as  complete ly due to the  inc re ase  in
COX-2 leve ls .

In summary, culture d colonic  epithelial ce lls  iso-
lated from normal adult rabbits  and grow n in culture
posse ss the  IL-1 receptor and all the  machine ry
ne cessary to produce  prostanoids  both constitutive ly
and in response to inf lammatory stimuli. The presenc e
of IL-1 receptor on the se  epithelial c ells suggests  that
cytokine s might regulate  epithelial c ell function
dire ctly, for ex ample, to produce PGE2 in re sponse  to
inf lammatory stimuli. This  is  the  fir st study de sc ribing
the presence  of IL-1 receptor in colonic  epithe lial cells

and de scribing the  mechanism of action of how  IL-1
can dire ctly regulate  epithe lial c ell function. The
biphasic  inc re ase in PGE2 leve ls  seems to re flec t the
diffe rent mechanis ms by w hich IL-1 can affect epithe-
lial c ell function unde r acute  or under chronic
conditions, w hich can re flect the  mechanis ms
involve d in acute  and chronic  inf lammation in the
inte stine . The  acute  re sponse  is  due to PLAP/PLA2

pathw ay and the  chronic  response  due to COX-2
pathw ay, both of w hich w ill le ad to inc re ases in PGE2.

ACKNOWLEDGEMENTS: Funding w as  from the American Unive rsity of
Beirut (University Research Board), from the Diana Tamari Sabbagh Founda-
tion and from the Lebanese National Council for Scientific Re search. We
thank Dr J.S. Bomalas ki for the antime littin antibodies and Dr Holtsberg for
the PLAP probe, and thank Merck Fros st Center for Therapeutic Research,
Quebec , Canada for the  COX-2 inhibitor L-745,337.

References
1. Bomsztyk K, Sims JE, Stanton TH, Slack J, McMahan CJ, Valentine MA,

Dow er SK. Evidence for different interleukin 1 rec eptors  in murine B-
and T-cell lines. Pro c Natl Acad  Sci USA 1989; 86: 8034–8038.

2. Sims JE, March CJ, Cosman D e t a l. cDNA expre ssion cloning of the IL-1
re ceptor, a member of the immunoglobulin supe rfamily. Sc ien ce 1988;
241: 585–589.

3. Sims JE, Acre s RB, Grubin CE, McMahan CJ, Wignall JM, March CJ, Dow er
SK. Cloning the interleukin receptor from human T ce lls. Pro c Na tl Aca d
Sci USA 1989; 86: 8946–8950.

4. Cominelli F, Nas t CC, Dinare llo CA, Gentilini P, Zisper RD. Regulation of
eicosanoid produc tion by rabbit colon in interleukin-1. Gas tro en tero lg y
1989; 97: 1400–1405.

5. Mahida YR, Wu K, Jew ell DP. Enhance d production of interleukin 1-b by
mononucle ar ce lls isolate d from muc osa w ith active  ulce rative  colitis of
Crohn’s disease. Gut 1989; 30: 835–838.

6. Homaidan FR, De sai H, Zhao L, Broutman G, Burakoff R. Regulation of
electrolyte  transport w ith IL-1 b in the rabbit distal colon. Mediato r s
In flam m ation 1995; 4: 61–66.

7. Homaidan FR, Zhao LM, Burakoff R. IL-1 induces the  synthesis of
phospholipase A2-activating prote in in the distal colon. Gas tro en tero l-
o g y 1995; 108: A838.

8. Homaidan FR, Zhao LM, Burakoff R. IL-1 induces the  synthesis of
phospholipase A2-activating prote in in the rabbit intestine. Am  J Phy s io l
1997; 272: G1338–G1346.

9. LeDuc L, Brow n L, Vidrich A. Bradykinin and FMLP stimulate  prostanoid
production by adult rabbit colonocytes  in culture . Am  J Phy s io l 1994;
267: G778–G785.

10. Lae mmli UK. Cleavage  of structural prote ins during the as sembly of the
head of bacte riophage  T4. Na ture 1970; 227: 680–685.

11. Young IT. Proof w ithout pre judice: use of the Kolmogrov –Smirnov test
for the  analysis of histograms from flow  systems and other source s. J
His to chem  Cy to ch em 1977; 25: 935–941.

12. Chan CC, Boyce  S, Brideau C e t a l. Pharmacology of a selec tive
cycloox ygenase-2 inhibitor, L-745,337: a novel nonsteroidal anti-inflam-
matory agent w ith an ulc erogenic  sparing effect in rat and nonhuman
primate  stomach. J Pha rm aco l Exp Thera py 1995; 274: 1531–1537.

13. Chang EB, Musch MW, Mayer L. Inte rleukins 1 and 3 stimulate  anion
secre tion in chicken intestine. Ga s tro e nte ro lg y 1990; 98: 1518–1524.

14. Ciacci C, Mahida YR, Dignass A, Koizumi DM, Podolsky DK. Functional
interleukin-2 rece ptors on intestinal epithelial ce lls. J Clin  Inve s t 1993;
92: 527–532.

15. Madara JL, Stafford J. Inte rferon-g direc tly affects barrier function of
culture d intestinal epithelial monolaye rs. J Clin  Inve s t 1989; 83:
724–727.

16. Shirota K, LeDuy L, Yuan SY, Jothy S. Interleukin-6 and its rec eptor are
ex pre ssed in human intestinal epithe lial ce lls. Virchow s  Arch 1990; 58:
303–308.

17. Suemori S, Ciacci C, Podolsky DK. Regulation of transforming grow th
fac tor expre ssion in rat intestinal epithelial ce ll lines. J Clin  Inve s t 1991;
87: 2216–2221.

18. Cominelli F, Nast CC, Clark BD e t a l. Interleukin 1 (IL-1) gene  expre ssion,
synthesis, and effec t of spe cific IL-1 re ceptor blockade in rabbit immune
complex  colitis. J Clin  Inve s t 1990; 86: 972–980.

19. Mertz PM, Saude r DL, Davis SC, Kilian PL, Herron AJ, Eaglstein WH. IL-1
as a potent inducer of w ound re-epithelization. Pro g  Clin Bio l Re s 1991;
365: 473–480.

20. Galy AH, Hadden EM, Touraine JL, Hadde n JW. Effects of cytokines on
human thymic  epithe lial ce lls in culture , IL-1 induces thymic epithelial
ce ll proliferation and change  in morphology. Cell Im m uno l 1989; 124:
13–27.

F. R. Ho m a idan  et al.

196 Mediators of Inflammation · Vol 8 · 1999



21. Dukovich M, Seve rin JM, White  SJ, Yamazaki S, Mizel SB. Stimulation of
fibroblast proliferation and pros taglandin produc tion by purified recom-
binant murine  interleukin 1. Clin  Im m uno l Im m uno patho l 1986; 38:
381–389.

22. Elias JA, Lentz V. IL-1 and tumor necros is factor synergistically stimulate
fibroblast IL-6 produc tion and stabilize IL-6 messenger RNA. J Im m uno l
1990; 145: 161–166.

23. Sutherland DB, Varilek GW, Neil GA. Identification and characte rization
of the  rat intestinal epithelial ce ll (IEC-18) interleukin-1 re ceptor. Am J
Phy s io l 1994; 266: C1198–C1203.

24. Varilek GW, Neil GA, Bishop WP. Caco-2 ce lls ex pre ss type  I interleukin-1
re ceptor: ligand binding enhance s prolife ration. Am J Phy s io l 1994; 267:
G1101–G1107.

25. Sims JE, Gayle  MA, Slack JL e t a l. Inte rleukin 1 signaling occurs
ex clusively via the  type  I re ceptor. Pro c Natl Aca d Sci USA 1993; 90:
6155–6159.

26. Pruzanski W, Vadas  P. Phospholipase A2–a mediator betw een prox imal and
distal effec tors of inflammation. Im m uno l Today1991; 12: 143–146.

27. Steiner MR, Bomalaski JS, Clark MA. Responses of purified phospholi-
pase s A2 to phospholipase A2 activating prote in (PLAP) and melittin.
Bio chim  Bio phy s  Acta 1993; 1166: 124–130.

28. Clark MA, Conway TM, Shorr RGL, Crooke  ST. Identification and isolation
of a mammalian prote in w hich is antigenically and functionally re late d to
the phospholipase  A2 stimulatory peptide me littin. J Bio l Che m 1987;
262: 4402–4406.

29. Langenbach R, Morham SG, Tiano HF e t a l. Prostaglandin synthase  1 gene
disruption in mice  re duc es arachidonic  acid-induced inflammation and
indomethac in-induced gastric  ulceration. Cell 1995; 83: 483–492.

Received 11 June 1999;
accepted 2 August 1999

IL-1 a ctio n and m echan ism  in  epithe lia l ce lls

Mediators of Inflammation · Vol 8 · 1999 197



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


