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Amphiregulin acts as an autocrine growth factor in two
human polarizing colon cancer lines that exhibit domain
selective EGF receptor mitogenesis
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Summary Colonic enterocytes, like many epithelial cells in vivo, are polarized with functionally distinct apical and basolateral membrane
domains. The aims of this study were to characterize the endogenous epidermal growth factor (EGF)-like ligands expressed in two polarizing
colon cancer cell lines, HCA-7 Colony 29 (HCA-7) and Caco-2, and to examine the effects of cell polarity on EGF receptor-mediated
mitogenesis. HCA-7 and Caco-2 cells were grown on plastic, or as a polarized monolayer on Transwell filters. Cell proliferation was measured
by 3H-thymidine incorporation and EGF receptor (EGFR) binding was assessed by Scatchard analysis. EGFR ligand expression was
determined by Northern blot analysis, reverse transcription polymerase chain reaction, metabolic labelling and confocal microscopy. We
found that amphiregulin (AR) was the most abundant EGFR ligand expressed in HCA-7 and Caco-2 cells. AR was localized to the basolateral
surface and detected in basolateral-conditioned medium. Basolateral administration of neutralizing AR antibodies significantly reduced basal
DNA replication. A single class of high-affinity EGFRs was detected in the basolateral compartment, whereas the apical compartment of
polarized cells, and cells cultured on plastic, displayed two classes of receptor affinity. Basolateral administration of transforming growth
factor alpha (TGF-a) or an EGFR neutralizing antibody also resulted in a dose-dependent stimulation or attenuation, respectively, of DNA
replication. However, no mitogenic response was observed when these agents were added to the apical compartment or to confluent cells
cultured on plastic. We conclude that amphiregulin acts as an autocrine growth factor in HCA-7 and Caco-2 cells, and EGFR ligand-induced
proliferation is influenced by cellular polarity.
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Six mammalian ligands have been identified that bind to the The present studies were undertaken to examine EGFR-medi-
epidermal growth factor receptor (EGFR): EGF, transformingated proliferation in two well-differentiated human colon cancer
growth factore (TGF-a), amphiregulin (AR), heparin-binding lines, HCA-7 Colony 29 (HCA-7) and Caco-2, that retain the
EGF-like growth factor (HB-EGF), betacellulin (BTC) and epi- ability to polarize under their appropriate culture conditions
regulin. These ligands have been shown to mediate various cellul@firkland 1985; LeBivic et al, 1991; Coffey et al, 1997). Like
functions, including proliferation, differentiation and migration MDCK cells, Caco-2 cells have been reported to have EGFRs
(Basson et al, 1992, 1994; Amemiya et al, 1994; Chen et al, 199¥calized predominantly to the basolateral surface (Bishop et al,
Traverse et al, 1994). In epithelial cells cultured as a flat monolayet994). We have compared DNA replication in HCA-7 and Caco-2
on plastic, it has been shown that T&Fnd AR can act in an cells when cultured as a flat monolayer on plastic, and as a polar-
autocrine manner (Culouscou et al, 1992; Johnson et al, 1992; Li geed monolayer on Transwell filters. As predicted, T&Btimu-
al, 1992; Ziober et al, 1993; Qi et al, 1994). Many epithelial cells ilates mitogenesis when added to the basolateral compartment, but
vivo, however, are polarized with spatially restricted apical anchot to the apical compartment or to confluent cells cultured on
basolateral compartments. Certain epithelial cell types, mogtlastic. Differences in expression of high-affinity EGFRs on
notably non-transformed canine MDCK-II cells, can be cultureddifferent cell substrates used to culture the cells may account for
in vitro as a polarized monolayer on semipermeable supporthiese variations. In addition, conclusive evidence for AR autocrine
(Transwell filters). It has been shown that EGFRs are restricted tgrowth activity is presented for these polarized cells. These results
the basolateral compartment of these polarized MDCK cellemphasize the biological relevance of studying epithelial cells in
(Maratos-Flier et al, 1987; Dempsey et al, 1994; Hobert et al, 1995jitro in a polarized context.
and it is predicted that basolateral, but not apical, administration of
EGFR ligands would elicit biological effects.
MATERIALS AND METHODS
Received 3 September 1998 . .
Accepted 15 chember 1998 Reagems and antibodies
Correspondence to: L Damstrup, Section for Radiation Biology, University All cell culture reagents were purchased from Gibco Laboratories
Hospital Copenhagen, Finsen Center, 3993, 9, Blegdamsvej, Copenhagen (Grand Island, NY, USA) and all chemicals were purchased from
DK-2100, Denmark Sigma Chemical Co. (St Louis, MO, USA), unless otherwise

1012



EGFR responsiveness of HCA-7 and Caco-2 cells 1013

indicated. S]-Translabel was purchased from ICN Radio- described above. For AR antibody neutralization studies, a
chemical (Irvine, CA, USA). Protein A-agarose and lodo-beadsocktail of AR monoclonal antibodies (AR 6R1C2.4 was used at
were purchased from Pierce Chemical Co. (Rockford, IL, USA)2 ug mi! and AR 18.4.6, AR 12.38.4, AR 4.14.18 were used at
All electrophoresis reagents were purchased from Bio-RadOug mi?) was added to the basal compartment and treated as
Laboratories (Hercules, CA, USA¥H]-thymidine was purchased described above. Mouse monoclonal antibodies UPC-10 and/or
from DuPont (Boston, MA, USA). Rainbow markers afttbdine MOPC-21 were used as control antibodies.
were purchased from Amersham (Arlington Heights, IL, USA). Results from the proliferation experiments are expressed as

Recombinant human TGéwas a gift from Triton BioScience fold-change in treated cells over untreated cells (B/Bo). All exper-
(Alameda, CA, USA). Recombinant human AR and monoclonaiments were performed in triplicate or quadruplicate and repeated
antibodies to human AR (AR 6R1C2.4, AR 18.4.6, AR 12.38.4at least twice. Studentistest was used to compare the mean of
and AR 4.14.18) were generously provided by Dr Greg Plowmanintreated to treated and was regarded as significart @.05.
and Barbara Thorne (Bristol-Myers Squibb Pharmaceutical
Research Institute, Seattle, WA, USA). Monoc!onal antlbody tolsolation of poly-adenosine mRNA and Northern blot
human EGFR (mAb 528) was generously provided by Dr H'deoanalysis
Masui (Memorial Sloan-Ketting Cancer Center, NY, USA).
Affinity-purified rabbit antisera to mouse immunoglobulin was HCA-7 and Caco-2 cells were cultured as a monolayer on plastic
purchased from Cappel Laboratories (Durham, NC, USA)and poly-adenosine (poly-A) mRNA was isolated from cells 24 h
Vectashield mounting medium was purchased from Vectopost-confluence, as described previously (Dobner et al, 1981). For
Laboratories (Burlingame, CA, USA). Normal donkey serum andpolarized cells grown on Transwell filters, mMRNA was isolated 10
CY3-conjugated donkey anti-mouse IgG were purchased fromlays post-confluence. Oligo (dT)-selected mMRNA was separated
Jackson ImmunoResearch Laboratories (West Grove, PA, USA).on a 1.0% agarose-formaldehyde gel and transferred to supportec
Nitroplus nitrocellulose filters (MSI, Westboro, MA, USA), as
described previously (Melton et al, 1984). Hybridizations with
human probes labelled by RNA polymerase-directed reverse tran-
HCA-7 cells were obtained from Dr Susan Kirkland (ICRF, scription or cDNA insert labelling were performed, as described
London, UK) and used between passage 20 and 35. Caco-2 cetisewhere (Melton et al, 1984). As a control for loading and
were obtained from Dr E Rodriguez-Boulan (Cornell Universitytransfer, blots were probed with cyclophillin (1B15) (Danielson
Medical College, New York, NY, USA) and used between passaget al, 1988).
90 and 100. Both cell lines were grown in Dulbecco’s minimum
essential medium (DMEM) supplemented with 10% fetal bovin .
serum (Intergen, Purchase, NY, USA), as previously describggetecmn of mRNA by RT-PCR
(12). When cultured on Transwell filters (pore sizejdw4 Costar,  For reverse transcription polymerase chain reaction (RT-PCR),
Cambridge, MA, USA), cells were seeded atd1%, 1.5x 10, 4 mRNA was isolated from exponentially growing Caco-2 cells,
x 10 cells on 75-, 24.5- and 12-mm Transwell filters, respectively,using Quick prep mRNA kit. From this, cDNA was synthesized
unless otherwise stated. Confluence was obtained 24 h aftélom 0.5pg mRNA using the cDNA synthesis kit. PCR was
seeding cells at these concentrations. performed using Thermoprime Plus, and specific primers. Specific

To evaluate the fidelity of tight junctions, transepithelial elec-primers (in 5-3 direction) for:
trlpgl reS|stan(_:e across the Transwell fllt(_er_ was measured using a TGFa: GGGTATTGTGTTGGCTGCGTGE and
Millicell Electrical Resistance System (Millipore Corp., Bedford,
MA, USA). All experiments involving HCA-7 and Caco-2 cells CCAAGCGGTTCTTCCCTICAGG
culthred on Transwell filters were performed 4-10 days post- EGF: TCTGAATGTCCCCTETCCCACG and

. CTGCGACTCCTCACATCTCTGC

confluence when the resistance was > @G

Cells and cell culture

AR: TTGAACAGGTAGTTAAGCCCCC and
GGACCGACTCATCATTTATGGC
Mitogenic assays HB-EGF: CCTTTTGAGAGTCACTTTATCC and

CATTTTCCACATCATAACCTCC
CCAGAAGTCCTGAAACTAATGG and
TCAAATGAGCAAGGCACTTTGC
GAPDH: AACGGATTTGGTCGTATTGGGC and
TAAGCAGTTGGTGGTGCAGG

For experiments performed on HCA-7 and Caco-2 cells cultured
as a monolayer on plastic, cells were seeded in 24-well plates in
serum-containing medium and allowed to reach confluence, at
which time cells were placed in serum-free medium. After 48 h,
the cells were incubated with TGFor mAb 528. Cells were
treated for 21 h before 1}Ci [*H]-thymidine was added to the GAPDH was used as a positive and reaction control. All reac-
medium and incubated for 3 h (between 21 and 24 h). Cells weli#ons were subjected to 35 cycles of PCR amplification. Each cycle
washed three times in ice-cold 10% trichloracetic acid (TCA).consisted of 30 s of denaturation at@41 min at primer specific
Cells were then dried and solubilized in §.5odium hydroxide annealing temperature (70 for EGF, 68C for TGFa and AR,
containing 4Qug mt* salmon sperm DNA, and an aliquot was 64°C for BTC, 62C for HB-EGF and 6IC for GAPDH), and
counted in a scintillation counter. For experiments performed oid min of primer extension at 72. The PCR products were visual-
HCA-7 and Caco-2 cells grown as a polarized monolayer, cellized after electrophoresis on a 1% agarose gel containing ethidium
cultured on Transwell filters for 7-10 days post-confluence werdromide. The appearance of specific bands (0G#21 bp; EGF,
serum-starved for 48 h before T@For mAb 528 was added to 326 bp; AR, 520 bp; HB-EGF, 38@:-cellulin, 489 bp; GAPDH,
either the apical, basal, or both, compartments and treated 446 bp) was evaluated under ultraviolet light and photographed.
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Immunofluorescence and laser scanning confocal
microscopy

HCA-7 Caco-2

Plastic
B

Immunofluorescent staining of HCA-7 and Caco-2 cells culturet , Plastic

on 12-mm Transwell filters was performed as previously describe
(Dempsey et al, 1994) with some modifications. Cells were seedt
at 1 x 10 cells per well, and were stained days 4 and 8 post
seeding for Caco-2 and HCA-7 cells, respectively. All staining
procedures were performed on ice or &€4unless otherwise
stated. For AR staining, cells were paraformaldehyde-fixed an
stained with 2u.g mf mAb AR 6RIC2.4. Specificity of AR
staining was confirmed by preincubating this antibody overnigh
with 100 ng mt* recombinant AR, prior to staining. Monoclonal
antibody UPC-10 was used as a control.

Laser scanning confocal microscopy was performed using
Zeiss LSM4 confocal microscope (Zeiss, Thornwood, NY, USA)
Spatial localization was visualized by z-scanning the images.
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Metabolic labelling

For metabolic labelling experiments, HCA-7 and Caco-2 cell:
were seeded at 3.7610° cells per well on 24.5-mm Transwell
filters. Prior to labelling, cells were washed two times with serum
free, cysteine—methionine-free DMEM. Then, 2.5 ml of labelling
medium (cysteine—methionine-free DMEM with 5% dialysed fetal
calf serum (FCS) and 1Q€Ci ml? [*S]-Translabel) was added to
the basal compartment. The apical compartment received 1.5 ml
the same medium lacking®$]-Translabel and the cells were
incubated for 16—20 h, or for 2 h and chased for 2 h in mediur
containing ten-fold excess of cysteine and methionine &t.37
Caco-2 cells and HCA-7 cells were labelled on days 5 and 8 po:
seeding, respectively.
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Figure 1  Alterations in DNA synthesis in HCA-7 and Caco-2 cells cultured
as a confluent monolayer on plastic or as a polarized monolayer on Transwell
filters. HCA-7 and Caco-2 cells seeded on plastic in 24-well plates were
cultured until they became confluent and then placed in serum-free DMEM
for 48 h. Polarized cells cultured on Transwell filters (7—10 days post-

After_ metabolic labelling, the apical and basolateral con_ditione<conﬂuence) Wwere serum starved for 48 h. TGF-a or MAb 528 was
medium was collected and phenylmethylsulphonyl fluoride waadministered to the cells for 21 h and [*H]-thymidine labelling was performed
added to a final concentration of UQI. The medium was @s described in Materials and Methods. HCA-7 (A) and Caco-2 (B) cells

. X . cultured as confluent monolayers on plastic were treated with increasing
precleared and filtered through a QU2 filter. AR was immuno- concentrations of TGF-a or mAb528 (3 pg mi-). HCA-7 (C and E) and Caco-
precipitated by addition of AR mAb (AR 6R1C2.4, 01 mi?) 2 (D and F) cells grown as polarized monolayers on Transwell filters were
overnight, followed by rabbit anti-mouse 1gG andb®f a 50% stimulated with the indicated concentrations of TGF-a or mAb 528

! . administered to both compartments simultaneously. Vertical bars represent

slurry of protein A-agarose beads. The agarose beads Weéstandard deviations. *: significant alteration in mitogenic effect compared to
pelleted and washed extensively before being analysed uncbaseline values (P <0.05). Open bars = TGF-a, closed bars = mAb 528
reducing conditions on a 12.5% sodium dodecyl sulphate poly-
acrylamide gel electrophoresis (SDS-PAGE). The gels were fixed,
treated with Amplify (Amersham Corp., Arlington Heights, IL, HEPES, pH 7.4 and 0.1% bovine serum albumin (DHB) for
USA) for 30 min and dried. Fluorography was performed usingapproximately 30 min. This medium was removed and cells were
Biomax MR film (Eastman Kodak Co., Rochester, NY, USA). washed twice with ice-cold saline, followed by the addition of
serial dilutions of l]-labelled EGF (from 0.5 to 300 ng Ml
prepared in DHB with and without 1@ EGF to determine non-
specific and total EGF binding respectively. The cells were incu-

AR immunoprecipitation from conditioned medium

Radioactive labelling of EGF

129odine was used to label 1@ of EGF using lodo-beads per
manufacturer’s recommendations. Unincorporaf&iddine was

bated at @C to equilibrium (3 h). Unbound¥l]-labelled EGF
was removed and cells were rinsed five times. Receptor-associated

removed with a G-10 Sephadex column equilibrated with phosligand was eluted by adding 1 ml 5@&nyglycine—hydrochloric

phate-buffered saline. The specific activity &fl]-labelled EGF
was typically between 200 and 350 cpm®pg

EGFR binding studies
All procedures were performed atGl unless otherwise stated.

The medium was replaced with DMEM containing 2@ m

British Journal of Cancer (1999) 80(7), 1012-1019

acid, 100 m sodium chloride, 2mg mil PVP and 24 urea

(pH 3.0) to the cells for 2 min. Eluted material was countedyin a
counter. Cell numbers were determined with a Coulter counter
after trypsinization of parallel sets of plates. The total and non-
specific binding were used to calculate bound and bound/free
radioligand. The resulting data were analysed by the method of
Scatchard (Scatchard, 1949), assuming either one or two receptor

© 1999 Cancer Research Campaign
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Figure 2 Binding of [*?*I]-EGF to HCA-7 and Caco-2 cells. HCA-7 (A) and Caco-2 (B) cells were cultured as a confluent monolayer on plastic, or HCA-7 (C)
and Caco-2 (D) cells were grown as a polarized monolayer on Transwell filters. [*?°l]-labelled EGF binding was performed as described in Materials and
Methods. For both HCA-7 and Caco-2 cells cultured as a confluent monolayer on plastic, the curvilinear plots were resolved into two compartments: a high-
affinity EGFR with a K, of 5.0 nm (A) and 3.0 nm (B) and a low-affinity EGFR with a K, of 83 nm and 13 nwm, respectively. Scatchard analysis of the EGF binding
to the basolateral EGFRs demonstrated a linear plot with a single class of high-affinity EGFRs in HCA-7 (C) and Caco-2 (D) cells (K, = 2.1 nm and 1.0 nw,
respectively). In C and D, arrow and inset indicate the binding data from apical EGFRs

species. Parameters were estimated using non-linear regressionrbjb 528 added to HCA-7 and Caco-2 cells cultured as a confluent
the Levenberg—Marquardt algorithm. Equations used for paramonolayer on plastic. Cell monolayers were maintained serum-free
meter fitting were from Feldman (Feldman, 1972) and were usefbr 48 h before addition of TGE-(1-100 ng mf) or mAb 528
with the program Profit (Quantum Soft, Zurich) for the Macintosh(3 pug mt?) for 21 h, followed by a 3 h pulse oiH]-thymidine. In

computer. both cell lines, no significant alterations in DNA synthesis were
observed after addition of either agent (Figure 1A,B).

RESULTS The mitogenic effects of stimulation or inhibition of the EGFR
in polarized HCA-7 and Caco-2 cells were then examined. Cells

Alterations in DNA synthesis after administration of cultured for 7—.10 days post-confluence on Transwell filters in
order to polarize and serum-starved for 48 h were treated as

TGFa or mAb 528

described above. No significant mitogenic effects were seen with
In preliminary experiments, we determined that EGFR immunothe addition of these agents to the apical medium of polarized

reactivity was restricted to the basolateral surface of polarizetHCA-7 and Caco-2 cells (data not shown). In contrast, there was a
HCA-7 and Caco-2 cells (data not shown). The basolateral compardose-dependent increase in DNA replication after addition of
mentalization of the EGFR led us to examine the mitogenic effectfGF-a to the basolateral medium; 100 nghiIGF-a stimulated

of stimulation and blockade of this receptor under different growtt{*H]-thymidine incorporation 8.4-fold in HCA-7 cells (Figure 1C;
conditions. We first examined the mitogenic effects of TG P =0.013) and 3.0-fold in Caco-2 cells (Figure H3; 0.007). We

© 1999 Cancer Research Campaign British Journal of Cancer (1999) 80(7), 1012-1019
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A HCA-7 Caco-2 1900 high-affinity EGFRs per celk(, = 3 nv) and 50 000 EGFRs
Plastic  Filters  Plastic  Filters with a lower affinity &, = 13m) (Figure 2B). Scatchard
analyses of EGF binding to basolateral surfaces of polarized HCA-
7 and Caco-2 cells cultured on Transwell filters for 7-10 days
post-confluence demonstrated linear Scatchard plots for baso-
lateral EGFRs with 27 000 receptors/cél] & 2.1 rv) in HCA-7
cells (Figure 2C) and 57 000 receptors/c&]| £ 1 nv) in Caco-2
cells (Figure 2D). The Scatchard plot for apical EGFRs on cells
cultured on Transwell filters was curvilinear and similar to the
plots for EGFRs on cells cultured on plastic (Figure 2C, D). In the
apical compartment of polarized HCA-7 cells, there were 1800
high-affinity EGFRs per cellK;, = 1.3 ) and 6000 EGFRs with
a lower affinity &, = 12 m) (Figure 2C, inset). In the apical
compartment of Caco-2 cells, 550 high-affinity EGFRs per cell
(K, = 1.1 mv) and 10 000 EGFRs with a lower affinitk(, =
58 nv) (Figure 2D, inset) were observed. TKg values derived
from the higher affinity population of EGFRs of HCA-7 and Caco-
2 cells cultured on plastic and from the apical compartment of cells

S SF S SF S SF S SF

'R

B g L 3 E o é cultured on Transwell filters generally app_roachedK‘géor the

bp S @ © z a 5 5 EGFRs on the basolateral surface of polarized cells.
1000

800 Steady-state mRNA expression of EGFR and its ligands

600 in HCA-7 and Caco-2 cells

400

The ability of the EGFR mAb 528 to decrease DNA replication led

200 us to consider that endogenous EGFR ligands may regulate base-

Figure 3 Steady-state mRNA for EGF-related peptides and EGFR in HCA- line mitogenesis in these cells. To pursue this line of investigation,

7 and Caco-2 cells (A). Poly-A mRNA was isolated from HCA-7 and Caco-2 steady-state mMRNA expression of EGFR ligands was examined in
cells cultured either as confluent monolayer on plastic or as a polarized HCA-7 and Caco-2 cells by Northern blot analysis. Poly-A mRNA
monolayer on Transwell filters under serum-free or serum conditions. Blots .

were probed with [2P}-labelled EGFR cDNA (top panel) or [?P]-labelled AR was |_solated from thesg _ceIIs cultured as a confluent monolayer on
cDNA (middle panel). Arrows indicate the 10 and 6 kb EGFR and the 1.4 kb plastic and as a polarizing monolayer on Transwell filters under
AR transcripts. Blots were probed with 1B15 to control loading and transfer serum-containing conditions and after serum starvation for 48 h
(bottom panel). In (B) cDNA was generated from exponentially growing . . . e . '
Caco-2 cells and, using specific primers transcripts for EGF, AR, TGF-a, Ten and 6 kb EGFR transcripts (Figure 3A) were identified in both
HB-EGF and BTC was examined cell lines, and these transcripts appeared stronger under serum-free

conditions. A 1.4 kb AR transcript was detected in both cell lines

and also appeared stronger under serum-free conditions (Figure
also found a dose-dependent decrease in DNA replicatioBa). A less intense, 2.5 kb HB-EGF transcript was detected but no
following administration of the EGFR neutralizing antibody mAb transcripts were detected for T@F-EGF or BTC under these
528 to the basolateral medium. At a dose ofigdni* of mAb  experimental conditions (data not shown). The lack of BGF-
528, PH]-thymidine incorporation decreased 73% (FigureRE;  mRNA was further documented by absence of TGrotein in
0.01) in HCA-7 cells and 57% (Figure 1F;= 0.02) in Caco-2 the conditioned medium and cell lysates from both HCA-7 and
cells. The control antibody UPC-10 did not influence incorpora-Caco-2 cells using a highly sensitive and specific radioimmuno-
tion of [H]-thymidine (data included in Figure 5C). Thus, DNA assay (Halter et al, 1992) (data not shown). Bishop et al (1994)
replication was affected only when TGfFer mAb 528 was added have previously shown that Caco-2 cells express @GBut in
to the basolateral medium of polarized HCA-7 and Caco-2 cellsyur Caco-2 cells no protein or mRNA could be detected. To further
and no significant mitogenic effects were observed when thesgxamine EGFR binding ligands in Caco-2 cells, we performed RT-
agents were added to the apical medium or to confluent cellsCR of all the EGFR-binding ligands. Using this approach, an
cultured on plastic. intense AR transcript, and to a lesser extent HB-EGF anddf GF-

were detected. Faint, but specific, bands for EGF and BTC mRNA

Qualitative differences in EGFR affinity between were also detected (Figure 3B).

polarized and monolayer cultured HCA-7 and Caco-2
cells Immunolocalization of AR to the basolateral

In order to further explore the observed differences in DNACOMPartment of polarized colon carcinoma cells

synthesis between these cells cultured as a monolayer on plasgiell surface localization of AR was performed in polarized HCA-
compared to a polarized monolayer on Transwell filters, we7 and Caco-2 cells by immunofluorescence and laser scanning
examined the EGF blndlﬂg characteristics of the cells. HCA-7 andonfoca| microscopy_ We examined AR expression in cells on
Caco-2 cells cultured as a monolayer on plastic demonstratetanswell filters as they grew as non-polarized single cells until
curvilinear Scatchard plots. In HCA-7 cells, there were 2500 highthey became confluent and fully polarized. In non-polarized cells,
affinity EGFRs per cellK,, = 5nv) and 16 000 EGFRs with a AR was evenly distributed over the cell surface, a finding that was
lower affinity (K, = 83 nv) (Figure 2A). Caco-2 cells exhibited particularly apparent in cells at the leading edge of a monolayer of

British Journal of Cancer (1999) 80(7), 1012-1019 © 1999 Cancer Research Campaign
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HCA-7 Caco-2

Xy-axis

Xz-axis

Figure 4 AR is localized to the basolateral membrane domain in polarized
HCA-7 and Caco-2 cells. HCA-7 and Caco-2 cells grown on Transwell filters
were fixed and incubated with AR mAb added to both apical and basal
compartments. Bound antibodies were visualized by CY-3 conjugated donkey
anti-mouse 1gG using confocal microscopy. Top portion of each panel
represents the xy-axis while the bottom portion represents the xz-axis
analysis. In the xz-axis, arrowheads indicate the extent of the basolateral
domain

Caco-2

~
<
o
T

<« 431D

small colonies (data not shown). However, AR was localizet
predominantly to the basolateral compartment in polarized cell
from larger colonies and confluent monolayers (Figure 4).

AR is an autocrine growth factor for polarized HCA-7
and Caco-2 cells

-~ d21v0a

< wKoa

Sequential ectodomain cleavage of AR precursor is responsible ..
the multiple cellular and soluble AR forms produced by HCA-7 anc C
Caco-2 cells (Brown et al, 1998). To determine whether AR i
released in a polarized manner from HCA-7 and Caco-2 cells, ce
grown on Transwells were metabolically labelled overnight.
Conditioned medium from the apical and basolateral compartmer
were collected, immunoprecipitated with AR mAb and then analyse
by SDS-PAGE and fluorography (Figure 5A). In both cell lines, we :
detected a major AR species ~43 kDa band in the basolateral con
tioned medium. After a 2 h chase, a minor AR doublet of 19 and 2
kDa was also detected (Figure 5B). The molecular weights of tr
different soluble AR forms released by HCA-7 and Caco-2 cells at
in agreement with our previous findings (Brown et al, 1998). Only
very low levels of AR species were detected in the apical-cond
tioned medium. Quantification of AR indicates that >98% is
released into the basolateral-conditioned medium, demonstrating ttluqu 5 AR ) o or polarized HCA7 and Caco.2
. . . . igure IS an autocrine growt actor for polarize -/ an aco-
in HCA-7 qnd Caco-2 cells AR is released in a polar!;ed manner. o, (A) AR is released into the basolateral medium of polarized HCA-7 and
In polarized HCA-7 and Caco-2 cells, the ability of EGFRcCaco-2 cells. HCA-7 and Caco-2 cells cultured on Transwell filters were
neutralizing antibody to significantly decrease DNA repncationmetabolically labelled with [**S]-Translabel for 16—20 h. After labelling, apical
. . and basolateral conditioned medium was immunoprecipitated with AR

SUg_geSt?d that an_ endogenous aUt_OC”ne growth faCtOt‘_IS PréSéantibody and analysed by SDS-PAGE and fluorography. Apical and
AR is a likely candidate because of its abundant expression as whbasolateral domains are represented by Ap and B1. The position of the major

; ; ; R species is indicated by the arrowhead and size indicated in kD. In (B)
as .ItS localization to,’ and release from, the basolateral Surfa(AliiCAJ and Caco-2 cells were metabolically labeled with [**S]-Translabel for
which would allow direct access to basolateral EGFRs. To detex h and chased for 2 h. Conditioned basal medium was immunoprecipitated
mine whether endogenous AR acts as an autocrine growth facwith AfR antibody and anfélyseddby SIaS-IPQG(E)and ﬂuoroglraphy- Positidon and

. o size of AR species are indicated on the left. (C) AR neutralizing antibody
under _these basal_ FU'ture Conqltlor_ls’ we tested t_he ab"'t}’ of decreases basal mitogenesis in polarized HCA-7 and Caco-2 cells. Cells
cocktail of neutralizing AR antibodies to block mitogenesis ofcultured on Transwell filters (7—10 days post-confluence) were serum starved
HCA-7 and Caco-2 cells grown as polarized mono|ayerS 0for 48 h. AR neutralizing antibody cocktail, mAb 528 or control antibody
. L. . . (MOPC 21) were administered to the cells for 21 h and [*H]-thymidine

Tra.nSW.e” f”.ters-‘ Basolateral adm|n|3trat|9n Qf ne.Utr.a“Z.mg ARIabelling was performed as described in Materials and Methods. HCA-7 and
antibodies significantly reduced DNA replication, indicating thatCaco-2 cells were treated with AR antibody cocktail (32 pg mi), mAb 528

AR acts as an autocrine growth factor for these polarized cel( "9 m™) and MOPC-21 (32 g mI) administered o the basolateral
compartment. Vertical bars represent standard deviations. *: significant

(Figure 5C). alteration in mitogenic effect compared to baseline values (P < 0.05)
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DISCUSSION EGFRs. Scat_chard_a_nalysis demonstrate_d that_ EGFR affinity and
number of high-affinity receptors was higher in the basolateral
Epithelial cells cultured in vitro on plastic as a monolayer do notompartment than in cells cultured on plastic. The majority of
conform to the in vivo polarized nature of these cells with regardeGFRs on HCA-7 and Caco-2 cells cultured as a monolayer on
to the spatial compartmentalization of growth factors and theiplastic were low-affinity, whereas all the basolateral EGFRs in
cognate receptors. The ability to culture selected epithelial celtells cultured on Transwell filters were high-affinity. The fact
types as a polarized monolayer on a permeable support allowstlzat the EGFR Scatchard plots for cells cultured on plastic were
better representation of in vivo conditions. We have studied theurvilinear suggests that ternary complexes were formed by the
delivery and processing of TGFand EGF in polarized MDCK-II  receptor, ligand and another protein(s) (Gex-Fabry et al, 1986;
and LLCPK cells stably transfected with the respective full-lengthMayo et al, 1989; Wofsy et al, 1992). There are a number of obser-
human cDNAs (Dempsey et al, 1994, 1997). T&GIs-delivered  vations that favour the correlation between EGFR affinity and
directly to the basolateral surface of these polarized cells, whereliiological effect (Defize et al, 1989; Bellot et al, 1990). Others
is cleaved and consumed rapidly by basolateral EGFRs (Dempségve found a similar correlation between the affinity state of the
et al, 1994). In contrast to TGK-EGF immunoreactivity is found EGFR and proliferative effect after growth factor administration
predominantly at the apical surface. However, the EGF precursor {owler et al, 1995). It has been shown that a T point muta-
not sorted, but is preferentially cleaved from the basolateral surfag#n in the EGFR at residue 743 results in the2 phenotype
to release as a high molecular weight 170 kDa form into th€Luetteke et al, 1994; Fowler et al, 1995), which is characterized
medium that does not interact with basolateral EGFRs (Dempsey by loss of high-affinity EGFRs and a requirement for a 20-fold
al, 1997). The differential sorting, processing and receptor utilizahigher concentration of EGF to achieve the same effect on DNA
tion of TGFa and EGF underscore the importance of examiningreplication as seen with the cells bearing wild-type EGFRs
peptide growth factor—receptor interactions in epithelial cells in th¢Fowler et al, 1995).
more physiologically relevant polarized state. The ability of EGFR blockade to attenuate mitogenesis prompted
Culturing polarizing epithelial cells on these permeableus to consider whether endogenous EGFR ligand(s) contribute to
supports also permits selective access to the apical and/or basmseline DNA replication. A number of reports have documented
lateral compartments. The initial focus of the present studies wae presence of EGFRs in Caco-2 cells (Auricchio et al, 1994,
to examine DNA replication in two human colon cancer lines thaBishop et al, 1994; Milovic et al, 1995), and the presence of
polarize when cultured on Transwell filters and compare theautocrine growth factor(s) operating through the EGFR has been
results to cells cultured as a monolayer on plastic. Intriguinthypothesized (Bishop et al, 1994). We found that HCA-7 and Caco-
differences in DNA synthesis were observed in response to exoge- cells express AR and, to a much lesser extent, HB-EGF.
nous TGFe or mAb 528 in HCA-7 and Caco-2 cells under theseExpression for TGFt, EGF or BTC was not detected by Northern
two different growth conditions. In both cell lines, administration blot analysis. Furthermore, TGFprotein was not detected in the
of these agents to confluent cells cultured as a monolayer asonditioned medium or cell lysate using a sensitive and specific
plastic or to the apical compartment of polarized cells did not alteTGF-a radioimmunoassay (Halter et al, 1992). However, we
DNA synthesis over baseline values. However, basolateral admimtletected TG+t mMRMA by RT-RCR, which is in agreement with the
istration of TGFe and mAb 528 did alter DNA synthesis. There results by Bishop et al (1994). Therefore, T&E-below the detec-
was a dose-dependent increase in proliferation after basolatet#n limit of our radioimmunoassay and Northern blot analysis.
administration of TGFx, which in HCA-7 cells was 8.4-fold and ~ We have previously found that mRNA expression for AR is more
in Caco-2 cells was 3.0-fold. Under these conditions, we alsaniformly increased in human colon carcinomas than adjacent
found a dose-dependent decrease in DNA synthesis after EGRRormal mucosa compared with relative T@Expression in colon
blockade with mAb 528. In HCA-7 cells, the decrease was 73%ancers and normal tissues (Cook et al, 1992). In the human colon
and in Caco-2 cells was 57%. The difference between the two cathrcinoma cell line (Geo) cultured as a monolayer on plastic,
lines is unclear, as Caco-2 cells have a higher number of EGFRsmoval of AR from the conditioned medium by AR antibody
than HCA-7 cells, but the affinity for EGF binding was similar.  immunoprecipitation, resulted in a 40% reduction in proliferation
There are a number of possible explanations for the proliferativJohnson et al, 1992), indicating that AR acts as an autocrine growth
differences between cells cultured on plastic and on Transwefhctor for these cells under these culture conditions. Herein, strin-
filters. First, there is the question of access. Does exogenous TGgent criteria qualify AR as an autocrine growth factor for polarized
a or mAb 528 reach basolateral EGFRs in HCA-7 and Caco-HCA-7 and Caco-2 cells: it is produced and delivered to the ‘EGFR-
cells cultured on plastic? Fuller and Simons have reported thadearing’ basolateral surface of these polarized cells, it is released
there were approximately 32 000 low-affinity transferrin receptordnto the basolateral medium, and antibody neutralization of AR in
in MDCK cells cultured on plastic. An additional 35 000 high- this basolateral compartment attenuates baseline mitogenesis.
affinity transferrin receptors were detected after EGTA treatment In summary, we demonstrate that AR is the predominant
(Fuller et al, 1986). These authors, and others (Martinez-Palomo EGF-like ligand produced by HCA-7 and Caco-2 cells, and
al, 1980; Pesonen et al, 1983), have suggested that EGTA ‘operthat it appears to regulate growth in an autocrine manner.
the tight junctions and thus uncovers basolateral high-affinitfExogenous TGFEr or an EGFR neutralizing antibody affects
transferrin receptors. Although we were able to bind radiolabelleghitogenesis of polarized HCA-7 and Caco-2 cells, but only
EGF to the EGFR in both HCA-7 and Caco-2 cells cultured as when these agents are added to the basolateral medium. Thus, the
monolayer on plastic, it is not known whether the receptor concerspatial organization of epithelial cells may be necessary for the
tration thus obtained was the true value, or represented only raitogenic effects of EGF-like family members, and this may,
portion of the total receptor population. in part, be due to increased EGFR affinity and number of
Another possible explanation for the differences in mitogenichigh-affinity EGFRs in the basolateral compartment of polarized
response is based on the affinity and number of high-affinityepithelial cells.
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involves preferential basolateral ectodomain cleavage sensitive to a
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