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SUMMARY 

Intestinal epithelial ceils (IEC) have previously been shown to produce several cytokines including interleukin-6 (IL-6). 
However, many factors which may regulate IL-6 secretion by human IEC still remain a mystery due in part to the lack of 
appropriate model cell lines and the difficulty of culturing human IEC over long periods of time. We have determined that 
the human colonic carcinoma cell line Caco-2 is capable of secreting IL-6 when stimulated by the inflammatory cytokines 
IL-113 or tumor necrosis factor-or (TNF-c0, and stimulation of these cells with IL-11] plus TNF-a induced a synergistic 
enhancement of IL-6 secretion. The inflammatory cytokine-induced enhancement in IL-6 secretion was greatest when the 
cells were cultured in a 10% CO2 atmosphere as compared to cells grown in 5% CO2, suggesting that environmental CO2 
levels may affect IEC cytokine secretion. Finally, long-term culture of the Caco-2 cells to induce cellular differentiation 
had no effect on the capacity of these cells to produce IL-6, indicating that the regulation of IL-6 secretion was not affected 
by differentiation. Taken together, these studies provide important information on the factors which regulate IL-6 secretion 
by human IEC as they may contribute to the cytokine network during a mucosal inflammation. The results also suggest that 
the Caco-2 cell line is an appropriate model for further studies on the regulation of cytokine secretion by human IEC. 
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INTRODUCTION 

The intestinal epithelial cells (IEC) line the intestine and colon 
and form a barrier between the contents of the gut lumen and the 
underlying tissues. These cells are therefore in a position to provide 
initial alarm signals, via secreted cytokines, for microbial invasion 
or the presence of toxins in the gut lumen. Intestinal epithelial ceils 
have been shown to be capable of producing a variety of cytokines 
including interleukin-1 (IL-1), IL-6, IL-8, transforming growth fac- 
tor-13 (TGF-13), and tumor necrosis factor-c~ (TNF-c 0 (Eckmann et al., 
1993; Jung et al., 1995; McGee and McGhee, 1996; Weinstein et al., 
1997). Of these cytokines, IL-6 plays an important role in the in- 
duction of the acute phase response and enhancing the inflammatory 
response (Akira et al., 1993). IL-6 is also capable of enhancing B 
cell immunoglobulin secretion, particularly IgA, and acts as a cos- 
timulator for T cell proliferation (Akira et al., 1993) which could 
enhance the local intestinal mucosal immune response. In vivo, s,nall 
intestinal and colonic epithelial cells have been shown to express 
IL-6 (Shirota et al., 1990; Jones et al., 1993). More importantly, 
several reports have shown colonic epithelial cells from patients with 
inflammatory bowel diseases produce IL-6 protein or mRNA (Jones 
et al., 1993; Woywodt et al., 1994; Kusugami et al., 1995) suggesting 
an importance for this IEC-derived cytokine in mucosal pathogene- 
sis. 

Although IEC appear fully capable of producing IL-6, the mech- 
anisms that regulate IL-6 expression by these cells are still incom- 
pletely understood. Normal IEC are difficult to prepare without con- 
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tamination from intraepithelial lymphoeytes or lamina propria cells, 
and isolated normal IEC rarely survive beyond 24 h in culture. Still, 
using short-term culture, investigators have found that normal human 
IEC can be induced to secrete IL-6 by bacterial invasion (Jung et 
al., 1995) and by stimulation with the inflammatory cytokine IL-113 
(Jung et al., 1995; Panja et al., 1995). Some further studies on the 
regulation of IL-6 secretion by IEC have been accomplished with 
cultured intestinal epithelial cell lines. We have used the nontrans- 
formed rat small intestinal epithelial cell line IEC-6 in several stud- 
ies which suggest that IEC can be induced by IL-113, TNF-c~, or TGF- 
[3 and combinations of these cytokines to secrete high levels of IL-6 
(McGee et al., 1992, 1993, 1995). Although nontransformed human 
crypt-like IEC cell lines have recentty been developed which also 
appear capable of producing IL-6 and show nmch promise for future 
studies (Pang et al., 1996), no studies to date with human IEC have 
been able to confirm other aspects of our studies with the rat IEC-6 
ceils. In addition, it is unclear whether small intestinal and colonic 
IEC differ in their regulation of IL-6 secretion. Indeed, several hu- 
man colonic IEC lines have been shown to be unable to produce IL- 
6, even when stimulated with cytokines or bacteria (Eckmann et al., 
1993; Jung et al., 1995). And finally, the IEC-6 cell line used in our 
studies and the recently developed human IEC lines are both im- 
mature crypt-like IEC (Quaroni et al., 1979; Pang et al., 1996) and, 
therefore, virtually nothing is known about the effect of IEC differ- 
entiation on the regulation of IL-6 secretion. 

In this study, we have examined the capacity of the human colonic 
carcinoma cell line Caco-2 to produce IL-6 with cytokine stimulation. 
Previously, other reports have suggested that Caco-2 ceils do not 
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produce IL-6 when stimulated by inflammatory cytokines, e.g., IL- 
113 and TNF-c~ or bacteria such as Escherichia coli (Hedges et al., 
1992; Eckmann et al., 1993; Jung et al., 1995). In contrast, a more 
recent study by Weinstein and colleagues (1997) showed that Caco- 
2 ceils can secrete significant levels of IL-6 when infected by the 
enteric pathogen Salmonella typhi. The present study confirms and 
extends these latter findings by demonstrating that the inflammatory 
cytokines IL-113 and TNF-c~ can induce Caco-2 cells to secrete sig- 
nificantly elevated levels of IL-6 under appropriate conditions. Fm~ 
ther, the cytokine requirement for the induction of IL-6 secretion by 
these cells was found to be similar to that of the rat small intestinal 
IEC-6 cells, indicating that human IEC may be regulated in a similar 
fashion. Finally, utilizing the unique characteristic of the Caco-2 
cells to undergo spontaneous differentiation to a villus-like IEC 
(Pinto et al., 1983), we were able to study the effect of differentiation 
on IL-6 secretion. These studies suggest that the Caco-2 cell line 
may be an excellent model to further study the regulation of cytokine 
secretion by human IEC and provide the basis for future detailed 
studies of this regulation. 

MATERIALS AND METHODS 

Cell culture. The human colonic adenocarcinoma cell line Caco-2 (HTB 
37) was purchased from the American Type Culture Collection (Rockville, 
MD). The ceils were cultured in RPMI-1640 (Mediatech, Washington, D.C.) 
supplemented with 10% fetal bovine serum (FCS; HyClone Laboratories, 
Logan, UT), 10 mM L-glutamine, 10 mM nonessential amino acids, and 25 
U penicillin per ml and 25 gg streptomycin (Mediatech) per ml designated 
as 10% RPMI Complete medium. All cells were grown at 37 ° C in a 90% 
ait~I0% CO2 humid atmosphere unless otherwise noted. The cells were de- 
termined to be mycoplasm-free by staining with the Hoechst 33258 staining 
technique (Chen, 1977). 

The basic culture method of the Caco-2 cells for IL-6 production was as 
follows. Cultures were initiated at 2 × 10 ~ cells/well in 12-well tissue culture 
plates with 10% RPMI Complete medium. After 2 d, the adherent cells were 
washed with serum-free medium and then 1.5 ml of fresh 1% fetal calf serum 
(FCS)-containing medium with the appropriate cytokines was added. The 
cultures were then incubated for an additional 48 h with the stimulation. The 
culture supernatants were then collected and stored frozen at - 8 0  ° C for 
determination of secreted IL-6 levels. The remaining adherent cells were 
removed by trypsin and EDTA treatment (Sigma Chemical Co., St. Louis, 
MO) and counted with a hemacytometer. 

In some experiments, the effect of CO 2 atmosphere concentration on 1L-6 
secretion was tested. The Coco-2 cells from two similar liquid nitrogen frozen 
samples were cultured in 75-cm 2 flasks with 10% RPMI Complete medium 
supplemented with 50 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic 
acid (HEPES) and placed in incubators with either a 5% or 10% COn at- 
mosphere. After culturing the ceils to confluence, the cells were harvested 
and added at 4 × 105 cells/well in 24-well culture plates in 10% RPMI 
Complete medium with HEPES. After 7 d, the medium was replaced with 
fresh medium containing the appropriate cytokines and the cultures were 
incubated 48 h for cytokine secretion. The supernatants were then collected 
for IL-6 determination and the cells counted as above. 

Determination of secreted IL-6 levels. Culture supernatants were assayed 
for IL-6 content by a bioassay with the IL-6-dependent 7TD1 mouse hybrid- 
oma (Van Snick et at., 1986; McGee et al., i992). Aliquots of 2 × i0 z 7DT1 
cells in RPMI 1640 containing 10% FCS, L-glutamine, antibiotics, 10 mM 
HEPES and 5 X 10 .2 M 2-mercaptoethanol were added to serial twofold 
dilutions of the cuhure supernatants in 96-well tissue culture plates and 
incubated at 37 ° C. A standard of recombinant human (rh) IL-6 (R&D Sys- 
tems, Minneapolis, MN) was also prepared in a similar manner. After 4 d, 
the proliferation of the cells was determined with an MTT calorimetric assay 
(Mosmann, 1983). The resulting purple crystals from the MTT assay were 
then solubilized with 200 ~1 of acidified isopropanol and mixed, and the 
absorbance of the samples was measured at 570 nm-650 nm with a BioTek 
EL312e microplate reader (Winoaski, VT). The concentration of IL-6 in the 
samples was determined by a comparison to the rhIL-6 standard cut've which 
was linear between 0.2 and 39 pg/ml. 

Isolation of brush border membranes and determination of alkaline phos- 
phatase levels. Caco-2 cells cultured in 12-well tissue culture plates as above 
were harvested by trypsin and EDTA treatment. After the cells were washed 
three times in 4 ° C saline, the brush border membranes from these cells were 
isolated following a previously described method (Schmitz et al., 1973; Pinto 
et al., 1983). Alkaline phosphatase levels in these preparations were deter- 
mined by the method of Garen and Levinthal (1960) using p-nitrophenyl 
phosphate as a substrate. The assay was adapted for use in a 96-well EIA 
plate and the kinetic reaction was measured with the Biotek EL312e micro- 
plate reader. Total protein levels were determined with a Bio-Rad protein 
assay (Bin-Rod Laboratories, Hercules, CA). One unit of enzyme activity was 
defined as the hydrolysis of 1 lamole of substrate per min under the described 
conditions. 

Statistics. Values shown are the mean -4- standard deviation of triplicate 
cultures of a single experiment which was representative of several experi- 
ments. Significant differences in mean values were determined with the Stu- 
dent's t-test except in Fig. 3 in which a regression analysis was performed. 

RESULTS 

Induction of IL-6 secretion by Caco-2 cells. Culture of the Caco-2 
cells with rhIL-113 or rhTNF-a with a protocol described in previous 
studies (McGee et al., 1992, 1993, 1995) resulted in the production 
of significantly elevated levels of IL-6 (Fig. 1). The effects of IL-113 
and TNF-c¢ stimulation on IL-6 seeretior~ were both dose-dependent 
with a maximum stimulation occurring with 1 ng of IL-113 per ml or 
50 ng of TNF-a per ml. Furthermore, an analysis of IL-6 mRNA 
expression by reverse transcriptase polymerase chain reaction 
showed elevated levels of IL-6 mRNA expression with IL-113- or 
TNF-c~-stimulated cells at 4 and 24 h (data not shown). Finally, 
stimulation of the Coco-2 cells with a combination of IL-113 plus 
TNF-a induced a synergistic enhancement of IL-6 secretion (unpub- 
lished results; also see Fig. 2) similar to that seen in previous studies 
with the IEC-6 cell line (McGee et al., 1995). 

The specificity of the 7TD1 bioassay for detecting secreted human 
IL-6 was next tested. Aliqunts of an IL-113 plus TNF-c~-stimulated 
Caco-2 cell culture supernatant which was determined to contain 75 
pg of IL-6 per ml were preincubated for 30 min with 100 ~tg/ml of 
either a neutralizing goat anti-human IL-6 antibody (R&D Systems) 
or normal goat IgG (Sigma) as a control. These supernatants were 
then added to the 7TD1 cells in the standard bioassay. As shown in 
Table 1, incubation of the supernatants with the neutralizing antibody 
resuhed in the complete inhibition of 7TD1 cell proliferation, 
whereas the normal goat IgG control had no effect. A similar resuh 
was also seen when we used a second, separate IL-1[3 plus TNF-a-  
stimulated Caco-2 cell supernatant (data not shown). These results 
confirm that the 7TD1 cell bioassay was measuring IL-6 produced 
by the Caco-2 cells. 

Effect of atmosphere C02 concentration on the capacity of Caco-2 
cells to produce IL-6. A survey of the literature on studies of the Caco- 
2 calls revealed that both 5% or 10% CO2 incubation atmospheres 
have been used in many studies. In an attempt to optimize the con- 
ditions for IL-6 secretion by the Caco-2 cells, we next tested the 
effect of incubator CO2 concentration on IL-6 secretion. The culture 
medium was supplemented with 50 mM HEPES buffer to remove the 
possible effect of pH on the cultures. As expected, ceils grown in 
10% CO2 yielded elevated levels of IL-6 secretion after stimulation 
with IL-113, TNF-c~, or both cytokines (Fig. 2). However, cells grown 
in 5% CO2 produced significantly lower levels of IL-6 with stimu- 
lation by IL-lf3, TNF-c~, or both (P < 0.05 for each comparison) and 
TNF-c~ stimulation resulted in IL-6 levels which were not signifi- 
cantly different froru unstimulated controls (Fig. 2). Although the 
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FIG. 1. Effect of IL-113 or TNF-cL dose on IL-6 secretion by Caco-2 cells. 
The Caco-2 cells (2 × 10 s cells/well in triplicate) were cuhured for 2 d 
before addition of fresh medium containing (A) rhIL-113 or (B) rhTNF-c~. After 
2 d, the culture supematants were collected for determination of IL-6 content 
and the adherent cells were removed by trypsin and EDTA treatment for 
counting. Asterisks indicate a significant difference from control cultures (P 
< 0.05). These figures are representative of three separate experiments each. 
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FIG. 2. The effect of incubator chamber CO 2 concentration on IL-6 se- 
cretion by Caco-2 cells. The Caco-2 cells (4 × 105 cells/well) were cultured 
in either a 5% or 10% CO2 atmosphere for 7 d before we added rhIL-113 (1 
ng/ml), rhTNF-c~ (50 ng/ml) or both in fresh 1% FCS-containing medium. 
Two d later the culture supernatants were collected for IL-6 determination 
and the cells harvested and counted. This figure is representative of three 
separate experiments. *Indicates a significant difference from unstimulated 
cultures in 5% CO2 (P < 0.05). **Indicates a significant difference from 
unstimulated cuhures in 10% CO 2 (P < 0.05). 
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values shown in Fig. 2 were reported as per 10 S cells, the actual final 
number of ceils per well was not significantly different between cul- 
tures in either CO2 condition, indicating that the difference was not 
due to a difference in total cell growth. These results suggest that 
the CO2 concentration in the Caco-2 cell environment may be a sig- 
nificant factor in the capacity of these cells to produce IL-6 and 
should be taken into consideration in future studies on cytokine se- 
cretion by these ceils. 

Effect of  Caco-2 cell differentiation on 1L-6 secretion. Normal in- 
testinal epithelial ceils show a gradient of cellular differentiation 
across the crypt-to-villus axis with the more differentiated ceils re- 
siding in the villus region. The migration of the IEC to the villus 
region is accompanied by many changes in cellular function as the 
ceils differentiate. These include the expression of several enzymes 
associated with the brush borders, such as alkaline phosphatase, 
sucrose-isomahase and aminopeptidase, and the appearance of these 
enzymes is often used as a marker for IEC differentiation (Louvard 
et al., 1992). The Caco-2 cells, when cultured to confluency, spon- 
taneously begin to differentiate and show brush border microvilli with 
increasing levels of the brush border-associated enzymes (Pinto et 

FIG. 3. Spontaneous differentiation of the Caco-2 ceils had no effect on 
IL-6 secretion. The Caco-2 ceils (2 × 105 cells/well) were cultured for the 
indicated number of d before the addition of fresh medium with or without 1 
ng rhIL-113 per ml. Two d later the supernatants were collected and tested 
for IL-6 levels and the cells harvested and counted. Similar cultures were 
tested for brush border alkaline phosphatase levels as a measure of epithelial 
cell differentiation. 

al., 1983). Indeed, the cultures appear to go through three separate 
states of differentiation from homogeneously undifferentiated at sub- 
confluence, to heterogeneously differentiated up to 20 d postconftu- 
ence, and homogeneously differentiated after approximately 30 d 
(Vachon and Beaulieu, 1992). This unique ability of the Caco-2 cells 
to spontaneously differentiate provides an excellent model system to 
determine the effect of IEC differentiation on the capacity of the ceils 
to secrete IL-6. Therefore, cultures of the Caco-2 cells were initiated 
in 12-well culture plates as before and maintained in culture for up 
to 35 d. At Days 2, 7, 14, 21, 28, and 35, triplicate cultures were 
stimulated with fresh 1% FCS-containing medium with or without 
IL-113. After 2 d, the culture supernatants were harvested for deter- 
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TABLE 1 

IL-6 SECRETED FROM THE CACO-2 CELLS IS NEUTRALIZED BY A 
GOAT ANTI-HUMAN IL-6 ANTIBODY 

Caco-2 Goat Normal Optical density 
supernatant" anti-human IL-6 goat IgG (570~550 nm) ~' 

+ - - 0.815 --- 0.03 
+ + - 0.002 - 0.01 
+ - + 0.799 -+ 0.05 

~'Aliquots of an IL-113 plus TNF-c~ stimulated Caco-2 cell cuhure super- 
natant that contained 75 pg of IL-6 per ml were preincubated 30 min with 
or without gnat anti-human IL-6 (100/zg/ml) or normal goat IgG (100 pg/ml). 
The supernatants were then added to triplicate cultures of 7TD1 ceils for the 
IL-6 bioassay. 

aThe proliferation of the 7TD1 ceils was determined by the MTT color- 
metric proliferation assay. 

mination of IL-6 levels and the cells counted as before. At the same 
time, similar cultures of Caco-2 cells were treated with fresh 1% FCS 
medium alone, and the cells were harvested for preparing brush bor- 
ders and determining brush border enzyme activities. 

The cultures of Caco-2 ceils became confluent after 5 to 7 d of 
culture. As shown in Fig. 3, the alkaline phosphatase levels in the 
brush border membrane preparations increased with time, indicating 
that the Caco-2 cells differentiated as expected. Howevel, the ca- 
pacity of the cells at each interval to produce IL-6 when stimulated 
with IL-113 essentially did not change with the passage of time. Al- 
though the 7-d value for IL-6 secretion was lower than the values at 
2 and 21 d, a regression analysis confirmed that there was no sig- 
nificant correlation between the alkaline phosphatase levels and IL- 
6 secretion (P = 0.37; r e = 0.27). This lack of correlation suggests 
that differentiation had no effect on the capacity of the cells to pro- 
duce IL-6. Similar results were seen in two separate additional ex- 
periments. 

DISCUSSION 

The IEC which line the intestine and colon are known to produce 
several cytokines which may be involved in cell-to-cell communi- 
cations at the intestinal mucosa. In addition, the large number of 
these cells provides a potential mechanism to rapidly amplify any 
inflammatory signal with the appropriate release of proinflammatory 
cytokines by IEC such as IL-6. Because of the important role of IL- 
6 in the inflammatory response and B and T cell responses, our 
studies have focused on the regulation of IEC IL-6 secretion. Several 
studies have confirmed that normal intestinal and colonic IEC can 
produce IL-6 (Shirota et al., 1990; Jones et al., 1993; Woywodt et 
al., 1994; Jung et al., 1995, Kusugami et al., 1995; Panja et al., 
1995), yet only a few aspects of the regulation of IL-6 secretion by 
IEC have been addressed (McGee et al., 1992, 1993, 1995; Jung et 
al., 1995; Panja et al., 1995). Further, many of our findings with the 
rat small intestinal epithelial cell line IEC-6 have not been confirmed 
for human IEC due to the difficulty of long term culture of isolated 
IEC and the lack of appropriate human IEC cell lines which secrete 
IL-6 similar to isolated IEC. Therefore, the first focus of this study 
was to identify a human IEC cell line which secretes IL-6 and char- 
acterize the secretion of this cytokine by these ceils. 

In this study, we found that the Caco-2 cell line can be induced 
by IL-113 oi" TNF-c~ to produce significant levels of IL-6 under the 

appropriate conditions. This capacity of the Caco-2 cells to produce 
IL-6 when stimulated by these cytokines was somewhat surprising, 
as previous reports have documented that neither mRNA for IL-6 
nor IL-6 protein was detected in either unstimulated or stimulated 
Caco-2 cells (Eckmann et al., 1993; Jung et al., 1995). Still, the 
production of IL-6 by Caco-2 cells in the present study was confrmed 
by neutralizing experiments with a specific anti-human IL-6 antibody 
and experiments which showed an increase in IL-6 mRNA levels in 
stimulated ceils. This discrepancy may have been due to different 
cuhuring conditions which we have found to be important for optimal 
IL-6 secretion (10% CO2 incubation atmosphere as opposed to 5% 
CO2). In addition, a recent report has shown that both the IEC-6 and 
Caco-2 cell lines produce significant levels of IL-6 when cultured 
with Salmonella typhi (Weinstein et al., 1997). 

The Caco-2 cell line has recently been shown to be capable of 
secreting or producing mRNA for IL-8, TNF-ct, TGF-I3, and granu- 
locyte monocyte-colony stimulating factor (Eckmann et al., 1993; 
Jung et al., 1995; McGee and McGhee, 1996) similar to normal hu- 
man IEC. We now provide evidence that these cells also secrete IL- 
6 as do normal IEC. Taken together, these studies suggest that the 
Caco-2 cell line would prove to be an excellent model to study many 
aspects of normal IEC cytokine regulation which are impossible with 
isolated normal IEC due to culturing restraints. 

We have now begun to characterize the regulation of IL-6 secretion 
by the Caco-2 cells. The Caco-2 cells were found to constitutively 
secrete only very low levels of IL-6, yet IL-113 or TNF-a stimulation 
greatly enhanced IL-6 secretion and IL-6 mRNA expression. Panja 
and coworkers (1995) have reported that IL-6 secretion by isolated 
human intestinal and colonic IEC could be enhanced by IL-113 stimu- 
lation but not by TNF-cc This discrepancy may be due to the greater 
than 200-fold spontaneous increase in IL-6 mRNA expression within 
the first 24 h in their cultures which could have masked an effect of 
TNF-a. This large spontaneous increase in IL-6 mRNA expression 
also indicates that their cells may have been activated during the 
isolation procedure and underscores the importance of using cultured 
cell lines for regulatory studies, as these cells normally exist in a 
low state of activation. 

The capacity for the Caco-2 cell line to produce elevated levels of 
IL-6 with IL-113 or TNF-o~ stimulation and the synergistic effect of 
both of these cytokines on IL-6 secretion was similar to results from 
our previous study using the rat IEC-6 cell line (McGee et al., 1995), 
suggesting that the regulation of IL-6 secretion by human IEC may 
be similar to IEC from other species. It would be of interest to de- 
termine if Caco-2 cells also showed other IL-6 secretion charactel~ 
istics previously shown with the IEC-6 cells such as the polarized 
secretion of IL-6 with basal IL-113 stimulation, but not TNF-cx stimu- 
lation, when the cells were grown on microporous membranes in 
transwell cultures (Mascarenhas et al., 1996). Since the Caco-2 cells 
have been shown to polarize when cultured for greater than 14 d after 
confluence (Pinto et al., 1983), we expect that this cell line would 
provide an excellent model for these and other studies on polarized 
cytokine secretion by IEC. Also, the fact that both the Caco-2 colonic 
cell line and the IEC-6 small intestinal cell line showed similar 
stimulatory patterns for IL-6 secretion strongly suggests that IEC 
from intestine and colon may function in a similar manner. This 
capacity of the IEC to secrete IL-6 may then act as a mechanism to 
amplify any local IL-113 or TNF-o~ inflammatory signal from mucosal 
macrophages or TNF-c~ from panneth cells (Keshav et al., 1990) or 
other normal EC (Jung et al., 1995). The elevated IL-6 levels may 
then enhance local Ig secretion or T cell responses (Akira et al., 
1993), induce the secretion of acute phase proteins by nearby IEC 
(Molmenti et al., 1993), or induce other inflammatory effects. 
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Finally, the Caco-2 cell line is perhaps the best model currently 
available to study the effects of intestinal IEC differentiation on cel- 
lular function. The IEC-6 cell line is an undifferentiated, crypt-like 
IEC line (Quaroni et al., 1979) and does not spontaneously differ- 
entiate in culture. Although IEC-6 cell differentiation has been in- 
duced by culture of the cells on a complex extracellular matrix (Car- 
roll et al., 1988), few studies have used this cell line for 
differentiation studies. However, the Caco-2 cells spontaneously dif- 
ferentiate to mature villus-like cells after confiuency (Pinto et al., 
1983) and have been used in many studies of intestinal epithelial 
cell differentiation. Investigators using immunohistochemistry have 
suggested that both crypt and villus IEC can secrete IL-6 (Shirota et 
al., 1990; Jones et al., 1993), yet it is still unclear whether differ- 
entiation may affect the quantitative aspects of IEC IL-6 secretion. 
This is an important concept since many inflammatory diseases may 
result in the destruction of the mature villus epithelial cells. Culture 
of the Caco-2 cells under conditions which allowed differentiation 
showed no effect on the capacity of the cells to secrete IL-6, sug- 
gesting that differentiation had no effect on IL-6 secretion. Yet, since 
we did not determine the IL-6 secretion status of single cells, the 
possibility exists that a subpopulation of nondifferentiating cells may 
have been responsible for the IL-6 secretion and these cells remained 
undifferentiated throughout the 35-d culture period. However, Va- 
chon and Beaulieu (1992) have shown that the Caco-2 ceils cultured 
for approximately 30 d after confluence were homogeneously differ- 
entiated, with 91% of the cells expressing sucrase-isomahase en- 
zymes as characteristic of differentiated IEC, suggesting that this 
technique results in a uniformly differentiated culture. The simple 
but important finding that differentiation did not affect Caco-2 IL-6 
secretion indicates that maturation is not necessary for optimal IL-6 
secretion and therefore both immature crypt IEC and mature IEC 
may be fully capable of participating in an inflammatory response at 
the intestinal mucosa. 

In closing, we have described several basic aspects of the secretion 
of IL-6 by the human colonic epithelial cell line, Caco-2. This cell 
line appears to function similar to normal human colonic epithelial 
cells and the rat IEC-6 small intestinal epithelial line with respect 
to IL-6 secretion. The Caco-2 cell line should prove to be a powerful 
tool for further studies on the regulation of cytokine secretion, in- 
cluding IL-6, by human IEC, and studies addressing some of these 
issues are now in progress with both the Caco-2 and the rat IEC-6 
cell lines. 
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