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Background: 

Crohn’s Disease (CD) is a chronic incurable inflammatory bowel disorder that has 
recently become increasingly common, including in childhood. Although the precise 
pathogenesis of CD is not fully clarified, gut bacteria play key roles. One candidate 
bacterial species is Adherent Invasive Escherichia coli (AIEC). Over the last 30 
years, nutritional therapy in the form of enteral or polymeric formulae (PF) has been 
used in treatment. This therapy, known as exclusive enteral nutrition (EEN), involves 
a liquid diet that is given for 6-8 weeks and has proved to be very successful, 
especially in children. It has many anti-inflammatory benefits and leads to high rates 
of mucosal healing. Even though the clinical results of such treatment are 
successful, the mechanism(s) of action of EEN remain unclear. 

Our laboratory has recently shown that PF has a dose dependent effect on the 
expression of carcinoembryonic antigen cell adhesion molecule 6 (CEACAM6) on 
the surface of Caco-2 cells, a human colonic epithelial cell line. There is evidence 
that AIEC use CEACAM6 as a receptor to bind prior to invading the cells. When 
Caco-2 cells were treated with rising concentrations of PF, a corresponding rise in 
the expression of CEACAM6 was noted. Yet when cells were treated with PF, 
significantly fewer bacteria were able to bind to the cells when compared to 
untreated cells.  
 
There is evidence that the microvilli (brush border) on the apical surface of intestinal 
cells release microvesicles. From this evidence and our findings, we hypothesized 
that these microvesicles express CEACAM6 on their surface and may act as 
‘releasable decoys’ that competitively inhibit bacterial binding to the cell surface.  
 
Aims: To prove our hypothesis, there are three main aims that were addressed. 
 
1. To visualise the release of MV from the apical surface of Caco-2 cells. 
2. To confirm that CEACAM6 is vesicle-associated. 
3. To determine if binding to vesicle-associated CEACAM6 competitively limits 

bacterial adherence to cells. 
 
Methods: 
Caco-2 cells (a colonic epithelial cell line) were cultured in DMEM media enriched 
with fetal calf serum with and without the addition of 20% PF.  
 
For the first aim, the cells were cultured on transwells (cell culture inserts) and grown 
for either 7 or 21 days. The cell-covered transwells were then ruthenium red stained, 
fixed, resin-embedded and moulded, then cut and placed on electron microscope 
grids and viewed under Transmission Electron Microscope (TEM). Duplicate 



transwells (PF treated and untreated) were not ruthenium red stained and were 
immunogold labeled for CEACAM6 instead (see below). 
 
For the 2nd aim, Caco-2 cells were grown on plastic for 7 days. Supernatant from the 
cultures was collected, first centrifuged to remove cellular debris and then 
ultracentrifuged to concentrate the microvesicles that remained in solution. The pellet 
was resuspended and fractionated by sucrose density centrifugation. Ten fractions of 
equal volume were recovered. These fractions were dot blotted and immunolabeled 
for CEACAM6. The blot was then stripped and immunolabeled for CD55, which is a 
membrane associated protein. Selected fractions were also put on carbon-coated 
grids, negatively stained and viewed using TEM. 
 
Vesicle-rich fractions were mixed with E. coli LF82 (an AIEC strain that has been 
implicated in CD). Vesicle binding to the surface of the bacteria was demonstrated 
by TEM examination of bacteria immunogold-labeled with antibody to CEACAM6 
(Aim 3). 
 
Results: 
TEM of Caco-2 cells grown on transwells for 21 days revealed a monolayer of cells 
with microvilli on their apical surface. Small vesicles appeared to be budding from 
the microvilli. Immunolabeling of these structures should confirm that these 
structures are CEACAM6-enriched (see below). 
 
Fractionation of the Caco-2 cell supernatant revealed most CEACAM6 staining in 
fraction 7. This fraction also stained positive for membrane-associated CD55. TEM 
confirmed fraction 7 contains microvesicles. 
  
The co-incubation of E. coli LF82 with vesicle-rich fraction 7 revealed extensive 
CEACAM6 staining over the entire bacterial surface. Unbound, gold-labeled 
vesicular material was also observed. A separate experiment revealed that vesicle 
binding to the surface of E. coli had no effect on bacterial growth over a 4 h period.  
 
Two issues arose during these experiments. The first was that PF treated samples 
failed to immunolabel. This may reflect that exposure to PF for 7 days led the cells to 
over-differentiate; a hypothesis supported by our observation that PF-treated cells 
stopped proliferating by day 3 and instead started to undergo apoptosis, a marker of 
fully differentiated cells. TEM examination of PF-treated cells may clarify this. 
However, access to the microscope was limited during the latter part of the study 
because of a fault and these samples remain to be examined at a later date. 
 
Conclusion: 
Our results to date suggest that small vesicles are released from the surface of 
Caco-2 cells. Moreover, these vesicles can bind to the surface of E. coli and may 
competitively inhibit bacterial binding to cells. The next steps will be to identify the 
effect of PF on this mechanism of defense. This data will further advance our 
understanding of this innate defence system in the gut. 
 


