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In the present study we developed an enzymatic approach (through the use of collagenase and dispase) to
isolate bovine intestinal epithelial cells. Using this method, freshly isolated jejunocytes could be distin-
guished from simultaneously isolated colonocytes, as the jejunocytes specifically exhibited the small intes-
tinal peptidase gene transcript, as well as an active alkaline phosphatase. The transformation of both types
of cell suspension was performed by retroviral infection, using reproduction-defective viruses bearing the
gene coding for the large T antigen of the leukaemia simian virus (SV40). The success of the transfection
was demonstrated by (1) a significant increase in cell passage numbers (52–53 vs. 7 passages for non-
transfected cells), (2) the detection of both the large T transcript and the large T antigen in transformed
cells. Possible contamination and progressive substitution of bovine primocultures by non-bovine lineages
available in the laboratory was excluded, as the transformed cells presented a bovine typical karyotype.
Most transfected cells kept an epithelial morphology after transformation. They also maintained the
expression of FABP and enterocyte specific enzymes (brush-border associated maltase and IAP). However,
levels of specific activity of these enzymes were low, suggesting that cell differentiation is not completely
achieved under the applied culture conditions.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Interacting in different ways with enterocytes is one of the prop-
erties of microbial enteric and invasive pathogens that will cause a
perversion of enterocyte physiological functions and that can lead,
directly or indirectly, to the production of diarrhoea and/or to the
invasion of the enterocyte. In addition, the intestinal epithelium
can represent a portal of entry for microbial toxins (mycotoxins,
botulinum toxin f.i.) and drugs (antibiotics f.i.) (Didierlaurent
et al., 2006; Holland, 1990; Mayer, 2003). Study of these interac-
tions at the cellular and molecular levels in the natural hosts is most
often impossible for ethical and financial reasons, and experimental
results are not always transposable from laboratory animal species,
due to the existence of host-specific mechanisms. In addition, the
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age of the animal and the intestinal segment can be important in
assessing the receptivity of the host (Chong et al., 2007; Chu and
Walker, 1993; Hashim et al., 2004; Mundy et al., 2007; Santos
and Baümer, 2004). Amongst the more user-friendly approaches,
primary or immortal cells in culture are particularly favoured today
as a first step in studying such interactions (McCormick, 2003).

The use of primary cell cultures is limited due to the high rate of
cell mortality following the dissociation of the intestinal epithe-
lium, the very high incidence of culture contamination inherent
in the persistence of the intestinal flora and the variability of cell
culture properties due to inter-individual variability between sam-
ples. Moreover, primary enterocytes rarely multiply for more than
10 generations, which restricts the number of experiments per cell
lot and consequently the comparative value of the results (Bader
et al., 2000; Dimier-Poisson et al., 2004; Dopido et al., 2004; Evans
et al., 1994; Macartney et al., 2000).

Immortal enterocyte cell lines have been derived from human
colon adenocarcinomas (Caco-2, HT-29, T84) (Murakami and
Masui, 1980; Rousset et al., 1979; Zweibaum et al., 1985) and from
rat and chick embryos after spontaneous transformation (Quaroni
et al., 1979; Velge et al., 2002). Intestinal continuous cell lines have
also been obtained from different intestinal segments of humans,
pigs, mice, and rats, after conditional immortalization by oncogene
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transfection (Berry et al., 1988; Brandsch et al., 1998; Emami et al.,
1988, 1989; Hosoya et al., 2004; Jat et al., 1991; Kaeffer et al., 1993;
Quaroni and Beaulieu, 1997; Tabuchi et al., 2000, 2002; Tavelin
et al., 1999). The tumour large T antigen of the simian leukaemia
virus 40 (SV40 LT) is the oncogene most frequently used to immor-
talize cells by transfection (Jha et al., 1998; Toouli et al., 2002).

The aim of this study was to obtain conditionally immortalized
bovine jejunocytes and colonocytes isolated from one adult bovine
and one young calf. The cells were derived following the adapta-
tion of an enzymatic digestion approach (Dibb-Fuller et al., 2001;
Föllmann et al., 2000) coupled to a mechanical dissection, which
had been previously successful in yielding primocultures of both
jejunocytes and colonocytes from adult cattle (Rusu et al., 2005).
Immortalization was achieved by transfection with the tumour
large T antigen of the simian leukaemia virus 40 (SV40 LT). Differ-
entiation of the immortalized cells was studied under different
growth conditions.
2. Materials and methods

2.1. Primary cell isolation and culture

Jejunocytes and colonocytes were isolated from proximal jeju-
num and spiral colon segments from one adult bovine sampled at
a local slaughterhouse, as previously described (Rusu et al., 2005).
The two digestion steps with collagenase (300 U/ml; Sigma) and
dispase (0.1 mg/ml; Gibco/BRL) were performed at 37 �C in a shak-
ing bath for 15 and 45 min (jejunum) or for 20 and 60 min (colon).
The digested epithelia were subsequently scraped from the mucosa.
The preparation was depleted of lymphocytes and fibroblasts by 5
isopicnic centrifugations in Dubelcco’s modified Eagle medium
(D-MEM) containing 2% sorbitol (Sigma) and by decanting into a
culture flask devoid of any coating, to favour the adherence of resid-
ual fibroblasts (Rusu et al., 2005). The epithelial cell enriched sus-
pension was cultured at 37 �C in a humidified incubator (Heraeus
Instruments) and a 5% CO2 atmosphere, in culture flasks coated
with type I collagen (Roche Diagnostics), to allow adherence of
the epithelial cells. Jejunocytes and colonocytes were also isolated
by enzymatic digestion from proximal jejunum and spiral colon
segments of one 36-h-old calf after euthanasia, with the following
adaptations because of the greater fragility of the intestinal mucosa
at that age: only one digestion step of 30 min (jejunum) or 45 min
(colon) and a reduced collagenase concentration (150 U/ml; Sigma).

The culture medium of the primary enterocytes isolated from
the adult bovine was D-MEM with antibiotics, antimycotics, bovine
foetus calf serum and growth factor supplements (Rusu et al.,
2005). The culture medium of the primary enterocytes isolated
from the young calf was Episerf (Gibco/BRL). Since it contains no
foetal calf serum, Episerf medium was supplemented with 0.2% bo-
vine pituitary extract (Gibco/BRL), 1% of an insulin–transferrin–
selenium solution (Gibco/BRL), 10 nM hydrocortisone (Sigma),
20 nM triiodothyronine (Sigma), 10 ng/ml Epidermal Growth Fac-
tor (Sigma), 10 lg/ml linoleic acid/Albumin (Sigma), 1% Glutamax
(Gibco/BRL), 1% Non Essential Amino-Acids (NEAA, Gibco/BRL),
1% sodium pyruvate (Sigma) and 1% antibiotic–antimycotic solu-
tion (Gibco/BRL). The culture medium was changed every 2 or 3
days. Confluent cells were subcultured at a split ratio of 1:2, were
frozen in liquid nitrogen and were stored at 1.5 � 106 cells per vial,
in 1 ml of D-MEM containing 10% DMSO (Merck) and 10% FBS (Hy-
clone Perbio Sciences) until further use.

2.2. Viability and morphology studies

The viability of the freshly isolated enterocytes was estimated
by staining their nuclei with a mixture of ethidium bromide (Sigma)
and acridin orange (Sigma) in PBS (Rusu et al., 2005). Using this pro-
cess, the nuclei of living cells stain green while the nuclei of dead
cells stain red. The morphology of the transformed cell lines was
studied by electron microscopy (JEOL JEM-100CX microscope at
80 kV).

2.3. Cell transformation and culture

The bovine enterocytes were transfected with an origin minus
temperature sensitive mutant of a retrovirus vector coding for
the SV40 LT immortalizing oncogene (O’Hare et al., 2001; Stamps
et al., 1994). The constructs were received from Profs. O’Hare and
Jat from LICR (London, UK) and the retroviral suspension was re-
leased by amphotrophic virus producer cell lines (or packaging
cells) kindly provided by the same laboratory (O’Hare et al.,
2001). Briefly, PA317, a second-generation mouse amphotropic
packaging cell line was used to produce the retroviruses expressing
SV40 U19tsA58 LT antigen (temperature sensitive SV40 large T
antigen). PA317 cells were cultured in D-MEM (Gibco/BRL) supple-
mented with 1% antibiotic–antimycotic solution, 10% FBS (Hy-
clone), and L-glutamine to obtain a 6 mM final concentration in
the medium. The viral suspension used for primoculture infection,
was the cell medium collected 16 h after cell confluence. Prior to
addition to primoculture, this medium was centrifuged at 140g
for 2 min, in order to discard detached packaging cells, and was
then filtered through a sterile nylon membrane (pore diameter:
0.45 lm; Fischer Bioblock). The culture of retrovirus packaging
cells and the transfection were accomplished in a level 3 biosafety
containment facility of the Centre for Research on the Prion Protein
(CRPP, University Hospital, University of Liège, Belgium) to ensure
there was no accidental release or exposure.

After thawing, the cells were suspended in their respective cul-
ture medium and grown in type I collagen coated flasks in the
same conditions as described above, till 50–75% confluence (i.e.
in an actively multiplying phase). The supernatants were replaced
by the retroviral suspension (i.e. the packaging cell culture med-
ium) for 18 h (=infection stage) in the presence of polybrene
(8 lg/ml; Sigma) in order to obtain a mild and temporary perme-
ability of the cell membrane, allowing the entry of the immortaliz-
ing material into the target cells. The viral suspension was then
discarded and replaced by fresh culture medium to stop incubation
of the infection. Cells were allowed to grow until they reached con-
fluence. The cells isolated from the calf were submitted to two
infection stages. The cells in which the immortalizing gene had be-
come inserted into the genome were selected by growth at 33 �C in
the culture medium for the SV40 LT transfection in the presence of
geneticin G418 (750 lg/ml; Gibco/BRL) for seven days (=selection
stage). Once the transfected cells were confirmed to be negative
for retrovirus production, they were transferred to a biosafety level
2 laboratory for routine subculture.

In the case of the calf cells, at the end of the selection process
performed in 6-well plates, resulting clusters with epithelial mor-
phology were delineated with a marker at the bottom of the plate.
The culture medium was then removed by aspiration and the cell
layer was washed once with PBS. The rings of cloning were firmly
glued onto the culture dish surface with the aid of sterile silicone
grease (Merck). Cells present in delineated rings were detached
by trypsin and EDTA treatment (Gibco/BRL, 30 ll per ring) for a
period of 3 min and subsequently removed with the upper ends
of sterilized 1 ml pipette tips (Greiner Bio-One). Recovered cell sus-
pensions were transferred into a wheel of 24-well plates, contain-
ing 1 ml of culture medium, which was changed after 6 h. Cell
cloning was performed by flow cytometry using a FACS Vantage
SE cell sorter and the CloneCyt/CellQuest software (Becton Dikin-
son) to obtain one cell per well of a 96-well microtitre plate. Sev-
eral of the acquired clones were spread in culture and six of



Fig. 1. RT-PCR analysis of transcripts of FABP (lanes 1–4), SIP (lanes 5–8) and VIL
(lanes 9–12) in bovine intestinal homogenates of colon (Ch) and jejunum (Jh)
compared to homogenates of bovine enterocytes isolated from colon (Cc) and
jejunum (Jc) of one adult bovine. The fragment size (bp) of amplified cDNA
fragments was determined, using a standard mix ladder (lane 13), after migration
on agarose (1%) gels and subsequent staining with ethidium bromide.
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them were chosen for further study. Their longevity was first esti-
mated by techniques routinely used to determined cell prolifera-
tion. Cells were seeded in 24-well plates at the ratio of 20,000
cells per well. They were grown in supplemented Episerf medium
for one week. Each day, cells from 3 wells were detached using
100 ll of trypsin/EDTA solution and were counted. Among those
six calf transfected cell clones, two (one from jejunum and one
from colon) were chosen for further characterization.

The medium of the routine culture of transfected enterocytes
(from the adult bovine or from the calf) were the same as the ones
described for primocultures (see Section 2.1). Confluent cells were
subcultured at a split ratio of 1:2 in order to estimate their
longevity.

2.4. Expression assays

Enterocyte culture mRNAs were analysed by RT-PCR for the
transcription of the genes coding for SV40 LT antigen, villin, Fatty
Acid Binding Protein (FABP), Zona Occludens 1 (ZO1), vimentin,
E-cadherin, and Small Intestinal Peptidase (SIP). Quality controls
of mRNA extraction and cDNA reverse-transcription were per-
formed targeting the expression of GlycerAldehyde-3-Phosphate
DeHydrogenase (GAPDH). All primers and PCR conditions have al-
ready been described (Rusu et al., 2005).

2.5. Karyotype analysis

The transfected enterocytes were grown to 50–70% confluence
and incubated for 1 h at 37 �C in their usual supplemented medium
with 0.1 lg/ml colcemide (Gibco/BRL). They were harvested in PBS
and centrifuged at 500g for 5 min. The pellet was resuspended in
10 ml of a hypotonic KCl solution (0.075 M; Gibco/BRL) and incu-
bated for 40 min at 37 �C. After the addition of 3 ml of a metha-
nol–acetic acid solution (3:1 v:v) to fix the cells, they were
centrifuged for 5 min at 500g and resuspended for 15 min in
10 ml of the same solution. This step was repeated twice before
the pellet was resuspended in 3 ml of the same solution. One drop
was transferred onto a microscope glass slide and allowed to air
dry. The preparation was subsequently stained with a solution of
quinacrine dihydrochloride in milliQ water (5 g/l; Merck) for
5 min, washed in tap water and observed under fluorescent
microscope.

2.6. Cell immunostaining assays

Several monoclonal antibodies were used to characterize the
transfected enterocytes by direct immunostaining or Western blot,
namely: anti-pan-cytokeratin (mixtures of clones C-11, PCK-26,
CY-90, KS1A3, M20, A53, and B/A2; Sigma), anti-E-cadherin (clone
34; Becton Dickinson Biosciences), anti-a smooth muscle actin
(clone 1A4; Sigma), anti-vimentin (clone V9; Sigma) and anti-cyto-
keratin peptide 18 (clone KS-BA2; Sigma). 3T3-fibroblast cultures
were used as positive controls for the vimentin and a-actin stain-
ing and Caco-2 cells were used as a positive control for the cytoker-
atin staining. The efficacy and stability of the SV40 LT transfection
were studied every 10th passage by the detection of the LT antigen,
and also by Western blot, using a monoclonal anti-SV40 LT anti-
body received from Prof. P. Jat (Jat et al., 1991; LICR, London, UK).

Twenty micrograms of proteins extracted from the transformed
enterocytes after sonication were separated by electrophoresis in
SDS-PAGE (10%) and transferred onto nitrocellulose membranes
(Biotrade PVDF Transfer Membrane, 0.45 lm; Pall Corporation, Life
Science). The membranes were sequentially incubated for 1 h at 37
�C in the blocking solution (PBS supplemented with Tween 20 [Sig-
ma P1379; 0.1% v:v] and with powdered milk [Nestle; 5% v:v]), in
the blocking solution containing the primary antibody (diluted
1:1000) and in the blocking solution containing the secondary
antibody conjugated to peroxidase (an anti-mouse IgG diluted
1:1000; Sigma). After three washings in PBS, positive reactions
were revealed by the addition of peroxidase substrate, as already
described (Rusu et al., 2005).

2.7. Enzymatic activities

Primary and transfected enterocytes were enzymatically typed
by measuring the levels of activity of Intestinal Alkaline Phospha-
tase (IAP), which is associated in vivo with both jejunocytes and col-
onocytes, and the levels of MALtase (MAL), a brush-border
disaccharidase essentially associated in vivo with jejunocytes
(Dahlqvist, 1964). Enzymatic activity was measured in triplicate
on 3-day post-confluent cells at different passages using spectro-
photometric methods after cell disruption by sonication (30 s on
ice; Branson Sonic Power Company), as described earlier (Rusu
et al., 2005). Enzymatic activity was reported to the protein content
(or specific forms of enzymatic activity expressed as lmol/min/lg
of proteins), assessed according to the method of Bradford (1976).
3. Results

3.1. Cell isolation and characterization

Jejunocytes and colonocytes were successfully isolated by enzy-
matic digestion from proximal jejunum and spiral colon segments
of one adult bovine and of one 36-h-old calf. In agreement with
previous results (Rusu et al., 2005), all cell primocultures were con-
sistent with epithelial cell and enterocyte identity regarding the
morphology and the expression of specific markers, the Fatty Acid
Binding Protein (FABP) and the villin (VIL). Jejunocytes from adult
intestinal fragments, but not colonocytes, were also positive for the
transcription of the gene coding for the small intestine peptidase
(SIP; Fig. 1). Similar results for FABP and VIL were obtained for
jejunocytes and colonocytes from a young calf, but those cells were
not tested for SIP.

3.2. Cell transformation

Following the first passage, all four bovine enterocyte primo-
cultures were successfully submitted to immortalizing transfec-
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tion using a retroviral suspension bearing the SV40 large (L) T
antigen construct. Indeed, compared to the longevity of untreated
primocultures (7 passages), the number of cell generations ob-
served after cell transfection with transforming retrovirus was
markedly increased to about 50 passages after 300 days of contin-
uous subculture process (Fig. 2). The transformation resulted in
four transformed cell lines of adult bovine jejunocytes (J8 and
J8/13) and colonocytes (C8 and C8/13) and in two transformed
cell clones of calf jejunocytes (J8A2) and colonocytes (C8B1).
Though these calf transfected enterocytes are actual cell clones,
they will be named ‘‘cell lines”, like the adult bovine transfected
enterocytes, for the sake of clarity of the manuscript. All trans-
formed lines had closely similar growth rates. The efficacy of
the SV40 LT transfection was confirmed in all six cell lines by
Western blot (Fig. 3) and by RT-PCR with specific primers
(Fig. 4). In agreement with the thermosensitive expression of
the LT antigen construct, the band intensity was slightly higher
at 33.5 �C than at 37 �C or 39 �C, although no quantitative assess-
ment of the amount of protein was performed.
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3.3. Transformed enterocyte characterization

The karyotypes (Fig. 5) of the six cell lines revealed the typical
chromosomal markers of the bovine species and the absence of
any human or murine cell chromosomal markers. All six cell lines
presented features of epithelial cells reported earlier for primocul-
tures, namely a typical pavement-like aspect and the expression of
cytokeratine 18 (Fig. 6a and b). However, all the six cell lines syn-
thesized the vimentin protein (perfect overlapping of vimentin and
cytokeratin staining in Fig. 6a and d), a signature of connective tis-
sue, though they did not express the a actin, another marker of
mesenchymal cells (there was no overlapping of cytokeratin or
vimentin with a actin staining in Fig. 6b and e or in Fig. 6c and f).

Electron micrographs showed that all the six cell lines formed
only a few not well-shaped microvilli at the apical pole (Fig. 7)
and that they were deficient in any actual layer of microvilli (or
brush border). Moreover, transcripts expected in polarized epithe-
lial cells, like those for villin and E-cadherin, were not detected in
transformed confluent cells (data not shown). Also, the transcript
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Fig. 3. (a) Western blot of SV40 large T antigen in immortalized enterocytes from one adult bovine intestinal epithelium. Lanes 1–6: immortalized jejunocyte lines (J8 and J8/
13); lanes 8–13: immortalized colonocyte lines (C8 and C8/13); lane 15: packaging cells producing the retroviral suspension used to transform enterocytes primocultures. For
each line, the immunodetection was performed on cells grown at optimal ‘‘proliferation” temperature (i.e. 33.5 �C: lanes 1–4–8–11), ‘‘physiologic” temperature (i.e. 37.0 �C:
lanes 2–5–9–12) and optimal ‘‘differentiation” temperature (i.e. 39.5 �C: lanes 3–6–10–13). The size of the detected antigen was determined using a broad range protein
standards molecular weight ranging from 5.7 to 198 KDa (lanes 7 and 14). (b) Western blot of SV40 large T antigen in immortalized enterocytes from one 36-h-old calf
intestinal epithelium. Lane 1: packaging cells; lane 2: immortalized jejunocyte line (J8A2); lane 3: immortalized colonocyte line (C8B1); lane 4: broad range protein standards
molecular weight ranging from 5.7 to 198 kDa.

Fig. 4. (a) Detection of the transcription of the gene coding for the SV40 LT antigen by RT-PCR in immortalized enterocytes from one adult bovine intestinal epithelium. Lanes
1–2: immortalized colonocyte lines (C8 and C8/13) compared to freshly isolated colonocytes (or C0: lane 3). Lanes 7–8: immortalized jejunocyte lines (J8 and J8/13),
compared to freshly isolated jejunocytes (J0: lane 9). Analysis of GAPDH transcription in all samples served as internal quality control of mRNA isolation and cDNA reverse-
transcription (lanes 4–6 corresponding to colonocyte samples and lanes 10–12 corresponding to jejunocyte samples). (b) Detection of the transcription of the gene coding for
the SV40 LT antigen by RT-PCR in immortalized enterocytes from one 36-h-old calf intestinal epithelium. Lane 1: jejunocyte line (J8A2). Lane 2: colonocyte line (C8B1). The
fragment size (bp) of amplified cDNA was determined, using a standard mix ladder (lane 13 in a and lane 3 in b), after migration on agarose (1%) gels and subsequent staining
with ethidium bromide.

Fig. 5. (a) Karyotype of immortalized bovine jejunocytes from one adult bovine, showing the species chromosome marker (arrow) and (b) chromosome dispersion during
mitosis, showing the species chromosome marker (arrow).
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Fig. 6. Double-immunostainings of (a) cytokeratin 18 (revealed by DAB-peroxidase) and (d) vimentin (revealed by a fluorescent conjugate); (b) cytokeratin 18 (revealed by
DAB-peroxidase) and (e) a-actin (revealed by a fluorescent conjugate) and (c) vimentin (revealed by DAB-peroxidase) and (f) a-actin (revealed by a fluorescent conjugate) in
cultures of bovine enterocytes. Barr: 15 lm.

Fig. 7. Electron micrograph of a jejunocyte (a) and a colonocyte (b) monolayer from an adult bovine. Magnification: 6000�. MV: presence of few not well-shaped microvilli
(MV).
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for the jejunocyte specific marker, SIP, was not detected in the
transformed jejunocytes from the adult bovine (Fig. 8), though this
gene was clearly transcribed in primocultures (Fig. 1). By contrast,
the expression of the FABP-encoding gene estimated by RT-PCR re-
mained stable after transformation throughout the passages when
compared to primocultures (Fig. 8), confirming the enterocyte
identity of the six transformed cell lines.

The levels of activity of IAP and of MAL were measured at several
culture passages (Fig. 9a and b). The MAL-specific activity remained
low throughout the passages and was similar in jejunocytes and
colonocytes (Fig. 9b). In the first passages following the transforma-
tion of enterocytes from the adult bovine intestine segments (see
passages 10 to 20 in Fig. 9a), IAP was typically a marker of jejuno-
cytes. However, as the number of passages increased, the IAP activ-
ity tended to decrease in both jejunocyte lines. Surprisingly, IAP
activity also became detectable in colonocytes. Similarly, jejuno-
cytes obtained from the young calf showed a slightly higher level
of IAP activity than calf colonocytes (Fig. 9c). However, this IAP
activity was far lower than in the jejunocytes of adult origin.
4. Discussion

The lack of bovine immortal intestinal cell models impairs the
study of the molecular basis of the host-specific interactions be-
tween enterocytes and microbial enteric or invasive pathogens,
microbial toxins or drugs. Indeed, results obtained with other cell
models cannot always be fully transposed to enterocytes (Bai



0

10

20

30

40

50

60

70

0 10 20 30 40

passage n°

IA
P 

(U
/m

g 
pr

ot
)

IAP J8
IAP J8/13
IAP C8
IPA C8/13

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 10 20 30 40
passage n°

M
A

LT
A

S
E 

(m
U

/m
g 

pr
ot

)

MAL J8
MAL J8/13
MAL C8
MAL C8/13

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 5 10 15 20
passage n°

IA
P

 (U
/m

g 
pr

ot
)

IAP JA2
IAP C8B1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 5 10 15 20

passage n°

M
A

LT
A

S
E

  (
m

U
/m

g 
pr

ot
)

MAL JA2
MAL C8B1

a b

c d

Fig. 9. Intestinal Alkaline Phosphatase (IAP) (a, c) and Maltase (MAL) (b, d) specific activity in two jejunocyte lines obtained from adult bovine jejunum (J8 and J8/13) and two
colonocyte lines obtained from adult bovine spiral colon (C8 and C8/13) (a, b) and in a jejunocyte line obtained from newborn calf jejunum (JA2) and a colonocyte line from
newborn calf spiral colon (C8B1) (c, d). Activity values were mean values from enzymatic assays performed in triplicate on two samples for each tested passage.

Fig. 8. (a) Qualitative expression analysis (RT-PCR) of the Fatty Acid Binding Protein (FABP: lanes 1–4), Small Intestine peptidase (SIP: lanes 6–9) and Glyceraldehyde
Phosphate Dehydrogenase (GAPDH: lanes10–13) in immortalized colonocytes (C8 and C8/13: lanes 1–2, 6–7 and 10–11) and jejunocytes (J8 and J8/13: lanes 3–4, 8–9 and
12–13) from adult bovine intestine; (b) qualitative expression analysis (RT-PCR) of the Fatty Acid Binding Protein (FABP) and Glyceraldehyde Phosphate Dehydrogenase
(GAPDH) in immortalized enterocytes isolated from a newborn calf. FABP: lanes 1 (jejunocytes J8A2) and 2 (colonocytes C8B1); GAPDH: lanes 4 (jejunocytes J8A2) and 5
(colonocytes C8B1). Analysis of GAPDH transcription in all samples served as internal quality control of mRNA isolation and cDNA reverse-transcription. The fragment size
(bp) of amplified cDNA fragments was determined, using a standard mix ladder (lanes 5 and 14), after migration on agarose (1%) gels and subsequent staining with ethidium
bromide.
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et al., 2008; Schuller et al., 2007). Conditional immortalization of
primocultures of jejunocytes and colonocytes from an adult bovine
and a young calf was performed by transfection of the large T anti-
gen of the simian leukaemia virus 40 (SV40 LT) after cell isolation
by enzymatic digestion and mechanical dissection of the intestinal
mucosa. Six lines of transformed adult and young jejunocytes (J8,
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J8/13 and J8A2) and colonocytes (C8, C8/13 and C8B1) were ob-
tained by retroviral transformation. The SV40 LT transfection was
confirmed by growth in the presence of geneticin, by an increase
in the number of cell generations (over 50 for ca. 10 months vs.
6–7 for primocultures) and by the detection of the expression of
the LT antigen by RT-PCR and Western blotting.

The identification of the six transformed cell lines to bovine
enterocytes relies upon their epithelial aspect under optic and
electron microscopy and upon the results of the tests performed
on them and/or on the original primocultures: typical bovine
karyotype, transcription of typical epithelial and enterocyte genes
(coding for FABP, SIP, villin), the presence of typical epithelial and
enterocyte cytoskeleton and structural markers (cytokeratin 18, E-
cadherin). Though FABP is not a 100% enterocyte specific marker
(being also expressed in hepatocytes), contamination of isolated
enterocytes by hepatocytes is unlikely and FABP can therefore be
considered as a specific enterocyte marker in the present context.
Interestingly, jejunocytes freshly isolated from the adult bovine,
but not transformed jejunocytes, expressed SIP-encoding gene.

The uniformization of the feature characteristics of the entero-
cytes in culture over cell generations strongly suggests a progres-
sive dedifferentiation of the four primary jejunocyte and
colonocyte cell lines: similar growth curves and a pavement-like
aspect of the monolayers, similar morphology under electron
microscopy with only a few and not well-shaped microvilli, similar
low (though variable between lines) levels of activity of IAP and
MAL in comparison with freshly isolated intestinal mucosa, and
the absence of transcription of the SIP-encoding gene in trans-
formed jejunocytes. A likely explanation for this absence of full dif-
ferentiation could reside in the selection during the primocultures
of lowly differentiated stem cells, which can multiply better than
they can fully differentiate in vitro, as already discussed (Rusu
et al., 2005). In the case of the calf jejunocytes, however, the low
level of IAP activity compared to the adult jejunocytes is in agree-
ment with the known immature state of newborn intestinal epi-
thelium (Lebenthal and Lebenthal, 1999).

Transformed cells also expressed the gene coding for vimentin,
a marker of mesenchymal cells. Therefore, vimentin expression
could represent a cell culture contamination with fibroblasts. How-
ever, the lack of a actin expression, another typical marker of fibro-
blasts cells, strongly suggests that the transformed cells were not
of mesenchymal origin. Moreover, synthesis of vimentin in pri-
mary and transformed enterocytes has already been reported
(Kaeffer et al., 1993; Rusu et al., 2005) and there are exceptions
to its association with mesenchymal cells (Hunt and Davis, 1990;
Lelouard et al., 1999; Moll et al., 1982; Onori et al., 2001). The pres-
ence of vimentin in enterocytes could actually be attributed to a
posttranscriptional derepression of its synthesis in primocultures
following the dissociation of the epithelium layer, as suggested
elsewhere (Rusu et al., 2005). In agreement with this hypothesis,
one class of enterocytes, the M cells, found in the intestinal epithe-
lium covering the Peyer’s patches has been found constitutively to
express the vimentin protein (Lelouard et al., 1999; Onori et al.,
2001). The fact that it is possible for M cells to be obtained
in vitro from enterocytes by a lymphocyte-induced phenotypic
conversion (Kerneis et al., 1997) suggests a link between the pro-
duction of vimentin and the brush-border effacement of the pro-
genitor enterocyte. Accordingly, the present results suggest that
production of vimentin could be associated with a similar dediffer-
entiation process during the immortalization of the enterocytes.
Further studies would need to focus on verifying the reversal pro-
cess i.e. the silencing of vimentin expression in correlation with
enterocyte differentiation, particularly the formation of microvilli
and of a brush border.

In reference to the undifferentiated state of carcinoma entero-
cyte cultures obtained by others (Wice et al., 1985; Zweibaum
et al., 1985), different culture conditions were tested to increase
the degree of differentiation of the four bovine enterocyte lines ob-
tained in the present study (data not shown). For instance, sodium
butyrate, a microbial metabolite that promotes Caco-2 cell differ-
entiation (Abbott, 2004; Levy et al., 2003; Pryde et al., 2002) had
only a poor effect on differentiation of the transformed bovine
enterocytes in vitro, just as previously observed in primocultures
(Rusu et al., 2005). Also the depletion of glucose in culture med-
ium, a condition known to stimulate differentiation of human
enterocytes in vitro was clearly not successful. Nor was the attempt
to grow the cells at 39 �C, a temperature normally inhibiting of cell
proliferation induced by LT stable transfection, to the benefit of cell
differentiation. Moreover, cells adhered and formed poorly polar-
ized monolayers on microporous inserts, known to trigger Caco-2
cell differentiation (Halleux and Schneider, 1991). Consequently,
the more promising approaches are those favouring the reexpres-
sion of key genes involved in differentiation, such as E-cadherin,
which was silent under the experimental conditions used in the
present study. Integrin and E-cadherin are indeed key components
in the enterocyte differentiation process. This is because integrin-
dependent adhesion of the extracellular matrix is known to induce
the polarization of Caco-2 cells through the reinforcement of E-
cadherin-actin complexes, which in turn operates on the abun-
dance of the hepatic nuclear factor 4a (Sauvaget et al., 2002; Pei-
gnon et al., 2006). It would therefore be interesting to restore the
stable expression of E-cadherin in transformed bovine cells, fol-
lowing the transfection strategies developed earlier by Beaulieu’s
team (Escaffit et al., 2005). However, the forced expression of E-
cadherin alone appeared to not be sufficient to trigger significantly
the differentiation process in HIEC cells (Escaffit et al., 2005). So,
the second step towards activation of the E-cadherin-induced dif-
ferentiation pathway would be to culture E-cadherin-forced
expressing cells on surfaces coated with chimeric E-cadherin Fc
homophilic ligand (Peignon et al., 2006), a method that proved to
be efficient in inducing differentiation in vitro. Finally, as E-cad-
herin activity is also affected by Cdx homoedomain transcription
factors (Cdx1 and Cdx2) (Domon-Dell et al., 2002; Qualtrough
et al., 2002; Keller et al., 2004), a strategy leading to an increased
expression of those factors in transformed bovine enterocytes
should contribute to their differentiation in vitro. Further studies
would also need to include the characterization of cell cultures
without antibiotics, as these substances are know to sometimes af-
fect significantly the growth, the morphology and the functions of
cell cultures (Kuhlmann, 1996).

The transformation of adult and young jejunocytes and colono-
cytes from cattle with the SV40 LT antigen was successful, opening
up perspectives in the study of the interactions of not only host-,
but also age- and segment-specific, pathogens and molecules,
which interact with the intestinal epithelium, once their actual dif-
ferentiation state is precisely defined and fully restored.
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