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Isolation and characterization of human primary enterocytes from small
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PRITI CHOUGULE1, GUSTAF HERLENIUS2, NIDIA MARITZA HERNANDEZ1,
PRADEEP B PATIL1, BO XU1 & SUCHITRA SUMITRAN-HOLGERSSON1

1Laboratory for Transplantation and Regenerative Medicine at the Sahlgrenska Academy, University of Gothenburg,
Gothenburg, Sweden, and 2Transplant Institute at Sahlgrenska University Hospital, Gothenburg, Sweden

Abstract
Cell culture studies of enterocytes are important in many fields. However, there are difficulties in obtaining cell lines from adult
human intestine, such as microbial contamination of cultures from the tissue samples, short life span of enterocytes,
overgrowth of mesenchymal cells, etc. Various model used to obtain adult intestinal cell lines are very complex requiring
use of feeder layer or gel matrices. The aim of this study was to establish a novel method for the simple and reproducible
isolation of human enterocytes. Enterocytes were isolated from SI samples (n = 5) obtained from cadaveric donors using a
mechanical procedure, and separation with immunomagnetic beads coated with anti-EpCAM antibodies. Light and electron
microscopy, flow cytometry and immunocytochemistry techniques were used to characterize the isolated cells. Immunohis-
tochemical staining of normal SB biopsies confirmed that the cell cultures maintained an in vivo phenotype as reflected in
cytokeratin expression CK18, CK20 and expression of intestine-specific markers such as sucrase isomaltase and maltase
glucoamylase. Furthermore, the cells strongly expressed TLR-5, 6, 7, 8 and 10 and several molecules such as CD40, CD86,
CD44, ICAM-1 and HLA-DR which are important in triggering cell-mediated immune responses. This novel technique
provides a unique in vitro system to study the biology of enterocytes in normal conditions as well as to study inflammatory
processes in various small bowel disorders.
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Introduction

Enterocytes play a role not only in nutrient absorption
but also perform a crucial function in immunophy-
siology [1]. They act as a barrier for the entry of
microbes and toxins from lumen into the tissue
[2–4]. Enterocytes can secrete cytokines as well as
chemokines in response to inflammatory signals [5].
Through this secretion, enterocytes can activate and
recruit inflammatory as well as immune cells [1].
They can also act as antigen presenting cells when
stimulated [6,7]. Study of these cells is important in
areas such as pharmacology, stem cells, gene therapy
as well as immunology. They are also used for the
study of many biological processes such as cell

permeability and transport [8], differentiation [9],
migration [10], cell-matrix interaction, apoptosis,
etc. [11]. In spite of these important applications,
cell culture models of fully differentiated adult human
enterocytes are not well established [12].
Difficulties in obtaining cell lines of intestinal

epithelial cells include microbial infections of the cul-
tures, short in vivo life spanof enterocytes [13,14], their
highly differentiated state as well as their complex
interaction with extracellular matrix [15,16]. Normal
human intestinal lumen is inhabited by a number of
microbial strains bringing with it a risk of microbial
contamination to the culture. Second, intestinal epi-
thelial lining is also a highly dynamic layer renewed
every 4–5 days [17]. Because of their short life span

Correspondence: Suchitra Sumitran-Holgersson, Laboratory for Transplantation and Regenerative Medicine, Sahlgrenska Science Park, Medicinaregatan 8A,
2nd Floor, S-413 46 Gothenburg, Sweden. Tel: +46 708220021. E-mail: suchitra.holgersson@gu.se

(Received 21 May 2012; revised 27 June 2012; accepted 30 June 2012)

ISSN 0036-5521 print/ISSN 1502-7708 online � 2012 Informa Healthcare
DOI: 10.3109/00365521.2012.708940



there is a rapid turnover of cellular components.When
enterocytes reach villus tip, they are in fully differen-
tiated form gaining absorptive function with the loss of
mitotic activity. The third important aspect of these
epithelial cells is their dependency on the extracellular
matrix. So culture model for enterocytes usually
describe the use of feeder layer or in vitro constitution
of extracellular matrix [18].
Because of the above-mentioned difficulties in

culturing the intestinal epithelial cells, cell lines for
these are not easily available in spite of its need in
various fields [11]. Available cell lines are usually
fromrodent [19,20] fetal tissueor fromintestinal cancer
tissue [21]. All thesemodels have their own limitations.
It is becomingevident that observationsperformedwith
the experimental animals cannot be transposed to the
human and there is difference in brush border enzyme
expression and its regulation by hormones and growth
factors [22]. Also there is a fundamental difference in
the composition of the epithelial basement membrane
along the crypt–villus axis [23,24]. Most commonly
used cell lines are Caco-2 andHT29 cell line originally
derived from human colon adenocarcinoma cells
[25,26]. However, as transformed cells these models
have their own limitations [27–29]; it is necessary to
develop a simple and reproducible culture model for
adult human enterocytes.
The aim of this study was to establish a simple and

reproducible method for isolation and cultivation of
human enterocytes from the small intestine (SI;
ileum). The authors further characterized these cells
with regards to expression of Toll-like receptors
(TLRs) and various adhesion molecules involved in
cell-mediated immune responses. They believed that
these cells will also provide a unique in vitro system to
study inflammatory processes in various SI disorders
like Crohn’s disease, ulcerative colitis, primary
sclerosing cholangitis, etc.

Materials and methods

Reagents

The basal media used was a mixture of DMEM
(Dulbecco’s Modified Eagle Medium) and F12 in
1:1 proportion. For preparation of complete media,
5% heat inactivated FBS (fetal bovine serum), 1%
L-glutamine and 1%penicillin–streptomycin (GIBCO,
Paisley,UK)wereaddedtothebasalmediamixture.The
complete media was supplemented with HCM Single
Quote kit (Lonza, Walkersville, MD, USA) containing
ascorbic acid, BSA-FAF (bovine serum albumin-
fatty acid free), hydrocortisone, transferrin, insulin,
recombinant human epidermal growth factor and
gentamicin sulfate. Culture vessels (BD Biosciences,

San Diego, CA, USA) were coated with 1% gelatin.
For enzymatic cell dissociation collagenase (Sigma,
Gothenburg, Sweden) was used while trypsin-
EDTA (ethylenediaminetetraacetic acid; Invitrogen,
Gothenburg, Sweden) was used for passaging.

Human small bowel tissue specimen

Human small bowel specimens (approximately
20–30 cm) were obtained from cadaveric organ
donors. Informed consent was obtained from the
relatives of cadaveric donor and ethical approval
from the local ethics committee. The tissue was
placed in HTK (histidine tryptophan ketoglutarate)
preservative solution and transported to the labora-
tory. The isolation of enterocytes was carried out
within 4–6 h after organ retrieval. Obtained intestinal
sample was cut into three pieces. One part was used
for culture while remaining two parts were used for
histological studies, one piece of which was fixed in
liquid nitrogen while other part was fixed in formal-
dehyde. In total, five small bowel tissue specimens
were obtained from different individuals.

Isolation and cultivation of human enterocytes

Initially all visible fat was removed and the intestinal
piece was washed with PBS (phosphate buffered
saline) containing 1% PEST and cut longitudinally.
The lumen was flushed once again two to three times
withPBScontainingPEST.Thepiecewas transferred
to a 50ml tube containing culturemedium.The tissue
sample was cut into small pieces (approximately
2–3 mm3) which were then transferred to pre-coated
(1% gelatin) six-well plates containing 2 ml complete
medium in each well. Approximately, two to three
pieces were placed in individual wells and incubated
with the complete medium (described earlier) under
standard incubation conditions, that is, 90% humid-
ity, 5% CO2 and 37�C temperature. Culture plates
were monitored daily for microbial contamination
and cell migration from the tissue pieces. After
5–6 days cells gradually migrated from the tissue.
Tissue pieces were removed and cells were fed with
fresh medium and allowed to grow until they reached
about 90% confluence. Cultures were fed with fresh
mediumevery thirdday.Culture plateswere tested for
yeast and bacterial contamination using cell culture
contamination detection kit (Molecular Probe, Invi-
trogen, Paisley, UK).

Isolation of enterocytes from a mixed population of cells

Enterocytes were positively selected from the above
heterogeneous cell population using a commercially
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available kit (STEMCELL Technologies SARL,
Grenoble, France). In brief, selection cocktail was
prepared as per manufacturers’ protocol. This selec-
tion cocktail was used for isolation of EpCAM
(epithelial cell adhesion molecule)-positive cells.
Cell suspension was prepared after trypsinization
and subsequent washing. Cells were suspended in
HBSS (Hank’s balanced salt solution) containing
1%BSA and 1mMEDTA. Volume of the suspension
medium was adjusted so that the cell concentration
was 2 � 108. To this cell suspension, 100 ml/ml of the
selection cocktail was added, mixed well and incu-
bated for 15 min at room temperature. Magnetic
nanoparticles at 50 ml/ml amount were added to the
cell suspension and incubated for 10 min at room
temperature. EpCAM-positive cells were separated
by placing the tube in a magnetic block for 5 min.
EpCAM expressing cells attached to the walls of the
tube and were separated by decanting the cell sus-
pension by inverting the whole magnetic block but
still keeping tube in it. Lastly, the tube was removed
from the magnetic block and washed with buffer to
collect the cells attached to the wall. This step was
repeated four times to get an EpCAM-positive
enriched cell fraction. The EpCAM-positive fraction
of cells was then seeded in gelatin coated 75 cm2

T flask. Medium was renewed twice a week. Sub-
cultures were established through trypsin treatment
and reseeding. Cells were passaged in 1:3 split ratio.
All experiments were conducted on cells at 2–4
passages.

Phenotyping of human enterocytes by flow cytometry

Single-color fluorescence was used to phenotypically
characterize the isolated enterocytes. Cells were first
trypsinized, washed with PBS and the number of cells
was counted usingNeubauer counting chamber. About
5� 105 cells/tubeweredistributed into various tubes for
stainingwithdifferentmarkers.Primary antibodiesused
for staining were: anti-CK18, -CK20, -maltase glucoa-
mylase (Santa Cruz Biotechnology, Inc., Santa Cruz,
CA, USA), -sucrase isomaltase (Raybiotech, Sweden),
-CD80, -CD86, -CD44, -CD40, -ICAM-1, -HLA
(human leukocyte antigen) class I and -HLA-DR,
-CD31, -von Willebrand factor (vWF), -E-cadherin
(all from BD Biosciences), -EpCAM (Miltenyi Biotec,
Bergisch Glasbach, Germany), -fibroblast antigen and
-alpha smooth muscle actin (from Sigma-Aldrich,
Stockholm, Sweden), -TLR-1, -2, -3, -4, -5, -6, -7,
-8, -9, -10. All TLR antibodies were purchased from
eBiosciences Inc., San Diego, CA, USA, except for
TLR-5 (Abnova, Heidelberg, Germany) and
TLR-10 from (Abcam, Cambridge, UK) while FITC
conjugated secondary antibodies were purchased from

Molecular Probe, Invitrogen. Intracellular staining for
CK18, CK20, a-actin and all TLR markers was per-
formed after cell permeabilization using 5% saponin in
PBS [30]. The stained cells were suspended in 200 ml
PBS and further analyzed by a flow cytometer (Fluo-
rescence-Activated Cell Sorter (FACS), Becton Dick-
inson, San José, CA, USA). Fluorescence signals from
10,000 cells were recorded and analyzed by the Cell-
Quest software. Dead cells were excluded by using
propidium iodide exclusion method (0.5 mg/ml; Sigma
Chemicals Co., USA).

Immunocytochemistry

Cells were cultured on eight-well culture chamber
slides (Lab Tek Nunc, Naperville, IL, USA) at a
seeding density of 103 cells/chamber and cultured
for 48–72 h. Cells were washed with PBS and fixed
with two different fixatives, one for detection of cyto-
plasmic proteins and other for membrane-bound
proteins. For detection of cytoplasmic protein, that
is, CK8, CK18 and CK20, smooth muscle actin cells
were fixed for 5 min in ice cold methanol containing
30% acetone at -20�C temperature. The fixative was
removed and cells were washed with PBS. These
culture slides were stored at -4�C and used for
staining within 2–3 days. For detection of sucrase
isomaltase and maltase glucoamylase, after washing
cells were fixed in 2% paraformaldehyde for 8–10 min
at room temperature. Cells were washed with PBS
after fixation and then treated with 1 mM ammonium
chloride for 5 min at room temperature. After washing
cells were permeabilized with chilled methanol for
5 min at -20�C. Cells were washed with PBS and
stored as stated above.
For immunocytochemical characterization of the

cells, antibodies specific to epithelial cells and
enterocytes were used. To identify their epithelial
nature cytokeratin (CK) markers, CK18, CK20
were used while two markers and maltase glucoamy-
lase (Santa Cruz Biotechnology), and sucrase isomal-
tase (Raybiotech) were used to confirm that the cells
were enterocytes. Following staining protocol was
employed. Cells were washed with PBS and blocked
with appropriate blocking serum for 30 min at room
temperature. Dilutions of primary antibodies were
prepared (CK18, 1:100; CK20, 1:100, sucrase iso-
maltase, 1:100 and maltase glucoamylase, 1:100) in
1% BSA (prepared in PBS). Cells were incubated
with primary antibodies for 3 h at room temperature.
After washing with PBS, cells were treated with fluo-
rochrome conjugated secondary antibodies. Secon-
dary antibodies used were, Alexafluor 488 conjugated
(Molecular Probe, Invitrogen), goat anti-mouse for
CK18 and SI, rabbit anti-goat for CK20 and goat
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anti-rabbit for maltase glucoamylase. Dilutions of
secondary antibodies were 1:100 with 1% BSA (pre-
pared in PBS).
Presence of mucin-producing goblet cells was dem-

onstrated by using the Alcian blue and PAS staining
procedure. Briefly, EpCAM-positive cells were stained
sequentially with Alcian blue (cat. no. 1.01647.0500,
Merck,Germany),Periodicacid(cat.no.1.00524.0100,
Merck) and Schiff’s reagent (3952016, Sigma-Aldrich,
USA). The color development was as follows: acidic
mucins: blue, neutral mucins: magenta, mixtures of
above: blue/purple color.

Transmission electron microscopy

Cells were fixed inKarnovsky fixative (2%paraformal-
dehyde, 2,5% glutaraldehyde, 0,05 M Na-cacodylate,
0,02%Na-azid, pH 7.2), for 4 h at room temperature.
Cells were washed withNa-cacodylate buffer (0.15M,
pH 7.2) and were stored in this buffer at 4�C till
processed for transmission electron microscopy
(TEM). Cells were postfixed in a fixative containing
1% OsO4, 1% 4Fe(CN)6 in 0.1 M Na-cacodylate for
2 h at +4�C temperature. After postfixation, cells were
washed three timeswith distilledwater.Cellswere then
treated with 0.5% uranyl acetate for 1 h at room
temperature. Dehydration of the cells was performed
using ethanol grades and cells were embedded in Agar

100 resin (AgarScientific Ltd., Esses, UK). About
60–70 nm thick sections were taken and mounted on
Cu-grids in Leica UC6. Cells were treated with uranyl
acetate followedby leadnitrate andexaminedat 120kV
in a 912 AB.

Immunohistochemistry

To check the in vivo expression pattern of the anti-
bodies used for in vitro studies, intestinal sample was
also stained with the same antibodies. For histoche-
mical analysis, tissue pieces were fixed in 4% formalin
for 24 h and processed for paraffin embedding. Four
micron thick sections were cut and mounted on
superfrost plus slides. Expression and localization
of interested proteins were detected using indirect
immunofluorescence or enzymatic staining. Briefly,
tissue sections were deparaffinized and hydrated
through alcohol grades. For unmasking the antigen
heat-induced retrieval method was used. For this
sections were kept in antigen retrieval solution
(10 mM sodium citrate, pH 6.0, containing 0.05%
Tween 20) and heated under pressure for 20 min.
After cooling to room temperature, sections were
incubated with blocking serum (5% in PBS) for
30 min. Prediluted primary antibodies were added
to the sections and incubated overnight at 4�C.
After washing the primary antibodies with PBS,

DC

BA

Figure 1. Morphology of cells isolated from human small bowel. (A) Five to six days after placing tissue pieces in culture plates, cells started to
migrate out from (B) a preconfluent culture of EpCAM-positive cells. These cells grew and showed epithelioid morphology and could be
maintained for 6–7 passages. (C) Confluent monolayer of EpCAM-positive cells showing cobble-shaped morphology typical of epithelial cells.
(D) Transmission electron micrographs of cultured primary enterocytes showing presence of microvilli (arrows). Magnification 20�.
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fluorochrome conjugated secondary antibodies were
added to detect the bound primary antibody. Sections
were observed under fluorescence microscope (Olym-
pus, Japan).
For the enzymatic assay, the diaminobenzidine

tetrahydrochloride DAB-Nickel (stains brown/black
color) substrate kit was used as color developer.
Sections were counterstained with hematoxylin
and mounted in mounting media (ImmunKemi,
Stockholm, Sweden).

Results

Culture of isolated human enterocytes

In general, the mechanical method for isolation of
SI cells yielded a large number of mixed hetero-
genous populations of cells, with good viability.
Following isolation, the number of magnetically iso-
lated EpCAM-positive cells were counted and viabil-
ity tested by trypan blue exclusion method. On an
average, approximately 4–5 � 106 EpCAM-positive
cells were isolated from 7 to 8 � 106 mixed cell
population. The viability of the cells was approxi-
mately 90 ± 5%. The EpCAM-positive cells grew
in several clusters and formed a monolayer within
10 days. They showed typical epitheloid morphology.
The EpCAM-positive cells could be maintained with
stable morphology for 5–6 passages, after which the

cells ceased to divide. Figure 1 shows phase-contrast
micrographs of the EpCAM-positive cells. Further-
more, TEM analysis of enterocytes revealed the pres-
ence of microvilli confirming the “enterocyte nature”
of the isolated cells (Figure 1).

Phenotypic characterization of enterocytes
by flow cytometry

Enterocytes were characterized during growth by
immunofluorescence labeling and flow cytometry.
Flow cytometric analysis indicated that the cells were
positive forCK18 and intestine-specificCK,CK20. In
addition, the cells also expressed the two enterocyte-
specific enzymes, sucrase isomaltase and maltase
glucoamylase. On the other hand, the cells did not
express the endothelial cell markers CD31 or vWF. In
addition, the cells were negative for the fibroblast
marker and smooth muscle cell actin (Table I).
Interestingly, the isolated enterocytes expressed

several TLRs and other surface molecules of impor-
tance in immunological reactions. They constitutively
expressed weakly TLR-5, but demonstrated strong
expression of TLR-6, -7, -8 and -10 (Figure 2) inclu-
ding themoleculesCD44,CD86, ICAM-1andCD40.
On IFN-g activation, these cells also expressed the
histocompatibility antigen HLA-DR (Table I).

Immunocytochemistry

Immunofluorescence staining for CK18 and CK20
demonstrated positive reaction in the form of cyto-
plasmic strands while stainingwith anti-sucrase isomal-
tase and anti-maltase glucoamylase antibodies showed
uniform positive staining (Figure 3A). In addition,
activated enterocytes also expressed HLA-DR
(Figure3A).ToconfirmtheFACSdata, theenterocytes
were stained with antibodies to TLR-6, -7, -8 and -10,
using immunofluorescence. It was found that the cells
stainedpositive for all the four testedTLRs (Figure 3B).
Since the FACS analysis demonstrated that only 92 ±
5% (n = 4) of the isolatedEpCAMcellswere positive for
the two enterocyte-specific markers sucrose isomaltase
andmaltase glucoamylase, the cells were further stained
for expression of mucins and it was found that appro-
ximately2–3%(n=3)of thecellswerepositive formucin
indicating the presence of goblet cells. Both neutral
(pink) and acidic (blue) mucins were detected
(Figure3A, lower panel).

Immunohistochemistry

The authors also performed immunofluorescence
staining for several enterocytes markers on frozen
and paraffin sections of normal SI tissues (n = 4).

Table I. Markers expressed by human enterocytes isolated from
small intestine.

Antibodies to

Unstim. enterocytes
(n = 4) (frequency
of cells positive
for marker)

TNF-a & IFN-g
stim. enterocytes
(n = 4) (frequency
of cells positive for

marker)

HLA class I ++ +++
HLA-DR - +
CD80 - -
CD86 + ++
CD44 + +++
CD40 + ++
ICAM-1 + ++
CD31 - -
vWF - -
Fibroblast Ag - -
a-Actin - -
EpCAM ++ +++
E-cadherin + ++
CK8 ++ +++
CK18 ++ +++
CK20 + ++
Sucrose isomaltase + ++
Maltase glucoamylase + ++

+ = >10–25, ++ = >26–50, +++ = >51–75 mean fluorescence
channels as compared with negative control (only secondary
antibodies).
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Figure 4 demonstrates the staining pattern for several
enterocyte markers. Positive staining for CK8, CK18
and CK19 was observed along the whole epithelial
layer of crypt–villus axis while CK20-positive staining
was observed only at the differentiated villus cells.
Abundant expression of EpCAM was observed on all
intestinal epithelial cells. Double staining by immu-
nofluorescence for EpCAM and sucrase isomaltase as
well as EpCAM and maltase glucoamylase was also
performed (Figure 4). Positive reaction for anti-
EpCAM antibody was seen on basolateral margins
of epithelial cells while positive reaction for anti-
sucrase isomaltase and anti-maltase glucoamylase
antibodies was found to be only at the luminal
margins of the cells. Positive reaction for anti-sucrase

isomaltase antibody was observed in crypt as well as
villus cells while positive reaction for anti-maltase
glucoamylase antibody was seen only in villus cells
(Figure 4). Staining for TLRs in biopsy sections of
normal SI gave a similar pattern as observed in flow
cytometric analysis (Figure 5). No expression of
TLR-1, -2, -3, -4 and -9 was found, however intense
staining for TLR-5, -6, -7, -8 and -10 was found in SI
epithelial lining (Figure 5).

Discussion

In the present study, the authors described a simple
and novel method for the selective isolation of human
enterocytes from the SI. Using magnetic beads

TLR1 TLR2 TLR3 TLR4 

TLR5 TLR6 TLR7 TLR8 

TLR9  

A

CD44 CD86 ICAM-1 CD40
B

TLR10

Figure 2. Flow cytometric analysis of cultured human EpCAM-positive cells. (A) Flow cytometric results are presented in the form of
histograms. Representative histograms for expression of TLRs in enterocytes are shown. Primary enterocytes did not express TLR-1, -2, -3,
-4 and -9. They weakly expressed TLR-5, but demonstrated strong expression of TLR-6, -7, -8 and -10. The expression of TLRs was observed
only in saponin-treated cells. (B) Isolated human enterocytes also stained positive for several immune recognition molecules such as CD44,
CD86, ICAM-1 and CD40. Staining with only the secondary antibody served as negative control (grey filled histogram).
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coupled with antibodies to a pan epithelial cells
marker EpCAM, they selectively isolated EpCAM-
positive epithelial cells from a mixed primary culture
of human small intestinal cells. EpCAM is a pan
epithelial cell marker expressed abundantly in normal
intestinal epithelial cells as detected in immuno-
histochemical staining of intestinal sample with
anti-EpCAM antibody. Epithelial cells expressing
EpCAM have also been isolated from other organs
such as lungs [31] and livers [32]. Here, the authors
demonstrated that most of the isolated EpCAM-
positive cells expressed all the markers typical for
enterocytes, that is, positivity for CK18, CK20 and
the enterocyte-specific marker enzymes; sucrase
isomaltase and maltase glucoamylase, indicating the
presence of both undifferentiated crypt cells as well as
differentiated villus cells in the culture. The purity of
enterocytes in each isolate was approximately 93–95%
as determined by the FACS analysis and expression of
enterocyte-specific markers. In addition to entero-
cytes, approximately 2–3% of the EpCAM cells
were also found to be positive for mucins indicating

the presence of a small proportion of goblet cells.
Further phenotyping of the EpCAM-positive cells
showed that the cells expressed several TLRs and
adhesion molecules involved in triggering immune
reactions, implying an important role for these cells
in inflammatory responses of SI during inflammation.
The expression of these markers was further corrob-
orated in SI biopsy sections.
The current method is reproducible and yielded

enterocytes with high viability. The major advantages
of the described protocol are the simplicity and avoid-
ance of time-consuming steps such as density-
gradient centrifugations or mechanical removal
of contaminating cells [11]. Successful culturing of
enterocytes depends on a variety of factors. One of the
important factors is the harvesting technique. The
authors used a mechanical method for tissue disrup-
tion. This approach entails a rapid isolation of the
cells without subjecting them to the adverse effects of
enzyme treatment which is normally used for isolation
of this cell type. When using the mechanical method,
the tissue is only minced to small pieces and kept in

A

B Control

CK18Control CK20 HLA DR

Maltase glucoamylase Sucrase isomaltase Neutral mucin Acidic mucin

TLR-6 TLR-7 TLR-8 TLR-10

Figure 3. Immunocytochemical staining of isolated human enterocytes for epithelial markers. (A)Top panel: isolated and cultured human
EpCAM cells stained positive for cytokeratins 18, 20 and on activation with IFN-g also expressed HLA-DR. Bottom panel: enterocyte-
specific markers such as maltase glucoamylase and sucrase isomaltase were also found to be expressed by the cells. Staining for mucins showed
the presence of few secretory epithelial cells – goblet cells which stained pink/magenta, or blue indicating the presence of neutral and acidic
mucins. (B) Immunofluorescence staining of human enterocytes with antibodies to Toll-like receptors (TLRs) showed that these cells
expressed TLR-6, -7, -8 and 10, thus confirming our FACS results. Magnification 20�, neutral mucin and acidic mucin 60�.
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CK8 CK18 CK19

EpCAM EpCAM + SI EpCAM + MG

CK20

Control

Figure 4. Immunofluorescence staining of normal human small bowel tissue sections with antibodies to various epithelial markers. Indirect
immunofluorescence single staining was performed for detection of CK8, CK18, CK19 and CK20. Positive staining for CK8, CK18 and
CK19 was observed along the whole epithelial layer of crypt–villus axis while CK20-positive staining was observed only at the differentiated
villus cells. Indirect immunofluorescence double staining for EpCAM (green) and enterocyte markers, sucrase isomaltase and maltase
glucoamylase (both red) in small intestine was performed. EpCAM-positive reaction is found on basolateral and basal side of epithelial cells
while sucrase isomaltase andmaltase glucoamylase-positive reaction is observed on luminal side only. Positive reaction for sucrase isomaltase is
present in crypt as well as villus cells but for maltase glucoamylase it is observed only in villus cells. Magnification 40�.

 TLR10 TLR9 Control

TLR8TLR7TLR6TLR5

TLR1 TLR2 TLR3 TLR4

Figure 5. Immunohistochemical detection of TLR on paraffin sections of human small intestine. Small intestine biopsies from healthy
individuals were stained for various Toll-like receptors (TLRs). No expression of TLR-1, -2, -3, -4 and -9 were found. However, the following
TLRs were found to be expressed in the SI sections. TLR-5: weak positive staining is observed along the entire epithelial layer. TLR-6:
epithelial layer showed moderate staining while intense reaction observed in the lamina propria cells and granules of paneth cells. TLR-7: both
villus and crypt epithelial cells showed granular-positive reaction. TLR-8: diffuse positive staining of moderate intensity is observed along the
whole epithelial layer. Many cells in the lamina propria also showed positive reaction. In two samples, intense positive reaction for TLR-8 is
observed at the luminal side of epithelial layer; in these samples, few lamina propria cells showed positive reaction. TLR-10: intense positive
reaction is observed in epithelial cells along the entire crypt–villus axis. Intense brown reaction was observed in the granules of paneth cells and
also many lamina propria cells are intensely stained. Magnification 40�.
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culture vessels keeping the epithelial layer attached to
underlying mesenchymal tissue thus protecting the
mature as well as stem cells from undergoing anoikis.
According to the authors, this isolation method is
reproducible and yields enterocytes with high viabi-
lity. The major advantages of the described protocol
are the simplicity and avoidance of time-consuming
steps such as density-gradient centrifugations or
mechanical removal of contaminating cells. Cultured
cells maintained good morphology as well as expres-
sion of markers upto 6–7 passages. This feature is not
affected by freezing the cells at earlier passage and
then reculturing again (unpublished data).
An issue that is acute to intestinal cell culture is the

avoidance of resident microbial contamination. Wash-
ing of the intestine sample with buffer containing
antibiotic is necessary to avoid microbial contamina-
tion of cell culture. Minimum handling of the tissue
sample is also important. If one employs the mucosa
scraping method which is commonly used [11,17],
there is increased risk of microbial contamination.
In conclusion, the authors describe a simple and

novel protocol for the isolation and cultivation of
human enterocytes which will be of advantage for
in vitro research in gastrointestinal disorders such as
Crohn’s disease, ulcerative colitis as well as to eluci-
date the mechanisms of small bowel allograft rejec-
tions after transplantation. This procedure provides a
guideline for a simple and reproducible culture
method for enterocytes from adult human intestine.
Establishment of such cell lines will aid in eluci-

dating the mechanisms underlying the pathogenesis of
inflammatory reaction during rejections of SI allo-
grafts as well as interaction of immune cells with
enterocytes in various small bowel disorders. Use of
well-characterized enterocyte populations as targets in
such studies may provide important clinical knowl-
edge regarding the role of these cell types to respond
during inflammation and various types of damage in
gastrointestinal disorders.
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