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Lymphoid and non-lymphoid cells in the
epithelium and lamina propria of intestinal
mucosa of pigs

H J Rothkotter, T Kirchhoff, R Pabst

Abstract
The jejunum and ileum of 5 day old and
adult normal pigs and of 45 day old germ
free pigs were used to study the lympho-
cyte pools in the epithelium and lamina
propria by sequential treatments with
EDTA, four hours, and 12 hours of colla-
genase treatment. In adult animals the
incubation of the jejunal wall with EDTA
resulted in mean (SD) 26-8 (10.9) X 106
intraepithelial lymphocytes per g of
tissue. The ileal wall gave lower cell yields.
After complete digestion of the lamina
propria by collagenase a further yield
of 35-2 (10.2)X106/g lymphocytes was
achieved. The separation of the gut wall
from 5 day old pigs resulted in a 10-fold
lower total lymphocyte yield, and the
tissue was totally digested after four
hours of collagenase treatment. Many
eosinophils and mast cells were found in
the suspensions from adult animal tissues
after the collagenase treatment; 4-7 X 106/g
and 4 8X 106/g, respectively. The suspen-
sions after 12 hour collagenase incubation
contained up to 30% plasma cells. Almost
all cells isolated by EDTA incubation were
CD8+ T cells. After collagenase incuba-
tion CD4+ and CD8+ T lymphocytes were
found in all animal groups, and in adult
animals up to 20% surface Ig+ cells were
harvested. When the incorporation of the
thymidine analogue bromodesoxyuridine
was used to study the lymphocyte produc-
tion in vivo 3 to 7% lymphocytes in the
epithelium were labelled 24 hours later
(lamina propria T lymphocytes about
1%). In this study lymphoid as well as
non-lymphoid cells have been analysed in
mucosal cell suspensions. The absolute
cell yield per gram of mucosal tissue is a
basis to estimate the pool sizes ofintraepi-
thelial and lamina propria lymphocytes.
(Gut 1994; 35: 1582-1589)

Centre ofAnatomy,
Medical School of
Hanover, Hanover,
Germany
J Rothkotter,
T Kirchhoff,
R Pabst

Correspondence to:
Dr H J Rothk6tter, Centre of
Anatomy 4120, Medical
School of Hanover, D-30623
Hanover, Germany.
Accepted for publication
9 February 1994

Lymphocytes in the epithelium and lamina
propria of the intestinal mucosa play an

important part in the induction and main-
tenance of intestinal immune reactions and in
the development of oral tolerance.' 2 They are

dynamic cell pools with subsets of T and
surface or cytoplasmic immunoglobulin posi-
tive cells, or both occurring with different inci-
dences during the antenatal and postnatal
development of enteric function.3 5 Mucosal
lymphocytes have often been studied, either
using immunohistology or suspensions of

separated cells.6 7 Intraepithelial lymphocytes
can be isolated easily by incubation of the gut
mucosa with EDTA8 9 whereas the separation
of lamina propria lymphocytes requires tissue
treatment by enzymes.'0 1 Although the sub-
sequential isolation of intraepithelial and
lamina propria lymphocytes is a standard
method in mucosal immunology, there are still
several questions concerning these techniques.
A remarkable cell loss has been seen after
purification steps (gradient centrifugation,
filtration),12 13 which might cause an artificial
enrichment of particular cell subsets. The yield
of lymphoid cells isolated from the epithelium
and lamina propria is often not indicated or it
remains unclear how the lymphocytes were
differentiated in the suspensions. It is also
debatable whether lamina propria cell suspen-
sions are representative of all the subcompart-
ments of this microanatomically complex part
of the gut wall, when the tissue is not digested
totally to isolate all lymphoid cells from the
mucosa. Furthermore, many studies have dealt
solely with mucosal T cells, and very few data
are available on the percentages of Ig isotype
positive lymphocytes or plasma cells in
mucosal cell suspensions.'2-14 Finally, obvious
limitations in obtaining human mucosal tissue
mean that only few comparative data exist on
cell yield and composition in different parts of
the small intestine.

This study was performed to elucidate these
different aspects. The omnivorous pig was
chosen as the experimental animal because its
gastrointestinal tract is comparable with that of
humans in several aspects, and pigs have been
used to examine the postnatal development of
intestinal enzymes.'5 Similar patterns of the
postnatal appearance of lymphocytes in the
lamina propria have been seen in humans and
pigs.3 4 For these reasons, pigs were used for
cell separation experiments with the following
aims: isolation of all cells in the mucosa by
complete digestion of the gut tissue; character-
isation and quantification of the subsets of T
and Ig+ lymphoid cells and the non-lymphoid
cells in the resulting suspensions; and analysis
of the steps in the separation process at which
particular cell types are released from the
tissue. In this model, it was also possible to
study the influence of age and enteric
microbial antigens on the cell compositions
and separation kinetics in using conventional
and germ free reared pigs of different ages. In
addition, the percentage of newly formed
lymphocytes in the mucosal cell suspensions
was determined by incorporation of the
thymidine analogue bromodesoxyuridine
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(BrdU). This was of particular importance
because little is known about the origin, cell
turnover, and the life span of the lymphocytes in
the epithelium and lamina propria, and
the data that have been published are contro-
versial.6 1619 The results obtained are a basis for
comparison with cell separation experiments in
normal and diseased human gut mucosa.

Methods
In the first group normal 5 day old German
Landrace piglets (n=6) were examined. The
second group consisted of germ free German
Landrace piglets (n=6, 45 days old), which
were obtained from Professor Dr Amtsberg,
Department of Microbiology, Veterinary
School of Hanover. The rearing conditions of
these pigs have been described previously.20
Adult Gottingen minipigs (n=8, 14 months
old) were used as a third group. The in vivo
proliferation of intraepithelial and lamina
propria lymphocytes was studied in another
adult group of minipigs (n=6, 9 months of
age). These animals received a single intra-
venous injection of 20 mg BrdU/kg body
weight (Sigma, Deisenhofen, Germany) and
were tested one day later. All animals were
killed by an overdose of thiobarbiturate
(Trapanal, Byk Gulden, Konstanz, Germany).
Standard representation parts of the jejunum
(50 cm distal to the duodenojejunal flexure)
and of the ileum (10 cm proximal to the
continuous ileal Peyer's patch) without macro-
scopically visible Peyer's patch tissue were
removed and examined immediately.
The mucosal cell separation used is a

modification of methods described earlier.10 21
After intensive rinsing with Cal+and Mg++
free Hank's balanced salt solution (Seromed
Biochrom, Berlin, Germany) the gut samples
were opened. If present, lymphoid follicles and
Peyer's patches were excised and discarded.
The weight and area of the sample were
measured. Between 5 and 10 g of gut tissue
were used for the incubation. After stripping,
the mucosa was cut into small pieces
(0 5 cmx05 cm). All separation steps were
performed in a shaking waterbath (120 rpm) at
37°C. Each sample was incubated twice for
one hour in a conical flask containing 25 ml
Ca++ and Mg`+ free Hanks's balanced salt
solution supplemented with 1 26 mmol EDTA
and 0-94 mmol dithiotreitol (Sigma,
Deisenhofen, Germany) and antibiotics (100
IU/ml penicillin, 100 ,ug/ml streptomycin, 20
pug/ml gentamycin, 0 5 ,ug/ml amphotericin,
Seromed) to remove the epithelium and to
isolate intraepithelial lymphocytes. In contrast
with earlier studies, the enzymic digestion of
the connective tissue was performed in two
steps to isolate cells from the lamina propria.
Firstly, the tissue was incubated in 25 ml
RPMI 1640 containing 5% fetal calf serum,
20 mmol HEPES (both Seromed), 0- 15 mg/ml
collagenase (no 103586, lot 11888023-94
0-225 U/mg, Boehringer, Mannheim,
Germany), 0 1 mg/ml DNAse (Boehringer),
0- 1 mg/ml trypsin inhibitor (Sigma), and anti-
biotics (see above) for four hours at 370C.

Secondly, the incubation was repeated using
new medium of the same composition for 12
hours overnight at 37°C. The next morning
many of the gut samples of the adult pigs were
completely digested, in some experiments the
remaining tissue fragments were pushed
through a steel mesh (200 ,um pore size) and
the resulting suspension was collected. After
each step, the cells in the supernatant were fil-
tered through a stainless steel sieve and col-
lected in 50 ml centrifugation tubes. The
suspensions were washed twice (400 g, 10
min) and resuspended in RPMI 1640 contain-
ing 0-1 mg/ml DNAse. The cells were then
transferred to a known amount of RPMI 1640
supplemented with DNAse. In some experi-
ments, representative tissue fragments were
examined by routine histological tests at the
different stages of the separation procedure.
The cells of the two EDTA incubations were
pooled as the first fraction (EDTA fraction).
The second fraction was obtained after the
short four hour collagenase treatment, and the
12 hour overnight incubation resulted in the
third cell fraction. To exclude possible detri-
mental effects of the incubation procedures on
the lymphoid cells, in one experiment ficoll
hypaque separated blood lymphocytes and in
two further experiments cells from mesenteric
lymph nodes were incubated using the same
separation procedure. The effects of these
treatments on the control suspensions were
analysed by comparing their phenotype before
and after the incubation steps using flow
cytometry.
Lymphocyte counts were performed in a

haemocytometer using a phase contrast micro-
scope at X500 magnification and the yields of
lymphocytes per gram (g) of tissue calculated.
Giemsa stained cytospots were used to deter-
mine the percentage of small lymphocytes,
large lymphocytes, granular lymphocytes,
plasma cells, eosinophils, and mast cells.
Without further purification, the lymphocyte
subpopulation indices were determined in the
cell suspensions by flow cytometry (FACScan,
Becton Dickinson, Heidelberg, Germany)
using monoclonal antibodies against pig
lymphocyte surface antigens (CD2 (pan T
cells in pigs), CD4, CD8, antipig IgA, antipig
IgM, macrophages (mAb 74-22-15),22 23 with
a phycoerythrin labelled second stage antibody
(goat antimouse b-phycoerythrin, Dianova,
Hamburg, Germany). In forward/side scatter
dot plots, a lymphocyte gate was determined
for each suspension. The cells in the gate
positive for each antibody were determined
using fluorescence histograms.
A modification of the method described by

Westermann et al 24 was used to detect the
incorporated BrdU and the lymphocyte sub-
sets in the proliferation study. On cytospots,
the subsets were determined using CD2, CD8,
antipig IgA, and antipig IgM monoclonal anti-
bodies, a secondary antibody (Z259, Dako,
Hamburg, Germany), and the alkaline phos-
phatase anti-alkaline phosphatase technique
(APAAP D65 1, Dako) with fast blue dye.
The DNA was then denaturated with form-
amide/sodium hydroxide. The incorporated
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Figure 1: Lymphocyte yield per gram ofjejunal and ileal
mucosa in S day old and adult (14 month) normal pigs.
The lymphocytes were isolated by twoxone hourEDTA
treatment and by a short (four hour)and an overnight (12
hour) incubation with coUlagenase. The data are shown in
this and the subsequent illustrations as mean (SD). The
cellyield was calculated based on lymphocyte counts made
by phase contrast microscopy.

BrdU was determined using a monoclonal
antibody against BrdU (anti-BrdU, Becton
Dickinson, Heidelberg, Germany) and the
immunoperoxidase method (Z259 and PAP
P850 complex, Dako). The cells positive for
each subset were counted on the cytospots and
each checked for BrdU incorporation.
For statistical analyses of results, mean (SD)

of the data were calculated. The Mann-
Whitney U test was used and p<005 was
taken as significant.

Results

SEPARATION PROCESS AND CELL YIELD
Histological sections of tissue fragments,
acquired during the separation procedure,
showed that after EDTA treatment all
epithelial cells of the villi and most of the
intraepithelial lymphocytes had been removed.
After the four hour incubation with collagenase
the connective tissue of the villi had been
digested, but the lamina propria between the
crypts was still intact. The tissue of 5 day old
pigs and of germ free animals was already
totally dispersed after this incubation step. In
all other samples of adult pigs, the whole tissue
was digested at the end of the experiments
after a further 12 hours of collagenase incuba-
tion. The lymphocyte viability was greater than
90% in the trypan blue exclusion test. Phase
contrast microscopy was an efficient method to
count the number of lymphoid cells in the
resulting suspensions. The lymphocyte yield
was expressed in lymphocytes per gram of
tissue. One gram was equivalent to 5-2 (0 9)
cm2 gut tissue in 14 month old pigs. Figure 1
shows the lymphocyte yield of 5 day and of 14
month old pigs. Most cells were isolated in the
first and the third fractions (EDTA incubation
and 12 hour collagenase treatment). Fewer
lymphocytes were obtained from the ileal than
the jejunal mucosa (Fig 1). In 45 day old germ
free animals, the cell yield was comparable
with that of 5 day old normal pigs (jejunum
first fraction: 3-8 (2-8)X106, second fraction:
1-5 (2) X 106). Lymphocyte numbers isolated

from the tissues of the 9 month old pigs were
about 50% lower than from the 14 month old
animals.

CELL DIFFERENTIATION
The cytospots contained debris and many
dead epithelial cells and these were excluded-
from the evaluation. While the percentages
of lymphocytes, granular lymphocytes,
eosinophils, and mast cells were easily deter-
mined, it was difficult to differentiate between
large lymphocytes and immature plasma cells.
Small lymphocytes and eosinophils predomi-
nated in the jejunum and ileum of 5 day old
animals (for example, second fraction of
ileum: lymphocytes=36-9 (85)%/,
eosinophils=54 1 (10-2)%) and of germ free
pigs. In the jejunum of 14 month old pigs (Fig
2), the first EDTA fraction contained many
small or granular lymphocytes and a signifi-
cant proportion of eosinophils (4 0 (2-3)%).
In the second fraction after four hours of
collagenase treatment, the percentage of gran-
ular lymphocytes from the jejunum had
decreased but more eosinophils were found
(12-9 (3.5)O/0). Further collagenase incuba-
tion for 12 hours resulted in an increase in the
plasma cells and mast cells (Fig 2). In the
ileum of 14 month old pigs the comparative
number of small lymphocytes was two thirds
and that of plasma cells only one third of the
percentages seen in the jejunal samples. In the
ileum, however, about a threefold increase in
the percentage of eosinophils was found after
EDTA and collagenase incubation. There
were no differences in the cellular composi-
tions of the jejunal as well as the ileal samples
between tissues of the 9 and 14 month old
pigs. In all animal groups the percentage of
eosinophils was significantly higher in the
ileum. The absolute numbers of mast cells
and eosinophils were calculated based on
the lymphocyte counts and the percentage
of lymphoid cells in the differential cell
counts. In the ileum of 14 month old pigs,
the first fraction contained 3-2 (1 9)X 106
eosinophils/g, and the fractions after colla-
genase treatment up to 4-7X 106
eosinophils/g.

M Large lymphocytes = Granular lymphocytes
El= Plasma cells 1MM Eosinophils
M Small lymphocytes = Mast cells
a-

4hour 12 hour
EDTA Collagenase

Figure 2: Mean percentage oflymphoid cells, eosinophils,
and mast cells injejunal cell suspensions isolatedfrom the
mucosa of 14 month old pigs afterEDTA and two
subsequent collagenase incubations. The cell differentiation
was performed on Giemsa stained cytospots.
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Figure 3: Flow cytometric analysis of mucosal cell suspensions isolatedfrom thejejunum of
a 14 month old pig. (A) and (B) Dot plots showing the forward and side scatter values of
all isolated cells. (A) Intraepithelial lymphocytes (IEL): cells isolated by EDTA treatment;
(B) lamina propria lymphocytes (LPL): cells isolated during the overnight 12 hour
collagenase incubation. The delineated populations show the isolated lymphocytes
(lymphocyte gate), in the LPL panel some of the lymphocytes have a higherforward scatter
value, which shows that after collagenase incubation a population of larger cells is isolated
from the lamina propria. (C) and (D)Same cell population as in (B) after gating on

lymphocytes. The cells were stained using CD2+ and IgA+ antibodies and
immunofluorescence. The dot plots show the values of the forward scatter and of the
fluorescence intensity. (C) LPL, CD2+ T cells: the window shows the cells positive for the
T cell marker, many of the cells are small (lowerforward scatter values); (D) LPL, IgA+
cells: the surface IgA+ cells in the window have higherforward scatter values pointing to
their large size. There is a population of cells with largerforward scatter values that were

not stained by T cell antibodies and were negative for surface immunoglobulin, which are

putative plasma cells.

FLOW CYTOMETRY
Blood and mesenteric lymph node lymphocyte
suspensions were incubated using the same
methods to exclude the possible effects of the
separation protocol on the surface antigen
expression of the mucosal lymphocytes. The
forward scatter values of these suspensions
before and after treatment were comparable.

Some differences were found in the lympho-
cyte subsets studied, for example after incuba-
tion the percentage of CD2+ cells was reduced
by <5%, but about 100% less surface Ig+ (sIg+)
cells were found. In all suspensions tested, the
expression values of the lymphocyte antigens
were not affected by the incubation procedure.
The lymphoid cells in the tissue suspensions

were identified and gated using their character-
istic forward and side scatter properties in the
flow cytometer (Fig 3). As young and germ
free animals had few lymphocytes/g tissue (Fig
1), the gating was difficult, because the small
numbers of lymphocytes were engulfed in a

large proportion of red blood cells, dead
enterocytes, and small tissue fragments. Thus,
the gated population contained a certain
number of events that were not lymphoid cells.
This resulted in small percentages of lympho-
cyte subsets in young and germ free pigs. The
comparative number of CD2+ lymphocytes
was low, especially in the ileum (Table I). In
both adult groups (9 and 14 months) the
gating was easier (Fig 3). In the third fraction
of these pigs, a significant proportion of
lymphoid cells was found with higher forward
scatter values, consistent with their larger cell
size (Fig 3), and immunofluorescent staining
showed that some of these larger cells were

sIgt (Fig 3). In this fraction in 9 month old
pigs, however, between 5 and 25% of the cells
in the gate were not labelled by T or

macrophage antibodies and expressed no sIg+
(Table I). As the forward scatter values of
these unlabelled cells were higher than those of
the CD2+ cells (Fig 3), it is unlikely that these
were red blood cells in the gated population.

Figure 4 and Table I show the percentages
of lymphocyte subsets in jejunal cell suspen-

sions of 5 day and 14 month old animals. The
number of macrophages was always lower than
5%, therefore this subset was not included in
Table I. In 5 day old animals a larger propor-

tion of CD8+ lymphocytes was found in the

TABLE I Proportions of lymphocyte subsets in mucosal cell suspensions

_ejunum Ileum

Collagenase Collagenase

EDTA 4 hour 12 hour EDTA 4 hour 12 hour

5 days (%) CD2 59-9 (11-9) 45-8 (8-0) 36-8 (13-0) 46-1 (0-5)
CD4 7-0 (2-4) 6-1 (1-6) 3-2 (1-8) 6-5 (3-4)
CD8 20-2 (14-1) 6-4 (6 7) ND 5 9 (4 5) 12-9 (11-0) ND
sIgA 2-8 (2-4) 2-6 (2-1) 1-7 (1-3) 2-2 (1 9)
sIgM 2-5 (1-9) 2-0 (1 0) 3-4 (4-2) 2-6 (2 9)

Germ free (%/o) CD2 55-9 (6 7) 71-1 (20 5) 12-8 (10 9) 74-2 (11 0)
CD4 20-7 (30 2) 8-8 (2-0) 3-1 (3 4) 11-2 (3 5)
CD8 4-2 (4 8) 15-3 (12-1) ND 1-3 (0 5) 23-6 (10-4) ND
sIgA 1-5 (0 7) 1-7 (2-1) 0-4 (0-1) 2-0 (1-8)
sIgM 1-2 (1-3) 2-7 (1-9) 0-8 (0-1) 2-9 (0 9)

9 months (%) CD2 86-0 (6-5) 90 9 (10 0) 57-6 (20 0) 84-1 (7 7) 93-4 (5-9) 77-5 (8-1)
CD4 7-2 (3 3) 33-4 (12-6) 14-0 (6 8) 3 9 (1 0) 30.7 (9 4) 15-9 (6 5)
CD8 67-5 (10-4) 52-7 (13-7) 32-6 (24-7) 54-5 (10-1) 50 4 (9 6) 39-6 (10-8)
sIgA 1-8 (0 9) 2-7 (2 6) 5 9 (3 6) 1 9 (1 0) 2-8 (1-4) 3-7 (1-5)
sIgM 1-6 (1 1) 6-6 (9 5) 4-1 (3 4) 1-8 (1-4) 1 9 (1-2) 2-3 (1 3)

14 months (/) CD2 95-1 (4-0) 93-6 (2-4) 84-4 (12-8) 95-0 (1-2) 94-9 (2-3) 89-3 (4-4)
CD4 5-6 (2-2) 47-5 (21-6) 26-5 (4-1) 11-5 (10-6) 51-5 (26-3) 37-0 (12-3)
CD8 85-7 (8 8) 86-0 (16-5) 61-1 (29 7) 80-1 (10-4) 83-6 (17-1) 72-9 (23 7)
sIgA 2-2 (1-4) 3-4 (2 0) 12-9 (5-13) 1 9 (0 6) 2-7 (1-5) 8-7 (3 2)
sIgM 1-3 (0-7) 2-1 (1-3) 4-3 (2-4) 1-1 (0-8) 1-4 (1 0) 2-5 (1-8)

Percentages of lymphocyte subsets (mean (SD)) in the mucosal cell suspensions of the jejunum and ileum in 5 day old normal,
45 day old germ free, and 9 and 14 month old normal pigs. The results were obtained by flow cytometric analysis of epithelial cell
suspensions isolated by EDTA incubation and of lamina propria suspensions separated by two subsequent collagenase
incubations. ND=In 5 day old and in germ free animals no 12 hour collagenase incubation was performed as the mucosa was
completely digested after the four hour collagenase incubation.
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Figure 4: Percentage of CD2+, CD4+, CD8+, sIgA+, and
sIgM+ cells in mucosal cell suspensions isolated after EDTA
and two collagenase incubations (four hours and 12 hours).
Suspensions isolatedfrom the jejunum of (A) 5 day old
piglets and (B) 14 month old pigs. * In 5 day old animals
the tissue was already digested after the first collagenase
incubation and the second collagenase incubation was not
performed.

EDTA fraction than in the collagenase
fraction. The sum of the comparative number
ofCD4+ and CD8+ cells was less than the per-
centage of CD2+ cells, providing evidence of a

CD2+CD4-CD8- cell population in young
pigs. Very few sIg+ cells were found (Fig 4A,
Table I). In the ileal suspensions from the
same animals and in the suspensions from 45

day old germ free pigs, a comparable
CD2+/sIg+ subset pattern was seen (Table I).
In germ free pigs more CD4+ than CD8+ were
harvested after EDTA incubation (Table I),
but immunohistological examinations showed
that almost all of these CD4+ cells were
located in the lamina propria (results not
included).

In jejunal and ileal samples of adult pigs (9
and 14 months), the lymphocyte composition
of the three cell suspensions showed consider-
able differences (Fig 4B, Table I). As expected,
the suspensions after short and overnight colla-
genase treatment (second and third fraction)
contained more CD4+ cells than the EDTA
fraction. In comparison with CD2+ cells, the
high percentages of CD4+ and CD8+ cells
show that in the gut samples of these adult pigs
there must be a proportion of CD4 CD8
double positive cells, especially in the fraction
after short collagenase treatment (Fig 4B,
Table I). In the first two suspensions, a small
number of sIg+ cells was detected, but in the
third fraction there was an increased percent-
age of sIgA+ and sIgM+ cells (Table I). In 9
month old animals there was a proportion of
non-T/non-sIg+ cells in the cell fraction after
12 hours of collagenase incubation, as the sum
of CD2+ T cells, sIgA+ and sIgM+ cells was
less than 100% (Table I).

Table I shows the percentages of subsets in
the jejunal and ileal suspensions of all four
animal groups. Although the comparative
subset distribution is important, in view of the
differences in the sizes of each compartment
the absolute numbers (for example, cell yield
per g of tissue) are equally important,
especially for comparing the results of different
studies. Table II shows the absolute numbers
of lymphocytes in each subset per g of tissue in
the jejunum and ileum in all four experimental
groups. Very few cells, mostly CD2+, were
found in the ileum of germ free pigs. In 9
month old animals, a significant proportion
of sIg+ cells was isolated after the EDTA

TABLE II Absolute numbers per gram of tissue in each subset in lymphocyte suspensions from the mucosa

J3ejunum Ileum

Collagenase Collagenase

EDTA 4 hour 12 hour EDTA 4 hour 12 hour

5 daysxlO6/g CD2 3-3 (2-1) 0-6 (0-4) 1 1 (1 0) 0-7 (0 3)
CD4 0 4 (0 3) 0-1 (0-1) 0-1 (0 1) 0-1 (0-1)
CD8 1-2 (0 9) 0 1 (0 1) ND 0-2 (0-3) 0-2 (0-3) ND
sIgA 0-2 (02) <0-1 0-1 (0-1) 01 (01)
sIgM 0-2 (0 2) <0 1 0-1 (0-2) 0-1 (0 1)

Germ freeXl06/g CD2 2-0 (1-2) 1-4 (2-0) 0-2 (0 1) 0-1 (0 1)
CD4 0 4 (0 4) 0-2 (0 2) <0 1 <0 1
CD8 0-2 (0 2) 0-2 (0 2) ND <0 1 <0 1 ND
sIgA <01 <0 1 <0 1 <0 1
sIgM 0-1 (0-1) 0 1 (0 1) <0 1 <0 1

9 monthsxl06/g CD2 15-8 (6 3) 3-3 (2-8) 7-1 (6-1) 10-4 (4 0) 3-9 (0 6) 5-6 (2-1)
CD4 1-3 (0 6) 1 0 (0-5) 1-7 (1 1) 0 4 (0 2) 1-3 (0 7) 1-2 (0 6)
CD8 12-1 (3 9) 2-1 (2 0) 3-8 (3 6) 6-7 (2-6) 2-1 (0-5) 2-8 (1-2)
sIgA 0 3 (0 2) 0 1 (0 2) 0 9 (0 8) 0-3 (0 2) 0 1 (0 1) 0-3 (0 2)
sIgM 03 (02) 0-2 (03) 07 (08) 0-2 (02) 01 (01) 0-2 (01)

14 monthsX 106/g CD2 25-7 (10-7) 7-4 (3 7) 29-7 (9 8) 17-7 (7 5) 4-9 (2 9) 13-3 (6 4)
CD4 1-3 (0 6) 2-9 (1-2) 8-6 (3 9) 1-6 (1-6) 1-9 (1-2) 4-5 (3-1)
CD8 23-5 (8 2) 6-1 (2 9) 21-9 (14-1) 14-8 (6 5) 4-3 (2 8) 11-7 (7 8)
sIgA 0 7 (0 7) 0-3 (0-3) 4-8 (2-7) 0-3 (0-1) 0-1 (0-1) 1-2 (0-6)
sIgM 0-4 (0-3) 0-2 (0-1) 1-6 (1-2) 0-2 (0 1) 0-1 (0 1) 0 3 (0 2)

Absolute yield of lymphocyte subsets/g gut tissue (mean (SD)) in the same experiments shown in Table I. The results were
calculated based on the lymphocyte cell yield determined in phase contrast microscopy and the percentages of lymphocyte subsets
given in Table I (ND, see Table I).
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Figure 5: Newly formed cells in cell suspensions obtained
after the EDTA and 12 hour collagenase treatment steps of
9 month old pig tissues. The animals were given a single
dose ofBrdU and the intestines were sampled 24 hours
later. Using an immunocytochemical double stain on

cytospots, the relative numbers of CD2+, CD8+, IgA+,
and IgM+ cells that had incorporated BrdU were
determined.

incubation, but in both adult animal groups
the largest proportion of sIgA+ and sIgM+
cells was found after the 12 hour collagenase
incubation.

IN VIVO PROLIFERATION STUDY
In the first cell fraction, only the proliferation
of T and CD8+ cells was analysed because
there were too few Ig+ cells in this compart-
ment (Fig 5). In this first jejunal and ileal cell
fraction equal numbers of T cells had incor-
porated BrdU. In the third cell fraction, the
proportion of proliferating lymphocytes was

lower (T cells= 1 1 (0O5)%). Small numbers of
Ig+ cells were BrdU+ (IgA+=1 2 (06)%;
IgM+=08 (05)%).

Discussion
This study was performed to analyse the
kinetics of separation of intraepithelial and
lamina propria lymphocytes and to study the
influence of age and microbial stimuli on the
development of these cells during postnatal
life. In all experiments, the mucosa was com-

pletely digested and the resulting cell suspen-
sions were not purified. The separation
protocol had no important effects on the cells
with respect to the parameters studied.
Important findings concerning the technique
were made that are often not taken into
account in mucosal cell isolation. Firstly,
within the cell suspensions isolated with the
epithelium significant numbers of eosinophils
and sIg+ cells were present, in addition to
many granular lymphocytes and the expected
large proportion of CD8+ cells. Under normal
circumstances, eosinophils and Ig+ cells do not
occur in the intestinal epithelium, as confirmed
by histological examination. Their presence in
the first cell fraction is clear evidence that
these suspensions also contain cells from the
lamina propria, perhaps immediately under the
epithelium. Secondly, after collagenase
incubation, granular lymphocytes were seen,
which are normally only found in the epithe-
lium of the mucosa.25 26 Their occurrence after
the first collagenase incubation is evidence of a

contamination from the epithelial cell pool.
Morphological examination of the cell suspen-
sions using Giemsa stained cytospots was
essential for these findings; the results could
not have been obtained by flow cytometry
alone. Thus, it is important in evaluating pub-
lished data to take into consideration how
intraepithelial or lamina propria cell suspen-
sions have been isolated and purified and
whether the compositions of the cell popula-
tions have been checked before analysis using
sensitive techniques.19 27 Thirdly, it was found
advantageous to split the collagenase incuba-
tion into two sequential steps. Regarding
the total cell composition (lymphoid/non-
lymphoid cells) and the lymphocyte subset
composition, the suspensions after a short col-
lagenase treatment (four hours) were more
comparable with intraepithelial cell fractions.
Only after an overnight collagenase incubation
(12 hours) were all cell populations in the
lamina propria harvested (CD4+ lymphocytes,
sIg+ cells, plasma cells, and mast cells). This
reflects the histological structure of the
mucosa. During the first collagenase incuba-
tion, the villus lamina propria was preferen-
tially dissociated, as seen in histological
sections of the tissue fragments. In immuno-
histological examinations, however, the Ig+
cells were mainly found in the crypts of the
mucosa.428 In agreement with this distribu-
tion, very few sIg+ cells were found after the
first collagenase incubation. The complete dis-
sociation of the crypt areas was necessary to
isolate most Ig+ cells. Based on these findings,
an incomplete digestion of the lamina propria
will selectively reduce the proportion of sIg+
cells in lamina propria suspensions.
One further aspect was that in young

animals, the bulk of cells was already obtained
after two hour EDTA incubation, even with-
out collagenase treatment, because there is less
connective tissue. In mice, a comparable quick
separation has been seen.'2 Therefore, it is
much more difficult to obtain pure intraepithe-
lial lymphocyte suspensions in young animals
or in smaller animals like rodents. These
findings are also relevant for separation experi-
ments in inflamed tissue. The question
remains, however, whether the incubation pro-
tocol should be adapted to the tissue under
examination or whether a standard protocol
should always be used. Harvesting the
separated cells at short intervals was an advan-
tage, because it prevented cell loss resulting
from cell death in the incubation flask and
made it possible to analyse the cell suspensions
in detail. If the tissue localisation of a specific
cell subpopulation is unclear, an immunohisto-
logical examination can help to find out if the
cells in the suspensions originate from the
epithelium or the lamina propria.
As the number of intraepithelial or lamina

propria lymphocytes is low in gut samples of
young or germ free animals,4 29 the high
proportion of epithelial cells and small tissue
fragments may disturb the flow cytometric
analysis of the cell suspensions. This results in
low percentages of lymphocyte subsets (Table
I). Although not performed in this study, the
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proportion of lymphocytes in the gated
suspension can be determined using an anti-
CD45 monoclonal antibody. Another difficulty
was the occurrence of a population of cells not
stained by T or anti-Ig antibodies. These non-
T/non-sIg+ cells had higher forward scatter
values than the CD2+ cells (Fig 3) and it can be
discounted that they were red blood cells.
Plasma cells have little if any immunoglobulin
on their surface,30 so they may not be stained
when anti-Ig antibodies are used in immunoflu-
orescence. The non-T/non-sIg+ cells with large
forward scatter values in the third suspensions
in adult animals (Fig 3) are probably plasma
cells. The discrepancy between the percentage
of sIg+ cells (flow cytometric analysis, Fig 3, 4B,
and Table I) and the large numbers of plasma
cells (Giemsa cytospots, Fig 2) supports this
hypothesis. So far there is no explanation why
the 9 month old animals had more non-T/
non-sIg+ cells than the 14 month old pigs.
Further experiments should include techniques
to detect intracytoplasmic and surface immuno-
globulin to analyse all intestinal lymphoid cells
of the B cell family.

In humans, no data are available on cell
separation in very young children. In young
pigs the cell yield was only 10% of that
obtained in older animals. In germ free piglets
of 45 days of age, cell yield and subset patterns
were comparable with those in 5 day old
normal animals. Together with earlier data,4 29
this is evidence that live microbial antigens are
the main stimuli leading to a postnatal increase
in the T lymphocyte compartments in the gut
wall. The occurrence of a CD2+CD4-CD8-
lymphocyte subset in the flow cytometric
analysis of suspensions obtained from young
animals is confirmation of a comparable
finding in immunohistology.4 It cannot be
excluded that these cells are ry/8 T cell receptor
positive cells, as in pigs there is evidence for a
CD2+ -y/8 T cell subset.31 Lymphocytes
double positive for CD4 and CD8 have been
seen not only in the lamina propria of pigs but
also among the intraepithelial lymphocytes in
rats.32 The finding of the CD4+CD8+
lymphocyte subset in the lamina propria of
adult animals showed that these lymphocytes
are activated to a high extent, because
CD4+CD8+ lymphocytes were found after
activation of pig lymphocytes.33
The relative proportions of mast cells to

lymphoid cells isolated from the mucosa in the
third fraction are comparable with results
obtained by histological examination using
specific detection methods for mucosal mast
cells.34 The isolation technique is an easy
method to determine the population of mast
cells and other non-lymphoid immune cells in
all mucosal cell suspensions. Large numbers of
non-lymphoid cells can be isolated for func-
tional tests in vitro. In relative numbers, the
small intestine of 5 day old pigs contains many
more non-lymphoid immune cells than
lymphocytes. In particular, eosinophils are the
first cells extravasating into the intestinal
mucosa and performing non-specific immune
responses to the antigens appearing in the gut
after birth.

The turnover of the intraepithelial lympho-
cytes is not yet clear. It has been reported that
these cells proliferate in vivo16 18 19 and in
vitro.8 In contrast, in a study using the mono-
clonal antibody Ki-67, which stains proliferat-
ing cells, Halstensen et al 17 could not detect
positively stained cells in the normal human
intestinal epithelium. In our experiments many
more intraepithelial T cells were seen in the
cell cycle during the 24 hour observation
period than T or Ig+ cells in the lamina
propria. Intradermal lymphocytes have a com-
parable production rate with those in the
intestinal epithelium, but the number of
BrdU+ cells in peripheral lymph nodes was 10-
fold lower.35 It is a matter of speculation
whether all labelled cells were produced in the
epithelium or lamina propria of the small intes-
tine or whether they migrated into these tissue
sites within the 24 hour period after the BrdU
injection, or a mixture of both.
The total cell yield seen in adult pigs

(7X107/g) was within the range reported for
human mucosa.10 13 36 It was difficult to com-
pare these data as few studies stated whether
the whole tissue had been digested and how
many cells had been lost during density
gradient centrifugation.13 In this study the
absolute cell yield was expressed per gram of
gut tissue, that is the weight of the mucosa and
the muscle layers. It is suggested that the cell
yield per gram of stripped mucosa is possibly a
better basis for comparison as changes in the
weight of the musculature would not then
influence the results. The absolute cell yield
per gram of tissue can be used as a basis to
estimate the size of the mucosal lymphocyte
pools. In this study, the similar cell numbers in
adult animals after the EDTA and collagenase
treatments show that the intraepithelial and
lamina propria cell pools are comparable in
these pigs. Based on these results, it can be
extrapolated that the small intestines of 14
month old pigs weighing about 50 kg contain a
total of 7 X 109 intraepithelial and lamina
propria lymphocytes per metre (weight of 1 cm
of small intestine= 1 g; total lymphocyte yield
per g=about 7-0X107/g; 10OX7-0X 107 lym-
phocytes=7>X 109 cells/m). This is low in com-
parison with the absolute number of IOX109
plasma cells per metre reported in the human
small intestine.37 However, the order of the cell
pool size is comparable. It has been calculated
that a 30 kg pig has a total of 321 x 1O9 lym-
phocytes.38 As the small intestine of 14 month
old animals is 7 to 10 metres in length, more
than 10% of the total lymphocytes of the pigs
body are distributed in the epithelium and
lamina propria of the small intestinal mucosa.

In conclusion, the results show the impor-
tance of a careful separation protocol, modified
according to the normal or diseased state of the
tissue examined. A combination of lymphocyte
counts, calculation of the cell yield/g, morpho-
logical cell differentiation, and lymphocyte
subset analysis is essential to acquire reliable
data about lymphoid and non-lymphoid cells
in the compartments of the mucosa. These
studies, especially those in young piglets, are
important for clinical research. They can serve
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as a model for the examination of evolving
mucosal cell populations in postnatal develop-
ment when the body is first facing microbial
and nutritional antigens in the gut lumen.
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