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T-cell populations in the pig intestinal lamina propria: memory cells with unusual
phenotypic characteristics

K. HAVERSON, M. BAILEY & C. R. STOKES Division of Molecular and Cellular Biology, University of Bristol, Langford,
North Somerset, UK

SUMMARY

We have previously presented evidence of a highly organized and compartmentalized structure of
the small intestinal lamina propria of the pig. In this study, we conducted a detailed analysis of
the T-cell populations found at this site, and compared these T cells with cell populations found
in other tissue sites and the periphery. We showed that the CD4* and CD8" T-cell populations
found in the pig gut are of memory phenotype, defined by CD45 isoform expression, but show
few signs of recent activation. They show a high degree of phenotypic and therefore presumably
functional homogeneity. Both CD4- and CD8-positive cells show strong parallels in the patterns
of surface molecule expression, suggesting similar pressures on differentiation. The unique
combination of surface molecules found on lamina propria T cells is found only infrequently on

cells in other lymphoid sites.

INTRODUCTION

The immunological tissue of the gut (GALT) has two major
components: the so-called organized lymphoid tissue of the
Peyer’s patches (PP) and the diffuse lymphoid tissue of the
remaining gut containing large numbers of T and other cells,
both in the epithelial compartment and the lamina propria
(LP). PP are generally accepted to be inductive sites, but LP
T cells are thought to be predominantly of memory phenotype.
Two major hypotheses for the role of LP T cells have been
advanced: they may fulfil surveillance functions and provide
recall responses to enteric pathogens, or they may be involved
in the regulation of immune responses to harmless commensal
bacteria or food-derived antigens. Functional evidence for
both these roles has recently emerged.!-?

If LP T cells are classical memory cells providing defence
against gut pathogens, several inconsistencies, both functional
and phenotypic, need to be explained: systemic memory T cells
respond vigorously to specific recall antigen, and secrete high
levels of cytokines, whereas naive T cells require a greater
degree of stimulation and respond less vigorously.® T cells
from the LP rarely show such antigen-specific proliferation.
This is true for mucosally as well as peripherally administered
antigens, including rectally administered ones, in spite of clear
proliferative T-cell responses from other sites.*> It has also
been reported that human CD4" LP T cells respond with low
interleukin (IL)-2 secretion and poor proliferative responses
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following ligation of the CD3/T-cell receptor (TCR) complex,
but high IL-2 secretion and relatively greater proliferation has
been reported following stimulation with concanavalin A (Con
A) or via CD2,% although proliferative responses are still at a
reduced level relative to peripheral T cells. We have previously
found that following polyclonal activation, pig LP T cells
express the IL-2 receptor (IL-2R) with kinetics similar to those
of peripheral T cells. However, although they express mRNA
encoding IL-4 and secrete high amounts of this cytokine,
message for IL-2 is only transiently expressed and IL-2
secretion is very low.” Phenotypically, although human LP
T cells have been reported to be predominantly of memory
phenotype, the levels of CD29, elevated on peripheral memory
T cells, are low.® However, human LP T cells are thought to
show evidence of activation in situ.*°!

The question arises whether cells in the LP are a memory
T-cell subset, which can also be found in other peripheral or
tissue sites, or whether they are a fundamentally different set
of effector T cells, reflected by a fundamentally different pheno-
type, supporting the second hypothesis.

In this study, we have conducted a detailed phenotypic
analysis of pig LP T cells, in comparison with T cells isolated
from other sites, to approach this question. The pig has a
number of advantages for studies specifically of this diffuse
immunological tissue: the pig is a large, monogastric omnivore
and therefore unlike humans, comparison of systemic and
intestinal cells is possible in normal individuals. Unlike rodents,
our method allows largely separate analysis of PP cells, LP
cells and intraepithelial lymphocytes.

T cells from peripheral sites and solid lymphoid tissue are
functionally and phenotypically heterogeneous in all species
studied. Both CD4* and CD8™* cells can be further subdivided
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by the expression of surface molecules, reflecting their develop-
mental and activation status, such as the expression of CD45
isoforms,!?1* adhesion molecules, major histocompatibility
complex (MHC) class II and the IL-2 receptor. Pig T cells
show a further level of heterogeneity. There are a number of
cell types that are only rarely seen in other species, such as
large numbers of CD4/CDS8 double positive as well as
CD4/CDS8 double-negative T cells.'!5 Furthermore, two sur-
face molecules have been identified on pig T cells that are also
associated with their activated/memory status. The surface
molecule recognized by SwCl is lost following activation,'®
while that associated with SwC8 is found on T cells with blast
morphology.!”

MATERIALS AND METHODS

Cell isolation

Leucocytes were isolated from thymus (THY ), spleen (SPL),
peripheral blood (PBL), mesenteric lymph node (MLN),
prefemoral lymph node (PFLN) and jejunal LP.

Peripheral blood was collected with the addition of 1 mm
EDTA and isolated by density-gradient centrifugation.

LP leucocytes were isolated from the ileum by a method
described previously.!® Briefly, an inverted, inflated gut sac
was incubated in 1 mm EDTA in calcium- and magnesium-
free Hanks’ balanced salt solution (HBSS) at 37° on a shaking
platform for a total period of approximately 3 hr. The tissue
was then digested in RPMI Dutch Modification (Life
Technologies Ltd, Paisley, UK) containing 100 U/ml col-
lagenase (Collagenase Grade V; Sigma, Poole, Dorset, UK)
at 37° for 1 hr. Tissue fragments from lymph nodes and spleen
were similarly digested. This was followed by isolation of
leucocytes on a 40%/75% Percoll gradient. Thymocytes were
isolated by mechanical disruption.

Monoclonal antibodies (mAbs)

Antibodies to CD2 (clone MSA4), CD4 (clone 10-2H2) and
CD8 (clone 76-2-11) were donated by Dr J. K. Lunney
(USDA, Beltsville, MD); to CD3 (clone FY 1H2) by Dr H.
Yang (Pirbright, Woking, UK); to CD18 (clone PNK-I) by
Dr Y. B. Kim (Finch University of Health, North Chicago,
IL); to CD29 (clone UCP 1D2) by Dr F. Zuckermann
(University of Illinois, Urbana, IL) and to CD44 (clone
BAG40 A) by Dr W. Davis (Washington State University,
Pullman, WA). We thank all donors for the use of their
antibodies. The anti-CD25 (clone K231.3B2), CD45 (clone
K252.1E4), CD45RA (clone MIL13), CD45RC (clone MILS),
SwCl1 (clone K263.3D7), SWC8 (clone MIL3) and anti-MHC
class II DQ (clone K274.3G8) antibodies were prepared by
the authors.

Flow cytometry

Leucocytes (1 x 10°) were suspended in 50 pl of phosphate-
buffered saline (PBS) containing 0-2% sodium azide (PBSA)
and incubated with 50 ml each of optimized concentrations of
mADs for 1 hr at 4°. Cells were washed in PBSA and incubated
with 50 pl each of pretitrated isotype-specific affinity-purified
goat antimouse antisera, biotinylated or conjugated to fluor-
escein isothiocyanate (FITC) and phycoerythrin (PE), respect-
ively (Southern Biotechnology, Birmingham, AL). For two-
colour flow cytometry, only PE and FITC conjugates were
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used; for three-colour flow cytometry, the third colour was
visualized using the appropriate isotype-specific biotinylated
antiserum followed by a third step consisting of the addi-
tion of 1pl of streptavidin—Tricolor (Caltag Laboratories,
Burlingame, CA). Cells were washed in PBSA, and fluores-
cence was quantified using an EPICS Flow Cytometer (Coulter
Electronics, Luton, Bedfordshire, UK). Isotype-matched pure
mouse immunoglobulins were used to determine non-specific
fluorescence of controls. Cells were electronically gated to
exclude contaminating erythrocytes, small debris (FALS) and
granulocytes (RALS). For three-colour flow cytometry, elec-
tronic gating based on co-expression of CD45RC, CD4 and/or
CD8 was used to identify T cells of memory phenotype. The
two-colour flow cytometric studies were repeated for six ani-
mals; the three-colour studies were conducted for three
animals.

Animals
Samples were taken from slaughter-weight healthy pigs of
White Landrace breed.

RESULTS
CD3, CD4 and CDS8 expression

With the exception of the thymus, all cells expressing CD4 or
high levels of CD8 co-expressed CD3 and were therefore, by
definition, T cells (Fig. 1la). Co-expression studies or gating
were therefore conducted on cell subsets that expressed either
CD4 or high levels of CDS8. The ratio of CD4" and CDg"e"
cells was slightly skewed towards CD8™ cells in LP; the mean
CD4* :CD8Meh ratio in LP was 0-71:1 and in other peripheral
tissues 1-01:1. The two wunusual pig T-cell subsets,
CD3*/CD4*/CD8* and CD3*/CD4~/CD8~ were also com-
pared among LP and other tissues. We observed variable but
significant numbers of CD3*/CD4~/CDS8~ in most peripheral
tissues (21%+14) and also in thymus, but consistently low
numbers in the LP (7%+4) (Fig. 1a). The CD4"/CD8" cell
population (Fig. 1b) was seen as a distinctive subset with
intermediate levels of CD8 expression in all peripheral tissues
(32%+0-3). In the LP, a smaller percentage of CD4* cells
(17%+8) co-expressed CDS8 and at comparatively low levels.
Additionally, a CD3~ cellular subset expressing CD8 at low
intensity was found, which was most numerous in peripheral
blood and splenocytes, but was not present in LP. These cells
have been reported to be natural killer (NK) cells.'®

Levels of other surface molecules, such as CD45, CD3 and
CD2 in LP, were comparable to the levels observed in other
tissues (data not shown).

CD45 isoforms

T cells from the periphery and other lymphoid tissue showed
a highly heterogeneous expression of these surface molecules.
A small percentage of LP T cells showed co-expression of
these surface molecules; however, the intensity of this
expression was consistently lower than on T cells from other
sites (Fig. 2(a), 2(b) and Table 1).

Activation status

A similar number of peripheral, lymphoid and LP T cells
expressed MHC class II (Fig. 2(a), 2(b) and Table 1). The
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Figure 1. (a) CD3 expression on CD4- and CD8-positive T cells. (b) CD8 and CD4 co-expression. Representative sample of
six animals.
Table 1. MFI (mean fluorescence intensity) of second surface molecule on CD4- and CD8-positive cells
CD4 CD8
CD45RA CD45RC CD25 MHC class II SwC8 CD45RA CD45RC CD25 MHC class II SwC8
LP 166 260 179 206 197 203 334 138 187 296
SPL 198 312 207 256 328 291 438 132 203 369
PBL 218 400 252 253 303 356 453 187 237 504
MLN 209 330 328 238 258 288 445 252 213 526
PFLN 194 337 306 232 253 278 469 288 189 504
THY NA 235 NA 234 248 NA 305 NA 262 359

Leucocytes were isolated from jejunal lamina propria (LP), mesenteric lymph nodes (MLN), peripheral blood (PBL), preformal lymph
nodes (PFLN), spleen (SPL) and thymus (THY).
Values presented represent one out of a total of six experiments.
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Figure 2. (a) CD45RA, CD45RC, CD25, MHC class II and SwC8 expression on CD4-positive T cells. Representative sample of
six animals. (b) CD45RA, CD45RC, CD25, MHC class II and SwC8 expression on CDS8-positive T cells. Representative sample

of six animals.

number of LP CD4" cells expressing the CD25 surface
molecule was higher than in other tissues; however, the inten-
sity of this expression was relatively low in comparison to

from LP T cells.

levels found on activated cells in the peripheral and lymphoid

populations (Fig. 2(a), 2(b) and Table 1). The expression of

Adhesion molecules

SwCl1, a marker for resting T cells, was variable on T cells

from peripheral sites, but consistently high on LP T cells
(Fig. 3).The new pig cluster determinant, SwCS8, found to be
expressed at high intensity on T cells of blast cell phenotype,®
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was present on a distinct subset of lymph node and peripheral
cells (Fig.2(a), 2(b) and Table 1), but was largely absent

A comparison of cell adhesion molecules on memory T cells
(gated for lack of expression of CD45RC) from spleen, MLN
and LP showed that LP CD45RC-negative T cells showed
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Figure 2. (continued)
consistently lower levels of all three adhesion molecules in DISCUSSION

comparison with the other two tissues (Fig. 3). Approximately
50% of LP CD8" cells did not express any CD18 and LP
CD47" cells expressed CD18 at slightly lower levels than
comparable cells from spleen and MLN. LP T cells expressed
CD29 at levels comparable to those found on MLN cells,
whereas splenic T cells showed biphasic and comparatively
higher levels of CD29. CD44 expression was uniform for both
CD4% and CDS8™ cells within each tissue, but differed between
tissues, with LP T cells expressing the lowest and splenic T cells
the highest levels.

Recent studies in humans and rodents have begun to demon-
strate that the intestinal LP is not a simple effector site.

As reported for other species, our results demonstrate that
pig T cells isolated from the periphery and various lymphoid
organs are a heterogeneous mixture of cells, indicative of
dynamic cell populations in various states of activation, age
and functional specialization. In contrast, we found that the
LP T-cell phenotype was much more restricted. This homogen-
eity was accompanied by a high degree of spatial organization,
as shown in previous immunohistochemical studies.?>*! We
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Figure 3. Expression of CD18, CD29, CD44, SwC1 and SwC8, gated on CD45RC-negative, CD4-positive (a) and CD45RC-
negative, CD8-positive (b) memory T cells. Representative sample of three animals.

observed the two major T-cell subsets, CD3"/CD4" and
CD3*/CD8" cells, in a ratio comparable to that found in
other sites; this agrees with findings in other species.??> These
two major subsets were highly homogeneous and showed
closely parallel phenotypes. T-cell subsets, uniquely present in
pigs and reported by other workers, such as the
CD3*/CD4*/CD8* and the CD3*/CD4~/CD8 cells,'**3
were reduced in numbers.

The increased number of CD25% LP T cells, reported in
other species, has generally been interpreted to be indicative
of an increased activational status of these cells.#10-22:24
However, although the number of CD25% T cells in the pig
was relatively high, in agreement with findings for humans,
their mean fluorescence intensity was consistently low. This
was not a result of the inability of LP T cells to express the
IL-2R, as we have shown previously that pig LP T cells express
CD2S5 in similar proportions and at similarly high intensity to
splenocytes following ConA activation in vitro.”!8 In a recent
study of CD4" and CD8* LP cells in healthy macaques, a
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significant proportion of LP T cells expressed CD25, but the
intensity of this expression was also very low.?® Interestingly,
exposure to viral infection, in this case simian immunodefici-
ency virus (SIV), resulted in a considerable increase in intensity
of CD25. LP T cells in pigs and other species therefore appear
to have a low surface density of CD25, indicating either cells
that have not experienced maximal stimulation or cells of
advanced memory phenotype, where CD25 has been largely
lost again.!*2° In either case, these T cells do not appear to
be at a stage of maximal stimulation. The expression of CDS§
on peripheral CD4 " pig T cells is also thought to be indicative
of activation.!> CD8 co-expression on LP CD4" cells was
present but also relatively low. MHC class II, another acti-
vation marker, was expressed on pig LP T cells at levels similar
to that found in the periphery. In addition, expression of two
cluster determinants, uniquely characterized in pigs, also sug-
gests that these are not classical activated cells. Both SwCl
and SwCS8 have been clustered in recent pig CD workshops.!¢-27
SwCl is recognized by our antibody K263.3D7 and represents
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a surface molecule of 21 000 MW, which is widely expressed
on resting T cells and monocytic and myeloid cells. SwCl
expression has been found to be down-regulated rapidly
following activation,'® yet LP T cells show uniformly high
expression. SwC8 is recognized by our antibody MIL3 and
represents a surface molecule of 32000 MW.17-28 SwC8 is
expressed at high intensity by T-cell subsets from peripheral
sites and lymph nodes with light scatter characteristics of blast
cells, but expressing both high- and low-molecular-weight
isoforms of CD45. Very few LP cells express SwCS8.

In agreement with findings for other species, the lack of
expression of the low-molecular-weight isoforms, CD45RA
and CD45RC, on the majority of LP T cells, suggests that
these cells are antigen experienced. A small percentage of cells
express CD45RC, but again at comparatively low levels.
However, other cell-surface markers elevated on classical
memory T cells, such as the adhesion molecules CD18, CD29
and CD44, were relatively low. In fact, CD8™ cells from the
LP contained a large subset of cells that were CD18 negative.
Relatively low levels of CD29 have also been reported for
human LP T cells.® The evidence for the memory status of pig
LP T cells is therefore contradictory. It has been suggested
that CD45 isoforms are not reliable indicators of memory cells
because human CD45RO™* cells can re-express CD45RA in
vivo.?° Reversion of CD45RC~ memory cells to CD45RC*
expression has also been reported in the rat, both in vivo and
in vitro.’° However, loss of CD45RC is certainly driven by
antigenic exposure and therefore by definition indicative of a
‘memory’ cell. Thus, although memory T cells may express
CDA45RC, there have been no reports of mature antigen-naive
T cells expressing CD45RO or lacking CD45RC. Additionally,
developmental studies have shown that the appearance of
T cells in the LP of the pig is driven entirely by antigen because
the LP of newborn®! and gnotobiotic piglets*? is devoid
of T cells.

This conflicting evidence highlights the difficulties in dis-
tinguishing molecules associated with memory rather than the
activational status of a cell. As yet, the time course of
acquisition and subsequent loss of such surface molecules in
vivo is largely unknown. The combination of these activation/
memory-associated molecules on the cell surface must presum-
ably depend on the exact time point and degree of antigenic
stimulation experienced by the cell, which in the case of LP
cells appears to be different from the one of classical memory
cells, but similar for the majority of both CD4* and CD8*
cells.

We suggest that the overall evidence shows that pig LP
T cells are antigen-driven and antigen-experienced cells, but
with features that distinguish them from classical ‘memory’
cells. The overall evidence is compatible with T cells of
advanced memory status, where some molecules, usually
associated with activation/memory, have been lost again.

Functional studies of LP T cells support the conclusion of
fundamental differences between LP and peripheral T cells in
the pig: in vitro-activated pig LP T cells transcribe IL-4 in
preference to IL-2,7!8 again consistent with advanced memory
status.!® These cells occupy an environment of potentially high
antigenic exposure, which contains many cells with high levels
of MHC class II. We have previously reported high levels of
MHC class II antigens on other cells in the pig intestinal
LP,?%21-33 including on endothelial cells. Such non-professional

antigen-presenting cells (APC) have the potential to anergize
T-cell responses.>* The low levels of adhesion molecules, such
as CDI18, CD29 and CD44, may also be relevant in this
respect. Such adhesion molecules are important in cell—cell
interactions, especially between T cells and APC. The low
levels of these molecules on LP T cells suggest a lack of
important functional properties usually found in memory cells.
The memory status of these cells, and their failure to secrete
IL-2 after activation, raises questions as to their functional
response following local antigenic stimulation. Highly differ-
entiated cells become increasingly prone to apoptosis and are
dependent on exogenous cytokines for survival.!> We suggest
that this may also be true for pig LP T cells, rendering them
suitable targets for immunoregulation.

There are clearly differences between species. Human LP
T cells are capable of secreting IL-2 following stimulation via
CD2%%:3¢ and show signs of activation other than CD25
expression, i.e. the very early activation antigen CD69.° The
population of cells in human and mouse is also more hetero-
geneous: greater numbers of CD45RA* cells — &~ 10-20%2433
— may affect the response. However, it seems unlikely that the
fundamental immunological function of the same organ varies
between different species.

We suggest that, in spite of some genuine differences
between species, there are sufficient unusual phenotypic and
functional characteristics to question the role of LP T cells in
local immune responses. This population may not be capable
of responding to, or even be specific for, antigens of enteric
pathogens, but may represent a population undergoing local
regulation or negative selection.
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