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Differential regulation of leucocyte L-selectin
(CD62L) expression in normal lymphoid and
inflamed extralymphoid tissues

J M Munro, D M Briscoe, T F Tedder

Abstract

Aims—To study tissue expression of
L-selectin, a leucocyte cell surface mol-
ecule that is considered to be involved in
adhesion to certain endothelia, particu-
larly in peripheral lymph nodes and
during inflammation, and is shed upon
leucocyte activation.
Methods—Leucocytes were examined by
immunochistochemistry and double im-
munofluorescence staining in various
lymphoid sites and normal and inflamed
extralymphoid tissues.
Results—L-selectin was present on mantle
zone B lymphocytes in different lymphoid
sites, including in intestinal lymphoid tis-
sue, but was absent on germinal centre B
cells. Splenic white pulp B cells also
expressed L-selectin. The proportion of T
lymphocytes expressing L-selectin de-
pended on the site under study, being
greatest in peripheral lymph nodes (mean
48% of T cells positive), and lower in
mucosal lymphoid sites and spleen (9 and
11% positive, respectively). Non-lympho-
cytic L-selectin staining was observed on
follicular dendritic cells in tonsils and on
macrophages in thymus. L-selectin posi-
tive leucocytes were rare in normal extra-
lymphoid tissues, and relatively few were
seen in most inflammatory settings. How-
ever, in rejecting renal transplants, a
higher proportion (30%) of leucocytes
expressed L-selectin.
Conclusions—OQOverall, the results indicate
how the degree of L-selectin expression by
leucocytes in particular tissues may re-
flect a requirement for L-selectin expres-
sion for entry into those tissues and the
activation state of leucocytes once local-
ised there.

(¥ Clin Pathol 1996;49:721-727)
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Adhesion of leucocytes to endothelium is a key
event in lymphocyte recirculation and inflam-
mation. Lymphocyte entry into secondary
lymphoid organs is initiated by the binding of
lymphocyte “homing” receptors to their re-
spective specific “vascular addressin” counter-
receptors located on the luminal surface of
lymph node and Peyer’s patch high endothelial
venules.' > One lymphocyte cell surface mol-
ecule that supports such adhesive interactions

is L-selectin (CD62L, LAM-1, Leu-8, or
LECAM-1).>* L-selectin is a cell surface
glycoprotein present on most circulating
human lymphocytes.* It contains a terminal
C-type lectin domain, a domain homologous
to epidermal growth factor, and domains shar-
ing homologies with complement regulatory
proteins.’ ’

Using an in vitro binding assay developed by
Stamper and Woodruff,' the homologous
mouse antigen was found to mediate the bind-
ing of lymphocytes to peripheral lymph nodes,
but not to Peyer’s patch high endothelial
venules.® Lymphocyte binding to Peyer’s patch
high endothelial venules was subsequently
shown to involve 047 integrin.’ Mice possess-
ing a mutant L-selectin gene that results in the
complete loss of cell surface expression have
been generated by gene targeting.'” Lym-
phocytes from these mice are unable to bind to
peripheral lymph node high endothelium.
However, previous experimental findings that
lymphoma cells which selectively bind to
peripheral lymph node high endothelial
venules can also spread to Peyer’s patches,"
and that F(ab) fragments of anti-L-selectin
antibody can reduce the migration of lym-
phocytes to Peyer’s patches,'” suggest that
L-selectin may have a more general contribu-
tion to supporting lymphocyte trafficking than
just in peripheral lymph nodes. In addition,
short term homing experiments using lym-
phocytes from L-selectin deficient mice dem-
onstrate that L-selectin is involved in regulat-
ing lymphocyte homing not only to peripheral
lymph nodes, but also to Peyer’s patches and
spleen.'® Overall, experimental evidence sug-
gests that L-selectin plays a major role in lym-
phocyte homing to peripheral lymph nodes,
but may participate to a lesser degree in hom-
ing to other lymphoid tissues.

L-selectin is, however, expressed by all types
of circulating leucocytes and this molecule also
mediates the leucocyte—endothelial interac-
tions, particularly initial rolling adhesion, that

occur at extralymphoid sites during
inflammation.” ®* *'*  Antibodies  directed
against L-selectin or an  L-selectin/

immunoglobulin Fc region chimera inhibit
inflammation in animal models” '®* and
L-selectin deficient mice have impaired neu-
trophil emigration into inflammatory sites.'
The molecule is shed from leucocytes—for
example, myeloid cells, upon activation in
vitro."* Lymphocytes also shed L-selectin upon
activation.” As T lymphocytes develop into
memory cells, these may again express
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L-selectin.” It is also noted that the state of
molecular activation of L-selectin can affect its
adhesiveness.”

The exact nature of the key endothelial
structure that L-selectin binds to is unknown,
but seems to be a carbohydrate. L-selectin can
bind to the carbohydrate moiety sialyl-Lewis®,
which is expressed by endothelium, but as the
L-selectin ligand requires sulphation, this indi-
cates that sialyl-Lewis* per se is not the
ligand.”? ¥ The relevant endothelial carbohy-
drate, whatever it is, rests on protein back-
bones, such as those of CD34 and GlyCAM-
1.*? The carbohydrate also seems to be
present on mucosal addressin cell adhesion
molecule-1 to some degree,*® which is consist-
ent with limited binding of L-selectin to
mucosal endothelium. The functional carbo-
hydrate ligand for L-selectin is recognised by
antibody MECA-79, which shows an upregu-
lation of endothelial expression during inflam-
mation.”’

Previously, human L-selectin expression has
been identified in vivo on mantle zone B cells
in lymph node and tonsils.”® In the present
study we sought to assess the expression of
L-selectin by both T and B lymphocytes in
various lymphoid tissues. The findings in-
cluded that L-selectin positive T cells were
more likely to be present in peripheral lymph
nodes than in mucosal lymphoid tissue,
consistent with a particular role for L-selectin
in extravasation of lymphocytes in the former
tissue. In addition, we assessed inflamed
tissues; there was generally little expression of
L-selectin by accumulated leucocytes, in keep-
ing with shedding of L-selectin upon cellular
activation, although in kidney transplants
undergoing rejection, a relatively high
proportion of leucocytes, identified as T cells,
expressed L-selectin.

Methods
Tissues were obtained from either surgical
material or postmortem examinations per-
formed within 24 hours of death, during which
interval leucocyte antigens are well preserved.”
Blocks of tissue along with pellets of isolated
peripheral blood leucocytes from four normal
donors were snap-frozen in isopentane/liquid
nitrogen for cryostat sectioning. The tissues
were either lymiphoid tissues, or normal or
inflamed extralymphoid tissues as follows:
peripheral lymph node (five cases); small intes-
tinal or appendiceal lymphoid tissue (six
cases); tonsil (five cases); spleen (five cases);
thymus (seven cases); normal skin (six cases);
normal appendix—muscularis propria and
serosa assessed, rather than mucosa (six cases);
normal or osteoarthritic synovium (four cases);
normal kidney (eight cases); chronically in-
flamed skin (eight cases); acute appendicitis
specimens—muscular wall and serosa (seven
cases); rheumatoid synovium (six cases); and
kidney transplants showing cellular rejection
(eight cases).

Immunohistochemistry was performed on
cryostat sections, 6 um thick, using an avidin-
biotin method as described previously.*
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Briefly, after fixation in cold paraformalde-
hyde, sections were incubated overnight with
primary antibodies, and then sequentially
exposed to biotinylated horse anti-mouse anti-
bodies and avidin-biotin-peroxidase complex
(Vector Laboratories, Peterborough, UK), and
diaminobenzidine (Sigma, Poole, Dorset, UK).
Subsequently, the sections were counterstained
with haematoxylin. Renal specimens were
immunostained as described with blocking of
endogenous biotin using a kit according to the
manufacturer’s (Vector Laboratories) instruc-
tions. The murine monoclonal antibodies used
were: LAM-1-3 (IgG1),” recognising L-sel-
ectinj GAP 8.3 (IgG2a; American Type
Culture Collection, Rockville, Maryland,
USA), recognising all isoforms of CD45;
PG-M1 (IgG3, Dako, High Wycombe, UK),
anti-monocyte/macrophage CD68*'; T3-4B5
(IgG1, Dako), anti-CD3; B4-78 (IgGl) or
AP6-291 (IgM), anti-CD20s; and mouse IgG
(MsIgG, Coulter Immunology, Dunstable,
UK) as a negative control antibody. Also used
was rabbit polyclonal anti-CD3 antiserum
(Dako).

All tissues described above were immuno-
stained with LAM-1-3, murine anti-CD3,
anti-CD20, and anti-CD68, and parallel sec-
tions of normal and inflamed extralymphoid
tissues (skin, appendix, synovium, kidney)
were additionally stained with GAP 8.3. At
least 100 GAP 8.3 positive cells were counted
in the tissues, the number of LAM-1-3 positive
cells counted in the same areas in parallel sec-
tions, and the relative proportion (mean and
standard error of mean, using standard statis-
tics with 95% confidence limits) of leucocytes
expressing L-selectin calculated. The pro-
portion of neutrophils, identified on morpho-
logical criteria, expressing L-selectin in sec-
tions of peripheral leucocyte pellets was also
assessed.

For double immunofluorescence studies, the
sections were fixed in paraformaldehyde as
above, washed in phosphate buffered saline
(PBS), exposed to 10% normal goat serum for
five minutes prior to two primary antibodies
being applied for 16-18 hours at 4°C, and
washed again. Rhodamine and fluorescein
conjugated goat antibodies specific to the
relevant primary antibodies (diluted 1 in 20
each in PBS/2% normal human serum; South-
ern Biotechnology Associates, Birmingham,
Alabama, USA) were applied for 90 minutes at
25°C. The sections were washed again,
mounted in ‘Vectashield’ (Vector Laborato-
ries), and viewed under a fluorescence micro-
scope with appropriate filters. Controls in-
cluded incubation with single primary
antibodies with subsequent application of sec-
ondary antibodies of inappropriate specificity,
which did not yield fluorescence. Peripheral
blood leucocytes, peripheral lymph node,
intestinal lymphoid tissue, spleen, and renal
transplants were assessed with a combination
of rabbit anti-CD3 and LLAM-1-3, and as sec-
ond layers fluorescein conjugated anti-rabbit
immunoglobulin and rhodamine anti-mouse
IgG1 antibodies. Peripheral blood leucocytes
were assessed with IgM anti-CD20 and LAM-
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1-3, and as second layers fluorescein conju-
gated anti-IgM and rhodamine labelled anti-
IgG1. Peripheral blood leucocytes, thymus and
renal transplants were assessed with PG-M1
and LAM-1-3, and as second layers fluorescein
conjugated anti-IgG3 and rhodamine labelled
anti-IgG1 antibodies. Proportions (mean =+
SEM) of cells (at least 50 counted) positive for
relevant antigens were determined.

Results

Of peripheral blood neutrophils, 87.7 = 6.7%
expressed detectable L-selectin by immunohis-
tochemistry. Double fluorescence studies of
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peripheral blood T cells, B cells, and mono-
cytes revealed that 64.1 = 8.3, 76.8 + 12.5
and 73.2 t* 5.7% of these, respectively,
expressed L-selectin.

L-SELECTIN EXPRESSION IN LYMPHOID TISSUES

Within peripheral lymph nodes, follicular
mantle zones and germinal centres are well
known to be constituted largely of B lym-
phocytes. Staining of peripheral lymph nodes
for L-selectin in this study showed consistent
diffuse moderate positivity of mantle zone lym-
phocytes (that is, mantle zone B cells), whereas
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Figure 1 L-selectin expression in human lymphoid tissues (diaminobenzidine chromogen with haematoxylin counterstain;
A-C x150, D-F x600). (A) Peripheral lymph node follicle showing expression of L-selectin by mantle zone (m) B cells.
Positive cells are also seen in the interfollicular region (i). (B) Peyer’s patch also showing expression in thin mantle zone
(m) B cells. (C) Spleen with diffuse staining of white pulp lymphocytes, although fewer cells adjacent to (for example, to the
left of) arteriole (a) are positive. (D) Follicular dendritic cell network expression of L-selectin in tonsil. Mantle zone
(showing B cell staining) is at the bottom right. (E) Thymic medulla showing positive lymphocytes. (F) Occasional cortical
thymocytes (arrowheads) and larger cells (macrophages; indicated by arrows) are positive for L-selectin.
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germinal centre B cells were negative (fig 1A).
There was, however, weak L-selectin staining
of follicular dendritic cells in one of five
peripheral lymph nodes examined. Some cells
with a lymphocytic morphology in the interfol-
licular zones of these tissues were also
L-selectin positive. Intestinal lymphoid tissue
showed uniform L-selectin positive mantle
zone B cells and negative germinal centre B
cells (fig 1B). Splenic white pulp B cells were
diffusely L-selectin positive (fig 1C), including
in marginal zones, although only a small
proportion of lymphocytes were positive in
periarteriolar regions, a T cell area. In the ton-
sillar specimens examined there were again
L-selectin positive mantle zones in all cases.
Germinal centres did not show positive B cell
staining here, although follicular dendritic cells
were L-selectin positive in the light zones of all
five tonsils examined (fig 1D). L-selectin was
not identified on plasma cells. Three of the five
tonsils examined also showed focal venular
endothelial L-selectin positivity.
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Comparisons of the proportion of T cells
expressing L-selectin by immunofluorescence
staining revealed relatively prominent expres-
sion by peripheral lymph node T cells (48.3 *
11.6% of T cells were L-selectin positive (fig
2)), but not by intestinal (8.9 + 2.3%) or
splenic (10.7 = 3.3%) T cells. In the thymus,
the majority of medullary thymocytes seemed
to be positive (fig 1E), whereas most, although
not all, cortical thymocytes were negative. In
addition to the occasional cortical cells with
lymphocytic morphology expressing L-sel-
ectin, relatively large polygonal cells with the
appearances of macrophages showed promi-
nent staining (fig 1F); double immunofluores-
cence staining demonstrated that a mean of
54.8% of cortical L-selectin positive cells also
expressed CD68.

L-SELECTIN EXPRESSION IN NORMAL AND
INFLAMED EXTRALYMPHOID TISSUES
Non-inflamed skin, appendix wall and serosa,
synovium, and kidney showed either no
L-selectin positive cells or only rare positive

Figure 2 Two-colour immunofluorescence labelling of peripheral lymph node sections (A, B) and Peyer’s patch (C, D),
assessing expression of CD3 (A, C) versus L-selectin (B, D) (all x400). (A) CD3 positive cells in a peripheral lymph node,
some of which are identified by arrowheads and arrows. (B) Same section as A showing many of these cells to be L-selectin
positive (arrowheads), although not all are positive (for example, the cells indicated by arrows). (C) CD3 positive cells
(arrowheads and arrow) in Peyer’s patch adjacent to a mantle zone (centred on top left of panel). (D) Same section as in
C indicates that a large majority of the T cells do not express L-selectin (arrowheads), although the cell indicated by the
arrow does.
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Table 1 Percentage of CD45 positive leucocytes expressing
L-selectin (mean + SEM)

Site Non-inflamed Inflamed

Skin 00 14.1 + 6.4
Appendix 1.3 £ 0.7 36 + 1.4
Synovium 00 0.6 £.0.2
Kidney 05 + 0.2 30.2 £ 9.8

mononuclear cells (table 1). Chronically in-
flamed skin, which contained infiltrates of T
lymphocytes and macrophages, contained only
a few cells that were weakly L-selectin positive.
Acute appendicitis specimens showed accumu-
lations of neutrophils, T cells, and macro-
phages, but contained only occasional
L-selectin positive infiltrating cells (fig 3), pre-
dominantly of a mononuclear nature. In one of
the appendicitis specimens there was focal
staining for L-selectin on the luminal aspect of
venular endothelial cells. Inflamed (rheuma-
toid) synovium contained macrophages, T
cells, and a few B cells, but showed only very
rare L-selectin positive mononuclear -cells.
Thus, the tissue specimens of inflamed skin,
appendix, and synovium contained relatively
few L-selectin positive leucocytes (table 1). In
contrast, rejecting kidney transplants, which
contained infiltrates of T lymphocytes and
macrophages, contained a larger proportion of
mononuclear cells that were L-selectin positive
(table 1; fig 3). The nature of the cells express-
ing L-selectin was assessed by double fluores-
cence studies in rejecting kidney transplants.
The results were that 89.1 = 4.7% of the
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L-selectin positive cells expressed CD3 and 3.2
*+ 1.0% expressed CD68.

Discussion

In the present study, we have evaluated the in
vivo expression of L-selectin in various human
tissues. B lymphocytes were positive in the
mantle zones within various lymphoid tissues,
including both peripheral lymph nodes and
mucosal lymphoid tissue. Lymphoid follicles
are predominantly composed of B cells and
their microanatomy reflects activational and
proliferative events occurring here; the findings
are in keeping with the concept that B cells ini-
tially migrate to the mantle zone and are
subsequently present in the germinal centre in
an activated state’ and shed L-selectin. Pre-
sumably memory B lymphocytes that would
recirculate would be required to re-express
L-selectin, for which there is some in vitro evi-
dence,” prior to re-entry into peripheral lymph
nodes. L-selectin was only expressed by a small
proportion of cortical thymocytes, although
expression was extensive by the time of migra-
tion to the medulla. While B cell expression
within lymphoid follicles was comparable
within peripheral versus mucosal lymphoid tis-
sue (uniform expression by mantle zone B
cells), the expression of L-selectin by T
lymphocytes showed characteristic differences
between secondary lymphoid tissues, being
relatively common in peripheral lymph nodes
and lesser in intestinal lymphoid tissues or
spleen. These findings regarding the distribu-
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Figure 3 Antigen expression in inflamed appendix (A, B) and kidney (C, D). The total number of CD45 positive

leucocytes (A, C) is compared with the number of cells expressing L-selectin (B, D) (di

inobenzidine chromogen and

haematoxylin counterstain, all X300). (A) Numerous leucocytes are present in inflamed appendix wall, as identified by
anti-CD45. (B) In a parallel section to A, only occasional cells express L-selectin. (C) Rejecting kidney transplant tissue
assessed with anti-CD45. (D) In a parallel section to C, a higher proportion of cells express L-selectin.
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tion of these cells is consistent with a particular
role of L-selectin in extravasation into periph-
eral lymph nodes, as described in animals.® '°

In most forms of inflammation studied, rela-
tively few leucocytes within the inflamed tissue
expressed L-selectin, consistent with shedding
of this molecule upon activation."* * Endopro-
teolytic release of L-selectin may occur at the
time of leucocyte adhesion to endothelium,
during emigration through vessels, after ex-
travasation, or at combinations of these sites.
These results suggest that downregulation of
L-selectin through endoproteolytic release may
play an important role in the inflammatory
process, but further studies at the molecular
level will be required to clarify exactly what this
role is. However, a relatively large number of
the emigrating leucocytes, in particular T lym-
phocytes, remained positive in rejecting renal
transplants. The different proportion of in-
flammatory leucocytes that were L-selectin
positive here could reflect recent arrival of the
cells, their extravascular activation state, and/or
some other factor, such as immunosuppressive
treatment. In fact, a particular role has been
ascribed to L-selectin in lymphocyte adhesion
to endothelium during experimental allograft
rejection.*

L-selectin expression in tissues in our studies
was not restricted to lymphocytes. Interest-
ingly, L-selectin was focally present on follicu-
lar dendritic cells, particularly in tonsils. It was
also noted on thymic macrophages. Further-
more, L-selectin was observed on endothelial
cells in tonsils and in one case of appendicitis.
L-selectin present on endothelial cells presum-
ably represents soluble/shed L-selectin that has
bound to an endothelial ligand expressed by
these cells. Soluble L-selectin is normally
present at relatively high concentrations in
plasma and can block L-selectin dependent
adhesion in vitro,” a phenomenon that could
thus theoretically occur in vivo and limit leuco-
cyte emigration.

In conclusion, L-selectin positive lym-
phocytes were identified in various tissues.
L-selectin positive T cells were prominent in
peripheral lymph nodes. Novel findings in-
clude that: mucosal mantle zone B lym-
phocytes, like peripheral lymph node B cells,
express L-selectin; cells other than lym-
phocytes within tissues stained for L-selectin
(thymic macrophages, tonsillar follicular den-
dritic cells, and certain endothelial cells);
human inflammatory leucocytes generally
showed a low level of expression (presumably
due to shedding), as in animal models; and in
the particular case of rejecting kidney trans-
plants a comparatively high proportion of
accumulating cells were positive. These find-
ings complement previous in vitro work and
animal studies, and suggest that the extent of
L-selectin expression in particular human
tissues may reflect both the requirement of
L-selectin for entry into those tissues and the
activation state of leucocytes within specific
microenvironments.
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