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1. GENERAL INTRODUCTION

Vertebrates possess a surveillance system, called the immune system, that
protects them from invading foreign substances and corganisms. |mmune protection
in vertebrates is mediated by a dua! system that maintains two basic defenses
against foreign invaders. The humoral immune response defends primarily against
the extracellular phases of bacterial and viral infections. The cellular
immune response is particularly effective against fungi, parasites, intra-
cellular viral infections, cancer cells and foreign tissue. One class of
lymphocytes, the B lymphocytes, initiates the humoral immune response. Indi-
vidual B cells, when activated by recognition of a foreign invader, differen-
tiate to plasma cells which secrete antibodies, proteins that bind specifi~
cally to the foreign substance. The other class of lymphocytes, the T lympho-
cytes, mediates the cellular immune response. When the organism is invaded by
a foreign substance {antigen}, the T cells that recognize it are activated
and initiate a reaction that includes binding to and eliminating the sub-
stance, Thus, humoral immunity can be transferred with serum, cellular immuni-
ty only with cells. Besides the specificity of its responses the immune sys-
tem has another important feature that is known as immunclogical memory. After
primary antigenic stimulation effector lymphocytes are induced that mediate
the immune functions. Among the progeny of the activated lymphocytes are
also cells, that retzin the capacity of being (re)stimulated by the original
antigen. After a renewed contact with antigen, the specific immune response
{secondary response) is faster and of greater magnitude than the primary
response. Hence, the antigen will be removed more rapidly and efficiently.
Protection against infectious diseases obtained by vaccination is mainly
dependent upon the memory lymphocytes. Both B and T lymphocytes, together
with all other classes of cells that constitute the lymphohemopoietic sys—
tem, derive from pluripotent hemopoietic stem ceils {HSC) in the bone marrow
{BM} {(Fig. 7} {Till and McCulloch, 1961; Ford et al., 1966; Curry and Trentin,
1967; Moore and Owen, 1967; Moore and Metcalf, 1970}. B lymphocytes prolife-
rate and differentiate mainly within the BM, wherecas T lymphocytes do so in
the thymus. They exert their effector functions mainly within the peripheral
Iymphoid organs such as spleen, lymph nodes, Peyer's patches and tonsils.

This thesis deals with the differentiation and maturation of T (thymus-
derived) lymphocytes. The development of mature immunocompetent T lymphocytes
requires 3 steps. Firstly, HSC differentiate to prothymocytes, precursors
committed to the T cell lineage. These cells leave the BM and settle in the
thymus. Secondly, upon entry intc the thymus, these prothymocytes proliferate
and give rise to a population of immature thymocytes (thymic lymphocytes).
Thirdly, thymecytes differentiate into mature T cells that emigrate from
the thymus to peripheral lymphoid organs. After activation by antigen these
mature T cells function as effector cells in the cellular immune response,
and as regulatory cells in both the humoral and the ceilular immune response
(Cantor and Weissman, 1976; Stutman, 1978). This thesis deals mainly with
intrathymic events in T cell differentiation. A summary of current knowledge
of 7 cell differentiation is given in Chapter 2.
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2. T CELL DIFFERENTIATION
2.1 Prethymic T cell differentiation

HSC and prothymecytes are not easily identified in the BM because of
their low frequencies and lack of distinctive morphelogical properties.
Therefore, these early precursor cells have been defined in functional assay
systems. In the sixties, BM-derived colony forming urits in spleen (CFU-$)
were defined as putative HSC (Ti1! and McCulloch, 1961; see also review by
Metcalf and Moore, 1971}. These cells were shown to seed the spleen of lethal-
ly irradiatad mice. Prothymocytes, on the other hand, were defined as those
cells which, when transplanted into a lethally irradiated animal, give rise
to a thymus cell populaticn of donor origin (Kadish and Basch, 1976). In their
assay system mouse prothymocytes had the size of medium to large lymphocytes.
These cells did not react with antibodies to the pan-T cell antigen Thyl.
Cano Castellanos et al. (1983) observed similar characteristics for rat pro-
thymocytes. These authors furthermore showed that prothymocytes lacked other
markers characteristic for thymocytes, such as (1} the nuclear enzyme termi-
nal deoxynuclectidyl transferase (TdT), (2) cell surface receptors for peanut
agglutinin (PNA) and (3) reactivity with a thymocyte specific antiserum. They
also showed that prothymocytes, when recovered from the thymus, lose their
capacity for specific homing to the thymus; they accumulate mainly In the
liver. Results obtained with & short term » vivo assay, in which flowcyto-
metry was usad, confirmed the absence of T cell antigens from prothymocytes
and the induction of such antigens within 3 hrs after entry into the thymus
{Lepault et al,, 1983).

Prothymocytes and CFU-S have a number of physical characteristics in
common (for instance buoyant density, sedimentation velocity and electropho-
retic mobility) (Boersma et al., 1981b). Therefore these parameters cannot be
used to separate them. Also, analysis of sensitivity to corticosteroids reveal-
ed that prothymocytes and CFU-S cannot be separated by a difference in sensi-
tivity to these compounds (Basch and Kadish, 1977; Greiner et al., 1982).
However, expression of cell surface antigens in combination with relative cell
size provides a means of separating prothymocytes from HSC, Mulder et al.
{1984) isolated HSC and prothymocytes by fluorescence-activated cell sorting
of BM cells labeied with an antibody directed to H-2K antigens. Almost all
CFU-S were found to be present among a2 subpopulation of 4% BM cells with high
forward light scatter (FLS), low perpendicular light scatter (PLS) and bright
H-2K immunofluorescence characteristics. In contrast, the fraction of cells
in the same FLS/PLS window with dull H-2K fluorescence contained few CFU-§
and gave rise to a transient thymus regeneration. Thus, prothymocytes have
fewer H-2ZK antigens on their cell surface than do CFU-5.

From extrapolation of thymocyte regeneration in irradiated BM transplant-
ed mice, Boersma gt al. (1981a) calculated that the mouse BM contains 3 pro-
thymocytes per 10° cells (0.03%). This figure correspends well to the 0.075%
prothymocytes in the short-term im vivo assay of Lepault and Weissman (1981}.

in addition to the regenerating thymus in radiation BM chimeras, the
embryonic development of the thymus has also provided substantial knowledge
of prothymocytes and their entry into the thymus. This approach allows inves-
tigation of the stage at which the very first prothymocytes enter the thymic
anlage. During the course of embryonic development, the hemopoietic system is
built up from HSC which primarily reside in yolk sac and fetal liver {Moore
and Owen, 1967; Owen and Ritter, 1969). Boersma {1983) analyzed the production
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of prothymocytes in the fetal Tiver and showed that the frequency of prothyme-
cytes in fetal liver is 11% compared to normal bone marrow.

Several studies have shed light on the question of the actusl timing and
mechanism of entry of prothymocytes into the thymic anlage. The first prothy-
mocytes enter the embryonic thymus of the mouse from the bloodstream on day
11 of gestation {Owen and Ritter, 1969; Fontaine-Perus et ai., 1981). The
immigrant cells were characterized as large basophilic cells, which go through
a series of blast cell generations. Extensive studies on the entry of prothy~
mocytes intoc the thymic anlage have been performed in avian embryos. LeDouarin
et at. {1976) studied the colonization of the avian thymus using embryonic
chicken~quail chimeras. In these chimeras the doner and host cells can be dis-
tinguished by structural differences in their nuciei. Their experiments showed
that the first Influx of quail prothymocytes into the chicken thymus occurs
on day 7 and lasts for 36 hours. They furthermore showed that cells with the
ability to home to the thymus, are circulating in the blood at least 2 days
before they actually enter the thymic anlage, indicating that the onset of
colonization is determined by an intrinsic thymic mechanism and not by =
hypothetical change in precursor cell propertiss. In more recent studies from
the same group (Joteresu et al., 1980; Jotereas and LeDouarin, 1982}, it was
shown that the avian thymus is colonized during successive 'receptive' peri-
ods. The authors proposed that the thymic anlage, in its receptive pericd pro-
duces a chemotactic factor, the production of which is interrupted when a cer-
tain number of precursors have entered the organ.

2.2 Intrathymic T cell differentiaton
2.2.1 Architecture of the thymus

The thymus consists of cells derived from several sources. 0Ff the stromal
components, the epitheiium of the mouse thymus is thought to have a dual deri-
vation, receiving contributions from the 3rd pharyngea: pouch and neurc-ecto-
dermal components from the neural crest {(Cordier and Haumont, 1380} {(See Fig.
2}. Thus, the epithelium of the mouse thymus consists of compenents of both
ecto~ and endodermal origin. Howaver, LeDouarin et al. {1384} consider the
avian thymus to be fully endodermally derived. The mesenchymal elements are,
at least in part, derived from the pharyngeal arch mesenchyme. Early in thymus
development these components assume a relatively simple architecture with an
inner epithelial mass surrounded by a capsule of mesenchyme (Jenkinson et al.,
1981). During progression of ontogeny this anlage is seeded by lympheid pre-
cursors and antigen presenting ceils (APC} from the fetal liver {Bartlett and
Pyke, 1982). Gradually both lymphoid and stromal components expand, and during
the course of ontogeny, the thymic anlage assumes the architecture of the
adult thymus,

The architecture of the adult thymus has been thoroughly investigated
{Hoshino, 1963; Hwang et al., 1974; van Ewijk, 1984; van de Wijngaert et al.,
1984} . The mouse thymus consists of two separate lobes which histologically
demonstrate two major compartments, a peripheral, cortical area and a central,
medullary area, as judged by two criteria: the presence of distinct lymphoid
as well as stromal, mainly epithelial, cells. This is illustrated in Fig. 3.
We will first consider the stromal {nonlymphoid) cell types in the thymus.

Cortical epithelial caells have iong thin cell processes interconnected
by desmosomes and constitute a fine meshwork. Medullary epithelial cells are
more spindle-shaped and closely packed. Other stromal cells in the thvmus are
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Figure 3. Diagrams showing the origin of the epithelial components of the
mouse Lhymus from pharyngecl endoderm (b and o) and ectoderm (a and
). The gestational age illustrated 1s about 9-10 days. The broken
line in {(a) indicates the plane of section <llustrated in ¢
(Owen and Jenkinson, 1384).

Plgure 3, Architecture of the thymus. ¢ = capsule; O = cortex; ep = epithe-
lial cells; ido = interdigitating cell; M = medulla; mac = macro-
vhage; b = lymphoblast; 1y = lymphocyte; tne = thymic nurse cells;
v = vessel.
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two types of BM-derived antigen presenting cells (APC), i.e. {(a) macrophages,
located in both cortex and medulla (Beller and Unanue, 1380; Duijvestijn et
al., 1982) and (b} interdigitating cells (IDC), exclusively present in the
medulla (Kaiserling et al., 1974; Duijvestijn et al., 1982).

The anatomical localization of the two major classes of thymocytes corres—
ponds to the anatomical organization of the thymic stroma. In the cortex, small
immature thymocytes localize, which comprise 85% of the total thymic lymphoid
population. In the medulla medium-sized cells are found, which behave |ike
functionally mature peripheral T cells., These cells comprise 15% of the total
thymocytes (Welssman, 1973).

The thymus contains a third type of region, areas devoid of stromal cells,
demonstrated in frozen tissue sections (Rouse et al., 1979; Van Ewijk, 1984).
These areas occur randomly in the cortex and medulla and have no yet identi-
fied functicn, A fourth type of region that can be mentioned is the socalled
cortico-meduilary region {CMR), the ili-defined boundary between cortex and
meduila,

The vascular supply of the thymus occurs via blood vessels carried by
connective tissue septae, which peneirate as far as the CMR. Here, arterioies
branch into capiilaries which ascend intc the cortex and the subcapsular region,
and curve back towards the interior of the lobe. These vessels merge into large
postcapillary venules in the CMR and in the medulla. in addition, the medulia
is supplied by soma capillaries which originate directly from the arterioies
in the CMR. In the cortex, the endothelial cells of capillaries show tight
juncticens, which are impermeable to macromolecules. In contrast, the wails of
postcapiilary venules allow passage of macromoiecules {Raviola and Karnowvsky,
1572}. The continuous investment of cortical capiilaries with epithelfal celis
and the straiegic location of macrophages along them further prevents access
cf antigen to the cortex. Therefore, a blood-thymus barrier to circulating
macromolecules does exist, but is limited to the cortex, resulting in medul-
tary Tymphocytes, unitke cortical lymphocytes, being freely exposed to blood-
borne substances. In the CMR and medulla lymphocytes have been observed in-
filtrating the endothelium of the venules {Ravioia and Karnovsky, 1972; Van
Ewijk, 1384) indicating that cell passage from blood to the thymus or thymus
to the blood occurs in these regions,

Recent evidence indicates that prothymocytes enter the thymus from the
bloodstream in both the subcapsular outer cortex and the medulla. Studies of
Jotereau and LeDouarin {1982) using embryonic chicken-quail chimeras provided
the first histological evidence for precursors migrating simultaneously into
cortex and medulla. Ezine et al. {1984} obtained further evidence to support
this notion in radiation BM chimeras. These authors reconstituted irradiated
mice with small numbers of BM cells from Thyl congenic donors and they subse-
quently observed distinct clones of cells within the thymus. Four different
types of reconstitution patterns were cbserved in frozen sections of the
thymus stained with an antiserum which specifically detects donor-type thymo-
cytes: {1} discrete confluent subcapsular foci of donor cells, which sometimes
extend to the cortico-medullary region and madulla, (2) complete reconstitu-
tion of an entire thymic lobe, (3) focal accumulations of scattered cells in
cortex and medulla, (4) accumulation of donor-type thymocytes only in the
medulla. The latter pattern of reconstitution is suggestive of a medulla-speci-
fic precursor. Together, these studies indicate that {only a few} prothvmocytes
erter the thymic lobes and that these cells can give rise to different subpopu-
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lations in the thymus, located in different areas. Such a phenomenon was
already suggested in 1974, when Shortman and Jackson provided evidence for two
independant T cell populations in the cortex and the medulla. We will now focus
on these thymic subpopulatiens in a more specific way.

2.2.8 Cell surface aniigens of T cells

Many conventional and monoclonal antibodies are now available which iden-
tify distinct cell surface molecules that are differentially expressed on sub-
populations of mouse thymocytes and peripheral T cells. Therefore, they provide
a means of studying the differentiation of T cells. They can be applied with
appropriate second stage antibedies tfo study subpopulations in lymphoid cell
suspensions by immunoflucrescence and fiowcytometry., Alternatively, they can
be used to lccalize subpopulations in frozen tissue sections by immunchistolo-
gy. The most common cell surface antigens of mouse T cells are listed in Table
1. This table also shows the percentages of positive cells in various lymphoid
organs. The most prominent T cell markers are briefly discussed below.

T cells express the Thyl antigen, which, in the mouse, is a pan-T cell

marker, i.e., antibedies to this marker react with virtually all T cells.

For a long time it was regarded as an unambiguous marker of commitment to the
T cell lineage in mice. However, Thyl is alsc expressed on murine CFU-S and
myeloid progenitor cells (Schrader et al., 1982}, on nervous tissue {Reif

and Allen, 1964), and on the connective tissue of the skin {Morris and Ritter,
1980) .

The T200, or Leucocyte Common Antigen (LCA) 1s a marker which is express-
ed on most hemopoietic cells (Trowbridge, 1978; lLedbetter and Herzenberg,
1979). its function has not yet been resolved.

T cells express antigens encoded for by genes of the majer histocompatibi-
lity compiex (MHC) which govern transplantation reactions and which determine
the peak cof the immune response. The MHC of the mcuse, called the H-2 complex,
is localized on chromosome 17. For a detailed description of the H-2 compiex
the reader is referred to Klein et al. (1983). T cells express antigens encoded
for by the K and D regions (class i} and the | region {(class I1). Class | anti-
gens are the classical transplantation antigens, expressed on most nucleated
celis, that are responsible for graft-rejection of unmatched grafts. Class |}
molecules are predominantly expressed on calis of the immune system and pro-
vide an efficient intercellular recognition system. Adjacent to the cluster
of loci on chromosome 17, the genes of which encode for class | and Il MHC
antigens, 2 loci are leocated of which the genes code for the thymus leukemia
(TL) and Qa antigens. The TL antigens were defined by their expression on
leukemic cells and thymocytes. These markers are, howsver, absent from peri-
pheral T cells (except TL5) and from any other cell types. In contrast, the
Qa antigens are expressed mainly on peripheral T cells, although some of them
alsc on B cells., Qal and Qa2, in addition, are expressed within the thymus.

The function of these antigens has not yet been elucidated.

Like the TL and Qa antigens, Bi14 is differentially expressed on T cells,
B14 is expressed on thymocytes, but not on peripheral T cells. In contrast,
ThB is a marker expressed not only on thymocytes, but also on B cells.

The most extensively studied differentiation antigens in the mouse are
the Lyt series of antigens. They were the first T cell antigens to be linked
to functiconal subpopulations of T celis. Cantor, Boyse and others initially
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Table 1
Markers of mouse T cells. Percentage positive nucleated celis in lymphoid
organs of adult mice

BEM thymus spleen Iymph nodes References
H=2K 60-100 L1-68 100 100 Scollay et al., 1980b
Lepault et 21., 1983
H-2D nt an-96 100 100 Scollay et al., 1980b
I-A 13 34-43 58 60 Scollay et al., 1980b
Lepault et al., 1983
TL1,2,3 0 63-85 0 0 0ld and Stockert, 1977
Shen et al., 1982
L3 0 69-74  10-20T! 10-20T  Scollay et al., 1980b
Lepault et al., 1983
TLL only expressed on jeukemic cells
TLS nt 65 nt 40 Flaherty et al., 1377
Qa-1 - + 20 28-35 Stanton and Boyse, 1976
Qa-2 nt 16~50 75 65-75 Flaherty, 1976
Flaherty et al., 1978
Qa=3 nt 0 nt 35 Fiaherty et al., 1978
Qa-4 nt 0 &0 70T Hdmmerling et al., 1979
Qa-5 nt 0 40 30T Himmerling et al., 1979
Thyl 4.5 96-100 26-30 52-57 Ledbetter et al., 1980
Van Ewijk et al., 1981
Lepault et al., 1983
T200 98 97 56 88 van Ewijk et al., 1981
Lepault et al., 1383
B14 0 70-80 ¥ nt Sidman et al., 1983
ThB 21 40-60 38-54 nt Stout et al., 1975
lLepault et al., 1983
Lyt1 nt g7 22-34 59 Ledbetter et al., 1980
Van Ewijk et al., 1981
Lyt2,3 nt 81-82 8-13 16-21 Ledbetter et al., 1980
van Ewijk et al., 1381
L3T4 36 87 23 nt Dialynas et al., 1983
MEL14 nt 3 nt 100 Gallatin et al., 1983
Reichert et al., 1984
LFA-1 79 97 97 nt Kaufmann et al., 1982
PNA 4g 85-88 38 nt Reisner et al., 1976
Chervenak and Cohen, 1982
$BL nt 1 nt nt Raedlier et al., 1983
TdT nt ag 0 0 Kung et al., 1975

1

i. Percentage positive T cells
nt = not tested
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defined the Lytl, 2 and 3 antigens on the surface of functionally active T
cells by evaluating the effects of both allo-antisera and monoclonal anti-~

Lyt Ab plus complement on the cells mediating & number of immune responses
(Cantor and Boyse, 1977). In this way T celis involved in both T-dependent

Ab (T helper (Th) cells} and delayed-type hypersensitivity (DTH) responses
were judged to be Lytl+2-3~ and cytotoxic T cells {(€TL} and suppressor T cells
{Ts) to be Lyti-2+3+. Cantor and Boyse suggested that both classes were de-
rived from a common Lyt14+2+3+ precursor which lost either Lytl or Lyt2,3
during differentiation. However, recent flowcytometric studies have suggested
that the Lytl antigen is expressed on nearly z2il T cells but at guantitatively
different levels on different T cell subpopulations (Mathieson et al., 1379;
Ledbetter et al., 1980; Van Ewijk et at., 1981). Thus, the T cell subpopula~
tions characterized by complement-mediated cytotoxicity as Lytl~ are 'Lytl
dull' by flowcytometry while the Lyti+ subsets are 'Lyt] bright'. Lyt2,3,
abbreviated to Lyt2 (since Lyt2 and Lyt3 are expressed in paraliel and passi-
bly are covalently linked (Ledbetter and Herzenberg, 1979)), therefore, is a
more absolute marker for the identification of T ¢ell subsets.

The correlation noted in early studies between the Lyti-2+ phepotype and
CTL and Ts activities, and between the Lytl+2- phenotype and Th function was
challenged by Swain (1981), who noted that most of the CTL analysed in these
studles were directed at class | MHC allcantigens whereas Th or DTH T cells
were generally specific for class |l alloantigens. Swain suggested that the
Lyt phenotype might instead correiate most directly with the class of MHC
determinants recognized by a T cell rather than with the T cellts effector
function, Thus, LytZ expression would correlate with T ceil specificity Tor
class } MHC products, while the Lytl+2- phenotype would correiate with spe-
cificity for class i antigens,

Recently, Dialynas et al. (1983) described & new monccionai Ab.which
detects a celi surface molecuie designated L3T4. L3Th is expressed on a popu-
lation of T cells which appears to correspond precisely to the Lyt2- subpopu-
lation. This suggests that L3T4 may be a more reliable marker for helper T
cells than Lytl. Studies employing anti-L3T4 Ab and elther cloned alloreactive
T cells or antigen-specific T cell hybridomas have indeed shown that the ex-
pression of the L3Th antigen correlates with specificity of the cell for class
I MHC products and that addition of the Ab blocks its helper function. This
suggests that L3Th4 is a marker on T helper cells which is linked to a receptor
on the helper cell's surface for class 1| MHC products on other cells. Pierres
et al. (1984) have described a monoclonal Ab with a similar reactivity.

Gallatin et al. {1983) have recently developed a monoclonal Ab, which
derects the MEL14 antigen, which is associated with a 'homing' receptor for
peripheral lTymph nodes, expressed on peripheral T cells. Pretreatment of T
cells with the Ab prevents adherence of the T cells to postcapillary high endo-
thelial venules {HEV), that mediate entry into the lymph node parenchyma. In
the thymus, MEL1L is only expressed on 3% of thymocytes including both corti-
cal and medullary cells {Reichert et al., 1984; van Ewijk, 1984}, presumably
relatively mature intrathymic cells.

Another cell surface antigen with a functional role is the leucocyte
function-associated antigen 1 (LFA-1) (Kaufmann et al., 1982). This marker is
expressed on most B and T cells. Antibodies directed to LFA-1 inhibit the
responses of bulk T cell cultures to allogeneic, xenogeneic and modified
self=~MHC antigens, as well as the responses of helper and cytotoxic T cell
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clones to either c¢lass | or class Il MHC antigens.

in addition to antibodies, lectin binding properties have been used to
define cell populations., Peanut aggiutinin (PNA} binding has become a conve-
nient way to separate cortical thymocytes, that bind high levels of PNA (PNA+),
from medullary thymocytes, that bind low levels of PNA (PNA-). Peripheral T
cells are PNA- except for activated T cells (Chervenak and Cchen, 1982). Sovya
bean lectin {(SBL) binding defined a very small subpopulation of intrathymic
Tymphoblasts which are located directly under the thymic capsule.

Furthermore, the nuclear enzyme terminal deoxynucleotidyl transferase
(TdT) has proven to be a useful marker to distinguish subsets of T cells. Only
cortical thymocytes express TdT, medullary cells and peripheral T cells do not.

The thymocyte subpopulations defined with several of these markers and
their relationships will be discussed in Chapter 2,2.4.

2.2.8 The T cell receptor

T cells recognize foreign antigens in combination with MHC antigens (so-
called "MHC restriction’ (see Chapter 2.2.5). To account for this MHC-restricted
antigen recognition, two types of structures for the antigen receptor of T
cells have been proposed. Single receptor thecries state that the T cell recep-
tor recognizes neither antigen nor MHC-encoded molecules alone, but does recog-
nize a complex formed betweesn them (Zinkernage! and Doherty, 1975). Dual rec-
eptor theories propose that the T cell has twc receptors: one for antigen and
one for sel f-MHC molecules (Zinkernagel et al., 1978a). The consensus of cur-
rent immunological studies favour a single receptor {reviewed by Parham, 1984).

it has been postuiated that the receptors on T cells must have recognition
sites that are essentially the same as those of antibodies. Consequently,
structures related to immunogiobulin (lg) variable (V} domains should be found
on T cells {Jensenius and Williams, 1982). Monoclonal antibodies have been
raised that specifically recognize particular T cell lines, hybridemas or T
cell tumours (Allison et al., 1982; Meuer et al., 1983; Haskins et al., 1983).
Some of these antibodies have been shown to inhibit the immunological response
of these cells in a clone-specific manner and therefore presumably react with
the T cell receptor., Severai groups have used these clonotypic antibodies to
immuncprecipitate disulphide-iinked heterodimers, composed of two distinct
glycoproteins of molecular weights + 40 kD: an alpha chain and a slightly
smaller beta chain {Alliscn et al., 1982; Meuer et al., 1983; Haskins et al.,
1983). Both chains appear to have variable and constant regions {(Mcintyre
and Aliison, 1383) (Fig. 4). Other groups have used the techniques of mole-
cular biology te isolate from a series of antigen-specific, MHC-restricted
meuse T helper (Th) hybridomas, the genes that encode the beta chain of their
receptors. Hedrick et al. (198hka, b) isolated membrane bound polysomal RNA
of a Th hybridoma, synthesized 3éP"labelled DNA copies (cDNA) of this RNA and
removed DNA sequences also expressed in B cells by hybridization with B cell
RNA (*subtraction'). The resulting cDNA probe was likely to contain T cell
specific DNA sequences and to encode the T cell receptor. This probe was used
to screen a previcusly constructed library of cloned T cell specific cDNA's,
It would be expected that similar to immunoglebulin genes, the genes encoding
for the T cell receptor would rearrange as a mechanism to generate diversity
in the T cell repertcire. To test this possibility the DNA of 7 selected clones
were hybridized with the DNA of a T cell hybridoma and liver cells. One of these
clones showed a significant difference between the hybridization patterns
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Pigure 4. Model of the T cell receptor (Williams, 1384). o = constant region;
v = varichle regiom.

cbtained with T cell DNA and liver DNA. In subsequent hybridization experiments
with DNA blots from T cells of different antigen-specificity, this clione gave
different patterns for each of the antigen-specific T celis. This observation
indicates a process of somatic gene rearrangement during 7 cell development
and provides strong evidence that this ¢DNA includes the seguence of the T
cell receptor. Comparison of the nucleotide sequence of the cloned T cell
receptor specific cONA with the DNA coding for immunoglobulins revealed a
striking homology. Not only was the T cell receptor built from two disulphide~
bridged domains of exactly the same size and general structure as immunoglo-
bulin domains, but there was streong amino acid sequence homology at several
sites. The N-terminal domain was variable, the C-terminal domain constant,

and there was evidence for independent J segments between the two domains.
This homology indicates that evolutionary, the genes encoding the antigen
receptors of B and T cells have arised from a commen ancestral gene.

2.2.4 Thymocyte subpopulations and thetr relationships
Three requirements must presumably be met by thymocytes before they are
permitted to leave the thymus, i.e. (1} they must be selected on the basis of

appropriate MHC-restricted antigen receptors, (2) they must be phenotypically
mature, (3) they must be fumctionally mature. MHC-restricted antigen recogni-
tion will be reviewed in Chapter 2.2.5. The phenotypical maturation of T cells
within the thymus will now be briefly discussed, foliowed by the functional
characteristics of thymocytes.

The phenotypes of the two major thymocyte populations, i.e. the cortical
and meduilary cells, have been thoroughly studied and compared with the pheno-
type of mature peripheral T cells. In general, small cortical thymocytes ex-
press high levels of Thyl and low levels of T200. Cortical thymocytes are PNA+,
TL+ and most of them are H-2K/D- (Ledbetter et al., 1980; Van Ewijk et al.,
1981; Scollay et al., 1980b, Scellay, 1982). On the other hand, medium-sized
medullary cells express low levels of Thy! and high levels of T200. They ex-
press H-2K/D antigens but do rot express PNA receptors or TL antigens. Thus,



22

medullary cells closely resemble peripheral T cells and have a 'mature' pheno-
type; cortical thymocytes are 'thymus-unique' in phenotype {'immature'}.

The markers Lytl, Lyt2 and L3T4 not only define functional subpopulations
but they also further subdivide thymocytes in the cortex and medulla (see
Mathieson et al., 1979; Ledbetter et al., 1980; Van Ewijk et al., 198i; Dia-
lynas et ai., 1983; Scollay, 1983; Scollay and Shortman, 1983). In the periphe-
ral lymphoid organs T cells are either Lyt2+ or L3T4+, they never express both
markers at the same time. Thymic medullary thymocytes appear to obey the same
rules, whereas cortical thymocytes are distinct in expressing all three of
these antigens, Five major subpopulations can be defined using these functio-
nal markers, two are present in the medulla and are as such equivalent to the
two major peripheral T cell populations, and three subpopulations are present
In the cortex. These five subpopulations are: (1} the major population of
small cortical cells (70% of total thymocytes) expressing Lytl, Lyt2Z and L3Th;
{2) large cortical blasts (15% of thymocytes) also concomittantly expressing
Lytl, Lyt2 and L3T4; (3) lymphoblasts {3%), which are Lyt1 dull or Lytl-,
Lyt2-, L3T4- and are located predominantly in the subcapsuiar cortex; (4) me-
dullary cells with the phenotype of 'helper' cells (8%) and which are Lytl+,
Lyt2-, L3Tu+; (5) cells with the phenotype of cytotoxic/suppressor celis (5%)
which are aiso located in the medulla expressing Lytl dull, Lyt2+, L3Th-
(Table 2, Fig. 5). In addition severzl minor subpopulaticns have now been
identified: i.e. (6) Lyti-, Lyt2~, L3Th- lymphoblasts, located in the medulla
(Goldschneider et al., 1982; Huiskamp and van Ewijk, 1985); cortical
Lytl=, Lyt2-, L3Th~ lymphoblasts (3) have been further subdivided inte (a)
"nuil' cells, i.e. blasts that do not express any pan T cell markers {(T208,
Thyl); (b) T200+ Thyl- blasts; {c) T200~, Thyl+ blasts; (d) T200+, Thyl+

Table 2

Thymocyte subpopulations

Percentage  Phenotype Size Lecalization
of thymocytes

70 T200+, Thyl+, Lytl+, small thymic cortex
Lyt2+, L3Th+

15 T200+, Thyl+, Lytl+, large thymic cortex
Lyt2+, L3Th4+

8 T200+, Thyl+, Lytl+, medium thymic medulla, peripheral
Lyt2-, L3Th+ lymphoid organs

5 T200+, Thyt+, Lytl dull, medium thymic medulla, peripheral
Lyt2+, L3Th- Tymphoid organs

1 T200~, Thyl-, Lytl-, large thymic medulla
Lyt2~, L3T4-

? T200-, Thyl-, Lytl- or farge thymic subcapsular and
dull, Lyt2-, L3Th- outer cortex

7 T200+, Thyl-, Lytl- or targe thymic subcapsular and
dull, Lyt2~, L3T4- outer cortex

? T200~, Thyl+, Lytl- or large thymic subcapsular and
dull, Lyt-2, L3Th- outer cortex

? T200+, Thyl+, Lyti- or targe thymic subcapsular and

dull, Lyt?2-, L3Th- cuter cortex
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Figure §. T cell subpopulations and their relatlonships (Seollay and Shovtman,
1984).

blasts (van Ewijk et al., 1981; Huiskamp and van Ewijk, 1385). Scollay
(1983) suggests that the cortex may contain a few cells with a medullary
phenotype {(L3Th+, Lyt2- or L3Th-, Lyt2+).

It seems likely that the subpopulations 7, 3, 2, 1 represent, in that
order, the typical maturation lineage in the cortex, with progression from no
T cell specific markers to all markers and from large cells to small ones,
This s based on the following observations., As already discussed, prothymo-
cytes enter the thymic cortex at the subcapsular region and do not express any
T cell specific markers. Furthermore, Weissman {1973) traced the descendants
of subcapsular blasts that were labelled radigcactively by topical application
of radicactive DNA precursors. He showed that thymocytes in the inner cortex
derive from these subcapsular blasts. The sequence of appearance of T cell
markers on null cells was demonstrated with two models: {1} During embryonic
development of the mouse thymus, T cell antigens appear on the surface of
thymocytes in the following order: Thyt, Lytl, Lyt2 {van Ewijk et al., 1582);
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{2) in sublethally irradiated mice the regenerating intrathymic null cells
first express Thyl and/or T200, and then L3T4 and Lyt antigens (Huiskamp and
van Ewijk, 1985).

What is less clear is the relationship of the cortical cells to the two
medullary populations 4 and 5. To analyze this relationship several aspects
of the intrathymic generation of T celis must be taken into account. There-
fore, the following aspects will be considered in detail now: the functional
properties of cortical versus medullary cells, the rate of T cell production
and the characteristics of cells that Teave the thymus. Thereafter, the vari-
ous models proposed to explain T cell differentiaticn and the relationship of
cortex and medulla will be discussed.

2.2.4.1  Functional characteristics of thymocyte subpopulations

Chen et at, (1982) analyzed the functional capability of cortical-type
(PNA+) and medullary-type (PNA-) thymocytes (i.e. proliferation capacity and
cytotexicity) in limiting dilution cultures stimulated by concanavalin A (con
A) in the presence of T cell growth factors. Limiting dilution microcul ture
techniques, with a cloning efficiency of near 100% for mature peripheral (PNA-)
T cells, were used to measure the frequency of all thymocytes capable of proli«
feration (PTL-p} and all thymocytes capable of generating CTL {CTL~p). In un-
fracticnated thymus the PTL-p frequency was 1 in 9.9, the CTL-p frequency 1 in
28, Ninety-nine % of this activity was concentrated in the 14=15% medullary-
type PNA- subpopulation. Thus, these data indicate that most cortical cells
are immature and non-functional, whereas the medulla contains virtually all
precursors of functionally mature cells,

However, in this experimental system 20-25% of medullary-type cells
appeared incapable of proliferation {Chen et al., 1983a). This suggests that
the absolute size of the functional pool is 7-12% of all thymocytes. To further
investigate the functional properties of medullary thymecytes, PTL-p and CTL-p
frequencies were also measured in thymocyte populations of cortisone-injected
mice, because cortisone resistant thymocytes (CRT) appeared to be a random
selection of medullary cells by phenotypic criteria (Bennmar et al., 1974;
Scollay and Shortman, 1983). Cortical thymocytes and 70% of medullary thymo-
cytes are depleted by cortisone injecticn, the remaining cells (4%) being
designated CRT. Only 20-25% of the total thymic PTL-p and CTL-p could be
recovered from the cortisone resistant fraction of the thymus. This indicates
that functional precursors are within both the cortiscne sensitive and the
cortisone resistant subgroups of medullary-type thymocytes.

Chen et al. {1983b) also correlated the functional capability with the
Lyt phenotype of thymocytes. The majority of PTL-p was ameng PNA- (medullary)
cells, both Lyt2+ and Lyt2-, whereas CTiL-p frequency was almost entirely con-
fined to PNA-Lyt2+ cells. Using a similar limiting dijution microculture sys-
tem, Ceredig et al. (1983a) showed that virtually all precursors of interleu=
kin-2 (IL-2} producing cells (Th cells} were in the 43T+, Lyt?- population,
Their freguency was 1/192. Together these data indicate that the large majo-
rity of cortical cells are non-functional, whereas the large majority of
medullary cells are functional Tn terms of susceptibility to antigenic/mito-
genic activation and capacity to proliferate and to generate helper and cyto-
toxic effector T cells, Thus, the medulla contains virtually all precursors
of functicnal Th cells and CTL. Of the medullary thymocytes, the Lyt2-, L3Th+
subpopulation represent precursors of Th cells, whereas the Lyt2+, L3T4- sub-
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population contains CTL-p. However, recent data published by Reichert et al.
{1984) and van Ewijk (1984) indicate that a minority of cortical cells do
express mature characteristics. In these studies MEL14 expression served as

an indication of maturity. Both studies demonstrated that scattered large
MELT4+ celis localize only in the cortex, not in the medulla, and that they
constitute less than 3% of total thymocytes. Reichert et al. alsc showed that
these MEL14+ ceils have a mature phenotype despite their cortical localization.
The relationship of these cortical MEL14+ cells with medullary thymocytes and
peripheral T cells is not yet clear.

£.2.4.2 Quantification of T cell production

Several investigators have aznalyzed the thymic balance of immigration,
proliferation, death and emigration of cells, Bryant (19¥2% and others inject-
ed adult mice with two radicactive DNA precursors, i.e. 122|-deoxyuridine
(1251-udR) and 3H-thymidine (3H~TdR) (see also Joel et al., 1977; McPhee et
al., 1979). Since 12 I-UdR is very poorly reutilized, whereas 3H-TdR is reuti-
Tized efficiently, the relative intrathymic decline of the two isctopes
refiects the extent of local reutilization of thymidine. This is an index of
the degree of local cell death: if all cells produced emigrate from the thymus
both isctopes should be lost in parallel, whereas intrathymic death would
result in maintained 2H-TdR levels. With this technique it was found that 60-
95% of the total population of thymocytes dies in situ. Proliferation was
found mainly in the cortex where 96.8% of thymic mitoses are located (Bryant,
1972). 1251-UdR is not lost from the thymus until 2 days after injection,
indicating that this is the minimal maturation time of cortical cells (Joel
et al,, 1977).

In another approach, Scollay et al. (1980a) used intrathymic injection of
fluorescein-isothiocyanate (FITC} to label thymocytes in situ and to trace the
descendants that emigrate from the thymus towards peripheral lymphoid organs.
Their data show that the rate of migration varies with age. Newborn mice pro-
duce 1.4 x 105 thymic migrants per day, whereas young adult animals (3.5-5.5
wks) produce 19 x 105 migrants per day._.ln adult animals (3-6 mths) the rate
of emigration has decreased to 1-2 x 10”7 per day, like in newborn mice, When
these numbers are expressed relative to thymus size, the thymus of newborn,
young adult and adult mice produces 4.7, 9.5 and 2 x 103/day/10° thymocytes
(less than 1%}, respectively. So the maximum rate of production, expressed
both as absolute numbers and per 10° thymocytes, was observed at an age when
thymus growth is maximal. As menticned above, the massive intrathymic death,

a process which is difficult to document morphologically, is an almost exclu-
sive feature of cortical thymocytes (Bryant, 1972; McPhee et al., 1979}. This
phenomenon s often explained as being the result of a selection process, which
cnly allows cells with appropriate MHC selection specificities to enter the
peripheral pool of lymphocytes (see Chapter 2.2.5).

2.2.4.8 Intrathymic origin and phenotype of thymic emigrants

Consistent with the notion that peripheraj T cells derive from medullary
cells, not cortical ones, is the finding that the PNA, Thy-1, TL and H-2 pheno-
type of migrants is indistinguishable from the phenctype of peripheral T cells
and medullary cells but quite different from the phenotype of cortical cells
(Scollay et al., 1380L, Scollay, 1982). Furthermore, migrants are divided into
Lyt2+ and Lyt2- subpopulations (Sccllay and Weissman, 1980), the same as medul-
lary thymocytes.

In a more recent study, Scollay et al. (198k4a) demonstrated that there are
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characteristics by which migrants differ from peripheral T cells. These are
the physical parameters, size and density, and sensitivity to killing with the
monoclonal antibody B2A2Z in the presence of complement, Medullary type cells,
whether defined as PNA- or CRT, are slightly larger and less dense than peri-
pheral T cells and they are killed by B2AZ in the presence of compliement,
whereas most peripheral T cells are not. Examination of thymic migrants showed
them, in each parameter, tc be more like medullary thymocytes than T cells.
The observation that recent migrants are sensitive to B2ZA2 wheresas cells which
have resided in the periphery for a longer period are not, provides strong
circumstantial evidence that migrants come from the medulla and that B2AZ
expression changes over several weeks after the cells have left the thymus,
Nevertheless, data from thymus grafts have suggested that medullary ceils
remain in the thymus for very long periods (i.e., 6 months or more} (Elliot,
1973; Stutman, 1978). This has been used in arguing the possibility that all
medullary cells are long-lived intrathymic cells and therefore not a source

of thymic emigrants. In those experiments, howaver, the Té chromosomal marker
was used to distinguish graft from host cells, so only cells that were divid-
ing were detected, leaving the possibility of a considerable bias in the sam-
ple. Scollay (1984) has repeated these experiments, but has used donor/host
combinations differing at the Thyl locus, so that 99% of graft cells couid

be analyzed. He shcwed that medullary cells with a lifespan of 4 weeks or more
constitute considerably less than 1% of the total thymocyte population. A small
but significant population remains for at least 3 months, constituting 0.1% of
the total thymocyte pepulation. Thus, the leng-lived thymocyte, as mgasured in
this system, is not representative of the meduilary thymocyte pool as a whcle.
Taken together these data do allow for the possibility that the medulla is a
source of emigrant T cells. However, there is recently published evidence,
which suggests that thymocytes may leave the thymus from the cortex. Van Ewijk
(1984) =nd Reichert et al. (1984) speculated that the few bright MEL14+ thy=
mocytes in the thymic cortex could represent the selected cells which are
allowed to leave the thymus and give rise to bright MEL14+ peripheral T ceills,
Although no formal proof exists, this hypothesis is supported by the recent
observation that migrants are bright MELT4+ (Reichert et al., 1984).

For a long time it was thought that the traffic of T cells between the
thymus and periphery is unidirectional (Stutman, 1978), i.e., once emigrated,
mature T cells cannot re-enter the thymus. So far, leukemic cells were the only
documented exception (Stutman, 1978). A recent publication (Maparstek et al.,
1982) has shown that activated T cells may re-enter the thymus and remain for
a long period in this organ. It remains te be investigated whether all popula-
tions of sensitized T cells are represented in the thymus or whether some of
these cells are specifically destined to return to the thymus because they
bear particular receptors for thymus homing.

2.2.4.4 Models of the relationship between cortex and medulla

Until recently there were two competing views to explain the relationship
between cortex and medulla (reviewed by Mathieson, 1982 and Scollay, 1983).
In the first model, both functional medullary subpopulations are believed to
derive from a common cortical precursor expressing Lytl, Lyt2 and L3Th. Basic-
ally this is the model put forward by Cantor and Boyse (1977). The Cantor and
Boyse hypothesis predicts that during differentiation, Lytl+2+ cells lose Lyt?
and become Lytl+2-. Alternatively, they lose Lyt] and become Lytl-2+. This
hypothesis is based on autoradiography studies of Weissman (1973). Weissman
demonstrated that (some) medullary thymocytes derive from cortical cells.
Thus, immature ceils would express both functicnal antigens, whereas mature



27

celis would express either of the two markers. This, however, is not in accord-
ance with recent data published by three groups. Mathieson et al. (1981) and
van Ewijk et al. (1982} showed that in contogeny Lytl+ cells appear before Lyt2+
cells in the embryonic thymus. Mathieson et al. {1981} suggested an independent
origin of Lytl+ and Lyt2+ T cell lineages. Ceredig et al. (1983b) have recently
shown that Lytl+2- cells can become Lytl+2+ in vitro. Therefore the Lytl-2+
subpopulation could, at least in part, be derived from the Lytl+2- subset. A
second model, proposed by Shortman and Jackson (1974) argues that prothymo-
cytes are already split into two lineages, i.e., cells that populate the

cortex or the medulla. They based this model on their observation that at

least some medullary cells are not derived from cortical cells, but instead

are generated independently. They suggested that precurscer T cells that enter
the medulla, mature and give rise to functional T cells which can emigrate
towards peripheral orgasns. In contrast, precursor T cells that enter the

cortex differentiate, but give rise to cells of which most are not functional
and therefore cannot leave the thymus ('dead-end' cells}. in these models

both functional subpopulations develop simultaneously in the same compart-

ment (s).

A third model has recently been proposed by Mathiescn (1982) and Scollay
(1983) . They have suggested that the two functional subpopulations may develop
independently in the cortex and the medulla., One subpopulation, assumed by
Scollay to be the Th populaticn, would develop in the cortex, and & selected
minority of these cells would pass through the medulla to enter the periphery,
whereas the other one, the CTL popuiation, deveioped only in the medulla. This
mode]l allows for a minority migration from cortex tc medulla (medel 1}, but
also for an independent medullary population (model 2}.

Very recently, a fourth alternative was proposed by Reichert et al. (1984).
They propese that the cortex is the major contributor of thymus emigrants. In
this model the rare cortical MELTA+ cells are thought to represent the emi-
grants. The observations that these cells are larger than the majority of
MEL14- cortical thymocytes, mature in phenotype and enriched in CTL-p are in
concordance with this model. They also suggested that the cortex and medulla
may both contribute to the peripheral T cell poel, but produce quite different
classes of migrants. Reichert et al. (1984) and van Ewijk (1984%) propose that
the cortex produces virgin T cells in a 'sterile' environment, whereas the
antigen~accessible medulla may be responsible for antigen=driven T cell
generation,

2,28.5 Lympho-stromal interqetion

As discussed in Section 2.2.1, the thymus is a lympho-epithelial organ,
in contrast to bone marrow and peripheral lymphoid organs. The epithelial cells
contribute a large part of the thymic stroma. In this section the role of the
thymic stroma in the process of intrathymic T cell differentiation will be
discussed.

Varicus tn vivo and in vitro experiments have unraveled the function of
the thymic stroma in the maturation of T cells. The thymic stromal cells exert
their effects on certain steps in T cell differentiation by secretion of vari-
ous hormones, such as thymosin, facteur thymique sérique {reviewed by Kruis-
beek, 1979; Trainin, 1983). These hormones act upon three different types of
target cells: prothymocytes, thymocytes and 'post thymic precursor cells'.
Currently, the existence of the latter category of cells is controversial,
because it is not known if thymic emigrants need to undergo further maturation
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steps in the periphery (Stutman, 1978; Scollay et al., 1384b). Among the
effects of thymic hormones are induction of T cell markers, preliferation and
effector T cell function. Beardsley et al. {1983} recently reported that a
thymic epithelial cell line produces & soluble factor capable of inducing
immature (PNA+) thymocytes into 1L-2 producers. Furthermore, it was postulated
that the thymic stroma produces soluble agents, which attract precursor T cells,
The postulation of a chemotactic factor was based on the following observations:
(1) precursor T cells enter the thymic anlage in successive 'receptive' periods
{Jotereau et al,, 1980); (2} <n vitro migration experiments demonstrated that
the homing of murine fetal Ffiver cells (containing prothymocytes) into thymic
rudiments is specific (Pyke and Bach, 1979; Fontaine-Perus et al., 1981),
Recently, such a soluble attractant was indeed isolated from thymic tissue:
Potworowski et al. (in press) identified a glvcoprotein, solubilized from thy-
mic epithelial cells, as the thymic element responsible for the chemotactic
effect 4n vitro, It is a molecule consisting of two subunits with molecular
weights of 55 and 140 kD. Preliminary information on its intracellular locali-
zation indicates that it is associated with intracytoplasmic vacuoles of thy-
mic epithelial cells.

On the other hand, some developmental steps require direct, receptor
mediated, cell-cell contact of the stroma with differentiating T cells. This
was documented with the following evidence., Immunolegical restoration of
neonatally thymectomized mice was shown to be possible only with free thymus
grafts and not with thymi implanted in diffusion chambers (reviewed by
Stutman, 1978).

The interaction of thymocytes with thymic stromal cells has been the sub-
ject of a number of studies using various approaches. It has been shown that
the intimate contact between stromal cells and thymocytes im vive is represen=
ted by lympho-stromal complexes which can be isclated in vitro. Examples of
these complexes are 'thymic nurse cells' (TNC), which are epithelial cells
enclosing up to 30 thymocytes {Wekerle and Ketelsen, 1980) and the so-called
'thymocyte rosettes', complexes of thymocytes surrounding a central macrophage
or 'dendritic' cell (Kyewski et al., 1982). Hiai et al. (1984) have investi-
gated the formatzon of lympho-stromal complexes ¢n vitrs. The study involved
complex formation between an epithelial cell line and thymocytes. They demon-
strated that in this model formation of complexes between epithelial cells and
thymocytes is predominantly associated with thymic blast cells, not small cor-
tical thymocytes. After differentiation into small thymocytes, the blast cells
appeared te lose the ability to form complexes with epithelial cells. Jordan
et al. {1979} have developed a monolayer culture technique to obtain thymic
stroma free of lymphoid ceils ard they have attempted to effect a recombination
of stroma and Tmmigrant progenitor cells by transplanting the stroma back into
an ©n vivo envirenment. On grafting beneath the kidney capsule of syngeneic
mice, lympho-stromal structures deveioped within the transplanted thymic stro-
mal cell aggregates. However, they could not establish whether the lymphoid
cells present in the lympho-stromal structures were of host origin. Jenkinson
et al. (1982) demonstrated umequivocally the immigrant nature of prothymo-
cytes in fetal liver, that recclonize organ cultures of feta! thymic iobes
depleted of lymphoid cells Zn vitro. Together these studies illustrate the
close contact between the thymic stroma and differentiating T cells, but they
do not reveal the nature of their interaction. Morphclogical as well as
functional studies suggest that the MHC antigens expressed on stromal cells
in the thymus are the elements which are essential mediators of signals to
differentiating T cells. These studies will be discussed below.
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Immunchistological studies of both murine and human thymus demonstrated
that both class | and class |f MHC antigens are expressed in a confluent pat-
tern on the medullary stroma, whereas only class |l antigens were detectable
in @ reticular pattern on the cortical stroma (Rouse et al., 1979; Janossy
et al,, 1980). The expression of class | antigens on the cortical stroma, how-
ever, is controversial. Two studies of the human thymic stroma (Rouse et al.,
1982; mMiilller et al., 1983) demonstrate the presence of class | antigens on the
cortical stroma. Immunoelectronmicroscopic studies of the mouse thymus demon-
strated the presence of class || antigens on thymic epithelial-reticular cells
in the thymic cortex (Van Ewijk et al., 1980}, Class Il MHC antigens in the
medulla were demonstrated on more than one cell typa. Our group (Van Ewijk et
al., 1980} and others (Rouse et a}., 1982) located these antigens on epithe-
1ial cells. On the other hand, other groups have shown that la bearing celis
in the medulla are bone marrow-derived antigen presenting cells (APC) (Barclay
and Mayrhofer, 1981; Bartiett and Pyke, 1982). These APC are considered to be
interdigitating cells {1DC) (Duijvestijn and Bavclay, submitted for publica-
tion).

Indirect evidence that MHC antigens play a role in T cell differentiation
was provided by Jenkimson et al, (1981) and Van Ewijk et al. (1982}, who showed
that in the embryonic thymus, the initial expression of T cell differentiation
antigens, such as Lytl and Lyt2, on the cell surface of thymocytes, is prece=
ded by the acquisition of MHC antigens by stromal cells. Moreover, Farr and
Sidman (1983) found that expression of la antigens was reduced in thymic tis-
sue of aged mice and that much of this loss was associated with cortical epi-
thelial cells. This age-related decrease of la antigen expression by thymic
epithelial cells is accompanied by loss of thymic weight and cellularity and
reduced capacity of thymic tissue to promote T cell differentiation {Hirockawa
and Makinodan, 1975}, Furthermore, reappsarance of Lytl and Lyt2 antigens on
thymocytes in the repopulating thymus of sublethally irradiated mice correla-
ted with reappearance of normal membrane-~associated MHC staining patterns
{Huiskamp and Van Ewijk, 1985; Huiskamp et al., 1385). Another morphological
indication for the role of MHC antigens in T cell differentiation is the phe-
nemenon that the thymic rudiment of nude mice differs markedly from its normal
counterpart in the sense that class |, but not class 1l MHC antigens are ex-
pressed on its epitheiial cells (Jenkinson et al., 1981},

There are many functional studies reported in the literature which empha-
size an instructive role of stromal cells in the development of T lymphocytes.
These studies show that most T lymphocytes recognize conventional {(non-MHC)
foreign antigens (X) only in the context of the polymerphic gene products of
the MHC (self) (Blanden et al., 1975; Zinkernagel and Doherty, 1975; Fink and
Bevan, 1978; Katz et al., 1978; Zinkernagel et al., 1978a,b; Sprent and von
Boehmer, 1979; Sprent, 1980; Kindred, 1980, 1981; Kruisbeek et al., 1981,
1983a,b; Singer et al., 1981, 1982). The particular MHC antigens that T cells
recognize in association with conventional antigens are not necessarily the
MHC determinants enceded within their own genotype but rather appear to be
those expressed by the host enviromwment Tn which the T cells matured. Thus,
somewhere during differentiation the T cell 'learns' to see host MHC deter-
minants as 'self! determinants. Experiments with twe types of semicllogeneic
chimeric mice suggest that the thymus s the host element that determines
the specificity of the self-recognition repertoire of the T cell (Zinker-
nagel et al., 1978a; Fink and Bevan, 1978):

(1) Chimeras in which (AxB)F1 T cell depleted BM celis ares used to reconsti-
tute an irradiated recipient of the same haplotype as one of the hybrid's



30

parents AxB — A, and which are subsequently immunized with vaccinia

virus (Zinkernagel et al., 1978a) or minor histocompatibility antigens
(Fink and Bevan, 1978), generate antigen-specific CTL that kill only

those target cells, which present antigen in association with A-type,

not B-type MHC antigens {Fig. 6a). The CTL thus recognize only the reci-
pient parental haplotype. In contrast, the chimeras made by reconstituting
A with adult spleen cells of AxB origin generate virus-specific cyto-
toxicity to infected A and B targets. This indicates that once differen-
tiated, mature T cells dc not change their restriction specificity,

(2) Chimeras analogous to the AxB — A can also be generated by grafting a
parentai A thymus intc an {AxB}F1 that has been thymectomized, Trradia~
ted and protected with AxB T ceil depleted BM (Fig. 6b). These animals
differed from the previous chimeras in that not all host tissues but
enly their thymus bore the parental haplotype A.

{AxB)om

Tcells
restricted
to A
_/; (AxBlom T celis
T
x@ Bt g\, )_9‘_(\' - {gsliricted
b AXB AX AX
Athy Athy
Teells
é@l -~ rgstricted
c AxBnu to A

Athy

Figure 6. Radiation BM chimeras and nude chimercs used to assess the MHC
vastriction spectficity of T cells. Tz = thymeciomize.

In centrast to semiallogeneic chimeras of the AxB — A type, fully glilo=~
genete A~ B chimeras, made by reconstitution of irradiated B recipients with
A-type BM stem cells, failed to develop CTL responses against virus-infected
targets (Zinkernagel et al., 1978a). To address the question why the allogeneic
chimeras were not immunologically reconstituted, Zinkernagel et al. (1978b)
made various types of chimeras and tested their spleen cells by transfer into
secondary freshly irradiated and virus-infectec {AxB)Fi recipients. They con-
cluded that, although the thymus determines which range of H-2 antigens might
be recognized as self, it is mainly the H-2 of the BM-derived cells (i.e.
macrophages or interdigitating cells} that determines the actual, phenotypi-
cally expressed and measurable specificity for self-H~2 of the T cell, Thus,
if T cells of any H-2 type learn to recognize A as self, they cannot express
their immunccompetence unless the same A is expressed, at least partially {in
(AxB) F1), on the cells they interact with, l.e. the lymphocytes and their
host's BM-derived APC. This can also explain why long-term A — B chimeras,
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completely recenstituted by donor cells, are severely T cell immunc-incompe-
tent (Zinkernagel et al., 1978a). In A —B irradiated allogeneic chimeras,
the precursor T cells learn to recognize B as self-H-2, but since the T cells
and the rest of the BM-derived cells (including APC) are made up of cells ex-
pressing A exclusively, no MHC restricted antigen recognition or cell inter-
actions can occur,

Another experimental model to examine the influence of the thymus on the
development of the self-recogniticn repertoive of T cells is provided by thymic
chimeras made by engrafting congenitally athymic nude mice with thymic lobes
of syngeneic, semi-allogeneic or allogeneic donors. AxB nude mice that received

semi-allogeneic {A} fetal thymus grafts (AxBnu = A} (Zinkernagel et al., 1979)
and A nude mice that received AxB fetal or newborn thymus grafts (Anu < AxB)
(Zinkernagel et al., 1980} respond to antigen in the context of the MHC haplo-

type shared by host and donor (A) only (Fig. 6c). Sofar the findings in nude
chimeras are consistent with those obtained in radiation BM chimeras. However,
the results obtained in fully allogeneic nude chimeras contradicted those
obtained in radiation bone marrow chimeras (Kindred, 1980, 1981; Zinkernagel
et al., 1380}: they disputed an important instructive role of the implanted
thymus in these animals.

The data reported above have been collected using different experimental
systems, mouse strains and antigens, antigen-primed or unprimed donors, as
well as various time points after reconstitution and doses of irradiatien.
These differences in experimental approaches may give different answers:
Several studies demonstrate that the fime allowing the chimeras to reconstitute
their lymphoid system and the dose of irradiation used to deprive recipients
of lymphoid cells, influence the self-recognition repertoire of the chimeric
T cells to a great extent. T lymphocytes from A — AxB Lowngterm chimeric mice
can only generate and display cytotoxic activity to infected A cells but not
to infected B cells. However, when these chimeric lymphocytes are sensitized
in irradiated and freshiy infected AxB recipients they respond to both infect-

ed A and B targets (Zinkernagel et al,, 1978b). This phercmenon can be explain-
ed as follows: in these irradiated and freshly infected recipient mice, BM-
derived cell types of host origin (AxB) are still present, in contrast to long-

term radiation BM chimeras, in which the greater part of the original BM-
derived cells has been replaced by cells descending from the transplanted hemo-
poietic stem cells. Zinkernagel (1978} then used a higher dose of irradiation
to test whether this dose depletes the thymic host AxB BM~derived cells more
effaectively. AxB mice ware irradiated with 1025 R {i.e. 75-100 R more than
previcusly used) and reconstituted with A BM stem cells. When these chimeras
were infected with vaccinia virus, the T cells lysed infected A but not B tar-
gets, as expected. However, upon adoptive transfer into freshly irradiated and
infected AxB recipients, these lymphocytes did not respond to infected B targets.
When the usual dose of 925-950 R was used, adoptively transferred chimeric lym=-
phocytes Tysed both infected A and B targets. Consequently, the few BM-derived
cells of AxB host origin, presumably APC, that usually survive irradiation
appear to be sufficlient to promote the differentiation of donor A cells ex-
pressing restriction specificity for B. If these cells are eliminated, no
mature T cells restricted to the second H-Z type (B) are generated. The stu-
dies of Katz et al. (1978} and Sprent and Von Boehmer (1979) clesarly show

that the dose of irradiation, lethal or sublethal respectively, alsc deter-
mines if Th cells recognize host- or donor-type MHC antigens. Together,

these data illustrate the relevance of the dose of irradiation used to con-
struct chimeras for the self-recognition specificity of both Th cells and
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CTL. To anaiyze the presence of radiation-resistant APC or T cells in the thy-
mus, Longo and Schwarz (1980) and Longo and Davis {1383) have directly assess-
ed the donor or host origin of thymic APC in radiaticn bone marrow chimeras
and the restriction specificity of their T celis. They demonstratad that with
increasing doses of irradiation, host-type APC are more quickly depleted and
replaced by doncor-type APC. They furthermore showed that, even when APC have
become denor-type, a population of host T cells with restriction specificity
for host-type H-=2 may survive in radiation chimeras, that is resistant to the
conventional doses of 300-975 R. The latter cells are effectively depleted by
1200 R.

It has been shown that subpopulations of murine T cells may use different
MHC antigens to recognize foreign antigen. The activation of Th cells for both
antibody (Katz and Benacerraf, 1975; Sprent, 1980} and CTL {Zinkernagel et al.,
1978) responses is restricted by prcducts of the | region of the MHC, whereas
the effector function of CTL is restricted by products of the K/D regions
of the MHC (Zinkernagei and Doherty, 1975; Blander et al,, 1975). The follow-
ing series of studies has been performed to further examine the possibility
that the thymus might play a critical role in determining the self-speci-
ficity expressed by some T cells but not necessarily all, Kruisbeek et al.
(1981) and Kruisbeek et &!. (1983a) have compared the self-recognition reper-
toire of CTL-p in the thymus and peripheral lymphoid organs of thymus-engrafted
nude mice and radiation bone marrow chimeras. In both experimental models it
was shown that K/D-restricted CTL in peripheral lymphoid organs consist of
two populations, one that differentiated intrathymically and whose repertcire
was dictated by its intrathymic differentiation environment and one that
differentiated outside the engrafted thymus and whose repertoire was dictated
by its extrathymic differentiation envirorment. Singer et al, (1981, 1982)
examined the self-recogniticn repertoire of Th cells of radiation BM chimeras
and nude chimeras to test if this were also true for Th cells. They demon-
strated that the self-recognition repertoire expressed by Th cells is deter-
mined by the H-2 phenotype of the intrathymic environment in which the T
cells had differentiated. Thus, H-2K/D-restricted 7L, but not la-restricted
Th cells, can differentiate into functional competence either intrathymically
or extrathymically. Kast et al. (198L) extended these studies using mouse
strain combinations that allowed them not only to examine the restriction
specificity of T cells, but also their immune response gene phenotype. They
showed that the thymus dictates MHC specificity and immune respcnse gene
phenotype of T cells restricted to class Il MHC determinants, but not of T
cells restricted to class | MHC determinants. Collectively, these chimera
studies demonstrate that the MHC antigens expressed on the thymic stroma
determine, at least in part, the restriction specificity of mature cells,

Two elegant studies have directiy proven that during T cell differentia-
tion, a receptor-mediated interaction between T cells and la molecules on the
stroma takes place. This was achieved by in vivo blocking of |a antigens on
stromal cells through administration of antibodies directed to these la anti=-
gens, The first study examined the role of la antigens in the induction of Th
cells in periEheral lymphoid organs. For this purpose, peripheral T cells from
unprimed (H-2" x H-2")F1 donors were injected into irradiated F1 hosts, toge-
ther with SRBC and antibodies directed against I~A/E determinants of the k
haplotype (Sprent, 1980). After 5 days these SRBC-specific Th cglls werg
transferred into irradiated F1 mice with either SRBC-primed H~2" or H-2" B
celis. These T cells were markedly reduced in their abiljity to cocperate with
H-2" B celts, however, they gave good responses with H-2" B cells. These fin-
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dings were taken to imply that anti-lak antibody bound to la de&erminants on
host (F1} APC and thus interfered with the activation of the la ~restricted
subpopulation of F1 T cells, but did not affect the activation of F1 T cells
restricted to |-A/E" determinants on APC. In the second study, the influence
of anti~MHC antibodies was tested during the neonatal T cell development in
the thymus. More specifically, Kruisbeek et al, {1983b) examined the effect
of chronic injection of anti-1-A" Ab in neonatal mice and tested the ability
of these injected mice to generate splenic CTL responses. These responses
were almost complietely abrogated after 2-3 weeks Zm vivo treatment with Ab.
Addition of tL~2, the putative non-specific soluble Th Tactor, restored the
defect. This indicates that the defect is due to the absence of immuno-
competant la-specific Th cells, and not to absence of K/D-restricted CTL
themselves. Thus, these two types of experiments Imply that in peripheral Tym-
phoid organs as well as in the thymus, the generation of functicnal Th cells
require nonlymphoid (stromal) celis which express class |1 MHC determinants

on the cell surface. In vive injection of anti-class il antibodies most pro-
bably leads to masking of MHC molecules on the stromal cells, Hence, develo~
ping Th cells do not recognize these determinants and are therefore not clo-
nally amplified in the thymic microenvironment. Kruisbesk et al, {(in prepa-
ration) recently confirmed the validity of this hypothesis. Neonatal mice,
injected with anti-1-A antibodies, lacked the thymic and splenic subpopula-
tions of L3Th+ Lyt2~ (helper) T cells.
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3. AlM OF THE STUDY

As demonstrated in Chapter Z of this thesis, the thymic stroma mediates
essential intercellular signals to differentiating thymocytes., The ceil types
constituting this stroma and their respective contributions to development of
various subpopulations of T cells, however, have only been poorly characteri-
zed. Whereas murine T cell subpopulations can be studied with & large panel
of moncclonal antibodies directed to surface markers of T ceils, no such
characterization of subpopulations of murine stromal cells was possible.
Therefore, we decided to raise a panel of monoclonal antibodies directed
against specific antigens of various types of stromal cells of the wmouse
thymus. The reactivity of the monoclonal antibodies obtained, using immuno=
histelogy and flowcytometry, is repcrted in Chapter 4. In Chapters 5-7 these
monocional antibodies are used for further characterization of the muripe
thymic stroma.

In Chapter 5 the monoclonal antibodies, directed to varicus types of
thymic stromal cells, together with monoclonal antibodies directed against T
cell antigens, were applied to study the phenotype of beth stromal and Tym-
phoid components of in vitrc isolated thymic nurse cells {TNC) in order to
analyze the relaticnship of TNC to stromal cell types defined 7n situ.

In Chapter 6 the monoclonal anti-stroma antibodies were used to study
the development of the stroma of the embryonic thymus of the normal and nude
mouse. In this paper we analyzed when the various types of stromal cells
can first be identified during embryonic development of the normal thymus.
Furthermere, we studied whether any of the stromal cells is lacking in the thy-
mic rudiment of the nude mouse embryo.

Chapter 7 deals with the effects of various doses of dexamethasone on
both lymphcid and stromal cells of the mouse thymus. To this purpose monoclonal
antibodies directed to thymic stromal cells (Chapter 4} and T cell antigens
were used in combination with flowcytometry and immunohistology. This ehapter
analyzes whether dexamethasone-induced changes in the thymocyte subpopulations
can be related to changes in the stromal composition of the thymus.

Our efforts to produce mcnoclonal antibodies to thymic stromal cells
resulted in two other monoclonal antibodies recognizing stromal cells in mino-
rity within the thymic microenvironment. These antibodies, however, react pre-
dominantly with stromal celis in peripheral lymphoid organs. Chapter 8 reports
a detailed description of the reactivity of one of those monoclonal antibodies
{ER-TR7), which is directed against reticular fibroblasts in peripheral lym-
phoid crgans. Finally, Chapter 9 deals with the reactivity of the other mono-
clenal antibody, ER-TR9, which primariiy reacts with a specialized macrophage
population, the so-called marginal zone macrophage, in the mouse spleen. The
anatomic localization of ER-TR9+ cells is correlated with that of another
subpopulation of macrophages, defined by the antigen Mac-1, and with that of
igh+ and IgM+ B cells.
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CHAFTER 4

MONOCEONAL ANTIBODIES TO STROMAL CELL TYFES (QF THE MOUSE THYMUS

Els van Viiet, Marleen Melis and Willem van Fwijk

Department of Cell Biclogy % Gemetics, Erasmus University, Rotterdanm

In: Bur. J. Immunol. 14: 524-528, 1984

SUMMARY

Seven hybridoma cell lines secreting monoclonal antibedies (mAb) to nen-
lymphoid cells of the mouse thymus have been prepared, These mAb clearly
demonstrate the heterogeneity of the thymic stroma. Based on their anatomical
distribution patterns observed with the immunoperoxidase technique on frozen
tissue sections, they were subdivided into four groups. The first group of
mAb, ER-TR1, 2 and 3, detects antigens encoded for by the | region of the
major histocompatibility complex. These antigens are expressed on both stromal
and lymphoid cells in lymphcid organs. mAb of the second category, ER-TRA,
react with epithelial cells in the thymic cortex. mAb of the third group
detect stromal celis of the thymic medulla. One antibody of this group, ER-
TRS, exclusively reacts with medullary epithelial cells. ER-TR6, the other
antibody of this group, reacts with medullary interdigitating cells and macro-
phages. The fourth type of antibodies, ER-TR7, detects the reticular fibro-
blasts of the thymus. The possible role of the thymic cell types detected by
the present antibodies in T cell differentiation is discussed.

1. INTRODUCTION

It is well established that the thymus plays an essential role in the
differentiation, maturatien and selection of T lymphocytes {1}. During their
thymic sojourn lymphocytes differentiate in interconnected compartments 1ined
by a framework of stromal celis. At present there is ample evidence, indica=-
ting that these stromal cells support the process of differentiation and
maturation of T cells. The maturational effect of the thymus is mediated by
secretion of various thymic hormones by the thymic stroma (2,3) as well as by
direct ceil-cell contact with the stroma (4). In vive studies have shown that
antigens encoded for by the major histocompatibility complex (MHC), expressed
on the thymic nonlymphoid celis, are essential for the development of seif
tolerance and MHC restriction, though the precise mechanism and the nonlym=
phoid cell types invoived are controversial (5-9).

We have undertaken immunohistological studies to analyse the thymic
microenvironments responsible for T cell differentiation (10,11). These stu-
dies defined epithelial-reticular cells as the major elements, which bear MHC
antigens and indicated that |-A and H-2K antigens define different compart-
ments in the thymus. Another indication for the relevance of the thymic
stroma in 7 cell education is the demenstration of lympho-stromal complexes
in thymic cell suspensions in vitro., Thymic nurse cells (TNC) (12) and thy-
mocyte rosettes {13) may represent the tight Zn vivo association between
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stromal cells and lymphocytes ©m situ. However, many questions remain unans=
wered concerning the compliex relationship between thymic Tymphoid cells and

the surrounding stromal cells, The identity and the heterogeneity of stromal
celis within the thymus are not yvet well defined. The purpose of the present
paper is to analyse the cell types which constitute the thymic microenviron-
ments responsible for T cell differentiation.

Monoclonal antibodies provide an excellent approach te study the hetero-
geneity of cells based on the presence of cell surface determinants. In the
present paper we report a panel of monoclonal antibodies which detect various
classes of thymic stromal cells. We present the localization of these cell
types using immunocytachemistry.

2. MATERTALS AND METHODS

2.1, Trmemanisation

2.1.1 Mice and rats

Male and female C3H/Hed, AKR, BALB/b, BALB/c, DBA/1, DBA/2, SWR/J, A.TL, A.TH,
A.SW, B10.Br, B10.ScSn, B10.RFII, B10.M, B10.G, B10.D2/n, BI0.AQR, B10.T{6R)

mice, age 6-12 weeks, were used for the present study. For immunization female
Louvain rats, age 10-25 weeks, were used. The animals were kept in our animai
colony under routine laboratory conditions with free access to foced and water.
2.1.2 Tsolation of thymic stroma and immunisation of rats

Thymic stromal ceils were isolated as follows: Thymuses of C3H mice were
placed on a nylon sieve and minced with a pair of scissors, while phosphate
buffered saline (PBS) was added. The stroma remaining on the sieve was further
dissociated at 37OC with 0.6 mg/ml collagenase (Miliipore, Bedford, MA, type
(V) in 0.1 M Tris, pH 7.1, containing 1% fetal calf serum (FC$), 5mM (aCl12

and 15ug/ml DNAse (Boehringer, Mannheim, FRG, grade Il}. Female Louvain rats
of 4 months old were injected intraperitoneally (ip) with stromal cells iso-
lated from five thymuses. After 4 weeks they were bocsted ip. Animals were
then selected which had high titers of serum antibodies directed against
stromal cells. After 8 weeks these animals were boosted intravenously (iv).
Spleens were excised aseptically three days later.

2.2, Call fusion
Immune spleen cells were fused to P3-X63-AgB.653 myeloma cells (14) as des-
cribed before {15). Peritoneal macrophages were used as feeder cells (16).

2. 3. Antisera and conjugates

Affinity column purified rabbit-anti-rat immunoglobulin {(RxRa-lg, Dake,
Copenhagen, Denmark} and rabbit-anti-rat |g coupled to horse radish peroxi-
dase (RaRa-I1g-HRP) were used, Sheep-anti=-rat lg coupled to B-galactosidase
(ShaRa-1g-BGal) was obtained from the Radiochemical Center {Amersham, GB).
Fluorescein-conjugated rabbit-anti-rat serum (RaRa-Ig-FiTC) was obtained

from Nordic Immunological Laboratories (Titburg, NL}. All conjugates were
routinely deaggregated by centrifugation in a Beckman (Palo Alto, CA) Alrfuge
at 105 xg. Antibodies and conjugates were optimally diluted in PBS containing
0.5% bovine serum albumin and 1% normal mouse serum, in crder to prevent
aspecific binding.

2.4, Assay procedures for selection of hybridomas

2.4.1 General remarks

For isolation of hybrid ciones, which produced antibodies against stromal
cells we chose the following screening procedure: First, hybridoma superna-
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tants were tested for lg secretion and secretion of antibodies against thymo-
cytes, the major contaminarnt in stromal cell suspensions., For both screening
assays we used a micro enzyme-linked immunosorbent assay (ELISA) system, as
described by Van Soest et al. (17). Second, the reactivity of the lg+ve
supernatants which did not react with thymocytes was screened with frozen
sections of thymic tissue, as described elsewhere (18). Hybrid clones pro-
ducing antibodies which reacted with stromal cell types were subcloned using
limiting dilution, expanded and stored under liquid nitrogen.
2.4.2 ELTSA procedure to detect production of rat Ig in hybridoma super—
natants
The EL!SA method (17) was modified for detection of rat ig. Briefly, Terasaki
plates were coated with optimally diluted RouRa-lg in PBS overnight. Thay were
rinsed with PBS containing 0.2g/1 gelatin {PBS-gel). Next, hybridoma super-
natants were applied to the Terasski plate using a replicator (Biotec, Basel,
Switzerland}. After incubation for 60 min piates were rinsed in PBS-gel con~
taining 0.05% Tween-20 and incubated with optimally diluted ShaRa-ig-8Gal.
Next, the plates were incubated with 4-methyl-umbelliferyl-galactoside. The
reaction was terminated by adding 0.5M sodiumbicarbonate buffer (pH 10.4) to
each individual well. Binding in the individual wells was then quantified,
using a scanning inverted microfluorometer connected to a microcomputer {19).
2.4.3 Wiscallancous methods
To detect mAb binding to cell surface antigens the ELISA method (17) was used.
Frozen sections of lymphoid organs were prepared and stained using an indirect
immunoperoxidase method, and photographs were recorded as reported elsewhere
(18). lmmunoflucrescence of lymphoid cell suspensions and flowcytofluorcmetric
analysis were performed as described by Van Ewijk et al. (18,20).

2. 4. Determination of Ig class
lg secreted by hybridoma cells were determined by Quchterlony double diffusion
in agar on culture supernatanis concentrated approximately 5-10 fold. Reagents

specific for rat igM, 1gG1, lgG2a, 1gG2b and IgG2c were cbtained from Miles
Laboratories (Slough, GR)

TABLE 1
RAT MONOCLONAL ANTIBODIES DIRECTED AGAINST MOUSE THYMIC STROMAL CELLS

Antibody Reacts with Immunoglobuliin class
ER-TR1™ cortical medullary stromal lgG2e
cells

ER-TR2 " " " 1gG2b

ER-TR3 " " " lgG2b

ER-TRA cortical stromsl cells Igh

ER-TR5 medullary stromal cells I gM

ER-TRE " " and IgM

lymphoid cells
ER-TRY reticular fibroblasts IgG2a

x ER = Erasmus University Rotterdam
TR = Thymic Reticulum
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3. RESULTS

5.1 Reactivity of anti-stroma mAb with frozen thymis sections

Based on the selection procedure described in section 2.4 seven hybrido-
mas were isolated which produce antibodies reacting with nonlymphoid cell
types in frozen thymus sections. Based on the reactivity patterns obtained
in these frozen sections the present hybridomas can be divided into four
groups {Table 1). Table 1 also includes the immunoglobulin class of each mAb,
We will subsequently discuss the reactivity of each group of antibodies with
thymus sections,

The first group of clones (ER~TR 1, 2 and 3) produces antibodies which
give a fine reticular staining pattern in the thymic cortex and confluent
staining in the medulla (Fig., Ta). This reactivity pattern is similar to the
reactivity pattern of anti-H-2 antibodies {11). As these antibodies react
with B cells, but not with T cells in peripheral lymphoid organs (not shown),
they presumably detect la antigens. The second category of clones (ER-TR&)
produces antibodies which detect antigens, which are expressed in a reticular
pattern in the thymic cortex, whereas the medulla is virtually negative (Fig.
1b). In contrast, the third group of antibodies (ER-TR5 and ER-TR6) reacts
with cells with dendritic morpholegy in the medulia in thymus sections. How-
ever, the staining patterns, obtained with ER-TRS and 6, differ substantially,
ER-TRS fails to detect any corticsl stromal or any lymphoid cells (Fig. 1c},
whereas ER-TR6 reacts with stromal cells in the medulla and with medullary
lymphoid cells (Fig. 1d). Furthermore, this antiserum reacts with the thymic
capsule, with the blcod vessel walls and occasional cortical nenlymphoid cells.
Monoclonal antibodies produced by the fourth category of hybrid cells ER-TR7
detect 'reticular' c¢ells in the medulla of the thymus (Fig. 2a). However,
these antibedies also react with the thymic capsule and the walls of blood
vessels. A negative control section, Tncubated with 2nd stage antibodies and
diaminobenzidine tetrahydrochloride (DAB) only, is demonstrated in Fig. 2Zb.
Fiowcytometry on thymocyte suspensicns confirmed the immunohistological
observations (data not shown).

5.8 Reactivity of the anti-stvoma anttbodies with various mouse strains
To study the reactivity of the anti-stroma antibodies with various mcuse
strains we chose two approaches, i.e. flowcytometry and immunohistology. Since

ER-TR1, 2 and 3 react with B lymphocytes in spleen and lymph node, and pre-
sumably detect polymorphic MHC determinants (21) we performed comparative
flowecytometry on spleen cell suspensions of varicus inbred mouse strains using
ER-TR1, 2 and 3. Since ER-TR4, 5, 6, and 7 do not react with Tymphoid cells
{except for ER-TRB), we tested the reactivity of these latter antibodies with
various mouse strains using immunchistology.

Figure I, Immunopercoxidase stagining pattern of serial frozen thymus seations.
(a), (b}, (e}, (d) represent frozen sections tnoeubated with mono—
clonal antibodies ER-TR3, ER-TR4, ER-TR5S and ER-TRE, respectively.
Tnsets represent higher magnifications of the cortex of (al), (b),
and medulla of (e), (d), vespectively. ¢ = cortex, m = medulla, ca
= capsule, v = blood vessal in medulla, t = trabeculae.

Magni fication: (a), (b}, (¢), (d): 140x; Inset: 37or.
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Figure 2. Immuroperoxidase staining pattern of serial frozen thymis sections.
(), (b), represent Ffroszenm sections incubated with monoclonal anti-
bodies ER-TR? and a negative control section, incubated with 2nd
gtep and DAB only, respectively. ¢ = cortex, m = medulla, ca = cap-
sule, v = blood vessel in medulla, t = trabeculae.

Magnification: 140zx.

Table 2 summarizes the flowcytometry results obtained with ER-TR1, 2 and
3. The data obtained with various mouse strains carrying H-Z haplotypes of
independent origin indicate that positive/negative reactivity correlates with
H-2 haplotype. The reactivity of ER-TR1 and 3 with A.TL, but not with A.TH
demonstrate the detection of antigens encoded by the la region of the H-2
complex. Strong reactivity of ER-TRZ with BI10.AQR and lack of reactivity with
B10.76R indicates that this antibody also detects products of the la region.
Taken together, the results show that ER-TR1, 2 and 3 detect antigens which
are shared by several, but not all mouse strains and that these antibodies
detect different la specificities. ER-TRZ possibly reacts with la specificity
M17, 32 aor 33 and ER-TR3 with la soecificity 50 (22). ER-TR1 apparently detects
a new specificity,

We incubated frozen sections of thymuses of mouse strains reported in
Table 2 with ER-TR4, 5, 6 and 7. These antibodies react with frozen thymus
sections of all mouse strains tested. Thus, the antigens detected by these
antibedies are not polymorphic.
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TABLE 2
DESTRIBUTION OF ER-TRT, 2 AND 3 AMONG MOUSE STRAINS WITH INDEPENDENT AND
RECOMB INANT HAPLOTYPES

Strain Haplotype Clone
K ABJEC D ER-TR} ER-TR2 ER-TR3

C3H/HeJ k kkkkk k 48" 46 46
AKR k kkkkk K 54 52 54
B10.BR k kkkkk k 539 58 62
B10.5c5n b bbbbb b 5 50
Balb/b b bbbbb b 3 39
B10.D2/n d ddddd d 1 5 54
Balb/c d ddddd d L5 3 L
DBA/2 d daddd d 27 b 47
B10.G 9 99999 9 53 b 46
DBA/ 9 99999 ¢ 52 6 5k
SWR/J 9 3994949 9 bk 3 49
A, 5W S 555535 5 4 20 6
BI1G.M f FEFFF ¥ b 5 3
B10.RILI r rrrrror 39 39 40
B10.AGR g kkkkd d 52 52 51
B10.T(6R) g g9gggqgqg d 50 3 52
ALTL s kkkkk d 29 52 51
A.TH s 53555 s d 5 4g 7
x Data are expressed as percentage labeled cells, determined by flowcyto-

fluorometric analysis of spleen cell suspensions as described in Materi-
als and Methods.

4, DISCUSSION

In the present study we report the production of seven hybrid cell lines
secreting rat mAb directed against stromal cells of the mouse thymus. On the
basis of thair anatomical distribution pattern in the immunoperoxidase tech-
nigue on frozen tissue sections these antibodies were subdivided into four
groups. We will subsequently discuss which nonlymphoid cell types are detect-
ed by the presently reported mhAb.

From their anatomical distribution patterns, we conclude that the mib
ER-TR1, 2 and 3 of the first category detect antigens encoded for by the H-2
complex expressed on both cortical and medullary stromal cells. in line with
this assumption is the following evidence. Similar reactivity patterns in
thymus sections have been reported previously (11,23,24), using genstically
defined mAb and conventional antisera against H-2 and HLA antigens, respecti-
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vely. Furthermore, ER-TR1, 2 and 3 react with B cells. This is a feature of
antigens encoded for by the la region of the H-2 complex (21). Data obtained
with spleen cell suspensions of recombinant mouse straing confirm the detect-
ion of products of the la region. ER~TR1 detects a new specificity, whereas
ER-TRZ and 3 presumably detect known specificities (22},

mAb ER-TRL4 of the second category exclusively react with epithelial-
reticeular cells in the cortex of the mouse thymus. The foliowing evidence
supports this view. Double-iagbelling studies demonstrated the presence of
ER-TR4 antibodies on |-A+ve cortical stremal cells (Van Vliet, urpublished
observation). These |-A+ve cortical cells were shown to be epithelial-reti-
cular celis (11}. Two more observations favour the epitheiial nature of the
ER-TR4 positive cortical cells. First, ER-TRL antibodies appear to react with
isolated thymic nurse cells (Van Vliet, unpublished observation), which have
been shown to be epitheilal-reticular cells (25). Second, ER-TR4 antibodies
crossreact with epithelia of other organs tested, such as intestinal epithe-
Tium (unpublished observation).

The medullary localization of the cells detected by the third group of
antibodies, suggests that these antibodies are directed against IDC and/or
medullary epithelial cells. We assume that ER-TR5 selectively reacts with
epithelial cells of the medulla, because (1) ER-TRS alsc reacts with epithe-
lial cells in various organs tested, such as epidermis (unpubliished observa~
tion), (2) ER-TRS does not react with isoiated IDC or macrophages (Dr, E.
Hoefsmit, personal communication). Preliminary studies have shown that, in
contrast, ER-TR6 reacts with isolated IDC and macrophages. The reactivity of
ER-TR6 with nonlymphoid cells in the Tymph node medulla indicates that this
antibody detects a marker on a subpopulation of macrophages., However, ER-TRE
crossreacts with nonepithelial tissues, as well as with epithelia.

The present study further indicates that the fourth category of antibodies
ER-TR} detects antigens on reticular fibroblasts in the thymus. ER-TR7 also
reacts with reticular fibroblasts in peripheral lymphoid organs {unpublished
observations). Evidence to support this notior is that ER-TR7 reacts with con-
nective tissue components in various ncenlymphoid organs (unpublished cbserva-
tions). Strikingly, the thymus contains little ER-TR7 positive mesenchymal
tissue In comparison with peripheral lymphoid organs. This mesenchymal tissue
is mostly confined to the medulla. Obviously the epithelial cells constitute
the major stromal compartment of the thymus.

As outlined above the presently described mAb provide a correlation
between the localization of various stromal cell types and subsets of diffe-
rentiating T cells. ER-TR7 outlines the reticular fibroblasts of the thymus.
ER-TR1, 2 and 3 define the same environments as previously reported by us
for 1-A antigens (11). Althcugh they outline both cortex and meduilea, they
do not selectively react with stromal cells of either cortex or medulla.
ER-TRLY, & and &, however, demonstrate a clear demarcation of cortex and
medulla. These antisera distinguish between specific stromal subpopulations
of both compartments. Perhaps it is significant that antigen expression on
stromal cells, as demenstrated in this study, parallels antigen expression on
T cells {18,25,26). ER-TRL expression on cortical epithelial cells correlates
with the major cortical T cell population. On the other hand, Immunoccmpetent
medullary thymocytes (+ 15% of the total lymphocyte population) reside in an
environment, which is ER-TRS and & positive.

ts there any direct evidence fer the involvement of the thymic stroma in
T cell differentiation and selection? At present there is evidence which indi-
cates that the thymic stroma bears cell surface antigens which are recognized
by differentiating thymic iymphocytes {5,27). |t was demonstrated that for
development of [a-specific T helper cells to occur, precursor T cells need to
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interact with ta products in the thymus. Apparently, this development can be
blocked by monoclonal antibodies. Kruisbeek et al, (27) showed that intra-
peritoneal injection of anti 1-A antibodies into neonatal mice prevented the
development of T cells which were able to recognize self or allogeneic I-A
determinants, However, the stromal elements responsible for the self-MHC
selection process have not yet been identified. We hope that the presently
described mAb will provide tocls to further unravel the role of stromal com-
ponents in microenvironments which dictate T cell differentiation.
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CHAPTER &

TMMUNCETSTOLOGY OF THYMIC NURSE CELLS

Els van Viiet, Marileen Mzlis and Willem van Ewijk

Department of (ell Biology 4 Genetias, Evasmus University, Kotterdam

In: Cell. Immmol. 8§7: 101-108, 1884

SUMMARY

The demonstration of Thymic Nurse Cells {TNC), complexas between stromal
cells and thymocytes, in cel! suspensions of murine thymuses, prompted us to
investigate 1) the relationship of TRC to other thymic stromal cell types
defined in situ, and 2} the maturation stage of the enclosed thymocytes. To
this purpose we incubated frozer sections of TNC suspensions with various
monoclenal antisera directed to T cells and stromal cell types, using immuno-
histolegy. This approach enabled us to study antigen expression cen the 'nur-
sing' cell itself and to analyze the phenotype of the enclosed lymphocytes in
cross sections of TNC. The results show that lymphocytes enveloped by TNC
express high levels of Thy-1, moderate levels of T200 and variable amounts of
Lyt-1. Due to enzymatic degradation Lyt-2 expression could not be studied.
The enveloped cells also bear PNA receptors, but no detectable I-A/E anti-
gens. Expression of H-2K antigens on enciosed thymocytes varied from weak to
absent. The ‘nursing' celis react with ER-TR4, & monoclenal antibody which
detects cortical epithelial-reticular cells. In addition TNC express |-A/E
and H-2K antigens. |n contrast, TNC do not react with ER-TR 5 and 7, monoclo-
nal antibodies, which detect medullary epithelial cells and reticular fibro-
blasts, respectively. TNC do not express the macrophage antigens Mac-1 and
Mac-2. We conclude that TNC #»n vitre represent the im vive association of
epitheiial-reticular ceils with cortical thymocytes. However, the enclosed
thymocytes do not constitute a phenotypically distinct subset of subcapsular
or outer cortical cells.

TNTRQDUCTION

T lymphocytes differentiate under control of the thymus {1}. While in
the thymus, lymphocytes come into contact with a framework of stromal, mainly
epitheliial, celis., At present there is ample evidence, that the thymic non-
lymphoid compartment supports the development of immunocompetent T lymphocytes.
The thymic stroma mediates its effect on certain steps in T cell differentia-
tion by secretion of various hormones (2-4). However, some developmental
steps require direct receptor mediated cell-cell contact of maturing T cells
with the stroma (5). Furthermore, various 7m vivo experiments have demeonstrated
that antigens enceded for by the majer histocompatibility complec (MHC), ex-
pressed on thymic nonlympheid cells, are crucially invelved in dictating or
selecting restriction specificities for seif MHC of maturing T cells. However,
both the mechanism and the stromal elements actually responsible for deter-
mining the specificity of the T cell repertoire are controversial {6-9).
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We have previously started to investigate the thymic microenvironments res-
ponsible for T cell differentiation by immunocytochemistry (10,11}, In these
studies epithelial-reticular cells were shown to be the major thymic elements,
which express MHC antigens. These studies further demonstrated that i-A and
H-2K antigens define different thymic microenvironments. I-A antigens are
present throughout both cortex and medulla, whereas K antigens are only found
in the medulla. A morphological indication for the relevance of the thymic
stroma in T cell differentiation is the recent demonstration of lympho-stro-
mal complexes in thymic cell suspensions im vitro (12). These complexes,
termed thymic nurse cells (TNC), are complexes of a single epithelial cell
filled with high numbers of fully intact thymccytes. TNC formation is ascri-
bed to subcapsular and outer cortical areas of the thymus (13}, the area to
which prothymocytes possibly migrate upon arrival in the thymus. This obser-
vation suggests that TNC may provide a microenvircnment guiding early stages
of intrathymic T cell differentiation.

Questions which arise from the above presented data are: (1) What is the
relationship between TNC and stromal cell types defined im situ? (2) Do TNC
specifically interact with a subset of lymphocytes at an early stage of intra-
thymic T cell differentiation? If so, do they preferentially contain subcap-
sular or outer cortical thymocytes?

In the present study we report upon immunohistelogical characterization
of TNC with various monoclonal antisera directed to differentiation markers
of T cells as well as antibodies directed to determinants on thymic stromal
cell types, recently produced in our group {14). Our resuits indicate that
TNC iZm viire represent the Zm pfvo association of epithelial-reticular cells
with cortical thymocytes.

MATERTALS AND METHODS

Animals.
Baib/c mice of 4-6 weeks old were used. They were kept in our animal colony
under routine laboratory conditions.

TNC preparation,

TNC suspensions were prepared as reported by Wekerle et al. (12). However,
coilagenase/dispase {Boshringer Mannheim Inc., Mannheim, FRG} was used Instead
of trypsin.

Antisera.

Reagents used in the present study are listed in Table 1. For immunoperoxidase
studies the monoclonal antibodies were detected with rabbit-anti rat immunc-
globulin conjugated to horse radish peroxidase (RaRa-lg-HRP) (Dako, Copenhagen,
Dermark). Alternatively they were detected with rabbkit-anti-rat Immuncglobulin
conjugated to tetramethyl-rhodamine-isothiocyanate {RaRa-Ig-TRITC} {Nordic,
Tilburg, The Netherlands). To prevent aspecific binding to Fc receptors the
conjugates were routinely deaggregated before use by centrifugation in a
Beckman airfuge at 105 xg. The conjugates were optimally diluted in PBS con-
taining 0.5% BSA and 1% norma! mouse serum in order to prevent aspecific bin-
ding. Peanut agglutinin conjugated to fluorescein-isothiocyanate (PNA~FITC)
(Vector Leboratories, Burlingame, USA) was optimaliy diluted to distinguish
cortical from medullary thymocytes.

Preparation of frozen sections
TNC were fixed in 0.5% paraformaldehyde in phosphate buffered saline (PBS) at



55

Tabie 1. REAGENTS USED IN THE PRESENT STUDY

Reagent Reacts Reference
code”™ with nr.
59-AD-22 Thy-1 antigen 15
53-7-313 Lyt-1 antigen 15
53-6-72 Lyt-2 antigen 15
30-G12 T-200 antigen 15
PNA Cortical thymocytes 16
ER-TR4 Cortical epithelial cells 14
ER-TRS Medullary epithelial 14
cells
ER-TR7Y Reticular fibroblasts 14
MS/11h.15,2  1-a/E"S 17
M1/42.3.9.8  H-2K, all haplotypes 18
M1/70.15.11.5 Mac-1 antigen 19
M3/38.1.2.8  Mac~2 antigen 20

iy reagents used, except for PNA, are rat mono-
clonal antibodies directed against mouse deter-
minants. They were applied in conjunction with
RaRa-1g-HRP as a 2nd stage reagent, foliowed by
diamino-benzidine tetrahydrochloride (DAB). PHNA
was applied as PNA, conjugated with fluorescein-
isothiocyanate (PNA-FITC).

4°C for 30 min (21). The fixed cells were mixed with a warm solution of 1.5%
agar {Difco} in PBS. After setting the agar containing TNC was mounted on a
cryostat specimen holder using Tissue Tek [1 (Miles Laboratories, Naperville,
1L} as mounting medium. The mounted tissue was frozen by placing the cryostat
specimen holder 1n solid CO3. 5 um frozen sections were cut using a cryostat
{Bright, Huntington, UK). These sections were dried with a fan, briefiy fixed
in acetone, dried again and stored at room temperature in a desiccator on
sitlicage! until use,

Immmoperoxidase staining of frozen sections

Immunoperoxidase staining of frozen sections and photography were performed
as described below. Sections were soaked in PBS containing 0.5% bovine serum
albumin (BSA), and 0.05% Tween-20 (rinsing buffer). Sections were then over-
layed with monocleonal antibodies, and incubated for 60 min at room tempera-
ture in moist chambers. After repeated washing with rinsing buffer, secticns
were incubated for 60 min with appropriately diluted second stage antibodies.
After rinsing antibedy binding was visualized using di-aminobenzidine tetra-
hydrechloride (DAB), according te Graham and Karnovsky (22}, The contrast of
the precipitate was enhanced by incubating sections in a solution of 1% CuSO04
and 0.9% NaCl for 10 min. Sections were dehydrated, coverslipped and examined
using Zeiss 10x, 25x and 100x Planapo objectives. Phcotographs were recorded
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using Il1ford Pan F films. The contrast of the image was enhanced with a 430
nm interference filter (Schott).

Immunofluorescence staining of frozen sections

Two-colour immunofluorescence staining of frozen sections was performed
according to Van Dongen et al. (23).

RESULTS

In the present paper we report the results of immuncperoxidase studies
on frozen sections of suspensions of TNC of Baib/c mice. This approach did

not only enable us to study antigen expression on the 'nursing' cell itself,
but also enabled us to 'look inside' the TNC and to study the enclosed thymo~
cytes in cross sections of TNC, In the first part we will present the results

obtained with monocleonal antibodies against various T cell markers of the
mouse, i.e. Thy-1, Lyt-1, Lyt-2 and T-200 and with peanut agglutinin (PNA).

in the second part we will report the reactivity of monoclonal antibodies
directed against a variety of thymic stromal celi types of the mouse with

the 'nursing’ cell itseif. Table 1 summarizes all reagents used in the present
paper.

Data for esach antiserum are based on samples of 200 or more individual
TNC and on three separate experiments. Only those TNC which were morphologi-
cally intact and which contained at least four thymocytes were included in
the present study.

1.  Reactivity of TNC with PNA and varicus monoclongl antisera against T

cells

The results obtained with various T cell markers are summarized in Tabkle
2. Frozen sections of TNC suspensions, incubated with monocional anti-Thy-1,
show that all lymphoid cells inside TNC in 99% of TNC are strongly Thy-1
positive. (Fig. 1a) We only observed 5/530 TNC with one Thy-1 negative lym-
phocyte each. Frozen sections, of TNC incubated with monoclonal anti-TZ00
(Fig. 1b) in general reveal a similar reactivity pattern, i.e. & homagencus-
1y strong T-200 expression on all enclosed thymocytes., However, T-200 expres-
sion is weaker than expression of Thy-1. 8nly 5/595 TNC contained one T-200-ve
lymphocyte. TNC sections incubated with monoclonal anti-Lyt-1 (Fig. 1c) de-
monstrate that all lymphocytes in TNC are Lyt-1 +ve. However, these secticns
differ markedly from sections incubated with anti-Thy-1 or anti-T-200. Large
differences in antigen density among lymphocytes within one TNC were observed
in 91% of TNC. However, three mincr subpopulations were noted, each amounting
to 3% of TNC. These TNC subpopulations contained lymphocytes with homogeneous-
iy ltow, intermediate or high levels of Lyt-1, respectively. Frozen sections
of TNC, incubated with PNA-FITC demonstrated that all lTymphocytes inside TNC
are strongly PNA +ve (Fig. 2a). No PNA -ve thymocytes were observed. In
addition, PNA appeared to react with TNC as well as with other nonlymphoid
cells in the cell suspension, presumably macrophages. Frozen sections of TNC,
incubated with moneccional anti Lyt-2 only demonstrated that thymocytes en-

Pigure 1. Immunoperoxidase staining pattern of Frozen sections of TNC. Incu—
bation with moroclonal anti-Thy-1 (a), anti-I-200 (b}, anti-Lyt-I
(e}, Note that the INC themselves are megative with these anttbodies
{arrows!). Note negative nucleus (asterisk),
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Table 2. REACTIVITY OF BALB/c TNC WITH PNA AND MONGCLONAL ANTISERA DIRECTED
TO T CELL ANTIGENS

T cell staining intensity
marker n of thymocytes % positive TNC
Thy-1 590 ++1 in 99% of TNC aii thymocytes were

Thy-1+ve; 1 % of TNC contained cone
Thy-1-ve thymocyte

T-200 595 + in 99% of TNC all thymocytes were
T=200+ve; 1% of TNC contained one
T-200-ve thymocyte

PNA 200 + ali thymocytes in TNC are PNA+ve
Lyt-1 500 + to 4 all thymocytes in TNC are Lyt-1 +ve
Lyt-2 100 3 all thymocytes Tn TNC are Lyt-2 -ve

1. The average number of thymocytes enclosed by TNC noted in crosssections
was 13.
2. 91% of TNC: + to ++
3% of TNC: ++

3% of TNC: +
3% of TNC: +
3. Lyt-2 staining was not detectable due to enzyme treatment of TNC.

Figure 2. Two-colour fmmmofluorescence staining patitern of frozen seciions
of TWC. Incubation with PNA-FITC {(a), and ER~TR4 followed by RaRa-
Ig-TRITC (b). Note that not only thymocytes, but alse TNC are FNA
+vg. Note ER-TR4 +ve cytoplasmic extension in center of TNC ((b),
arrow).



59

closed by TNC are virtually Lyt-2 -ve (not shown). A likely explanation for
this finding is the removal of Lyt-2 from the cell surface by the enzymatic
treatment during TNC isclation,

To test this hypothesis we comparad Lyt-2 expression on thymocytes,
which had been treated with collagenase/dispase, and untreated control lym-
phocytes. About 80% of control thymocytes were strongly Lyt-2 positive,
whereas enzyme treated thymocytes were virtually negative (data not shown).
This is in line with observaticns by others that Lyt-2 is very sensitive to
trypsin treatment (13,23). We conclude that the enzymatic treatment used for
TRC isclation destroys the Lyt-2 antigen of the enclosed lymphocytes. Thus,
no data on the expression of Lyt-2 on thymocytes in frozen sections of TNC
could be obtained. Comparison of enzyme treated and untreated thymocytes
indicated that binding of PNA, anti-Thy=~1, anti T-200 and anti-Lyt-1 were not
detectably affected by the isolaticn procedure used.

We did not demonstrate any |-A/E pesitive lymphocytes enclosed in THNC.
H-2K expression varied from weak to absent. In summary, thymocytes in THC in
situ are strongly PNA and Thy-1 positive, moderately T~200 positive and demon-
strate variable Lyt~1 expressicn. They are |-A/E and H-2K negative or weakly
H-2K positive. This phenotype corresponds to the phenctype of cortical thymo-
cytes.

2.  Reactivity of TNC with monoclonal anitisera againet various thymic stromal
zell types
Frozen sections of TNC were incubated with monoclonal antisera directed
against variocus thymic stroma} cell types of the mouse thymus. Table 3 shows
a summary of the results. Monoclonal antibodies frem clone M5/114, which
detect 1-A/E antigens, react with all TNC studied. TN also express H-2K
antigens, as demonstrated with M 1/42. 90% of TNC react with ER-TRL, an anti-
serum, which detects epithelial reticuiar cells of the thymic cortex (Fig. 2b}.
TNC do not react with ER-TR5, a menoclonal antibody which detects epithelial
cells of the thymic meduila, nor with ER-TR7, a monoclonal antibody which
reacts with reticular fibroblasts. Furthermore, two monoclonal antisera,
directed against cell surface antigens on macrophages, were tested for reac-

Table 3. REACTIVITY OF BALB/c TNC WITH MONOCLONAL ANT!SERA
DIRECTED TO VARIOUS STROMAL CELL TYPES OF THE
MOUSE THYMUS

Clone % +ve ™ Staining intensity
ER-TRY 90 +

ER-TRS 0 -

ER-TRY 0 -

M1 /42 99 ++

M5/11h 99 +

M1/70 0 -

M3/38 0 -

T. Number of TNC studied: 185-205.
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tivity with TNC. Table 3 demonstrates that TNC do not express either Mac-1 or
Mac-2.

In summary, TNC react with antisera to I-A and K antigens and cortical
epithetial cells, TNC neither react with antisera to medullary epithelial
cells, nor with antisera directed to reticular fibroblasts and macrophages.
Thus, TNC can be considered as the equivalent of cortical epithelial-reti-
cular cells,

DISCUSSION

In the present paper we describe the phenotype of TNC in frozen sections
of TNC suspensions, as demonstrated with various monoclonal antibodies directed
against (1) T cells and {2) thymic stromal cell types. The advantage of our
method is that antigen expression on thymocytes, enclosed in TNC, can be stu-
died in cross sections of TNC. Others (13,25,26) have cultured TNC in order
to release the enclosed thymocytes for phenotypic studies. However, even
short periods of culture could alter surface antigen expression of the enclosed
thymocytes and induce maturation.

The present results confirm and extend the data on the phenotype of the
enveloped thymocytes, presented by Kyewski and Kaplan (13). Only with regard
to expression of MHC antigens there is a discrepancy; in contrast to Kyewski
and Kaplan (13) we did not demonstrate any !-A/E antigens and we demonstrated
only weak expression or absence of H-2K antigens on the enveloped thymocytes.
Culturing of THC could have induced the expressicn of MHC-antigens on the thy-
mocyte surface in their studies. Since they used flowcytometry to detect bin-
ding of antibodies, it is possible that a difference between the detection
limits of the two methods used provides an alternative explanation.

The data obtained with antisers against stromal cell types are consistent
with an epithelial nature and a cortical origin of the TNC, as proposed by
Wekerle et al. (12} and Kyewski and Kaplan (13}, respectively. The major fin-
ding in the present study is that 90% of TNC are positive when incubated with
ER-TRk antibodies, which exclusively react with cortical epithelial-reticular
cellis. TNC do not represent the population of TRS +ve meduliary epithelial
cells, because they do not react with ER-TR5. This evidence favours the epi-
thelial-reticular nature and the cortical origin of the majority of TNC. It
is consistent with the finding that TNC neither express the macrophage anti-
gens Mac-1 and Mac-2, nor the ER~TR7 antigen of reticular fibroblasts. However,
on the basis of these results we cannot conclude if ali TNC are derived from
cortical epithelial cells. 10% of TNC are TR4 -ve., These TR4 ~ve cells coulid
represent a subpopulation of TNC. Alternatively, this resuit could meraly be
due to the detection limit of our method. Furthermore, we do not presently
krnow if ER-TRAY and ER-TRS react with all cortical or medullary epithelial
cells, respectively.

The present study further shows that all TNC are |-A/E and H-2K positive.
These results agree with results obtained by Wekerle et al. (12). The express-
ion of MHC antigens on TNC, however, does not provide conclusive evidence on
the origin of TNC, since MHC antigens are not exclusively expressed on corti-
cal epithelial-reticular cells. Medullary epithelial cells and IDC also bear
MHC antigens (11,27). Expression of class 1] MHC antigens on cortical epithe-
lial-reticular cells is generally agreed upon (10,11,28-30). in contrast,
experiments to detect the expression of class ! antigens gave controversial
results. T1-4.1, the antiserum used to detect H-2K antigens by Rouse et al.
{10) en van Ewijk et al. {11} does not react with cortical epithelial-reticu-
lar cells, However, M1/42, the antiserum used to detect H-2K antigens in the
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present study, strongly reacts with these cells (Van Vliet, unpublished obser-
vation).

From the present data, obtained with T cell markers, we conciude that
TNC are associated with the major population of cortical thymocytes. This is
based on the following evidence: (1) All thymocytes inside TNC strongly ex-
press PNA receptors. This is a feature of cortical thymocytes (16,31). In
contrast medullary thymocytes express few PNA-receptors. {2) TNC contain thy-
mocytes which are strongly Thy-1 and moderateiy T-200 positive and heterogenous
in Lyt-1 expression. This phenctype is similar to the phenotype of cortical
thymocytes {32). In contrast, the majority of medullary thymocytes express a
high amount af Lyt-1 (33).

We did not obtain any evidence that TNC are associated with a distinct
subset of immature cortical thymocytes. From previous studies we know that
immature cortical cells have a special phenctype. The earliest cells in the
thymic cortex are 'null cells', precursor T cells, which do not bear any T
cell markers and which give rise te 'Thy-1 only's', cells cnly expressing
Thy-1. These 'Thy-1 only*s! upon their turn give rise to cells which alsc
express Lyt antigens (32). Both populations cof immature cortical cells are
also pronounced in the embryonic thymus (34). In addition, it was demonstra-
ted that Lyt positive cells develop from Lyt negative cells in cultures of
embryonic thymus {34) and in cultured embryonic thymocytes (35}. If TNC wouid
be involved in early steps of T cell differentiation we woula expect TNC to be
preferentially associated with null cells or Thy-1 only's, Obviously, there
is no case for such a preferential association.

The present study does not provide any evidence on the possible clenality
of the thymocytes enclosed by TNC. However, the demonstration of TNC bearing
thymocytes of both host and donor origin in radiation bone marrow chimeras
refutes the notion of a menoclonal origin of the enveloped thymocytes (13).
Presently, we believe that the complete envelopment of thymocytes by the epi~
thelial cells in vitro is the result of the isolation conditions. This hypo-
thesis is based on three findings. First, our results indicate that TNC asso-
ciated thymocytes are accessible te enzyme. All markers used in the present
study except Lyt-2Z point to a cortical origin of TNC, Furthermore, Lyt-2 is
exprassed on the majority of cortical thymocytes, whereas only a minority of
medullary cells are Lyt-2 +ve (32). Since TNC associated thymocytes are Lyt-2
-ve and Lyt-2 was shown to be trypsin sensitive, we presume that enzyme mole-
cules had access to the thymocytes of the lympho-stromal complexes before com-
plete envelopment occurred. Second, other nonlymphoid cells such as splenic
follicular dendritic cells {FD{) also appeared to round up during isolation
{36; Heinen and Boniver, personal communication). Third, in frozen sections
of the intact thymus incubated with ER-TR4 and anti |-A antibodies we would
expect to see spherical structures, if TNC exist in vivo. However, we obser-
ved a network of epithelial-reticular cells with thymocytes in their invagi-
nations, and no spherical structures {10,11,14). The circular epithelial
elements, noted in thymic sections by others (30,37,38) have not yet been
proven to be true 'bags', filied with thymocytes, by serial sections.

Based on the present results we conclude that TNC represent the ER-TRA4,
I-A/E and H-2K positive epithelial-reticular cells throughout the thymic cor-
tex, demonstrated in frozen sections of murine thymus {10,11,14).
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SUMMARY

The anatomical distribution of various nonlymphoid cell types in the
embryonic mouse thymus <m vive and im vitre, as well as in the thymic rudiment
of the nude mouse embryo has been studied. For this purpose a panel of mono-
clonal antibodies, ER-TR3, 4, 5, 6 and 7, directed to various types of stromal
cells of the mouse thymus was used in combination with immuncperoxidase labe-
ling on frozen sections.

It was shown that as early as day 13 in thymic ontogeny distinction of
TRh+ve cortical epithelial cells and TRS5+ve medullary epithelial cells is
possible, Thus, as far as stromal components are concerned, the thymus at day
13 in ontegeny is already subdivided into cortex and medulla. At day 13, la
(TR3) was expressed in a focal pattern in the medulla subsequentiy appearing
throughout both cortex and medulla by day 16,

The thymic rudiment of the nude mouse embryo differs markedly from the
normal embryonic thymus in its lack of demonstrable la antigen. Furthermore,
TRY and TR5 were only expressed on occasional epithelial cells lining the
cysts of the nude thymus in a mutually exclusive fashion. The majority of
stromal cells of the nude thymus however, is negative for all ER-TR antisera
tested.

In addition, we have shown that in organ cultures, the organization of
the stroma of thymic lobes remains intact, at least for a period of 11 days.
Embryonic thymi cultured in the presence of deoxyguancsine (dGuoc), which
causes depletion of lymphoid cells, also contain cortical and medullary areas
as identified by the presence of TR3,4+ve and TRS+ve stromal cells. This indi-
cates that the lack of crganizaticn in the nude thymus is not simply due to
the absence of lymphoid cells.

1. ITNTRODUCTION

Mammalian T lymphocyte populations are derived from hemopoietic stem
cell precursors (1). These cells migrate to the thymus and during ontcgeny
are already evident with the developing thymic rudiment by day 12 of gesta-
tion (2). Once within the thymus, proliferation occurs and the resultant pro-
geny undergo differentiaticn into the various thymocyte subsets defined by
anatomical location and surface marker phenotype {3,4,5). However, only a
small proportion of thymccytes leave the thymus as emigrants and the lineage
relationships between these and the other thymocyte populations is controver-
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sial {5). Similarly, although intrathymic T cell differentiation appears to
involve stromal cell/lymphoid stem cell interactions (6-9), the nature of
these interactions and the influence of thymic microenvironments on T ceil
differentiation pathways are unclear. Characterization of the thymic stroma
should, however, provide a basis for the elucidation of microenvironmental
effects in T cell development.

A number of stromal cell types have been identified in the developing
thymus including epithelial cells theught to be derived from both pharyngeal
ectoderm and endoderm (10}, cells bearing a marker characteristic of neuro-
endocrine celis (11,12} and macrophage and dendritic type cells of hematoge-
nous erigin (13,14}, Recently, we have also prepared a panel of monoclonal
antibodies distinguishing various stromal cell types in the adult thymus in-
cluding cortical and medullary epithelial cells (15). In this report we use
these antibodies to study the ontogeny of the thymic stroma in relation to
the progression of thymccyte differentiation in normal thymus development
(16) both Z# vive and Tn organ culture and to examine the stroma! composition
of the defective nude thymic rudiment as a pointer to the role of the varicus
stromal compenents in normal development. The results indicate that distinct-
ion of cortical and meduilary stroma is possible as early as day 13 of deve-
lopment. In contrast, normal cortical/medullary representation is absent from
the developing nude thymus which contains only a few cells reactive with the
antibodies emplovyed.

2. MATERTALS AND METHODS

2.1 Embryonic material

Embryonic material was obtained from inbred matings of CBA mice. Embryonic
nude thymi were obtained from matings of B10.Br nu/nu and nu/+ mice. Males
and females were caged overnight and checked for vaginal plugs the next mor-
ning. The day of finding a vaginal plug was designated day 0. Individual
thymi were removed from 13- to 19-day embryos, as described previcusly (17).

2,2 Organ cultures

Organ cultures were carried out on the surface of Nuclepore filters (Nucle~
pore Corp., Pleasanton, CA) supported on gelatin foam rafts as described
previously (18}. To deplete organ cultures of the embryonic thymus of lym-
phoid cells, isolated thymic rudiments were explanted into organ culture at
day 14 and cultured in 1.35 mM deoxyguanosine (dGuo} for 5 days (18),

2.5 Anttbodies

Monoclonal antibodies used in the present study are listed in Table 1. For
detection of monoclonal antibodies anti~rat-immunoglobulin conjugated to horse
radish peroxidase (RaRa-lg-HRP; DAKO, Copenhagen, Denmark) was used. To avoid
aspecific binding of the conjugate Tt was optimally diluted in PBS containing
0.5% B8SA and 1% normal mouse serum.

2.4 Preparation and incubation of frosen sections
Frozen sections were prepared and incubated, and photography was performed as
previously reported (16).
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Table 1
Monoclonal antibody1 Reacts with
ER-TR3 lz antigen on cortical
and meduilary stromal cells
ER-TRY4 cortical epithelial cells
ER-TRS medullary epithelial cells
ER-TRé medullary interdigitating
cells, macrophages and
fibroblasts
ER~TR7 reticular fibroblasts
1. A detailed description of these antibodies was given in (15).

3. RESULTS

3.1 General remarks

Section 3.2 concentrates on the following guestions: {a) at which point in the
pericd of 13-19 days of gestation can the cell types, detected by the present
antibodies, be identified in normal embryonic thymus? (b) at which stage in
ontogeny can cortex and medulla first be identified in the embrycnic thymus?
Section 3.3 reports on the question: are any of the stromal cell types lacking
in the rudimentary thymus of lh-day-old nude mouse embryos, as postulated by
us in previous studies {17)? Section 3.4 reports cn the following gquestions:
is it possible to identify the various stromal cell types in embryonic thymus
maintained in organ culture and does treatment with dGuoc, which has been shown
to eliminate the lymphoid components (18), have any effect on the represen-
tation of the various stromal cell types?

3.2 Anatomical distribution of stromal cell types in the embryonic thymus of
normal mice
Serial frozen sections of embryonic thymus of gestaticnal age day 13 till 19
incubated with monoclonal ER-TR antibodies demonstrated that all TR antigens
are expressed from day 13 cnwards. However, sach type of antigen had a dis-
tinct localization pattern. Frozen sections of embryonic thymus of gestational
age day 13 and 14 incubzted with ER-TRA antibodies show that TRh+ve epithelial
cells localize in the outer region of the lobes, the developing cortex, whereas
the centre of the lobes is TR4-ve (Fig. la). Serial frozen sections incubated
with ER-TR5 reveal that ER-TRS5+ve epithelial cells are present in more res-
tricted foci (Fig. tb). ER-TRE reacts with scattered stromal cells in the
centre and with the capsule and trabeculae (Fig. 1c). Serial frozen sections
incubated with ER-TR7 demonstrate that ER-TR7+ve reticular fibroblasts can be
detected at day 13 and 14, in the thymic capsule and trabeculae (Fig. 1d).
A few TR7+ve cells localize in cortex and medulla. Frozen sections incubated
with ER=TR3 antibodies show that, at day 13 and 1k, expression of TR3 (la} is
focal (Fig. 2a) with a pattern of localization, resembling that of TR5. A
negative control sections, incubated with second stage antibodies only, is
shown in Fig. 2b.

At day 16 of gestation, the distribution of TR3+ve cells has markedly
changed. For the first time the distribution of TR3+ve cells resembles the
distribution of TR3+ve cells in adult thymus, i.e. a reticular meshwork in
the cortex and a mere confluent pattern in the medulla (15}, In contrast, at



68

® ww.:w.ww.i».; .w‘




69

wo L kB
. e RN
~ o . .
i -
- ﬁ"'a?_'" 2
f M) -
- . < ",
q PO
9%;: % . :
- ’ - L 4
i SRR % .
¥ g, T L
- oy
“, 1@.
£

‘Filgure 2. Immwoperoxiduse staining pattern of {solated thymic lLobes of CBA
mice on day 14 of gestation, (a) ond (b) represent frozen sections
incubated with ER-TR3 and a negative control section, tneubated
with 2nd step and DAB only, respectively.

Magnification: 150z,

this stage in embryonic development the distribution patterns of TR4,5,6 and
7 positive cells have not changed when compared to day 13. Basically, the
distribution patterns are similar to the patterns observed in adult thymus.

With increasing age the thymic lobes increase in size and cellularity.
The medulla becomes more branched and extended and trabeculas penetrate
deesper into the lobe, But basically the stromal architecture does not change
anymore.

Thus, as far as stromal compeonents are concerned the thymus at day 13
in ontogeny is already subdivided into cortex and medulia. Already at day 16
the stromal organization resembles the architecture of the adult thymus.

Figure 1. Immunoperoxidase staining pattern of igolated thymic lobes of CBA
mice on day 14 of gestation. (a), (b), (e} and (d) represent serial
frozen gections Incubated with monccelonal antibodies ER-TR4, &, €
and 7, respectively.
co = capsule, @ = covtex, m = medulla. Magnification: 150x.
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3.3 Anatomical distribution of stromal cell types in the rudimentary thymus
of the nude mouse embryo

Frozen sections of the thymic rudiment cof the nude mouse embryo at gestatio-

nal age day 16 incubated with ER-TR3 do not reveal any TR3+ve cells {not

shown). Frozen sections incubated with ER-TR7 reveal that the TR7-ve thymic

tissue of the embryonic nude thymus is embedded in a thick capsule of TR7+ve

reticular fibroblasts (Fig. 3a)}. Serial frozen sections incubated with ER-TR4

*

Figure 3. Immuwoperoxidase staining patterm of the thymic vudiment of BI10.BR
mu/nu mice on day 16 of gestation. (al, (b) and (¢} represent serial
frozen sections incubated with monoclonal antibodies ER-TR7?, 4 and
5, pespectively, Omly the bozed area of (a) is showm in (b) and (e).
Vote the large cyst indicated by on asterisk. Occasional positive
cells are indicated by arrows.

Hagnification: 360z,
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Figure 4.

Inmuvicperoridase staining pattern of isolated thymic lobes of (DA
mice axplanted into organ culture on day 14 of gestation and cul-
tured for & days in dGuc. {(a), (b}, (&), (d) and (¢) represent
sertal frozen gections incubated with monoclonal antibodies ER-TR3,
4, 5, 6 and 7, respectively.

e = cortex, m = medulla. Magnification: 150x.

{Fig. 3b) and ER-TR5 (Fig. 3c) reveal that a few TRL and TRS+ve cells line
the cysts of these abnormal thymuses. The serial sscticns show that these
cells express either TR4Y or TR5. Serial sections incubated with ER-TRE reveal
that only the capsule is TRé+ve (not shown). In summary, the thymic rudiment
of the nude mouse embryo differs markedly from the normal embryonic thymus

in its lack of demonstrable la antigens. Furthermore, only a very small mino-
rity of epithelial cells of the nude rudiment express either TRA4 or TR5. The
majority of celis of the nude stroma do not express any of the TR antigens.
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3.4 Anatomical distribution of stromal cell typze in the embryonic thymus

i viiro
Frozen sections of embryonic thymus cultured with dGuo for 5 days, incubated
with monoclonal anti-Thy-1 antibodies do not show any Thy-i+ve lymphoid cells
(not shown) in agreement with our previous observations (18). Serlal frozen
sections incubated with ER-TR3 (la), reveal a confluent staining pattern
throughout most of the lobe, whareas some foci of cells stand out as negative
(Fig. ha). Seriail frozen sections incubated with ER-TR4 (Fig. 4b) show a simi-
lar staining pattern, though less intense and TR4+ve cells correspond to TR3+ve
cells., Thus dGuo treatment appears not to impair the development of la antigen
expression on the cortical epithelium. In contrast, serial frozen secticns
incubated with ER-TRS {Fig. 4c) demonstrate foci of TRS+ve cells, whereas the
majority of stromal cells are TRG-ve. From the serial sections it can be seen
that TRG+ve cells are TRU-ve. Serial sections incubated with ER-TRE demonstrate
a mashwork of nonlymphoid cells throughout the lobe which i3 TRé+ve with
occasional accumulations of TRb+ve cells. Whether these cells are fibroblastic
or belong the macrophage or dendritic cell lineage [Table 1) cannot be ascer-
tained at the present time. Furthermore the capsule is also TRé+ve (Fig. &4d).
Serial sectiens incubated with ER-TR7 reveal that the thymic lobe contains
TR7+ve cells, which localize throughout the mere peripheral areas (Fig. hea),

Frozen sections of embryonic thymus cultured for 11 days without dGuo,
and incubated with ER-TR antibodies reveal staining patterns similar to those
seen Ly Vivo.

In summary, the present results show that organization of the stroma of
cultured intact thymic lobes remains intact for a period of at least 11 days.
Stromal cells apparently do not become randomly distributed im vitro. Embryo-
nic thymi cultured in the presence of dGuo centain cortical and medullary
regions, as identifiable by the presence of TR3,4+ve and TR5+ve cells, indi-
cating that neither of these components is impaired by dGuo treatment,

4. DISCUSSTION

The present study reports on the anatomical distribution of the non-
lymphoid components in the normal embryonic thymus <n vivo and im vitro and
in the embrycnic thymic rudiment of the nude mouse. For the first time, we
demonstrate that as early as day 13 of development the thymic stroma of the
normal embryo is differentiated inte cortical and medullary regions identified
by TR4+ve cortical epithelial celis and TR5+ve medullary epithelial cells.
Comparison of the labeling pattern with antibodies TRS and TR3 (anti la)
also revealed that initial la expression at day 13 is localised to the medulla,
expanding throughout the thymic lobe by day 16 as reported previously (17}.
At present it is not clear whether this focal pattern of la labeling at day
13 reflects labeling of epithelial cell la (17) or labeling of la+ve immi-
grant antigen presenting-type ceils of hematogenous origin {19). Recently,
however, we have demonstrated the existence of at least three subpopulations
of medullary stromal celis in the adult mouse thymus using two-color fluo-
rescence: (1) TRE+ve,la=ve; (2) TR5-ve,latve; (3) TRG+ve,la+ve; and it should
be possible to extend this analysis to the fetal situation (E. van Vliet,
unpublished cbservations).

A pattern of TR antigen expression similar to that seen during <n vive
development was alsc chserved in thymus lcbes explanted at day 14 and main-
tained in organ culture for up to eleven days. Even when thymic lobes were
rendered alymphoid by organ culture in the presence of dGuo for five days,
discrete meduliary foci within a matrix of cortical type cells were observed.
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Thus organ cultures provide a reasonable representation of the in vivo thymic
environment with regard to cortical and medullary epithelial areas and this
pattern is not grossly disturbed by dGuo treatment. In contrast, the alymphoid
thymic rudiment of the nude mouse was found to contain only occasional TRL4
or TRS positive cells associated with epithelis! cysts and was not organized
into cortical and medullary areas. As indicated by the presence of cortical
and meduilary cell groupings in alymphoid dGuo~treated normal rudiments, this
lack of organization is unlikely to be due to the absence of lymphoid celis,
supporting the notion of a defect in one or more epithelial components in the
nude (10,12,14). The absence of la in the nude thymic rudiment together with
the lack of TRe labeling in the epithelial region alsoc implies that not only
is epithelial la absent as described previously (14}, but that the nude epi-
thelium, unlike the normal epithelium, does not support colonization by ftaF,
TR6+ accessory cells of hematogenous origin. In addition to the epithelial
defect, this could contribute to the inability of the nude thymic environment
to support thymopoliesis.

Overall, our cbservations indicate that the division of those thymic stro-
mal components essential for thymopoiesis into cortical and medullary regions
is evident by day 13 of gestation. This precedes the expression of most T
celi markers on the lymphoid population {16) indicating that cortical and
medullary stromal environments are established before the development of the
two major subpopulations of cortical and medullary thymocytes. Whether this
early division of the stroma into cortex and medulla provides the environments
needed for the maturation of two lymphoid precursor types separately committed
to the cortical and medullary pathways, as suggested by some authors (20), or
whether the progeny of a single precursor type move sequentially through
cortical and medullary environments remains a matter for speculation.
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CHAPTER 7

THE INFLUENCE OF DEXAMETHASONE TREATMENT ON THE LYMPHOID AND STROMAL
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SUMMARY

The effect of injection of a range of doses of dexamethasone on the dis-
tribution of T cell subpopulations and stromal cells in the thymus of BALB/c
mice was investigated with flowcytometry and immunohistclogy. To this purpose
we used {1} monoclonal antibodies directed to the T cell differentiation anti=
gens Thy~1, T200, Lyz~? Lyt-2, T4, MEL-14, and (2) monoclonal antibodies
directed to various classes of stromal cells,

Injection of increasing doses of 5-130 mg/kg body weight dexamethascne
gradually leads toc a depletion of the cortical thymocyte population, i.e.
bright Thy-i+ve, dull T-200+ve, bright Lyt-2+ve and bright Thive cells. These
cortical cells are very dull MEL-1h+ve and express variable numbers of Lyt-1
molecules.,

Mot only the cortex but also the medulla is affected by dexamethasone
although to a lesser extent. Dexamethasone injection at 130 mg/kg selects for
a medullary population, which is predominantly dull Thy-T+ve, bright T-200+ve,
bright Lyt-T+ve and Lyt-2-ve. These dexamethasone-selected medulliary thymocytes
are either Thtve or Th-ve. Under these conditions, MEL-14+ve cells were no
longer present in the cortex but accumuiated in the medulla. Interestingly,
the large majerity of cells in the perivascular spaces were brightly MEL-1h+ve.
Staining of sequential sections showed that this subpopulation has a typical
"heliper' phenotype. This cbservation provides strong evidence that under the
present experimental conditions, these perivascular compartments are an exit
pathway for emigrating T cells,

The medullary population contains a phenctypically distinct, dexametha-
sone sensitive subpopulation. This conclusion is basad on twe findings: (1)
130 mg/kg dexamethasone depletes the thymus of all but 4% of the thymccytes,
which form a much smaller subpopulation than the population of duill Thy-T+ve
cells (amounting to 15% of the total thymocytes). (2) The medulla contains a
subpopulation of duil Lyt-2+ve cells, which are resistant to 20 mg/kg dexame-
thascne, but depleted by 130 mg/kyg.

Dexamethascne does not only affect thymic iymphoid cells, but also has a
severe effect on thymic noniymphoid cells. Even at low doses, dexamethasone
induces TRh+ve cortical epithelial-reticular cells to become spherical {'nurse
cell Tike') structures which are depleted of lymphoid cells. These stromal
cells do no longer express MHC antigens in a membrane bound fashion. With in-
creasing dexamethasone doses this phenomencn becomes more proncunced. [n con-
trast, the medullary epithelial cells appear morphologically unaffected even
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at a dose of 130 mg/kg dexamethasone.
The present data indicate a functional correlation between stromal cells
in the cortex and developing cortical thymocytes.

1. INTRODUCTION

The study of intrathymic T cell differentiation is facilitated by markers
which allow identification and separation of cells at different stages of ma-
turation. Within the rormal mouse thymus two subpopulations of thymocytes can
be identified: (1) a major population of small immature cocrtical thymocytes,
comprising 85% of the thymocyte population. These cells are brightly Thy=~T+ve,
Lyt-2+ve; variable in their Lyt-1 expression (i} and express high levels of
receptors for peanut agglutinin (PNA} {2,3); (2) a miner population of immu-
nologically competent medullary thymocytes, comprising 15% of thymocytes. The
majority of the tatter cells are dull Thy-l+ve, very dull PNA+ve ('PNA~ve'},
brightly Lyt-i+ve and Lyt-2-ve. There is accumulating evidence that these sub-
populations each have their own generative compartment (4-6). One of the clas-
sical methods of separating cortical and medullary cells is the treatment of
mice with corticosteroids, which depletes all but the meduiiary functionally
mature celis (7,8). In recent immunocytcchemical studies from our group the
effect of a single dose of dexamethascne on thymocyte subsets was investigated
with monocicnal antibodies directed against the T celi differentiation anti-
gens Thy~1, T-200, Lyt~1 and Lyt-2 {1). The major finding was that injection
of dexamethasone resulted in selection of duil Thy-i+ve, bright T-200+ve,
bright Lyt-14ve, Lyt-Z-ve cells, being the major medullary subpopulation of
thymocytes. However, recent studies indicate that part of the medullary celis
are dexamethascne sensitive and that the size of the remaining pool is criti-
cally dependent on the dose of corticosteroids used (3,9). This prompted us
to extend our previous immunocytochemical studies with a range of doses of
dexamethasone and a panel of menoclonal antibedies directed to mouse T cell
differentiation antigens, inciuding T4 (10) and MEL-T4 {11). Furthermore, the
present study includes immunchistclogical studies of the thymus with monocic-
nal antibodies directed against various classes of stromal cells in the mouse
thymus (12). These latter antibodies enable us to appreoach the gquestion whether
the stroma is also affected by dexamethasone treatment and thus responsible
for a defective T celi differentiation process in the thymus. The present
results indicate that dexamethasone treatment has a profound effect on corti~
cal thymocytes as well as a subpopulation of meduliary thymocytes. In addition,
the cortical stroma but not the medullary stroma is strongly affected.

a. MATERTALS AND METHODS

2.1 Mice
Male BALB/c mice (Bomholtgard, Ry, Denmark), age 6-7 weeks, were used in the
present study., They were kept under routine laboratory conditions.

2.2 Dexamethasone treatment

Groups of 10 mice were injected i.p. with single doses of 5, 10, 15, 20 or
130 mg/kg body weight of dexamethasone-2-phosphate (Organon, 0ss, The Nether-
lands) diiuted in phosphate buffered satine (P8BS}, 48 hours before sacrifice.

2.3 Cell suspensions
Lymphoid cell suspensions were prepared from 8 thymi for each dose of dexa-
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methasone. The suspensions were fixed in 0.5% paraformaldehyde {c.f. 13,14)
and further processed for flowcytometric analysis.

2.4 Tissue preparation
Thymi of 2 mice of each dose of dexamethasone were coilectively embedded and
frozen sections were cut as reported before (1).

2.5 Amtibodies

The antibodies used in the present study are listed in Table 1. Binding of
monoctonal antibodies was detected with rabbit-anti-rat-immuncglobufin conju-
gated to horse radish peroxidase (RaRa-HRP) (Dake, Copenhagen, Denmark).
Alternatively, binding of monoclonal antibodies was detected with rabbit-anti-
rat-immunoglobulin conjugated to fluorescein-isothiocyanate (RaRa-FiTC) {Nor-
dic, Tilburg, The Netheriands). To prevent aspecific binding to Fc receptors,
the conjugates were rgutine]y deaggregated before use by centrifugation in a
Beckman airfuge at 10 g and optimally diluted in PBS containing 0.5% BSA and
1% normal mouse serum. |Immuncperoxidase staining and flowcytometric analysis
were performed as reported previously (1,12).

3. RESULTS

The effect of dexamethasone injection on the distribution of T cell sub-
poputations and thymic stromal cells has been studied using two approaches.
Firstly, we analyzed the distribution of T cell subpopulations in normal and
dexamethascone-treated mice by quantitative flowcytometry. Seccndly, we loca-
iized these T cell subsets and stromal cells in the thymus by immunchistolo-
gical methods. Table 2 shows the doses of dexamethasone used, the average
weights of the thymuses and the average vields of thymocytes from normal mice
and mice treated with dexamethasone, These data show a gradual decrease of
both the weight of the thymus and the average cell yield with increasing
doses of dexamethasone. At the highest dose used, i.e. 130 mg/kg body weight,
the cell yield is reduced to 4% of that of the control mice. This indicates
that at this dose the maximal depletion of lymphocytes is reached, and the
remaining 4% cells are considered dexamethasone resistant (cf. 9).

3.1 Fluorescence analysis
a.  Tay~1

Analysis of cell suspensions obtained from the thymus of normal control
mice incubated with monoclonal anti-Thy-1 antibody followed by RaRa-FiTC shows
that 97% of thymocytes are Thy-i+ve (Fig. la, Tables 3 and 4}. The fluores-
cence profiie of Thy-T+ve control celis shows a wide range of staining inten-
sities and also shows a shoulder at the left side, which indicates a dull
Thy-1+ve subpopulation. Dexamethascne treatment results in a reduction of the
relative frequency of the bright Thy~T+ve cells, whereas the relative fre-
quency of dull Thy-i+ve cells increases {Table 4). With increasing doses this
effect becomes more prominent and at a dose cof 130 wmg/kg body weight this
effect is most pronounced, Table 3 also shows the percentage of Thy-l-ve cells
increasing from 3% in centreol thymi to 15% Thy-t-ve cells at a dose of 130
mg/kg dexamethasone. it should be noted that the fluorescence profite at a
dexamethasone dose of 130 mg/kg is essentially similar to the one shown in
& previous report, in which we used 60 mg/kg (cf. 1).
. I-200

The fluorescence profile of T-200+ve cells shows a small shoulder at the
right side of the curve (not shown). It alsc shows that the variation in anti-
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Table 1. Antibodies used in the present study

Reagent Reacts with Reference
code
59-AD-22 Thy=1 antigen on T cells 15
30-G12 T-200 " o " 15
53-7-313 Lyt-1 " nenoon 15
53-6-72 iyt-2 v omomw 15
H129.1% Th " nenmoon 0
MEL-14 Homing receptor for 1
peripheral lymph nodes
ER-TRA4 cortical epithelial cells 12
ER-TRS medullary epithelial celis 12
M1/42.3.98 H-2K 16
M5/114.15,2 I-A/E 17

Table 2. Recovery of thymocytes from normal and dexamethasone-

treated mice

Dose of dexamethasone Thymus weight {mg) Thymocyte yield
{mg/kg body weight) x10“6
02 55.0 (+ 2.2) 140.0° (+ 7.6)°¢
5 26,6 (+ 1.2) 35.9 {+ 2.7)
10 22.3 (= 1.3) 19.3 {+ 1.7)
15 214 (+1.1) 15.6 (+ 1.9)
20 20.8 (+ 0.8) 1.7 (+ 1.3)
130 16.2 (+ 0.8) 5.8 {+0.5)
a. Dexamethasone treatment was performed by ip injection of
dexamethasone-21-phosphate 48 hours before sacrifice.
b. Values are expressed as the mean number of viable cells

recovered, calculated from one representative experiment.
c. Values in brackets indicate the SEM {n=10}.
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Table 3. Percentage labeled cells in thymus suspensions of normal and
dexamethasone-treated mice”.
Reagent Dose of dexamethasoneb
0 5 10 15 20 130

Thy-1 97(+1)%  95(+2) 92(+1)  90(+3)  88(+5) 85(25)
T-200 99(+1} 98 (+1) 96(+1) ak(+3) 93{+3) 33(+2)
Lye-1 92(+1} 90{+1} 87(+3) 88 (+4} B4 (+2) 87(x1)
Lyt-2 87(x2)  75(+3)  67(+2)  sh(+2)  51(+3)  43(s2)
T 86 (+4) 77(+2) 76{+2) 66{(+7) 64(<h) 66 (+3)
MEL-14 2{+1) 3(+1) b{+3) 0(+0) 0(+0) 2(+2)

a. Vaiues are expressed as the mean percentage of positive cells,
calculated from 3 experiments.
b. Dexamethasone treatment was performed by ip injection of 0, 5,
10, 15, 20 or 130 mg/kg body weight dexamethasone-~2-phosphate
48 hours before sacrifice.

c. Values in brackets indicate

Table k.

Fluorescence intensity of thymus suspensions of normal

and dexamethasone-treated mice®

the SEM.

Reagent Dose of dexamethasoneb

0 5 1o 15 20 130
Thy=1 132 132 132 129 129 124
T-200 123 728 127 129 129 127
Lyt=1 112 121 116 i3 114 109
Lyt-2 112 112,125 108,116 124 127 123
Th 98 99 97 102 104 102
MEL-14 71 71 73 72 73 T4
neg.© 69 70 70 70 69 70
a. The average flucrescence intensity of positive cells is

given in arbitrary units. Values are given from one repre=

sentative experiment.
b, Dexamethasone treatment was performed by ip injections of

0, 5, 10, 15, 20 or 130 mg/kg body weight dexamethasone-

Z2-phosphate L8 hours before sacrifice.
cells stained with an irre-

c. neg.

jevant monoclonat antibody and the conliugate.

= negative control,

f.e.
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Filgure 1. Fluorescence histograms of thymocytes of wnormal and dexomethasone
—treated BALB/c mice, incubated with monoclonal antibodies directed
to the antigens (o) Thy-1, (b) Lyt-2, (¢) T4, (d) MEL-14. The fFluo—
regcence intensity is determined over 256 channels representing 6
decades with a multichanmel analyzer and plotted on a logarithmic
scale. Fluorescence intensity increases from left to right onm the
ordinate, For each chanmel rumber the relative frequency of cells
with the corresponding fluorescence intensity Te expressed (abscissal.
In Figs. Ia—d 4 profiles arve shown: profile 1 represents thymocytes
From untreoted mice, profile 2 represents thymocytes from mice
treated with 10 mg/Rg dexametihcsone, profile 3 represents thymo—
cytes from mice treated with 180 mg/kg dexamethusome, and profile
4 represents thymocytes from untregbed mice, Tnoubated with 2nd
step antibodizs only. The arvow on the abscissa indicates the sui—
of f charmel used for the caleulation oF percentages positive cells,

genic density per cell is less when compared with the density variation of
Thy-1 molecules. Dexamethascne treatment results in a slight increase in the
average fluorescence intensity (Table 4). The frequency of T-200-ve cells in-
creases to 7% at a dose of 130 mg/kg dexamethascne.
c. Lyt—1

Analysis of Lyt-T+ve cells in the normal thymus reveals that 92% of
thymocytes expresses Lyt-1 {Tabies 3 and 4). The flucrescence profile shows
a wide variation in antigen density. The shoulder at the right side of the
profile indicates a subpopulation of brightly Lyt-l+ve cells. Dexamethasone
treatment results in a relative increase in the fragquency of the latter cells.
This effect is mest prominent with 130 mg/kg <dexamethasone. However, with in-
creasing dose the percentage of Lyt-l-ve ceils alsc increases, up to 13%.
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d.  Lyt-2

The fluorescence profile of Lyt-2+ve cells in the thymus of normal mice
shows a bimedal fluorescence distribution (Fig. 1b}, which indicates a brightly
Lyt-2+ve population and a populaticon of cells of which the flucrescence ranges
from negative to very dull, In a previcus study we tentatively called the latter
cells Lyt=2-ve (1). The trimodal profiles which correspond to doses of 5, 10
and 15 mg/kg dexamethasone clearly demonstrate the existence of three popu~
lations of cells with regard to the cell surface density of Lyt-2 molecules.
At a dose of 10 mg/kg, 29% of cells are brightly Lyt-2+ve, 36% are dull Lyt-
2+ve and 35% are Lyt-2Z-ve. Dot display analysis reveals that the bright Lyt-
2+ve subset is slightiy larger than the dull subpopulation {data not shown).
With a dose of 130 mg/kg the most brightly Lyt-Z+ve subset is selected. With
increasing dose the percentage of Lyt-2-ve cells increases from 13% in con-
trol cells to 57% in mice injected with 130 mg/kg dexamethasone (Table 3).
These data indicate that with regard to corticestersid-sensitivity, three
categories of Lyt-2+ve cells can be distinguished in the mouse thymus: (1)
the majority of small Lyt-2+ve cells, which are killed at a low dose of 5-20
mg/kg dexamethasone, (2) a minority of medium-sized, dull Lyt-2+ve cells,
which are killed in a dose range of 20-130 mg/kg dexamethasone, {3} a minc-
rity of medium-sized, bright Lyt-2+ve cells, which are resistant to 130 mg/
kg dexamethasone,
2. T4

Analysis of Thtve cells in the nermal thymus shows that 86% of the thy-
mocytes express Th (Fig. 1¢, Table 3). Dexamethasone treatment depletes the
thymocytes for Th+ve cells and, upon increasing doses of dexamethasone, the
population of Th-ve cells increases gradually to 34% with 130 mg/kg dexame=
thasone. The Th+ve population shows a shift towards cells with a higher num-
ber of mclecules Th expressed per cell (Table L4).
£ MEL-14

Virtually all the thymocytas in the normal thymus express very low levels
of the MEL~1% antigen, the receptor for high endothelial venules (HEV) in
peripheral lymph nodes {Fig. 1d, Tabies 3 and 4}, as indicated by the small
shift of the fluorescence peak to the right when compared with the negative
control. Dexamethasone treatment results in a smali change in the fluorescence
profiles of all MEL-T4+ve cells which indicates a selection for celis with a
higher MEL-14 density.

3.2 Anatomical distribution of T cell subpopulations in the thymus of normal
and dexamethasone-treated mice
a. Thy-1
Frozen thymus sections incubated with anti-Thy-1 antibodies reveal that
the major populstion in the normal thymus consists of bright Thy-1+ve corti-
cal thymocytes, whereas the minor population of medultary cells is dull Thy-
i+ve (dsta not shown; 1). Treatment with 5-130 mg/kg dexamethasone results
in a dramatic reduction of the size of the thymic cortex. Most of the remain-
ing cells in the thymus are dull Thy~l+ve; they lccalize in the medulla,
However, we noted small numbers of bright Thy-l1+ve cells in the cuter corti-
cal zone and in the medulla at all doses of dexamethasone tested. With in-
creasing dose we observed a substantial reduction in the number of bright
Thy~1+ve cortical cells. Concomittantly, the numbers of cortical Thy-1-ve
cells increased. These cells were predominantly located in the subcapsular
cortical area. However, small feci of Thy-1-ve cells were also found in the
medulla (not shown).
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b. Taa0

Serial frozen sections incubated with anti-T200 antibodies reveal that
virtually all thymocytes in the normal thymus are T200+ve {data not shown;
1). Medullary thymocytes are more brightly labsled than certical thymocytes.
in the dexamethasone-treated thymus, however, at all doses the major popu-
lation is the brightly labeled medullary population. These cells were also
located within perivascular spaces and {ocated arcund large venules in the
medulla. Increasing the dose of dexamethasones results in reduction of the
number of TZ00+ve cells in the cortex and a concomittant increase in the num-
ber of T200-ve cells. Comparison of adjacent sections reveals that the fre-
guency of Thy-1-ve cells is slightly larger than the freguency of T-200-ve
cells. This observation corresponds to the flowcytometric data (see Table
3) and indicates the presence of a T-200 'only' subpopulation. Occasionally
T200-ve cells were noted in the medulla {not shown).
e, Lyt-I

Serial frozen sections incubated with anti-Lyt~1 antibodies reveal a vari-
able expression of Lyt-1 in both cortex and medulla {not shown, 1). The major
population of cortical cells is dull Lyt-1+ve. However, a minority of corti-
cal cells is bright Lyt-T+ve. The large majority of medullary thymocytes ex~
press high levels of Lyt-1 and it appears that dexamethasone treatment selects
for this subpcpuiation. In the thymic cortex of dexamethasone-treated mice
scattered bright Lyt-T+ve cells were noted. By comparison, the frequency of
Lyt-feve cortical cells is lower than the frequency of cortical Thy-T+ve and
T200+ve cells. At 130 mg/kg dexamethasone cortical Lyt-T+ve cells were no
longer observed. Depletion among cortical Lyt~T+ve ceils as a result of 5-20
mg/kg dexamethasone was random; there was no selection for a particular Lyt-1
subset. In the meduila the distribution of Lyt-l+ve cells was not different
from control thymi , however, we noted that the ceils in the perivascular
spaces were all brightly Lyt-T+ve.
d.  Lyt-2

Lyt-2 molecules are brightly expressed on virtually all cortical cells
in the normal thymus (not shown, 1). In addition, occasicnal medullary thymo-
cytes are either very dull or bright Lyt-2+ve. The majority of lymphoid cells
in the medulla is Lyt-2-ve. Following treatment with 5-20 mg/kg dexamethasone
most of the bright Lyt-2+ve cortical cells disappear. With increasing doses
the frequency of the cortical Lyt-2+ve cells further decreases and at 130
mg/ky dexamethasone nc Lyt-2+ve cells were observed in the cortex. At doses
of 5-20 mg/kg the relative frequency of Lyt-2-ve and Lyt-2+ve cells in the
medutla changes: the relative frequency of both dull and bright Lyt-2+ve cells
increases. Consequently, the subpopulation of meduliary dull Lyt-2+ve cells
becomes more prominent. Lyt-2-ve, Lyt~2 dull and Lyt-2 bright cells are ran-
domly distributed in the medulla (Fig. 2}). A dose of 130 mg/kg eliminates the
dult Lyt-2+ve cells, leaving bright Lyt-2+ve as well as Lyt-2-ve medullary
cells behind. Cells in the perivascular spaces were negative for Lyt-2 ex-
pression.
2. Td

Serial secticns incubated with anti-Th antibodies demonstrate that the
majority of cortical cells are brightly Ti+ve (not shown). A subset of medul-
lary thymocytes is also clearly Th+ve. Adjacent sections showed that these
medullary cells are Lyt-2-ve. Treatment with increasing doses of dexamethasone
results in a gradual decrease in the cortical Ti+ve population. At 15-20 mg/
kg & few Th+ve cells remain in the cortical area. At 130 mg/kg, however, no
Th+ve cells were observed in the cortex. The medulia, in contrast, did not
reveasl any apparent differences in the T4 staining pattern, irrespective
of the dose of dexamethasone. The exception was that the cells in the peri-
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Figure 2. Immmoperoxidase staining patterm of thymis sections of BALB/¢ mice,
treated with 16 mg/kyg dexamethasone. Incubation with anti-Lyt-2.
Note the vartable staining levels of thymoecytes. Magnifilcatton 875z,
vascular spaces were all brightly Th+ve (Fig. 3).
£ MEL-14
in control thymi of BALB/c mice, MEL-14 is faintly expressed on virtually
all cortical thymocytes. Individual cells, however, express MEL-14 at higher
density. These cells also occur in the medulla. Even at low doses of dexame-
thasone, MEL-14 expression in the cortex was not observed, instead we noted
foct of MEL-14+ve cells in the medulla. Surprisingly, we then found that vir-
tually all lymphoid cells in perivascular spaces were MEL-li+ve {Fig. 3). This
observation indicates that perivascular spaces may be priviliged sites where
functionally mature T cells leave the thymus,

Figure 3. Immunoperoxidase staining pattern of frozen thymus sections of BALB/c
mice treated with 130 mg/kg dexomethasone. Ineubation with {a) and
(b} anti~MEL-14, (c) anti-T4. (b} and (¢) represent higher magnifi-
cations of (a). p = perivascular space; v = vessel. Magnifications:
{a} 60z, (b) and (c) 570x.

Flgure 4. Immunoperoridase staining pattern of frogen thymus sections of rnor-
mal mice and mice treated with 130 mg/kg dexamethasone. Incubation
with ER-TRE. {a) and (B) represent the statning pattern of normal
and dexamethasone—treated mice, respectively. ca = capsule; ¢ =
cortex; m = medulla. Magnification 140x.
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Figure &, Immmoperoxidase staiming pattern of frozen thymus sections of mice
treated with 10 mg/kg dewamathasone. Imcubation with (a) anti-I-4
and (b) anti-H-2K. Note the confluent I-A ewxpression tn lower lobe
and relatively wnaffected wpper lobe. Arvows indicate H-2K positive
biasts in outer cortex. ca = capsule; ¢ = cortex; m = medulla.
Magnt fications {(a}) 60x, (b) 875x.

3.3 Anatomical distribution of nonlymphoid subpopulations in the thymus of

normal end dexzamethasone—treated mice

The stromal composition of the thymus is alsc affected by dexamethasone
treatment. We employed twc monoclonal antibodies which react with cortical
versus medullary stromal elements. ER-TR4 detects the cortical epithelium. In
control thymi these cells form a fine lacework throughout the cortex. ER-TR5
detects medullary epitheiial cells which are found in clusters in the medulla.
The major finding after dexamethasone treatment is that the cortical stroma
is seriously affected, while the medullary stroma remains unaffected. Sections
stained with ER-TR4 reveal condensation of the cortical epithelium and epithe-
lial cells tend to form spherical, 'nurse cell' like structures, depleted of
thymocytes {Fig. 4). In some places the cortical stroma is even absent frem
the cortex. The madullary epithelium is not detectably affected by dexametha-
sone treatment, since treated thymi show distribution patterns which are
similar to untreated control thymi.lncreasing doses of dexamethasone cause
a change in MHC staining patterns. In the cortex I-A antigens are normaliy
expressed in a membrane bound fashion. However, even at a dose of 5 mg dexa~
methasone, this membrane associated staining pattern is lost (Fig. 5a). In-
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creasing doses gradually lead to a confluent I-A staining pattern. H-2X stain-
ing changes in a similar way, leading to a strong confluent staining pattern
throughout the thymus (Fig. 5b). In addition, these sections show Iymphoid
cells in the outer cortex which are clearly H-2K positive.

4. DISCUSSION

The present study shows that the frequency of thymocyte subpepulations
and the anatomical distribution of thymic lymphoid and stromal subpopulations
is markedly influenced by dexamethasone treatment. In general the data show
that injection of dexamethasone into mice leads to selection for medullary
weakly Thy-i+ve, strongly T-200+ve thymocytes. This paper confirms and extends
previous immunccytochemical studies from our group {1), in which the effect
of a single dose of 60 mg/kg dexamethasone was investigated. We now show that
the T cell composition after dexamethasone treatment critically depends on
the dose of dexamethasone used.

At increasing doses, a gradual depietion of the cortical population
{i.e. brightly Thy-l+ve, dull T-200+ve, Lyt-l+ve, Lyt-2+ve, Th+ve cells)
was observed. Cencomittantly, cells negative for these T cell markers became
prominent in the cortex.

Three minor subpopulations become clearly manifest:

1. 'nul1' cells, which do not bear any detectable T cell antigens. They are

H-2K+ve,

2. cells, which only express T-200 but which do not express Thy-1, Lyt anti-
gens or Tk,
3. cells, which express T-200, Thy-1 but which do not expresslyt-antigens

or Th.

The frequency of cells from each of these three subpopulations depends on the
dose of dexamethasone injected. They cannot easily be identified at doses of
=15 mg/kg due to the relatively high freguency of cells expressing the 'major'
cortical phenotype, i.e. T-200, Thy~1, Lyt, Th+ve. They are however, prominent
at a dose of 20-130 mg/kg. Similar subpopulations were observed in the thymus
of sublethally irradiated mice {18). The relatively high frequency of these
phenotypically distinct thymocyte subsets can be explained in two ways:

(1) Although unlikely, it could be argued that dexamethasone injection influ-
ences the expression of cell surface antigens. (2) Dexamethasone induces ex-
tensive proliferation of 'early' thymocytes, beginning at 48 hours after in-
jection of dexamethasone. The presence of 'null' celis is in line with this
hypothesis, since 'null' cells presumably represent intrathymic prothymocytes
(19,20). It is assumed that these cells proliferate and differentiate into
cortical thymocytes (21). By comparing adjacent sections the following sequen-
tial changes in the cortical thymocyte phenotype were observed: 1. H-2¥tve
"null' cells, 2. T-200+ve cells. 3. T200, Thy-l+ve cells, 4. T-200, Thy-1,
Lyt, T4, MEL-1l+ve cells,

Not only the cartex but also the medulla is affected by dexamethasons.
This conclusion is based on two observations: (1} 130 mg/kg dexamethasone
depletes the thymus of all but 4% of thymocytes, which clearly is a much
smalier subpopulation than the 15% dull Thy-1+ve, PNA-ve medullary cells.

This observation is in concordance with the results of others (3,9); (2) the
medulla contains a population of dull Lyt-Z+ve cells, which are resistant

to 20 mg/kg dexamethascne, but which are depleted by 130 mg/kg. This cbser-
vation provides the first evidence for a differential sensitivity cf a pheno-
typically distinct subpopulation of medullary thymocytes. Thus, dexamethasone
resistant thymocytes do not represent the total medullary pool as originaltly
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thought. They ifack dull Lyt-2+ve cells. The present study also demonstrates
that, whereas the iarge majority of cortical thymocytes are both Lyt-2+ve
and Th+ve, medullary ceils express either Lyt-2 or T4, This finding confirms
the results of Dialynas et al. (22). We demonstrate here the existence of at
least four phenotypically distinct medullary subpopulations: 1. null cells,
2. Lyt-2-ve Th+ve cells, 3. bright Lyt-2+ve, Th-ve celis, 4, dull Lyt-2+ve,
Th-ve cells.

Cortical and medullary thymocytes were originally thought to be sequen-
tially related as ‘immature’ and 'mature’ poois on a single developmental
pathway (8}. Others, however, have demonstrated that the two subclasses
develop largely independently (4-8). Our cbservations are consistent with the
latter view. We demonstrated occasional smaill clusters of ‘null' cells In the
thymic meduiia of dexamethasone-treated mice. Null cells were also found in
the medulla by Huiskamp and van Ewijk {18) in sublethally irradiated mice.
Furthermore, Joteresu and Le Douarin (23) demonstratad in chick-quail chime-
ras that during ontogeny thymocyte precursors enter the thymus both at the
subcapsular regicn and at the cortico-meduilary junction.

The present study further suggests that MEL-1#+ve emigrant T cells use
perivascular spaces as their exit pathway. We show here that in the normal
thymus bright MEL-T4+ve cells are scattered throughout the cortex; they also
occur at low frequency in the medulla. Upen dexamethasone treatment these
cells accumulate in the medulla (cf. 2h). Furthermore, they accumulate in the
perivascuiar spaces of the Targer venules. From serial frozen sections it is
obvious that these MEL-1k+ve cells have a mature T helper phenctype (Thy-1+,
T-200+, Lyt-1+, Th+, Lyt=2-). This observation extends our previous scanning
electrenmicroscopic study, In which we observed many lymphoid celis in con-
tact with the peripheral wall of large venules {(25). It is tempting to spe-
culate that, also in the thymus, the migrating cells use MEL-14 or MEL-1h-Tike
raceptors which recognize the endothelizl lining during their exit transporta-
tion process., Thus, the presence of such receptors could be of crucial impor-
tance in the decision concerning which cells are going te leave the thymus.

The present study further demonstrates that dexamethasone not only affects
thymic Tymphoid cells, but also has an effect on thymic stromal cells. It
appears that dexamethasone induces striking changes in the cortical reticular
epithelial stroma but leaves the medullary stroma intact, at least as far as
can be detected with the present markers. The TRh+ve cortical epithelial cells
change into compact nurse cell like structures (26) and some cortical areas
are even deveid of stromal cells. The latter regions could represent similar
regions observed in the normal thymus with the Tight and electron microscope
{25,27). The confluent staining pattern cbserved after staining with anti-MHC
antibodies indicates that epithelial~reticular cells no longer express MHC
antigens in a membrane bound fashicn. This was also observed by Huiskamp et
al. {28) after sublethal irradiation. This phenomenon could indicate that
structural disorganization of the thymic stroma leads to defective T cell
differentiation. Indeed, a correlation between the regeneration of the thymic
stroma and the onset of T cell differentiation has been observed (18,28).
Simitarly, in ontogeny T cell proliferation follows MHC expression in the
thymus (29). Furthermore, Kruisbeek et al, {30) have shown that T helper cell
differentiation can be blocked by administration of anti I-A antibodies. These
experiments all point to the phenomenon that an intact thymic stroma express-
ing MHC antigens in a membrane bound fashion is a prerequisite for normal T
cell development.
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SUMMARY

We have produced a panel of monoclonal antibedies directed against non-
lymphoid cells in central and peripheral lymphoid organs. In the present pa-
per we present the reactivity of cne of these antibodies: ER-TR7. This anti-
body detects reticular fibroblasts, constituting the cellular framework of
lymphoid and nonlymphoid organs and their products. Frozen sections of the
spleen incubated with this antibody show a marked delinesation of the red pulp
and white pulp. Furthermore, the major white pulp compartments, i.e., the
follicles and periarteriolar lymphoid sheath as well as the marginal zone are
recognized by their characteristic labeling patterns. In lymph nodes, the
capsule, sinuses, follicles, paracortex and medullary cords are clearly deli-
neated. In the thymus and bone marrow no such specialized compartments were
demonstrated., ER-TR7 reacts with amn intracellular component of fibroblasts.
Since ER-TR7 does not react with purified iaminin, collagen types |-V, fibro-
nectin, heparan sulphate protecglycan, entactin or nidogen, it detects a
hitherto uncharacterized antigen. The possible role of the ER-TR7 positive
reticular fibroblasts in the cellular organization of peripheral Tymphoid
organs will be discussed.

INTRODUCTION

Peripheral lymphoid organs, such as the spleen and lymph nodes are highly
compartmentalized. Within these organs T and B lymphocytes each have their own
domains. In the spleen B cells localize in follicies in the peripheral part
of the white pulp (de Sousa, 1971; Gutman and Weissman, 1373; Nieuwenhuis and
Ford, 1976) and in the marginal zecne (MZ) {(Kumararatne et al., 1581), which
separates the white pulp from the red pulp. T cells on the other hand, occu-
py the central area of the periarteriolar lymphoid sheath (PALS) (Mitchell,
1972; van Ewijk et al., 1374). In lymph nodes, B cells localize in the follic-
les in the outer cortex, whereas T cells occupy the paracortical area (Parrott
et al., 1966; van Ewijk and van der Kwast, 1980). Medullary cords predominant-
ly contain plasma cells which migrate during differentiation from the outer
cortex into this region. T and B cells both enter the splenic white pulp via
the MZ (Ford, 1969; Nieuwenhuis and Ford, 1976; Brelinska and Pilgrim, 1982).
In the lymph nodes they enter through high endothelial postcapiilary venules
{HEV) located in the paracortex (Butcher et al., 1980). Upon entry T and B
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cells segregate and migrate into their respective domains.

The factors which dirsct the migration and specific homing of B and T
cells into their respective domains are still unknown. From studies with the
light and slectronmicroscope it is known that both spleen and lymph nodes
contain several nonlymphoid cell types, such as interdigitating cells ({CC),
follicular dendritic cells (FDC), macrophages and reticular fibroblasts
{Veerman and van Ewijk, 1975; Humphrey and Grennan, 1982). Morphoiogical
observations indicate that FDC and IDC possibly play a rele in the homing of
B and T cells, respectively {van Ewijk et al., 1974, Dijkstra and D&pp, 1983).
Little is known about the function of reticular fibroblasts in the lymphoid
microenvironments. These cells constitute a supportive cellular framework and
they may also have a directive role in the migration and localization of lym-
phocytes (De Sousa, 1969; Barclay, 1981).

We recently produced a panel of monoclonal antibodies directed against
nonlymphoid cells of the mouse thymus (van Vliet et al., 198ha). These anti-
bodies provide a new appreach for a detailed structural analysis of the non-
Tymphoid constituents of the thymus. In the present paper we present an ex~
tensive study of the reactivity of one of these antibedies, ER-TR7, which
also reacts with the stroma of peripheral lymphoid organs.

The purpose of the present study is threefcld: {1) a detailed anato-
mical analysis of peripheral versus central lymphoid organs with the use of
the monoclonal antibody ER-TR7, (2) a description of the reactivity of ER-TR7
in a variety of other tissues, (3) analysis of the nature of the antigen
detected by ER-TR7. The tissue distribution of the antigen expressed on stro-
mal celis detected by monoclonal antibody ER~TR7 was studied with the use of
the immunoperoxidase technigue on frozen sections.

MATERIALS AND METHODS

Mice

Male and female C3H/Hed and (CBA x C57BL/6}F1 mice, aged 6~12 weeks,
were used for the present study. They were kept in our animal colony under
routine laboratory conditions,

Momoclonal antibody

Details of the production of rat monoclonal antibodies directed against
stromzl cells of the mouse thymus have been published elsewhere (van Vliet et
al., 1984a). We obtained seven hybrid cell lines which produce antibodies
directed against various stromal cell types in the thymus. In the present study
we describe the reactivity of cone of these antibodies: ER-TR7, an lgG2a anti-
body, which alsc reacts with antigens of the reticular framework of lymphoid
organs of the mouse.

Conjugate

Rabbit-anti=rat immunoglobulin coupled to horse radish peroxidase (RaRa-
ig-HRP} (Dakc, Copenhagen, Cenmark} was used. To prevent aspecific birding of
thg conjugate, it was deaggregated by centrifugation in a Beckman airfuge at
107g. The conjugate was optimally diluted in PBS containing 0.5% bovine serum
albumin (BSA) and 1% normal! mouse serum (NMS).

Preparation and incubation of frozem sgections
Frozen secticns were prepared and incubated with monoclonal antibodies
hotography was performed as described elsewhere (van Ewijk et al.,

(oS
——T
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Mouse Fibroblast cell lines

Mouse fibroblast cell line 129 was initiated in our laboratory as a
primary culture of strain 129 skin fibroblasts. A9 is a mouse L-cell deriva-
tive (Littlefield, 196k).

Preparation and incubation of fibroblast cell lines

Calls were isolated with a rubber policeman, fixed, embedded in agar,
and frozen sections were cut as reported before (van Vliet et al., 198kb).
Sections were then incubated with ER-TR7 as described above.

Reticulin stain
Frozen tissue sections were stained for reticulin with routine siiver
impregnation according to Gom&rri,

Further characterization of the aniigen

The possible antigenic relationship of the matrix component detected by
ER=TRY with laminin, types [~V collagens, nidogen, entactin, fibronectin and
heparan sulfate rich basement membrsne proteoglycan was tested in several
wWays:

Ouchteriony immomodiffusion. Double radial immunodiffusion in 1 per cent
agarose was performed in lmmuno-Tek 1}t OT Agarose plates (Behringwerke, Mar=
burg, West Germany). ER-TR7 antibody was put into the central well and the
connective tissue antigens weve put in the peripheral wells. The proteins were
allowed to diffuse overnight at room temperature in a moist chamber.

Immmoelectrophoresie, lmmuncelectrophoresis in 1 per cent agarose was
performed in electrophoresis base and agar gel piates (Hyland Laboratories,
Casta Mesa, California). Laminin, fibronectin or entactin was placed in the
well and electrophoresed for 45 min at 30 mA in a barbital buffer system,
pH B.6. Either antibodies to these proteins or ER-TR7 were then placed in the
trough. The proteins were allowed to diffuse overnight at room temperature in
a moist chamber.

Radiotmmnoassay. Interstitial and basement membrane connective tissue
antigens were iodinated with 1254 by the Chleramine-T method (McConahey and
Dixon, 1966). Radicimmunoassay (RiA) was performed as described (Rohde et
al., 1976), using purified antibodies to Taminin, entactin, types |-1V colla-
gens, fibronectin, heparan sulfate protecgiycan or ER-TR7 antibody.

Engyme—linked immuncsorbent assay (ELISA). ELISA was performed as des-
cribed previously (Voller et zl., 1976). Serial dilutions of purified rabbit
antibody to the connective tissue macromciecules were applied to microtiter
wells (Cooke Lzboratory Products Division, Alexandria, Virginia) coated with
fibronectin, laminin or the other biochemically characterized tested antigens.

Immuno fluorescence. |n order to determine whether the ER-TR7 antibody
bound to the same antigenic moieties as did the antibodies tc the matrix
macromolecules, blocking studies were performed using mouse skin sections as
substrate according to a previcusly described protocol (Yaoita et al., 1378).
For example, purified antibody to Taminin was conjugated with fluorescein-
isothiocyanazte (Gotdman, 1968). Uniabelled ER-TR7 antibody was reacted for
3 min. Unbound reagents were washed away and fluoresceinated antibody to
laminin was appliied for another 30 min, The sections were then extensively
washed and mounted. Conversely, in other studies, uniabelied rabbit an matrix
proteins was first applied to tissue sections for 30 min., unbound antibody
was washed away and ER-TR7 antibody was applied for another 30 min. After
extensive washings, bound rabbit and rat antibodies were detected using
fluorescein-conjugated antibody to rabbit or rat immunoglobuiin. 1f the first

3

antibody 'blocked! binding of the second antibody, this would indicate either
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that they were binding to the same antigenic moieties or that there was steric
hindrance by the first antibody. The specificity of the ER-TR7 antibody was
also assessed by measuring its binding to agarose beads coated with connec-
tive tissue proteins as described (Yacita et al., 1978) Finally, in other
studies ER-TR7 antibody was preincubated overnight at 4°C with 100 ug of

each tested antigen in a test tube priecr to immunofluorescence in order to
block antibody binding to the tissue section.

Immunoblotting. The reactivity of ER-TR7 with laminin, fibronectin,
entactin, nidogen and types |-V collagens was tested by immunoperoxidase
staining of their polypeptides, after electrophoretic transfer from polyacryl-
amide gels to nitrocellulose sheets as described (Towbin et al., 1979).

RESULTS

In the first part of this section we describe the localization of cells,
expressing the antigen detected by ER-TR7, in peripheral lymphoid organs. In
the second part of this section we describe the distribution patterns observed
with ER=-TR7 in central lymphoid organs such as thymus and bone marrow. To
obtain further information on the nature of the antigen detected by ER-TR7,
we studied the reactivity of ER-TR7 with various nonlymphoid tissues, with
fibroblast cell lines and we compared the reactivity pattern of ER-TR7 with
a conventional reticulin stain. We also anaiyzed the possible antigenic
relationship of the antigen detected by ER-TRY with various purified connec-
tive tissue components.

1. Anotomical distribution of ER-TR? positive cells in spleen and Lymph node

Frozen sections incubated with ER~TRY followed by RaRa-[g-HRP and DAB
clearly demonstrate the two major compartments in the spleen, the white pulp,
and the red pulp, Fig. 1 shows that the white pulp is located around central
arterioles which branch from the splenic artery. This area can be easily
distinguished from the red pulp, which is characterised by a randomly distri-
buted meshwork. Within the white pulp, three distinct areas can be delineated
by their characteristic labeling patterns, In a longitudinal section of the
spleen the PALS contains a network of fibres, concentrically arranged in
sheaths, parallel to the central arteriole., The central arteriole is outlined
by a brightly stained wall, Fallicles at the periphery of the PALS are vir-
tually unstained by the antibedy, except for the cuter boundary of the fol-
licle with the MZ. The staining pattern in the MZI is a reticular meshwork,
which is far more dense than in the red and white pulp. The marginal zone
graduatly merges into the reticulum of the cords in the red pulp. Red pulp
sinuses clearly stand out as negative areas. Trabeculae and the splenic cap-
sule are strongly positive.

In frozen sections of the lymph node the cortex and the medulla can be
delineated with ER-TRY (Fig. 2a). As in splenic sections, follicies located
in the outer certex are unstained, except for the outer boundary. The inter-
follicular areas of the outer cortex and the paracortex show a characteristic

Figure 1. Imminoperoxidase staining pattern of frosen section of spleen.
Incubation with monoclonal entibody ER-TR?, followed Dy RaRa-Ig-
HRP and DAB. Note both lowngitudinal and transverse seclions of the
PALS. ca = central arteriole; f = follicle; p = periarteriolar
Llymphoid sheoth; mz = marginal zone; vp = ved pulp; v = venule.
Mogni fLeation: 280z,
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fine reticular staining pattern. The walls of HEV located in the paracortical

area also react strongly with this antiboedy. The capsule stains intensly

with ER-TR7, whereas the subcapsular sinus is negative. In the medulla,

strongly stained cords can be distinguished from negative sinuses. This

staining pattern is specific since no such pattern was observed in negative

control sections, sections incubated with RaRa-1g~HRP and DAB oniy (Fig. 2b}.
Taken together, labeling of frozen sections of peripheral lymphoid organs

with ER-TR7 demonstrates the various domains, where T and B lymphocytes localize,

2. Anotomical distribution of ER-TR? positive cells tm thymus and bone marrow
To study a possible compartmentalization of thymus and bone marvow, we
incubated frozen sections of these organs with ER-TR7.
Frozen thymus sections, incubated with ER-TR7, show staining mainly of
the capsule, blood vessels, and trabeculae (Fig. 2c). The border between
cortex and medulla s not clearly outlined although these regions can be dis-
tinguished.
In frozen sections of bone marrow plugs labeled with ER-TR7 (Fig. 2d),
a slight reticular pattern can be noted, together with strong staining of the
walls of blood vesseis. However, in contrast with the spleen and Tymph node

this labeling pattern does not demonstrate any compartmentalization within
the bone marrow.

5. Anatomical distribution of ER-TR? posgitive cells in nonlymphoid organs

We incubated frozen sections of a variety of nonlymphoid organs and
tissues with ER-TR7 in order to study reactivity patterns in these crgans.
The results are summarized in Table 1. A few examples are shown below to
illustrate the specificity of ER-TR7.

In frozen sections of skin incubated with ER-TR7 (Fig. 3a) the dermis
was confluently labeled, whereas the epidermis was negative. Sections of the
small intestine incubated with ER-TR7 show a similar confluent staining of
the lamina propria (Fig. 3b}. No staining of the intestinal epithelium was
observed, Similarly, in sections of the stomach a positive lamina propria and
a nzgative epithelium were observed (not shown). The ovarian stroma was posi-
tive, whereas the follicles were negative (not shown}. ER-TR7 stains the con-
nective tissue which forms a supporting network between parenchymal cells in
various organs, such as salivary gland, kidney, testis, liver and pancreas.
Cardiac and striated muscle also contain such an ER-TR7 positive connective
tissue network. Examples of this staining pattern are demonstrated in sections
of salivary gland and kidney (Fig. 3c, d}. in the salivary gland the epithe-
Tial cells of the acini and collecting ducts are negative, whereas the reti-
cular connective tissue around the acini and ducts can be seen as thin lines
(Fig. 3c). A similar staining of connective tissue elements, but no staining
of muscie fibers, was observed in striated muscle sections. In the testis the
interstitial tissus between seminiferous tubuli is positive. Both glomeruli
and interstitial connective tissue between tubuli of the kidney are strongly
Tabeled with ER-TR7? (Fig. 3d). In the liver the lining of sinusoids are posi-

Pigure 2. Tmmmoperoxidase staining patfern of (a) (k) mesenteric lymph node.
(c) thyms and (d) bone marrvow. Tnewbation with ER-TR7? (a), (),
(d) ov negative control (b). ca = copsule; ¢ = cortex; [ = follicle;
hev = high endothelial venule; m = medulla; me = medullary cord;
ms = medullary sinus; p = paracortex; ss = subcapsular sinus; t =
trgbeculae; v = blood vessel.
Magnification: (al), (¢) 80x; (b), (d) 140z.
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Tabie 1 Reactivity of ER-TR7 with various non-lymphoid

organs of the mouse

Organ

Reactivity with

Submandibular

salivary glanc

Stomach

Small intestine

2)

)
interstitial CTT’ between acini

Lamina propria, CT of muscularis, serosa

Laminz propria, CT of muscularis, serosa

Pancreas Interstitial CT between acini

Liver Lining ef liver cords

Skin Dermis

Ear Extraceliular matrix of cartilage, dermis
Strizted muscle interstitial CT between muscle fibers
fardiac muscle tnterstitial LT between muscie fibers
Tendon Fibers

Qvary Conrective tissue stroma, tunica albugines
Testis interstitia? £7 between seminiferous tubull
Kidney Clomerul! anc interstitia’ {7 between tubult
Brain Blooe vessels, meningas

1) 07 = conmective tissue

C
i

s |

tissues tested ER-TR7 reacis with blood vessel walls ang capsule.

tive, whereas parenchymal cells are not iasbeled. ER-TR7 reacts with the extra-
cellular matrix of cartilage and with the dermis in sections of egar (not shown).
Blood vessels always showed & strongly positive wall.

Taken together, in all the organs mentioned above, connective tissue com-
partments can be identified with the present monoclional antibody.

4, Comparison of the reactivity patiern of IR-TR7 with o conventicl reti-

culin gtain

Further study of the nature of the antigen detected by ER-TR7 invelved
conventional silver impregnation of spleen sections., This method is known to
detect reticulin, which is defined as the connective tissue which stains with
silver (Hay et al., 1978). Fig. 4z and &b show serial frozen spleen secticns
which were stained with ER-TR7 or by conventional silver impregnaticn, res-
pectively. Silver impregnaticn resulted in a reticular labeling pattern within
the splenic white pulp which was in general similar to the staining pattern
observed with ER-TR7, although less dense. However, no labeling of the ER-TRY

Figure 3. Immunoperosidase stoining pattern of (a) skin, (b} small intestine,
(e) salivary gland, (d) kidney. o = acinus; c = capeules; cs = col-
lecting duct; d = dermis; e = epithalium; ep = apidermis; g = glo-
merulus; na propria; v = tubuli
Mogni froat (b}, 380z; {c/

= Lami
(e}
ald,
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+ve meshwork of the splenic red pulp and MZ was szen after silver impregnation.
From this observation we tentatively conclude that ER-TR7 reacts with reti-
culin but also with cther connective tissue components yet to be determined.

8. Reqotivity of ER-TR? with fibroblast cell Iines

To study the reactivity of ER-TR7 with fibroblasts we incubated frozen
sections of cell pellets of mouse Tibroblast cell lines 129 and A9 with ER-TR7.
ER-TR7 was shown to react with the cytoplasm of fibroblasts of each of these
cell lines (Fig. hc). 80-90% of the cells are ER-TR7 positive. A negative con-
trol section is shown in Fig. h4d.

6.  Characterization of the antigen detected by FR-TR?

The reactivity of ER-TR7 with purified laminin, fibronectin, types =V
coliagens, heparan sulfate proteogliycan, entactin and nidogen was investi-
gated by Ouchterlony technigue, immuncelectrophoresis, RIA, ELISA, immunc-
electroblotting and indirect immunoflucrescence blocking and inhibition stu-
dies. ER-TR7 reacted with none of the tested matrix components in any of the
test systems. These results exclude that ER-TR7 detects a strict basement
membrane component or any major collagen type or fibronectin. In addition,
ER-TR? reacts in immunoflucrescence studies with interstitial stroma and
matrix cartilage but not with the basement membrane matrix deposited by
EHS sarcoma or L2 tumors, two transplantabie murine and rat tumors that syn-
thesize a matrix of basement membrane (Timp} et al., 1979; Wever et al., 1981).
In culture, ER-TR7 reacts with murine fibroblasts but not with L2 cells, vas-
cular endothelial cells, nor with glomerutar epithelial celis, suggesting
that the antigen detected by ER-TR7 is synthesized by mesenchymal cells rather
than by epithelisl or endothelial cells.

DI3CussIon

in the present study we have analyzed the anatemical distribution of the
cellutar framework of lymphoid and nonlymphoid organs, detected by monoclional
antibody ER-TR7 and the nature of the antigen detected by ER~TR7. Our results
cliearly demonstrate that ER-TR7 can be used to study the micro-anatomy of
various organs. In summary, we have demonstrated that (1) ER-TR7 outlines the
various compartments of peripheral lymphoid organs by characteristic labeling
patterns; (2) no such compartments are found in central lymphoid crgans; {3}
ER-TR7 delineates various types of connective tissue compartments in nonlym-
phoid organs; (&) The antigen detected is not a basement membrane component,
nor any major collagen type or fibronectin.

Our results show furthermore that ER-TR7 reacts with the basic cellular
framework in peripheral lymphoid crgans. This cellular framework consists of
the reticular fibroblasts, described by Miiler~Hermelink et al. {1974), Vesr~
man and van Ewijk {1975}, Villena et al. {1983) and their products. The intra-
cellular reactivity of ER-TR7 with fibroblast cell lines and the confluent

Flgure 4. (a) Immiroperomidase staining pattern of spleen with ER-TR7. (b)
Filver impregration pattern of spleen, Immmoperoxidase staining
pattern of frozen sections of a pallet of A9 cells, incubgted with
ER-TE? (e} and a negative control section (d). ¢ = capsule; ca =
central orteriols; f = follicle; p = pertavteriolar lymphoid sheath;
mz = marginal some; rp = red pulp; t = trabsculas.

Magnifleation: (g}, (B} 60x; (), (d) &75x:.
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staining in the dermis of the skin and the lamina propria of the intestine
shows that ER-~TR7 does not only detect intraceilular components of fibroblasts,
but also reacts with extrecellular products. The spisen sections incubated
with ER-TR7 and stained by conventional siivar impragnation ciearly demon-
strate that the antigen detected by ER-TR7 has 2 tissue distributicn which

is wider than that of reticulin, The major difference between these two
staining procedures is that reticular components in the marginal zons and

in the red pulp are not detected by silver impregnaticn, but are detected by
ER-TR7 antibodies, Although the tissue distribution suggests that this anti-
body detects a major compenent of the extracellular matrix such as collagen,
the fact that ER-TRY does not react with a variety of collagens, glycoproteins
or basement membrane proteoglycan with comparable tissue diszributions excludes
that ER-TR7 detects a strict basement membrane component or any major collzagen
type or the biochemically characterized glycoprotein - fibronectin, The tis-
sue distribution of the antigen recognized by ER-TR7 is cgiearly distinct

from that reported for all other biochemicaily characterized connective tis-
sue macromolecules since It 15 an ubiquitous component of stremal (Intersti-
tial) matrix cartilage and of at Jeast some basemen: membrane zones. ER-TR7

is particularly useful as 3 tool for dissecting various lymphoid compartments
in gcentral and peripheral lymphoid organs. Thus, based on the distribuzion
pattern of ER-TR7 positive fibroblasts, the wvarious compartments in the spleen,
i.e. raed pulp, M7, PALS and foilicies and lymph nodes, i.s, paracortex, Tol-
ficies and medulla, can be ciearly distinguished. This antibody also shows
that the thymus, a Jympho-epithelial organ onlv shows mesencnymal components
in the medulla and in the capsule. As can be judged from the staining pattern
these Tibroblasts are not only present as components in a general framework
structure, they also crzate various microenvirenments in the different lym-
phoid compartments. in the spiecen this is most obvious in the marginal zone
and in the central part of the white pulp (T zcne). We spaculate that this
arrangement of fibroblasts is involved In two major functions of the spleen,
i.e. phagocytosis of biood borne substances fe.g. erythrocytes, antigens) and
initiation of the immune response. The dense meshwork in the marginal zone
might then function as a filter slowing entry ¢f the blood flow in this par-
ticular area (see also Veerman and wvan Ewijk, 1975). 8y this mechanism, mono-
nuclear phagocytes associated with this reticuiar meshwork can optimaily
ciear the n-flowing blood (Van Viiet et al., 1985). The typical arrangement
of fibroblasts in lymphoid organs might aiso gulde migration of lymphocyies
after their entry into the splenic white pulp or 1nto the lvmph node para-
cortex {de Sousz, 1969; Barclay, 1981 and promote the ‘ntarcellular contact
between lymphocytes and those cell types which regulate the ultimate homing
of lymphocytes into thelir respective domains.
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CHAPTER 8

MARGINAL ZONE MACROPHAGES IN THE MOUSE SPLEEN IDENTIFIED BY A MONCCLONAL
ANTIBODY. ARATOMICAL CORRELATION WITH A B (ELL SUBPOPULATION

Els van Viiet, Mavleen Melis and Willem van Ewijk

Department of Cell Biclogy & Genetics, Erasmus University, Rotterdam

In: J. Histochem. Cytochem. 33: 40~44, 1885

SUM{ARY

The reactivity of a monocional antibody, ER-TRY, that demonstrates hete-
rogensity among mononuclear phagocytes is described. In the spleen ER-TR9
exclusively reacts with a population of macrophages located in the marginal
zene, ER-TR9 does not react with macrophage antigen 1 positive red pulp macro-
phages or any other types of splenic stromal cells,

ER-TR9+ve cells localize in anatomical proximity of a subpopulation of B
cells, i.e., B cells that are immunoglobulin M positive and weakly positive to
negative for immuncglobulin D. The possible significance of this particular
interaction between both cell types during the immune response is discussed.

INTRODUCTION

It is generally accepted that macrophages play an important role in pha-
gocytosis, processing and presentation of antigenic material to B and T lym-
phocytes {Unanue, 1978; Erb et al., 1980; van Furth et al., 1980). To provide
a means for studying macrophage differentiation and subsets, monoclonal anti-
bodies to cell surface antigens of macrophages have been prepared by various
investigators (Springer et al., 1979; Unkeless, 1979; Austyn and Gordon, 1981;
Ho and Springer, 1982a, b, 1983). These antibodies react with cell surface
antigens, which are considered to be general macrophage markers.

Recently, evidence has been presented that indicates functicnal hetero-
geneity among spienic macrophages. Humphrey {198G) and Humphrey and Grennan
(1981} demonstrated, that neutral polysaccharides, when injected into mice,
were selectively taken up by macrophages in the marginal zone (MZ) of the
spleen, whereas acidic polysaccharides were detectable in red pulp macrophages.
Thus, the MZ may be a specialized compartment in the spleen.

The MZ of the rat spleen was also shown to be the site of a distinct sub-

population of B lymphocytes {Kumsraratne et al., 1981; Maclennan et al.,
1982). MZ B cells do not recirculate and they express cell surface immunoglo-
bulin M (u), but do not express cell surface immunoglobulin D (§), f.e., they

are 4 positive {utve), & negative {§-ve). In contrast, follicular B cells are
both u+ve and S+ve.

tn the present article we report the reactivity of a monocional antibedy,
ER-TRY, that exclusively reacts with MZ macrophages in the mouse spieen. We
demonstrate that the localization of ER-TR9+ve cells correlates with the loca-
lization of u+ and §-ve to weakly S+ve B cells. We discuss the findings in
relation te the humcral immune response.
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MATERTALS AND METHODS

Mice
Male and female C3H/He and €3H/law mice, age 4-8 weeks, were used for the

present study. They were kept in our animal colony under routine laboratory
conditions,

Antisera and congugates

Details of the production of monocional antisera directed to stromal cells of
Iymphoid organs have bsen published elsewhers (van Viiet et al., 1384}, tn
the present study we describe the reactivity of one of these antibodies,
ER~TRE,

To detect binding of monocional antibody ER-TRS, 151-113-14 {anti immu-
noglobulin M {IgM), 0% et al., 1978) and M1/70 {(directed to the macrophage
antigen 1 (Mac-1) on macrophages and granulocvtes, Springer et ai., 1979} we
used rabbit-anti-rat immunoglobulin coupled to horseradish peroxidase {RaRa-
bg~HRP) (Dako, Copenhagen, Denmark). Rabbit-anti-mouse IgD conjugated to
biotin, and horse radish peroxidase conjugated to avidin were a kind gift of
Br. G. Kraal.

Preparation and incubation of frozen secticons

Frozen sections were prepared and incubated with monocional antibodies and
photography was performed as described eisewhere (van Ewijk st al,, 1981},
To block endogenous peroxidase, we preincubated frozen sections in 0.7 mg/m!
phgny1hydraziﬁ?umch?or}de in phosphate buffered saline (PBS) for 60 min at
37°C. We then incubated frozen tissue sections with ER-TRS, anti-igh or
anti-Mac-1, followed Dy RaRa-lo-HRP and diamincbenzidine tetrahvdirochloride
{DAB}. Alternatively, we Incubated frozen sections with biotin-conjugated
anti-igh, avidin-conjugated HRP ancd DAB.

RESULTS

Anatomical distribution of FRE-TR9+ve cells in the spleen

in frozen szctions of the spleen the monoclonal antibody ER-TRI strongly
reacts with a subpopulation of ilarge irregularly shaped non-iymphoid cells
that localize in a rim around the white pulp of the spleen (Fig. la). ER-TRY
does not react with any other noniymphaid cells, such as interdigitating ceils

{I1DC), follicular dendritic ceils {(FDC)}, or macrophages that iocalize in the
red pulp.

Figure 1. Immanoperoxidase statming pattern of frozen spleen sectioms, incu—
bated with (o) ER-TRY, (b} anii-IgM, (o} anti-Igd. (a) and (b)
represent serial sections. ¢ = central artericle, f = follicle,
ms = marginal sone, p = central peri-arteriolar lymphotd sheath,
rp = rad pulp. Magnification: (al), (B) 80z (bar = 0.1 mm); (c) 140x
(bar = 0.05 pm); inset 875z (bar = 0.01 rvm} (higher magnification
of {at).
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Anatomical distribution of wrve and S+ve B celle in the spleen

In serial frozen secticns, incubated with anti-igM, p+ve 8 cells are present
throughout both follicles and MZ (Fig. 1b). Follicular B cells are moderately
w+ve, whereas MZ 8 cells are strongly u+ve. The serial sections clearly demon~
strate that the localization of the latter cells corresponds to the localiza-
tion of TRY+ve cells. In contrast, the majority of strongly d+ve B cells
focalize in follicles (Fig. 1c¢c). The MZ is the site of a population of B cells
with expression of gD varying from negative to weakly positive. Thus, the MZ

contains a pepulation of B cells, which is strongly u+ve and §-ve to weakly
S+ve,

Anatomical distribution of Mac-Ii+ve cells in the spleen

Serial sections incubated with anti-Mac-1 antibodies show that strongly Mac-
i+ve cells predominantly localize in the red pulp (Fia, 2)}. Only occasional
Mac-i+ve cells occur in the MZ. Springer et al, {197%) demonstrated that
Mac-1+ve cells include macrophages, monocytes and granulocytes. We observed
that the majority of Mac-l+ve cells In the spleen were monocytes and granulo-
cytes, scattered throughout the red pulp. As can be seen from the serial sec-
tions Mac-~l+ve cells were smaller and less irregularly shaped than ER~TR9+ve
cells. A minority of Mac-l4+ve cells are macrophages, which predominantly
localize around trabeculae in the red pulp {not shown). In addition, anti-
Mac-1 antibodies faintly but reproducibly react with cells in the MZ, This
reactivity pattern is specific since negative contreol sections, incubated
with RaRa=lg-HRP and DAB only, did not reveal such a pattern. Neither the
peri-arteriolar lymphoid sheath (PALS), nor the follicles contain any Mac-
1+ve cells, Thus, ER-TR9+ve cells are Mac-l-ve or weakly Mac-l+ve.

Anatomical distribution of ER-TRS+ve cells in the mesenteric lymph node

In frozen sections of the mesenteric lymph node ER-TRY strongly reacts with
nonlymphoid cells in medullary sinuses and a rim of cells lining the subcap-
sular sinus of the mesenteric lymph node (Fig. 3a). No ER-TR9+ve cells wers
detected in follicles or paracortex.

Anatomical distribution of Mac-Ii+ve cells in the mesenteric lymph node

Only & few strongly Mac-1+ve cells were noted in the medulla of the mesenteric
lymph node {Fig. 3b). PALS and follicles did not contain any Mac-Tl+ve cells.
However, similarly to the MZ of the spleen, the medulla of the lymph node
contains faintly positive cells. These cells show morphological similarity to
the ER-TR9+ve ceills (compare Figs. 3a and b).

Figure 2. Immunopercxidase staining pattern of serial frozen sections of
spleen, incubated with (a) ER-TRY, (b) anti-Mac-1. ¢ = central ar-
teriole, mg = margingl some, ¥p = ved pulp, p = peri—artericlar
Lymphoid sheath. Magnification: 320x (bar = 0.08 nm).

Figure 3. Immunoperoxiduse staiming pattern of frozen sections of mesenteric
Lymph node, incubated with (a) ER-TR3, (b) anti-Mac-1. m = medulla
p = paracortexs. Magnification: 140x (bar = 0.05 mm).
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Anatomical distribution of wrve and S+ve B cells in the mesenteric lymph node
(not shown).
In frozen sections of the mesenteric lymph node ptve B cells are predominant-
Iy found in the follicles in the outer cortex. However, a minority of scatte-
red wrve B cells localize in the medulla. No distinct subpopulations expressing
different levels of W are present. All u+ve B cells are strongly u+ve. The
majority of d+ve B cells also localize in the follicles, whereas a minority
of 6+ve B cells localize in the medulla. A1l S+ve B celis in the mesenteric
iymph node are strongly S+ve. In contrast to the d+ve coronz the garminal
center of follicle was §-ve. Thus, in contrast te the spleen, the mesenteric
lymph node was not shown to contain phenctypically distinet B celi subpopu-
Tations.

DISCUSSION

In the present study we have analysed the anatomical distribution of the
ceils, detected by monoclonal antibody ER-TRS, in frozen sections of spleen
and lymph node of the mouse. Furthermore, we have investigated a possible
correlation among the anatomical distribution of these cells and the distri-
butions of Mac~i+ve macrophages and subpopulations of B lymphocytes.

The present study demonstrates that ER-TR9 exciusively reacts with a
subpopulation of macrophages, which reside in the MZ of the spleen and in the
medullary sinuses of iymph nodes. ER-TR3+ve cells were also found lining the
subcapsular sinus of lTymph nodes,

The nontymphoid cells detected by ER-TRY in the spleen are macrophages,
since they were shown to have phagocytic capacity: they ingest latex, India
ink and fiuorescein-conjugated Ficell (Dijkstra et al,, submitted for publi-
cation). Furthermore, ER-TR9+ve cells are moderately acid phosphatase and
nonspecific esterase positive. These cells are not the so-called marginal
metallophyls. The latter cells exclusively localize at the inner border of
the marginal sinus (Satodate et al., 1971; Eikelenboom et al., 1978; Dijkstra
et al., submitted for publication), whereas ER-TRG+ve cells localize throughout
the MZ. Together these data indicate that the ER-TR9+ve macrophages in the
spleen are the celis described by Humphrey and Grennan (1981). They were the
first to identify in the spleen a subpopulation of macrophages, which are mor-
phologically and functionally distinct from the majerity of splenic macro-
phages. In contrast te the vast majority of splenic macrophages, which ingest
acidic polysaccharides, these 'marginal zone macrophages' selectively ingest
neutral polysaccharides. Humphrey and Grennan (1981) also identified such a
functionally distinct subpopulation lining the subcapsular sinus in lymph
nodes. However, in lymph nodes ER-TRS expressicn Is not limited to this sub-
population, since ER-TRY alsoc reacts with macrophages in the medulla. Thus,
expression of ER-TRS and ingestion of neutrai polysaccharides might identify
averlapping but not identical subpopulations in lymph nodes.

Do ER-TR9+ve macrophages in spleen and lymph node express the general
macrophage marker Mac-1, which is associated with the type I1]| complement
receptor (Beller et al., 1982}7 The present study demonstrates that only few
Mac-T+ve cells localize in the MZ. These celis predominantly localize in the
splenic red pulp. This observation is consistent with the results of Ho and
Springer (1982b}. In addition we demonstrate weak Mac~1 expression in the MZ.
Thus, the present study demonstrates the existence of at least two macrophage
subpopulations in the spleen: ER-TR9+ve, Mac-1-ve or weakly Mac-1+ve macro~
phages that localize in the MZ and ER-TR9-ve, Mac-T+ve macrophages that loca-
tize in the red pulp, We aiso demenstrate that lymph nodes contain similar
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subpopulations of TR9+ve, Mac-l-ve or weakly Mac-l+ve macrophages in the
meduliary and subcapsular sinuses, and ER-TR9-ve, Mac-l+ve ceils.

Does the localisation of ER-TRS+ve macrophages correlate with the locali=
zation of a distinct B cell subpopuiation in spleen and lymph nodes? The
present study demonstrates that ER-TR9+ve macrophages in the spleen localize
in anatomical preximity of a major population of strongly utve, S-ve to weakly
S+ve B cells in the MZ. Our findings with regard to wtve and d+ve B cells in
the mouse spleen are in concordance with the findings of others in the rat
spleen (Maclennan et al., 1982) and human spleen (Stein et al., 1980). The
present results also demonstrate that the phenotypical difference between MZ
and follicufar B cells in the mouse spleen is not as clear-cut as in the rat
spleen, since the MZI B cel} population of the mouse spleen is not totally
S=ve, The MZ of the rat spleen is the site of a subpopulation of predominantiy
wtve, S-ve B cells that do not recirculate {Kumararatne et al., 1983). The
small number of w+ve, d+ve 8 cells in the MI presumably represent recircula~
ting &d+ve B cells as they are depleted when recircutating B cells are depleted.
Upon stimulation with T cell independent (T-1) antigens MZ B cellis give rise
to longlasting igM responses (Humphrey, 1980; Humphrey and Grennan, 1981).

{n contrast to the findings in the spleen, the present study does not
demcnstrate any correiation between ER-TR9+ve macrophages and specific sub~-
populations of ptve or é+ve B cells in the mesenteric lymph node. These
observations suggest that the MZ is a unique compartment in peripheral lym-
phoid organs.

What is the function of the population of ER~TR9+ve MZ macrophages? This
paper and the resuits of Humphrey and Grennan {1981) indicate that the MZ
macrophages may have a special role in presenting T cell independent antigens
to the B cell population in the MZ. Currently studies are underway to investi-
gate whether in vivo administered ER-TRY can interfere with the uptake of
T cell independent antigens by MZ macrophages.

REFERENCES

Austyn, JM, Gordon, S (1981): F4/80 a monoclonal antibody directed specifical-
Iy against the mouse macrophage. Eur J lmmunol 11 : 805.

Beller, DJ, Springer TA, Schreiben RD (1982): Anti-Mac-1 selectively inhibits
the mouse and human type three complement receptor. J Exp Med 156 : 1000.

Eikelenboom, P {1978): Characterisation of non-lymphoid cells in the white
pulp of the mouse spleen. An in vivo and in vitro study. Cell Tissue Res
195 : L4s,

Erb, P, Feldmann, M, Gisier, R, Meler, B, Stern, A, Vogt, P (1980): In Monc-
nuclear phagocytes, functional aspects. Edited by R van Furth. Martinus
Nijhoff Publishers, The Hague, p. 1857-1883.

Ho, M, Springer, TA (1982): Mac-2, a novel 32,000 M mouse macrophage subpopu-
lation-specific antigen defined by monoclonal antibodies. J Immunol 128

1221.

Ho, M, Springer, TA (1982): Mac~1 antigen: guantitative expression in macro-
phage populations and tissues, and immunofiuorescent localisation in
spleen. J Immunol 128 : 2281,

Hoc, M, Springer, TA (1983): Tissue distribution, structural characterisation
and biosynthesis of Mac-3, a macrophage surface glycoprotein exhibiting
molecular weight heterogeneity. J Biol Chem 258 : 636.



114

Humphrey, JH (1980): Macrophages and the differential migration of lymphocytes.
In Blood celis and vessel walls: functional interactions. CIBA Foundation
Symposium vol, 71, Edited by JL Gowans, Excerpta Medica, Amsterdam, p.
287-298,

Humphrey, JG, Grennan, D (1981}: Different macrophage popuiations distinguished
by means of fluorescent polysaccharides. Recognition and properties of
marginal zone macrophages. Eur J lmmunol 11 : 221.

Kumararatne, DS, Bazin, H, MacLennan, ICM {1981}: Marginal zones: the major B
cell compartment of rat spleens. Eur J Immunol 11 : 858.

Kumararatne, DS, MaclLennan, 1CM (1981): Cells of the marginal zone of the spleen
are |ymphocytes derived from recirculating precursors. Eur J immuncl 11

865.

Maclennan, 1CHM, Gray, 0, Kumararatne, DS, Bazin, H (1982): The lymphocytes of
splenic marginal zeones: a distinct B cell lineage. !mmunology Today 3
305.

07, VT, Jenes, PP, Goding, JW, Herzenberg, LA, Herzenberg, LA (1978): Proper-
ties of monccicnal antibodies to mouse lg allotypes, H-2 and |-A anti-
gens. In Current Topics in Immunology: Lymphocyte hybridemas, vol. 81.
Edited by F Melchers, M Potter, NW Warner, Springer Verlag, MNew York,

p. 115,

Satodate, R, Ogasawa, 5, Sasou, 5, Katsura, S {1971): Characteristic struc-
ture of the splenic white pulp of rats. J Reticuloendothel Soc 10 : 428,

Springer, T, Galfré, G, Sechar, DS, Milstein, C (1979): Mac-1: a macrophage
differentiation antigen identified by monoclonal antibody. Eur J Immunol
9 : 301.

Stein, H, Bonk, A, Tolksdorf, G, Lennert, K, Rodt, H, Gerdes, J (1980): immu-
nchistologic analysis of the organisation of normal lymphoid tissue and
non-Hodgkin's lymphomas. J Histochem Cytochem 28 : 746.

Unanue, ER (1978): The regulation of lymphocyte functions by the macrophage,
immunol Rev 40 :227.

Unkeless, JC (1979): Characterisation of 2 monoclonal antibody directed against
mouse macrophage and lymphocyte Fc receptors. J Exp Med 150 : 580,

van Ewijk, W, van Soest, PL, van den Engh, GJ {1981): Fluorescence analysis
and anatomic distribution of mouse T lymphocyte subsets defined by mono-
clonal antibodies to the antigens Thy-1, Lyt-1, Lyt-2 and T-200. J immu-
nol 127 : 2594,

van Furth, R, Dieselhoff-Den Dulk, MC, Raeburn, JA, van Zwet, TL, Crofton, R,
Blussé van Cud Alblas, A (1980}: In Moncnuclear phagocytes, functional
aspects. Edited by R van Furth., Martinus Nijhoff Publishers, The Hague,
p. 279-298.

van Vliet, E, Melis, M, van Ewijk, W (1984): Monoclonal antibodies to stromal
cell types of the mouse thymus. Eur J Immunol 14 : 524,



115

10, GENERAL DISCUSSION

The compiex process of T lymphocyte differentiation takes place
mainly in the thymus. During this process BM-derived prothymocytes enter the
thymus, proliferate extensively and give rise to thymocytes. These thymocytes
undergo differentiation and selection within the thymic micreenvironment. It
kas often been claimed that about 99% of the daily produced thymocytes die
intrathymically. Eventually, 1% of the thymocytes emigrate from the thymus to
peripheral lymphoid organs as mature immunccompetent T cells where they can
undergo antigen-induced activation and become effector T cells., During the
intrathymic differentiation process thymocytes are selected on the basis of
tolerance to self-MHC gene products and they obtain the capacity for recog-
nition of foreign antigens in the context of self-MHC antigens. Also, they
acquire various differentiation markers on the cell surface.

The thymus is a complex lympho-epithelial organ consisting of 'fixed®
stromal cells and ‘free' lymphoid cells., The process of T cell differentia-
tion is apparently only possibie within this specific microenvironment and
it is a generally accepted concept that the interaction between differentia-
ting T cells and stromal cells plays a crucial inducing role in the differen-
tiation process. The functional and morphological evidence in suppert of this
notion has been discussed in Chapter 2.2.5. However, to date, our knowledge
of this complex process is still very incomplete. Though thymocyte subpopula-
tions have been well characterized on the basis of differentiation markers,
the thymic stroma is still poorly characterized. This thesis provides a con-
tribution to an inventory of subpopulations of thymic stromal cells. Its
primary aim is the characterization of the stromal cells in the microenviron-
ments of the two major intrathymic compartments, cortex and medulla, where
the most immature and mature thymocytes reside, respectivetly.

it appears that cortex and medulla are clearly different compartments in
terms of stromal cells (Chapter L). The following subpopulations have been
identified in the murine thymic stroma (Chapters &4, S5}:
1. TRL4+, fa+, TR5- cortical epithelial cells, including TNC,
TR4-, la-, TR5+ medullary epithelial cells,
TRY4~, la+, TRS+ mecullary epithelial cells,
TRL-, la+, TR5-, TR6+ medullary tDC,
TR7+ reticular fibroblasts in cortex and medulia,
TR6+ macrophages.
Additional evidence demonstrates the localization of TR6+ macrophages (sub-
population 6}. Combination of ER-TR6 staining with staining for acid phospha-
tase, which labels macrophages brightly positive, shows that the majority of
acid phosphatase bright macrophages localize in the cortex and that they are
all TR+ (unpublished observations). Combination of staining for la and acid
phosphatase shows these cortical macrophages to be generally la-. Therefore,
macrophages in the cortex are TR6+, la~. Thus, it can be concluded that the
thymic stroma can be subdivided into twe distinct microenvironments, a corti-
cal and a medullary cone, each consisting of characteristic sets of stromal
cells.

Chn e M2

During embryonic development, at the time when the first prothymocytes
enter the thymic anlage, this subdivision of the thymic stroma into cortical
and medullary stromal microenvironments is already apparent (Chapter 6}. We
speculate that this early subdivision into cortical and meduilary stroma may
provide the necessary microsnvironments for the development of two precursors
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destined to give rise to cortical and medullary thymocytes, respectively.

The intimate contact between stromal cells and differentiating thymo-
cytes can be demonstrated <wm vitro. TNC, lympho~stromal complexes, can be
isolated from the thymus (Wekerle and Ketelsen, 1980). TNC appear to repre-
sent the close interaction between thymocytes and epithelial cells in the most
immature thymic compartment , the cortex (Chapter 5). Similarly, thymocyte
rosettes, complexes of thymocytes and BM-derived thymic stromal cells in
vitro, have been demonstrated to represent lympho-stromal interaction in the
thymic medulla (Kyawski =t al., 1982).

We have furthermore shown that the alymphoid thymic rudiment of the nude
mouse embryo has an abnormal stroma (Chapter 6). The nature of the defect has
been shown to be a deficiency of TR4+, ia+, TR5- epitheiial cells and ia+,
TR&6+ IDC and macrophages, and prominence of a subpopulation of TR4-, la-, TR5-
stromal cells. From these studies it can be concluded that nermal organization
of cortical and medullary epithelial cells as well as expression of MHC anti-
gens is a prervequisite for normal T cell development. A similar conclusion can
be drawn from the data concerning the composition of the thymic stromal and
lymphoid populations of mice injected with dexamethasone (Chapter 7). Dexa-
methasone-induced death of thymocyte subpopulations correlates with morpholo-
gical changes in the stroma. Dexamethasone induces 'nurse cell like' confor-
mation of cortical epithelial cells and loss of membrane bound expression of
MHC antigens. Similar effects were also noted after sublethal irradiation of
mice. Moreover, during regeneration of the thymus following sublethal irra-
diation, the ncrmal archlitecture of the thymic stroma and its expression of
MHC antigens are restored prior to re-expression of the normal pattern of T
cell antigens on the cell surface of the regenerating iymphoid populaticn
(Huiskamp and van Ewijk, 1985; Huiskamp et al., 1985). Ancther indication for
the relevance of the thymic stroma in T cell differentiation is the abnormal
stromal and lymphoid composition of thymomas. Van der Kwast et al. {in press)
have classified thymomas as cortical or medullary epithelial necoplasms with
abnormal thymocyte populations. Thus, stromal abnormalities correlate with
changes in the thymocyte popuiation., Collectively, all these morphological
studies demonstrate elements of lympho-stromal interaction. However, there is
also functional evidence, at least for the differentiation of Th cells, that
the thymic stroma is involvad in the T cell differentiation process. Neonatal
mice injected with anti-I-A antibodies lack thymic and peripheral L3Th+, Lytz-
Th cells (Kruisbeek et al., 1983; Kruisbeek et al., in preparaticn), suggesting
that the generation of Th cells is blocked by interference of the anti~I-A
antibodies with their binding to the |-A+ stromal cells. Immunchistological
investigation of the thymi of these mice showed no gross changes in the stro-
mal architecture but surprisingly revealed the intrathymic presence of the
injected anti-!-A antibodies {van Vliet and Kruisbeek, unpublished observa~
tions). The injected antibecdies were found to kind to cortical |-A bearing
epithelial celis as well as to the medullary stroma. Presumably, they blocked
the generation of Th cells by interference with their binding to the [-A+
stroma of cortex and/or medulila. Further studies may show whether the mono-
clonal anti-stroma antibodies presented in Chapter 4 detect stromal determi-
nants relevant for iympho~stromal interaction and upen injection block certain
steps in the T cell differentiation process. An im vitre approach to the iden-
tifjcation of the respective contributions of stromal populations to T cell
differentiation would be to dissect embryonic thymus in very early stages of
development, i.e. before day 13 in ontogeny, into cortical and medullary stro-
ma. Recolonization of the dissected cortical or medullary stroma 4n vitro with
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fetal liver prothymocytes could then be used to assess the role of dissected
stromal cells In 7 cell development.

Stromal cells are an essential component of the thymus. However, alsc in
the peripheral lymohoid organs stromal cells constitute lymphoid microenviron-
ments. In peripheral lymphoid organs such microenvircnments play a role in the
antigen-dependent phase of lvmphoid differentiation, the generation of effec-
tor cells. This thesis deals with two monocional antibodies which define cer-
tain microenvironments in the spleen and lymph nodes. The monoclonal antibody
ER-TRY ocutlines the various splenic compartments and domains, i.e. red pulp,
marginal zone, peri-arteriolar lymphoid sheath and folliciss {Chapter 8). It
aliso delineates T and B cell domains in iymph nodes. We show that ER-TR7Y
rescts with fibroblasts and their products. We presume that fibroblasts con-
stitute a structural framework for the localization and antigen-dependent
differentiation of both T and B celis in peripheral lymphoid organs. The mono-
clonal antibody ER-TRG delineates the marginal zone of the spleen. ft identi-
fies a subpopulation of stromal cellis, the so-called 'marginal zone macro-
phages® (Chapter 9). 1t also detects macrophagss in the meduila and sinuses
of lymph nodes. Dijkstra et al. (in press) have further characterized thess
marginal zone macropphages and have shown that thev are unigue in phenoctype
and antigen-presenting function. Due to their strategic lcocalization these
cells may have a dusl role, i1.e. antigen trapping and presentaticn of T cell
independent antigens to & subpopulation of B lymphocytes that occupy the mar-
ginatl zone.

in summary, this thesis provides morphological evidence to support the
notion that lymphocytes interact with stromal celis during their antigen-
independent differentiation in central lymphoid organs as well as during
antigen-driven generation of effector celis In peripheral lymphoid organs.
This thesis provides insight into the complex architecture of these (vmphoid
microenvironments.

Feferences

Dijkstra, C.D., E. van Viiet, £.A. Ddpp, G. van der Lely and G. Kraal. Margi-
nal zone macrophages identified by a monoclonal antibody: characterization
of immuno- and enzyme-histochemical properties and functional capacities.
fmmunol., in press.

Huiskamp, R. and W. van Ewijk {i985). Repopulation of the mouse thymus after
sublethal fission neutron irradiation. 1. Sequential appearance of thymocyte
subpopulations. J. immunol. 134, 2161-2169,

Huiskamp, R., £, van Viiet and W. van Ewijk (1985}. Repopulation of the mouse
thymus after sublethal fission neutron irradiation. !l. Seguential changes
in the thymic micreoenvironment. J. lmmunol. 134, 2170-2178.

Kruisbeek, A.M., M.J. Fultz, $.0. Sharrow, A. Singer and J.J. Mond (1983),
Early development of the T cell repertoire. In vivo treatment of neonatal
mice with anti-la-antibodies interferes with differentiation of |-restricted
T cells but not K/D-restricted T cells. J. Exp. Med. 157, 1932-19L6.

Kwast, Th.H. van der, E. van Vliet, E. Cristen, W. van Ewijk and R.0. van der
Heul. An immunchistological study of the epithelial and lymphoid components
in six thymomas. Human. Pathol., in press,

Kyewski, B.A., R.V. Evans and H.S. Kaplan (1982) Thymocyte rosettes: multicel-
Tular complexes of lymphocytes and bone marrow-derived stromal cells in the
mouse thymus. Froc. Natl. Acad. Sci. 79, 5546-5650.

Wekerle, H. and U.P. Keteisen {1580). Thymic nurse ceils = la-bearing spithe~
Tium inveived ' T ‘ymphocyte differentiation. Nature 283, L02-404.






118

SUMMARY

The stromal celis in the thymus play a crucial role in the complex pro-
cess of intrathymie T cell differentiation (documented in Chapter 2). However,
several aspects of this process still remain elusive. These are for instance
identification of stromal cells by means of specific cell surface antigens and
the contribution of each of these stromal cell types to the generation of
functionally different T cell subpeopulaticns, e.g., Th cells and (TL. There-
fore we have produced a panel of monoclonal antibodies directed te various
types of stromal cells of the murine thymus {Chapter 4). Using the immuno-
percxidase technique on frozen thymus sections, these antibodies have been
subdivided into the following four categories: (1) ER-TR1, 2 and 3 detect
class Il MHC antigens on cortical and medullary stromal cells as well as on
medultary lymphoid cells, (2) ER-TRL antibodies detect cortical epithelial
cetls, {3) ER-TRS and 6 antibodies both react with medullary stromal cells.
ER-TRS reacts exclusively with medullary epithetial cells, wherezs ER-TRG
detects IDC and macrophages, {4) ER-TR7 reacts with reticular fibrobltasts.
Thus, these antibodies provide & means to distinguish four categories of thy-
mic stromal cells. They have been used to investigate {1} the relationship of
THC in vitra to stromal cell types defined 7Zm sttu (Chapter 5}, (2} the embry~-
onic development of the thymic stroma (Chapter 6), (3} the effects of dexa-
methasone on the thymic stromz {Chapter 7). Furthermore, ER-TR7 and 9 have
been employed to studv the stroma of peripheral lymphoid organs {(Chapters 8
and 9, respectively).

fn Chaster 5 both stromai and lymphoid constituents of TNC were analyzed,
with monocional antibodies directed to stromal ceils {Chapter Y and T cell
antigens, respectively. The purpcse of the experiments described in Chapter 5
was to Investigate the relationship between isolated TNC and thymic stromal
cells defined <m sity. The results indicate that the stromail component of TNC
is an  ER-TRA4+, fat+, H-2K+ cortical epithelial~reticular celi. They alsc show
that the thymocytes enclosed by TNC bear the phenctype of cortical thymocytes,
i.e., they are bright Thyi+, duil T200+, PNA+ and variable in Lytl expression.
Therefore, TNC originate in the cortex. We assume that TNC round off during
isolation, because: {1} the lack of demonstrable Lyt2 antigens on the enclosed
thymocytes suggests that Lyt2 was removed by the enzymatlic degradation proce-
dure used to isolate TNC; (2) the ER-TR4 staining pattern in the cortex,
reported in chapter 4, demonstrates that ER-TR4+ cortical epithelial cells have
a reticular shape, not a spherical one. Nevertheless TNC are the ©n vitro
representative of cortical epithelial-reticular cells <n vivo. As such they
represent a tight contact between the cortical stroma and differentiating
cortical thymocytes.

In Chapter 6 the in vive development of the stroma of the embryonic thy-
mus is described. The purpose of the research reported in this chapter was to
investigate the initial development of the stroma during thymic ontogeny when
the first prothymocytes enter the thymic anlage. |t was shown that embryonic
thymus of gestational age day 13 already shows a cortex and a medulla, iden-
tified with TRA+ and TRS5+ epithelial cells, respectively. This subdivision
into cortical and medullary stroma precedes expression of T cell markers on
the lymphoid celis. It was furthermore shown that ta is present as foci on
day 13, extending throughout the lobe by day 16. Thus, as far as the stromal
compartment is concerned, embryonic thymus of gestational age day 16 resem-
bles adult thymus. The architecture of the nude's rudimentary thymus was shown
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to differ markedly from that of its normal counterpart. The nude's thymic
rudgiment is surrounded by a large TR7+ capsuie. No TR3 (la} or TR6 antigens
were present on the thymic tissue proper. Only rare TR4+,5~ cortical or TR4-,
5+ medullary epithelial cells localize around cysts of these thymic rudiments.
So both cortical and medullary epithelial ceils are represented in the nude's
thymic remnant, although at Jow incidence. The large majority of cells were
negative with all antibodies tested, The reiationship of these latter cells
to cells of the normal embryonic thymus remains to be established. The stroma
of the normal embryonic thymus of day 14, maintained in organ culture for up
to 11 days, resembles that of the normal embryonic thymus of day 16 or older.
These organ cultured lobes become depleted of Thyl+ cells when cultured in
the presence of deoxyguanosine. Nevertheless the composition of the stroma

of these deoxyguanosine-treated thymic lobes is identical to that of the em-
bryonic thymus <»n vive. This demonstirates that depletion of lymphoid cells
alone does not cause the abnormal stromal development in the nude.

Chapter 7 describes the effect of injection of a range of doses of dexa-
methasone on thymocyte subpopulations and thymic stroma. This chapter reports
on anaiysis of the influence of dexamethasone treatment on thymocyte subpopu~
lations and correlates changes in the phenotype of the thymocytes with chan-
ges in the thymic stroma due to dexamethasone treatment. Dexamethasone in-
Jjection was shown to result in depletion of the cortical population of bright
Thyl+, dull T200+, Th+, Lyt2+, MELI4=~ thymocytes, with variable Lytl express~
jon (85% of total thymocytes). Dexamethascne alsc affects the medullary popu-
Tation of thymocytes {i5% of total thymocytes), though to a lesser extent.

130 mg/kg body weight of dexamethasone leaves a population of 4% dexametha-
sone resistant cells, which are dull Thyl+, bright T200+, T+, Lyt2- and
MELTA4+. Furthermore, we showed that dexamethasone resistant thymocytes are not
representative of the total pool of medullary thymocytes, as originally
thought; they lack a subpopuiation of dull Lyt2+ cells. Dexamethascne treat-
ment appeared to select for a population of MELIA+ cells in the perivascular
spaces of the medulla. Serial sections reveal that these celis have a 'helper'
phenotype, i.e. T+, Lyt2-. Dexamethasone also affects the thymic stroma.

The TR4+ cortical epithelium, but not the TRS+ medullary epithelium, appears
affected by dexamethasone, as judged by morphological criteria. The TR4+ cells
display a 'TNC-like' shape. Dexamethasone treatment resulted in loss of mem~
brane-associated expression of la and H-ZK antigens in the cortex. Thus, both
stromal and lymphoid components of the thymus are affected by dexamethasocne.

Chapter 8 describes the reactivity of the monoctonal antibody ER-TR7
(Chapter 4}, which detects reticular fibroblasts not only in the thymus
but also in peripheral lymphoid organs. Frozen sections of spleen and lymph
nodes, incubated with ER-TR7 by the immunoperoxidase method, reveal that the
distribution of TR7+ cells characteristically outlines the various compart-
ments of these organs. In the spieen red pulp and white pulp clearly stand
out, the latter being subdivided into marginal zone, follicles (B cell domains)
and peri-artericlar lymphoid sheath {T ceil domains). !n the lymph node para-
cortex, T cell domains, follicles and meduila can be distinguished. ER-TR7Y
was shown to veact with a cytoplasmic compenent of fibroblasts, and with an
extra-cellular component of connective tissue. We were unable to demonstrate
any reaction of ER-TR7 with coilagen types i, I, 1!, iV, V, fibronectin,
taminin, heparan sulphate proteoglycan, entactin or nidogen. Therefore, this
antibody reacts with a hitherto unknown component. it may provide a usefu!l
tool in future studies of connective tissue.
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Chapter 9 shows that menoclonal antibody ER-TRY, which was generated by
its reaction with a very small number of thymic stromal cells, reacts with
irregularly shaped macrophages in the marginal zone of the spleen. We demon-
strated that the marginal zone of the spleen is a unigue compartment in terms
of both lymphoid and nonlymphoid cells: it contains the characteristic TRS+
marginal zone macrophages and a subpopulation of non-recirculating lgM+, IgD-

to dull igh+ B cells, which are functicnaliy distinct from lgM+, lgG+ recir-

culating B cells.
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SAMENVATTING

Hat stroma van de thymus speslt een essenti&le rol in de differentiatie
van T lymfocyten. In dit proefschrift wordt de samenstelling van het hetero-
gene stroma van de thymus van de muis gearalyseerd met behulp van een panel
monoclonale antistoffen. Dit panel wordt in Hoofdstuk 4 beschreven. Het panel
monccionale antistoffen is gericht tegen verscheidene typen niet-lymfoTde
{stromale) cellen in de thymus van de muis. Met behulp van de immunoperoxidase
techniek op vriescoupes werden de antistoffen op grond van hun reaktiepatroon
onderverdeeld in de volgende vier categorie&n: (1) ER-TR1, 2 en 3 reageren
met klasse || MHC antigenen, welke worden aangetroffen op corticale en medul-
laire stromale cellen, alsmede cp medullaire thymocyten, (2) ER-TRY reageert
met reticulo-gpitheliale cellen in de cortex, (3) ER-TRS en 6 reageren met
stromale cellen in de medulla. ER-TRS reageert alleen met epitheelicellen in
de medulla. ER-TR6 reageert met interdigiterende cellen en macrofagen. (&)
ER-TRY reageert met fibroblasten. Met deze antistoffen kunnen dus vier cate-
gorieén stromale cellen onderscheiden worden. De antistoffen zijn vervolgens
gebruikt voor onderzoek naar: (1) de relatie tussen Thymic Nurse Cells {TNC)
in vitre en de stromale cellen gedefinieerd <m vive (Hoofdstuk 5), (2) de
embryonale ontwikkeling van het thymus stroma (Hoofdstuk 6}, (3) het effect
van dexamethason op het thymus stroma (Hoofdstuk 7). De monoclonale antistoffen
ER~-TR7 en 9 werden gebruikt veor onderzoek naar de architectuur van het
stroma van perifere lymfoTde organen (respectievelijk Hoofdstuk 8 en 3}.

In Hoofdstuk 5 wordt het fenotype van de stromzle, alsmede van de lymfoTde
compenent van THC geanalyseerd met moncclonale antistoffen gericht tegen res-
pectievel i jk stromale cellen en subpopulaties T cellen. Het doel van de in
dit hoofdstuk beschreven experimenten is het verrichten van een analyse van
de relatie tussen TNC geisoleerd uit de thymus en verscheidene ¢m gitu gedefi-
nigéerde typen stromale cellen. De resultaten tonen aan, dat het stromale deel
van TNC een TRA4+, la+, H-2K+ corticale reticulo-epitheliale cel is. Ze tonen
tevens aan dat de deoor THNC omsloten thymocyten het fenotype van corticale
thymocyten hebben: ze zijn sterk Thyl+, zwak T200+, PMNA+ en vertonen eesn vari-
abele expressie van tytl. Twee waarnemingen geven een aanwijzing over de vorm
van TNC ©#n vive: 1. het ontbreken van Lyt2 op het oppervlak van de thymocyten
is waarschijnlijk het gevolg van enzymatische degradatie tijdens de isolatie,
en duidt op bereikbaarheid van de thymocyten voor enzym tijdens de isolatie
van TNC; 2. het patroon van TR4 kleuring van de reticulo-epitheiiale cellen
in de cortex toont aan, dat deze cellen niet bolvormig zijn, maar een dendri-
tische vorm hebben. Hieruit concluderen we, dat TNC zich afronden tijdens de
isolatie. TNC zijn dus de in vifro vertegenwoordigers van corticale epitheel-
cellen in vive. Het feit dat TNC als lymfo-stromale complexen in vitro gaTso-
leerd kunnen worden duidt op een nauw contact tussen corticaal stroma en
differenti€rende corticale thymocyten.

In Hoofdstuk 6 wordt de 4n vivo ontwikkeling van het stroma van de
embryonale thymus beschreven. In dit hoofdstuk wordt onderzoek beschreven, dat
verricht werd naar het verschijnen van verscheidene typen stromale cellen
tijdens de ontogenie van de thymus, de periode waarin de eerste prothymocyten
naar de thymus migreren en uitrijpen tot thymecyten. Op dag 13 van de embryo-
nale ontwikkeling bestaat de thymus van de muis al uit een cortex en esen
meduila, die te onderscheiden zijn aan de hand van respectievelijk TRU+ corti-
cale en TR5+ meduilaire epitheeicellen. Het stroma van cortex en medulla ont-
wikikelt zich dus veoordat de eerste T cel markers op thymocyten in de embryo-
naile thymus verschijnen. De la expressie van het stroma kemt op dag 13 siechts
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als foci tot ufting. Op dag 16 komt la tot expressie in de gehele thymus~
lob. Wat betreft het stroma is de thymus dus al op dag 16 van de embryonale
ontwikkeiing identiek aan de volwassen thymus. 'Nude’ muizen hebben een
gestoorde ontwikkeling van de thymus, met als gevoig dat ze geen T cellen
hebben. De bouw van het thymusrudiment van het embryo van de nude muis ver-
schilt zeer sterk van dat van de embryonale thymus van de normale muis. Het
thymusrudiment wordt omgeven door een dik TR7+ kapsel. Noch TR3 (fa+) cellen,
noch TR6+ ceilen zijn aantoonbaar. TRh+,5~ corticale of TR4~,5+ meduliaire
epitheeicelien komen siechts sporadisch voor, met name rondom cysten. De
meeste celien zijn echter negatief mst alle geteste antisera. De relatie van
deze cellen tot het stroma van ds normale embryonale thymus s nog onduide-
1ijk. in orgaankweken van de normale embryonale thymus van dag 14 blijven alie
typen stromale celien behouden gedurende een periode van 11 dagen. De bouw
van deze gekweekte thymuslobben komt overeen met de im vivo bouw en er zijn
Thyl+ thymocyten in aantoonbsar. in de embryonale thymus, welke gedurende §
dagen gekweekt werd in aanwezigheld van deoxyguanosine, zi}n geen lymfoTde
celien meer aantoonbaar. De arch!tectuur van het stroma en de verdeling In
cartex en medullta is echter nog volledig vergelijkbaar met de in vive archi-
tectuur. Orgaankweken van de thymus, die voor recolonisatie studies in vitro
met prothymocyten gebruikt worden, zijn dus een goede afspiegel ing van de
thymus in vive.

Hoofdstuk 7 beschrijft hetr effekt van injektie van verscheidens doses
dexamethason op subpopulaties thymocyten en stromale cellen. In dit hoofd-
stuk wordt beschreven wat het effect iz van dexamethason op de samenstelling
van T cel subpopulazfies en wordt een verband gelegd tussen de veranderingen
in de samenstelling hiervar en veranderingen in het thymus stroma ten gevolge
van een injektlie met dexamethason. Als gevolg van dexamethason injectie wordt
de subpopuiatie van sterk Thyl+, zwak T200+, Ti+, Lyt2+, MELTL+ corticale
thymocyten metr variabele expresszie van Lvti gedood (85% van de thymocyien).
Meduilaire thymocyten {15% van de thymocyten) zijn deels ook gevselig voor
dexamethason. 130 mg/ke 1icheaamsgewicht dexamethason doodt alle thymocyten
met uitzondering van een kleine subpopulatie (4%) dexamethason resistente
thymocyten. Deze laatste zijn zwak Thyl+, sterk T200+, Th+, Lyt2- en MELTh+
medullaire thymocyten. Dexamethason resistente thymocyten {d.w.z. thymocyten
die resistent zijn tegen 130 mg/kg dexamethascn) bleken echter niet represen-
tatief te zijn voor medullaire thymocyten, zoals oorspronkelijk werd aange-
nomen; er ontbreekt n.i. 2en subpopulatie van zwak Lyt2+ celien. De perivas-
culaire ruimten in de medulla bleken een bijzondere subpopulatie thymocyten
te bevatten, n.i. MELT4+ cellen met een 'helper' fenotype (Th+, Lyt2-)}. Waar-
schijnlijk vertegenwoordigen deze cellen uitgerijpte celien in de thymus,
welke op het punt staan de thymus te verlaten. Het thymus stroma bleek ook
gevoelig voor dexamethason en wel bij uitstek het TR4+ corticale stroma. TRS+
meduilaire cellen werden niet door dexamethascn sangetast, voorzover dit op
grond van morfologische criteria kon worden vastgesteld. Ten gevolge van dexa-
methason behandeling hadden de TRb+ corticale epitheelcellen een 'TNC-achtige’
vorm en was expressie van klasse | en !l MHC determinanten op het cortexepi-
theel niet meer membraangebonden.

Hoofdstuk 8 beschrijft de reaktiviteit van de monoclonale antistof ER-TR7
{(Hoofdstuk 4), die met fibroblasten reageert. Deze antistof reageert njet
alleen met fibroblasten in de thymus, maar ock met fibroblasten in peri-
fere lymfoide organen en niet-lymfoTde organen. Vriescoupes van miit en
lymfeklieren, die met ER-TR7 geincubeerd werden met behulp van de Immuno-
peroxidase techniek, tonen dzv ER-TR7 ce verschillende compartimenten in
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deze organen op karakteristieke wijze aankleurt. In de milt zijn rode en
witte puipa te onderscheiden. Een onderverdeling van de witte pulpa in
marginale zone, follikels (B cel domein) en peri-arteriolaire lymfocyten-
schede (T cel domein) is mogelijk met ER-TR7. In de lymfkiier zijn para-
cortex (T cel domein), follikels en medulla te onderscheiden. ER-TR7 bleek
te reageren met sen cytoplasmatische compenent van fibroblasten en met

gen extracelluiaire component in losmazig bindweefsel. ER-TR7 reageert

niet mer collageen type I, I, VIl, IV, V, laminine, fibronectine, heparan-
suifaat bevattende protecgliycanen, entactine of nidogeen. Deze monoclonale
antistof reageert dus met een tot nu toe onbekende verbinding.

In Hoofdstuk 9 wordt beschreven, dat de menoclionale antistef ER-TRY, die
opgewekt werd middels de reaktie met een kleine subpopulatie stromale celien
in de thymus, vooral reageert met macrofagen in de marginale zone van de milt,
De marginale zone van de milt blijkt een uniek compartiment te zijn, zowel
wat betreft de stromale cellen als ook de lymfoVTde celien: het bevat de spe-
cifleke TR9+ marginale zone macrofagen en een subpopulatie van niet-recircu-
lerende IgM+, IgD- tot zwak lgD+ B cellen, die wat betreft hun funktie ver-
schillen van !gM+, lgD+ recirculerende B cellen.
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De schriifster van dit proefschrift werd op 7 september 1955 in Den Haag
geboren. In 1972 behaalde zij haar HBS-B diplcoma aan de Wageningse Scholen-
gemeenschap te Wageningen. VYervolgens ging zi) aan de Landbouwhogeschool in
Wageningen studeren en behzalde daar in 1976 haar kandidzatsdipioma Landbouw-
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later in dienst van de Stichting voor Medisch Wetenschappelijk Onderzoek
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Sinds 1 oktober 1984 is zij verbonden aan de Rijksuniversiteit te Leiden
{afdeling Immunchematologie en Bloedbank, Academisch Ziekenhuis). Zij werkt
aan een door de Stichting Research Fonds Diabetes Mellitus gesubsidiserd
project betreffende de immuncdiagnestiek van diabetes mellitus. Daartoe is
zij tot op heden gedetacheerd bij de afdeiing Kiinische Immunclogie van de
Stichting Samenwerking Delftse Ziekenhuizen.
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