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Multicellular complexes of thymocytes and different types
of thymic stromal cells in the mouse *
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Summary. The isolation of multicellular complexes of thy-
mocytes and different types of thymic stromal cells from
the rnouse thymus is described. Isolated complexes were
examined by light microscopy. Stromal cells, binding thy-
mocyles at their surface, were identified using electron mi-
croscopy, and three types of epithelial cells, macrophages
and -interdigitating-like cells (IDC-like cells) were distin-
guished from their morphological characteristics. The epi-
thelial cell types correspond morphologically to epithelial
cells present in situ in various thymic regions. The type
of thymocyte-contact with epithelial cells, macrophages and
IDC-tike cells indicated that the formation of multicelluiar
complexes is commoen.

Key words: Thymic cell complexes — Nontymphoid thymic
cells — Thymus — Mouse

The presence of heterogeneous populations of cells within
the thymus, distinet with respect 10 origin. morphology and
functions, has led to the model of cell-to-cell direct interac-
tions hetween thymocytes and thymic stromai} cells; these
interaclions might be responsible for the induction of thy-
mocvte differentiation (Zinkernagel etal. 1978; Wekerle
and Katelsen 1980; Farr and Nakane 1983). Some of the
studies provide evidence for the specific binding of thymo-
cytes to thymic stromai cells, although the physiological
significance of this binding is not clear {Lipsky and Rosen-
thal 1973; Wekerle et al. 1980} Kyewski et al. (1982) have
recently shown that thymic macrophages, dendritic cells
and thymocytes can be isolated from disrupted mouse thy-
mus as multicellular complexes. Other complexes, termed
thymic nurse cells (TNC) have been obtained by Wekerle
et al. (1980) from disrupted thymus. They are formed by
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cortical epithelial cells, each of which, in vitro, probably
encioses within its projections & group of immature thymo-
cytes.

Cell separation techniques used until now have been
most useful for the jsolation of separate cell populations
(enriching them with respect 10 different subsets of thymus
cells) or for the separation of defined thymocyte-stromal
cell complexes (Loor 1979 Kyewski et al. 1982), In order
to urderstand the relationship between thymocytes and
thymic stromal cells, distributed within different topograph-
ical regicns of thymus (i.e., corlex, cortico-medullary zone
and medulla), we have experimentally separated them as
multicellular complexes, In the present paper we report a
separation of stable multicellular complexes, composed of
different types of stromal cells and thymocytes, from mouse
thymus.

Materizls and methods

Animais

One hundred CS57Bl/6 mice of either sex and about
2 months of age were used.

Obraining thymocyie-siromal cell complexes

For each experiment, 20 thymuses were removed and placed
in PBS (4°C) supplemenied with 5% heat-inactivated
(56° C, 30 min} fetal calf serum (FCS. Gibeo Europe). After
a single rinse, thymuses were minced with scissors into [ine
blocks. The tissue fragments were resuspended in PBS sup-
plemented with 5% FCS and mixed gently with a magnetic
stirrer at 0° C for 30 min. A cell suspension was decanted
from these tissue fragments, filtered through Blutex nylon
and collected as a single fraction. The remaining tissue {rag-
ments were subjected 1o enzymatic disssociation by incubat-
ing them with collagenase (2 mg/m!} PBS. Boehringer Mann-
heim GmbH) with gentle mixing (magnetic stirrer), at 0° for
30 min. The incubation was repeated up to 5 times. until
the thymic tissue was compleiely dissociated. Suspensions
were filtered and collected as separate fractions and their
complexes were purified, as described below. The steps of
the isolation procedure are presented in Fig. 1.

Conditions of dissociation were determined in a prelimi-
nary series of experiments designed to estimate the type
and number of cellular complexes, using media that con-
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tained coliagenase, protease and deoxyribonuclease (Boeh-
ringer Mannheim GmbH, at 0.5, 4.8, 0.02 mg/! m! PBS,
respectively) and collagenase at 0.5 or 1 mg/1 ml PRS,

Purification of thymocyvte-stromal cell complexes

The fractions obtained at each step of the enzyme dissocia-
tion {see above) were centrifuged at 100 g for 5 min at 4° C,
resuspended in 5 ml PBS and further enriched with respect
to cell complexes by 1-g sedimentation in FCS. The cell
suspension containing approximately 2.5-3 x 10° cells was
layered over 15 ml undiluted FCS in a conical plastic centri-
fuge tube. After sedimentation for 30 min, the top fraction
containing the majority of lymphocyles was discarded.
However, if the top [raction contained some cell complexes,
the sedimentation was repeated. The FCS fraction (bottom)
containing sedimenting cell complexes was centrifuged, the
cells (approximately 1 x 10%) were resuspended in 2 m! PRS
and again lavered over 10 m} FCS to purify the cell com-
plexes further. The procedure of sedimentation in FCS was
repeated several times and resulted in fractions that con-
tained 50-80% cell complexes. Cell viability, estimated by
the trypan-blue exclusion test, was approximately 98% in
the crude cell suspension and 94% {ollowing sedimentation
in FCS.

Light and electron microscopy of cell complexes

Cell recovery and ennchment of thymocyte-stromal cell
complexes in the successive fractions obtained by the above
procedure were estimated using light and electron mnicrosco-
py. The total number of cell complexes and the number
of free thymocyles in individual samples were delermined
using Thoma’s hemocytometer, Cell fractions were fixed
in 2.5% glutaraldehyde in phosphate bufTer (0.1 M, pH 7.4)
postfixed in 1% 0s0, in the same buffer, dehydrated and
embedded in Epon. Randomly chosen blocks were serially
sectioned (every 4 semithin sections followed by one ul-
trathin section). The cellular composition of complexes was
eslimated in semithin sections whereas ultrathin sections
were used to examine the ultrastructure of complex-forming
cells.

FCS

Fig. 1. The thymus dissociation precedure and
purification of isolated multicellular complexes

Results

The procedure for isolating cell complexes containin,

mal cells and thymocytes from the thymus of mouse . .-
sisted of several stages as described in Materials and meth-
ods. The first of them involved a 30-min incubation of thy-
mus fragments in PBS with delicate mixing, It yielded on
average 4.2 to 4.8 x 10* cell complexes per thymus. Contin-
ued incubation in PBS yielded no additional cell complexes.
Sequential incubations of the tissue in a solution containing
2 mg collagenase per 1 ml PBS were more efficient. The
distribution of complexes into individual fractions was sig-
nificantly affected by the degree of tissue lragmentation
and by the rate of mixing the tissue fragments. The mos
reproducible results were obtajned when tissue fragmenis
of dimensions 0.5x1x1 mm were mixed at 60 rev./min.
Results obtained under such conditions are presented in
Table 1. In 5 consecutive experiments, the deviations in
complex percentage in individual fractions did not exceed
17%. The average number of complexes per young adult
thymus was about 40 x 10%,

Light microscopy

Studies using light microscopy allowed the preliton.. .
characterization of thymocyte-stromal cell complexes und
the estimation of their content in sequential fractions. The
cell complexes were composed of thymus stromal cells, cach
of which bound at least two and sometimes more than len
thymocyles.

Taking into account their morphological traits. three
types of complexes were distinguished: o
I. Complexes formed by large cells showing characteristic
features of TNC, including the content of thymocyles. Al
their periphery, 2 to 10 thymocyles were seen.

II. Compiexes formed by medium-sized or large straomil
cells, oval in shape and sometimes of irregular outline. The
cells showed no features typical of phagocytic cells. At their
periphery, 2 10 6 thymocyles were seen.

111. Complexes in which thymocytes surrounded the ‘-:e.ntral
cell, thus making its identification impossible. Individual
complexes of this type differed from one another 0 the
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Table 1. Number of cell complexes in sequential isolation stages (per thymus). The yields represent a typical experiment

Fraclions Media Number of  Type of complexes
complexes —
x 10* ] Il S 0 S
number %o number % number %
% 103 % 103 x 10?
1 PBS 4.2 2.2 5.2 4.5 10.7 356 84.2
11 collagenase 5.2 4.6 8.9 .3 0.6 47.2 90.5
HI collagenase 19.1 17.4 9.1 20,2 10.6 1532 80.3
v collagenase 2.9 4.6 16.2 3.2 11.1 20.8 729
A% collagenase 6.7 10.2 15.% 12 48.0 24.8 35.9
VI collagenase 0.9 0.8 8.7 35 36,3 53 55.0
39.1 3.9x10% 6.4 x'10% 28.7 % 10*

fotal number

size of the central cell and number of thymocytes bound.
10 to 30 thymocyies were seen around the central cell,

Somne complexes tended to form large cell accumuia-
tions; these were interpreted as resulting [rom clustering
of a few complexes of stromal cells and thyfocytes, The
wmbers of complexes distinguished within individual frac-
ions are presented in Table 1; as can be seen, individual
ractions differ in the number and type of the observed
complexes,

Electron microscopy

For improved identification, cell complexes of individual
vaclions were analyzed in serial semithin and ulirathin sec-
“ions, The complexes were formed around ejther thymic
-pithelial cells or stromal cells of mesenchymal origin,

The epithelial cells forming complexes with thymocytes
vere heterogeneous in morphology and could be grouped
nio three distinet types.

Epithefial cells type Iinvolved large cells, containing numer-
us caveolae that surrounded thymocytes (Fig. 2). Their
vioplasm contained electron-lucent vacuoles with a smal]
:mount of electron-dense material and bands of microfila-
nents. Thymocytes contacted their surface by short projec-
ions or by forming wider. planar contacts. This cell type
orresponded to type-I complexes distinguished by light mi-
roscopy and thus to TNC.

pithelial cells tvpe 7 included large cells with considerable
mounts of cytoplasm and an eccentrically located nuclens
Figs. 2, 3). Vacuoles were noted at one of the cell poles.
‘he cytoplasm contained numerous cisterns of smooth en-
oplasmic reticulum and individual bundles of microfila-
wents. In some cells, muitiple bundles of microfilaments
-ere associated with an amorphous eleciron-dense material.
Trymocytes contacted the celi membrane of epithelial cells
pe 2 by short projections or by adhering over a wider
rea (Fig. 4). The epithelial cells were present in complexes
lentified as complexes type I using the light microscopy.

pithelial cells type 3 included medium-sized cells contain-
1g a frequently trregular, peripherally-located nucleus
igs. 3, 5, 6). Some of the cells showed a relatively regular
utline whereas in other cells the cell membrane formed

a multiplicity of densely clustered projections that contacted
other stromal cells or thymocytes. The cells contained va-
cuoles and exhibited typical microvilli or, sometimes, cilia,
They were rich in tonofilaments located around the nucleus
or around vacuoles. Some of the celis bound large numbers
of thymocytes and formed clusters identified by light mi-
croscopy as complexes type II1. In contrast, epithelial cells
type 3, binding 2 to 6 thymocyles only, corresponded to
complexes type II under the light microscope.

Among the stromal celis of mesenchymal origin, two
cell types were distinguished. The first were macrophages
identified by their typical ultrastructural features and large
heterophagic vacuoles (Fig. 7). The cells contained numer-
ous Jysosomes and vacuoles with electron-dense material,
The other cell type showed no phagocytic properties and
corresponded to interdigitating-like (IDC-like) cells. Asso-
ciated with the IDC-like cells, medium-sized cells were ob-
served; these possessed an irreguiar, centrally positioned
nucleus and numerous finger-iike protrusions of the cyto-
plasm (Fig. 7). Their cytoplasm contained short rough en-
doplasmic reticulum cisterns and numerous ribosomes.
Other cells belonging Lo the group showed a regular outline,
occasional invaginations of the cell membrane into the cyto-
plasm, and numerous cel] organelles (Fig. 6a). The nucleus
was seen at one pole of the cell. Well-developed Golgi appa-
ratuses with accompanying vacuoles filled with electron-
dense maierial were cbserved in an invagination of the nu-
cleus. Rough endoplasmic reticuium cisterns were seen a-
round the nucleus and at the other cell pole. Cells with
intermediate characteristics were also found. Thymocytes
formed contacts with 1IDC-like cells and macrophages via
projections or adbered to the cells over a significant area.
At the sites of contact, increased density of the cytoplasm
could be noted (Figs. 6b, 9). Judging by the number of
thymocytes bound to the surface of macrophages and IDC-
like cells, they corresponded to type 11T complexes as ob-
served by light microscopy.

The results of the analysis of cell complexes present
in individual fractions, based on their vltrasiructure, are
presenied in Table 2. The Table shows that complexes
formed by different types of thymus stromal cells are en-
countered in variable proportions in individua) {ractions.
Macrophages are most often found in the first fraction
whereas IDC-like cells are mostly in the final {ractions,
Fractions II-V] contain similar proportions of epithelial




Fig. 2. Multicellular complexes of epithelial cells with thymocytes isolated from mouse thymus. In the center. an epitheliul cell of
Lype 1, at the top, an epithelial cell of type 2 {¢ 2). % 3400

Fig. 3. Multicellular compiexes of epithelial cells of type 2 (e 2) and Lype 3 (¢ 3) with thymocyles obiained from & disrupted mouse
thymus, x 4400

Fig. 4. A thymocyle in direct contact with an epithelial cell of type 2. x 13500

Fig. 5. A complex of an epithelial cell of type 2 together with thymocytes isolated from mouse thymus. x 3500
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Fig. 6. A multicellular complex from mouse thymus formed by
an epithelial cell of type 3 (¢ 3), an 1DC-like cell {6d) and thymo-
cyles. b Enlargement of ihe area indicated on a. a) x 6300: b)
x 11100

solated

Fig. 7. A complex of a macrophage (n1) and thymoevies s :
from mouse thymus. On the right, an IDC-like cell 14y pinding
thymocytes by long cellular projections. x 5300 -

Fig. 8. Cell clumps containing several epithehial cells of type 3 to-
gether with thymocytes, x 4400

Fig. 9. A thymocyle in direct contact with the surface of a macro-
phage. x 22000
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Table 2. Proportion of identified types of stromal cells binding thymocytes in subsequent fractions (identified in semithin sections)

Fractions Number of Epithelial celi-thymocyte complexes Mesenchymai cell-thymocyte compiexes  Unident,.
analyzed cells
. _ . complexes  type!  type2 = typed ~ IDC-like cells macrophages B
T T e T T T T --—-%—‘7 —_— —-% T T Ty T T =3 "“/o T T ‘:-T.-L-'ﬁé/oi—u T - %-7 e ——
I 122 0.8 0.8 10.7 20.5 65.0 2.5
] 119 8.4 34 29.4 23.5 353 -
1 374 20.6 12.8 297 20,9 13.1 2.7
1Y 240 158 19.2 27.1 329 3.3 2.1
A% 165 7.9 351 27.3 25.5 4.2 —
Vi 177 1.7 13.0 16 52.0 1.7 -

cells type 3 whereas epithelial cells type! are most fre-
quently seen in fraction III and those of type 2 in frac-
tion V,

In all fractions, cell clumps containing several central
cells were encountered. Such complexes were most frequent
in {ractions II1 to V. Complexes of this type were formed
by IDC-like cells binding to each other or binding epithelial
cells type 3 (Fig. 6a). The fractiong also contained cell
clumps consisting of a few epithelial cells type 1 (TNC;
some of them associated with macrophages) and epithelial
cells of other types. Moreover, the latter epithelial celf types
formed cell accumulations resembling Hassall’s bodies,
These cell accumulations bound individual thymocytes and
IDC-like cells (Fig. 8).

Discussion

The procedure employed here can be vsed to obtain multi-
cellular complexes composed of stromal cells and thymo-
cytes from mouse thymuses. The cell complexes are released
from the thymus during the initial incubation of the tissue
in PBS, However, further isclation of the complexes re-
guires the application of lylic enzymes. The largest number
of complexes are obtained using 2 mg collagenase/! mi
PBS. Al other concentrations of the enzyme or when a
combination of collagenase, protease and deoxyribonue-
lease is used, a smaller number of complexes are oblained.
Five runs, each lasting 30 min, incubating 20 mouse thy-
muses with collagenase at optimum concentration, at 0° C,
result in complete dissociation of the organ structure and
release of thymocyte-stromal cell complexes. On average,
0.4 x 10° complexes have been oblained from each thymus.
Repeated experiments have yielded reproducible estimates
of the total complex numbers. A preliminary analysis of
such cel! suspensions under the light microscope has shown
that three distinct types of cell complexes can be distin-
guished and differences have been noted in absolute
numbers and in the proportions of complexes between the
fractions. This isolation procedure cannot be used to sepa-
rate completely the individual types of complexes. However,
individual fractions have been enriched in, or depleted of,
individual types of complexes to a significant degree. For
example. Fraction I is enriched in macrophages and IDC-
like cells, Fractions IV and V contain mostly stromal epi-
thelial cells, and Fraction VI only 1.7% macrophages. The
sequential release of distinct complexes into individual frac-
tions seems to reflect differences in the complex structure
of the cortex and medulla of the thymus, The rate of release
of the various cell complexes from both coriex and medulla

may be variable, the macrophages present within the deep
corlex being released faster than TNC present in the outer
part of the same region (Van der Wijngaert et al, 1983).
This would explain the differences in the numbers of thymic
cell complexes isolated in this study as compared with those
obtained by other authors (Wekerle et al. 1980; Houben-
Defresne and Boniver 1983). Kyewski etal. (1982) have
described thymic multicellular complexes after first disso-
ciating the organ with collagenase IV (0.5 mg/ml) and
with a mixture of collagenase, protease and deoxyribe
lease (at 0.5, 0.5 mg/ml and 4 ug/ml, respectively). 1.,
have obtained 13.4 x 14* complexes within sequential frac-
tions {the complexes contained rosette-like structure,
formed by macrophages and dendritic cells) and in a frac-
tion containing TNC. The differences between Kyewski's
data and the results presented hiere seem (o refiect the differ-
ent temperatures used for organ dissociation and the differ-
ent concentrations of the applied enzymes. 1t is worth not-
ing that, under the conditions applied by Kyewski et al.
(1982). both the number of TNC complexes and the number
of roselles correspond to the numbers of type 1 and type 11
complexes obtained in this study i.e., the TNC complexes
and macrophage/IDC-like cell complexes, respectively.

Thus, the disseciation conditions previously described
by other authors may allow the release of lymphoepithelial
complexes only from the cortical zone and complexes of
thymocytes with mesenchymal cells from the cortico-medul-
Jary zone. Our electron microscopic analysis has shown that
thymocytes bind Lo the surface of both macrophages and
IDC-like cells, and to various types of epithelial cells of
thymic siroma. The suggesied categorization of epithd'™ !
cells is superficial but includes sufficient ulirastructuri
tures tc identify the compiex-forming epithelial cells in ~iv
in individual regions of the ergan. Thus. the thymus corlex
contains TNC and epithelial cells type 2 and type 3. rich
in microfilaments with typical vacuoles, previously de-
scribed in the cortico-medullary zone and in the meduli
(Hoshino 1963; Van Haelst 1967; Mandel 1970: Brciiﬁslx::t
1981). Moreover, some of the cells may be present within
bodies resembling Hassall's corpuscles (Gaudecker and
Schmale 1974).

Complexes of thymocyles with macrophages and 1DC-
like cells are numercus, 1DC-like cells, corresponding 1
morphology to dendritic celis and Langerhans cells. form
complexes and in situ they are present in the corlico—medl{l_-
lary zone and in the medulla (Kaiserling et at. 1974; Dul-
vestin and Hoefsmit 1981; Warchol and Brelifiska 1982).

The characteristic composition of the cell complexes and
the way in which central cells bind thymocytes suggest the
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non-random formation of the complexes. Mareover, com-
plex formation may reflect interrelations that exist in vivo
" in the mouse thymus between siromal cells and thymocytes.
" The presence of mutticellular clusters confirms our earlier
=i Srvationsconcerning the or-randem focafization.ofcelb—
= types within the rat thymus (Brelifska et al. 1985). Various
. types of stromal epithelial and mesenchymal cells form non-
random complexes with each other and with thymocyles.
The cell composition of such compiexes is typical and corre-
sponds to the composition of complexes released after the
dissociation of the thymic structure. The physiological sig-
nificance of multicellular clusters of stromal cells and thy-
mocytes and non-random associations of defined cell types
in situ remains unclear. However, the results agree with
suggestions of other authors that direct contact with the
various types of thymus stromal cells supports the differen-
tiation of the contacting thymocytes within the organ (Lo-
pez etal 1977, KEyewski and Kaplan 1982; Van Ewiik
1984 ; Fink et al. 1984).
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