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Summary. Normal thymuses and thymuses with
lymphofollicular hyperplasia have been examined
immunohistologically using immunoenzymatic sin-
gle and double labelling methods and a panel of
monoclonal antibodies against B lymphocyte dif-
ferentiation antigens (CD19-, CD20-, CD21-,
CD22-, CD23- and CD37ag) and human immuno-
globulins (IgM, IgD) for the presence and localisa-
tion of Blymphocytes and cells expressing B cell
differentiation antigens. The numerous hyperplas-
tic lymph follicles which occur in the pathological
condition of lymphofollicular hyperplasia of the
thymus were found to originate in the extrathymic
compartment of the interlobular septal space. This
area was found to be blown up by the growing
Iymph follicles with exactly the same cellular com-
position as their counterparts in the peripheral
lymphatic tissue. Some of the B lymphocytes ex-
pressing the immunophenotype of follicular mantle
zone lymphocytes which were detected in the
thymic medulla probably infiltrated through dis-
continuities of the border between the perivascular
space and the thymic medulla. Apart from this pri-
marily extrathymic B cell compartment, B lympho-
cytes and cells expressing B cell antigens were
found within the thymus medulla of normal con-
trol thymuses of different ages from fetal to adult
life. These cells were detected as a small subpopula-
tion in normal fetal, juvenile and adult thymuses.
Morphologically they could be subdivided into
small, round lymphoid cells accounting for less
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than 1% of medullary lymphoid cells, and into
a larger variant, asteroidally shaped because of
short cytoplasmic processes. These asteroid cells
were even more infrequent than the lymphoid vari-
ant. Immunophenotype (CD1%ag+, CD20ag+,
CD22ag+, CD37ag+, IgM+, IgD +) and mor-
phology of the first cell type led to the conclusion
that the lymphoid cells were in fact B lymphocytes.
They were scattered throughout the medulla of fe-
tal and juvenile and adult thymuses alike. The sec-
ond, the asteroid cell type, constantly expressed
CD20ag and inconstantly IgM, CD22ag and
CD37ag; furthermore, CD23ag was detected in a
subset of the asteroid cells either restricted to the
perinuclear zone or expressed in the entire cyto-
plasma and on the plasma membrane. The asteroid
cells were located in the corticomedullary region
of the fetal thymuses but were randomly distrib-
uted with a tendency to Hassall’s corpuscles in ju-
venile and adult thymuses. They often formed ro-
settes with non-B lymphocytes. It can be concluded
that a small number of B cells and asteroid cells
of still uncertain origin, but expressing B cell anti-
gens, are constitutive elements of the fetal and
adult thymic medulla. It can be assumed that the
asteroid cell might represent a novel type of thymic
accessory cell and that the rosetting of non-B lym-
phocytes around this asteroid cell might simulate
or in fact be the earliest B cell interaction of matur-
ing T cells.

Key words: Thymus — Lymphofollicular hyperpla-
sia — B lymphocytes

Introduction

The thymus is the central organ of T lymphocyte
maturation and differentiation (for review see
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Haynes 1984; Haynes 1986) where immature thy-
mocytes, identifiable by their characteristic im-
munophenotype, acquire the qualities of the ma-
ture, peripheral T lymphocytes with their distinct
immunophenotype (Tidman et al. 1981). Among
the events occurring within the thymus is the acqui-
sition of MHC-restriction and tolerance induction
to self antigens of maturing T cells and the elimi-
nation of autoreactive T cell clones (Kappler et al.
1987; Lo et al. 1986; Tutschka 1987).

There are, however, some pathological condi-
tions under which B lymphocytes do occur within
this domain of T lymphocytes. Lymphofollicular
hyperplasia of the thymus (Castleman 1966) and
the state of so called ‘“thymitis” (Otto 1984;
Kirchner et al. 1986) illustrate this. Moreover,
there is an entity of B cell lymphomas occurring
in the anterior mediastinum, which have been pre-
viously described (Moller et al. 1986) and which
already have been considered to be of thymic ori-
gin (Addis and Isaacson 1986).

Concerning lymphofollicular hyperplasia, it is
still uncertain whether the Iymph follicles belong
to the extrathymic or intrathymic compartment.
Furthermore, the cellular composition of the
lymph follicles has up to now not been examined
with a large panel of clustered monoclonal anti-
bodies to B cell differentiation antigens, in order
to compare them with the lymph follicles of the
peripheral lymphatic tissue. A prerequisite for a
thymic origin of mediastinal clear cell lymphoma
is the occurrence of thymic B lymphocytes or
thymic cells of B lymphocyte lineage. This has not
been investigated systematically so far.

We therefore examined lymphofollicular hyper-
plasia of the thymus and normal control thymuses
from the fetal to adult periods by means of immu-
noenzymatic methods, using a panel of monoclon-
al antibodies to investigate firstly, the cellular com-
position and the localisation of the lymph follicles
of lymphofollicular hyperplasia, and secondly the
occurrence of B lymphocytes or cells of B lympho-
cyte lineage within the normal thymus.

Materials and methods

Tissue

Four fetal thymuses were obtained from iatrogenic abortions
carried out between the 19th and 27th week of gestation for
medical reasons. Five normal juvenile/adult thymuses (age
range 1746 years) were resected together with extrathymic pri-
mary or metastatic mediastinal tumours (benign mediastinal
cyst, benign mediastinal teratoma, teratocarcinoma, chondro-
sarcoma, osteosarcoma). In addition, one thymus was removed
from a 49-year-old female and showed numeric hyperplasia
(10 cm x 5 cm x 2 cm; 44 g). 10 sections from different regions
of the organ as proposed by Grody et al. (1986) were examined

Table 1. Primary mAbs used in this study

A MAbs against B cell differentiation antigens

Anti- Clone Reference Antigen
body distribution
cluster in B cells®
CD19 HD37 Pezzutto et al. pan-B and
(1986) B-progenitors
B4 Nadler et al.
(1983)
CD20 B1 Stashenko et al. pan-peripheral B
(1980)
CD21 B2 Nadler et al. restricted B
(1981)
Tedder et al.
(1984)
CD22 HDé6 Moldenhauer et al. restricted B
(1986)
Pezzutto et al.
(1987)
HD39 Dorken et al.
(1986)
CD23 HD350 Dérken et al. restricted B
(1987)
B-LAST-2 Thorley-Lawson
et al. (1987)
CD37 HD28 Schwartz et al. pan-B
(1987)
Moldenhauer et al.
(1987)
B Other mAbs
Clone Reactivity Source
Nai/34 CD1ag Dakopatts
R4/23 follicular dendr. cells Dakopatts
To5 C3b-receptor Dakopatts
R1/69 human IgM Dakopatts
1gD26 human IgD Dakopatts
KL1 Cytokeratin Dianova

® According to Ling et al. 1987

by routine histology using one haematoxylin-eosin stained sec-
tion and one stained with Schiffs’ reagent (PAS) to exclude
the presence of lymph follicles and other pathological condi-
tions.

Two thymuses with lymphofollicular hyperplasia were re-
moved from a 23-year-old female suffering from myasthenia
gravis and from a 19-year-old man suffering from a metastasiz-
ing osteosarcoma of the right femur. Both thymuses revealed
abundant hyperplastic lymph follicles histologically, with ger-
minal centers within the thymus region.

Immediately after removal, the tissue was snap frozen in
liquid nitrogen and stored at —70° C. Cryostat sections with
a thickness of 4-6 um were prepared, air dried overnight at
room temperature and subsequently fixed in acetone for 10 min
at room temperature.

Immunoreagents and chemicals

Monoclonal antibodies (mAbs) against B cell differentiation
antigens used in this study are listed in Table 1. Nomenclature
of antigens/antibodies was used as proposed by the nomencla-
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Table 2. Expression of B lymphocyte differentiation antigens on the cells of the lymph follicles of lymphofollicular hyperplasia
of the thymus investigated immunohistologically by means of the mAbs listed in Table 1

Cell type CD19%ag CD20ag CD21ag CD22ag CD23ag CD37ag
MW 95KD MW 35KD MW 140 KD MW 135KD MW 46 KD MW 40-45KD
Follicular mantle cells + 2 + + + + <€ — +
Germinal centre B cells + +>— — (+)> —~ — >
DRC® + +>— + (+) +>— +

* Scoring of antigen expression: + =strong expression; (4 )=weak expression
+ =all cells positive; — =all cells negative; + > > — =considerable more positive than negative cells; + < < — =vice versa
® Follicular dendritic reticulum cells

Table 3. Expression of B lymphocyte differentiation antigens on medullary cells of normal fetal, juvenile and adult thymus investi-
gated immunobhistologically by means of the mAbs listed in Table 1

Cell type CD19%ag CD20ag CD2lag CD22ag CD23ag CD37ag IeM IgD
MWI9S5KD MW35KD MWI140KD MWI135KD MW46KD MW4045KD MWO00K MW 180KD
Fetal thymus
B lymphocytes —* +>— - +>— - + +>~ + <~
asteroid cells +<— + — -~ +<— +>— + —
Juvenile and adult thymus
B lymphocytes + > — + - +>— - + +3>»— +<€—
asteroid cells - + — +<— +<— — > — —
* Scoring of antigen expression: + =strong expression; (—)=weak expression
+ =all cells positive; — =all cells negative; + > — =considerably more positive than negative cells, compared with that/those
antigens with the quantitative highest expression on the respective cells; + <€ — =vice versa

ture committee of the Third International Workshop and Con-
ference on Leucocyte Differentiation Antigens (Oxford 1986).
MAbs CD22(HD6), CD22(HD39), CD23(HDS50), CD37(HD28)
were generous gifts of the producers B. Dorken (Dept. of Inter-
nal Medicine, University of Heidelberg) and G. Moldenhauer
(German Cancer Rescarch Center, Heidelberg, FRG);
CD23(B-LAST-2) was a kind gift of L. Nadler (Dana-Farber
Cancer Institute, Boston, MA). CD19(B4), CD20(B1),
CD21(B2) were purchased from Coulter (Hialeah, FL, USA);
a mAb against the T cell differentiation antigen CD1 (clone
Nal/34) and mAbs against follicular dendritic cells (clone R4/
23), against the C3b-receptor (To3), against human IgM (clone
R1/69) and IgD (clone IgD26) were obtained from Dakopatts
(Copenhagen, Denmark). Cytokeratin reactive monoclonal an-
tibody (KL1) was purchased from Dianova (Hamburg, FRG).

Biotinylated goat anti-mouse Ig (final dilution 1:50) and
streptavidin-biotinylated peroxidase complex (1:100) were pur-
chased from Amersham (High Wycombe, UK). Pooled human
gammaglobulin (“Gamma-Venin”) was supplied by Behring
(Frankfurt a.M., FRG). 3-amino-9-ethylcarbazole (AEC) and
N'N-dimethyl-formamide (DMF) were obtained from Sigma
Chem. Co. (St. Louis, MO, USA) and hydrogen peroxide and
sodium acetate from Merck (Darmstadt, FRG). Rabbit anti-
mouse Ig (final dilution 1:50) was purchased from Dakopatts
(Copenhagen, Denmark); monoclonal (mouse) alkaline phos-
phatase complex (1:40) was supplied by Dianova (Hamburg,
FRG). Fast Blue BB salt was obtained from Serva (Heidelberg,
FRG) and naphthol AS-bi-phosphate and Levamisole from
Sigma Chem. Co (St. Louis, MO, USA).

Staining procedures

Acetone-fixed rehydrated serial cryostat sections were incu-
bated with the primary mAb in appropriate dilutions for 1 h

at room temperature. All dilutions and washing steps were car-
ried out in phosphate buffered saline pH 7.4; the biotinylated
anti-mouse reagent contained 5% pooled human IgG to inhibit
cross reactions with human Ig. Incubation time was 30 min
for both the secondary antibodies and the streptavidin-bio-
tinylated peroxidase complex. Using AEC as the chromogen
(0.4 mg/ml in 0.1 mol/!l of acetate buffer pH 5.0 with 5% DMF
and 0.01% H,0, for 10 min), the peroxidase reaction resulted
in an intense red precipitate. The sections were counterstained
with Harris’ haematoxylin and mounted with glycerol gelatin.

The above described ABC method was combined with the
APAAP method according to Cordell et al. (1984). After incu-
bation with the first monoclonal antibody followed by the bio-
tinylated goat anti-mouse Ig and the streptavidin-biotinylated
peroxidase complex, incubation with the second monoclonal
antibody followed by the rabbit anti-mouse Ig and the APAAP
complex was carried out. The latter steps were rerun to enhance
the following enzyme substrate reaction. The peroxidase sub-
strate reaction was then developed using AEC as the chromo-
gen. Finally, the alkaline phosphatase substrate reaction was
developed using naphthol-AS-bi-phosphate as substrate and
Fast Blue BB salt as coupling reagent (0.025% NAS-bi-PO,,
0.05% FB (w/v), 0.005% DMF (v/v) in 0.7% Amino-methyl-
propandiol buffer (w/v), pH 8.7).

Results

Lymphofollicular hyperplasia of the thymus

The cellular composition of the lymph follicles in
lymphofollicular hyperplasia was examined with
monoclonal antibodies against B cell differentia-
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Fig. 1a—d. Cryostat sections of lymphofollicular hyperplasia of the thymus stained with monoclonal antibodies against B cell
differentiation antigens, against follicular dendritic reticulum cells and human IgD. Thymic lymph follicles with germinal center
and follicular mantle zone. Hassall’s corpuscles in the neighbourhood. a Lymphocytes of the follicular mantle zone express the
CD22ag; the weakly stained germinal center lymphocytes and follicular dendritic reticulum cells are hardly visible. CD22(To15),
x 89.5. b Lymphocytes of the follicular mantle show strong expression of surface IgD; the cells of the germinal center are negative.
MAD IgD26, x71.5. ¢ The follicular dendritic reticulum cells of the germinal center show a very strong staining with the mAb
R4/23. x143. d The CD2lag is shown on follicular dendritic reticulum cells and on some mantle zone lymphocytes. CD21(B2),

x 89.5.

tion antigens, antigens of follicular dendritic cells
and the C3b-receptor and against human IgM and
IgD (Table 2). Immunohistology with these re-
agents elucidated the structure of the lymph folli-
cles, which could be divided into a germinal center
and a follicular mantle zone (Fig. 1). The lympho-
cytes of the follicular mantle zone expressed the
B cell differentation antigens, of the cluster CD19,
CD20, CD21, and CD22 (Fig 1a) and only some
of them also expressed the CD23ag; the B cell asso-
ciated CD37ag was also expressed by all lympho-
cytes of the follicular mantle. All lymphocytes of
the follicular mantle zone expressed surface IgD
(Fig. 1b). The lymphocytes of the germinal centers
expressed the CD19ag, the majority of which also
expressed the CD20ag, the CD22ag and the
CD37ag; in addition a faint surface expression of
IgM was observed. The CD21ag and the CD23ag
were not found on the germinal center lympho-
cytes.

Follicular dendritic cells of the germinal centers
were positive for the CD19ag, the CD21ag
(Fig. 1d) and weakly for the CD22ag; the CD20ag
and the CD23ag were also expressed by most of
them. The follicular dendritic cells of the germinal
center bound the monoclonal antibodies against
DRC (Fig. 1¢) and the C3b-receptor. Strong reac-
tivity of the follicular dendritic cells was observed
with mAb against human IgM.

In order to examine the exact localisation of
these lymph follicles, double labelling experiments

with the CD37(HD28) antibody and with antikera-
tin antibody (KL1) were performed. These experi-
ments revealed a distinct separation of the lympho-
follicular hyperplastic tissue from the thymic me-
dulla by a continuous row of epithelial cells and
a connection with the surrounding connective tis-
sue of the interlobular septal space (Fig. 2). Besides
the above mentioned B lymphocytes within the
lymph follicles, B lymphocytes and cells expressing
B lymphocyte antigens were also found within the
thymus medulla. Some of them may have migrated
from the B cell follicles of the interlobular septae
through discontinuities in the border between the
perivascular space and the thymus medulla (not
shown). Others, however, were found within me-
dullary regions distant from the described lymph
follicles.

Normal thymus

Normal control thymuses were examined with the
same panel of monoclonal antibodies to investigate
whether these B lymphocytes and cells expressing
B lymphocyte antigens within the thymus medulla
belong to a reactive infiltrate and are therefore part
of the state of the so-called ““thymitis”’, or whether
they are constitutive elements of the normal thy-
mus.

Against the background of the thymic epitheli-
al framework given by immunostaining with anti-
keratin antibodies which clearly defined extra- and
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Fig. 2. Cryostat section of lymphofollicular hyperplasia of the thymus double-immunolabelled with mAbs against keratin (red)
and CD37ag (blue). A lymph follicle with CD37ag positive cells is shown, which is situated outside the thymus medulla having
broad connections to the tissue of interfollicular septae (arrow). A continuous row of epithelial cells appearing to be compressed
separates the follicle from the medulla, the border is indented at one side only. mAb KL1, CD37(HD28), x 280

intrathymic compartments, immunostained serial
sections revealed the existence of medullary cells
expressing B cell antigens both in pre- and postna-
tal thymuses.

In the fetal thymuses a small subset of cells
within the medulla were found to express B cell
antigens. On morphological grounds these cells
could be subdivided into two types, one small,

round and distinctively lymphoid type, the other
larger with short cytoplasmic extensions, thus not
being definitely lymphoid but rather asteroid in
shape. The lymphoid type expressed CD20ag
(Fig. 3a, b), CD22ag (Fig. 3f), CD37ag, IgM
(Fig. 3¢, d) and IgD. The CD37ag was expressed
by a greater number of lymphoid cells than were
the CD20- and CD22ag and IgM as could be
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Fig. 3a—f. Cryostat sections of a fetal thymus stained with mAbs against B lymphocyte differentiation antigens and human IgM
and counter-stained with haematoxylin. M, medulla; C, cortex. a Overview. Cells expressing the CD20ag are mainly scattered
in the corticomedullary region. CD20(B1), x 115. b Same as a at higher magnification showing the two cell types characterized
by lymphoid and asteroid morphology. x 276. ¢ MAb R1/69 demonstrates IgM expression in the same population. x 184. d Same
as ¢ at higher magnification. x 230. e Only asteroid cells express the CD23ag displaying a rosette formation with the surrounding
lymphocytes CD23(HD350), x 580. f Medullary region. Only few lymphocytes express the CD22ag, CD22(HD6), x 580

shown by serial sections. Only a small subset of
this cell type additionally expressed IgD. The lym-
phoid cell type failed to express CD19ag, CD21ag
and CD23ag. They were scattered throughout the
medulla and amounted for about 1% of medullary
lymphoid cells.

The asteroid cells expressed the CD20ag
(Fig. 3b) and IgM (Fig. 3d). The CD37ag was only
detectable in a subpopulation of these celis, and

an even smaller subpopulation was found to ex-
press the CD19ag and CD23ag (Fig. 3¢). The as-
teroid cells did not express CD21ag, CD22ag and
IgD; the antigen of follicular dendritic reticulum
cells, detected by the mAb R4/23 could not be
found on those cells nor on any other intrathymic
cell. With respect to morphology and immuno-
phenotype, these cells will be referred to as ““aster-
oid cells expressing B-cell antigens”. This cell type,



W.J. Hofmann et al.: B lymphocytes in normal and lymphofollicular hyperplastic thymus 437

Fig. 4a—g. Cryostat section of juvenile and adult thymuses stained with mAbs against B lymphocyte differentiation antigens and
human IgD. Counterstaining with haematoxylin. M, medulla; C, cortex; HC, Hassall’s corpuscle. a Overview. CD20ag positive
cells of asteroid and lymphoid shape are localized within the medulla at the corticomedullary region and around the HC. CD20(B1),
x 144. b B lymphocytes situated in the vicinity of a HC expressing IgM. mAb R1/69, x 288. ¢ Only few B lymphocytes between
HC express the CD22ag. CD22(HD6), x 363. d CD37ag positive lymphocytes are scattered within the medulla. CD37(HD28),
x 363. € Only few B lymphocytes within the thymus medulla express IgD. MAb IgD28, x 184. f, g The CD23ag expressed by
asteroid cells showing a rosetting phenomenon with the surrounding lymphocytes. The CD23ag is also demonstrated in the
paranuclear zone of two large (asteroid?) cells (arrows in f). CD23(HD50), f x 363, g x 580

less frequent than the lymphoid cell type, was lo-
cated in the corticomedullary region. It was further
characterized by the formation of rosettes with
non-B lymphocytes (Fig. 3e).

These cell types expressing B-cell antigens
could also be found in the juvenile and adult thy-
muses. Although the number of the cells was quite

similar to that in the fetal organs, there were slight
differences in tissue distribution and immun-
ophenotype: The lymphoid cell type was scattered
throughout the medulla as in the fetal thymuses,
and constantly coexpressed CD20ag (Fig. 4a) and
CD37ag (Fig. 4d). Furthermore, a subpopulation
of them expressed the CD22ag (Fig. 4c), IgM
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Fig. Sa—c. Double-immunolabelling experiments on cryostat
sections of normal juvenile and adult thymuses. a Double label-
ling with anti-keratin mAb (KL1) (red) and CD37(HD28)
(blue). The CD37ag positive lymphoid and asteroid cells are
intermingled within the epithelial framework of the thymus me-
dulla. x226. b Double labelling with CD20(B1) (red) and
CD1(Nal/34) (blue). The CD20 positive lymphoid and asteroid
cells are localized within the medulla and are surrounded by
CD1 negative lymphocytes. Note the CD1 positive dendritic
reticulum cells of the thymus medulla. x113. ¢ Same as b at
higher magnification. x 571

(Fig. 4b) plus CD1%ag which was not found on
the corresponding cells of the fetal organs. Only
a small subset of the lymphocytic type also ex-
pressed IgD (Fig. 4¢).

Asteroid cells, in contrast to the fetal thymuses,
were mainly distributed randomly within the me-

dulla or in the vicinity of Hassall’s corpuscles.
Their immunophenotype was characterized by the
expression of CD20ag (Fig. 4a); a subset of them
also expressed IgM ; CD22ag and CD23ag (Fig. 4f,
g) were detectable in an even smaller number.
CD23ag could be found in the perinuclear zone
of cells which were twice as big as normal lympho-
cytes and which were localized in the neighbour-
hood of the asteroid cells expressing the CD23ag
in the cytoplasm and on the cell surface (Fig. 4f).
These cells did not express CD19ag, CD21ag and
the antigen of follicular dendritic cells detectable
by the mAb R4/23, which could not be found on
any intramedullary cell.

Using anti-keratin antibodies and CD37(HD28)
antibody in double labelling experiments it was
shown that the asteroid cells expressing the
CD37ag were localized within the epithelial net-
work of the thymus medulla (Fig. Sa). Immuno-
histological double labelling with CD20(B1) anti-
body and CD1(T6) antibody further revealed the
non-B lymphocytes (CD20ag negative) which sur-
round the asteroid CD20ag positive cells to be
CDl1ag negative (Fig. 5b, c).

Another cell population expressing B-cell anti-
gens was consistantly detected within the connec-
tive tissue of the interlobular septae of juvenile and
adult thymuses (not shown). They were distincti-
vely lymphocytic in morphology and had an im-
munophenotype corresponding to mantle zone B
cells.

Discussion

This study describes the occurrence of B lympho-
cytes and cells expressing B lymphocyte differenti-
ation antigens within the thymus under two differ-
ent conditions: Firstly, B lymphocytes in the orga-
nized structures of lymph follicles which originate
in the extrathymic compartment of the connective
tissue of the interlobular septal spaces in the patho-
logic condition of lymphofollicular hyperplasia of
the thymus and secondly, B lymphocytes and cells
expressing B lymphocyte differentiation antigens,
which are distributed within the thymus medulla
in normal thymuses of different ages from fetal
to adult life and which, therefore have to be consid-
ered as physiological constituents of the thymus.
Lymphofollicular hyperplasia of the thymus is
a pathologic condition which is often associated
with autoimmune diseases such as myasthenia gra-
vis, systhemic lupus erythematosus, scleroderma,
rheumatoid arthritis, periarteriitis nodosa, Hashi-
moto’s thyroiditis, autoimmune anaemia, Behget’s
disease and Sjogren’s syndrome (Levine and Rosai
1978; Otto 1984 ; Rosai and Levine 1976; Tridente
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1985; Wekerle and Miller-Hermelink 1986). Mi-
croscopically the striking finding of the thymus in
lymphofollicular hyperplasia is the presence of
lymph follicles with germinal centers that resemble
those observed in any lymph node (Castleman
1966).

Examination of the cellular composition of the
lymph follicles by immunohistology revealed the
same constituents as in the lymph follicles of the
peripheral Iymphoid tissue of spleen and lymph
node (Ling et al. 1987; Gerdes et al. 1983), that
is to say: follicular dendritic reticulum cells of the
germinal center staining with mAbs against DRC
and C3bR express the B lymphocyte differentia-
tion antigens CD19, CD20, CD21, CD23; germinal
center B cells express the CD19ag and partly also
the CD20ag and the CD22ag but not the CD21-
and CD23ag; B cells of the follicular mantle zone
express all the differentiation antigens tested al-
though only few of them are positive for the
CD23ag. IgM was only expressed by cells of the
germinal centers whereas IgD could only be found
on the lymphocytes of the follicular mantle zone.

Some of the findings presented have already
been reported in the literature. Kornstein et al.
(1984) also found IgM-bearing cells in the germinal
center of the lymph follicles and IgD-bearing lym-
phocytes in the follicular mantle. Follicular den-
dritic cells in the germinal centers have been identi-
fied by Bofill et al. (1985) using the monoclonal
antibody RFD-3. They suggested, however, the
germinal centers be surrounded by a T-cell zone,
calling these structures lymph-node-like areas. The
distribution of the B lymphocyte differentiation
antigens, however, has so far not been examined
in the lymph follicles of lymphofollicular hyperpla-
sia. Since it is identical to the lymph follicles of
the peripheral lymphoid tissue these new findings
— together with those mentioned above — confirm
the assumption that the cellular composition of
the lymph follicles in lymphofollicular hyperplasia
of the thymus is the same as in the lymph follicles
of other localizations of the body.

Additionally, the localization of these lymph
follicles within the thymic region suggests that they
belong to the extrathymic lymphoid system: The
sharp delineation of the border between the lymph

follicles and the thymic medulla which is formed -

by a continuous row of epithelial cells and the con-
nection of the hyperplastic lymph follicles with the
soft tissue of the interlobular septae in a stalk like
manner strongly indicates an extrathymic origin
of the lymph follicles. This assumption was made
recently (Hofmann et al. 1987) on the basis of sin-
gle labelling experiments and is now supported by
the findings presented using double labelling exper-

iments. The finding of “intramedullary” lymph
follicles is a consequence of a two-dimensional
view of the three-dimensional architecture which
does not always visualize the connection of the
lymphatic tissue with the interlobular septae.
Tamaoki et al. (1971) assumed the existance of a
“perithymic lymphoid tissue” which gives rise to
the lymph follicles of lymphofollicular hyperplasia.
More recently, basement membrane material like
laminin was shown to surround the lymph follicles
at the borders to the thymic medulla (Bofill et al.
1985; Karttunen 1987). This border was sometimes:
found to be interrupted and so as to facilitate the
B lymphocytes of the follicular mantle zone to im-
migrate into the thymus medulla, a finding also
referred to as “thymitis” (Kirchner ¢t al. 1986).
However, some B lymphocytes and cells expressing
B lymphocyte antigens could be found at large dis-
tances from the lymph follicles in the lymphofolli-
cular hyperplasia described above and also in nor-
mal control thymuses.

The first data on B cells within normal human
thymus were published by Eimoto et al. (1986) us-
ing the mAb CD20(B1). A small number of
CD20ag positive cells were situated within the me-
dulla of normal human thymus which was used
as a control specimen during the examination of
thymomas. Our results clearly indicate the ex-
istence of cells expressing B lymphocyte antigens
within the human thymus medulla. On morpholog-
ical grounds the cells detected within the thymus
medulla, expressing B lymphocyte differentiation
antigens, can be subdivided into two populations:
typical, small and round lymphoid and asteroid
cells with small cytoplasmic processes. The cells
twice as big as normal lymphocytes expressing the
CD23ag in a perinuclear zone might be a transient
form between the former and the latter. The mor-
phology and immunophenotype of the lymphoid
cell population suggested that these cells were in
fact B-lymphocytes.

The histogenesis of the asteroid variant is still
undetermined. The only cell in the peripheral lym-
phoreticular system that shares CD1%ag, CD20ag,
CD21ag, CD22ag and CD23ag with B lympho-
cytes is the follicular dendritic reticulum cell (Lin
etal. 1987), a cell of alleged histiocytic nature
(Gerdes et al. 1983). Thus it has to be discussed
whether the asteroid cell type is related to the fol-
licular dendritic reticulum cell. Follicular dendritic
reticulum cells did not occur outside lymph folli-
cles; the asteroid cells in the thymus however,
lacked expression of the antigen recognized by the
mADb R4/23 specific for follicular dendritic reticu-
lum cells. Thus a relation between follicular den-
dritic reticulum cells and the asteroid cells of the
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thymus seems unlikely. There is also no correlation
between the medullary dendritic cells of the thymus
which are CDlag positive and the asteroid cells
described since double labelling experiments re-
vealed that the latter cell type is CDlag negative.
Another cell type which, despite its non-lymphoid
morphology in situ, has recently been shown to
be a Bcell is the so-called “monocytoid B cell”
of the lymph node formerly known as “immature
sinus histiocyte” (de Almeida et al. 1984; Piris
et al. 1986; Sheibani et al. 1984 ; Stein et al. 1984).
It represents an alternative pathway of B cell devel-
opment that, at present, cannot be located in the
current physiological differentiation scheme
(Nadler 1986). It can therefore be concluded that,
in spite of the non-lymphoid morphology, the as-
teroid medullary cells described are B cells since
they express B cell restricted antigens.

The functions of the cells described here has
yet to be elucidated. They occur as early as in the
19th week of gestation, when the development of
the thymus into the cortical and medullary com-
partment has just terminated (von Gaudecker
1986); they are non-randomly distributed in the
fetal thymus within the cortico-medullary zone, an
area which is passed by the maturing T lympho-
cytes (Scollay 1983); furthermore they partly dis-
play rosette formation with surrounding non-B
lymphocytes, a phenomenon which was also shown
for functional complexes between thymic accessory
cells and immature T lymphocytes (Kyewski et al.
1982, 1986, 1987). Thus B cells and their antigens
may play a functional role in T lymphocyte matu-
ration.

Together with other antigens of the body which
have so far been found to be exposed within the
human thymus such as epidermal antigens (Bonne-
foy etal. 1984; Lenkei et al. 1987; Singer et al.
1985), antigens of erythrocytes (Telen 1985),
smooth muscle antigens (Drenckhahn et al. 1979),
striational muscle antigens (Drenckhahn et al.
1979; Williams and Lennon 1986) and circulating
antigens which are presented by antigen-presenting
cells in the murine thymus (Kyewski et al. 1982,
1986, 1987) B lymphocytes and cells expressing
B lymphocyte antigens within the human thymus
might contribute to tolerance induction to self anti-
gens of the B lymphocytes in the developing T cell
population.

Tolerance of T cells towards autologous
B cells, however, is not only necessary to avoid
autoimmunereactions between the two cell types
but can also be regarded as a prerequisite for the
direct cell-cell interactions which take place in the
course of immune reactions (for review see Bolhuis

et al. 1986). Apart from specific cell-cell contact
between T and B cells, which is mediated via for-
eign antigens and MHC class II antigens, a non-
specific cell-cell contact without these antigens is
possible (Kupfer et al. 1986) indicating that T cells
are able to recognize B cells. This ability of mature
T cells to recognize B cells might be a consequence
of the intrathymic localization of B cells and B cell
differentiation antigens.

The existence of intrathymic B cells, in addi-
tion, might explain the occurrence of primary me-
diastinal clear cell lymphomas of B cell type which
have recently been described (Moller et al. 1986b)
and which are distinct from B cell neoplasias orig-
inating in the bone marrow, lymph nodes and
other extralymphatic sites (Moller et al. 1986a,
Moller et al. 1987). The possibility of the lympho-
mas arising within the thymus has already been
discussed (Addis and Isaacson 1986).
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