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The light-microscopic, ultrastructural, and immuno-
histochemical features of immature sinus histiocytosis
were studied in 10 lymph nodes with the histologic pic-
ture of toxoplasmic lymphadenitis and compared with
the features oflymphoid cells present in the marginal zone
of the splenic white pulp. Areas of immature sinus
histiocytosis consisted largely ofmedium-sized lymphoid
cells with markedly irregular nuclei and abundant pale
cytoplasm. Using a panel of monoclonal antibodies, the
predominating lymphoid cells were found to carry the
B-cell phenotype BlBa1fsIgM+sIgD-OKIa1. Admixed
were variable numbers of larger, blastic lymphoid cells,
small lymphocytes, histiocytic elements, and polymor-
phonuclear granulocytes. The marginal zone of the
splenic white pulp was composed of a similar mixture
of cells, and marginal-zone lymphocytes demonstrated

IMMATURE sinus histiocytosis is a poorly understood
pattern of reactive lymph node change that occurs in
a number of reactive lymphadenopathies. In its most
characteristic form, subcapsular and/or medullary
sinuses are focally distended and filled with cells that
have variously been called small macrophages,l sinus
histiocytes,2 monocytoid cells,3'4 histiomonocytoid
cells,5 and lymphoblasts.6 In a study of 113 cases of
epithelioid cell lymphadenitis, Lennert' drew attention
to this particular sinoidal cell population, differentiated
it from nonspecific sinus histiocytosis by the presence
of nonspecific esterase and acid phosphatase activity
in the latter, and introduced the term "unripe" or "im-
mature sinus histiocytosis" (ISH).7 Subsequent electron-
microscopic investigations in man8 and rabbits9 sug-
gested that ISH cells are not histiocytes but rather a
special variety of lymphocytes.

Despite its common occurrence in various reactive
lymph node conditions, the origin and function of ISH
is largely unknown. For this reason, we conducted a
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an analogous immunohistochemical phenotype. Our
results indicate that immature sinus histiocytes are B-
lymphoid cells that are closely related to marginal zone
lymphocytes. As such, immature sinus histiocytes may
have a role similar to that ofmarginal-zone lymphocytes,
which have been claimed to transport antigens or im-
mune complexes toward the follicular center or to serve
as precursors ofplasma cells. We suggest that immature
sinus histiocytosis represents an abnormal expansion of
the marginal zone, normally present at the sinusoidal pole
oflymphoid follicles. The reason for this marginal-zone
hyperplasia, recognized as immature sinus histiocytosis
in a variety of reactive lymph node conditions, may be
a maturation arrest in the normal development of im-
mature sinus histiocytes into small, sIgM+ sIgD+ lym-
phocytes. (Am J Pathol 1985, 118:266-277)

light- and electron-microscopic and immunohistochem-
ical study of 10 reactive lymph nodes in which ISH was
observed. During the course of this study, we noticed
a striking histologic resemblance between ISH cells and
the lymphoid cells that occupy the marginal zone (MZ)
of the splenic white pulp. This similarity proved to ex-
ist also on electron-microscopic and immunohistochem-
ical levels. A putative role for ISH, based on data con-
cerning the role of MZ lymphocytes, is offered.

Materials and Methods

Ten lymph nodes, removed for diagnostic purposes
and showing histologically the characteristic features
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of toxoplasmic lymphadenitis,'13 formed the basis of
this study. Splenic tissue was obtained from two pa-
tients who underwent surgery for gastric ulcer. The
white pulp was well developed and demonstrated many
secondary lymphoid follicles surrounded by a promi-
nent MZ (activation stage IVB according to Lukes'0).

Representative parts of each specimen were processed
for light microscopy, immunohistochemistry, and elec-
tron microscopy. For light microscopy, samples were
fixed in Bouin's solution and/or B5 fixative, embedded
in paraffin, and stained with hematoxylin and eosin
(H&E), periodic acid-Schiff (PAS), and reticulin stains.
For immunohistochemistry, samples were rapidly fro-
zen in liquid nitrogen-cooled isopentane and stored at
- 75 C until used. For electron microscopy, small sam-
ples were fixed in glutaraldehyde for 1 hour, postfixed
in OSO4, and embedded in Epon. One-micron-thick sec-
tions were used for identification of areas of ISH or
splenic MZ which subsequently were selected for ultra-
thin sectioning.

For the immunohistochemical demonstration of sur-
face antigens, an indirect immunoperoxidase procedure
was performed. Five-micron cryostat sections were dried
overnight at room temperature and fixed in absolute
acetone. Without prior washing, the monoclonal anti-
bodies listed in Table 1 were applied. After 30 minutes'
incubation, sections were washed in three changes of
phosphate-buffered saline (PBS), pH 7.6, for 15 minutes.
Peroxidase-conjugated rabbit anti-mouse Ig (Dako-

patts, Copenhagen, Denmark) was applied for 30 min-
utes at room temperature, followed by a 15-minute wash
in three changes of PBS, pH 7.6. The reaction product
was developed with the use of 3-amino-9-ethylcarbazole
and hydrogen peroxide.20 Sections were briefly counter-
stained with Harris' hematoxylin and mounted in DPX.
Helper/inducer T cells were demonstrated by a simul-
taneous application of two monoclonal antibodies, as
described previously.2'

For the immunohistochemical demonstration of cyto-
plasmic (c) immunoglobulins, the unlabeled peroxi-
dase-antiperoxidase method according to Sternberger22
was used with paraffin-embedded material. Dewaxed,
rehydrated sections were incubated with polyclonal,
monospecific rabbit anti-human Ig antisera (Dakopatts)
for 30 minutes at room temperature, washed in three
changes of PBS, pH 7.6, for 15 minutes, and subse-
quently incubated with swine anti-rabbit Ig (Dako-
patts), diluted 1:20 and containing 10% normal human
serum (NHS). After a second wash in three changes of
PBS, pH 7.6, sections were treated with peroxidase-rab-
bit anti-peroxidase complex (Dakopatts), diluted 1:50
and containing 107o NHS, for 30 minutes. After a brief
wash in PBS, pH 7.6, the reaction product was devel-
oped with the use of 3,3'-diaminobenzidine (Sigma
Chemical Co., St. Louis, Mo) and hydrogen peroxide.23
Sections were counterstained with Harris' hematoxy-
lin and mounted.

Controls, which were invariably negative, included

Table 1 -Details of Monoclonal Antibodies Used in the Present Study

Monoclonal antibody

OKIal

BAl

B1

Anti-kappa

Anti-lambda

Anti-lgM

Anti-lgG

Anti-lgD

OKT4

Leu3a

OKT8

OKT9

OKT1 0

OKM1

Leu7

Specificity

Common framework of HLADR or la-like
antigens

Peripheral blood B-lymphocytes; granulocytes

All mature B cells

Kappa light chains

Lambda light chains

Mu heavy chains

Gamma heavy chains

Delta heavy chains

Helper/inducer T cells

Helper/inducer T cells

Suppressor/cytotoxic T cells

Transferrin receptor (some activated and pro-
liferating cells; some thymocytes; some
histiocytes/macrophages; follicular center
cells)

Precursor cells; activated lymphocytes;
cortical thymocytes; circulating null cells;
plasma cells; follicular center cells

Monocytes; granulocytes; some NK cells

K/NK cells

Source

Ortho Pharmaceutical Corp. (Raritan,
NJ)

Hybritech (La Jolla, Calif)

Coulter Electronics, Inc. (Hialeah, Fla)

Becton-Dickinson (Sunnyvale, Calif)

Becton-Dickinson

Dakopatts (Copenhagen, Denmark)

Becton-Dickinson

Dakopatts

Ortho Pharmaceutical

Becton-Dickinson

Ortho Pharmaceutical

Ortho Pharmaceutical

Ortho Pharmaceutical

Ortho Pharmaceutical

Becton-Dickinson
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substitution of primary mouse monoclonal antibody
with nonimmune supernatant of P3X63NS1 myeloma
culture (Cappel Laboratories, Cochranville, Pa) and
omission of peroxidase-conjugated secondary antibody.

Results

Light-microscopic Findings

Lymph Nodes

All lymph nodes were enlarged and demonstrated a
rather uniform histologic picture. In each case, a florid
reactive follicular hyperplasia was observed, consisting
of large, often irregularly shaped lymphoid follicles sur-
rounded by a poorly developed lymphocytic corona.
Follicular centers showed polarization and a "starry-
sky" appearance due to large numbers of tingible-body
macrophages and contained numerous mitotic figures.
Many small clusters of epithelioid histiocytes with abun-
dant slightly eosinophilic cytoplasm and an oval, vesic-
ular nucleus were present in the follicular and interfol-
licular area. These congeries of epithelioid histiocytes
tended to encroach upon lymphoid follicles and were
sometimes present within follicular centers. Giant cells
of Langhans type, granulomas, and caseation necrosis
were not observed. The expanded paracortical area con-

tained an increased number of high endothelial ven-
ules, filled with lymphocytes. The medullary cords con-
tained an increased number of plasma cells and few
neutrophilic polymorphonuclear granulocytes; im-
munoblasts and eosinophils were not conspicuous. All
lymph nodes demonstrated permeation of the inflam-
matory infiltrate into the capsule and perinodal tissue;
in two cases, lymph node imprints revealed the pres-
ence of Toxoplasma gondii cysts.

In all lymph nodes, a variable degree of ISH was ob-
served, ranging from a few circumscribed nests in the
marginal sinus to extensive areas filling up the marginal
sinus and extending into the medullary sinuses. In many
cases, pale areas composed of ISH cells surrounded
hyperplastic lymphoid follicles (Figure 1). Small hemor-
rhagic foci and fresh necrotic areas were found within
subcapsular areas of ISH in two cases. On light micros-
copy, foci of ISH consisted of a mixture of cell types.
The predominant cell population showed an irregular,
medium-sized nucleus with finely dispersed chromatin
and inconspicuous nucleoli (Figure 1, inset). The nu-
clear membrane displayed grooves and infoldings,
resulting in a cleaved or, occasionally, convoluted ap-
pearance. Their pale-staining cytoplasm was abundant.
Less frequently, larger and more rounded cells with less
cytoplasm and a vesicular nucleus containing a promi-

Figure 1-Lymph node, toxoplasmic lymphadenitis. A prominent lymphoid follicle is surrounded by a pale area of ISH. (H&E, x 125) Inset-Cytologic
detail of ISH, showing a predominant population of medium-sized lymphoid cells with markedly irregular nuclei and pale cytoplasm. (H&E, x 375)
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Figure 2-Activated splenic white pulp. a-A prominent lymphoid follicle is surrounded by a broad marginal zone (asterisk). (H&E, x 100)
Detail of cellular composition of marginal zone (mz, top), lymphocytic corona (/c, center) and follicular center (fc, bottom). (H&E, x 350)

nent nucleolus, were observed. Intermingled with these
cells, some plasma cells, small round lymphocytes, neu-
trophilic polymorphonuclear granulocytes, and a vari-
able number of large histiocytic elements were found.
The latter cells possessed an oval, vesicular nucleus with
small, eosinophilic nucleoli, and contained phagocy-
tosed material in their cytoplasm. Finally, pyknotic cell
debris, occasional red blood cells, and a few small blood
vessels were found in areas of ISH. Around these areas,
a variable number of plasma cells was observed. In
those cases in which foci of ISH were situated adjacent
to hyperplastic lymphoid follicles, these foci were partly
surrounded by a narrow rim of small lymphocytes,
which in turn appeared continuous with the lympho-
cytic corona surrounding the lymphoid follicle.

Spleen
Both splenic specimens demonstrated no major ab-

normalities on macroscopic examination. On light mi-
croscopy, the white pulp was well developed; periarteri-
olar lymphocyte sheets (PALS) and adjacent secondary
follicles could readily be seen. Surrounding these white
pulp compartments, a prominent MZ was observed in

which a mixture of cell types was found. In addition
to some small round lymphocytes, some histiocytic ele-
ments, and many scattered neutrophilic polymor-
phonuclear granulocytes, a predominant medium-sized
lymphoid population was observed (Figure 2). The
majority of these lymphocytes contained a centrally
placed, irregularly outlined nucleus with dispersed chro-
matin and inconspicuous nucleoli, surrounded by abun-
dant clear cytoplasm. A minority of the lymphocytes
were somewhat larger, possessed a more rounded, vesic-
ular nucleus, with one or two prominent nucleoli, and
contained less cytoplasm.

Electron-Microscopic Findings

Areas of ISH as well as the marginal zone of the
splenic white pulp appeared to be composed of a simi-
lar mixture of cell types. Phagocytic histiocytes, neu-
trophilic polymorphonuclear granulocytes, and small
round lymphocytes could easily be recognized and were
admixed with a predominant "lymphoid" cell popula-
tion (Figures 3 and 4). Although some variability was
found in the latter population, all morphologic vari-
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5K ~ ~ ~ ~ _(

*~~~~~~~~~~~/A

~~~~~~~~~ S~~~~~~~~~~~~~W

, '9 -.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~g

~~~ P~~~~~C~~~'~~~~~~f~~~~ -~~~~~~~0

#4.~~~ ~ ~ ~ ~

*~~~~~~~~~~~~7

-W~~~~~~~~~~~~~~~~~~~~U

Figure 3-Electron micrograph of an aeofISH. a-Lymphoid cells are medium-sized and have abundant cytoplasm and an irregularly outlined
nucleus with inconspicuous nucleoli (asterisk). Admixed are some polymorphonuclear granulocytes and a phagocytic histiocyte (arrow). (x 3680) b-
Detail of lymphoid cell, showing an irregular nucleus with a thick rim of heterochromatin and polarization of cell organelles toward the nuclear indenta-
tion. (x 12,800)
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Figure 4-Electron micrograph of splenic marginal zone. The predominant Iymphoid population has an irregular nuclear outline and abundant cytoplasm
(asterisk). Some polarization of cell organelles is apparent. (x 7250)

ants appeared to belong to one and the same cell type
that displayed the following characteristic features. All
cells showed abundant, irregularly shaped cytoplasm
with a variable number of cytoplasmic extensions and
a more or less pronounced irregular outline of the nu-

cleus with a moderately thick rim of heterochromatin.
In the less irregular nuclei, one prominent nucleolus
was observed, whereas the markedly irregular nuclei
contained one or two small, inconspicuous nucleoli.
Parallel to this nuclear irregularity, a variable degree
of polarization of cell organelles was observed (Figure
3b). Round to oval, clear mitochondria, some strands
of rough endoplasmic reticulum, and some vesicles of
the smooth endoplasmic reticulum were found at the
indented pool of the nucleus. In this area, a pronounced
Golgi apparatus was found, as well as one or more dark
granules resembling dense-core vesicles.24 Occasionally,
fat droplets or a centrosome was observed.

Immunohistochemical Findings

Lymph Nodes

The reactivity of the lymphoid parenchyma with an-

tibodies to lymphocytes and monocytes/macrophages

was comparable to previously reported results in reac-
tive lymph nodes25-31 and will therefore not be repeated
here. An unexpected and not previously reported finding
was the strong cytoplasmic reactivity of epithelioid
histiocytes with monoclonal anti-transferrin receptor
antibody OKT9.

Foci of ISH could easily be recognized in frozen tis-
sue sections by virtue of their weak intensity of stain-
ing with hematoxylin and their particular topographic
localization.
The majority of cells in areas of ISH demonstrated

membranous staining with OKIal (Figure 5). The pre-
dominant cell population in areas of ISH showed sur-
face reactivity with monoclonal antibodies Bi and anti-
IgM (Figure 6), as well as with antibodies directed to
both types of light chains; kappa appeared to be the
predominant type of light chain expressed at the sur-
face of ISH cells. All other surface markers, including
BAI, anti-IgD (Figure 7), and anti-IgG, were negative.
In all cases studies, BAI and OKM1 only visualized a
variable number of densely stained, scattered polymor-
phonuclear granulocytes (Figure 8). Some OKT4+
Leu3a+ helper/inducer T cells were observed and seemed
to be situated predominantly at the outer margins of
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Figures 5-8-Lymph node, stained for OKial (5), IgM (6), IgD (7), and BAl (8). Figure 5-Membranous positivity for OKial is observed in the follicu-
lar center (fc), lymphocytic corona, and area of immature sinushistiocytosis (ish). Figure 6-IgM is present in a network pattern in the follicular center,
as well as on the surface of lymphocytes in the lymphocytic corona; the majority of cells in the area of ISH are s5gM+. Figure 7-Cells constituting
the lymphocytic corona and extending around the area of ISH are slgD+. No reactivity for IgD is observed in the follicular center or in the area of
ISH. Figure 8-The majority of cells in the lymphocytic corona react with BA1; scattered immunoreactive polymorphonuclear granulocytes are present
in an otherwise unreactive area of ISH. (Indirect immunoperoxidase, hematoxylin counterstain, x 100)
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Figure 9-Lymph node, stained for OKT10. Immunoreactive cells are
present in the follicular center (fc); a rim of OKT1 0+ plasma cells surrounds
the area of immature sinushistiocytosis (ish). (Indirect immunoperoxidase,
hematoxylin counterstain, x 100)

areas of ISH; very few or no OKT8+ and Leu7+ cells
were present. Reactivity with monoclonal antibody
OKT9 was observed in some histiocytic elements. In
those instances in which foci of ISH were situated
nearby secondary follicles, a narrow rim of small
Bl+BAl+sIgM+sIgD+ lymphocytes was found around
those foci of ISH (Figure 7). Finally, OKTIO+ plasma
cells were observed predominantly around areas of ISH
in some cases (Figure 9) and in the medullary cords of
most cases. IgG was the predominant type of heavy
chain, detected in the cytoplasm of these plasma cells.

Spleen
The reactivity of the splenic red and white pulp with

the antibodies tested was comparable to previously
reported results in normal splenic tissue.28'31 For the pur-

pose of this report, only the reactivity of MZ lympho-
cytes will be described in detail.
MZ lymphocytes were OKIal+ (Figure 10), the

majority of them bearing IgM (Figure 11) and a small
minority bearing IgD (Figure 12) at the surface. sIgD+
MZ lymphocytes were found especially at the inner bor-
der of the MZ, near the lymphocytic corona of secon-

dary follicles. Both types of light chains were observed.
MZ lymphocytes were, in addition, B1+ (Figure 13);

monoclonal antibody BAI, however failed to label the
surface of MZ lymphocytes, but revealed a concentric
pattern of dendritic processes throughout the MZ and
most pronounced around the PALS (Figure 14).

Discussion

Our results indicate that foci of ISH, on the one hand,
and the splenic MZ, on the other, are similar with re-
spect to their histologic, immunohistochemical, and
electron-microscopic features.
On morphology, a striking resemblance in the cellu-

lar composition of areas of ISH and the MZ of the
splenic white pulp was observed. Both areas were com-
posed predominantly of intermediate-sized lymphoid
elements, characterized by an irregular nucleus with
finely dispersed chromatin and inconspicuous nucleoli,
and a large amount of pale cytoplasm.
The MZ is a normal component of the white pulp

and surrounds the follicles and PALS. The MZ can be
distinguished from the lymphocytic corona by its paler
appearance on routine histologic sections and by its
characteristic cell content, ie, a mixture of lymphocytes,
granulocytes, and macrophages.32 Among the lymphoid
elements in the MZ, intermediate-sized cells with abun-
dant clear cytoplasm predominate.32

In both areas, we found this predominant lymphoid
cell population to carry the B-lineage surface pheno-
type Bl+BAlsIgM'sIgD-Ia+ and to be admixed with
variable numbers of OKMI+BA1 polymorphonuclear
granulocytes, few OKT9+ histiocytic elements, and scat-
tered OKT4+Leu3a+ helper/inducer T cells.

Immunohistochemical studies have demonstrated
that the MZ belongs to the B-dependent area of the
splenic white pulp. Immunophenotyping in human
spleens has revealed surface C3b-receptors31'33 and has
demonstrated the expression of sIgM but not sIgD on
MZ lymphocytes.31 Furthermore, MZ lymphocytes
carry receptors for the Fc-portion of IgG as well as Ia-
like molecules at the surface.28'33 Similar results have
been obtained in rats.34'35 MZ lymphocytes represent
a distinct lineage of B cells with a distinct migration
pattern and differentiation pathway,34'36 because they
originate as an independent lineage from recirculating
precursors which have never expressed sIgD.37 After a
maturation period of some 3 weeks within follicular
centers of the gut-associated lymphoid tissue or of the
splenic white pulp, these lymphoid cells would reside
in the MZ and fail to recirculate.38 Their ontogenetic
relationship with follicular center cells, previously
demonstrated in autoradiographic studies in rabbits,38
is confirmed in the present study. Both follicular cen-
ter cells and MZ lymphocytes share the phenotype
Bl+BAlIsIgM+sIgD-Ia+; follicular center cells, in addi-
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Figures 10-13-Activated splenic white pulp, stained for OKial (10), IgM (11), IgD (12), and Bi (13). Compare with Figures 5-8. Figure 10-
Membranous positivity for OKial is observed in the follicular center (fc), lymphocytic corona, and marginal zone (mz). Figure 11-IgM is present
in a network pattern in the follicular center, as well as on the surface of lymphocytes in the lymphocytic corona; a large number of cells in the marginal
zone are slgM+. Figure 12-A narrow rim of slgD+ cells is formed by the lymphocytic corona. No reactivity for IgD is observed in the follicular center
or the marginal zone. Figure 13-The majority of cells in the marginal zone here surrounding a nonimmunoreactive periarteriolar lymphocyte sheath
(pals), react with Bi. (Indirect immunoperoxidase, hematoxylin counterstain, x 100)
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Figure 14-Splenic white pulp, stained for BAl. At the outer region of the
periarteriolar lymphocyte sheath, ie, the marginal zone, a dendritic pat-
tern for BAl is observed. (Indirect immunoperoxidase, hematoxylin coun-
terstain, x250)

tion, may express sIgG, which is absent from MZ lym-
phocytes.26'27 The nonreactivity of MZ lymphocytes
with monoclonal antibody BAI parallels the absence
of sIgD and is in line with the general finding that BAI
in tissue sections is expressed by sIgM+sIgD+ B-
lymphocytes, ie, those present in the lymphocytic co-

rona surrounding lymphoid follicles.30'31 In contrast,
monoclonal antibody BAI revealed a concentric pat-
tern of dendritic processes in between MZ-lymphocytes
in the splenic white pulp. These BAI+ dendritic cells may
represent accessory dendritic cells which have recently
been shown to react with BAI.31
On electron microscopy, the similarity between cells

constituting areas of ISH and those present in the MZ
is further confirmed by our findings. The predominant
cell population in both areas corresponded ultrastruc-
turally to lymphoid elements with abundant cytoplasm,
an irregularly outlined nucleus with a characteristic het-
erochromatin pattern, and a few cell organelles, which
were more or less concentrated beneath the nuclear in-
dentation. Moreover, in both areas a somewhat larger
cell type was seen, characterized by a less irregularly
shaped nucleus and a more prominent nucleolus. These
findings agree well with previously reported studies on
the ultrastructural features of ISH in man8 and rabbits.9

With respect to the splenic MZ, most electron-micro-
scopic studies have focused on the microvasculature39
and nonlymphoid cells in this area,40'41 and an adequate
description of the lymphoid cells in the MZ is lacking.
TheMZ is most characteristically present around the

white pulp in the spleen. However, several studies have
indicated that a similar compartment is present in
lymph nodes. In their study of the popliteal lymph
nodes of rabbits, Nieuwenhuis and Keuning42 described
a marginal zone in the outer cortex between marginal
sinus and lymphoid follicles. Using immunohistochem-
ical techniques, Stein et al25 demonstrated caps of
sIgM'sIgD-Ia+ MZ lymphocytes at the sinoidal pole of
lymphoid follicles in a variety of reactive lymph node
conditions.

Relying on these data and on the similarity we ob-
served between areas of ISH and the MZ of the splenic
white pulp, we suggest that ISH represents an abnor-
mal expansion of the normally present perifollicular
MZ. In that respect, a putative role analogous to the
role of the splenic MZ may be ascribed to ISH.
Two main functions have been related to MZ lym-

phocytes, ie, antigen transport toward follicular centers,
on the one hand, and differentiation into antibody-
forming cells, on the other. With respect to their role
in antigen transport, experimental studies have revealed
that injected antigens43'44 and immune complexes45'46
first accumulate in the MZ of the spleen. Noncirculat-
ing MZ lymphocytes have been claimed to be responsi-
ble for the transport of the nonphagocytozed residue
toward the follicular center.43-4' The presence of slg,
complement receptors, and Fc receptors renderMZ lym-
phocytes well equipped to bind various antigenic par-
ticles and immune complexes. MZ lymphocytes in the
rat spleen have also been considered to play a pivotal
role in the generation of antibody-forming cells3" and
to represent the morphologic counterparts of the
medium-sized to large sIgM+sIgD-Ia+ preprogenitor B
cells in the mouse spleen.48 These B cells are in an
intermediate stage of differentiation and respond to an-
tigens via a two-stage nonspecific, then specific pat-
tern.49 In a first T-independent stage, sIgM'sIgD-
preprogenitors proliferate in response to nonspecific
antigens, particularly macrophage stimulants, result-
ing in the generation of small, sIgM+sIgD+ direct pro-
genitors which have lost the receptor for the nonspecific
stimuli that triggered the preprogenitor subset, and
which require specific stimulation for further develop-
ment into antibody-forming cells.50
ISH is most frequently observed in, and represents

one of the diagnostic criteria of toxoplasmic lymphade-
nitis. 1-4 Masihi and Werner5 have demonstrated by im-
munoadherence that spontaneous rosette formation
with T gondii antigens occurs mainly by sIg+ B cells.
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We suggest that these cells correspond to the
sIgM'sIgD-Ia' ISH. As such, ISH may come in con-
tact with the antigenic particles or antigen-antibody
complexes, bind them to their surface, cross the dis-
continuous parenchymal sinus wall, and enter the lym-
phoid follicle. Since Tgondii is a potent stimulator of
macrophages through sensitized T-lymphocyte-derived
soluble mediators,52'53 a macrophage-mediated trigger-
ing of ISH similar to the murine model49'50 may occur
and result in the generation of a clone of small
sIgM'sIgD1 lymphocytes, which we observed to sur-
round some foci of ISH. Under the stimulatory
influences of paracortical OKT4'Leu3a helper T cells,
the latter population may subsequently give rise to
antibody-forming cells, represented by the OKT1O+cIg+
plasma cells found around areas of ISH.

In conclusion, we have demonstrated that the cellu-
lar composition of areas of ISH is light-microscopically,
ultrastructurally, and immunohistochemically similar
to that of the MZ surrounding the splenic white pulp.
Because an MZ is found in lymph nodes also, we sug-
gest that ISH represents an abnormal expansion of this
compartment. Further studies on isolated lymphoid
cells derived from areas of ISH are required to deline-
ate more precisely their function in antigen transport
and generation of antibody-forming cells.

Addendum

Since the submission of the manuscript, two studies
concerning the immunohistochemical characterization
of ISH have been published.54'55

Sheibani et al54 found ISH to carry the phenotype
Bl+BAVOKT1l- and demonstrated polyclonal im-
munoglobulin light chains at their surface. They found
that ISH lacked cytoplasmic lysozyme and showed no
positive reaction with peanut agglutinin. They con-
cluded that ISH cells were B-lymphocytes and proposed
the term "monocytoid B-lymphocytes."54
De Almeida et a155 found ISH to represent

Bl+sIgG+OKT[-OKT3-OKM1- lymphocytes which only
occasionally expressed sIgM. They suggested that ISH
cells represent post-antigen-stimulated B-lymphocytes,
possibly produced in the follicular center, and proposed
the term "large sinus lymphocytes."55
Our study as well as the former two studies54'55 prove

the B-cell origin of ISH. However, we did not observe
BAl-immunoreactivity nor appreciable IgG expression
at the surface of ISH. These differences in surface
phenotype are not in contradiction to our hypothesis
on the origin of ISH if these discrepancies are the re-
sult of subtle changes in surface marker and isotype
expression ocurring upon differentiation of ISH into
more mature mantle zone or antibody-forming cells.
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