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SUMMARY

Localization and immunophenotype of lymphocyte subsets in fetal human spleens were studied by
employing a panel ofmonoclonal antibodies (McAb) in an immunoperoxidase staining procedure on
frozen tissue sections. Spleens varied from 15 weeks of gestational age (gestational weeks, gw) to
newborn. The white pulp consisted of intermediate-sized lymphocytes; no separate compartments
could be discerned. Germinal centre development was not observed. Dendritic cells stained for B2,
HB5, aC3bR, anti-DRC and OKIa, but in most cases not for immunoglobulin. Although low cellular
immunity is observed in neonates, T cells showed adult phenotypes in proportions comparable to the
adult situation; immature OKT6( +) lymphocytes were rarely seen. Very few cells stained with anti-
NK cell antibody Leu7. B cells all expressed Bl, Leul4, aC3bR, T1O and OKIa, were strongly
positive for BA1, and mostly stained very weakly for B2 and HB5. Almost all B cells expressed IgM
and IgD simultaneously, and very few expressed IgG. IgA-positive cells were absent. At 15 gw a

considerable number of IgM(+) B cells showed Leul staining, but this decreased during
development. These cells may represent the normal counterpart ofLeul( +) IgM( +) cells observed in
B-CLL and immunocytic and centrocytic malignant lymphomas. After 25 gw only very few Leul( +)
IgM(+) cells were seen. Altogether, the morphology and immunophenotype of white pulp B cells
were different from the predominating adult B-cell subsets, at least until birth. These 'immature'
splenic B cells may be precursors for adult splenic B-cell subsets. Considering the presumed role ofthe
marginal zone in the immunity against TI-2 antigens, the absence ofa marginal zone at birth may be a
main factor in the defective immunity against these antigens in neonates.

INTRODUCTION

The development of the human lymphoid system during fetal
life and the first period of life after birth has been studied
extensively (Olding, 1979; Andersson et al., 1981; Gathings,
Kubagawa & Cooper, 1981; Hayward, 1981; Toivanen et al.,
1981). Particular attention has been given to reduced cellular
and humoral immunity in neonates compared to adults.

More recently, the availability of a broad spectrum of
specific monoclonal antibodies (McAb) has provided additional
important tools to study the ontogeny of lymphoid compart-
ments. It is now possible to define cellular lineage and stage of
differentiation of the different fetal cell subsets in the various
lymphoid compartments (Abo, Cooper & Balch, 1982; Kamps
& Cooper, 1982; Abo et al., 1983; Rosenthal et al., 1983; Asma,
Langlois van den Bergh & Vossen, 1984; Bofill et al., 1985;
Namikawa et al., 1986). By employing a series of monoclonal
antibodies, an immunophenotypic profile of fetal lymphoid and
non-lymphoid cell subsets can be established. Together with
functional in vitro studies ofthese subsets (Gathings et al., 1981;
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Hayward, 1981; Toivanen et al., 1981), this may give more
insight into the functional abilities and maturation of the fetal
and newborn immune system. Consequently, explanations
might be found for reduced or absent immunological responses
to several antigens during early life. An important part of this
impaired immunity in the neonate and during the first year of
life is the poor response to certain antigens, in particular
polysaccharide antigens. These antigens are found on the
capsule ofseveral infectious microorganisms such as Streptococ-
cus pneumoniae, Neisseria meningitides or Haemophilus influen-
zae (Gathings et al., 1981). The described defective antibody
responses probably contribute to the increased susceptibility of
infants to, sometimes overwhelming, bacterial infections.

In adults, a comparable increased susceptibility to infections
is observed in splenectomized patients (Ruben et al., 1984;
Amlot & Hayes, 1985). Because of this, the immune response
against polysaccharide antigens has been studied in adult
humans and rodents (Ruben et al., 1984; Amlot & Hayes, 1985;
Amlot, Grennan & Humphrey, 1985; Gray et al., 1985). These
antigens belong to the category of thymus-independent anti-
gens, type 2 (TI-2). It appeared that the immune response
against TI-2 antigens is mainly dependent on the presence of the
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spleen, and that particularly the microenvironment of the
marginal zone might play an important role in the initiation and
development of this response (Amlot et al., 1985; Gray et al.,
1985). This marginal zone is a specific and unique lymphocyte
compartment, and is not found in other lymphoid tissues
(Timens & Poppema, 1985).

Because of the special role of the spleen in immunity, we

decided to study the immunophenotypes of splenic lymphoid
cells and the development of the different lymphoid compart-
ments during gestation and in neonates. The study was per-

formed by employing a panel of monoclonal antibodies in an

immunoperoxidase staining procedure on frozen tissue sections.

MATERIALS AND METHODS

Spleens of 30 fetuses, varying from 15 weeks of gestational age

(gestational weeks, gw) to newborn, were studied. The spleens
were obtained from autopsies. Cause of death in most cases was

immaturity, respiratory insufficiency, and congenital heart
defect, with no further abnormalities found. Few cases revealed
other, or additional diagnoses: spina bifida (18 gw), Potter's
syndrome (32 gw), cytochrome-c oxidase deficiency (40 gw), and
anencephaly (40 gw). Additionally, some spleens were studied
from infants aged 1, 1-5 and 4 years, respectively. These were all
removed because of trauma.

Gestational age was confirmed by foot and femur length
measurements (Wigglesworth, 1984), and correlated to the date
of the last menstrual period. Tissue blocks of each spleen were

snap-frozen in liquid freon and stored at - 700 until use.

A panel of well-known monoclonal antibodies (Sutherland

et al., 1981; Foon, Schroff & Gale, 1982; Gerdes et al., 1982;
Naiem et al., 1983; Weiss, Tedder & Fearon, 1984; Schwarting,
Stein & Wang, 1985), listed in Table 1, was used to define the
immunophenotype of the cell subsets in the studied spleens.
McAb 1G8 was developed in our laboratory (L. Visser et al.,
manuscript in preparation). The reactivity of this antibody is
identical to Leul4 (CD 22), but 1G8 is an antibody ofIgM class,
whereas Leu 14 is of IgG class. The antibodies were used in
dilutions considered to be optimal, as determined in previous
experiments.

A two-step immunoperoxidase procedure was performed on
5-tm thick, acetone-fixed, frozen tissue sections of spleen, as

described previously (Timeng & Poppema, 1985). Rabbit anti-
mouse antibody conjugated to horseradish peroxidase (DAKO,
Glostrup, Denmark) was used as the second step, and 3-amino-
9-ethylcarbazole (AEC), together with H202, as the enzyme-

histochemical reagent, giving a reddish-brown reaction product.
For conventional histology, tissue blocks were fixed in

formalin or B5 and subsequently embedded in paraffin or
plastic. Sections were stained with haematoxylin and eosin, and
the morphology of the different cell types and their microscopic
environment was studied.

Leul/lIgM double labelling
After incubation with Leul for 30 min, sections were incubated
with a mixture of fluorescein-conjugated goat anti-mouse IgG
(Cappel Lab., Cochranville, PA), detecting Leu I (which is of the
IgG class), and rhodamin-conjugated rabbit anti-human IgM
(polyclonal, Nordic, Tilburg, The Netherlands) labelling the
IgM(+) cells.

Table 1. Reactivity of the monoclonal antibodies

McAb CD MW of antigen Reactive with:

BI CD20 30,000 B cells
B2 CD21 140,000 B cells, dendritic cells (C3d receptor)
HB5 CD21 140,000 B cells, dendritic cells (C3d receptor)
Leul4 CD22 135,000 B cells
1G8 CD22 135,000 B cells
BAI CD24 45,000 B cells, granulocytes
OKIa 29,000, 34,000 HLA-DR antigen
aC3bR 205,000 C3b receptor: B cells, dendritic cells
aDRCI - NR Dendritic cells; some B cells (very weakly)
OKT6 CD1 49,000, 12,000 Thymocytes
Leu5 CD2 40,000-50,000 E-rosette receptor on T cells
OKT3 CD3 19,000 T cells, thymocytes
Leu3 CD4 55,000 T-helper/inducer cells
661IG5 CD7 41,000 T cells
OKT8 CD8 32,000-43,000 T-cytotoxic/suppressor cells
OKT9 180,000-90,000 Transferrin receptor
OKT1O 46,000, 12,000 Thymocytes; activated T and B lymphocytes; bone marrow B cells; immature myeloid

cells
Leu7 NR Large granular lymphocytes; NK/K cells
CALLA CD1O 100,000 Common acute lymphocytic leukaemia antigen

B1 and B2 were a gift from Dr L. M. Nadler (Dana Farber Cancer Institute, Harvard Medical School, Boston, MA), HB5 was
from Dr T. F. Tedder (Dana Farber Cancer Institute), and anti-immunoglobulin antibodies were from Dr J. Haaijman (RIV,
Rijswijk, The Netherlands). Leu antibodies were purchased from Becton-Dickinson (Mountain View, CA), OK antibodies were
from Ortho Diagnostic Systems (Raritan, NJ), BA I was from Hybritech (San Diego, CA), and CALLA, anti-DRC I and anti-C3bR
were from DAKO (Glostrup, Denmark).
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LeuJ/JG8 labelling
Sections were incubated with a mixture of Leul and 1G8 (CD
22) for 30 min. Subsequently, the sections were incubated with a
mixture of fluorescein-conjugated goat anti-mouse IgG, detect-
ing Leu 1, and rhodamin-conjugated goat anti-mouse IgM
(Cappel), detecting 1G8, being of IgM subclass.

RESULTS

White pulp development

In 15-week gestational age fetal spleens, few small clusters of
intermediate-sized lymphocytes were observed (Fig. la). During
gestation up to birth, these primitive white pulp cell clusters
increased with respect to the amount of cells, and gradually they
became more organized, forming a follicle-like shape (Fig. Ib).
However, all lymphocytes were of equal, intermediate size, and
no distinct lymphocyte compartments could be discerned in all
subsequent gestational stages. Development of a germinal
centre reaction was not observed in any of the studied fetal or
neonate spleens.

Presence of B cells during splenic development

At 15 gw small perivascular accumulations of B cells were
observed, which became more prominent during fetal develop-
ment, until at the time of birth a sort of primitive follicle was
formed. In all developmental stages the cells stained for Bl,
Leu14, aC3bR, T1O, OKIa, and relatively strongly for BAL.
Staining for TIO was strong in the first and second trimester and
very weak after 26 gw. In most cases B2 (anti-C3dR) showed
very weak staining of B cells, and in some (early) cases B2

reactivity of B cells seemed absent. HB5, a monoclonal anti-
body, also recognizing the C3d receptor, showed a staining
pattern similar to B2. Almost all B cells were sIgM(+) as well as
sIgD(+) (Fig. 2). No cells stained for IgA, whereas an IgG
stained cell was occasionally observed. Kappa and lambda
showed complementary staining of virtually all B cells in a ratio
of 2-3 to 1.

Staining for CALLA was not present in the primitive white
pulp. Although CALLA staining in the red pulp was difficult to
evaluate, in most cases few weakly CALLA-positive lymphoid
cells were observed. In the third trimester generally no CALLA
staining was seen.

At 15 gw up to 20% ofthe splenic B cells stained for Leul, as
confirmed by double staining for Leul/IgM and Leul/1G8.
With increasing gestational age, a gradual decrease in the
relative amount of B cells, staining for Leu 1 was observed, until
after about 25 gw only very few Leul (+) B cells were seen,
comparable to the adult situation.

The red pulp showed very few scattered B cells, with
immunophenotypes similar to the described white pulp B cells.
Except for the described Leul and TIO staining, all splenic B
cells exhibited a constant immunophenotype during all
observed stages of fetal development.

Presence of T cells in fetal and neonate spleen

At early gestational age T cells were scattered throughout the
splenic tissue. At 17-18 gw very small groups of T cells were
found surrounding small arterioles, and scattered individual T
cells were also present. A progressive accumulation of T cells
was observed with increasing gestational age (Fig. 3). In the
early stages these T-cell areas were not very well organized and
there was no sharp demarcation between T-cell and B-cell areas.

Figure 1. Haematoxylin and eosin stained sections of spleen: magnifications x 112 (above) and x 280 (below). (a) 17 gw: scattered
intermediate-sized lymphocytes, sometimes in small clusters: (b) 40 gw: primitive white pulp area.
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Figure 2. Immunoperoxidase staining of 26 gw fetal spleen for (a) IgM, and (b) IgD (magnification x 98); almost all B cells are stained
for IgM and IgD.

. jŝ- At the end of the second trimester a well-organized area of T
i't0S iii S cells was found, situated around arterioles. This fetal peri-

ii7,s,, ,,,,>! I f E M g g gisjarterial lymphocyte sheath (PALS) was adjoining the primitive
l~'~ .! -j . | lw. . > s g I l SB-cell follicles. In these B-cell follicles very few scattered T cells

!RR!''1E'.......*... Al Or''werefound.
The T cells showed immunophenotypes similar to T cells of

Wt w; ': :::>.. Ra.=1the PALS in adult spleen (Timens & Poppema, 1985). All T cells
~~~~~~~ ~~~~~stained for Leul, Leu5, OKT3, TIO and 66-II-G5, and addi-

Add illtionally for Leu3 or T8 in a ratio of 2:1. OKT6(+) cells were
- X* i W g gi|rarelyobserved. Apart from the staining ofT cells, Leul showed

B-cell reactivity as described above.
Leu7 in adults reactive with natural killer cells and germinal

centre T cells (Abo et al., 1982,1983; Poppema, Visser & De Ley,
1983; Pizzolo et al., 1984) generally showed no staining at all,
although a stained cell was occasionally seen.

Figure 3. Spleen section stained with 66IIG5 (CD7): (a) 18 gw: scattered
cells, sometimes in small clusters; (b) 26 gw: somewhat larger T-cell
clusters (magnification x 112).

Non-lymphoid constituents of fetal and neonate spleen

At 17-18 gw very few individual aDRC(+) follicular dendritic
cells (FDC) were present, localized in the described B-cell
clusters. A dendritic meshwork, formed by FDC in the primitive
B-cell follicles, was observed from 22 gw. During gestation the
dendritic meshwork increased in size in proportion to the
increasing amount of follicular B cells. FDC stained with B2,
aC3bR, anti-DRC, and, although weakly, with OKIa. Gener-
ally no detectable immunoglobulin staining of FDC was
present, although occasionally some spleens (mostly in the third
trimester) showed FDC staining for IgM. Interdigitating cells of
the T-cell area (IDC) stained strongly for OKIa, and were
present in the earliest formed clusters ofT cells at about 18 gw.

OKT9, which recognizes the transferrin receptor, reacted
with a considerable amount of cells, scattered throughout the
red pulp. Most were large cells, most probably myeloid cells,
and some very large cells, presumably macrophages, were also
stained. Also, clusters of large cells in the red pulp showed
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Figure 4. (a) Leu3 staining of fetal spleen, 28 gw, showing staining of lymphocytes, and in the red pulp of histiocytes (magnification
x 112). (b) Higher magnification of Leu3 staining of histiocytes in the red pulp (magnification x 448). (c) T8 staining of 23 gw spleen:
few scattered positive lymphocytes; no staining of sinusoid lining cells is observed (magnification x 1 12). (d) T8 staining ofadult spleen:
staining of lymphocytes as well as red pulp sinusoid lining cells (magnification x 112).

OKT9 reactivity, probably representing erythroblasts. In
several, but not all, cases, globular cytoplasmic staining for IgG
was observed in large cells in the red pulp.

Leu3 and TlO stained, in addition to T cells, variable
amounts of large cells in the red pulp, most probably ofmyeloid
lineage (monocytes/histiocytes) (Fig. 4a and b). After 28 gw this
particular reactivity of Leu3 decreased to a pattern comparable
to the adult situation, and the reactivity of TlO was reduced or
absent.

Staining of sinusoid lining cells (SLC) in the red pulp by T8,
as observed in adult spleen (Timens & Poppema, 1985), was not
observed in fetal spleens before 32 gw (Fig. 4c and d). After 32
gw most fetal and neonate spleens showed this specific T8
staining of SLC.

Apart from B cells and FDC, B2 also stained the endothelial
cells of small vessels. These endothelial cells did not stain with
HB5 or aC3bR.

Immunohistology of infant spleen

The immunophenotypes of the different cell subsets and lym-
phoid compartments of the three infant spleens (of children
aged 1, 15 and 4 years, respectively) were all similar to the
findings in adult spleen (Timens & Poppema, 1985).

DISCUSSION

The finding that all lymphocytes in the different developmental
stages of fetal spleen are of intermediate size (i.e. clearly larger
than the small B and T lymphocytes observed in adult tissues)
indicates that no separate lymphoid compartments can be
distinguished on morphological grounds. Follicular dendritic
cells, staining for B2, aC3bR, a-DRC and OKIa, but not for
immunoglobulin, and strongly OKIa-positive interdigitating
cells of T-cell area, are present in early developmental stages.
Localization and immunophenotype of these cells are similar as
observed in adult spleen (Timens & Poppema, 1985). T-
lymphocyte subsets in fetal spleens have adult-type immuno-
phenotypes, and the appearance of a more or less organized T-
cell compartment, the primitive PALS, takes place at relatively
advanced gestational age. Impaired cellular immunity in neo-
nates (Olding, 1979; Andersson et al., 1981; Toivanen et al.,
1981) cannot simply be explained by the absence ofone or more
T lymphocyte subsets. However, it cannot be excluded that this
reduced immunity is due to functional immaturity or inadequate
quantities of certain fetal T-cell subsets (Andersson et al., 1981).
Leu7 generally shows reactivity in very few cells, which is in
accordance with a low natural killer activity in neonates
(Toivanen et al., 1981; Abo et al., 1982; Baley & Schacter, 1985)
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and with the absence of germinal centre development (Pop-
pema, Visser & de Ley, 1983; Pizzolo et al., 1984).

The conclusion that in rats the earliest B cells in fetal spleen
are the marginal zone cells (Dijkstra & Dopp, 1983) cannot be
confirmed in humans. Although we do observe intermediate-
sized cells in human fetal spleen, the immunophenotype of these
cells, determined by positive staining for Bi, Leul4, aC3bR,
TIO, sIgM, sIgD, and strong staining for BAl, while B2
staining, as well as HB5 reactivity, in most cases is very weak,
and in some (early) cases absent, does not at all resemble that of
adult marginal zone cells [IgM(+) IgD(-) Bl(+) BAl(+)
Leul4(+) aC3bR(+) TlO(-) and strongly B2(+)]. Lympho-
cytes of intermediate size with this fetal spleen immunopheno-
type do not comprise a significant population in human adult
lymphoid compartments (Timens & Poppema, 1985), and
probably represent a precursor cell population for one or more
of the adult B-cell populations. Although we found only a few
weakly CALLA( +) B cells localized in the red pulp, others have
reported the presence of up to 10% CALLA(+) B cells in fetal
spleens (Rosenthal et al., 1983; Delia et al., 1985). This
discrepancy may be caused by the fact that their study was
performed on cell suspensions, which allows a better detection
of antigens present in low density on the cell membrane.

The finding of a substantial amount of Leul(+) B cells in
early fetal life (mainly 15-25 gw) is of interest. The presence of
Leul (+) IgM( +) cells is also reported in other fetal lymphoid
tissues, often in large amounts (Bofill et al., 1985; Antin et al.,
1986). B cells with this phenotype are found in very low amounts
in adult lymphoid tissues (Caligaris-Cappio et al., 1982), but in
large amounts in centrocytic and immunocytic lymphomas, and
in B-CLL (Harris, Nadler & Bhan, 1984; Anderson et al., 1984;
Harris & Bhan, 1985). Therefore, fetal Leul(+) IgM(+)
IgD(+) B cells may represent the normal counterpart of these
lymphoma subtypes and/or B-CLL (Bofill et al., 1985; Antin et
al., 1986).

The most striking feature in human B-cell immunity in
neonates is a defective response against polysaccharide antigens
(Andersson et al., 1981; Gathings et al., 1981; Hayward, 1981).
The immune response against the group of thymus-independent
antigens type 2 (TI-2), which includes polysaccharide antigens,
is thought to take place mainly in the spleen, as determined in
animal experiments (Amlot & Hayes, 1985; Amlot et al., 1985;
Gray et al., 1985; Claassen, Kors & van Rooijen, 1986). One
particular aspect of this response is the presentation of the TI-2
antigens by specialized marginal zone macrophages to B cells
(reviewed by Amlot et al., 1985; Gray et al., 1985; Claassen et al.,
1986). Whether this immune response is restricted to marginal
zone B cells and maybe T cells (Amlot et al., 1985) is not yet
clarified. The total absence of an ('adult type') marginal zone in
fetal and neonatal spleen may be at least a partial explanation
for the defective immunity against TI-2 antigens in newborns.

The observed clusters of large OKT9 stained cells probably
represent erythroblasts, expressing large amounts of transferrin
receptors (Omary, Trowbridge & Minowada, 1980; Sutherland
et al., 1981).

Leu3 was reported to react weakly with cells of monocyte/
histiocyte lineage (Wood, Warner & Warnke, 1983; Stewart,
Fujimoto & Levy, 1986), and T1O is known to be reactive with
myeloblasts and myelocytes, but not with mature myeloid cells
(Janossy et al., 1981). Large cells in the fetal splenic red pulp,
positive for Leu3 and/or T10, are therefore likely to represent

(immature) cells of myeloid and/or monocytic origin. The
globular IgG staining in the cytoplasm of large cells, most
probably ofhistiocyte/macrophage lineage, is likely to represent
phagocytosis of maternal IgG, since during fetal life hardly any
production of fetal IgG is found (Hayward, 1981).

The T8 and Leu2 staining of sinusoidal lining cells (SLC) in
the red pulp in adult spleen (Timens & Poppema, 1985; Buckley,
Dickson & Walker, 1985) is also observed in fetal spleens after
32 gw and in the three infant spleens, but is totally absent in fetal
spleens before 32 gw. The function of this T8-reactive molecule
on SLC is unclear. The T8 molecule is reported to be specifically
and spontaneously released from T cells (Fujimoto, Stewart &
Levy, 1984), and may therefore be passively acquired by certain
cells. In our material, the observed T8 reactivity of SLC in fetal
spleen (after 32 gw) is present in the same gestational period in
which a decrease and subsequent absence ofhaemopoiesis in the
red pulp is also seen. Thus, although these events may be
coincidental, it can be speculated that the antigen on SLC,
recognized by T8, may be involved in the regulation of
haemopoiesis in the spleen.

Although no 'adult' lymphoid compartments are present at
birth, the immunohistological findings in the three infant
spleens indicate that the development of the splenic lymphoid
subsets into an adult configuration with adult immunopheno-
types most probably is completed in the first year after birth.
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