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Abstract: There is reliable information about how changes in spleen histology are influenced by the relationship
among B and T lymphocytes, macrophages, dendritic cells and myofibroblasts. Moreover, if it can be applied in
the day-by-day pathology laboratory. This work intends to elucidate morpho-functional aspects of relationships of
these cells in the different spleen compartments, how they are influenced by pathological conditions and how
basic immunohistochemical techniques could optimize the histopathological diagnosis. We analyzed the useful-
ness of the monoclonal antibodies CD45R0, CD20, CD21, CD35, CD68, caldesmon, the smooth muscle a-actin
type 1 (SMA-1) in 91 specimens. CD21+ CD35+* follicular dendritic cells were organized into three patterns in
agreement with the immune condition of the lymphoid follicle. Smooth muscle a-actin type 1* and caldesmon*
myofibroblasts draw two double rings: marginal-perifollicular and germinal-marginal. The latter is closely related
to T-cells. CD68* red pulp macrophages had clear and linear configuration. The interruption of this CD68* linear
pattern in splenic marginal zone lymphoma cases could be a criterion to differentiate it from reactive hyperplasia.
CD45R0, CD20, CD21, CD68 and SMA-1 provide a basic and quality immunohistochemical battery for a better
comprehension of the human spleen and could improve its histopathological diagnosis.
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Introduction

The spleen is the key organ in the highly-
efficient immunologic response. Until a few
decades ago the available data regarding the
spleen lymphoid follicle organization were just
random pieces of information derived from
studies on different animal species, mainly
rats [1-4]. There was consensus on only a few
points. Now recent comparative studies are
proving that these previous data were insuffi-
cient and inapplicable to the human spleen [5,
6]. These works emphasized the role of dendri-
tic cells (DCs) in the immune dynamic of the
spleen. DCs are the most powerful and com-
plex antigen-presenting cells (APC) in any or-

ganism, with a high level of specialization,
even inside different functional compartments
of a given tissue, such as the spleen. Major
efforts have been carried out to characterize
the biological properties of DCs by means of
cell cultures and immunohistochemical and
biomolecular techniques. Yet little is known of
how the morphologic changes of DCs and their
relationship with lymphocytes, macrophages
and myofibroblasts and their functional condi-
tions could be useful in the routine pathologi-
cal laboratory. Thus, we focused our investiga-
tion on research defining easy and practical
FDC patterns in lymph follicles and how these
patterns influence macrophages and myofi-
broblasts.
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Table 1. Human spleens removed ex vivo

Diagnosis

Number of organs

Blunt abdominal trauma

Lymphomas

Gastrointestinal malignancies

Thrombocitopenic purpura and autoimmune anemies
Abdominal surgical procedures

latrogenic spleen lesions

35
12
20
13
7
4

To this effect we studied FDCs in different
splenic compartments, the population of myo-
fibroblasts and their relation to the macrop-
hage alterations under several pathological
circumstances. We selected monoclonal anti-
bodies that would provide accuracy and were
easily to reproduced, even on poorly fixed pa-
raffin-embedded section, aiming to obtain a
day-by-day immunohistochemical panel. In
designing the present work we took into ac-
count two definitions

First, the terms used in the scientific literature
of perilymphoid [7] or perifollicular [8] zone
could lead to conceptual mistakes [5, 8, 9I.
New histological findings show this lymphoid
band only around follicles. Therefore, it would
be better to call it perifollicular zone (PZ). Mo-
reover, this terminology fits adequately with
the spleen immune system dynamics: PZ se-
ems to be limited to those zones where recir-
culating memory B cells are correctly stimula-
ted [5, 10-12].

Second, myofibroblasts could exhibit a varia-
ble immunophenotype. Eyden B [13] states
that the electronic microscope is the only
technique that could reliably identify a certain
cell type. At present, knowledge of the defini-
tion of myofibroblast has been widely accep-
ted, though inaccurate: a spindle-shaped cell
which expresses the a-actin of smooth muscle
cells. It is inaccurate because other cell types
could be spindle-shaped and can express the-
se molecules. On the contrary, when myofibro-
blast are located in normal tissues and in cer-
tain histological context, it is quite easy to
identify them and to exclude other cellular ty-
pes [13,14].

Material and methods

Human spleens

190

We performed a retrospective investigation
using 91 specimens obtained from the hospi-
tal pathology archive, between 10 and 90 ye-
ars of age (41 females and 50 males). All
samples were removed ex vivo in the Universi-
ty Hospital Virgen Macarena between 1996
and 2001. The diagnosis that led to spleen
removal is summarized in Table 1.

Blunt abdominal trauma cases were evaluated
separately (other studies have considered it
from a physiologic perspective).

The lymphoma cases correspond to four sple-
nic marginal zone lymphomas (SMZL), three
large B-cell lymphomas, two Hodgkin’s lymp-
homas, a gastric MALT lymphoma, a follicular
lymphoma and a T-cell lymphoma. Vascular
neoplasms such as angiosarcoma or heman-
gioma were not included.

Single-staining paraffin antibody sections

Paraffin sections were processed routinely
through dewaxing in xylene and rehydrating in
graded ethanol. Then, they were washed in
double-distilled water and incubated overnight
at 37°C. Immune reactions were visualized
using the avidin-biotin complex technique (No-
vocastra laboratories Ltd, UK) following the
manufacturer’s instructions and using an au-
tomated (Ventana ES) and joint detection
(Ventana enhanced DAB) system. For antigen
retrieval we used 1600 ml of 0.01 M sodium
citrate (except for CD35) boiled in a pressure
kettle without closing the lid. For CD35 we
used ethylene diamine tetra-acetic acid (EDTA)
1:50 in a microwave for 2 minutes.

All cases were subjected to single staining
immunohistochemical techniques with diffe-
rent antibodies. Three to four sections in cases
without splenomegaly; twenty to twenty-five in
those with lymphoma were obtained. A flexible
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Table 2. Monoclonal antibodies

Monoclonal mouse antibody Clone Isotype Specificity Dilution Origin

CD45R0O Ab 18G2a Common leucocitary antigen Predilution Ventana Medical System inc. Tucson, USA

CD20 L26 1gG2a K Intracytoplasmic epitope linked Predilution Ventana Medical System inc., Tucson, USA

to CD20 antigen

CD21 2G9 1gG2a Human CD21 antigen 1:10 Novocastra Laboratories Ltd. Newcastle,
UK

CD35 RLB25 18G2b Human CD 35 antigen 1:40 Novocastra Laboratories Ltd. Newcastle,
UK

CD68 KP1 1gG1 k Human CD68 antigen 1:200 Novocastra Laboratories Ltd. Newcastle,
UK

SMA-1 1A4 1gG2a Smooth muscle alpha-chain Predilution Zymed laboratories inc. San Francisco, CA,
USA

Caldesmon TD107 1gG1 Human caldesmon 1:50 Novocastra Laboratories Ltd. Newcastle,
UK

estimation of the follicles included between
fifteen to several dozen per case was made.

A total of 91 cases were stained with CD45R0,
CD20 and CD21. CD35 was finally used on 72
cases and CD68 on 70 cases. Table 2 shows
monoclonal antibodies used on paraffin-
embedded sections, their sources and dilu-
tions.

FDCs were stained with CD21 and CD35 on
separated paraffin-embedded sections. Ma-
crophages were stained with CD68, B-
lymphocytes with CD20 and active T-
lymphocytes with the common leukocyte anti-
gen CD45RO0 isoform.

Myofibroblasts were stained with caldesmon
and monoclonal antibodies against the smo-
oth muscle a-actin type 1 (SMA-1) on 17 cases
for each antibody on different paraffin-
embedded sections. Only 5 cases were stai-
ned with both immunohistochemical markers.

The cases selected to be stained with caldes-
mon and SMA-1 required having good-quality
tissue slides, all previously stained with CD21,
CD35, CD45R0 and CD20. Ten of the cases
corresponded to follicular hyperplasia and the
rest were lymphomas (SMZL, large B-cells).

Method

We followed well established criteria [15-17]
to identify non-specific reactive changes, inci-
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dental splenectomy and after abdominal
trauma, spontaneous spleen rupture and the
basic features of SMZL [18-19]. Cases were
studied by two different observers. All availa-
ble sections of each given case were reviewed.
First, we evaluated all the immunostains of a
given specimen, together with their correspon-
ding haematoxylin-eosin section. Then we ana-
lyzed the distribution of the lymph follicles,
their relation to blood vessels and the presen-
ce of germinal centres (GC) and their cell po-
pulations and red pulp cell configuration. We
compared the undamaged areas of spleen
tissue with those affected by a neoplastic po-
pulation (including non-SMZL cases). Second,
we reviewed all slides stained with a single
monoclonal antibody, the staining intensity
(slight, mild or strong), its cellular localization
(cytoplasm or membrane) and distribution. The
distinct morphology and distribution of active T
lymphocytes helped to differentiate them from
monocytes and granulocytes.

Results
Monoclonal antibodies accuracy

Both monoclonal antibodies CD21 and CD35
did characterize follicular dendritic cells (FDCs)
network. CD21 was positive in 73.6% of the
analyzed cases (n=91) and CD35 in only
36.1% (n=72). Therefore, CD21 was more
sensitive, specific and provided a uniform im-
munohistochemical staining (Figures 1A-1E),
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Figure 1. A. Active secondary lymphoid follicle. SMZL and hyperplasia follicular area. Hematoxilin-eosin. B.
FDCs pattern type 1. Primary lymphoid follicle. Follicular hyperplasia. CD21. C. FDCs pattern type 2. Small GC
and wide MZ phase. Follicular hyperplasia. CD21. D. Follicle with small GC and wide MZ phase. Follicular hy-
perplasia. CD21. E. FDCs pattern type 3. SMZL. CD21. F. FDCs meshwork invaded by cells belonging to SMZL.
SMZL. CD21.

with a lower rate of cross-linked reactions than noclonal antibody CD68 was positive in 91.4%
CD35. CD35 had various cross-linked staining of the samples (n=70). It showed homogene-
reactions, mainly with B-cell lineage. The mo- ous results and lack of significant cross-linked
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reactions in the red pulp or lymph follicles (Fi-
gure 2G). SMA-1 staining (Figures 2I-2K) was
more sensitive and specific than caldesmon
(Figure 2L) to stain myofibroblasts. SMA-1 we-
re positive in 88.2% of the cases (n=17), whe-
reas caldesmon in only 52.9% (n=17). SMA-1
results were uniform even under different his-
tological tissue conditions.

CD20 and CD45RO were positive in 95.6%
and 98.9% of the cases, respectively (n=91).

Macrophages

We observed three different macrophage po-
pulations (Figures 2G, 2H). The first one was
constituted by isolated cells in the inner part of
the sinus lumen, showing a mildly stained po-
lygonal morphology with short cytoplasmic ex-
tensions around a small cell body. The second
population was parallel to sinus endothelial
cells. They had lengthened bodies and slender
nuclei and their strong positive staining deli-
neated clearly the whole sinus network. The
third population was the macrophages located
in the follicles. These cells showed thin and
branching bodies, with some medium-sized
cytoplasmic extensions. They were isolated in
GC, the mantle zone and the inner area of the
marginal zone (MZ). Their number increased
inside large GC.

Basic patterns of FDCs

We describe three FDCs network patterns ba-
sed on their immunostaining intensity, the
shape of the cell body and the range of the
cytoplasmic extensions.

a) Type 1: growing mesh: (Figure 1B). FDCs
showed small, oval and slight to mild intensity
staining bodies. They were like a scattered,
fine and well-developed network of cytoplas-
mic extensions that could reach the proximity
of T-cells ring. FDCs were circumscribed within
a small and frayed GC, not clearly limited by
the mantle zone.

b) Type 2: full-blown mesh: (Figure 1C). FDCs
shaped a wide and spider-shaped network that
was limited by an inner T-cell ring. Oval- and
small-shaped FDCs bodies with long and thick
cytoplasmic extensions in the dark zone (DZ)
were observed. These processes spread
through the light zone (LZ), showing stronger
staining. This mesh could even pass through
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the mantle zone (Figure 1D) and acquired a
frayed appearance in the follicles without a
closed inner T-ring. This network could isolate
inner heterogeneous and small cellular
groups.

c) Type 3: backward mesh: (Figure 1E). The
dendritic network is enclosed in a small and
round GC. FDCs were scattered, with big,
rounded and strong staining bodies. The den-
dritic processes were difficult to identify. GC
showed regressive or atrophic appearances.

Follicular hyperplasia phases

We observed three basic phases in relation to
the spleen immune activity at the moment of
splenectomy.

Primary follicle: This phase was observed in
21% of cases of benign follicular hyperplasia.
The lymphoid follicles had well-structured B
and T cell populations. There were numerous
extrafollicular foci of B-cells. CD68* macrop-
hages drew the sinuses network clearly in a
mirror configuration (Figure 2G). FDCs mesh
could not be seen and was not organized in a
type 1 pattern. SMA-1* and caldesmon* myofi-
broblasts showed a slighted and layered dis-
tribution in PZ.

Transition between primary and secondary
follicles: The transition between primary and
secondary follicles included different changes.
The extrafollicular foci of B-cells appeared
scarce in the red pulp. MZ grew and made it-
self widen. It began to view CD20* cells of
plasmacytoid configuration. T-cell double ring
did not exist in the primary follicles. The orga-
nization of T lymphocytes in this ring was one
of the main morphological changes to secon-
dary follicles. This ring was not observed in this
transition phase. The crossover of two layers
of T cells or a unique layer of T-lymphocytes
were observed. FDC network began to grow,
but it was not limited by the inner ring of T
lymphocytes. The cytoplasmic extensions
spread themselves to LZ and reached to MZ
inner layer. SMA-1* caldesmon* myofibroblast
were not configured in a parallel double-ring to
T-lymphocytes (see ahead). The myofibroblasts
were not configured in any organized structure
and relatively scarce compared to their pre-
sence in the secondary follicles with prominent
GC.
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Figure 2. G. Macrophage lineal drawing the red pulp sinuses. Hodgkin’s lymphoma, hyperplasic area.
CD68. H. Disturbance in macrophage lineal drawing. Spleen trauma, hyperplasic area. CD68. |. Myofibro-
blasts associated to red pulp. Follicular hyperplasia, active GC. SMA-1. J. Marginal-perifollicular myofibrob-
last double ring (MPDR). Follicular hyperplasia, large MZ. SMA-1. K. Germinal-marginal myofibroblast
double-ring (GMDR). Large cells LNH B lymphoma, hyperplasia area. SMA-1. L. Germinal-marginal myofi-
broblast double-ring (GMDR). Follicular hyperplasia, large MZ. Caldesmon.

Secondary follicle with prominent GC: We ob- follicles (Figure 1A): a wide MZ, a defined man-
served this phase in 28% of the specimens. tle zone and a prominent GC. There was a lar-
This pattern had uniform and well-developed ge concentration of plasmacytoid or mo-
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Figure 3. M. T-ring emerging from the T-cell meshwork associated to PALS. Follicular hyperplasia, large
MZ.CD45R0. N. T-cell double-ring in a follicle with a small GC and wide MZ. Follicular hyperplasia, large MZ.
CD45R0. 0. Lymphoid follicles with T-cell double-ring in different moments of their organization next to PALS.
Follicular hyperplasia, large MZ. CD45R0. P. Follicle with large GC (left). Follicle with small GC and wide MZ
(right). Spleen trauma, follicular hyperplasia. CD45R0. Q. Secondary lymphoid follicle. Follicular hyperplasia,
developed GC. CD20. R. Secondary lymphoid follicle (left) next to PALS (right). Follicular hyperplasia, large MZ.

CD20.

nocytoid CD20* B cells in the outer layer of
MZ. There were also perivascular arteriolar
sheaths of B-cells throughout the red pulp (Fi-
gure 3R). T-lymphocytes were found delinea-
ting a double-ring: an inner circumference limi-
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ting GC from mantle zone and an outer one
surrounding MZ, separating it from PZ (Figures
3M, 3N). There is a FDCs mesh type 2. Cal-
desmon* and SMA-1* myofibroblast double-
crown were also present in a mirror image re-
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garding T cell double-ring, that we have called
germinal-marginal double-ring (GMDR) (Figures
2K, 2L).

Follicles with small GC and wide MZ: This pha-
se was the most frequently observed in the
present study, reaching up to 51% of the total
cases - including half the spleen trauma spe-
cimens. There was a huge T-cell population in
the red pulp and PALS (Figures 3P). The pre-
sence of the double T-ring was occasionally
viewed. B-lymphocytes configured large MZ.
However, B-cell perivascular sheaths were
scattered and poorly defined. A backward net-
work of FDCs was observed (pattern 3). Cal-
desmon* and SMA-1* myofibroblasts configu-
red a different double-crown. The outer cir-
cumference divided PZ from the surrounding
red pulp. The inner circumference limited MZ
and PZ. We have called this structure the mar-
ginal-perifollicular double ring (MPDR) (Figures
2)).

Spleen trauma

Follicular benign hyperplasia was mainly found
in a third phase configuration (55%). The pre-
sence of primary follicles (11%) or secondary
follicles with prominent GC (33%) were obser-
ved less frequently. The predominant lineages
identified in these large MZ were B cells. The
T-cells were scattered and showed no definite
distribution in PALS, mantle zone or GC. The
mild staining of the CD68* macrophages re-
vealed a homogeneous population. The red
pulp had a spongy appearance surrounding PZ
(Figures 2H) and sometimes perifollicular blo-
od congestion was viewed. FDCs networks
were configured in a type 3 pattern. Caldes-
mon* and SMA-1* myofibroblast population
had no double-crown structures.

Splenic marginal zone lymphoma

Non-tumoral and tumoral CD20* B-
lymphocytes were predominant in MZ. The B
malignant cells colonized the red pulp and
shaped niches between the lymph follicles.
CD45R0O* T-lymphocytes were mainly located
in the follicles. In general, the macrophage
population was handicapped: they drew rather
isolated groups in the red pulp. We observed
bridges of B malignant lymphocytes that inte-
rrupted the continuity and uniformity of the
CD68* macrophage meshwork. FDC network
had an open-centre that resembled onion la-
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yers. Malignant lymphoid cells were located
between each of these layers (Figure 1F).

Discussion

CD35* and CD21+* dendritic cells: about its
patterns

Although CD21 was more specific than CD35,
neither of them could identify interdigitating
dendritic cells, and therefore, changes betwe-
en inner and outer areas of PALS. Thus, we
were not able to report histological findings
related to the sequence of DCs maturation in
PALS [5, 20, 21-29].

FDCs are more than “passive” APC [27, 30-
35]. We found three patterns of FDC mesh
configuration. Pattern type 1 belonged to the
primary lymph follicle. Pattern 2 was characte-
ristic of secondary lymph follicles with well-
developed GC and pattern 3 appeared in se-
condary lymph follicles with a small LZ, large
MZ and plenty of B-cells.

Bofill et al. [36] defined a first ASO2+++ CD21*
IgM+ FDCs type that is located in primary folli-
cles. They proposed a certain loss of GC struc-
ture in the third phase of its development
(Table 3).

We found no positive staining in primary latent
follicles for CD21, CD35, SMA-1 or caldesmon
that could identify FDCs or myofibroblasts.
Although FDCs mesh became less prominent
and the T cell double-ring began to blur, the
follicular B-cell population preserved its orga-
nization thanks to MPDR. Thus, GC would be
not disorganized, but rather it would be a
change in the primary roll of cells [36]. On the
other hand, we had great difficulties to diffe-
rentiate B-cell bodies from FDC cytoplasm ex-
tensions in the follicles with a GC in regression
or inactive primaries follicles. We did not use
suitable monoclonal antibodies to obtain this
and thus we were unable to view those cells
described by Bofill et al.

These findings might indicate that inactive
primary follicles have not been colonized by
FDCs yet. The FDCs pattern 2 reached and
extended itself far from GC: it passed through
mantle zone and could reach the inner border
of MZ [5, 36] (Figures 1C, 1D) in secondary
lymph follicles. The characteristic of this net-
work suggested that cells could play a role in
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Table 3. FDCs patterns and immune status of the lymphoid follicles

FDCs pat- Meshwork organization Bofill et al Follicle’s immune status
terns FDCs types
No staining or cross-linked Type 1 Primary follicles in a latency statement or pre-
lymphoid staining designed secondary follicle statement
Pattern 1 Mesh in organization Types 2 and 3 Activated primary follicle
Pattern 2 FDC blowned network Types 4 and 5 Secondary follicles with prominent GC
Pattern 3 Involution or atrophy Type 6 Follicle with backwarding GC and wide MZ

Table 4. Principal morphological characters of myofibroblast
Myofibroblasts not related to lymphocytes Myofibroblasts related to lymphocytes

SMA-1 and caldesmon high intensity SMA-1 and caldesmon low intensity

Bordering PALS Inner PALS

Marginal-perifollicular myofibroblastic double ring Germinal-marginal myofibroblastic double ring

They would correspond with the filtration beds and In close association with T and B lymphocytes
barrier cells described by Weiss65,70,71 In continuity with FDCs mesh in the seccondary
follicles

the control of the B-cell maturation sequence
[37-43], together with T lymphocytes [37, 38,
44-48].

Myofibroblasts double-crown configurations

The spleen could also be defined as a myofi-
broblast network with vascular vessels and the
immune system throughout [5, 49, 50]. Based
on this definition, the weaker staining of the
caldesmon antibody (Figure 2L) could be ex-
plained by higher cross-linked reactions with
erythrocytes and other cell types that densely
populate the spleen.

Our work did not provide data on extramedu-
llar haematopoiesis [51].

The splenic myofibroblasts were organized in
two double-crowns that limited different morp-
hological compartments (Table 4). A first group
was organized in a strong positive staining
continuous network throughout the white pulp
and limiting it from the red pulp [9, 49, 52, 53]
(Figures 21, 2J). The higher-density staining
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could be explained by a high concentration of
ao-actin molecules and the specific activation
of these cells [54]. We could not identify a
marginal sinus in the human spleen tissue.
The barrier role of MPDR [5, 9, 55-59] (Figure
2J) could assume maginal sinus functions in
the human spleen tissue, possibly together
with macrophages [60-64]. These observa-
tions are against the results of classical expe-
riments with microcorrosion cast techniques
[51, 65-70]. MPDR configuration suggests that
they could correspond to the filtration beds
described by Weiss [71, 72] and indeed, they
could have cell distribution and filtration func-
tions [73, 74].

The second group of myofibroblasts shaped
the GMDR. Its position in lymph follicles was in
concordance with the T-cell distribution (Figu-
res 2K, 2L). This configuration might translate
immunologic activities [49, 73, 75-77].

Is there a relationship between myofibroblasts
and FDCs?

Int J Clin Exp Pathol 2010:3(2):189-202
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We observed that myofibroblast and FDC net-
works share common spaces in the inner
compartment of the spleen (Figures 1C, 1D,
2K, 2L). The scattered apoptosis images in the
backward GC could indicate the need of accu-
rate cell renovation [78-80]. Several reasons
could be argued to explain it. Perhaps FDCs
are no longer stimulated or have completed a
number of cell cycles and then have fallen into
apoptosis or alternately might return to a role
in myofibroblast mesh [36, 38, 81]. Further
studies are needed to clarify it.

Over the last 30 years, two main hypotheses
about FDCs origin have been proposed: hema-
topoietic precursors emigrated from the bone
marrow or mesenchymal precursors [27]. Our
data could be better explained with findings
from different studies that support the mesen-
chymal hypothesis [5, 39].

The histological proximity of both cells cannot
be a coincidence. Munoz Fernandez et al. [82]
showed that FDC cell lines could be isolated
and supported in fibroblast culture medium.
These cell lines could express SMA, so it rela-
tes FDC with myofibroblasts. So, under specific
conditions, FDC could express a common mar-
ker with myofibroblast.

Moreover, other investigators have described
the common expression in FDCs and fibroblast
cell types of protein antigens [83] such as 3C8
[84] and ASO2 [36] and the presence of FDCs
in various non-tumoral pathologies, postulating
their development from mesenchymal fibro-
blasts [38, 48, 85-87].

The macrophage populations: usefulness in
pathologic diagnosis

CD68 provided high-quality characterization of
the macrophage population in red pulp and
lymph follicles. The macrophages appeared as
a uniform population in the spleen [78, 79,
89]. The red pulp CD68* macrophage popula-
tion was easy to identify by drawing a homo-
geneous perisinusoidal configuration. We
found a loss of integrity of the sinus CD68*
delineation [88] locally in splenic traumatic
ruptures (Figures 2G, 2H) or tumoral infiltra-
tion (i.e. SMZL). It is important to differentiate
these cases from “bloody-packed” zones, next
to PZ, that are a source of false images of dis-
continuity. The lack of these lineal CD68*
structures could be very useful to the differen-
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tial diagnosis of SMZL and follicular hyperpla-
sia.

Spleen trauma, follicular hyperplasia and
SMZL: key points

The spleens coming from posttraumatic sple-
nectomy were mostly related to those locally or
the systemic process provoked an increased
production of antibodies (e.g., mononuclear
syndromes or lymphomas). Thus it was com-
mon to find lymph follicles with large MZ. So B
lymphocytes were the predominant observed
lineage cell. T lymphocytes seemed to be dis-
persed in the posttraumatic splenectomy spe-
cimens. They were neither a homogenous po-
pulation in lymph follicles nor in the red pulp.
Scattered double T-rings were viewed. In the
trauma cases T cells tended to concentrate in
PALS, mantle zone and GC. In contrast, in the
benign hyperplasia, T cells were clearly in each
compartment.

CD68* macrophages still preserved a medium
staining. They acquired a compact aspect in
PZ. This phenomenon, due to a rich vasculatu-
re of PZ, characterized the spleen trauma ca-
ses.

FDC could still be identified in a type 3 pattern.
However, SMZL cases are characterized by
small B lymphocytes replacing the mantle zone
[90]. They even could colonize the reactive
follicle center, sweeping away the FDC net-
work.

The importance of FDCs, macrophages and
myofibroblasts in diagnosis

The basic immunohistochemical panel for the
histopathological study of human spleen that
we propose includes the following monoclonal
antibodies: CD45R0, CD20, CD21, CD68 and
SMA-1. This panel is easy to reproduce in the
routine laboratory, it provides enough descrip-
tive data to view the immune compartments of
the spleen tissue and, thus, to analyze their
alterations. It is essential to consider the ex-
tension and patterns of the FDCs network and
its relationship to the lymphoid populations in
corona and MZ. Infiltrative malignant lymphoid
diseases destroy these patterns, setting the
dendritic processes apart from each other (Fi-
gure 2F). The alteration of CD68* lineal pat-
tern provides a useful differential diagnosis
criterion between SMZL and the follicular hy-
perplasia.
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