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Abstract Spleens of 28 patients with idiopathic thrombocytopenic purpura have been obser-
ved histologically, immunohistologically and electron microscopically. Spleens of fifteen patients
had the foamy cells in the red pulp. Some foamy cells had positive materials for anti-human
platelet antibody, using the unlabelled immunoperoxidase method. Electron microscopically,
many platelets in varying stages [of intracellular digestion from intact-appearing platelets
to myelinlike materials were disclosed in the foamy cells.

We suggest that there are two types of the macrophage in the spleen from patients with
ITP. One does not reveal foamy cytoplasm, because phagocytized platelets are immediately
digested by the lysosomal enzyme within cytoplasm of macrophages. The other has foamy
cytoplasm, because phagocytized platelets “are incompletely digested and remain as myelinlike
materials within cytoplasm of macrophages.
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Introduction

There are morphologically two types of
the macrophage in spleens from patients with
ITP. One has the foamy cytoplasm, and the
other has not. The frequency of occurrence
of foamy cells is 20 to 50 % of spleens from
patients with ITP. Since Landing et al?
and Saltzstein? first reported the occurrence

of lipid-containing histiocytes in spleens from
patients with ITP, there have been many
reports about the foamy cells in ITP. The
foamy cells are not noted in normal spleen.
However, platelets normally survive for 7
days in circulating blood and then are
removed by macrophages in the spleen®.
Many foamy cells develop in the spleen dur-
ing accelerated removal of platelets resulting
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in deposition of platelets in splenic macrop-
hages where they can be seen in wvarious
stages of degeneration. However, definitive
evidence has been lacking. In addition,
although a few investigators also reported
about the ITP spleen which did not have
the foamy cells, it is unclear why the foamy
cells are detected on some spleens.

In this paper, we present the histology,
immunohistology using unlabelled antibody
peroxidase-anti-peroxidase = (PAP) method,
and the ultrastructure of the spleens from 28
patients with ITP.

Materials and Methods

The pertinent clinical data of 28 patients who
were diagnosed as ITP and were underwent sple-
nectomy are summerized in Table 1. The patients,
three males and twenty five females, ranged in age
from 2 to 63 years (mean 30) at the time of the
splenectomy.

For histological examination, tissue fragments of
the spleens were fixed in 10% buffered formalin.
Sections from paraffin blocks were stained with
hematoxylin and eosin. PAP stain with Sternberg-
er’s method®’ was employed for the demonstration
of human platelet antigen (Dako Immunoglobul-
ins, Copenhagen).

For transmission electron microscopy, small piec-
es of the spleen were obtained from several differ-
ent sites immediately after the operation. They
were fixed in 2.1% glutaraldehyde at 4°C and
postfixed in 1% osmium tertoxide. They were
dehydrated in a graded series ethanol and
embedded in Epon 812. Semithin sections (0.5 g
thick) stained with alkaline toluidine blue were
examined in a light microscopy to select the
appropriate areas for electron microscopic study.
The ultrathin sections cut with an LKB or an
Ivan Sorvall ultramicrotome were stained with
uranyl acetate and lead citrate and examined in a
Hitachi HS-8 and/or a H-300 electron microscope.
Small pieces of the spleen were fixed in cold 2. 1%
glutaraldehyde in cacodylate buffer and incubated
in the solution containing lead nitrate and beta-
glycerophosphate for the demonstration of acid
phosphatase activity.

Table 1 Morphological findings in spleens from
28 patients with ITP

Case | o8 X0 3 sex| Whight of ) Namber gf
1 2 F 90 -
2 5 F 150 H
3 6 F 60 -
4 14 F 140 +H
5 16 F 280 i
6 16 F 190 Hit
7 20 F 190 +
8 23 F. 180 -
9 24 F 440 +
10 27 F 200 +H
11 27 F 190 -
12 27 F 160 +
13 28 F 270 -
14 28 F 160 -
15 30 F 250 +H
16 31 M 270 it
17 31 F 170 | +H
18 32 F 60 -
19 32 M 180 -
20 33 F 320 H
21 34 F 160 -
22 44 F 170 HH
23 44 F 120 -
24 48 F 320 +
25 51 F 110 ++
26 52 F 210 -
27 52 F 200 —
28 63 M 150 —

F: Female, M: Male, —: no foamy cell +a small
number, Ha moderate number, {a large number

Results

All spleens were slightly enlarged as shown
in table 1. Macroscopically, there were no
characteristic changes.

Histological findings; There are no chara-
cteristic findings in thirteen out of 28 spleens
from ITP patients. However, germinal centers
in white pulp were enlarged in some cases,
and eosinophils infiltrated in the red pulpin
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a few cases. Other fifteen spleens contained
variable number of foamy cells in their medu-
llary cords. These cells had pale cytoplasm with
irregular granular stippling and poorly defi-
ned, foamy vacuolation. These cells were
scattered throughout the cords, but occasio-
nally formed small nests (Fig. 1). Some
macrophages and foamy cells in all spleens
from 15 patients more or less contained
variable amounts of immunoreactive materia-
Is for anti-human platelet antibody (Fig. 2).
Some macrophages in spleens from other 13
patients also contain variable amounts of
immunoreactive materials.

Electron microscopic findings;

Several macrophages were scattered in the
red pulp. Cordal macrophages had moderately
developed Golgi apparatus and rough endop-
lasmic reticulum, a few mitochondria, and
some lysosomal dense bodies. Some macrop-
hages contained various kinds of cellular deb-
ris recognizable as degraded platelets. Several
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Fig. 1 Many clusters of foamy cells in
medullary cords of the red pulp. H.E.

intact-appearing platelets were scattered in
the cordal spaces (Fig. 3). Some platelets
were engulfed by the cytoplasmic processes
of macrophages (Fig. 4). Recently engulfed
but still intact-appearing platelets were
surrounding by a single membrane within
the cytoplasm of the macrophages. The
membrane surrounding the engulfed platelets
became denser and these platelets revealed
focal areas of cytoplasmic degradation (Fig.
5), such as some darking of the cellular
matrix and condensation of their specific
granules. As the intracellular digestion pro-
gressed further, the phagocytized platelets
were condensed into coarsely granular or
mottled inclusions with loss of integrity of
platelet organelles (Fig. 6). These findings
were noted in all spleens. In addition, varia-
ble number of macrophages in 15 spleens in
which foamy cells were noted light microsc-

Fig. 2 Three cells contains diffuse granular
dense materials in the cytoplasm. PAP stain
for anti-human platelet antibody
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contained in several macrophages. X4, 000

opically contained numerous myelinlike
structures (Fig. 7). Based on the light mic-
roscopic study of semithin section stained
with toluidine blue, the foamy cells demonst-
rable in the light microscopy were estimated
to be identical to these macrophages conta-
ining numerous myelinlike structures. There
were a few lysosomes in the cytoplasm of
most of foamy cells. Acid phosphatase acti-
vity was not demonstrated around or within
the recently engulfed platelets, but at the
advanced stage of intracellular digestion
of platelet, this enzyme activity was noted
around and within phagocytized platelets
(Fig. 8). However, there was no demonstrable
activity in most of myelinlike structures

(Fig. 9).
Discussion

Branehog reported that before splenectomy

platelet mean life span of ITP patients was
very short and platelet production 2.8 times
normal®. That is, platelets are normally or
increaseingly produced in the bone marrow
from ITP patients, but platelet count of
peripheral blood decreases. It means that
the destruction of platelets occurs elsewhere.
Najean and Ardaillou® reported that a good
correlative was found between the site of
sequestration and the short- and long-term
results of splenectomy: success in more than
90% of cases with splenic sequestration but
complete failure in 70% with hepatic seque-
stration. Aster and Keene® suggested that
in ITP, as in other clinical and experiment-
al situations where circulating cells were
sequestered following their reaction with
antibodies, lightly sensitized cells were remo-
ved from the circulation at a relatively slow
rate by the spleen, while more heavily sen-
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Fig. 8 Acid phosphatas activity is demon-
strable in the phagocytized platelet. X 26, 000

sitized cells were liable to rapid destruction
in the liver. Splenectomy is often effective
in the treatment of ITP patients, and it has
been presumed that the success of this
operation is due to removal of a major site
of platelet destruction. However, the effect
of splenectomy does not always related to the
morphological changes of the spleen”. Alth-
ough there were no foamy cells in the spleen
of 13 cases, there were several cases in
which the splenectomy was effective. In
their cases, many platelets were stored in
the cordal spaces. The spleen normally stored
alarge number of circulating platelets, permit-
ting them to come into contact with the
antibody in an enviroment where a high
concentration of antibody was present. Stasis
of many sensitized platelets has occured
owing to some immunological mechanism.
Nobody has been proved that the stasis of sen-

Fig. 9 A few positive materials for acid
phosphatase are noted in the dense mate-
rials, and no activity within myelinlike
structures. X 20, 000

sitized platelets occured in the spleen from
patients with ITP. Tavassoli and McMillan®
stated that extracellular platelets might show
focal mass of cytoplasmic degradation. Luk
et al”. have never been observed fragmenta-
tion of platelets prior to phagocytosis. We did
not find the degenerated platelet extracellularly
in the spleen from ITP patients. We suggest
that extracellular platelets are intact at least
morphologically. Next, many platelets are
phagocytized by the cordal macrophages.
In addition, many macrophages with dense
bodies are demonstrated in the spleens.
However, macrophages containing myelinlike
structures are not seen. These macrophages
have alarge amount of reactive materials for
acid phosphatase. The findings show that
many platelets are phagocytized by the ma-
crophages in which the phagocytized plate-
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lets were immediately digested. The foamy
cells are relatively characteristic in the spleen
from ITP patients, but not specific. Dollberg
et al!® summerized that the finding of
lipid-laden histiocytes could not be related to
any clinical or laboratory data, and that in
all cases of ITP not satisfactorily responding
to surgery, the spleen contained the charact-
eristic histiocytes. In addition, they describ-
ed that the large histiocytes could be recog-
nized easily in paraffin hematoxylin and
eosin sections only when they were very
numerous, but when occuring in moderate
numbers or only a few, it was difficult or
impossible to recognize the large histiocyt-
es, even when their existence had been
proved. We observed very carefully on light
microscopy, therefore, we found the foamy
cells in 15 out of 28 spleens from ITP
patients. Firkin et al.'? suggested that the
platelet was destroyed within the phagocytic
cell by a combination of the histiocytes’ own
enzyme systems as well as the catalytic en-
zymes of the platelet itself. Luk et al?
reported that the degradation of platelets in
the phagolysosomes of macrophages was
incomplete and resulted in the formation of
myelinlike structures which accumulate in
large numbers of the macrophages. In addi-
tion, they suspected that the incomplete
platelet breakdown might be due to a defi-
ciency of specific lysosomal enzymes. Recen-
tly we!'?'® proved that the macrophages
in the subcutaneous granuloma induced
by the injection of platelets easily trans
formed into -lipid-laden macrophages with
foamy appearance (foamy cell). We sugge-
sted the mechanism for formation of foamy
cells as the following. Under the state of
accelerated phagocytosis of platelets by the
macrophages, such as ITP, the amount of
injected platelet membranes was beyond
capacity of lysosomal digestion. Thus, the
incompletely degraded membrane constituen-
ts, especially membrane-derived phospholipi-
ds, remain in the macrophages, and they are

most responsible for the foamy appearance
of these macrophages. The data in this
study indicate that the various kinds of
cellular debris and myelinlike structures
contained within the macrophages is derived
from platelets through the process of cytopl-
asmic degradation.

Qur consideration about the mechanism of
the sequestration and digestion of platelets in
the spleen from patients with ITP is shown
as follows. First, the sensitized platelets
showing morphologically intact, were located
in the cordal spaces. After then,
them were engulfed by the cytoplasmic pro-
cesses of macrophages. The engulfed platele-
ts were gradually degraded within the
cytoplasm of macrophage. As progression of
intracellular degradation of platelets within
the macrophages, macrophage transformed
into two different types. One has several
dense bodies' in the cytoplasm. The other has
many myelinlike structures showing foamy
appearance on the light microscopic obser-
vation. We suggest that the former has
enough lysosomal enzyme to digest the eng-
ulfed platelets, but the latter has a little. In
other words, if the macrophages immediately
digest the engulfed platelets, the macrophag-
es change the former. If the macrophages
can not digest the membrane or granules
of platelets which contain much phospholipi-
ds, the macrophages transform into the
foamy cells. When the macrophages very
slowly digest the engulfed platelets, the
macrophages temporarily transform into the
foamy cells, and then change slowly to the
macrophages.
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