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Proliferative activity and apoptosis of
Langerhans histiocytes in eosinophilic
granulomas as evaluated by MIB-1 and
TUNEL methods

Y Hamada, T Iwaki, M Fukui, J Tateishi

Abstract
Ains-To identify the role played by apop-
tosis in tumour regression.
Methods-The growth fraction and apop-
totic cell loss of four cases of eosinophilic
granuloma were investigated using mono-
clonal antibodies against Ki-67 pro-
liferation marker (MIB-1) antigen and the
TdT mediated dUTP-biotin 3'-OH nick
end labelling (TUNEL) method. These
data were then compared with the clinical
growth rate.
Results-Only the Langerhans histiocytic
cells, which reacted positively with anti-
S-100 protein antibody, were immuno-
labelled with antibodies to proliferating
cell nuclear antigen and Ki-67 antigen
(MIB-1). Many apoptotic figures of hi-
stiocytic cells were also detected in all
cases by the TUNEL method. In a patient
whose tumour clinically showed spon-
taneous regression, the TUNEL staining
index gave a higher score than the MIB-1
staining index.
Conclusions-The main cause ofthe spon-
taneous regression ofthe tumours was pos-
tulated to be programmed cell death
(apoptosis).
(J Clin Pathol: Mol Pathol 1995;48:M251-M255)
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Cell kinetics studies are thought to be useful
in gaining a better understanding of the nature
of tumour cells. The subpopulation of pro-
liferating cells can be identified by using bromo-
deoxyuridine labelling and MIB-1 immuno-
staining.' Tumours such as eosinophilic gran-
uloma, infantile myofibromatosis, rhabdo-
myoma, and malignant lymphoma often shown
spontaneous regression after rapid growth.
Such regression is considered to be secondary
to apoptosis.23 Eosinophilic granuloma is a
benign disease of the bone which is most com-

monly located in the skull and is characterised
by infiltration with both Langerhans histiocytes
and eosinophils.4 Eosinophilic granuloma has
recently been classified as one of the benign
forms of Langerhans cell histiocytosis.56 Some-
times, these tumours show spontaneous re-

gression. In order to identify the role that
apoptosis plays in this regression, we studied

four cases of eosinophilic granuloma by using
the TdT mediated dUTP-biotin 3'-OH nick
end labelling (TUNEL) method.7 DNA frag-
mentation can be found in cells undergoing
apoptosis, and TdT is used to incorporate
biotinylated dUTP at sites of DNA breaks.
Since DNA fragmentation can be found not
only in the histologically defined apoptotic cells
but also in the morphologically intact cells, the
extent of apoptosis revealed by the TUNEL
method is greater than apoptosis detected by
morphology.78 Our study shows that Lan-
gerhans cells in eosinophilic granulomas die
through an apoptotic process. This may even-
tually result in spontaneous regression.

Case reports
Tumour specimens of eosinophilic granulomas
in the skull were obtained at surgery in the
department of neurosurgery, Kyushu Uni-
versity Hospital.

CASE 1
The patient was a 1 year old Japanese boy. A
mass in the right retroauricular region was
noticed by his parents in 1993. It grew rapidly
from 1 to 7 cm in diameter within three months.
A discrete area was revealed in the right retro-
auricular region by a skull x ray examination
(fig 1A). The tumour was totally removed with-
out any preoperative radiotherapy or chemo-
therapy. The bony defect of the skull was 4 cm
in diameter, and the tumour was loosely at-
tached to the dura mater, from which it could
easily be dissected. After the operation, another
mass in the right ethmoid sinus developed. He
was transferred to the department of pae-
diatrics, Kyushu University Hospital, and was
treated with chemotherapeutic agents in-
cluding ethoposide, prednisolone, and vin-
blastin. In addition, radiotherapy at a dose of
6 Gy was given to the right temporal region
and ethmoidal region. There has since been no
evidence of recurrence over a period of 10
months.

CASE 2
The patient was a 9 year old Japanese girl. She
noticed a mass and pain in the left frontal
region in 1992. It grew from 1 to 4 cm in
diameter within two months. A discrete area
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Figure 1 Lateral views of skull x ray examination: (A) case 1: a large discrete area in the retroauricular region (arrowheads); (B) case 2: a discrete
area in the frontal region (arrowheads); (C) case 3: a discrete area in the frontal region (arrowheads).

was revealed in the left frontal region by a skull
x ray examination (fig 1B). The tumour was
totally removed without any preoperative radio-
therapy or chemotherapy. The bony defect of
the skull was 1.5 cm in diameter. The mass
could easily be dissected from the dura mater.
After the operation, she was transferred to the
department of paediatrics, Kyushu University
Hospital, and radiotherapy at a dose of 6 Gy
was given to the whole brain. There has since
been no evidence of recurrence over two years.

CASE 3
The patient was a 22 year old Japanese woman.
She noticed a mass and pain in the right frontal
region in 1984. It grew from 1 to 2-5 cm in
diameter within three months. A discrete area
was revealed in the right frontal region by a
skull x ray examination (fig 1C). The tumour
was totally removed, and no additional treat-
ment was given. There has since been no evid-
ence of recurrence over 10 years.

CASE 4
The patient was an 8 year old Japanese boy.
He developed convulsions in 1987 and a mass
was observed in the frontal lobe with a frontal
bone defect by computerised tomography. The
diameter of the mass decreased from 8 mm to
4 5 mm during two weeks. The tumour was
totally removed, and no additional treatment
was given. There has since been no evidence
of recurrence over seven years.

Methods
Formalin fixed, paraffin embedded biopsied
specimens of four eosinophilic granulomas in
the skull were examined. The sections were
routinely stained with haematoxylin and eosin.
Immunohistochemical staining was per-

formed using a biotin-streptavidin peroxidase
technique. Briefly, 5,m thick sections were
deparaffinised in xylene and dehydrated in
graded ethanol. After rinsing with tap water,
the sections were completely immersed into
0-01 M citrate buffer, pH 6-0, and were boiled
for 20 min or autoclaved for 10 min to enhance
the immunoreactivity. After pretreatment, the

sections were washed again with tap water and
then with Tris-HCl buffer (50mM Tris, pH
7 6) for 5 min, and incubated with 0 3% H,02
in absolute methanol for 30 min. Next, the
sections were washed with Tris-HCl buffer
three times, and incubated with primary anti-
body in 5% non-fat milk with TBST (25 mM
Tris, 0 5 M NaCl, 0 05% Tween 20, 0 05%
NaN3) overnight at 4°C. In addition, the sec-
tions were also washed with Tris-HCl buffer
three times and incubated with biotinylated
secondary antibodies in 5% non-fat milk with
TBST for 60 min. After rinsing, the sections
were incubated with horseradish peroxidase
conjugated streptavidin for 30 min. The col-
oured reaction products were developed in
0-02% diaminobenzidine in 50mM Tris-HCl
buffer containing 0 003% H202 (DAB/H202
solution) for 5-15 min. The sections were
lightly counterstained with haematoxylin.
The primary antibodies used were: (1) poly-

clonal anti-bovine S-100 protein antibody
(DAKOPATTS, Denmark, diluted 1: 500); (2)
monoclonal anti-human Ki-67 antigen anti-
body MIB-1 (Immunotek, France, diluted 1:
100); and (3) monoclonal anti-human PCNA
antibody PC-10 (Novocastra Laboratories,
UK, diluted 1:100).
The detection of DNA degradation in situ

by the TUNEL method was done as follows.
DNA fragmentation in situ associated with
apoptosis was detected by nick end labelling
according to the method of Gavrieli et al.7
Briefly, formalin fixed, paraffin embedded sec-
tions were deparaffinised, washed with distilled
water, and treated with proteinase K (20 ,ug/ml)
in 100 mM NaCl, 10mM Tris-HCl, 25 mM
EDTA, 0 05% SDS (sodium dodecyl sulph-
ate), at room temperature for 15 min. Then
the sections were washed with distilled water
and incubated with 2% H202 solution for 5
min to eliminate any endogenous peroxidase.
Each section was then washed with distilled
water and treated with TdT buffer solution
(140mM sodium cacodylate, 30mM Tris-
HCl, 1 mM cobalt chloride) containing TdT
(terminal deoxynucleotidyl transferase, 0 3
equivalent U/pl, Gibco) and 0 1 mM bio-
tinylated dUTP (Boehringer Mannheim). The
sections were gently covered by glass coverslips
and incubated at 37°C for 90 min in a hu-
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Figure 2 Histological appearance of eosinophilic granuloma of the skull (case 1), showing some apoptotic bodies
(arrows) in haematoxylin-eosin staining (A) x 1000; positive findings with the TUNEL method (B) x 2000; diffusely
positive with S-100 immunohistochemical staining (C) x 250; and many positive cells with MIB-1 immunohistochemical
staining (D) x 500.
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Figure 3 Histological appearance of eosinophilic granuloma of skuUl (case 4), showing many apoptotic bodies in
haematoxylin-eosin staining (A) x 1000, and many positive findings with the TUNEL method (B) x 400. Apoptotic
bodies and some Langerhans histiocytes were positive (arrows), while the eosinophils were negative (arrowheads).
Positive cells with S-100 immunohistochemical staining were seen focally and foreign body giant cells were negative
(C) x 250. A few positive cells with MIB-1 immunohistochemical staining are seen in (D) x 500.
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midified chamber. The coverslips were then
removed and the sections were washed with
2 x SSC buffer (30mM sodium citrate,
300mM chloride) for 15 min at room tem-
perature, washed with distilled water, covered
by 5% non-fat milk with TBST, and washed
with Tris-HCl. The sections were incubated
with peroxidase conjugated streptavidin for 30
min, stained with DAB/H202 solution, and
then counterstained with haematoxylin.
The MIB-1 staining index and TUNEL

staining index were both determined as follows:
Langerhands histiocytic cells were identified by
serial sections of haematoxylin-eosin staining
and S-100 immunohistochemical staining. All
positive cells of MIB-1 and TUNEL staining
were considered to be histiocytic cells. The
positive cells in each case were counted and
the ratio of positive cells per 1000 Langerhans
histiocytic cells was calculated according to the
method of Ohta et al.9

Results
The four cases consisted histologically of a
nodular proliferation of histiocytic cells with
focal infiltration by some lymphocytes and eos-
inophils. Mitotic figures were scattered in case
1 and rarely seen in cases 2 and 3. Since the
specimen of case 3 showed rich connective
tissue and remarkable lymphocytic infiltration,
the tumour was considered to be a chronic
stage of eosinophilic granuloma. Foreign body
giant cells were seen often in case 4 but rarely
in cases 2 and 3. The main component cells
with either folded or indented nuclei were
strongly positive for S-100 protein (fig 2C, fig
3C). On the other hand, all other cell com-
ponents including foreign body giant cells were
negative for S-100 protein (fig 3C).

Proliferative activity was evaluated by pro-
liferating cell nuclear antigen (PCNA) and
MIB-1. However, the PCNA study resulted in
variable degrees of staining of the histiocytic
cells, and as a result, we could not accurately
evaluate and count the positive cells by this
method. On the other hand, the MIB-1 study
showed distinctly positive staining, and we thus
concluded that the MIB-1 index is more ap-
propriate than the PCNA index in evaluating
proliferative activity. In cases 1 and 2, the MIB-
1 positive cells were recognised often, but in
case 3 positive cells were rarely seen. The
staining index for the MIB-1 in histiocytes was
as folllows: case 1, 10 1%; case 2, 6 7%; case
3, 0-8%; case 4, 3 9%.

Typical apoptotic cells generally have small
pyknotic nuclei and eosinophilic hyalinised cy-
toplasm in haematoxylin-eosin staining. Apop-
totic cells were scattered in cases 1 and 4, and
phagocytosed apoptotic bodies were sometimes
recognised (fig 2A, fig 3A). However, this
method is not sufficient for evaluating all the
apoptotic cells correctly because some apop-
totic cells do not always show small pyknotic
nuclei. In the early stages of apoptosis before
morphological changes, the DNA breaks are
recognised within the nucleus."'1' We therefore
used the TUNEL method to identify DNA
fragmentation and its relation to apoptosis.7 In

100 Case 1
MIB-1 10.1%
TUNEL 7-0% sN^ -

Case 2
E 10 _ vp ° MIB-1 67%_& ~/z~TUNEL 6-2%

0

H 1 1 g MIB-1 3.9% MIB-1 0.8%
TUNEL 25-7% TUNEL 3.0%

0.1I
0 1 2 3 4

Period (months)

Figure 4 Growth curves of the tumour areas in the four
cases presented. The percentages ofMIB-1 and TUNEL
staining indices are indicated.

cases 1 and 2, posiive cells were distributed in
a scattered fashion. The staining index of the
TUNEL method was as follows: case 1, 7 0%;
case 2, 6-2%; case 3, 3 0%; case 4, 25-7%.
The tumour of case 1 clinically showed rapid
growth, and histologically revealed both pro-
liferative activity and apoptosis. On the other
hand, the tumour of case 3 clinically showed
indolent growth, and histologically showed rich
connective tissue and moderate numbers of
apoptotic figures. In case 4, the tumour clin-
ically showed spontaneous regression, and
histologically revaled a large amount of apop-
tosis. In addition, we investigated the relation
between tumour size, which was calculated on
the basis ofthe tumour diameter and the period
after onset of symptoms (fig 4). Tumour size
appeared to be positively correlated with a high
MIB-1 index and negatively correlated with a
low TUNEL value.

Discussion
Eosinophilic granuloma is generally a benign
tumour of the bone characterised by infiltrates
of mononuclear histiocytes and eosinophils. It
has become evident that eosinophilic granu-
loma is actually a proliferative disease of Lan-
gerhans cells. The new term of "Langerhans
cell histiocytosis (LCH)" has now become
widely accepted.612 The Langerhans cell is a
dendritic, antigen presenting cell characterised
by intracytoplasmic Birbeck granules and by
the expression of CDla glycoprotein.513 It is
well known that Langerhans cells show positive
immunostaining for S-100 protein. We ob-
served that all histiocytic cells in the tumours
were immunopositive for S-100 protein. Those
cells were focally positive for PCNA and more
generally positive for MIB-1. There appeared
to be a positive correlation between tumour size
and MIB-1 staining. In addition, eosinophilic
granuloma is well known to be a spontaneously
regressing tumour, although there has been no
documentation of the exact mechanism of this
spontaneous regression.
We investigated the histology of each case

while paying special reference to the growth of
the tumour (fig 4). Case 1 showed a remarkable
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tumour growth activity, corresponding to a high
score on the MIB-1 staining index. Case 3
clinically showed indolent tumour growth, and
histologically showed a low score on the MIB-
1 staining index. Case 4 clinically showed spon-
taneous regression, which corresponded to a
high TUNEL score. Case 2 showed a moderate
score of both the MIB- 1 staining index and the
TUNEL score. The tumour in case 2 had a
clinical corse that was intermediate between
the tumours of cases 1 and 3 and also had an
intermediate MIB- 1 and TUNEL score (fig 4).
Eosinophilic granulomas are generally clas-
sified as having two stages, the stage of cell
infiltration and the stage of fibrosis.'4 Cases 1
and 2 were at the stage of cell infiltration, while
case 3 was at the stage of fibrosis. On the other
hand, case 4 was in the so called regressive
stage, in which apoptosis was dominant com-
pared to proliferation. We could show that
tumour size in the stage of cell infiltration
corresponded to the MIB-1 index and tumour
size in the regressive stage corresponded to the
TUNEL score (fig 4).

Since the volume of a tumour is controlled by
the balance of proliferative cells and apoptotic
cells,'516 the tumour is considered to shrink
when the latter predominates over the former.
Reed also reported a simple balanced equation
in which the "rate of cell death" subtracted
from the "rate of cell proliferation" leaves the
"rate of cell accumulation".'7 Based on our
findings, we also postulated that the spon-
taneous regression in the eosinophilic granu-
loma is triggered by tumour cell apoptosis. The
aetiology and pathogenesis of Langerhans cell
histiocytosis remains unclear. The disorder is
thought to be a manifestation of an immuno-
logical aberration, and in recent studies it has
been considered to represent a clonal pro-
liferation of histiocytes, which are characteristic
of neoplasia. "' Langerhans cell histiocytosis
may be suitable for examining tumour cell
kinetics, because it can show both rapid growth
and spontaneous regression.
Langerhans cell histiocytosis consists of pro-

liferative histiocytic cells, and its spontaneous
regression must thus be due to apoptosis. Since
this tumour is accompanied by a variety of
inflammatory cell components, and a local in-
jection of glucocorticoid often reduced its size,

all humoral factors, such as tumour necrosis
factor, which may trigger the apoptotic pro-
gramme therefore need to be investigated.19-21
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