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ABSTRACT:  Pulmonary lymphangioleiomyomatosis (PLAM) is a rare disease with
poor prognosis, characterized by an abnormal proliferation of smooth muscle.  The
patients are females and recurrent pneumothorax is a frequent complication.  HMB45
is a monoclonal antibody with specific immunoreactivity for malignant melanoma.
Recently, it was reported that some of the smooth muscle cells in PLAM had reac-
tivity for HMB45.  The aim of this study was to assess the sensitivity and specificity
of HMB45 for the diagnosis of PLAM in cystic pulmonary diseases that cause recur-
rent pneumothorax.

We compared immunoreactivity of the specimens obtained by open lung biopsy
at surgical resection of bullae in 72 patients.  The specimens of five females with
PLAM, one female with suspected PLAM, 49 patients with primary spontaneous
pneumothorax (19 females and 30 males), four with pulmonary eosinophilic granu-
loma (2 females and 2 males), seven with pulmonary emphysema (7 males), and six
with idiopathic pulmonary fibrosis with apical bullous change (2 females and 4
males) were stained with HMB45 and anti-smooth muscle actin.

All PLAM cases had HMB45 positive cells, which also stained with anti-smooth
muscle actin.  The biopsy specimens of a PLAM suspected case also stained with
HMB45.  None of the specimens from other diseases reacted with HMB45.

HMB45 appears to provide a highly specific and highly sensitive diagnosis for
PLAM in females.  It may also be useful in patients with subtle smooth muscle pro-
liferation, where the diagnosis of PLAM is difficult to confirm by conventional his-
tological examination.
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HMB45 is a monoclonal antibody (MoAb) for melanoma-
related antigen [1], and immunoprecipitates a 10 kDa pro-
tein from extracts of malignant melanoma [2].  This MoAb
is known for its clinical usefulness as a highly specific
marker for melanoma [3, 4].  Recently, BONETTI et al. [4]
tested smooth muscle cells from pulmonary lymphangi-
oleiomyomatosis (PLAM), chronic infiltrative lung dis-
eases and several pulmonary tumours.  Those from PLAM
were the only ones to show immunoreactivity for HMB45.
There have been no other reports of the sensitivity and
specificity of HMB45 in the diagnosis of PLAM among
the various pulmonary cystic diseases.

PLAM was first reported in 1955 by ENTERLINE and
ROBERTS [5] as a "lymphangiopericytoma". PLAM is
characterized by haphazard proliferation of smooth mus-
cle throughout the interstitium of the lung in women,
almost always during childbearing age [6].  PLAM patients
show isolated abnormalities, usually associated with tu-
berous sclerosis or renal angiomyolipoma [7, 8].  A de-
finitive diagnosis of PLAM must be made by a lung
biopsy specimen; however, when proliferation of smooth
muscle cell is faint, diagnosis may be difficult.  The most

common presenting symptom of the disease is sponta-
neous pneumothorax, followed by dyspnoea on exercise.
In one series, pneumothorax occurred in 53% of cases
at presentation, and 81% during the course of the illness
[8]. Radiological and morphological abnormalities of
PLAM comprise diffuse cystic lesions resembling honey-
combing or emphysema [7, 8].

The aim of this study was to determine the sensiti-
vity of HMB45 in the diagnosis of PLAM and its abil-
ity to exclude other cystic pulmonary diseases that cause
recurrent pneumothorax: primary spontaneous pneu-
mothorax, pulmonary eosinophilic granuloma, pulmonary
emphysema and idiopathic pulmonary fibrosis with api-
cal bullous change.

Materials and methods

Patients

A total of 72 patients including: five with PLAM (5
females); one with suspected PLAM (1 female); 49 with



primary spontaneous pneumothorax (19 females and 30
males); four with pulmonary eosinophilic granuloma (2
females and 2 males); seven with pulmonary emphy-
sema (7 males); and six with idiopathic pulmonary fibro-
sis with apical bullous change (2 females and 4 males)
were enrolled in this study.   All patients had been admit-
ted to Sapporo Medical University Hospital or Hokkaido
Keiaikai Minamiichijo Hospital between 1987 and 1994.
All specimens were obtained by open lung biopsy for
diagnosis and resection of ruptured bullae.

PLAM.  Four patients were diagnosed by typical chest
radiograms, computed tomographic (CT) scans and open
lung biopsy specimens [7, 9].  One patient (case No. 5
in table 1) was not diagnosed as PLAM until her sec-
ond open lung biopsy for pneumothorax, because only
a scant smooth muscle proliferation was observed in the
first biopsy specimen.  The other patients were diagnosed
as PLAM at the first biopsy.

Suspected PLAM. A 41 year old woman suffered from
recurrent pneumothorax. She was not a smoker.  Her
chest CT scan revealed diffuse small lung cysts and the
lung specimen obtained by video-assisted thoracoscopic
surgery (VATS) showed cystic lesions with sparse smooth
muscle cell proliferation. We diagnosed this case as a
strongly suspected PLAM and treated her with tamox-
ifen.  She has been followed for 32 months and has had
no recurrence of pneumothorax.

Primary spontaneous pneumothorax. Forty nine patients
were diagnosed according to physiological, radiological
and pathological criteria [10]: no roentgenographic evi-
dence of other pulmonary disease, and the presence of
a bulla or a bleb within or immediately close to the vis-
ceral pleura.  All patients had recurrent spontaneous pneu-
mothorax, and the ruptured cystic lesion was resected by
VATS.

Pulmonary eosinophilic granuloma. Four patients had
clinical and radiological features compatible with pul-
monary eosinophilic granuloma [11]. Pathologically, alve-
olar septa were widened by an infiltration of histiocytes
and eosinophils, and characteristic Birbeck granules were
found by electron microscopy.

Pulmonary emphysema. All seven patients were smok-
ers and had centrilobular emphysema. The diagnosis was
made according to physiological, radiological and patho-
logical criteria [12].  Although an intercostal drain was
inserted for pneumothorax, significant air leak persisted
for over 1 week in all cases.  Ruptured bullae were resect-
ed by VATS.

Idiopathic pulmonary fibrosis. Six patients were diag-
nosed on the following criteria [13]: predominantly basal
and subpleural reticulonodular patterns on the chest radi-
ogram and CT scan; a restrictive pattern of pulmonary
function and decreased carbon monoxide transfer factor;
hypoxaemia at rest; and elimination of other causes of
pulmonary fibrosis. 

Immunohistochemical studies

All specimens were fixed in 10% buffered formalde-
hyde solution for 24 h and embedded in paraffin.  Sections
from all cases were cut with a microtome at 5 µm and
stained with haematoxylin and eosin (H&E).  Immuno-
histochemical studies were performed with the avidin
biotin (peroxidase) complex (ABC) method [14].  Primary
MoAbs were as follows: smooth muscle actin lA4 (1:50;
Dako Corp., Carpinteria, CA, USA) and HMB45 (1:100;
Dako Corp., Carpinteria, CA, USA).  Sections were de-
paraffinized and followed by blocking of the endogenous
peroxidase with 3% H2O2 for 30 min and washing in
phosphate buffered saline (PBS).  The sections were incu-
bated with the primary MoAb for 1 h at room tempera-
ture in a moist chamber.  After washing in PBS the sections
were incubated with biotinylated anti-mouse immunoglo-
bulin for 30 min at room temperature.  Visualization of
the antibody localization was carried out using the avidin
biotin immunoperoxidase complex (Vector Laboratories,
Burlingame, CA, USA) with 3,3'-diaminobenzidine (DAB)
reaction.  For specificity controls, the primary antibody
was replaced by normal mouse immunoglobulin G (IgG).
As a positive control for HMB45, a specimen of malig-
nant melanoma metastatic to the heart was used.

Immunohistochemical slides were interpreted by two
clinical pathologists without knowledge of the clinical data.

Results

Lung biopsies from patients with PLAM showed smooth
muscle proliferation of benign appearance involving the
walls of lymphatic vessels, blood vessels, bronchioles and
alveolar septa (fig. 1); and haemosiderin-filled macro-
phages were often found in the alveoli.  The proliferative
smooth muscle cells stained with HMB45 (fig. 2) as well
as smooth muscle actin.  The results of immunostain with
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Table 1.  –  Immunohistochemical results of HMB45 stain
in pulmonary lymphangioleiomyomatosis and other cys-
tic pulmonary diseases

Diagnosis n M/F Age HMB45
yrs positive rate

PLAM* 5 0/5 37±9# 5/5
Case No. 1 35 1/1*
Case No. 2 36 2/2*
Case No. 3 40 1/2*
Case No. 4 49 2/2*
Case No. 5 23 4/4*

PLAM suspected 1 0/1 41 1/1
Primary spontaneous pneumothorax

Female 19 0/19 31±15# 0/19
Male 30 30/0 42±9# 0/30

Pulmonary eosinophilic 4 2/2 30±9# 0/4 
granuloma

Pulmonary emphysema 7 7/0 66±6# 0/7
Idiopathic pulmonary 6 4/2 64±10# 0/6

fibrosis

PLAM: pulmonary lymphangioleiomyomatosis; M: male; F:
female.  *: HMB45 positive specimens; #: mean±SD.



HMB45 in PLAM are summarized in table 1.  The PLAM
patients had positive results, and 10 out of 11 specimens
showed positive HMB45 immunoreactivity.  In Case
No. 5, the first resected lung specimen did not confirm
the diagnosis because the proliferation of smooth mus-
cle cell was not typical for PLAM.  However, at her sec-
ond pneumothorax episode the specimen had typical
histological features.  Both biopsies contained HMB45
reactive cells.  The specimens of the patient with sus-
pected PLAM showed cystic lesions with a faint smooth
muscle cell proliferation, and some of the smooth mus-
cle cells of a cystic wall stained with HMB45 MoAb.

A positive immunoreaction with HMB45 was observed
only in the cytoplasm of the proliferative smooth mus-
cle cell in case of PLAM and suspected PLAM, and cells
with HMB45 positive immunoreaction also had positive
reactivity to anti-smooth muscle actin MoAb (fig. 3).

There were no HMB45 positive cells in primary sponta-
neous pneumothorax, eosinophilic granuloma, pulmo-
nary emphysema, and idiopathic pulmonary fibrosis
(table 1). Smooth muscle proliferation with positive  reac-
tivity with anti-smooth muscle actin was found in a set-
ting of dense fibrosis in idiopathic pulmonary fibrosis,
but there were no cells showing immunoreactivity with
HMB45 MoAb.

Discussion

We present a high degree of specificity of HMB45 in
the pathological diagnosis of PLAM in contrast to other
cystic pulmonary diseases that cause recurrent pneumo-
thorax especially in females.  We also found that HMB-
45 staining was diagnostic in lung cyst specimens with
subtle smooth muscle proliferation that suggested PLAM.
It was suggested that this MoAb was useful in diagno-
sis in the early phase of PLAM.

BONETTI et al. [4] reported that HMB45 positive cells
were present only in PLAM, and not in other lung dis-
orders with smooth muscle proliferation and neurogenic
tumour.  They examined samples from patients with focal
muscle hyperplasia, bronchiolitis obliterans organizing
pneumonia, diffuse alveolar damage after irradiation,
leiomyosarcoma metastatic to the lung, haemangioendo-
thelioma, sclerosing haemangioma, paraganglioma, granu-
lar cell tumour, spindle cell carcinoma, Langerhans' cell
granulomatosis, Wegener's granulomatosis and sarcoidosis.
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Fig. 1. – Open lung biopsy specimen of pulmonary lymphangio-
leiomyomatosis (Case No. 4).  Marked thickening of parenchymal inter-
stitium with smooth muscle proliferation. (Haematoxylin and eosin
stain; internal scale bar=1mm)

Fig. 2. –  Immunostain for HMB45 of pulmonary lymphangioleiomyo-
matosis (Case No. 4); many proliferative sooth muscle cells showing
positive reactivity with HMB45.  (Internal scale bar=100 µm).

Fig. 3. –  Immunostain of serial sections of pulmonary lymphangio-
leiomyomatosis. a) Haematoxylin and eosin stain; b) HMB45; c) smooth
muscle actin. Some of the proliferative smooth muscle cells show pos-
itive reactivity with HMB45 in the cytoplasm, and almost all HMB45
positive cells also have a positive reaction for smooth muscle actin.
(Internal scale bars=100 µm).

a)

b)

c)



HOON et al. [15] reported that smooth muscle tumour
(leiomyoma and leiomyosarcoma) were negative for
HMB45. In this study, idiopathic pulmonary fibrosis
showed the proliferation of smooth muscle cells with posi-
tive smooth muscle actin reactivity that might mimic
PLAM. Those samples were, however, never positive for
the present MoAb. From these results, this peculiar
immunoreactivity appears to be quite useful for confirma-
tive diagnosis of PLAM, especially in patients with spon-
taneous pneumothorax associated with bullous change
and other symptoms typical of PLAM.

Our results (table 1) also show a high degree of sen-
sitivity for HMB45 MoAb tested in PLAM.  The HMB45
negative specimen of Case No. 3 was small and demon-
strated no smooth muscle proliferation in H&E stain.  This
negative result may be due to an inadequate volume of
the specimen to evaluate the disease.  BONETTI et al. [4]
reported that small transbronchial lung biopsy specimens
allowed the evaluation, though it was difficult when the
sample had only slight smooth muscle cell proliferation.

HMB45 binds to antigen present in the cytoplasm of
neoplastic melanocytic cells [2, 3], melanocytes in foetal
skin at a gestational age of 50 days [16], and foetal and
neonatal retinal pigment epithelium [17]. This distri-
bution suggests that this MoAb binds cytoplasmic onco-
foetal glycogen associated with immature melanosomes,
and changes in immunoreactivity with maturation or
malignant transformation may be a function of post-trans-
lational modification [17].  In an electron microscopic
study, the derivation of the PLAM proliferating cells
from smooth muscle was questioned [18], and it was
suggested that the origin might be the pulmonary inter-
stitial cell or pericyte [5].  BONETTI et al. [4] reported
that the morphological heterogeneity of the PLAM lesi-
ons was reflected in the HMB45 immunoreactivity, and
most cells with epithelioid features were strongly positive
with HMB45, whilst only rare spindle cells were posi-
tive.  In our study, many spindle cells were positive with
HMB45 in contrast to the results of BONETTI et al. [4].

In addition to malignant melanoma and PLAM, renal
angiomyolipomas [15], clear cell tumours of the lung
[19], and adrenal pheochromocytoma [17] have been
reported to contain HMB45.  PEA et al. [19] found that
HMB45 stained the majority of the neoplastic cells in
clear cell tumour of the lung, but only 5% of the lesions
in renal angiomyolipoma. UNGER et al. [20] reported that
4 of 12 adrenal pheochromocytomas were reactive with
HMB45, but the proportion of reactive tumour cells was
50% in one case and 5% in the other three. Since the
results of BONETTI et al. [4] and our study showed that
all PLAM patients had HMB45 positive cells, this MoAb
appears to be of great value for enabling a quick, sim-
ple and positive diagnosis of PLAM, if a lung biopsy spec-
imen is available.
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