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IMMUNO HISTOCHEMISTRY OF CHOLESTEROL
CLEFT GRANULOMAS IN NON-SPECIFIC

INTERSTITIAL PNEUMONIA (NSIP)
Abol Fazl Barkhordari1, RW Stoddart2, Sheena F. McClure3, John McClure4

ABSTRACT
Cholesterol cleft granulomas with clusters of giant cells were noted to be a common feature of
Non-Specific Interstitial Pneumonia (NSIP). The giant cells commonly seen in granulomas are
considered to be macrophage polykaryons formed by the fusion of alveolar macrophages
attached to the same endocytic material. This study aimed to define the cell populations involved
in the granulomas. The granulomas of 16 patients with cryptogenic fibrosing alveolitis (five
cases with the histological features of NSIP, five with those of UIP and six cases of respiratory
bronchiolitis) were examined histologically and the use of immunohistochemical markers.
Granulomas were discrete, compact and present only in alveolar spaces. The granulomas
contained central clefts surrounded by mononuclear and multinucleated giant cells, both of which
were CD68 positive. The cells outside the granulomas and those lining the adjacent alveolar walls
were AE1/AE3 and CAM5.2 positive and CD68 negative. Our observations indicate that
cholesterol cleft granulomas occur with high frequency in NSIP, are present within alveolar spaces
which are lined exclusively by type II pneumocytes and that external to this the interstitium is
fibrotic with accumulations of mast cells. It is our speculation that these are linked in a
pathogenetic mechanism related to the progression of NSIP. The results also suggest that the
mononuclear and multinucleated cells of cholesterol cleft granulomas are derived from the
macrophage-mononuclear cell lineage. The alveolar lining cells are type II pneumocytes which do
not contribute to the granuloma cell population. The alveolar lining cells are type II pneumocytes
which do not contribute to the granuloma cell population.
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INTRODUCTION

The pathological classification of Idiopathic
Pulmonary Fibrosis (IPF) - also known as Cryp-
togenic Fibrosing Alveolitis (CFA) - has been a

matter of difficulty and controversy for
histopathologists.1-5 A recent classification by
Katzenstein and Myers6 includes Usual Inter-
stitial Pneumonia (UIP), Desquamative Inter-
stitial Pneumonia (DIP) / Respiratory Bronchi-
olitis Interstitial Lung Disease (RBILD), Acute
Interstitial Pneumonia (AIP, Hamman-Rich
disease) and Non-Specific Interstitial Pneumo-
nia (NSIP). This last was defined by Katzenstein
and Fiorelli7 as an idiopathic interstitial pneu-
monia with a pathological pattern distinct
from UIP, DIP and AIP, although cases were
first recognised because they could not be
included in the first three categories.

In a systematic evaluation of the histopatho-
logical features of a series of IPF we noted that
half the cases of NSIP contained large num-
bers of discrete cholesterol cleft granulomas.
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Examination of the available literature
revealed few references to these entities in
NSIP. In two of the original series (n=64) of
Katzenstein and Fiorelli,7 loosely formed
granulomas, one containing cholesterol clefts,
were described. In 12 cases described by Cottin
et al8 six had small, loosely formed granulo-
mas consisting of a cluster of epithelioid cells,
giant cells and cholesterol clefts. Finally,
Katzenstein and Myers6 refer to rare, focal,
poorly formed, non-necrotising granulomas.
We were, therefore, prompted to examine the
granulomas in our series in detail and to
consider their pathogenesis and possible
significance.

MATERIALS AND METHODS

Nine formalin-fixed, paraffin-embedded
blocks from six cases of Non-Specific Intersti-
tial Pneumonia (NSIP) were obtained from the
histopathology archive of the Wythenshawe
Hospital Manchester. Paraffin-embedded
sections (5µm), cut as near serially as possible,
were dewaxed, blocked for endogenous
peroxidase, rehydrated and immunostained
with the monoclonal antibodies AE1/AE3,
CAM5.2, anti-CD68 and anti-mast cell
tryptase as detailed in Table-I. Sections were
pre-treated with 0.03% (w/v) trypsin (type II,
porcine, Sigma) stained directly with anti-
CD68 and  indirectly with AE1/AE3, CAM5.2
and anti-tryptase using the avidin-biotin
method9 with 3-3-diaminobenzidine tetrahy-
drochloride as the substrate and Mayer’s
haematoxylin as the counterstain.

RESULTS

Half of the cases studied exhibited the pres-
ence of numerous dispersed cholesterol cleft
granulomas (Figure-1). These were discrete,
compact, uniform in size and present mostly
in areas of alveolar wall thickening. The granu-
lomas were universally present in alveolar
spaces. They were never observed within
alveolar walls nor in relationship to blood
vessels.  Typically the granulomas contained
central clefts (mean length 52.6µm, range 18.0
109.3µm) surrounded by mono-and multi-
nucleated cells which were CD68 positive,
whereas the cells outside the granulomas and
lining the alveolar walls were negative with
this antibody (Figure-2). In contrast these lat-
ter cells were both AE1/AE3 and CAM5.2 posi-
tive (Figure-3).  Elsewhere, in alveolar spaces
not containing granulomas, there were occa-
sional small populations of alveolar macroph-
ages also showing CD68 positivity.

Anti-mast cell tryptase positive cells were
present in the alveolar wall interstitium,
frequently close to the lining cells, but never
within the alveolar space nor in intimate
relationship to the granulomas.

DISCUSSION

The most characteristic feature of NSIP is that
the lesions are temporally uniform,8 in distinc-
tion to the temporal heterogeneity of UIP.
NSIP was originally defined by the exclusion
of cases that could not be placed in the other
well-defined categories of IPF. The presence of
cholesterol cleft granulomas was a distinctive

Table-I:  Details of the antibodies used
 Antibody Dilution Reactivity Control Source

Tissue

 AE1/AE3 1:50 Human epidermal Skin Dako
keratin

 CAM5.2 Neat Cytokeratins Tonsil BD Biosciences
8, 18, 19

 Anti CD68 Neat Macrophages Tonsil Dako
 (EBM11)
 Anti mast cell 1:100 Mast cells Tonsil Novocastra
 tryptase (AA1) Laboratories Ltd
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feature of half of our cases of NSIP. The granu-
lomas were well defined with central clefts
surrounded by macrophages and macrophage
polykaryons. The granulomas were compact
and confined to spaces lined clearly and
separately from the cells of the granuloma, by
a complete single layer of type II pneumocytes.
Outside this, the interstitium was fibrotic and
contained a population of mast cells demon-
strable by anti-tryptase immunostaining.
Immuno positive material had apparently
diffused outside the cell boundaries suggest-
ing tryptase release. Mast cells were never seen
within the granulomas although an occasional
cell was present in the type II pneumocyte
lining and in the space between this lining and
the cells of the granuloma.

Granulomatous inflammation to cholesterol
crystal clefts has been described in a number
of pulmonary disorders including idiopathic
cholesterol pneumonitis12 and as a secondary
phenomenon in bronchiectasis, chronic lung
abscess and tuberculosis.13-15 The source of the
cholesterol is likely to be pulmonary surfactant.
In an electron microscopical study of lung
tissue from heavy cigarette smokers, Corrin
and Soliman16 found cholesterol crystal clefts
in the cytoplasm of type II pneumocytes. Lipid
extracts of bovine pulmonary surfactant
contained 3% neutral lipid mainly as choles-
terol and diacylglycerol and 97% phospho-
lipid.17 The giant cells commonly seen in granu-
lomas are considered to be macrophage
polykaryons formed by the fusion of alveolar
macrophages attached to the same endocytic
material.18

Whilst exogenous cytokines are influential in
granuloma formation and activity, endogenous
production of cytokines also occurs. Human
non-caseating pulmonary tuberculous granu-
lomas contain CD68 positive macrophage-like
cells which produce mRNA for TNF-á , IFN-ã
and IL-4 and these are likely to have functional
significance.19 Currently there are no available
data on cytokine elaboration by pulmonary
cholesterol cleft granulomas.

This immuno histochemical study confirmed
that the intra-alveolar cell populations in NSIP
were composed predominantly of CD68 posi-
tive cells. It showed that the giant cells were
also CD68 positive, but were cytokeratin nega-
tive. In contrast, the cells lining the alveolar
spaces containing granulomas were
cytokeratin positive (AE1/AE3 and CAM5.2),
indicating that these were type II pneumocytes
and showing that these cells had completely
replaced type I cells at these loci. In addition,
it is known that macrophages and macroph-
age polykaryons have distinctive glycoprofiles
and that pneumocytes types I and II can be
distinguished by their profiles.20-22

In summary, our observations indicate that
cholesterol cleft granulomas occur with high
frequency in NSIP, are present within alveolar
spaces which are lined exclusively by type II
pneumocytes and that external to this the
interstitium is fibrotic with accumulations of
mast cells. It is our speculation that these are
linked in a pathogenetic mechanism related to
the progression of NSIP. The results also
suggest that the mononuclear and multinucle-
ated cells of cholesterol cleft granulomas are

Fig-2: Strong staining of mono- and multinucleated
giant cells with anti-CD68

Fig-1: Strong staining of type II pneumocytes (T2) and
cholesterol cleft granuloma Lining Cells (LC) with CAM5.2
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derived from the macrophage-mononuclear
cell lineage.  The alveolar lining cells are type
II pneumocytes which do not contribute to the
granuloma cell population.
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