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Abstract The biochemical and morphological aspects
of BALB/c mice with many features of the Niemann-
Pick disease type C in man (NP-C mouse) have been
studied extensively. However, the pulmonary pathology
has not been studied extensively and we describe here
some unique ultrastructural features of the Ilung in the
NP-C mouse. Ultrastructurally, macrophages in younger
mice contained osmiophilic dense granules and annulo-
lamellar structures, but larger multilamellar concentric
structures increased in the macrophages of older mice. In
contrast, endothelial cells and type I pneumocytes
showed membrane-bound bodies with dense granules
and vesicular or vesiculogranular structures as well as
amorphous materials. Type II pneumocytes were unre-
markable throughout. Our study suggests that endothelial
cells and type I pneumocytes are the major site of meta-
bolic derangement resulting in pronounced morphologi-
cal changes with granular and round membranous struc-
tures in the lungs of NP-C mouse. Alveolar macrophages
with multilamellar concentric structures may be a result
of disturbed disposal of surfactant material from type II
pneumocytes rather than that from storage material of
type I pneumocyte.

Key words Niemann-Pick disease - Mouse - Lung -
Electron microscope - Ultrastructure

T. Manabe (£) - T. Yamane - Y. Higashi
Department of Pathology,

Kawasaki Medical School 577 Matsushima,
Kurashiki 701-01, Japan

P.G. Pentchev
Developmental and Metabolic Neurology Branch, NINDS,
the National Institute of Health, Bethesda, MD, USA

K. Suzuki

Department of Pathology (Neuropathology),

CB #7525 Brinkhous-Bullitt Building,

University of North Carolina, Chapel Hill, NC 27599-7525, USA

Introduction

Niemann-Pick disease is a clinically and biochemically
heterogeneous group of autosomal recessive lysosomal
sphingomyelin-cholesterol storage disease [14]. Nie-
mann-Pick disease, type A and type B are due to primary
sphingomyelinase deficiency. Niemann-Pick disease,
type C (NP-C), however, does not represent a primary
sphingomyelinase deficiency, but reflects an, as yet, un-
identified mutation that blocks lysosomal cholesterol
transport. In 1980, Pentchev etal. [12] discovered a
strain of BALB/c mice with many features of NP-C in
humans. The basic metabolic defect of these human and
murine disorders lies in an impairment of intracellular
transport of low-density lipoproteins (LDL)-derived cho-
lesterol, resulting in a massive accumulation of unesteri-
fied cholesterol within the lysosome [13, 17]. Pathologi-
cally, the presence of foamy cells is a relatively constant
feature of Niemann-Pick disease and may be found in a
variety of organs such as reticuloendothelial and nervous
system as is the case in NP-C [12, 18]. Although elec-
tron-microscopic studies have been reported, reports of
changes in the respiratory system are very limited. A re-
port by Skikne etal. [16] was the only detailed study
which depicted ultrastructural changes of the lung from a
young patient with putative Niemann-Pick disease of un-
specified type. Shio etal. [15] very briefly described
electron microscopic features of alveolar macrophages in
NP-C mice. Using NP-C mouse models, Higashi et al.
described topographical and chronological aspects of
morphological changes in neuropathological lesions [7]
as well as degenerative changes of the cerebellum [8].
Here we report ultrastructural features of the lung in the
saime mouse model.

Materials and methods

Mutant BALB/c mice, which are known as a murine model of NP-
C disease, have been maintained by interbreeding of heterozygotes
in the animal factility of the Developmental and Metabolic Neu-
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rology Branch, National Institute of Neurological Disorders and
Stroke, National Institute of Health, United States Public Health
Service.

In total 7 each (2 each at 20 and 40 days of age, and 1 each at
50, 60, and 80 days of age) of homozygous (NP-C) and litter-mate
control mice were used for this study. They were sacrificed by the
perfusion of a fixative made of 4% paraformaldehyde and 2.5%
glutaraldehyde in 0.1 M phosphate buffer through the left ventricle
under deep ether anaesthesia. The chest was opened to remove the
lungs in toto. Generally, lungs were so small that the sampling
sites could not be specified. Representative tissue blocks of about
1 mm? were fixed in the same fixative for 1 h and post-fixed in
Dalton’s fixative for 2 h, dehydrated with graded ethanol and em-

- ‘:\S—‘

i

3 e
%?_j‘f:»; v ;
33{

b 4

‘ \
—yl ',-
a

Fig. 1 Lung at day 20. A few scattered macrophages with vacu-
olated cytoplasm are seen. Toluidine blue, x200

Fig. 2 Foamy macrophages

in the alveolar space from
affected mouse at day 20.
Vacuoles are mostly empty,
but peripheral semilunar areas
of low electron density and

a few dot-like bodies are
occasionally seen. Note that no
membranous and/or lamellar
structures are present. x6,000

Fig. 3 Affected mouse at day 20. Note a mononuclear cell in al-
veolar capillary. An arrow indicates the thickened portion of the
endothelial cell which contains few granalar materials. The mono-
nuclear cell seems to attach to endothelial cells with short and
blunt cytoplasmic processes. x22,000




Fig. 4 Affected mouse at day
20. Endothelial cells in alveolar
capillary have disintegrated

in places, and a polymorphonu-
clear leukocyte abuts on the
disrupted plasma membrane.
The type I pneumocyte is
unremarkable. x8,700

bedded in EM bed 812 (Electron Microscopy Science, Fort Wash-
ington, Pa., USA) as Higashi et al. [8] have described separately.
Sections 1 um thick were stained with toluidine blue. Ultrathin
sections were double-stained with lead citrate and uranyl acetate
and examined in a Hitachi 500 electron microscope.

Results

The lungs of affected mice at day 20 showed alveolar ar-
chitecture to be well-preserved with the occasional pres-
ence of a few foamy cells in the alveolar spaces (Fig. 1),
while foamy cells were never seen in any control mice.
Electron-microscopically, these foamy cells were macro-
phages with multivacuolated cytoplasm (Fig. 2). The
vacuoles were mostly empty and not membrane-bound.
In areas, however, some empty vacuoles showed vague
peripheral thin semilunar foci of homogeneous low elec-
tron density, possibly representing neutral fat. One or
two dot-like electron-dense microstructures were occa-
sionally seen within the vacuoles. No membranous or la-
mellar structures were noted in these cells. On occasion,
endothelial cells were focally thickened with vacuoles
containing a few granular and round membranous struc-
tures (Fig. 3). There were focal areas where endothelial
cells had disintegrated (Fig. 4). In those areas, mononu-
clear cells and polymorphonuclear leukocytes appeared
adherent to the plasma membrane of endothelial cells
with short processes. Type 1 pneumocytes were unre-
markable. The cytoplasm of type Il pneumocytes were
filled with lamellar and concentrically lamellar inclusion
bodies, but there were no vesiculogranular structures
seen in endothelial cells.
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Fig. 5 Lung at day 50. Macrophages contain granular material in
their cytoplasm. Toluidine blue, x200

Successively from day 40 through day 80, macro-
phages in alveolar spaces increased in number, and alve-
oli there tended to be collapsed (Fig. 5). The cytoplasm
of these macrophages no longer contained empty vacu-
oles. Instead, they appeared granular under light micros-
copy. At the electron microscopic level, osmiophilic
dense granules, small concentrically lamellar and an-
nulolamellar structures were seen in these cells of young



Fig. 6 Alveolar macrophages at day 50 (a) and day 60 (b). Osmi-
ophilic dense granules, as well as concentrically lamellar struc-
tures are prominent in the affected mouse at day 50, whereas large
multilamellar concentric structures predominate at day 60. Osmio-
philic multilamellar structures (c¢) are reminiscent of lamellar bod-
ies in type Il pneumocytes. a x5,000; b x5,700; ¢ x16,000

mice (Fig. 6a). In older mice larger multilamellar con-
centric structures were conspicuous in the cytoplasm of
macrophages (Fig. 6b, ¢). Some inclusions were made up
of aggregates of multiple, small, round electron-dense
structures. In older mice, dense granules, round bodies
and annulolamellar structures were scanty within the
macrophages. Tubular myelin-like figures were never
seen in these cells. In the alveolar spaces, fragments of
lamellar structures similar to those in the type II pneu-
mocytes and macrophages were scattered with numerous
tubular myelins. Endothelial cells often showed mem-
brane-bound structures which were filled with either
dense granules, membranous round to ovoid structures of
variable size (vesicular and vesiculogranular structures)
or amorphous materials (Fig. 7a). With time, these sub-
structures became prominent and increased in number
and amount (Fig. 7b). Sometimes, limiting membranes
of these vacuoles appeared to be connected with plasma
membranes of the luminal side. The content of these vac-
uoles were seen within the vascular spaces on occasion
as if they had been extruded into the vascular lumen.
Mononuclear cells with prominent lysosomal granules
were tightly adherent to such endothelial cells in places.
With time, mononuclear and polymorphonuclear leuko-
cytes within blood vessels became swollen with multive-
sicular and granular bodies, and filled the vascular space
(Fig. 8a, b).

Type 1 pneumocytes also began to have similar vesic-
ulogranular structures but not as many as were seen in
the endothelial cells. Type II cells, in contrast, did not
show any of these structures. Lamellar inclusion bodies
were consistently unremarkable.

Ciliated epithelia in the bronchioles also showed
small, multilamellar inclusions and multivesiculogranu-
lar bodies within their cytoplasm (Fig. 9). They were in-
creased in number and amount with time.

Discussion

The ultrastructural features of Niemann-Pick diseases
have been described in man and in animal models. In
general, homogeneous lucent or low density lysosomes
and membranous deposits were associated with sphingo-
myelinase deficiency, while vesicular or annulolamellar
deposits were seen with NP-C disease [3]. These studies
were mostly carried out using tissues from the reticulo-
endothelial system [2], nervous system [11, 19] and liver
[1, 4]. Pulmonary pathology, has not usually been stud-
ied, in particular by electron microscopy.

In our study, there were two salient features in the
lung tissue with NP-C; namely multivesicular and vesic-
ulogranular structures in endothelial cells and a few type
I pneumocytes and multilamellar and annulolamellar
structures in the alveolar macrophages. The former struc-
tures in the endothelinm were membrane-bound and on
occasion contained dense-core granules which abutted
on the smooth endoplasmic reticulum and pinocytotic
vesicles without any continuity. The limiting membrane



Fig. 7 Endotheljal cells in
alveolar capillaries. Membrane-
bound multivesicular bodies

are prominent at day 40 (a)

and they become larger by a
day 50 (b) with dense granules,
membranous structures and
amorphous materials. Some-
times they appear open to the
lumen. a x8,000; b x17,000

of these structures were sometimes contiguous to the lu-
minal plasma membrane. These findings suggest that
they were produced within endothelial cells, because
they were seen in mice as young as 20 days when no oth-
er cells, including mononuclear cells in the blood ves-
sels, exhibited similar changes. It should be remembered
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that endothelium possesses no phagocytic activity [5, 6]
and these cells may well be the major site of metabolic
derangement in the lung of NP-C. After day 60, numer-
ous mononuclear and polymorphonuclear leukocytes
with multivesicular and granular inclusions were detect-
ed within alveolar capillaries. They never contained mul-



82

Fig. 8 After day 60, polymorphonuclear leukocytes are swollen
with multivesicular and granular bodies (a). They often occlude
the vascular lumen and possess short processes which attach to the
endothelium. Multilamellar vesicles and granules reside within
membrane-bound vacuoles (b). a x6,700; b x37,000

tilamellar structures. In younger animal, these cells were
adherent to the endothelium by cytoplasmic projections
and thus may be scavenger cells that engulf and remove
these inclusions from the endothelium.

At day 20, macrophages in the alveoli were loaded
with empty vacuoles, but by day 40, they became filled
with multilamellar inclusions. Only a few vesiculogranu-
lar structures were present but there were no substruc-
tures suggesting a transition from vesiculogranular to la-
mellar. Within alveolar spaces, numerous multilamellar
structures and tubular myelins were scattered separately
or intermingled. However, the vesiculogranular struc-
tures as seen in endothelial cells and type 1 pneumocytes
were seldom noticed in the alveolar spaces. Unfortunate-
ly, we have not been able to conduct a histochemical
study to reveal the nature of these contents present at dif-
ferent stages. Morphologically, however, empty vacuoles
with occasional low electron density at day 20 probably
represent neutral fat and multilamellar structures of day
50 and 60 phospholipids. It seems unlikely that these
structures are related to each other and have a direct rele-
vance to this storage disease process. With the different
morphologies of the inclusions at later stages, it is diffi-
cult to deny completely that the multilamellar materials
of alveolar macrophages originated from lamellar bodies
secreted by type II pneumocytes and phagocytized by
macrophages, and that they had no relation with vesic-
ulogranular bodies of endothelial cells and/or type I
pneumocytes. In normal conditions, lamellar bodies of
the surfactant secreted from type II pneumocytes may
give rise to multilamellar bodies, tubular myelins and
then invisible free molecules within the alveolar lining
layer [10]. Finally, they constitute a surface molecular
film to act as a surfactant, reducing surface activity.
There may be several routes by which surfactant mole-
cules are cleared from or catabolized within the lungs
[9]. Some may be eliminated by mucociliary escalator
system of bronchiolar and bronchotracheal trees, but
some disposed by alveolar macrophages or transported
across alveolar epithelia to the lymphatics, and some
others recycled in the type Il pneumocytes. In Niemann-
Pick disease, surfactant materials may be disposed in the
same way, but alveolar macrophages seem to play an im-
portant role in such a disposal function. This hypothesis
may be supported by the fact that lamellar structures in
macrophages increased with time whereas the amount in
type I pneumocytes was constant during the entire
course. In this context, then, our findings tempt us into
further speculation that surfactant phospholipid metabo-
lism may be impaired in these macrophages. Obviously,
further extensive biochemical studies are needed in this
respect.

Our findings are in contrast to those reported by Elle-
der et al. [4] in the liver of NP-C patients. In their study,
vesicular or vesiculogranular structures with dense
cores, which are somewhat similar to those seen in our
mice, were prominent in Kupffer cells, a type of macro-
phages, and membranolucent or annulolamellar struc-
tures were numerous in hepatocytes. However, the pure



Fig. 9 Ciliated epithelia

of the bronchioles exhibit the
presence of small multilamellar
inclusions and multivesiculo-
granular bodies. x8,600

lamellar inclusions found in our macrophages were not
seen either in their macrophages or hepatocytes. This
could be explained by either tissue difference or species
difference, or may represent the heterogeneity in NP-C
disease.
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