social behavior may be due to altered
activity of brain endorphin systems, a
possibility consistent with evidence that
endogenous opioid systems are involved
in social behavior (/2). These results
may help to explain the normalizing ef-
fect of ORG 2766 on disturbed social
behavior in rats and its beneficial influ-
ence on sociability and mood in elderly
people. It is possible that ORG 2766 may
act to normalize disturbances in the en-
dogenous opioid control of social behav-
ior.
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Isolation of Lamellar Bodies from Neonatal Mouse

Epidermis by Selective Sequential Filtration

Abstract. Isolation of epidermal lamellar bodies has presented a challenge
because pressures required to homogenize keratinocytes can destroy these organ-
elles and because the lamellar body readily releases its contents during prolonged
isolation procedures. In an attempt to isolate lamellar bodies, sheets of intact
stratum corneum and stratum granulosum were obtained from neonatal mice with
highly purified staphylococcal epidermolytic toxin, disrupted, and passed through a
series of filters. The final filtrate was rich in intact lamellar bodies and contained
variable amounts of ribosomes and other vesicular structures. Availability of a
highly purified lamellar body preparation from postnatal epidermis should help to
clarify the role of this organelle in epidermal function. The technique of selective,
sequential filtration represents a new approach to cell fractionation that may have

wide applications in cell biology and biochemistry.

Orthokeratinizing epithelia contain a
distinctive ovoid organelle, the lamellar
body (membane-coating granule, Odland
body, keratinosome) in the upper spi-
nous and granular layers (Fig. 1) (/).
Coincident with cornification, these or-
ganelles secrete their distinctive disclike
contents into the intercellular spaces (2).

Because ultrastructural and cytochemi-
cal studies have shown that lipids (3),
sugars (4), and hydrolytic enzymes (5)
are present in these organelles, they
have been considered the primary source
of materials for skin barrier function
(presumably through their lipids) (3, 6)
and for cohesion and desquamation (pre-

Fig. 1. Thin section through the stratum granulosum (SG) of neonatal mouse whole epidermis.
The cytoplasm contains aggregates of intermediate filaments. keratohyalin granules. free
ribosomes, occasional mitochondria, and abundant lamellar bodies (LB). The latter are ovoid.
membrane-delineated organelles with a mean diameter of 0.10 to 0.20 um. In cross sections they
display stacks of parallel discs, but in grazing sections the contents look amorphous (inset). The
granular cell is notably devoid of endocytic vesicles and contains only sparse rough and smooth
endoplasmic reticulum.
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sumably through their sugars and hydro-
lytic enzymes) (5). Attempts to isolate
lamellar bodies from postnatal keratiniz-
ing epithelia have been frustrated by the
resistance of human and mouse epider-
mal granular cells to homogenization
(the pressures required for rupture often
shear the lamellar body’s limiting mem-
brane) and by the rapidity with which
these organelles release their contents
during tissue preparation. Although a
method for the partial purification of
lamellar bodies from fetal rat epidermis
was recently reported (7), it apparently is
not applicable to skin ex utero because
of the greater pressures required to rup-
ture more differentiated cells, and it is in
the postnatal state that the skin presum-
ably elaborates those substances re-
quired for barrier function and desqua-
mation.

To circumvent the dual problems of
homogenization and prolonged isolation
procedures, we developed a novel isola-
tion scheme that combines controlled
homogenization by a cell disruptor (8)
with purification through a series of fil-
ters of decreasing pore size. This tech-
nique exploits the small size of the or-
ganelles (0.15 to 0.20 pm), effectively
excluding most other subcellular struc-
tures. The entire process takes less than
30 minutes, unlike differential or isopyk-
nic techniques, which require much
longer periods.

Intact sheets of stratum corneum and
stratum granulosum were obtained by
intradermal injection of 20 wg of a highly
purified fraction of staphylococcal epi-
dermolytic toxin (9). The sheets were
suspended in ice-cold DME culture me-
dium (free of Ca?* and glucose) with 20
mM hepes and 10 mM EDTA (pH 6.5),
rinsed, homogenized in a loose-fitting,
ground-glass homogenizer, and filtered
through gauze. The filtrate was further
sheared in a Stansted cell disrupter at
5000 Ib/in®. The disrupter consisted of an
air-driven, high-pressure liquid pump
that forced the cell-containing liquid
through a back pressure valve. The de-
gree of cell breakage is controlled by the
force of a stainless steel ball against a
narrow orifice. A water-jacketed reser-
voir was used to keep all fluid ice-cold
during disruption. After 10 minutes of
centrifugation at 700g, the supernatant
was passed through a Millipore filter
with a pore size of 8 wm and then a series
of 25-mm-diameter Nuclepore filters
with pore sizes of 8.0, 3.0, 1.0, 0.8, 0.6,
0.4, and 0.2 wm. Approximately 30 ml of
homogenate, taken up in a syringe, was
passed through each filter until minimum
resistance was felt before advancing to
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the next smaller pore size. Portions of
about 5 ml were used for each 0.2-pm
filter to avoid excessive clogging. Fil-
trates were centrifuged at 20,000g and
frozen or fixed as required for biochemi-
cal analysis or electron microscopy.

As shown in Fig. 2, the final filtrate
was rich in intact lamellar bodies. More
important, most of the organelles had an
undamaged limiting membrane and disc-
like or amorphous contents that were

comparable to those found in whole epi-
dermis. As in whole epidermis, lamellar
contents were not visible in some cases
because of tangential sectioning resulting
from the short cross-sectional diameter
of these organelles (0.15 pm, compared
to the 0.6- to 0.8-um thickness of ul-
trathin tissue sections) (10) and their high
radius of curvature. In addition to lamel-
lar bodies, the final filtrate contained
abundant ribosomes, some granules with

Fig. 2. Selected thin sections of representative filtrates obtained during homogenization and
sequential filtration. (a) Crude homogenate, containing the full panoply of subcellular structures
present in intact epidermis, including bundles of keratin filaments, keratohyalin granules,
various membrane structures, disrupted cornified cell envelopes, and many lamellar bodies.
The filtrates obtained with pore sizes of 1, 0.4, and 0.2 um are shown in (b), (c), and (d),
respectively. Although each contains intact lamellar bodies, only the filtrates represented in (c)
and (d) are rich in lamellar bodies. In the filtrate obtained with a pore size of 0.2 wm, lamellar
bodies constitute 40 to 50 percent of the cellular structures. Lamellar bodies in the final filtrate
(e) have the same internal structure as those in intact skin (inset in Fig. 1).
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the characteristic crystalline shape of
glycogen, and lesser amounts of smooth
membrane vesicles.

Two to four grams (wet weight) of
starting material (10 to 20 litters of neo-
natal mice) yielded a final pellet of about
5 mg (wet weight)—a quantity sufficient
for further biochemical characterization.
Since neonatal skin possesses the full
complement of organelles found in the
adult, this technique should be directly
applicable to adult epidermis.

This preparation should make it possi-
ble to ascertain the precise functions of
the epidermal lamellar body (5, 6). Al-
though a comprehensive survey of the
organelle’s contents is not yet complet-
ed; preliminary examination indicates
that it has a lipid-to-protein ratio of about
40 to 60, that it has a higher ratio of
glycosphingolipids to ceramides (1.29)
than crude fractions (0.69), and that it is
not richer than other membrane fractions
in lysosomal enzymes. Finally, we be-
lieve that the method described here will
have many applications in cell biology
and biochemistry, particularly in situa-
tions where a particularly fragile or labile
structure must be preserved.
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Evidence for the Recessive Nature of Cellular Immortality

Abstract. Fusion of immortal cell lines with normal human fibroblasts or certain
other immortal cell lines yields hybrids having limited division potential. Cellular
immortality was found to be a recessive phenotype in hybrids. It was also found that
dt least two separate events in the normal cell genome can result in immortality. In
fusions involving certain immortal parent cells, these events can be complemented to
result in hybrids with finite division capacity.

The phenotype of limited division of
the normal human cell has been reported
to be dominant over the immortal pheno-
type of HeLa (/) and SV40-transformed
cells (2, 3) in hybrids. We now report
that hybrids resulting from the fusion of
diploid human fibroblasts with several
other immortal cell lines also have limit-
ed division potential. Our results suggest
that cellular immortality is a result of
recessive dysfunctions or alterations in
the genetic program that limits the divi-
sion of normal cells. If immortality can
occur via more than one set of dysfunc-
tions or alterations in the normal cell
program, it should be possible to identify
‘“‘complementation groups’’ of immortal
cells, which when fused with each other
would yield hybrids having finite divi-
sion potential. We have found that fusion
of certain types of immortal cells result
in immortal hybrids, whereas fusion of
other combinations of immortal cell lines
yield hybrids with finite division capaci-
ty. These results suggest that there are at
least two complementation groups for
cellular immortality.

Somatic cell hybridization has been
used extensively for analysis of the dom-
inant versus recessive nature of the phe-
notypes of tumorigenicity and transfor-
mation. The results are controversial
since the phenotypes have been sup-
pressed in some hybrids (4) and ex-
pressed in others (5). The transformation
phenotypes that have been studied
include morphology, density-dependent
inhibition of growth, the requirement
for serum, and anchorage-independent
growth in soft agar and methyl cellulose.
The phenotype of immortality (that is,
the capacity for indefinite division in
culture) has rarely been considered or
studied. Nevertheless, the notion that
cellular immortality is a dominant trait
has been accepted. This idea has been
based primarily on the observation that
in fusions of various specie¢s of normal

cells with immortal cells, it is possible to
obtain hybrids with indefinite prolifera-
tive potential (4). Since the objectives
(for example, chromosomal analysis, tu-
morigenicity, or anchorage-independent
growth) of previous experiments re-
quired extensively proliferating hybrids,
the methodology used for hybrid isola-
tion restricted analysis to such hybrid
clones. Scant attention was paid to the
overwhelming majority of hybrid cells
that ceased to proliferate. In the few
studies (/-3) in which careful attention
was given to the proliferative behavior of
hybrids, the fusion of normal human
cells with the immortal cell lines HeLa or
SV40-transformed human fibroblasts re-
sulted in hybrids having finite division
potential. These results indicated that
the phenotype of immortality was reces-
sive in hybrids. Variant immortal cells
occurred in some of the nonproliferating
hybrid populations at a frequency of
about one in 10° cells (I, 3). These vari-
ant cells probably account for the wide-
spread belief that Such cell fusions do not
yield hybrid cells with finite division
capacity.

We have analyzed the proliferative
potential of hybrids from various fusions
involving normal, virally transformed,
and tumor-derived human cells. The
technique we use for hybrid isolation (3,
6) allows us to analyze hybrids having a
small proliferative potential (fewer than
eight population doublings) and a more
extensive proliferative potential (more
than eight population doublings). We
found that the phenotype of limited divi-
sion is dominant in hybrids obtained
after fusion of normal human cells with
other human cells, whether the other
cells are normal (6) or are derived from
immortal tumor or immortal SV40-trans-
formed cells (3). In the fusions of normal
cells with SV40-transformed cells we
had found earlier that the hybrids having
limited division capacity expressed T





