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ABSTRACT

Two special areas involving membranous components in strain KB cells were studied by
electron microscopy. The first area described is that of the subsurface regions of two apposing
cells in which flattened cisternae (one cisternae in each subsurface region) with membranes
spaced 110-230 A apart were found in a confrontation alignment. The long dimension of
the profiles of these cisternae ranges from 0.5 to 2 . At these intercellular contact areas,

each cisterna is closely applied to the adjacent plasma membrane; the intervening space is

60-100 A. We have named the cisternae in these roughly symmetrical areas of cell contact

the subsurface confronting cisternae. Communications between these cisternae and those of the

rough-surfaced endoplasmic reticulum also were observed. The second area described is

that of the intracytoplasmic confronting cisternae. These cisternae were observed as oval or round

images about 0.3 1.4 p in diameter, each image being composed of a pair of concentrically

arranged confronting cisternae with membranes spaced 200400 A apart. The apposing

membranes of the two confronting cisternae are electron opaque, smooth, and free of ribo-

somes, whereas the unapposed membranes are less dense, scalloped, and associated with

ribosomes. The spacing between the two intracytoplasmic confronting cisternae is 70-110 A.

INTRODUCTION

KB cells were established as an in vitro strain
from a human epidermoid carcinoma by Eagle (6)
in 1955. Since then, they have been used in
various types of investigations (3, 16-18, 22, 23,
26-36).

As with most strains, the KB cells form colonies
on the glass walls of culture vessels. At their

centers, the colonies become thick and are full of
degenerating cells, while toward their peripheries
the thickness diminishes and the cells become
flatter. If a colony is considered to consist of three
concentric areas, the cells described in this elec-

tron microscope study would be found most
frequently in the intermediate zone. Cells culti-
vated in multipurpose culture chambers under
sheets of dialysis cellophane assume a rather uni-
form flattening, so that there is no pronouncedly
thickened central area in the cell colonies.

The purpose of this report is to give a detailed
description of the structure of two types of mem-
branous cisternae occurring in some of these cells:
(1) subsurface confronting cisternae (SCC) which
appeared where cells made contacts and which
formed, with the two apposing plasma mem-

443



branes, a rather symmetrical image of six rela-

tively parallel membranes; and (2) intracyto-
plasmic confronting cisternae (ICC) which, in all
instances, appeared in the sections as four mem-
branes in ringlike structures. Both of these types of

confronting cisternae were found only in the KB
cells cultivated on the glass walls of tubes or
chambers where they were in direct contact with
the fluid nutrient; they were not present in the
KB cells cultivated under the cellophane in
microenvironments containing a dialysate of the
fluid nutrient.

MATERIALS AND METHODS

T7he KB Cell Strain

Cells obtained from a commercial source (Micro-
biological Associates, Bethesda, Maryland) were
maintained in our roller tubes revolving at 4 rpm and
in our nutrient formula at 37C for 3 months before
study.

Nutrient Medium

Two kinds of nutrients were used: (a) an equal
mixture of Medium 109 and Medium V-614 (Difco
Laboratories, Detroit), and (b) Waymouth's Medium
752/1 (Hyland Laboratories, Los Angeles). Both
were supplemented with calf serum (20%), whole
egg ultrafiltrate (5%//), phenol red (0.001%) as a pH
indicator, and penicillin G (1,000 units/ml).

Specimen Preparation of Roller Tube Cultures
for Electron Microscopy

At 4, 8, 30, and 45 days of cultivation, the KB cells
were fixed either in: (1) phosphate-buffered osmium
tetroxide solution (1 %, 21) for 1 hr at 40 C; (2) phos-
phate-buffered glutaraldehyde (2.5%, 39) for 1 hr
prior to fixation in the osmium tetroxide; or (3) 0.5%/
unbuffered potassium permaganate for 0.5 hr. After
fixation, washing, and dehydration, the cells were
embedded in Araldite resin (20) either in situ (13) or
after removal from the glass walls of the tubes.

For the in situ embedding, the KB cells were
treated with alcohol and propylene oxide and in-
filtrated with a 50:50 mixture of the Araldite resin
and propylene oxide for 0.5 hr prior to their infiltra-
tion with the undiluted resin for 12 hr. We then re-
placed this resin with the embedding resin and, after
polymerization, plunged the hot tube into an ice-
water bath to break the tube. With a scalpel, the
colonies embedded in the polymerized resin were cut
from the long mass of hard resin into 2-mm cubes.
These cubes were oriented and cemented onto the
ends of the resin rods so that the cells could be sec-
tioned in a plane which coincided with that of the
wall of the test tube in which they were cultivated.

After dehydration in 9570 alcohol, the KB cells in
other tubes were scraped with a rubber policeman
and the dislodged cells were centrifuged into pellets.
The pellets were treated with alcohol (10070) and
propylene oxide prior to embedding in the Araldite
resin as denoted above.

The embedded specimens were sectioned on a

Abbreviations Used on Micrographs

ICC, Intacytoplasmic confronting cisternae PM, Plasma membranes
IM, Inner membranes of ICC RER, Rough-surfaced endoplasmic reticu-

lumn
Int M, Intermediate membranes of ICC
OM, Outer membranes of ICC

L, Lipid droplet
N, Nucleus

SCC, Subsurface confronting cisternae
Di M, Distal membranes of SCC
Pr M, Proximal membranes of SCC

M, mitochondrion

FIGmnuE 1 KB cells in contact with each other at a limited area. Subsurface confronting
cisternae (SCC) are observed at the intercellular contact. Fixed in Os04. Stained in lead
citrate. X 45,000.

FIGritE 2 High magnification of Fig. 1. Micrograph shows the region of the two subsur-
face confronting cisternae. Two plasma membranes (PM) are closely apposed, the inter-
vening space being about 150 A. The membranes of each cisterna are about 110-230 A
apart. Each cisterna is tightly applied to the adjacent plasma membrane (PM), the light
intervening zone being 60-100 A. Ribosomes are associated only with the proximal mem-
branes (Pr M). Fixed in OSO4. Stained in lead citrate. X 101,000.
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FIGURE 3 Low-power micrograph showing a KB cell surrounded by two other cells. The cells are in con-
tact with each other at three areas (a-c). At each contracting area, there is a unit of subsurface confront-
ing cisternae. Fixed in glutaraldehyde-0sO 4. Stained in uranyl acetate and lead citrate. X 9,000.

FIGURE 4 Iigh magnification of the region of the subsurface confronting cisternae shown at b in Fig. 3.
X 109,000.



Porter-Blum II microtome with a glass knife, and the
sections were stained either in 0.2-0.5% lead citrate
(42) or in 2% uranyl acetate, followed by a second
staining in the lead citrate. The preparations were
examined in an RCA EMU-III electron microscope.

OBSERVATIONS

Subsurface Confronting Cisternae (SCC)

The KB cells cultured in roller tubes are typi-

cally pleomorphic. At their periphery, finger-like

cytoplasmic protrusions and microvilli of various

sizes occur. Ordinarily, the KB cells are in con-

tact at limited cell areas which, in profile, are

about 0.5-2.0 , in length (Figs. 1-4). In contact

zones, the closely apposed plasma membranes are

separated by an intercellular space of 130-220 A

containing a gray "fuzzy" material. The most
remarkable feature of many of these intercellular

contact areas is the mirror-image appearance of the

confronting cisternae (one cisterna in the sub-

surface region of each cell) in the two apposing

cells. These cisternae, which will be called the
"subsurface confronting cisternae," together with

the two apposing plasma membranes form a six-

membrane unit (SCC unit). The frequency of

these structures varied among the cells in a

colony; a preponderance of them occurred in cells

in the intermediate zones of the colonies.
In sectioned specimens, the SCC appeared as

flattened sacs ranging up to 2 u in their long di-

mension. The pair of cisternae, i.e., one cisterna
in each of the apposing cells, generally is sym-

metrical. In Figs. 1 and 2, the six membranes of

the SCC unit may be seen to be composed of four
roughly parallel inner membranes and two scal-
loped and ribosome-studded outer membranes. In

these figures, the two distal membranes (DiM) of

the subsurface cisternae and the two interposed

plasma membranes (PM) were sectioned normal

to their flattened surface through most of this

profile so that their interrelationships are clear.

At high magnification, the distance between the
plasma membrane and the distal membrane of
each subsurface cisterna was measured and found

to be 60-100 A, whereas the depth of each cister-

nal space is 110-230 A (Fig. 5). The two apposing

plasma membranes are spaced 130-220 A apart.

The two plasma membranes and the two distal
membranes of the subsurface cisternae produce a
relatively smooth unit of four parallel, though

slightly wavy, lines; the proximal membranes of
the cisternae have the same appearance as the

rough-surfaced endoplasmic reticulum (RER),
though the concentration of ribosomes on them is
not abundant. In cells fixed in phosphate-buf-
fered osmium tetroxide, the plasma membranes
and distal cisternal membranes are more electron
opaque than the proximal cisternal membranes
and most portions of other cytomembranes (Figs.
I and 2). Between the two plasma membranes of
an SCC unit, there is no delineated structure such
as the intercellular contact line of desmosomes (9)
or the "septate attachment" observed in hydra
(43), although there is in most images a gray
"fuzzy" intercellular material. In cells fixed in
glutaraldehyde, the density of the four inter-
mediate membranes in the SCC unit is not so
marked.

In situations in which a cell was apposed to a
mitotic cell, a subsurface confronting cisterna was
observed only in the nonmitotic cell, although in
the mitotic cell the cisternae of the endoplasmic

110-230 A

<('-- =:? 60-100 A

(SCC)

FIGURE 5 Diagram of the region of the subsurface
confronting cisternae (SCC) showing measurements of
membrane spacing.

reticulum were detected in the deeper areas and

parallel to the plasma membrane.
Direct communications between the SCC and

the cisternae of the RER are prominent (Figs. 6

and 7). Connections between the SCC and the
more deeply embedded endoplasmic reticulum

occur either at the ends of the SCC (Fig. 6) or at

more central portions of the SCC (Fig. 7). In
places in which SCC become detached from their

close association with the plasma membrane, their

distal membrane also is studded with ribosomes,

as it is for other elements of the endoplasmic
reticulum.

Intracytoplasmic Confronting Cisternae (ICC)

Pairs of intracytoplasmic cisternae arranged in

oval, round, or distorted ring forms were found in
1 or 2% of the sectioned KB cells (Figs. 8 and 9).

The diameter of the units of ICC ranged from

0.3 to 1.4 p, and one to four units were detected in

a KB cell. Normal constituents of the cytoplasm
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FIGURE 6 Micrograph showing a communication between a subsurface confronting cisternae (C1) and
the RER. Fixed in Os0 4. Stained in lead citrate. X 45,000.

FIGURE 7 Two communications between the RER and the subsurface confronting cisternae are shown
in this micrograph. The RER communicates with one end of a cistern at C2 and possibly with the central
part of a cistern at C3. Fixed in Os0 4. Stained in lead citrate. X 45,000.

(lipid, RER, mitochondria, and glycogen) were
observed within the limiting membranes of the
ICC unit.

At high magnification, the two closely apposed
cisternae were found to be spaced 70-110 A
apart, whereas the membranes of a single cisterna
were spaced 200-400 A apart (Fig. 10). The
closely applied intermediate membranes were

more electron opaque and smoother than the
inner and outer membranes which were studded
with ribosomes.

DISCUSSION

The subsurface confronting cisternae observed in
the KB cells cultivated in roller tubes bear some
resemblance to the "subsurface cisterns" described
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FIGURE 8 Three units of intracytoplasmic confronting cisternae are shown. The membranes of each of
the two cisternae in a unit are spaced 200 400 A apart. The spacing between the two closely applied cis-
ternae is 70-110 A. Fixed in OS0 4. Stained in lead citrate. X 69,000.

FIGURE 9 An area containing two units of intracytoplasmic confronting cisternae. A lipid droplet (L)
and a mitochondrion (M) are contained in the unit at the right. Fixed in OS0 4. Stained in lead citrate.
X 47,000.



(ICC)
FIGURE 10 Diagram of unit of intral
fronting cisternae (ICC) showing n
membrane spacing.

contact inhibition. When these cells were sectioned
for electron microscopy, they were found not to
contain the SCC. It is possible that the narrowing
of the intercellular cleft at the site of SCC may

70-110 A indicate their desmosome-like function as suggested
200-400 A by Flickinger and Fawcett (11) for these mem-

branous components in the Sertoli cell. In fact,
desmosomes occasionally were found near SCC in
KB cells.

The intracytoplasmic confronting cisternae
described in this report resemble the membranous
structure composed of closely applied pairs of
narrow cisternae observed by Epstein (7) in HeLa

cytoplasmic Con- cells and by Hruban et al. (14) in the Novikoff and
measurements of Morris 3683 hepatoma cells. However, the mem-

branous structures they described extended over

in sensory receptors and nerve cells (2, 4, 5, 12, 15,
37, 40), to dyads and triads of the sarcoplasmic
reticulum in various muscle cells (10, 24, 25, 38),

and to the cisternae in Sertoli cells of white mice
(11). Paramembranous cisternae in mouse hapato-
cytes (41) and the paramembranous tubular
system in proximal tubule cells of the rat kidney
(8) appear to be nearly identical with the SCC of
the KB cells. The only report of subsurface cis-
terns in cultured cells is that by Bunge et al. (5)
who found them in cultured spinal cord; however,
those subsurface cisterns are not the confronting
type described in this report.

Although the functional significance of these

subsurface cisternae is not yet clear, several
suggestions concerning their function have been
proposed. In nerve cells, these cisternae may be
related to the transmission of neuronal impulses
(12) or to the distinctive physiological properties of
neuronal surfaces (37). In muscle cells, these
membranous components may be involved in
excitation-contraction coupling (24). In Sertoli
cells, they have been likened to desmosomes (11).

Our observations suggest, in addition, that the
SCC play a possible role in the process of cellular
interaction. KB cells cultured in roller tubes are
actively proliferative and exhibit a loss of contact
inhibition. In sections of such cells prepared for
electron microscopy, the cells were found to be

closely apposed to one another at limited regions,
and it was in these areas of contact that the two
subsurface cisternae of a pair were observed in
confrontation. However, cells which were in
serum-free nutrient under cellophane appeared,
by time-lapse cinemicrography, to demonstrate

an irregular course and did not form ring-shaped

bodies like the ICC in the KB cells. More recently,

Leak et al. (19), in an electron microscopic study

of a fibromyxosarcoma, have observed para-

cisternae which are associated with ribosomes and

often are continuous with the RER, but which are

not circular or ring-shaped.

The two types of confronting cisternae found in

the rapidly growing KB cells cultivated in roller

tubes are morphologically similar. Since these

cisternae were found only in the cells of the

rapidly growing culture systems, viz. in roller

tubes and in culture chambers unrestricted by

cellophane, it is reasonable to suspect that they

are related to the growth and proliferative proper-

ties of this cell line. The structural similarities be-

tween the SCC and ICC and their presence to-

gether in the cells of roller-tube cultures suggest

their potential relationship to each other; perhaps

one is derived from the other. Since both the SCC

and ICC are structures related to the RER, it is

quite likely that they are involved in the process of

protein synthesis.
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