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Morphologies of Cells from 1-Day Chick Embryos

Abstract. Cells disaggregated from 1-day chick embryos show three morphologies,
two reminiscent of mammalian erythrocytes and one epithelial. The presence of inter-
mediate forms suggests that the three morphologies are interconvertible.

During experiments in which we have
been investigating the control of mor-
phogenetic movements in early chick
embryos by extracellular adenosine
3’,5'-monophosphate (cyclic AMP) sig-
nals, it became necessary for us to deter-
mine the shapes and sizes of cells disag-

gregated from the embryos (/). We ex-
amined the cells by light microscopy and
scanning electron microscopy (SEM).
We found that most cells were 3 to 5 um
in diameter and had one of three mor-
phologies: biconcave, like mammalian
erythrocytes; knobbed or hedgehog-like,
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Fig. 1 (top). Scanning electron micrographs of disaggregated chick embryos after 1 day’s incubation (Hamburger-Hamilton stage 5): (a) a small

a form also reported for mammalian
erythrocytes (2); and finally epithelial-
like, with projecting microvilli (see Fig.
1). They occurred in the following pro-
portions:  biconcave, 69 percent;
knobbed, 18 percent; and epithelial-like,
13 percent. Intermediate forms were also
seen, suggesting that the morphologies
are interconvertible.

Scanning electron micrographs were
taken of the cells and cell aggregates
from disaggregated chick embryos after
approximately 1 day’s incubation [Ham-
burger-Hamilton, stage 5 (3, 4)]. The en-
tire blastodisks were removed and
disaggregated by suspension in 0.1 mM
EDTA in Ringer solution (3). After dis-
aggregation, the cells were centrifuged
and resuspended in Ringer solution twice
at 4°C to remove all traces of EDTA. The
cell suspensions were then plated onto 2
percent Difco purified agar made up in
Ringer solution and allowed to settle for
2 hours at 37°C.

The cells on agar blocks (5 by 5 by 2.5
mm) were then prepared for SEM in a
Coates & Welter model 50-4 scanning
electron microscope. They were passed
through a series of seven ethanol-H,O
mixtures ranging from 10 percent ethanol
to absolute ethanol. Next they were
transferred from absolute ethanol to
amyl acetate in seven steps ranging from
10 percent amyl acetate in ethanol to 100
percent amyl acetate. Finally, they were
dried by the critical-point method and
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aggregation with both biconcave and crenated cells; (b) an isolated example of each; and (c) a cluster of cells with intermediate morphologies.

Scale bars, 2 um.

Fig. 2 (bottom). Scanning electron micrographs of cell aggregates in whole embryo (Hamburger-Hamilton stage 7-8): (a) entire

embryo (scale bar, 100 um) and (b-and c) cell aggregates in the area opaca with biconcave and crenated morphologies (scale bars, 6 um).
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coated with carbon (200 A) and Au-Pd
(600 A).

The morphologies of most cells were
found to be remarkably similar to those
of mammalian red blood cells. Typical
photographs of cells and cell aggregates
are shown in Fig. 1. They exhibit the bi-
concave, cup-shaped, crenated, and in-
termediate morphologies characteristic
of mammalian red blood cells. They are,
however, smaller than blood cells, being
only 2.5 to 5.5 um in size, and they can
easily be distinguished from chick eryth-
rocytes, which are oval.

The resemblance between cultured
chick embryonic cells and mammalian
red blood cells was noticed long ago by
Shipley (5). He observed cultured cells
explanted from the area opaca of an 18-
hour embryo and noted that many ap-
peared remarkably like young mamma-
lian red blood cells, being about 4 wm in
diameter. Our scanning electron micro-
graphs are of cells fixed within 2 hours of
disaggregation, without culturing, and
from embryos at a stage at which no
blood corpuscles or hemoglobin are
present. They exhibit the same resem-
blance to mammalian blood cells, and
our observations with the light micro-
scope confirm Shipley’s.

We also examined a whole embryo
(Hamburger-Hamilton stage 7-8) by
SEM and observed cells with all three
morphologies throughout its ventral sur-
face (Fig. 2). It should be noted that the
embryo was explanted on its vitelline
membrane and incubated (37°C) for 20
hours before fixing. During the incu-
bation a time-lapse film of its develop-
ment was taken. The embryo was on a 2
percent agar substrate made up in Ringer
solution and thin albumen and was cov-
ered with Klearol mineral oil. After the
filming the embryo was removed from its
vitelline membrane and fixed by the pro-
cedure outlined above, except that eth-
anol-Ringer solution was substituted for
ethanol-H,O. The time-lapse film record-
ed normal development during the 20-
hour period.

Sheetz et al. (6) have shown that shape
changes in mammalian blood cells are
produced through the bilayer coupling in
the cell membrane. They find shape
changes occurring within 1 minute at
4°C. If, as seems likely, a similar mecha-
nism is responsible for the diverse
shapes observed in early embryonic
cells, then it may provide one of the bas-
ic mechanisms of early cell differentia-
tion. The resulting range of cell morphol-
ogies could serve diverse embryonic
functions; the biconcave shape being
suitable for active transport or diffusion
of metabolites and the crenated for cell
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aggregation and adhesion. Furthermore,
the possession of two such similar ranges
of morphology by mammalian erythro-
cytes and early embryonic chick cells
suggests that the shapes observed, in-
cluding the biconcave, may be more
widespread than has been assumed. It is
likely that all the morphologies seen
represent the action of very fundamental
processes controlling cell shape.
ALAN R. GINGLE

ANTHONY ROBERTSON
Department of Biophysics and
Theoretical Biology, University of
Chicago, Chicago, 1llinois 60637
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Characterization of a New Human Diploid Cell Strain, IMR-90

Abstract. A new human diploid fibroblast-like cell line has been established from
lung tissue of a female fetus. This has been frozen away in large quantity and charac-
terized for use in research and related purposes. This is the first of a planned series of
human cell lines to be established, characterized, and banked in large quantity in
support of the National Institute on Aging research and general cell biology.

A new human diploid cell line desig-
nated IMR-90 has been established and
banked for research and related pur-
poses. The National Institute on Aging
(NIA), National Institutes of Health
(NIH), through contract to the Institute
for Medical Research (IMR), Camden,
New Jersey, initiated IMR-90 to be avail-
able as a replacement for WI-38 (/, 2) as
the NIH stock of low-passage WI-38
cells has become relatively limited for
purposes other than vaccine manufac-
ture. Cell line IMR-90 is the first of sev-
eral planned human cell lines to be estab-
lished, characterized, and stored in large
quantity in support of NIA research pro-
grams, general cell biology, and related
activities. Cultures are available from
the IMR and other sources of distribu-
tion. The NIA-supported somatic cell ge-
netics resource has been described (3),
and the related NIA cellular aging pro-
gram has been discussed «). IMR-90
was derived from a human female em-
bryo, and otherwise parallels WI-38 to
minimize variables of replacing WI-38
within ongoing laboratory programs. The
extensive frozen stock of IMR-90, com-
bined with the management protocol for
distribution, enhances extensive long-
term availability of the line.

The culture was established from a hu-
man fetus obtained 7 July 1975 from a
therapeutic abortion performed on a 38-
year-old white female (para 6, gravida 8).
The gestational age of the fetus was 16
weeks; its length was 7 cm; there were
no apparent physical abnormalities. Lab-
oratory work completed on the mother
consisted of a normal complete blood

count; blood type was A positive; serol-
ogy tests were negative; calcium, phos-
phorus, glucose, blood urea nitrogen,
uric acid, cholesterol, total protein,
creatinine, lactate dehydrogenase, and
urinalysis were all within normal limits.
Both lungs of the fetus were aseptically
removed in a laminar flow hood and
transferred to two sterile petri dishes.
The lungs were washed with three
changes of medium containing 100 units
of penicillin per milliliter and 100 ug of
streptomycin per milliliter. All tissue
was minced into pieces (with two sterile
scalpel blades) approximately 1 to 2 mm
in size (the Maitland method) (5). Eight
to ten fragments of lung tissue were
transferred with a sterile Pasteur pipette
to plastic T25 flasks. The flasks were
then inverted, with the tissue pieces ad-
hering to the top of the vessel. The
growth medium was McCoy’s SA (Flow
Laboratories, Inc., Rockville, Maryland)
plus 20 percent fetal calf serum; it con-
tained penicillin (100 unit/ml) and strep-
tomycin (100 ug/ml). At the time of the
first passage, antibiotics were removed
from the medium and were not used
again. Four 500-ml bottles of this
McCoy’s medium and two 500-ml bottles
of serum from the same lot used to es-
tablish the culture were frozen for future
reference. The serum used was not inac-
tivated by heat, nor was it dialyzed.
After 1 hour, the inverted flasks were
turned so that culture medium gently
flowed over the tissue explant, which
was then incubated at 37°C in an atmo-
sphere of 5 percent CO, in air. Forty-five
flasks were established by this method.
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