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Am J Hum Genet 33:950-956, 1981

Phenotypic Heterogeneity within Clones of Fetal Human Cells

SCOTT F. GILBERT,' JOYCE AXELMAN,2 AND BARBARA R. MIGEON2

SUMMARY

The heterogeneity of cell morphology characteristics of some colonies of
human fetal kidney and amniotic fluid cells has been analyzed by bio-
chemical and cell-cloning techniques. All the presumed subclones de-
rived from dimorphic colonies were initially epithelioid, but some cells
became fibroblastlike as the cell density increased. To determine if the
observed heterogeneity occurred within clonal populations of cells, we
determined the isozyme phenotype of dimers from renal cells heterozy-
gous for glucose-6-phosphate dehydrogenase (G6PD). Colonies showing
mixed cellular morphology expressed only a single G6PD isozyme, thus
revealing their single-cell origin. Our results indicate that cell morphol-
ogy is influenced by the cellular density within the clone, and that a
single human renal cell in vitro can yield progeny of two morphological
types.

INTRODUCTION

Transformation from one cellular phenotype to another has been observed for
diploid cells in vitro [1-3], and such changes have been correlated with the ap-
pearance of novel cell properties [4, 5] and new differentiated functions [6, 7].
However, the evidence that such a morphological change regularly occurs within
clones of cells is weak. With the exception of myoblast fusion studies [8], the
single-cell origin of colonies containing two distinguishable cell types has not been
established. The single-cell origin of such pleiomorphic colonies has not been
established biochemically in any case.
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HETEROGENEITY WITHIN CLONES OF FETAL CELLS

The cellular mosaicism in heterozygotes carrying G6PD variants provides the
means to determine if populations of cells have a single-cell origin. Analyses of
tumors from heterozygous females reveal that some are derived from single cells
while others have a multicellular origin [9, 10].
We used the cellular mosaicism at the G6PD locus to analyze colonies of human

fetal kidney cells that exhibit morphological heterogeneity (table 1, fig. 1A and B).
Our studies indicate that these colonies of mixed morphology are clones and not
mixed colonies, and that the heterogeneity is a consequence of increasing intraclon-
al cell density.

MATERIALS AND METHODS

Tissue from seven dead fetuses of 10-20-weeks gestation were obtained according to
protocol approved by the Committees for Clinical Investigation and Fetal Research of The
Johns Hopkins Medical Institutions. Clones were established either directly from dissociat-
ed cells or from cell cultures established from explants. Cells prepared directly from kidney
by treatment with collagenase (0.2%; Sigma Type II, Sigma, St. Louis, Mo.) and trypsin
(0.25%; Gibco, Grand Island, N.Y.) were plated at densities of 0.1-5 X 103 into 60-mm
plastic petri dishes containing Eagle's MEM (Gibco) supplemented with nonessential amino
acids and 20% fetal calf serum. Alternatively, cells emanating from 3-8-day outgrowths of
explants derived from fetal kidney, lung, heart, liver, and skin were replated at low densities
(10-100 cells per 60-mm dish). Colonies of amniotic fluid cells were established by distribut-
ing the cellular pellet from 10-ml fluid obtained by midtrimester amniocentesis into two
60-mm petri dishes.
At 10-days incubation, clones in petri dishes were fixed and stained with toluidine blue or

Giemsa to determine cellular morphology. In some cases, individual colonies were isolated
within a cloning cylinder [11] and transferred to individual petri dishes. The resulting clones
were analyzed for G6PD phenotype on cellulose acetate gels [12] or were used as a source of
subclones.

RESULTS

All the cells of colonies derived from human fetal skin, lung, heart, and testes
were entirely fibroblastic (i.e., spindle-shaped cells with bipolar processes, in par-
allel array). No heterogeneity was observed (table 1). In contrast, the colonies
obtained from human fetal kidney and amniotic fluid cells were of several varieties
(table 1). Some consisted entirely of fibroblasts, and others were composed entire-
ly of epithelioid cells (randomly oriented round cells without processes). In addi-
tion, there were heterogeneous colonies that seemed to contain fibroblasts as well
as epithelioid cells. Serial examination of these dimorphic colonies revealed that
they were initially homogeneous, consisting purely of epithelioid cells, but that
fibroblastlike cells appeared in the center of the colony as the colony increased in
size. These spindle-shaped cells streamed over the epithelioid cells, subdividing the
presumed clone into compartments (fig. 1).
To determine if the fibroblastlike cells in the dimorphic colonies were in fact

progeny of epithelioid cells and not merely fibroblast contaminants, we isolated
the dense center of one of these renal cell colonies with a cloning cylinder. The
resultant cell suspension, enriched for spindle-shaped cells, was diluted with nu-
trient medium and plated sparsely (20-300 cells per 100-mm dish) into a series of
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FIG. I.-(A, top), Photomicrographs of subclones derived from a clone of fetal kidney origin (Fe 19c)
showing prominence of colonies with dense centers. Close-up of dimorphic clones (B, center) 25 X, and
(C, bottom) 100 X (close-up of center).
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petri dishes. At 7 days after plating, the resulting colonies (obtained with an
efficiency of 6%) were homogeneously epithelioid so that fibroblast contamination
was not a likely explanation for the mixed morphology. On continued prolifera-
tion, spindle-shaped cells reappeared centrally, forming the same patterns noted in
the original colonies (table 1-Fe 19c and fig. 1).
To demonstrate the single-cell origin of these dimorphic colonies, studies were

undertaken of renal cells from a female fetus heterozygous for the common elec-
trophoretic variant of the X-linked enzyme G6PD. Cells obtained from the out-
growth of a kidney explant were placed at low density (10-100 cells per 60-mm
dish), and discrete colonies were obtained for kidney explants with an efficiency of
12%. Approximately one-half of these had a dimorphic morphology. Chromo-
some analyses of two of the mixed colonies revealed the expected 46XX karyo-
type. Ten colonies, including seven of mixed morphology, were isolated and ana-
lyzed for G6PD phenotype. The results of electrophoresis shown in table 2 and
figure 2 revealed that each colony tested expressed either G6PDA or G6PDB; none
expressed both isozymes.
The presence of intraclonal heterogeneity, although dependent upon the density

of cells within the clone, was independent of the number of clones in the petri dish;
these patterns evolved even in dishes where colonies were sparse. However, clonal
density alone did not induce the heterogeneous morphology as colonies of the
same density, but entirely epithelioid, were also observed from the same specimen
(table 1).

DISCUSSION

Clearly, the dimorphic colonies are in fact clones derived from single cells. Cells
from the mixed colony give rise to colonies of entirely epithelial morphology that
become heterogeneous as intraclonal density increases-indicating that the mor-
phological phenotype of the parent was transmitted accurately to the progeny.

TABLE 2

CHARACTERISTICS OF CLONES DERIVED FROM CELLS OF RENAL ORIGIN,
HETEROZYGOUS FOR G6PDA (Fe 20, CLONING EFFICIENCY = .17)

(Presumed) clone Morphology G6PD phenotype

3 ............. ......... Pure epithelial A
5 ........... .......... Pure epithelial B
6 ...................... Mixed B
7 ...................... Mixed B

10 ..................... Mixed B
12 ............. ......... Mixed B
13 ........... .......... Mixed A
22 ........... .......... Pure epithelial B
24 ..................... Mixed A
25 ...................... Mixed A

NOTE: Only a single isozyme is expressed in each clone. There is no correlation between
G6PD phenotype and morphology.
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FIG. 2.-G6PD phenotypes of dimorphic clones. Slot 5: extracts of uncloned cells from heterozy-
gous Fe 20 expressing both A and B isozymes. Slots 1-4, 6-8: extracts from mixed colonies expressing
single isozymeIA or B.

Furthermore, the presence of a single isozyme of G6PD in each of the "mixed"
clones tested is compelling evidence for the single-cell origin of the colonies. A cell
heterozygous for G6PD expresses only a single form of the enzyme because it has
only a single active X, and the isozyme expressed is stably transmitted to all
progeny [13]. Therefore, if these colonies of mixed morphology originated from
more than one cell, some should have expressed two forms of the enzyme. The
probability that all seven of the mixed colonies have a single isozyme merely
because the mixture originated from two cells that by chance have the same form
of the enzyme is(.5)c l or less than 1%.

Observations compatible with two morphologic types within a single clone have
been reported for embryonic chick cartilage [14], human fetal muscle [8], and
amniotic fluid cells [15]; however, the single-cell origin of these putative clones has
not been established by biochemical criteria. The single G6PD isozyme observed
in these dimorphic colonies not only reveals their clonal nature but indicates that
at least some cells of renal origin give rise to daughter cells of two phenotypes in
response to increasing intraclonal cell density. The intraclonal heterogeneity is
evidence that this adaptive behavior is heritable. Furthermore, our observations
lend support to the evidence [16-19] that cell density is important for the expres-
sion or maintenance of new cell phenotypes during development.
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