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In the course of ontogeny cells pass along a definite pathway of realization of genetic 
information, which leads them to acquire special differential functions, Each stage in ontog- 
eny is characterized by a definite ratio of stem cells to nonstem cells, This is the basis 
of existence of phenotypic clonal heterogeneity of cell populations both in vivo and in vitro 
[3]. A promising approach to the study of the structure of the cell population and its 
changes in ontogeny and in pathological states is clonal analysis of cell cultures in vitro 
[9]. Heterogeneity of the cell population has been demonstrated with respect to incorpora- 
tion of [3H]~hymidine [12], the time to pass through phases of the cell cycle [13], the size 
of colonies [14], DNA content, and size of cells [12]. However, most of these investigations 
were undertaken without clonal analysis of the strains, and even if the clonal method was 
used~ cells of only one strain, obtained from human embryonic lung (strain wi-38) were used 
as the object, and most attention was paid to the study of cell aging processes. 

The aim of this investigation was to study proliferative parameters and cytochemical 
characteristics of human embryonic cells of different tissue origin under clonal conditions. 

EXPERIMENTAL METHOD 

Six strains obtained from two 8-10-week fetuses obtained from medical abortions were 
used. From each fetus three strains were isolated~ Strains IMG-841 and IMG-845 were derived 
from skin, IMG-842 and IMG-834 from muscle tissue, and IMG-843 and IMG-798 from lung tissue, 
The method of isolation of the strains from these tissues was the same as that usually adopted 
[i]. The conditions of culture of the cells and of the cloning experiments were descrihed 
previously [5]. The index of labeled cells was determined autoradiographically from the num- 
ber of cells capable of incorporating [3H]thymidine [ii]. Cell morphology was studied by 
Unnars method [4]. Acid and alkaline phosphatases were determined by the azo-coupling reac- 
tion, lipids by the method of Shiney and Storey [2]. 

EXPERIMENTAL RESULTS 

The results given in Table 1 demonstrate high proliferative indices of all the strains 
studied, whether determined by the index of labeled cells or by cloning efficiency. 

Independently of genotype (two different aborted fetuses) and of epigenesis (different 
tissue origin), all strains thus had similar parameters of proliferative activity and prolif- 
erative potential. Parameters of cloning efficiency are important not only as values of 
proliferative potential, but also as proof that subsequently the majority of the cell popula- 
tion could be characterized by clonal analysis. There is evidence in the literature that 
the number of c!onogenic cells differs in different tissues [I0] and may change in the course 
of embryogenesis [7]. Probably these differences have not yet been observed at the stage 
of embryogenesis which we studied (8-10 weeks). 

In all strains, marked clonal heterogeneity could be observed for the intensity of cell 
proliferation, so that the clones differed in size (Fig. i). Colonies consisted either of 
several tens, hundreds, or thousands of cells or of several tens of thousands of cells; 
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TABLE I, Proliferative Characteristics of 
Strains Obtained from Various Human Embryon- 
ic Tissues 

Strain 

IMG-841 
IM G-842 
IM G-84 3 
IMG-845 
IMG-834 
IMG-798 

Passage 
Index of 
labeled 
cells, % 

99 
99 
95 
99 
98 
96 

Cloning ef- 
ficiency, % 

73 
67 
54 
53 
65 
57 

Fig. i. Clonal heterogeneity of cells for intensity 
of proliferation. 

colonies consisting of a smaller number of cells (<i00) were found quite infrequently. As 
regards the morphology of the colonies and of their component cells, the clones as a whole 
could be divided into three types (Fig. 2). Type I were colonies characterized by the histo- 
typical structure of fibroblasts in the stationary stage, consisting of small, fusiform, 
mutually oriented cells, with high mitotic activity. Type II were colonies consisting of 
large cells, spreading out extensively, and without any mutual orientation, These cells were 
characterized by sail-like or pleiomorphic morphology and low mitotic activity. Type III 
were mixed clonies consisting both of small fusiform and large sail-like or pleiomorphic 
cells. 

In strains obtained from skin and muscle tissue all three types of colonies could be 
observed. In strains obtained from the lung of the same embryos, however, all colonies ir- 
respective of the number of cells composing them belonged to type I only. 

Cytochemical analysis after staining for lipids and acid phosphatases revealed no dif- 
ferences between the clones irrespective of both tissue origin and size of colony. Staining 
for alkaline phosphatases showed that three groups of colonies exist in strains obtained from 
skin and muscle tissue: those consisting entirely of positively staining cells, those con- 
sisting of both positively and negatively staining cells, and those with no cells whatever 
staining positively for alkaline phosphatases, In strains of muscular origin most colonies 
(>90%) belonged to groups i and 2. In strains obtained from skin the frequency of discovery 
of colonies of the first and second groUps did not exceed 3%, but in strains ohtained from 
lung, allcolonies consisted of cells staining negatively for alkaline phosphatases. 

The morphocytochemical characteristics of the colonies indicate no correlation between 
the rate of proliferation or the intensity of the reaction for lipids and acid and alkaline 
phosphatases. In both large and small colonies these parameters could remain constant (acid 
phosphatases, lipids). In the case of their clonal distribution (morphology, alkaline phos~ 

636 



Fig. 2. Clonal heterogeneity with ~espect to growth and morphologic 
characteristics of cells. A) Colonies of type I, B) !I, C) III. 
30 x. D) Fusiform, E) sail-like, F) p!eiomorphic cells~ 

phatase), however, they were independent of colony size and were found in colonies with both 
high and low proliferative potential, This is evidence that postmitotic cells in phase III 
of growth ("old" cells), characterized by loss of proliferative activity, a high level of 
acid phosphatases, accumulation of lipids [8], and diminution of the reaction for alkaline 
phosphatases [15], may possess characteristics that differ from those of postmitotic cells in 
the early stages of culture. Similar results were obtained during a study of the ability of 
cell clones to bind concanavalin A [13]. 

The results are evidence that clonal differences in proliferation and morphocytochemical 
characteristics must be taken into account, for example, in prenatal diagnosis~ when growth 
of cells from the amniotic fluid is essentially clonal, and also in biochemical studies of 
cells using micromethods. A further study of clonal heterogeneity and its change during on- 
togeny and in hereditary diseases may prove useful as a step toward the understanding of 
mechanisms of development of~some human hereditary diseases. 
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By the selective staining of nucleolar organizing regions (NOR) with silver (Ag stain- 
ing) it has become possible to study the functioning of ribosomal genes by determining the 
product of their transcription activity directly in metaphase chromosomes, It has recently 
been shown that the character of Ag staining, which includes the number of NOR stained with 
silver, the intensity of their staining, and distribution with respect to 20 acrocentric chro- 
mosomes, is a stable, specific, and inheritable individual characteristic [12, 14]. Mean- 
while most investigators have found intra-individual intercellular variability for the number 
of active NOR and link this phenomenon with technical errors of the Ag staining method [i0]. 
In investigations on blood lymphocytes specially devoted to this problem, intercellular vari- 
ability was shown to be a truly existing phenomenon [4, 15], Essentially it consists of the 
presence of several subpopulations of cells differing in their number of active NOR. These 
differences arise on account of a change in the ability of one or two NOR of acrocentric 
chromosomes specific and characteristic for each individual, to stain with silver. It has 
also been found that intercellular variability does not depend on the order of cell division 
after the cells had emerged from the Go phase [3]. The observations described above can be 
explained in two ways: I) In the early stages of ontogeny a definite character of activity 

TABLE i. Characteristics of Individual Chro- 
mosomes Varying in Ag-Staining of Parental 
Cultures and of Clonal Lines Isolated from 
Them 

Y a w i n g  R e l a t i v e  p e ~ e n t a g e s  
of  two ce l l  subpopu-  I ~ i v i d u a l  C u l t ~ e  c h r o m o s o m e  l a h o r e  

Parental 
Clone  I 
~> II 
~> III 
>> IV 

Parental 
Clone I 
>> II 
>> III 

Parental 
Clone 1 
)) II 

13 31:69 
13 33:67 
13 35:65 
13 30:70 
13 36:64 

14 37:63 
14 50:50 
14 37:63 
14 39:61 

15 52.: 48 
15 54:46 
15 48:52 

Note. Number of metaphase plates studied for 
each case is shown in Fig. i. 
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