
however, if the cell and manometer 
are in a vacuum chamber (with win- 
dow). A known drop in hydrostatic 
pressure in the chamber, brought on 
by a pump, will cause the bubble to 
expand, and the relative change in 
volume can be used to calculate the 
pressure in the bubble, regardless of 
its absolute volume. This calibration 
does not disturb the protoplasmic 
streaming of the cell. 

The capillary method could be modi- 
fied to give a method which would 
operate indefinitely. An oil drop could 
be put in an unfused capillary with one 
end in the cell and the other con- 
nected by a pressure valve to highly 
compressed gas. Changes in turgor 
would be matched by (recorded) changes 
in applied pressure needed to maintain 
a constant position for the drop. 

Our method could be applied to 
large cells where the elasticity of the 
cytoplasm makes the methods requir- 

ing osmotic equilibrium all but impos- 
sible (for example, large cells of red 
algae). It also appears to be practical 
for measurements on cells not in osmot- 
ic equilibrium. It could thus provide 
data pertinent to the physics of the 
growth process (7). 
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Chromosomal Breakage Induced by Extracts of 

Human Allogeneic Lymphocytes 

Abstract. A high frequency of chromosomnal breakage and rearrangement has 
been found in fibroblasts treated with extracts of allogeneic human lymphocytes. 
The fact that these changes were not observed when extracts of autologous lym- 
phocytes were tested indicates that mechanisms involving self-recognition are 
operative. Abnormalities, such as chromosome lagging and bridges, occurring in 
anaphase were also served. 

The increased frequency of thyroid 
antibodies in mothers of children with 
Down's syndrome could be interpreted 
as an indication that factors related 
to immunological aberrations in a 
parent predispose the offspring to 
chromosomal abnormalities such as 
Down's syndrome (1). For study of the 
effect of immunological or self-rec- 

ognizing reactions on mitoses in 
vitro, fibroblasts were treated with ex- 
tracts prepared from circulating human 
lymphocytes from either the same sub- 
jects who donated the fibroblasts (autol- 
ogous) or from genetically unrelated 
subjects (allogeneic). In earlier studies, 
abnormalities in chromosomal distribu- 
tion. as evidenced by variability in 
chromosome number were noted in ex- 
periments with allogeneic extracts (2). 
We have since turned our attention. to 
the question of whether lymphocyte ex- 
tract causes more discrete chromosomal 
aberrations that can be scored in meta- 
phase or anaphase. 

Extracts of lymphocytes from seven 
subjects were tested in a total of 17 
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combinations of allogeneic extracts and 
fibroblasts (Table 1) (3). Three of 
these extracts were also tested on autol- 
ogous fibroiblasts (Table 2). The cul- 
tures were harvested at both 24 and 48 
hours after the addition of extract. 
Anaphases were scored for chromo- 
some lagging and bridges, and meta- 
phases were scored for chrorno- 
somal breakage and rearrangements 
(4). Two kinds of breaks were scored, 
those in which both chromatids were 
broken (chromosomal breaks) and those 
in which a single chromatid was 
broken chromatidd breaks) (Fig. 1). In 
both instances the lesions were scored 
only if they were obvious (as opposed 
to gap lesions). The cells were further 
subdivided into those containing one 
and those having more than one broken 
chromosome. Included in the rear- 
rangements are quadriradials and other 
complex chromosomal formations (Fig 
1). For each experimental point, a 
duplicate culture treated with buffer 
served as a control. 

High frequencies of cells with bro- 

ken and rearranged chromosomes were 
observed in all experiments with allo- 
geneic extracts (Table 1). Extracts from 
the four mothers of children with 
Down's syndrome, each of whom had 
circulating thyroid antibodies, seemed 
to induce greater responses than those 
from the three subjects who lacked 
evidence of immunological aberrations. 
Approximately one-third of the abnor- 
mal cells contained more than one 
broken chromosome. Chromosomal re- 
arrangements such as quadriradials 
were less common but occurred in up 
to 10 percent of the dividing cells (up 
to 21 percent of the abnormal cells) 
in some treated cultures. In the con- 
trol cultures in these experiments, about 
2 percent of dividing cells had one 
broken chromosome; only two cells 
with more than one broken chromo- 
some were observed, and rearrange- 
ments were not seen. 

In anaphase, 0.5 to 2.8 percent of 
cells in untreated. control cultures con- 
tained abnormalities. In treated cultures 
these frequencies increased three- to 
tenfold. 

Extracts prepared from lymphocytes 
of the three subjects (Table 1, sub- 
jects 5, 12, and 13) without known 
immunological aberrations were tested 
autologously at the same time that they 
were tested allogeneically. All three 
produced changes in genetically foreign 
fibroblasts, but an increased frequency 
of chromosomal breakage in autolo- 
gous fibroblasts was not observed 
(Table 2). 

The maximum frequency of chro- 
mosomal aberrations was observed in 
the first mitosis following the addition 
of extract (24 or 48 hours). There- 
after, the frequency declined rapidly, 
reaching control levels 2 to 3 days 
later. The maximum increase in ana- 
phase abnormalities paralleled the in- 
crease in chromosomal breakage ob- 
served in metaphase. When extract was 
incubated at 370C for 3 days and then 
added to fibroblasts, it had only 50 
percent of the activity of an equal 
amount of the same extract stored for 
3 days at -20'C. Thus, the decline in 
the frequency of aberrant cells is at 
least partially due to inactivation of 
the extract at 370C. The effect of 
lymphocyte extract on growth and via- 
bility was studied with duplicate cell 
counts made in a hemocytometer at 
the time of harvest immediately after 
treatment of cultures with trypsin. 
Most cultures exposed to lymphocyte 
extract contained 15 to 50 percent 
fewer cells than did untreated con- 
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Fig. 1. Six cells showing anaphase abnor- 
malities (A), chromosomal breaks (B, C, 
E), and rearrangements (D-F). (A) 
Bridge and lagging, (B) chromatid break, 
(C) chromosome break, (D) quadriradial, 
(E) complex rearrangement, and (F) 
dicentric chromosome and abnormal re- 
arrangement. 

trols. It seems likely that the lowered 
cell counts are related to the chromo- 
somal aberrations. Hellstrom and co- 
workers -(5) noted cytotoxicity in vitro 
when cellular extracts or intact lym- 
phoma cells were added to tumor cells 
containing a foreign histocompatibility 
antigen. A cytopathic effect in vitro 

has been noted with intact sensitized 
lymphoid cells (6) and with normal, 
unimmunized lymphoid cells (7), es- 
pecially if they are artificially aggre- 
gated to target cells (8). Conceivably 
cell death in these experiments could 
have been mediated by chromosomal 
changes. 

In our experiments, a decrease in 
the number of intact cells in treated 
cultures was evident only in the har- 
vest following the maximum frequency 
of chromosomal breakage. Shortly 
thereafter treated cultures contained 
more intact cells than control cultures 
did. This sequence of events may be the 
result of two opposing forces operating 
in the treated cultures-one, chromo- 
somal aberrations favoring cell death or 
decreased growth and two, a nonspecif- 
ic, growth-stimulating effect of cell ex- 
tracts (9). Consequently, a decrease in 
cell number might be seen only after 
maximum breakage had occurred, but 
when the frequency of breaks declined, 
the stimulatory effect would predomi- 
nate. 

These experiments demonstrate that 
extracts prepared from human circula- 
ting lymphocytes can induce chromo- 
somal aberrations in allogeneic fibro- 
blasts in vitro. However, the nature of 
the active factor is not known, nor is it 

Table 1. Chromosomal breakage and rearrangements induced by allogeneic lymphocyte extract in 
vitro. Cells were harvested at 24 and 48 hours. Subjects 1 through 4 have evidence of aberrant 
immunologic reactions as demonstrated by circulating thyroid antibodies, and each has a 
child with Down's syndrome; 5 is a 24-year-old male with treated lymphoma; and 12 and 13 
are normal adult males. The skin cultures were obtained originally for biochemical studies 
from infant foreskins (subjects 10 and 11) or from adults (subjects 12-14). Cells (300,000 and 
250,000) were seeded for 24 and 48 hours, respectively. A total of 24 cells with abnormalities 
were observed in the 1300 control cells analyzed. Twenty-two of these had a single broken 
chromosome, two had multiple breaks, and none had chromosomal rearrangements. 

Ex- F- Abnormal cells (%) in first mitosis (24 or 48 hr) Abnormal cells 
tract Flbro- (%) in second 
om f blasts Con-Treated mitosis (48 hr) 

ject subject trol Ttl One > 1 Rearrange- Cotl Trae sub-j subjectctrot Total break break ments Control Treated 

1 10 0 37 54 30 16 * * 
1 11 2 26 46 54 0 4 10 
1 14 2 28 71 21 7 0 8 
2 10 2 48 33 46 21 * * 

2 11 4 18 67 22 11 * * 
3 11 2 24 100 0 0 t t 
4 10 4 22 45 45 9 2 12 
4 11 2 30 67 27 7 2 16 
4 12 0 20 70 20 10 0 8 
4 13 8 52 35 58 8 * * 
5 10 2 24 75 25 0 2 20 
5 11 0 28 56 44 0 t t 
5 12 4 18 56 44 0 t t 

12 11 0 18 78 22 0 2 12 
12 13 2 12 50 33 17 * * 

13 11 0 18 78 22 0 2 12 
13 12 4 18 67 33 0 * * 

* First mitosis was observed at 48 hours; second mitosis was not studied. t First mitosis was ob- 
served at 24 hours; second mitosis was not scored. 
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Table 2. Chromosomal breakage and re- 
arrangement induced by autologous lympho- 
cyte extract in vitro compared to that ob- 
tained with allogeneic lymphocyte extract. 

Breaks and rearrangements 
Extract (%) 

from 
subject Allo- Autol- Not 

geneic* ogous treated 

5 18-24 3 4 
12 12-18 4 4 
13 18 2 2 

* The details of these experiments are given in 
Table 1. 

known whether it produces its effect 
directly or indirectly perhaps through 
the mediation of growth stimulation. 
In view of these uncertainties, the re- 
lationship of these observations to hu- 
man disease remains conjectural (10). 
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