
Table 1. Weights of brown (pooled from five 
bodily regions) and white (inguinal) fatty 
tissues of rats after 5 weeks at sea level or 
at 4350 m (simulated); prime figures are 
followed by standard errors. Percentage 
changes in body weight appear in parentheses. 

Brown fat 
White fat, 

Absolute Relative to absolute 
gs (body wt. (g) 

(g) (%) 

A, Seven rats at sea level (+35.8?4.2) 
0.344+.041 0.085?.008 4.055+-.286 

B, Five rats at 4350 mi (-10.9+3.4) 
0.500+.070 0.192-.022 2.250+.359 

Difference, B-A (-46.6+5.3) 
+0.155-.081 +0.107+.023 -1.805?-.459 

Probability, Student t-test (<.001) 
<.10 <.001 <.001 
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data thus suggest that brown fat may 
be an important factor in acclimatiza- 
tion of the rat to high altitude. 
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Lymphocytes of Small Mammals: 
Spontaneous Transformation in 
Culture to Blastoids 

Abstract. Small lymphocytes fromn 
rabbit and guinea pig, grown in tissue 
culture in the absence of phytohemag- 
glutinin, can transform spontaneously 
into cytologically immature cells that 
are indistinguishable morphologically 
from blast cells. The transformation oc- 
curs in 38 to 75 percent of peripheral 
lymphocytes and 55 to 75 percent of 
splenic lymphocytes on the 5th day of 
culture. The altered cells can synthe- 
size RNA and DNA and show mitotic 
division; synthesis of DNA occurs af- 
ter the 5th day of culture, whereas 
RNA is synthesized throughout the du- 
ration of culture. 

Despite participation of lymphocytes 
in many immunologic processes and 
their apparent role as the precursors of 
antibody-forming cells, their potentials 
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and the specific factors that may con- 
trol their differentiation and function 
have not been fully elucidated. Several 
substances, particularly phytohemagglu- 
tinin (PHA), can transform human 
peripheral lymphocytes, when grown in 
tissue culture, into large, immature 
blastoid cells (1). In the presence of 
PHA, 70 to 90 percent of the lympho- 
cytes are morphologically immature 
even after being cultured for 72 hours, 
whereas cells grown without PHA are 
essentially unchanged. 

While culturing human peripheral 
lymphocytes in the absence of PHA, 
I observed a striking alteration in 
both size and cytological characteristics 
in some of the cells on the fifth day 
of culture: between 5 and 40 percent 
of the cells were transformed, appar- 
ently spontaneously, into blast-like cells 
and were indistinguishable from those 
stimulated with PHA. Lest the presence 
of polymorphonuclear leukocytes in 
the lymphocyte culture inoculum be a 
possible stimulatory factor, the original 
plasma-leukocyte suspension was puri- 
fied by allowing the polymorphs to ad- 
here to glass prior to culture. 

Four of the 14 donors had a history 
of allergy to penicillin; their cells were 
cultured without addition of antibiotics. 
They were in a group of nine donors 
in whom a spontaneous transformation 
of 5 to 16 percent of lymphocytes oc- 
curred, whereas the highest rates of 
transformation (19, 26, 29, 34, and 
40 percent) were in donors without a 
history of allergy to drugs. This obser- 
vation led us to investigate further the 
potential of niammalian lymphocytes 
for spontaneous transformation to blas- 
toids and to study the metabolic func- 
tion of such cells as determined by 
their ability to synthesize DNA and 
RNA. We have now shown that small 
lymphocytes from either rabbit or 
guinea pig can transform spontaneously 
into large blastoid cells capable of syn- 
thesis of RNA and DNA and of 
mitotic division. This cytological differ- 
entiation occurs in both peripheral and 
splenic lymphocytes and is evident in 
about 38 to 75 percent of cells on the 
fifth day of culture. 

Blood obtained from nonimmunized 
rabbits by cardiac puncture was col- 
lected in syringes containing heparin. 
The erythrocytes were sedimented by 
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Fig. 1. Phase-contrast micrograph of rab- 
bit peripheral lymphocytes grown in tis- 
sue culture for 5 days without phyto- 
hemagglutinin. The lymphocytes have 
transformed spontaneously into large 
blastoid cells possessing abundant cyto- 
plasm, delicate nuclear chromatin, and 
prominent nucleoli. 

aspirated and centrifuged at 800 
rev/min for 5 minutes. The cells were 
washed twice with Eagle's minimal es- 
sential medium and the total lympho- 
cytes were counted. Replicate cultures, 
each containing 3 X 106 lymphocytes 
in 4 ml of medium (minimal essential 
medium, modified for suspension cul- 
ture, supplemented with 20 percent 
fetal calf serum and 1 percent L-gluta- 
mine), were incubated for 5 days at 
37?C. 

Phytohemagglutinin type M (0.1 
ml) was added to some of the tubes 
at the beginning of culture, and these 
cells were grown for 72 hours. Dupli- 
cate cultures were harvested within one 
hour, and then two or more cell cul- 
tures from each animal were harvested 
3 and 5 days later. The cells were 
examined by phase-contrast microscopy 
after being fixed in a mixture of ab- 
solute methanol and glacial acetic aoid 
(3:1) and being stained with 0.5 per- 
cent acetic-orcein. The cells were also 
examined by light microscopy after be- 
ing stained with Jenner-Giemsa; how- 
ever, nuclear detail was considerably 
enhanced by phase-contrast microscopy, 
which was used for most of the counts. 
One thousand cells on each slide were 
counted, and the percentages of typical 
small lymphocytes and of altered lym- 
phocytes were determined. 

The cytological criteria for transfor- 
mation were based both on the size 
of the cells and on the appearance of 
the nuclear chromatin. Thus cells with 
prominent nucleoli and a pale-staining, 
delicately reticulated nuclear chromatin 
were considered transformed even if 
they were of about the same size as 
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Table 1. Percentages of rabbit peripheral 
lymphocytes spontaneously transformed in 
culture to blastoids at intervals up to 120 
hours. Lymphocytes grown in suspension 
culture with Eagle's minimal essential medi- 
um modified for suspension culture (Grand 
Island Biological); values are means of two 
or more replicate cultures. 

72 120 120 ntal hours* hours* hourst 

0.8 8.6 72 74 
1.8 12 75 60 
2.4 12 63 64 
2.2 6.5 50 43 
2.5 9 48 54 
1.6 8 38 56 
1.8 4.5 67 64 
2.0 4 74 75 
2.6 9 66 66 
1.4 8.6 71 70 

* Medium supplemented with 20 percent fetal 
calf serum. t Medium supplemented with 20 
percent autologous rabbit serum. 

small lymphocytes. In order to study 
synthesis of DNA and RNA, duplicate 
cultures at the start of the experiment, 
at 3 days, and at 5 days were gently 
agitated and then incubated for 2 hours 
with 1.25 p,c of tritiated thymidine or 
tritiated cytidine for each milliliter of 
culture medium. After incubation, the 
cells were washed three times with nor- 
mal saline and then fixed for 10 min- 
utes with a mixture of absolute metha- 
nol and glacial acetic acid. Slides were 
prepared for autoradiography by use of 
NTB-2 Kodak Nuclear Track Emul- 
sion. The slides were stored in light- 
proof boxes for 14 to 21 days at 4?C, 
and were then developed in Kodak D- 
72 and stained with Jenner-Giemsa. 
One thousand cells on each slide were 
counted, and the percentage of the total 
mononuclear cells containing six or 
more grains were determined. 

At the beginning of culture, lymphoid 
cells in the inoculum consisted of typi- 
cal small lymphocytes, except for 0.8 
to 2.6 percent medium or large lym- 
phocytes (Table 1) which, in addition 
to being larger, possessed a reticulated 
nuclear chromatin. The small lympho- 
cytes did not incorporate tritiated thy- 
midine into DNA, but 0.1 to 2.5 per- 
cent of the lymphocytes that appeared 
immature were labeled with tritiated 
thymidine (Table 2). In contrast with 
the absence of DNA synthesis, between 
86 and 96 percent of the blastoid cells 
were undergoing synthesis of RNA, as 
evidenced by labeling with tritiated cyti- 
dine (Table 2); about the same per- 
centage of small lymphocytes had also 
incorporated this label. By the 3rd day 
of culture the cells grown in the pres- 
ence of PHA had undergone a cytologi- 
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cal transformation that was similar to 
that observed in cultures of human lym- 
phocytes. Thus, after 72 hours of cul- 
ture, 75 to 86 percent of the cells 
were morphologically immature, and 
mitoses were frequent. 

In the cultures grown without PHA, 
4 to 12 percent of the cells were blas- 
toid in appearance at 72 hours (Table 
1). By the 5th day of culture, how- 
ever, significant alteration in size and 
cytological characteristics was evident 
in the lymphocytes grown in the ab- 
sence of PHA; 38 to 75 percent of 
the cells had transformed, apparently 
spontaneously, into immature cells hav- 

ing prominent nucleoli, finely reticulated 
nuclear chromatin, and abundant, pale- 
staining cytoplasm (Fig. 1). 

The transformed cells varied between 
10 and 50 /x in diameter. The smaller 
cells (10 to 20 /j) were thought to be 
either in the process of enlargement or 
to have resulted from mitotic division 
of the large blastoid cells; however, 
even the smallest of the transformed 
cells could be readily distinguished from 
small lymphocytes by characteristics of 
their nuclei. As with PHA present, the 
transformed cells tended to grow in 
clusters; mitoses were frequent, and the 
cytoplasm stained intensely with methyl- 
green pyronin. Despite the obvious mi- 
totic activity the cultures were never as 
heavily populated as those grown with 
PHA present. Synthesis of DNA and 
RNA was active in the transformed 
cells, as determined by autoradiography 
with tritiated thymidine and tritiated 
cytidine. After 2-hour incubation 12 to 
30 percent of the blastoid cells were 
labeled with tritiated thymidine and 95 
to 98 percent of the blastoid cells had 
incorporated tritiated cytidine into RNA 
(Table 2). 

Since the original culture inoculum 
consisted almost entirely of small lym- 
phocytes, these cells had probably trans- 
formed into the blastoid cells seen 5 
days later. Although unlikely from a 
quantitative standpoint, the blastoid cells 
may conceivably have derived from 
rapid proliferation of the 0.8 to 2.5 
percent of immature lymphocytes pres- 
ent in the inoculum at the beginning of 
culture. However, active synthesis of 
DNA, as measured by incorporation 
of tritiated thymidine, did not occur 
until the 5th day of culture, when 12 
to 30 percent of the cells were labeled 
after 2-hour incubation. By contrast, on 
the 3rd day of culture the cell popula- 
tion consisted of 4 to 12 percent of 
blastoid cells of which only 0.2 to 2.4 

Table 2. Synthesis of DNA and RNA in cells 
spontaneously transformed to blastoids; rab- 
bit peripheral lymphocytes were grown in 
suspension culture and incubated for 2 hours 
with 1.25 Ac tritiated thymidine or tritiated 
cytidine before harvesting and autoradiogra- 
phy. Values show the range of labeled cells 
in cultures from ten animals after 0, 72, and 
120 hours. 

Blastoid cells labeled (%) 
Time 
(hr) Tritiated Tritiated 

thymidine cytidine 

0 0.1 to 2.5 86 to 96 
72 0.2 to 2.4 92 to 98 

120 12 to 30 95 to 98 

percent were labeled with tritiated thy- 
midine (Table 2). On the following day 
there was an abrupt increase in the 
percentage of blastoid cells (30 to 40 
percent) and a concomitant decrease in 
small lymphocytes. These results sug- 
gest that the blastoid cells derived from 
a progressive cytological transformation 
of the small lymphocytes present in 
the original culture inoculum, and that 
cell replication was vigorous only after 
the spontaneous change had taken place. 

The unexpected observation of ex- 
tensive cell transformation to blastoids 
led us to search for factors that might 
conceivably have elicited such a change. 
Three possible stimulatory factors were 
considered: (i) foreign proteins in the 
tissue-culture media (for example, fetal 
calf serum), (ii) penicillin or streptomy- 
cin, which are routinely added to the 
media, and (iii) polymorphonuclear leu- 
kocytes in the original cellular inocu- 
lum or their degradative products. 

Lymphocytes from the ten rabbits 
listed in Table 1 were therefore cul- 
tured in media containing 20 percent 
of autologous serum rather than fetal 
calf serum, and cultures were also 
grown without penicillin or streptomy- 
cin. The use of rabbit serum did not 
reduce the number of transformed cells 
(Table 1); in fact, addition of auto- 
logous serum enhanced the growth of 
the cells in that there was more luxuri- 
ant growth of the cultures and an ap- 
parent increase in mitotic figures. Fur- 
thermore, there was no diminution in 
the percentage of blastoid cells when 
the cells were grown without either pen- 
icillin or streptomycin or without both. 

The lymphocytes were purified before 
culture by allowing the polymorphonu- 
clear leukocytes in the original plasma- 
leukocyte supernatant to adhere to 
glass. The plasma, rich in leukocytes, 
was first mixed with an equal volume 
of minimum essential medium before 
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10-ml portions were placed in 120-ml, 
flat-sided, glass prescription bottles. The 
bottles were incubated on their sides 
for 90 minutes at 37?C. The lympho- 
cytes and any nonadherent polymorphs 
were gently decanted, centrifuged, 
washed twice in medium, and cultured 
as described. This procedure effectively 
reduced the number of contaminating 
polymorphs and provided a reasonably 
pure culture inoculum of small lympho- 
cytes. 

However, the presence of polymor- 
phonuclear leukocytes in the cultures 
had no obvious stimulatory effect on 
cellular transformation, since their re- 
moval did not reduce the percentage of 
blastoid cells after 5 days of culture. 
Indeed, rather than provoke stimula- 
tion of blastoids, the presence of granu- 
locytes may inhibit the growth and dif- 
ferentiation of lymphocytes in vitro (3). 

Spontaneous transformation to blas- 
toid cells was also studied in cultures 
of guinea pig peripheral lymphocytes. 
Erythrocytes from nonimmunized guin- 
ea pigs were sedimented by the addi- 
tion of an equal volume of 3 percent 
gelatin to heparinized blood, and the 
cells were cultured in 20 percent rabbit 
or fetal calf serum. By the 5th day of 
culture, between 58 and 72 percent of 
the cells were blastoid in appearance, 
whereas only 0.8 to 2.5 percent were 
blastoid before culture. 

The potential for spontaneous trans- 
formation was not confined to circulat- 
ing lymphoid cells; a similar change was 
also observed in 5-day cultures of 
splenic lymphocytes of guinea pig. The 
splenic tissue was teased apart in mini- 
mal essential medium, filtered through 
mesh, washed three times with medium, 
and then cultured for 5 days at 37?C 
in minimal essential medium supple- 
mented with fetal calf serum (20 per- 
cent). By contrast with the peripheral 
lymphocytes, the splenic cells were more 
heterogeneous in appearance at the be- 
ginning of culture. Many of the splenic 
lymphocytes were larger than the cir- 
culating lymphocytes; most of them had 
a dense, deeply basophilic, nuclear 
chromatin, while approximately 10 to 
16 percent had reticulated nuclei simi- 
lar to those of the blastoid cells. By 
the 3rd day of culture with PHA pres- 
ent, 75 to 85 percent of the splenic 
cells were blastoid in appearance, and 
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ripheral blastoid cells were capable of 

synthesis of RNA and DNA, as evi- 
denced by labeling with tritiated cyti- 
dine and tritiated thymidine, re- 

spectively. 
The stimulus for transformation to 

blastoids is not known. The immature 
cells that developed spontaneously or 
with PHA present tend to appear in 
aggregates. It has been suggested that 
the blastogenic properties of PHA may 
be related to cell-membrane contacts 
caused by agglutination of leukocytes. 
Thus one may speculate that spontane- 
ous transformation to blastoids is also 
related to the lymphocytic aggregation 
that always occurs to some extent, even 
when cells are cultured in the absence 
of PHA. Possibly the transformation re- 
flects a response by the small lympho- 
cytes to antigen or antigens in the cul- 
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ture media. I tried to eliminate certain 
obvious antigens, such as foreign pro- 
teins and penicillin, but cell-bound anti- 

gens or antigens resulting from cell 
degeneration conceivably may have 
elicited such response. 

SEYMOUR M. SABESIN 

Department of Medicine, Massachusetts 
General Hospital, Boston 

References and Note 

1. P. C. Nowell, Cancer Res. 20, 462 (1960); 
W. H. Marshall and K. B. Roberts, Quart. J. 
Exp. Physiol. 48, 146 (1963); K. Hirschhorn, 
F. Bach, R. L. Kolodny, I. L. Firschein, N. 
Hasem, Science 142, 1185 (1963). 

2. B. M. Kopriwa and C. P. Leblond, J. Histo- 
chem. Cytochem. 10, 269 (1962). 

3. R. I. Walker and I. Fowler, Exp. Cell Res. 
38, 379 (1965). 

4. Work supported by grants from the Medical 
Foundation of Boston, the John A. Hartford 
Foundation, and NIH (AM-03014, 04501). I 
thank Maria T. Maglio for technical assistance. 

27 July 1965 a 

ture media. I tried to eliminate certain 
obvious antigens, such as foreign pro- 
teins and penicillin, but cell-bound anti- 

gens or antigens resulting from cell 
degeneration conceivably may have 
elicited such response. 

SEYMOUR M. SABESIN 

Department of Medicine, Massachusetts 
General Hospital, Boston 

References and Note 

1. P. C. Nowell, Cancer Res. 20, 462 (1960); 
W. H. Marshall and K. B. Roberts, Quart. J. 
Exp. Physiol. 48, 146 (1963); K. Hirschhorn, 
F. Bach, R. L. Kolodny, I. L. Firschein, N. 
Hasem, Science 142, 1185 (1963). 

2. B. M. Kopriwa and C. P. Leblond, J. Histo- 
chem. Cytochem. 10, 269 (1962). 

3. R. I. Walker and I. Fowler, Exp. Cell Res. 
38, 379 (1965). 

4. Work supported by grants from the Medical 
Foundation of Boston, the John A. Hartford 
Foundation, and NIH (AM-03014, 04501). I 
thank Maria T. Maglio for technical assistance. 

27 July 1965 a 

Kinetin-Induced Chloroplast Maturation in 

Cultures of Tobacco Tissue 

Abstract. Cultured tobacco tissue possesses proplastids capable of differentiat- 
ing into mature chloroplasts. Kinetin (6-furfurylaminopurine) is a specific re- 
quirement for this differentiation; the absence of this compound results in a 
blockage of the formation of grana. The possibility that kinetin exerts a direct 
effect upon chloroplast differentiation is considered. 

We describe here the effect of the lu/m2) at the level of the cultures. 
plant growth regulator, kinetin (6-fur- Both light- and dark-grown tissues 
furylaminopurine), on chloroplast mat- were cultured at 25?C. Tissue sam- 
uration and chlorophyll synthesis in ples were taken from both light- and 
cultured tobacco tissue. The function dark-grown cultures at either 28 or 
and fine structure of developing chlo- 45 days for chlorophyll determinations 
roplasts in this system has already been (4) and for fine-structure examination 
reported (1). Kinetin has been impli- by electron microscopy. The tissue 
cated in many aspects of plant metabo- was fixed in 1.5 percent KMnO4, de- 
lism, and it is required for the growth hydrated in a graded water-acetone 
of many cultured tissues (2). series, and stained in 1.0 percent 

The tissue used in these experiments uranyl nitrate. The fixed and stained 
was originally isolated from pith of material was embedded in epoxy resin 
Nicotiana tabacum L. var. Maryland (5) and sectioned with a diamond 
Mammoth, and it had been subcul- knife. Sections were mounted on un- 
tured for a period of 2 years. This coated grids and viewed in the Siemens 
strain of tobacco tissue will grow Elmiskop I. 
in the absence of kinetin, but com- The proplastid illustrated in Fig. 1A 
plete chloroplast development occurs is typical of those found in tissue 
only in the presence of this compound. grown in the dark for 28 days on a 
A modified Murashige and Skoog me- medium containing kinetin (0.5 
dium (3), which was used as the basic mg/liter). Lamellar formation appears 
culture medium, contains the auxin, to occur by vesiculation and elabora- 
naphthalene acetic acid, at a concen- tion of the inner proplastid membrane. 
tration of 0.5 mg/liter. Explants from Lamellar sheets, as seen by serial sec- 
tissue grown without light (dark-grown) tions, are formed in the proplastids, 
were grown in continuous light (light- but there is no fusion of lamellae to 
grown) on media with or without form grana. Prolamellar bodies have 
kinetin. Light was supplied by a bank not been observed in the proplastids 
of warm-white fluorescent tubes pro- of dark-grown cultured tissue. Cul- 
viding an intensity of 500 ft-c (45 tured tissue growing in the light in 
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