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FIG. 1. Electrophoretic and autoradiographic 
patterns of maternal and fetal serum following 
administration of 1-131 rat gamma globulin. 

forming a total of 1.08% of the original 1-131 
gamma globulin recovered from these feti 
and placentae. 

The percentage of original 1-131 gamma 
globulin recovered from the maternal serum 
following in traperi toneal injection of the f e t i 
in 2 pregnant rats is shown in Table 111. 
The percentage recovered per ml maternal 
serum increased during the 6 hours of the 
experiment in direct relation to the length of 
time following injection. T.C.A. precipitation 

showed that 96.9% of the 1-131 was bound 
to gamma globulin in the sera of the injected 
feti, between 70.8 and 87.7% remained bound 
in the mothers’ sera and 54.3% was bound in 
the sera of the non-injected feti. These fig- 
ures indicate that the degree of dissociation 
of I- 13 1 from gamma globulin increased with 
passage from injected feti to mother to non- 
injected feti. 

The results indicate that in rats there is 
a complex interaction between the circula- 
tions of mother and fetus a t  the sites of 
closest approxima tion. 

Summary. 1-131 rat gamma globulin was 
shown to pass from the mother to the fetuses 
in utero, during the 24 hour period following 
injection of 3 maternal rats. 1-131 gamma 
globulin was also shown to pass from the 
fetuses in utero into the maternal circulation, 
and thence into the circulation of the non- 
injected fetuses, following injection of fetuses 
in utero in 2 pregnant rats. 
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Uptake of Tritiated Thymidine by Leukemic Cells: Effect of Various 
Leukocyte Preparations. (28828) 

SEYMOUR PERRY AND JOHN C. MARSH (Introduced by Nathaniel I. Berlin) 
Medicine Branch, National Cancer Institute, National Institutes of Health, Bethesda, M d .  

Recently, Craddock has suggested that duct lymphocytes as test cells, he demon- 
strated that DNA-P32 incorporation and thy- 
midine-H3 uptake were inhibited by intact or 
homogenized normal human granulocytes but 

normal mature granulocytes contain a potent 
inhibitor of DNA synthesis which is absent 
from leukemic cells ( 1). Using dog thoracic 
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not significantly decreased by leukemic leuko- 
cytes. The inhibitory substance was not iden- 
tified. Gray et al reported(2) that normal 
rat liver extracts markedly decreased DNA 
synthesis in extracts of rabbit bone marrow 
and in extracts of other proliferating cell 
systems . 

These findings are consistent with sug- 
gestions by several investigators (3,4) that 
human leukocyte production is regulated by 
a “feedback” control mechanism. The study 
reported here explores this possibility further, 
comparing the effects produced by normal 
and leukemic leukocyte preparations on in 
vitro uptake of thymidine-H3 by leukemic 
cells. 

Methods. Blood was obtained from normal 
individuals and patients with chronic myelo- 
cytic leukemia (CML) not on therapy and 
with white blood counts above 60,000 per cu 
mm. Leukocytes were separated in the cold 
using a modified dextran sedimentation tech- 
nique ( 5). 

Leukocyte homogenates were prepared by 
homogenizing 2.7 X los cells per ml in 
a total volume of 3 ml of 0.1 M phosphate 
buffer pH 7.2 with 2 g of glass beads in the 
cold (MSE Homogenizer, Measuring and Sci- 
entific Equipment, Ltd., London). The beads 
were allowed to settle out and the homogenate 
was centrifuged at  37,000 X g for 30 minutes 
in the cold. The residue was discarded. 

“Incubation supernates” were obtained by 
incubating normal or CML leukocytes in 
autologous plasma or in 0.1 M phosphate buf- 
fer pH 7.2 at  a concentration of lo9 cells per 
ml for 2 hours at 37°C. The cells were then 
removed by centrifugation in the cold at  
14,000 X g for 30 minutes. Cellular metabo- 
lism and viability in the incubated cells did 
not appear to be seriously impaired as deter- 
mined by staining reactions in both types of 
cells and thymidine-H3 uptake and C14-va- 
line uptake as an indication of protein syn- 
thesis in the CML cells. The test system 
used consisted of CML leukocytes ( 2 X  lo7) 
in 0.2 ml 5 %  dextrose in water, 1.2 ml of 
modified Robinson’s medium(8), 0.3 ml of 
autologous plasma, and normal leukocytes 
(4 X lo7) in 0.2 ml dextrose or 0.3 ml of 
the “incubation supernate” or homogenate 

described above. After one hour’s incubation 
in a Dubnoff shaker at 37”C, 1 pc of thymi- 
dine-H3 (sp. act. 0.36 c per mM, Schwarz 
BioResearch, Orangeburg, N. J.) was added 
and the incubation continued for an addition- 
al hour. To study the effect on uptake after 
the leukocyte preparations had been allowed 
to act directly on the thymidine, pre-incuba- 
tion experiments were done. The thymidine- 
H3 was incubated at  37OC with the incuba- 
tion supernate or homogenate and medium 
for one hour before the CML test cells and 
plasma were added for another hour’s incu- 
bation. Controls included incubation of thy- 
midine-H3 alone, thymidine-H3 with the test 
cells only, with the supernates alone and with 
the homogenates. The test cells were washed 
with saline, hydrolyzed with 0.5 ml of 5% 
NaOH and 0.1 ml of the resulting solution 
was added to 18 ml of a scintillation ’mixture 
(70% toluene, 30% methanol containing 3 g 
of 2,s diphenyloxazole and 0.050 g of 1,4- 
bis-2 (4-methyl-5 phenyloxazolyl) -benzene per 
liter. The samples were then counted in du- 
plicate in a liquid scintillation spectrometer. 
Variable degrees of isotope dilution were ex- 
cluded by using carefully measured constant 
volumes and hydrolyzing the entire sediment 
in each tube after centrifugation. 

Distribution of cellular radioactivity in the 
test cells was studied with a modification of 
the method of Williams and Schilling( 6). 
The residual media was chromatographed in 
a descending system with ethyl acetate, water 
and formic acid as the solvent( 7 ) .  

Results. Normal intact leukocytes as well 
as normal homogenized leukocytes markedly 
inhibited thymidine-H3 uptake by CML leu- 
kocytes when these were incubated together 
for an hour as shown in Fig. 1. Average in- 
hibition by 4 normal leukocyte homogenates 
was 67% as compared to 51% by 4 CML 
homogenates. The effect was more striking 
when the thymidine-H3 was pre-incubated 
with the homogenates before addition of the 
test cells. Under such conditions, there was 
essentially no uptake of the isotope. 

The most striking difference between nor- 
mal and CML leukocytes, however, was 
found in the effect of the respective incuba- 
tion supernates on thymidine-H3 uptake (Fig. 
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FIG. 1. Inhibition of thymidine-H* uptake in 
OML leukocytes by intact normal cells and ho- 
mogenates of normal and CML leukocytes. 

FIG.  2. The effect of incubation supernates 
from normal and CML leukocytes on the uptake 
of thymidine-H8 by GML leukocytm. 

2 ) .  The incubation supernates obtained from 
CML leukocytes increased the uptake of the 
radioisotope but the normal leukocyte incu- 
bation supernates were inhibitory. The en- 
hancement was consistently demonstrable 
when the CML incubation supernates were 
prepared in either plasma or 0.1 M phosphate 
buffer and was observed with homologous or 
autologous CML leukocytes as the test cells. 
The average enhancement by 6 preparations 
in plasma was 61% and by 4 in phosphate 
buffer, 79%. In contrast, normal incubation 
supernates inhibited thymidine-H3 uptake. 
This effect was regularly observed if both 
autologous plasma and 0.1 M phosphate buf- 
fer were present. Results in 4 experiments 
ranged from 10 to 72% inhibition in the 
standard test with an average of 35%. Pre- 

incubation of these supernates with thymi- 
dine-H3 decreased thymidine-H3 up take by 
approximately 100% in each experiment. 
With the normal incubation supernates, if 
either autologous plasma or 0.1 M phosphate 
buffer were omitted from the test system, the 
inhibitory effect was not regularly obtained. 
In  7 such experiments, inhibition was ob- 
served in 4 and enhancement in 3 experi- 
ments. 

It is not yet possible to obtain morpho- 
logically uniform leukocyte populations from 
peripheral blood but preliminary data using 
human thoracic duct lymphocytes suggest 
that granulocytes are primarily responsible 
for the inhibitory effect seen with the nor- 
mal leukocyte preparations. 

Chromatographic analysis of the residual 
media revealed that more than 96% of the 
thymidine-H3 had been catabolized, largely 
to thymine, but also to dihydrothymine by 
the homogenates. CML supernates and the 
normal supernates catabolized approximately 
35% and 20% respectively. Details of these 
studies will be reported separately. Thymi- 
dine-H3 in the control tubes did not become 
converted to thymine-H3 during the incuba- 
tion in the absence of a leukocyte preparation. 

Analysis of the CML test cells showed that 
90 to 95% of the radioactivity was present in 
the DNA. 

Discussion. This study has demonstrated 
that under certain experimental conditions, 
normal leukocytes inhibit the uptake of thy- 
midine-H3 by leukocytes from patients with 
CML and that CML leukocytes increase this 
uptake. Homogenates from both normal and 
CML cells inhibit the uptake of thymidine- 
H3. Work now in progress suggests that the 
inhibition by these homogenates as well as 
by supernates from normal leukocytes is re- 
lated to the conversion of thymidine to thy- 
mine by thymidine phosphorylase in the leu- 
kocyte preparations. Stimulatory substances 
for various types of mammalian cells in cul- 
ture have been described (9-1 l ) ,  but there 
have been no studies to our knowledge in 
which intact leukemic leukocytes have been 
used. The exact nature of the substance re- 
sponsible is not yet known but from pre- 
liminary work, it does not appear to be thy- 
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midine kinase, recently described in leukemic 
white cells( 12). It is relatively stable on stor- 
age a t  -2O”C, to heat a t  60°C for 30 minutes 
and is dialyzable. The mechanism through 
which uptake is enhanced also is not known 
a t  present. 

Although thymidine is not thought to be 
in the normal intracellular pathway for DNA 
synthesis, the suggestion has been made that 
the enzymes involved in thymidine metabo- 
lism may be important in initiating and regu- 
lating DNA synthesis ( 13). There have been 
a number of reports on the levels of thymi- 
dine phosphorylase and thymidine kinase in 
various mammalian tissues and the alterations 
in their content with tissue proliferation( 14- 
18). 

There is evidence that the peripheral blood 
leukocytes in CML may be merely an “ex- 
tension” of the bone marrow leukocytes in 
that disease( 19,20). Hence, it is felt that the 
CML leukocytes obtained for testing in this 
study may well be representative of the re- 
lationships present in the CML bone mar- 
row. Nevertheless, a more definitive inter- 
pretation of the results will be possible only 
when normal and leukemic marrows are stud- 
ied. Marrow cells in sufficient quantity and 
free from peripheral blood contamination are 
technically difficult to obtain. This problem 
is being investigated. 

The observation that leukocytes, under 
certain, even though artificial, circumstances, 
elaborate substances which influence thymi- 
dine uptake and possibly DNA synthesis may 
have significant implications in explaining 
normal and leukemic leukopoiesis. I t  is con- 
ceivable, although unproven, that the relative 
local concentration of inhibitory and stimula- 
tory substances has a regulating effect on 
leukocyte DNA synthesis and subsequent cell 
division in the proliferating pool in the bone 
marrow. 

Summary. Homogenates of normal and 
chronic myelocytic leukemic leukocytes in- 
hibit the uptake of tritiated thymidine by 
leukocytes from patients with chronic myelo- 
cytic leukemia. However, intact leukocytes 

from patients with chronic myelocytic leu- 
kemia elaborate a factor which increases the 
uptake of the labeled thymidine whereas 
normal leukocytes inhibit thymidine uptake 
under these conditions. The observations 
suggest that local bone marrow concentra- 
tions of stimulatory and inhibitory substances 
may influence leukopoiesis. 

We acknowledge with appreciation the expert 
technical assistance of Miss Karen Shirley. 
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