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SUMMARY

Cytoplasmic RNA's (cyt RNA's) were prepared from

cryptorchid testes of BALB/c mice after treatment with
diethylstilbestrol (DES) for 3 days and 10, 22, 26, and 28
weeks. Testes of this strain show a "spurt" in DNA synthesis

within 3 days after beginning DES treatment and develop a
high proportion of malignant interstitial cell tumors when
treated with the estrogen for periods of 7 months or longer.
Comparable preparations were made from untreated animals
of similar ages. The cyt RNA's were then tested for their
ability to compete against RNA-3H synthesized on mouse
DNA in vitro, using both "presaturation" and simultaneous

hybridization techniques. The preparations from the DES-
treated animals always competed better than the equivalent
controls. The difference was greater after long periods of
treatment.

Cyt RNA's from cryptorchid testes of DBS-treated C3HB {

X AB1 F! mice treated for 3 days with DES did not show any
increase in competitive ability over untreated controls. This
strain develops relatively few Leydig cell tumors after a much
longer period of estrogen treatment and does not exhibit an
early "spurt" in DNA synthesis in the interstitium. Prepara

tions of cyt RNA from the livers of BALB/c mice treated with
DES also did not compete better than similar preparations
from livers of untreated controls. There appears to be a
correlation between the DNA "spurt" in the interstitial cells,

the tendency to develop Leydig cell tumors, and the increased
ability of components of testicular cyt RNA's to compete for

sites on mouse DNA.

INTRODUCTION

Among the various methods of inducing malignant change
with low-molecular-weight organic compounds, chronic admin
istration of estrogens has been shown to lead to the
development of malignant interstitial cell tumors in male mice
(for reviews see Refs. 9 and 11). In our laboratories more than
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70% of cryptorchid male mice of the BALB/c strain implanted
at 6 to 8 weeks of age with a single 8- to 10-mg fused pellet
composed of 10% DES4 and 90% cholesterol develop this

neoplasm (12). Unlike the chemically related carcinogenic
hydrocarbons, the estrogens do not cause an inflammatory
reaction, but within 24 hr there is a stimulation of DNA
synthesis which reaches a maximum in 72 to 96 hr and then
recedes even though estrogen administration is continued.
Such a marked increase in DNA synthesis is not seen in strains
of mice with low incidence of estrogen-induced interstitial cell
tumors (Ref. 20; R. A. Huseby, unpublished data).

The effects on DNA synthesis are followed by marked
reduction in certain enzymes associated with androgen
biosynthesis while others are increased (12, 15-17). These
changes are not due to the action of estrogens on the pituitary
gland nor are they the result of direct inhibition of the enzyme
reactions by the estrogens or their metabolites. It seems,
therefore, that DES affects nucleic acid metabolism in
testicular interstitial cells of susceptible mice very shortly after
beginning treatment and that this may have a relationship to
the changes in enzyme activity and the eventual development
of interstitial cell tumors.

When these studies were first begun the technique of
simultaneous competitive hybridization seemed to offer
information regarding the occurrence of specific sequences in
DNA and RNA. Later, much of the apparent competition
under these conditions was shown to be nonspecific (1,6, 19),
and the observations were repeated by the method of
"presaturation" hybridization (19) to the extent that materials

were available. Since the relative effects of DES treatment
were the same, and because nonspecific association would tend
to hide differences but not cause them, we are presenting the
results of both types of study.

MATERIALS AND METHODS

Animals and Treatment. Young adult male mice from the
colony of the American Medical Center at Denver were used in
these experiments. In order to reduce the seminiferous
epithelium, they were made cryptorchid when 6 to 7 weeks
old by severing the gubernaculum, freeing the spermatic cord
from surrounding tissue as far cephalad as possible, and then

"The abbreviations used are: DES, diethylstilbestrol; SSC, 0.15 M
NaCl-0.015 M sodium citrate; cRNA-3H, "complementary" RNA-3H;

tot RNA, total RNA; cyt RNA, cytoplasmic RNA.
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placing the testes high in the abdomen. The inguinal canal was
then closed with sutures. All mice were made cryptorchid at
least 6 weeks before treatment and sacrifice.

In these studies an 8- to 10-mg pellet of 10% DES in
cholesterol (21) was implanted s.c. on the left side of the
thorax of each treated animal. DES-treated mice were killed 3
days, 10 weeks, 22 weeks, 26 weeks, and 28 weeks after
implantation of DES pellets. Control animals were of the same
age as the DES-treated mice.

Chemicals. 3H-Labeled UTP (12.4 Ci/mmole) and ^-la

beled CTP (13 Ci/mmole) were purchased from Schwarz/
Mann, Orangeburg, N. Y. ATP, CTP, GTP, UTP, Micrococcus
lysodeikticus RNA polymerase (1300 to 1900 units/mg
protein),5 DNase, RNase (5 times crystallized, pancreatic), and

yeast RNA were purchased from Sigma Chemical Company,
St. Louis, Mo. Millipore filters (25 mm HAWP) were obtained
from Millipore Corporation, Bedford, Mass. CsCl was ob
tained from Gallard-Schlesinger Chemical Manufacturing Cor
poration, Carle Place, N. Y., and Harshaw Chemical Company,
Cleveland, Ohio. Pronase was purchased from Calbiochem, La
Jolla, Calif. Other chemicals used were analytical reagent
grade.

Preparation of DNA. Mice were killed by cervical disloca
tion. The testes, after removal of their capsules, were
homogenized with a Teflon homogenizer in 9 volumes of 0.25
M sucrose-0.01 M Tris, pH 7.4, to give a 10% homogenate.
After the homogenate was filtered through double layers of
nylon gauze, the filtrate was centrifuged at 700 X g for 10
min. The pellet was washed in 30 volumes of 1 X SSC, pH 7.0,
and after centrifugation at 700 X g for 10 min was
resuspended in 10 volumes of 0.15 M NaCl-0.10 M EDTA, pH
8.0, to make a thick suspension for lysis of nuclei. Sodium
dodecyl sulfate was added to 0.5% and Pronase to a final
concentration of 1 mg/ml. After incubation at 37Â°for 20 to

24 hr, the suspension was then stirred with an equal volume of
redistilled water-saturated phenol at room temperature for 30
min and centrifuged at 10,000 X g for 10 min at 2Â°.The

aqueous layer was removed. The interphase was again treated
with phenol after adding an equal volume of 1 X SSC, and the
aqueous layer was collected. This phenol treatment was
repeated 2 or 3 times more on the interphase. Two volumes of
cold 95% ethanol were then added, and a DNA spool was
obtained on a glass rod.

DNA obtained from the combined aqueous layers was
dissolved in 0.1 X SSC. After the precipitate had dissolved, 10
X SSC was added to raise the salt concentration to 1 X SSC.
The solution was then treated for 30 min at 37Â° with

pancreatic RNase, 100 A/g/ml, previously preheated 10 min at
90Â° and for 60 min with Pronase. Phenol treatment was

repeated on the solution, and finally DNA was collected from
the aqueous layer with 95% ethanol. DNA dissolved in 0.1 X
SSC was dialyzed against about 1000 volumes of 0.1 X SSC-5
X IGT4 M EDTA, pH 7.0, for 2 to 3 days at 4Â°with 2 changes

of medium. In order to minimize contamination by protein
and RNA, DNA was further purified by CsCl density gradient

5One unit will incorporate 1 Minole of labeled ribonucleoside
5-triphosphate into an acid-insoluble product in 10 min at pH 7.5 at
30Â°.

centrifugation. The purified DNA was again dialyzed against0.1 X SSC-5 X IO'4 M EDTA to remove CsCl. The protein

content of the final product was less than 1%.
cRNA-3H Preparation. cRNA-3H was synthesized prepara-

tively in vitro by adding 100 /ig of purified DNA from testes
of control mice and 20 units of M. lysodeikticus RNA
polymerase to 1 ml of a solution containing 0.5 Â¿/moleeach of
ATP and GTP, 0.05 /umole of UTP-3 H (0.1 mCi) and CTP-3H

(0.1 mCi), 100 /umoles of Tris-HCl (pH 8.0), 2.5 jumÃ³lesof
MnCl2, 2 Â¿/molesof spermidine-HCl (pH 7.5), and 5 //moles of
2-mercaptoethanol. Five tubes were prepared. They were then
incubated for 8 hr at 37Â°.The contents of the 5 tubes were

combiried and treated by the hot phenol-sodium dodecyl
sulfate procedure (19) after adding 10 mg of yeast RNA and 5
mg of UTP and GTP as carriers. A precipitate was obtained by
adding 2 volumes of ethanol and chilling the solution at -20Â°

for 90 min. The pellet, after centrifugation, was treated with
100 jug of DNase in 0.01 M Tris-0.001 M MgCl2, pH 7.3, at
37Â°for 20 min. The phenol-sodium dodecyl sulfate-ethanol

treatment was repeated. The final RNA precipitate was
dissolved in 1 X SSC, boiled, quickly cooled, and preserved at
4Â°in dilute solution with several drops of chloroform. Specific
activity of the cRNA-3H was calculated to be about 6.7 X IO6

dpm//ig from the specific activities of the substrates.
Preparation of Pulse-labeled Tot RNA. Approximately l g

of minced tissue from the 73rd transplant of a scrotal tumor
produced in a BALB/c mouse by DES treatment was
incubated in a 50-ml Erlenmeyer flask with 6 ml of
oxygen-saturated minimal Eagle's medium (8) containing 5
mCi (33 jug) of uridine-5,6-3H. Incubation was for 30 min at
37Â°.The suspension was then transferred to a centrifuge tube
chilled in an ice bath and the tissue was sedimented at 0Â°.The
pellet was washed twice with 10 ml of Eagle's medium,

homogenized in 4.8 ml of 0.25 M sucrose at cold room
temperature, and mixed with 2 volumes of 1 X SSC containing
0.001 M EDTA and 0.5% sodium dodecyl sulfate. The
viscous solution was incubated with 1.5 mg DNase and 2 drops
l M MgCl2 at 37Â°for 30 min. The RNA was then isolated by

the hot phenol-sodium dodecyl sulfate procedure, precipitated
with.2 volumes ethanol, dissolved in 0.025 M Tris-0.001 M
MgCl2, and again incubated with DNase at 37Â°for 30 min

followed by a similar incubation with Pronase. The solution
was then made to 0.1 M NaCl-0.025 M Tris, pH 7.3, and
stirred with phenol saturated with 0.1 M NaCl-0.025 M Tris.
The mixture was centrifuged at 10,000 X g for 10 min and the
RNA was precipitated from the aqueous layer by addition of 2
volumes of ethanol. This mixture was allowed to stand
overnight in the cold and the RNA was pelleted and dissolved
to give the desired concentration. The specific activity was
8500 dpm//ug.

Preparation of Unlabeled RNA's. Cyt RNA's were extracted

by the hot phenol-sodium dodecyl sulfate method from
supernatant fractions of homogenates of testes, tumor, and
liver prepared as previously described and centrifuged at 700 X
g for 10 min. Tot RNA's were prepared in a similar manner

from the whole homogenates. The RNA preparations were
dissolved in the desired buffer and dialyzed against 0.1 X SSC
followed by 6 X SSC. This procedure gave RNA free of
proteins and DNA by the tests used (3, 13).
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Hybridization Experiments. These were carried out essen
tially by the method of Gillespie and Spiegelman (10). DNA
for immobilization on Millipore filters was denatured by
exposure to pH 12.0 in 6 X SSC for 40 min followed by rapid
neutralization with 1 M acetic acid. Ten ng of denatured DNA
in 5 ml of 6 X SSC were immobilized on a 25-mm Millipore
filter which had been presoaked in 6 X SSC and washed by
suction filtration with 10 ml of 6 X SSC. About 98% of the
input of denatured DNA was fixed on the Millipore filter, and
during the whole procedure 95 to 100% of the fixed DNA
remained on the filter sections. This was determined both by
counting denatured DNA-3 H and by determining phosphorus

colorimetrically in DNA hydrolyzed from filters with per
chloric acid (4). After loading, the DNA-containing filter was
washed and dried in the usual manner. In order to do
hybridization experiments in a micro system, a 7-mm disc was
discarded from the center and then the remainder was cut into
12 pie-shaped pieces. This type of cutting proved to give
sections which could easily be immersed in 0.21 ml solution
with equal amounts of DNA distributed on each piece of the
filter. About 0.7 pg of denatured DNA was immobilized on
each section. Usually the 12 pieces were used in 1 experiment.
In order to estimate RNA "noise," blank filters were made in

the same way without DNA or with Escherichia coli DNA.
The main series of "simultaneous" competitive hybridiza

tion experiments was carried out by layering liquid paraffin on
top of 0.21 ml of 6 X SSC containing the small piece of filter,
a constant amount of cRNA-3H (about 1.25 ng), and

increasing amounts of competing cyt RNA and then incubat
ing at 67Â°for 16 hr. Later, when it was pointed out that

hybridization at such high ionic strength led to much
nonspecific hybridization and that the reaction was more
specific if carried out in 1 X SSC at 70Â°(6), hybridization was

carried out in parallel under both conditions. After incubation
the filter sections were washed in 6 X SSC and digested in 2 X
SSC with preheated pancreatic RNase (20 Mg/ml) at room
temperature for 1 hr. Finally, the filter was again washed,
dried, treated with 0.5 ml Soluene, and counted in 15 ml
toluene-POPOP scintillation fluid using a Nuclear-Chicago
Unilux II liquid scintillation counter (Nuclear-Chicago Corpo
ration, Des Plaines, 111.).Counting efficiency for 3H on the

filters was about 42%.
For "presaturation" competition experiments (6, 19), DNA

fixed on filters was first hybridized at 67Â° for 16 hr in

0.2 ml of 6 X SSC with increasing amounts of unlabeled
competing cyt RNA. The filters were washed and treated with
RNase in 2 X SSC, washed twice in 10 ml 2 X SSC at 67Â°for 1
hr, and again hybridized at 67Â° for 16 hr with constant
amounts of cRNA-3H in 0.21 ml of 6 X SSC containing 1 X
10~4 M sodium iodoacetate to inhibit RNase. Finally, the

filter was treated again with RNase, washed, dried, and
counted as described previously. Hybridization was carried out
on duplicate sections at each level.

RESULTS

Hybridization experiments by both the "simultaneous" and
"presaturation" techniques were carried out with DNA

purified from cryptorchid testes of either mice treated for 3

days with DES or untreated mice of similar age. RNA's from

cryptorchid testes of BALB/c mice which had been treated
with DES pellets for 3 days and 10 and 28 weeks were used as
competitors for the cRNA-3H synthesized in vitro. The 3-day

period of DES treatment was chosen because this is the time
of greatest stimulation of DNA synthesis (20), the 10-week
interval was taken because by this time microscopic areas of
Leydig cell hyperplasia are clearly evident, and 28 weeks was
used because the 1st macroscopic tumors appear after about
this period of treatment. In experiments with both types of
hybridization with DNA from untreated BALB/c mice in 6 X
SSC, the cyt RNA from the 3-day DES-treated testes

competed significantly better than cyt RNA from untreated
cryptorchid testes of animals of the same age (Chart \A). This
was also true when lower ionic strength and higher tempera-

DNA CONTROL M3
cRNA-3H CONTROL M2

CONTROL M 3
CONTROL M 4
CONTROL M5
CONTROL MIO
DES M 3"

DES M9

1.0 cyt RNA

3 DAYS

o:
a

">. 0.5

Ãœ

\ PRESAT
f HYBRID.

i SI MULT
f HYBRID

cyt. RNA./jg

cyt. RNA

DNA DES M3
cRNA-'H CONTROL M2

â€¢¿�-CONTROL M4
*-CONTROL M5

o-DES M3, 3 days

I SIMULT.

J HYBRID.

O IO 20 40 80 120
cyt. RNA, /ig

Chart 1. Competitive hybridization using cRNA-3H synthesized in
vitro as described in the text and cyt RNA's from testes of either

cryptorchid mice treated for 3 days with DES or untreated controls of
the same age. Each symbol represents a preparation from a different
group of mice. Curves are given for simultaneous hybridization
(SIMULT. HYBRID.) experiments and for the presaturation (PRESAT.
HYBRID.) experiments. In most cases points represent averages of
duplicate hybridizations. A, experiments with denatured DNA from
testes of untreated mice fixed on the filters; B, experiments with
denatured DNA from testes of mice treated for 3 days with DES fixed
on the filters. FRAC., fraction.
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ture was used (Table 1). The same difference was seen when
hybridization was with DNA from testes of mice treated for 3
days with DES (Chart IB). This difference was greater after
longer periods of estrogen treatment (Charts 2 and 3). Cyt
RNA harvested from a small tumor which had appeared in 1
testis of the 28-week group did not compete as effectively as
that from the nontumorous testes treated for the same length
of time but better than cyt RNA from control mice of the
same age (Chart 3). Detailed data from an experiment with the
28-week group are given in Table 2.

In order to see whether this effect of DES on hybridizabil-
ity of cyt RNA's was specific for testes, competitive

hybridization by both techniques was carried out with cyt
RNA extracted by the same procedure from livers of control
and 3-day DES-treated mice (Chart 4). There was no
significant difference in competing capacity between the 2 cyt
RNA preparations under these conditions. No significant
competition could be demonstrated by the "presaturation"
procedure. The effect of DES on cyt RNA's, therefore, does

not seem to occur in all cells.
An experiment was also done to determine whether this

early change might parallel the tendency to develop interstitial
cell tumors in mice. Cyt RNA's were extracted from the testes

of both untreated C3HB, X ABl F, (hereafter called
ZAP,) mice and animals were treated by implantation for 3
days with a standard DES pellet. When such pellets remain in
cryptorchid males of this hybrid strain no early "spurt" in

DNA synthesis is seen, and only a small proportion of animals
develop tumors after a long period of treatment (2). Chart 5
shows that, unlike the BALB/c mice, DES pellet implanation
for 3 days did not produce a significant difference in
competition between the 2 cyt RNA's.

When labeled tot RNA harvested from slices of a
transplanted tumor after a 30-min pulse of uridine-3H was

used in simultaneous hybridization competition experiments
there was no significant difference in the ability of cyt RNA's

from controls or 3-day DES-treated testes to compete. Cyt
RNA's harvested from testes of mice treated for 22 weeks and

26 weeks with DES did show definite increases in competition,
however, compared with control cyt RNA (Chart 6).

DISCUSSION

While competitive hybridization is not as definitive a tool as
at first thought, the consistency of the differences reported
here must indicate that estrogens produce an early and
continuing change in the character of the RNA's found in the

cytoplasmic fraction from cryptorchid testes of a strain of
mice that ultimately develops a high proportion of interstitial
cell tumors.

Under the conditions of time, temperature, and concentra
tion used here only those sequences in the DNA that occur
repeatedly would undergo significant hybridization (2, 14). In
most cells these are largely limited to the nucleus (18). This
seems to be true in the mouse liver, for there was no
significant competition by liver cyt RNA from either control
or DES-treated animals when tested by the presaturation
technique. In all cases where cyt RNA from testes of control

DNA CONTROL M3
CRNA-3H CONTROL M2

fÂ» CONTROL M13
I *

cyl. RNA< o DES M|3

io Weeks

SI MULT
HYBRID.

10 12040 80
cyt RNA.Â¿ig

Chart 2. Competitive hybridizations with cyt RNA's from testes of

cryptorchid mice treated for 10 weeks with DES and similar untreated
controls. Only control DNA was used on the filters. Symbols and
conditions were the same as described in Chart 1.

Table 1
Effect of 3 days of DES treatment on hybridizability of cyt RNA 's when measured at

different temperatures and ionic strengths
Conditions of hybridization: 0.7 Mgdenatured mouse testis DNA on Millipore filter and 3 ng

cRNA-3H (21,800 dpm) in 0.21 ml 1 X SSC per tube incubated for 16 hr at 70Â°or 6 X SSC per
tube incubated for 16 hr at 67Â°.Membranes in blank tubes had 0.7 n%E. coli DNA.

1 X SSC,70Â° 6 X SSC, 67Â°

CytRNA(mg)BlankControlDES020802080dpma2219113211011796dpm-blank169110889574%65525644dpm"25610519387423274dpm-blank585494362398249%84626843

Average of duplicate filters.
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mice was used in presaturation hybridization experiments,
however, definite, although small, competition was seen. This
competition was always greater when cyt RNA's from testes of

DBS-treated mice were used.

The DES effect could be due either to the appearance of
new RNA's with similar sequences to which the nuclear

membrane is permeable or to a change in nuclear permeability.
Other workers have reported apparent increased permeability
of hepatoma cell nuclei to RNA species compared with normal
liver cells (5, 7). Whether this increased exchange actually

1.0

0.5

ONA CONTROLM3,
CRNA-3H CONTROLM2

â€¢¿�CONTROLM6
CONTROLM8

RNA<o DES M6 1
DES M8 > 28weeks
TUMORMBJ

ISIMULT.
I HYBRID.

10 20 80 120

cyt, RNA,f

Chart 3. Competitive hybridizations with cyt RNA's from testes of

cryptorchid mice treated for 28 weeks with DES, from a tumor which
had developed in 1 of the group, and from testes of untreated
cryptorchid mice of similar age. Control DNA was used on the filters.
Symbols and conditions were the same as described in Chart 1.

occurs in the intact cell or is only evidence of reduced nuclear
resistance to the shearing forces of homogenization requires
further study.

Whatever the explanation, the evidence supports an early
and continuing effect of DES on the nucleic acid metabolism

DNA CONTROL TESTIS M3

CRNA-3H CONTROL TESTIS M2

ft CONTROL.LIVER
cyt. RNA

DES, 3Days. LIVER

1.0

Â«SI

O

ro
<
z
Ko
U

K

as

PRESAT.
HYBRID

, Ã•SIMULT
â€¢¿�/HYBRID.

25 50 100 200

cyt. RNA,fig
Chart 4. Competitive hybridizations using cyt RNA's from the livers

of cryptorchid mice treated for 3 days with DES and from livers of
equivalent untreated controls. The same DNA used in Chart \A was
fixed on the filters. Other conditions were the same as in Chart 1.
PRESAT. HYBRID., presaturation hybridization; SIMULT. HYBRID.,
simultaneous hybridization; FRAC., fraction.

Table 2
Example of hybridization data obtained using simultaneous and preincubation techniques

Conditions of hybridization: 0.7 ;ugdenatured mouse testis DNA on Millipore filter and 1 ng cRNA-3H (6700 dpm) in 0.21 ml 6 X SSC per
tube, incubated for 16 hr at 67Â°.Membranes in blank tubes had 0.7 Â¿Â¿gE. coli DNA. Values in parentheses are average blank values which have
been subtracted from the average value for 2 tubes at each concentration of competitor to give the "dpm-blank." In one case there is only 1 value

because 1 tube was lost.

Cyt RNA, DES, 28-wk Cyt RNA, equivalent controls Cyt RNA, tumor, 28-wk

Simultaneous Preincubation Simultaneous Preincubation Simultaneous Preincubation

Cyt RNA
(mg)Blankdpm20

16dpm-

blank",(18)'a dpm10

10dpm-

blank"/(10)o dpm29

33dpm-

blank(31)dpm-% dpm blank%(10)dpm32

27dpm-

blank(3)dpm-% dpm blank%(10)

0 303 279 283
329 298 100 278 268 100 267 244 100

20 108
96 84 28

40 57
56 38 13

80 39
38 20 7

162
163 131 54

140
121 100 41

115
95 74 30

320
268 100 337 299 100

146 116 39

129
116 93 31

85
82 54 18

268 100

120 35 81 75 149 66 102
33 16 5 90 75 28 83 49 21 155 142 53 68 37 12 93 87 33
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1.0

10.5

DNA CONTROL M3
cRNA-ÃŽH CONTROL M2

cy..RNA(:CDâ„¢Loys} ZAP, STRAIN

I
0 10 20 40 80 120

cyt. RNA,)ig
Chart 5. Competitive hybridizations using cyt RNA's prepared from

the testes of cryptorchid mice of the ZAP, strain either treated for 3
days with DES or untreated. The same control DNA used in Chart \A
was fixed to the filters. Other conditions were also the same as in Chart
I. FRAC., fraction.

DNA,TUMOR MI9

Tot RNA-3H,TUMOR T3

100Â«

cyt RNA

a CONTROLS, 3 days
oâ€”oCONTROLS, 22wk
Â«--'CONTROLS, 26wk

â€¢¿�-â€¢DES.ÃŽdays

â€¢¿�DES,22 wk
Â«-â€¢DES,26 wk

200 500 600300 400

cyt RNA, m

Chart 6. Simultaneous competitive hybridization using DNA from
tumor 52/39632 fixed to the filters, tot RNA-3H synthesized in vitro
with tumor 75/22317 and cyt RNA's from the sources indicated.

FRAC., fraction.

of the testes of strains of mice which ultimately develop
interstitial cell tumors while no such effect could be identified
in a strain with low tumor incidence. The molecular
mechanisms involved and the relation of the early spurt in
DNA synthesis and the changes reported here to the ultimate
malignant transformation remain to be elucidated.
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