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SUMMARY

The acidic chromatin proteins extracted from normal and
neoplastic mammary cells of C3H mice and Fischer rats have
been compared by polyacrylamide gel electrophoresis, amino
acid analysis, and radioactivity labeling patterns of synthesis in
vitro. Following purification of chromatin from purified nuclei
and extraction of histones in 2 M sodium chloride, the acidic
proteins associated with DNA were subjected to electrophore
sis on polyacrylamide gels containing sodium dodecyl sulfate,
'and the stained gels were compared by absorbance scanning.

Striking differences were observed in the banding patterns of
proteins derived from the normal or neoplastic cells. Among a
group of high-molecular-weight components characteristic of
the lactational mammary gland, several were preserved while
others were deficient or undetectable in the neoplastic cells. In
addition, several components of intermediate molecular weight
that were present in the neoplastic cells were undetectable in
the normal pattern. Differences between the protein popula
tions derived from normal and neoplastic cells were also
demonstrated by amino acid analysis. Organ cultures of
carcinoma and gland expiants demonstrated that the normal
mammary gland synthesized lower-molecular-weight species at
a higher net rate, whereas the carcinomas exhibited a relatively
higher net rate of synthesis of high-molecular-weight compo
nents. 32P was incorporated as phosphoserine and phospho-

threonine residues in the major portion of the proteins of all
preparations, although the carcinomas exhibited a relatively
lower net rate of phosphorylation of the high-molecular-
weight proteins. The differences between preparations derived
from neoplastic and normal tissues could not be attributed
merely to the physiological state of the gland, since the
patterns of the proteins from the carcinomas were also
significantly different from previous patterns derived from the
mammary glands of virginal or pregnant animals. The results
demonstrate that the neoplastic characteristics of mammary
carcinomas are associated with an altered content and pattern
of synthesis of acidic chromatin proteins.

INTRODUCTION

Previous studies in our laboratory have demonstrated an
altered pattern of gene expression in the mammary carcinoma
cells of mice and rats (29). The altered phenotypes of
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preneoplastic and neoplastic mammary cells have been
associated with the transcription of new populations of
nuclear RNA's, as determined by DNA-RNA hybridization-

competition experiments (21, 22). The present studies attempt
to identify molecules that may participate in the regulation of
gene transcription in these cells. Normal and neoplastic
mammary cells have been characterized in terms of their
content and rates of synthesis of specific acidic proteins of
chromatin. Recent investigations on chromatin have indicated
that the properties of these proteins, as isolated from a
number of nonneoplastic tissues, meet several criteria antici
pated for potential gene regulators: they are extremely
heterogeneous in their electrophoretic (9, 11, 17, 20, 25) and
immunochemical (14) properties; they are more actively
synthesized in active tissues and proliferating cells (1, 2, 5,
17); unlike the histones they have tissue and species specificity
(8,11, 19) and they have been reported to bind to the DNA of
the tissue of origin only (6, 18) and to modify the sequences
of hybridizable RNA that are transcribed on reconstituted
chromatin (3, 10). The results of the present studies
demonstrate significant differences in the formation of this
class of chromatin proteins in normal and neoplastic mammary
cells and are consistent with the hypothesis that such
molecules may participate in the determination of the
neoplastic state.

MATERIALS AND METHODS

Animals. The abdominal, inguinal, and thoracic mammary
glands were removed from C3H/HeJ mice or Fischer rats after
10 days of lactation. Mammary epithelial cell preparations
were derived from virginal or pregnant (10 to 13 days)
C3H/HeJ mice by collagenase treatment, as previously
described (28). C3HBA mammary adenocarcinomas were
maintained by serial transplantation in female C3H/HeJ hosts,
and R3230AC mammary carcinomas were serially transplanted
in 90-g female Fischer rats.

Chemicals. L-Aspartic acid-2,3-3H(N) (specific activity, 26
Ci/mmole) and L-leucine4,5-3H(N) (specific activity, 35

Ci/mmole) were purchased from New England Nuclear,
Boston, Mass. Carrier-free 32Pt was obtained from Interna

tional Chemical and Nuclear Corporation, Irvine, Calif.
Crystalline bovine insulin (23.6 units/mg) was a gift from Eli
Lilly Co., Indianapolis, Ind. Acrylamide and bisacrylamide (for
electrophoresis) were products of Eastman Organic Chemicals,
Rochester, N. Y. Urea purchased from Fisher was deionized on
a column of ion-exchange resin AG601-X8 (D) from Bio-

Rad, Richmond, Calif. Sucrose was obtained from Schwarz/
Mann, Orangeburg, N. Y.
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Organ Culture Method. Expiants were prepared from the
abdominal mammary glands of lactating animals or from
nonnecrotic sections of carcinomas and were cultured in
Medium 199 (Microbiological Associates, Inc., Bethesda, Md.)
containing insulin (5 A/g/ml) and penicillin (35 /ug/ml) as
described previously (23, 24). The expiants were incubated at
37Â°in a humidified atmosphere of 95% oxygen and 5% CO2.

For radioactivity labeling experiments, isotopie precursors
were present in the medium in the following concentrations:
aspartate-3H, 25 juCi/ml; leucine-3H, 25 juCi/ml; 32PÂ¡, 50

juCi/ml.
Preparation of Acidic Chromatin Proteins. Freshly excised

tissues or cultured expiants were homogenized, and nuclei of a
high degree of purity were isolated by the method of
differential sucrose-density-gradient centrifugation as previ
ously described (5, 30). Nuclei from the centrifuged pellet
were resuspended in 80 mM NaCl-20 mM EDTA, pH 6.3.
Chromatin was isolated from the purified nuclei by the
procedure of Spelsberg and Hnilica (15). With the use of a
glass homogenizer fitted with a motor-driven Teflon pestle,
extractions of purified nuclei were carried out with the
following buffers: 3 times with 80 mM NaCl-20 mM EDTA,
pH 6.3; once with 0.3 M NaCl; and twice with 15 mM
NaCl-0.15 mM sodium citrate. The homogenate was centri
fuged each time at 12,000 Xg for 10 min. Misiones were
removed from the purified chromatin by the method of
Spelsberg et al. (16). By this procedure the chromatin was
dissociated in 2.0 M NaCl and 50 mM sodium acetate, pH 6.0,
and centrifuged at 90,000 X gav for 36 hr. The resulting pellet
contained acidic chromatin protein and DNA. Proteolysis was
minimized by this procedure, since less than 0.1% of
radioactivity in tryptophan-3H-labeled chromatin from normal

or neoplastic tissues was recovered in the supernatant.
Amino Acid Composition. Purified dehistonized chromatin

preparations were lyophilized and hydrolyzed in 6 N HC1 at
110Â°for 18 hr. Amino acid composition was then determined
with a Beckman Model 120 amino acid analyzer. 32P-labeled

dehistonized chromatin was hydrolyzed in 2 N HC1in a boiling
water bath for 16 hr (12). HC1 was removed under vacuum,
and the hydrolysate was subjected to paper electrophoresis at
4Â°on Whatman No. 1 paper strips (5 x 26 cm) with 8% formic

acid as the electrophoresis buffer. Electrophoresis of samples
and of phosphoserine and phosphothreonine standards was
conducted for 10 hr at a constant voltage of 400 V and
current of 3.0 ma/strip. Ninhydrin-staining spots were cut out
and counted in toluene scintillation liquid.

Polyacrylamide Gel Electrophoresis. The acidic proteins
derived from dehistonized chromatin preparations were re
solved by polyacrylamide gel electrophoresis by a modification
of the method of Teng et al. (19).

Disaggregation of the dehistonized pellet was achieved by
homogenization in 0.01 M sodium phosphate buffer (pH 7.4)
containing 6 M urea, 0.1% sodium dodecyl sulfate, and 0.1 M
2-mercaptoethanol. The mixture was dialyzed for 24 to 36 hr
at 4Â°against the same buffer. Centrifugation at 25,000 X#av

for 15 min yielded a clarified supernatant which was used for
application onto polyacrylamide gels for separation by
electrophoresis. The proportion of total protein recovered in
solubilized form in this supernatant fluid ranged between 91
and 93% in all preparations. The mass ratio of total protein to

DNA in the non-histone protein-DNA complexes was 0.55 Â±
0.04.

The gels contained 7.5% acrylamide, 0.2% bisacrylamide,
0.1 M sodium phosphate (pH 7.4), 0.1% sodium dodecyl
sulfate, 6 M urea, and 0.05 M 2-mercaptoethanol. The solution
was degassed and then polymerized by the addition of 0.30 ml
of 5% potassium persulfate and 20 /ul of jV^XX-tetrameth-

ylethylenediamine per 15 ml of solution. The gels were
overlayered with 4 M urea. Following preelectrophoresis for
30 min at 6 ma/gel, the gels were relayered with 4 M urea.
Protein preparations (500 /Â¿gprotein per ml) were made to be
10% in sucrose, and aliquots of 400 Â¡Awere subjected to
electrophoresis in duplicate at 6 ma/ml of gel at 30Â°for 5 to 7

hr. Bromphenol blue was used as the tracking dye. Both upper
and lower chambers contained 0.1 M sodium phosphate (pH
7.4) and 0.1% sodium dodecyl sulfate. The gels were stained
for 1 hr in 1% Amido black in 7% acetic acid and destained by
shaking in 7% acetic acid. The gels were scanned at 500 nm in
a Gilford 2400 recording spectrophotometer with a linear
transport device at a slit width of 0.44 nm and were then
sectioned into 1-mm slices with a manual slicing device. The
weights of the gel sections exhibited only slight variation, as
indicated by S.D. Â±16%.Gel sections were solubilized in 1 ml
of Packard Soluene 100 (Packard Instrument Co., Downers
Grove, 111.) by heating at 60Â°for 2 hr. Radioactivity was

determined by counting in 10 ml of scintillation fluid at 40%
efficiency for 3H and with an average standard counting error

of less than Â±6%.The average variability of radioactivity in
corresponding gel slices from replicate electrophoreses was
Â±12%.

RESULTS

Characterization of Mammary Acidic Chromatin Proteins.
The proteins of dehistonized chromatin derived from normal
and neoplastic mammary tissues were resolved into many
components by electrophoresis in polyacrylamide gels. Elec
trophoresis in the presence of sodium dodecyl sulfate
separated these proteins according to molecular size (13).
Subsequent staining with Amido black revealed a highly
heterogeneous banding pattern, which was characteristic of
each protein preparation (Fig. 1). A species difference in the
populations of nuclear acidic chromatin proteins was apparent
in a comparison between the mouse and rat mammary
proteins. A distinguishing feature of the banding patterns of
the normal mammary acidic chromatin proteins was the
presence of a complex of 5 to 6 components of low
electrophoretic mobility (high molecular weight). In contrast,
several of these high-molecular-weight constituents were
deficient or undetectable as such in the preparations derived
from each of the neoplastic tissues. In addition, a number of
bands that were minor constituents or that were undetectable
in the protein mixtures from normal mammary tissue appeared
to represent new or more prominent constituents of the
mixture of proteins from the neoplastic tissues. Quantitative
estimates of the relative amounts of individual components in
the electrophoretic banding patterns were made by absorbance
scans of the stained gels. Charts 1 and 2 show the absorbance
profiles of each of the gels in Fig. 1. These comparisons of
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Fig. 1. Electrophoretogiams of stained acidic chromatin proteins extracted from the following tissues (from top to bottom): mouse mammary
carcinoma; mouse lactational mammary gland; rat lactational mammary gland; rat mammary carcinoma. Preparations of dehistonized chromatin
were complexed with sodium dodecyl sulfate and subjected to electrophoresis on polyacrylamide gels containing sodium dodecyl sulfate as
described in "Materials and Methods."

315
DISTANCE FROM ORIGIN, cm

Chart 1. Absorbance profiles of stained acidic chromatin proteins
after electrophoresis in polyacrylamide gels. Samples were extracted
from lactational mouse mammary gland (heavy tracing) or from mouse
mammary carcinoma (light tracing). The front is at 8.0 cm.

absorbance tracings between the normal and neoplastia
mammary proteins further demonstrate a relative increase in
proteins of intermediate electrophoretic mobility and a
decrease in proteins of low electrophoretic mobility in
chromatin derived from the neoplastic tissues as compared to
the normal tissue. The number of protein peaks observed and
their relative amounts were highly reproducible in absorbance
scans of the acidic chromatin protein preparations derived
from each of the given tissues (Table 1). Neither calf thymus
histones nor components of authentic C3H/HeJ mouse casein
were found to correspond to any of the major mammary
acidic chromatin bands when analyzed under the same
experimental conditions.

To determine whether the differences in the electrophoretic
patterns could result from artifacts relating to differences in

solubility or differential proteolytic activity in the prepara
tions, we isolated acidic chromatin proteins after mixing
normal and neoplastic mammary tissues at the start of the
isolation procedure. In each case, the absorbance profiles
obtained represented additive amounts of the individual
protein bands, and the high-molecular-weight proteins derived
from the lactational mammary tissue were preserved through
out the isolation procedure.

The acidic chromatin proteins derived from normal and
neoplastic mammary tissues were also characterized by amino
acid analysis. As shown in Table 2, the relative content of
aspartic and glutamic acids exceeded that of the basic amino
acids, lysine, histidine, and arginine in all of the preparations.
These results indicate the predominantly acidic nature of these
complex mixtures of proteins. The values for relative amino
acid composition indicated definite differences between the
mouse and rat preparations, and significant differences

345
DISTANCE FROM ORIGIN, cm

Chart 2. Absorbance profiles of stained acidic chromatin proteins
after electrophoresis in polyacrylamide gels. Samples were extracted
from lactational rat mammary gland (heavy tracing) or from rat
mammary carcinoma (light tracing). The front is at 8.0 cm.
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Table 1
Reproducibility ofabsorbance values for specific major components

of acidic chroma tin proteins separated by gel electrophoresis
The results are representative of those obtained with 10 preparations from mouse mammary carcinomas and 14

preparations from mouse mammary glands. Similar degrees of reproducibility were obtained on preparations derived
separately from 6 rat carcinomas and 8 rat glands.

Band atRFTissueMouse

mammaryglandMouse

mammary carcinomaPreparation12123Experiment0123411230.210.780.840.720.800.460.470.470.380.340.470.540.380.490.550.570.630.580.470.490.540.410.490.750.730.720.720.530.540.650.490.640.750.720.680.700.890.350.370.250.350.310.340.330.35

a Each experiment was performed on a different day.

Table 2
Relative amino acid composition of acidic chromatin proteins
(expressed as moles/100 moles of tota! amino acids recovered}

Values have not been corrected for hydrolytic losses or amide
content. The results are representative of 2 preparations in each
analysis.

AminoacidAspartic

acidGlutamic
acidThreonineSerinePro

lineGlycineAlanineValineMethionineIsoleucineLeucineTyrosinePhenylalanineHistidineLysineArginineMouse

gland7.8211.414.256.328.4120.718.834.591.523.446.841.862.661.864.744.70Mousecarcinoma9.3811.985.476.665.6211.978.166.041.214.489.291.973.722.876.045.13Ratgland7.2410.073.595.719.6326.909.794.39Trace2.815.821.422.111.424.264.84Ratcarcinoma8.8511.334.846.607.6118.068.444.98Trace3.897.652.513.171.884.845.33

between the normal and neoplastia tissues in each species with
respect to aspartic acid, threonine, proline, isoleucine, and
leucine. The differences between preparations of these amino
acid contents were significant at the 0.001 level by this
technique. Since the analyses were performed on acidic
proteins complexed with DNA, the hydrolytic decomposition
of purines may have contributed a variable portion of the high
content of glycine. However, this factor alone could not
account for the differences observed. These results further
indicate that the differences observed in acidic chromatin
protein populations between normal and neoplastic mammary
tissues relate to differences in the populations of polypeptide
chains rather than merely to substituent modifications of the
polypeptide chains or to proteolytic effects.

Synthesis of Acidic Chromatin Proteins in Vitro. Previous
studies demonstrated that insulin stimulates the rate of
synthesis of acidic chromatin proteins of mammary epithelial
cells in organ culture expiants prepared from pregnant or

virginal mice (5, 25). In the present experiments the relative
rates of synthesis and turnover of acidic chromatin proteins in
mammary carcinomas were measured in expiants of mouse and
rat mammary carcinomas cultured on chemically defined
medium containing insulin. The relative rates of incorporation
of isotopically labeled amino acids into these proteins were
compared with the rate of incorporation observed in expiants
of lactational mammary gland incubated under the same
conditions. As shown in Chart 3, the electrophoretic radioac
tivity profiles of 3H-labeled acidic chromatin proteins in

mouse carcinoma expiants were markedly different from those
observed in the normal mammary expiants. The highest rate of
incorporation of amino acids was observed in protein
constituents of intermediate electrophoretic mobility (Gel
Slices 30 to 50) in preparations derived from normal
mammary gland (Chart 3A). These proteins exhibited a
relatively high rate of turnover, as indicated by the residual
radioactivity (plotted as open circles) after a "chase" period of

incubation. In contrast, the predominant radioactively labeled
proteins in preparations from mouse mammary carcinoma
(Chart 3Ã„)were of relatively low electrophoretic mobility (Gel
Slices 10 to 30). As shown in Chart 4, the electrophoretic
radioactivity profiles of acidic chromatin proteins derived
from normal or neoplastic mammary tissues of the rat also
exhibited marked differences. The predominant peaks of
radioactivity in the preparation from rat mammary gland were
in proteins that migrated in Slices 35 to 55 (Chart 3/1). In
contrast, a more heterogeneous distribution of radioactivity
was observed in the proteins derived from rat mammary
carcinoma cells (Chart 3Ã„), with the predominant peaks of
radioactive proteins in Gel Slices 10 to 25.

The manual slicing technique does not permit the separation
of all protein constituents into separate gel sections. There
fore, each peak of radioactivity does not necessarily corre
spond to a single protein component in the staining pattern.
Furthermore, since the number of radioactivity peaks in
several of these experiments may approach or exceed the
expected resolving power of polyacrylamide gel electropho
resis, the radioactivity profiles represent primarily the relative
distribution of label in the gel rather than necessarily peaks of
"resolution" of individual species of labeled proteins.
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Chart 3. Electrophoretic radioactivity patterns of acidic chromatin
proteins synthesized by mouse mammary gland and mouse mammary
carcinoma explants. Explants from lactational gland (A) or carcinoma
(B) were allowed to incorporate aspartate-3H and leucine-3H during an

0- to 4-hr period of incubation. At the end of this labeling period, the
expiants were analyzed for acidic chromatin proteins (â€¢)or were
washed in Medium 199 and transferred to nonisotopic medium for a
6-hr chase period. They were subsequently extracted of chromatin
proteins and subjected to electrophoresis on polyacrylamide gel
containing sodium dodecyl sulfate (o). The front is at 6.1 cm.

Phosphorylation of Acidic Chromatin Proteins in Vitro. The
relative rates of phosphorylation of acidic chromatin proteins
in normal and neoplastic mammary tissues in vitro were also
compared. Charts 5 and 6 show the relative rates of
incorporation of aspartic acid-3 H and leucine-3H or 32PÂ¡

under conditions of simultaneous labeling. For each of the 4
types of tissue studied, significant labeling with 32P was

associated with a large number of protein peaks in all of the
gel patterns. In each preparation, the majority of the 32P
labeling of protein was recovered as phosphoserine-32P and
phosphothreonine-32P, indicating that this labeling represents

the esterification of phosphate to hydroxyl groups of serine
and threonine residues of the polypeptides. As shown in Chart
5, there was a decreased net rate of incorporation relative to
3H-labeled amino acid incorporation in the proteins of lower

electrophoretic mobility in the mouse carcinoma tissue as
compared to the pattern derived from phosphorylation of
these proteins in mouse mammary gland. Similarly, a
somewhat decreased net rate of phosphorylation of high-mo
lecular-weight acidic chromatin proteins was observed in the
rat carcinoma tissues as compared to the pattern observed with
the normal rat mammary gland (Chart 6).

DISCUSSION

The non-histone nuclear proteins of various tissues have
been characterized previously by different methods involving
their separation from DNA by phenol, detergent, or acid
extraction of the chromatin to remove the histones. Since it is
possible that solvent denaturation and exposure of the
proteins to extreme conditions of pH may yield artifacts, the
mild conditions of the method of Spelsberg and Hnilica have
been used in the present experiments. The proteins have been
isolated from highly purified nuclei, and the possible inclusion
of non-chromatin proteins from the nucleoplasm has been
minimized by isolation from highly purified chromatin. The
proteins isolated from normal and neoplastic mammary tissues
by these methods appear to have characteristics similar to
those of other preparations of acidic chromatin proteins. Their
amino acid compositions indicate a high relative content of
acidic amino acids and a relatively lower concentration of the
basic amino acids. They represent a highly heterogeneous
mixture of electrophoretic components and are phosphopro-
teins as indicated by the incorporation of 32P by esterification

to the serine and threonine residues of these polypeptides.
They are clearly distinct from histones, as indicated by their
electrophoretic properties and by the previous demonstration
(25) that tryptophan-3H, an amino acid absent from histones,

is incorporated into the majority of these acidic chromatin
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Chart 4. Electrophoretic radioactivity patterns of acidic chromatin
proteins synthesized by rat mammary gland and carcinoma expiants.
Explants from lactational gland (A) or carcinoma (B) were treated as
described in Chart 2. â€¢¿�,pulse; o, pulse and chase. The front is at 6.3
cm.
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GEL SLICE NUMBER

Chart 5. Electrophoretic radioactivity patterns of acidic chromatin
proteins labeled with 3H and 32P in mouse mammary gland and

carcinoma explants. Explants from lactational gland (A) or carcinoma
(B) were allowed to incorporate 32PÂ¡during an 0- to 6-hour period of
incubation. Asparla te-3H and leucine-3H were also present in the

media. Acidic chromatin proteins were extracted as described previ
ously and subjected to electrophoresis on polyacrylamide gel containing
sodium dodecyl sulfate. Â»,3H; o, 32P. The front is at 6.1 cm.

proteins. Although it is possible that chromatin preparations
may be contaminated by acidic proteins of the nuclear
membrane, recent studies of the binding of peroxidase-conju-
gated antibodies to rat liver cells have failed to detect nuclear
membrane antigens in dehistonized chromatin proteins pre
pared by the method of Spelsberg and Hnilica (F. Chytil,
personal communication). The present results suggest, how
ever, that resolution by electrophoresis of this group of
mammary nuclear proteins may be incomplete. The stained
electrophoretograms (Chart 1) contain a certain amount of
protein at the origin, and a high "background" of staining

material between the major bands. It is not clear at present
whether this "background" material represents molecular
aggregation ("smearing") or "trailing" of the major staining

bands during electrophoresis or the presence of poorly
resolved minor species of acidic chromatin proteins. In our
experience, some of the "background" staining may be

removed by electrophoretic destaining, but this effect may
represent only a lower affinity for binding the dye by proteins
present in these areas of the gel. The wide fluctuations
between adjacent gel slices observed in Charts 3 to 6 cannot be
adequately explained by technical artifacts, and these results
may represent a greater heterogeneity of the proteins than can
be appreciated from the stained electrophoretograms. Further

studies will be required to clarify these questions.
Distinct differences have been observed in these experi

ments between populations of acidic chromatin proteins
derived from normal or neoplastic mammary tissues. The
acidic chromatin proteins of highly differentiated mammary
tissue are characterized by a group of 5 (rat) or 6 (mouse)
proteins of high molecular weight (Fig. 1). Several of these
high-molecular-weight constituents are reduced in amount or
are completely absent from the acidic chromatin proteins
isolated from neoplastic mammary tissues. In addition,
quantitative differences were observed in a number of protein
constituents of intermediate electrophoretic mobility. The
overall difference between these protein mixtures derived from
the normal or neoplastic mammary tissues was further demon
strated by marked differences in the content of various amino
acids. The neoplastic tissues also differed from the normal cells
in the relative rates at which various constituents of the acidic
chromatin proteins were synthesized in culture organ. Signifi
cant differences were demonstrated by the electrophoretic
radioactivity profiles obtained both after the net incorporation
of amino acids into proteins and by the net rate of
phosphorylation of the various electrophoretic components.
These differences could not relate solely to the fact that the
normal tissue used for comparison was in the physiological
state of lactation, since the staining and radioactivity labeling
patterns of the acidic chromatin proteins derived from the
neoplastic mammary tissues also differed significantly from
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Chart 6. Electrophoretic radioactivity patterns of acidic chromatin
proteins labeled with 3H and 32P in rat mammary gland and carcinoma

explants. Explants from lactational gland (A) and carcinoma (H) were
treated as in Chart 4. Â»,3H; o, 32P. The front is at 6.3 cm.
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those patterns obtained from virginal nonlactating mammary
epithelial cells (5, 25). Furthermore, the different patterns
observed with the acidic chromatin proteins derived from the
neoplastic cells could not be determined simply by higher rates
of cell proliferation, since the staining and radioactivity
patterns were different from the rapidly proliferating mam
mary epithelial cells derived from mammary glands of
pregnant mice and rats (25).

Previous studies have demonstrated that specific changes in
the content and synthesis of acidic chromatin proteins are
observed during differentiation of the mouse mammary gland.
The loss of certain low-molecular-weight acidic chromatin
proteins and the appearance of high-molecular-weight acidic
chromatin proteins during the process of differentiation has
also been observed in studies on the slime mold Physarum
polycephalum (7). In the present studies the neoplastic
mammary tissues appear to retain certain high-molecular-
weight acidic chromatin proteins characteristic of highly
differentiated mammary cells but exhibit a loss of certain
other high-molecular-weight constituents. With respect to
these particular proteins, both of the mammary neoplasms
studied may thus be considered to represent an intermediate
or new state of cell differentiation. Recently, Weisenthal and
Ruddon (31) have demonstrated differences in the banding
patterns of acidic nuclear proteins derived from various human
leukemias and Burkitt lymphoma cells. In the present study,
differences between acidic chromatin proteins of normal and
neoplastic origin have been demonstrated for 2 different
rodent model carcinomas representing 2 different species.
These differences cannot be attributed at present to viral
influences, since the C3H carcinoma is originally a virus-de
pendent neoplasm but the R3230AC mammary carcinoma
represents a spontaneously arising carcinoma in which virions
have not been detected (4).

Previous studies on these 2 mammary carcinoma models
have suggested that a basic defect in these mammary
carcinomas is an altered pattern of regulation of gene
expression (22,26, 27).

Characterization of gene transcripts in these cells by
RNA-DNA hybridization competition studies suggests that
these mammary cancer cells synthesize species of nRNA that
either are not formed by normal mammary cells or are present
in nonneoplastic mammary cells in undetectably low concen
trations. These conclusions have been based upon a compari
son of the transplantable C3H carcinoma with the normal
gland, preneoplastic hyperplastic alveolar nodules, and sponta
neous carcinoma in the C3H mouse as well as upon a
comparison of the RNA's synthesized by the R3230AC

carcinoma with those formed by mammary cells of the normal
Fischer rat mammary gland (21). Recent studies on the cell
differentiation of mammary cells of the C3H mouse are
consistent with the possibility that specific acidic chromatin
proteins may participate in the regulation of RNA synthesis
and in mammary cell differentiation (5, 25). The present
results indicate that altered populations of nuclear acidic
chromatin proteins are associated with an alteration in the
state of gene expression in mammary carcinoma cells, and they
are consistent with the hypothesis that these proteins may
participate in the regulation of specific genes and thereby act,
in part, as determinants of the neoplastic state.
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