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ABSTRACT

Chromosomal nonhistone protein: DNA complexes prepared
from synchronized HeLa cells were used to immunize white
rabbits. The antisera reacted specifically in complement fixa
tion tests with chromatins isolated from HeLa cells and not with
those from a number of other human and animal tissues.
Specificity to this cell type was also demonstrated by immu
nocytochemical reaction. Both immunochemical tests revealed
that the specific antigens are continuously present throughout
the cell cycle. The immunological activity was dependent upon
chromosomal nonhistone protein(s) being bound to DNA. Our
findings are consistent with these chromatin antigens being
stable nuclear components [complexes of chromosomal non
histone protein(s) with DNA] characteristic of cellular differen
tiation.

INTRODUCTION

The presence of chromatin antigens unique to species, tis
sues, and cell types has been reported by a number of labo
ratonies (3, 8, 9, i 2, 13, i 8, 3i , 32, 4i ). Tissue- or cell type
specific chromatin antigens were detected most frequently
when nonhistone protein:DNA complexes were used for im
munization. In these cases, antigenicity was closely dependent
upon the binding of nonhistone protein fraction to homologous
DNA (9, 10, 32â€”35).Neither DNA nor chromosomal proteins
constituting the immunogen complex when assayed alone dem
onstrated immunological specificity. These specific chromatin
antigens changed during normal differentiation (12, 26) and
with the induction of malignant growth (8, 9). The nonhistone
protein component(s) of the antigenic complexes was found to
represent a small fraction of the total chromosomal protein
content of the cell and was of limited heterogeneity (16, 33,
34).

Chromatin antigens of Novikoff hepatoma cells were not
detected in chromatin prepared from normal rat liven(7â€”9,34,
38). However, cross-reacting antigens were discovered in
chromatins isolated from regenerating rat liver, embryonic liver,
and in other experimental rat tumor models (7, 38). The anti
gens in regenerating rat liver were detected only at certain
times following partial hepatectomy (7). This restricted time for
antigen detection following the induction of parasynchronous
cell proliferation suggested that the antigenic complexes of
chromosomal nonhistone proteins with DNA in Novikoff hepa
toma chromatin may represent cell cycle-specific antigens
found in normal cells only during their replication. All of the
immunological activity against regenerating rat liver chromatin
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was eliminated by absorbing the antiserum with chromatin
prepared from regenerating rat liver, but the activity against
Novikoff chromatin antigens was only partially removed, thus
suggesting that Novikoff-specific chromatin antigens may onig
mate from ones that are common to proliferating livencells and
also from some that are unique to cancer. Since the antiserum
to the Novikoff chromatin antigen(s) reacted with chromatin
isolated from fetal liven, it further suggested a similarity in the
expression of chromatin antigens specific for malignant cells
to other tumor-associated antigens ononcodevelopmental gene
products. There is evidence that the amount of some tumor
associated antigens (4) and the H-2 Moloney leukemia virus
determined cell surface antigens (i 4) are cell cycle dependent,
as would also be expected for proteins involved in replication
of the genome (reviewed in Ref. 37).

Clarification of the relationship between the expression of
the specific antigenic complexes of nonhistone proteins with
DNA and cellular proliferation required the use of a rapidly
growing in vitro model system whose synchrony could be easily
manipulated. Using HeLa cells, we were able to demonstrate
once again the surprising cell type specificity of this group of
chromatin antigens. However, their levels detected during cel
lular replication did not change measurably.

MATERIALS AND METHODS

HeLa 53 cells were maintained in suspension cultures con
taming Joklik-modified Eagle's minimum essential medium sup
plemented with 3.5% each of calf and fetal calf serum. Cells
were routinely synchronized by double dThd2 block, and in
special cases, they were treated with either 1-fl-D-arabinofur
anosylcytosine (40 @ig/ml)on hydroxyunea (10 mM). The 5-
phase cells were harvested 3 hr after release from the second
thymidine block, and the G2 cells were harvested 8 hr after
release. Cells in the G1phase were obtained 2 hr after selective
detachment of mitotic cells. The level of cell synchrony was
monitored by determination of mitotic index and autoradi
ographic determination of [3H]dThd incorporation. Cells were
labeled for 30 mm in [3H]dThd (1 MCi/mI; 50 to 60 Ci/mmol).

Nuclei were prepared from synchronized or logarithmically
growing cells by use of the non-ionic detergent Triton X-100
(27). Cells were harvested, washed 3 times with 80 volumes of
spinner salts (Grand Island Biological Co.), and lysed with 80
volumes of 80 mM NaCI:20 mM EDTA:i % Triton X-100 (pH
7.2). Nuclei were pelleted by centnifugation at 1000 x g for 3
mm, washed 2 times in 0.15 M NaCI:10 mM Tnis (pH 8.0), and
collected by centnifugation at i 000 x g for 3 mm. Nuclei
isolated in this manner were free of cytoplasmic contamination
when observed by phase-contrast microscopy. Nuclei were

@ The abbreviation used is: dThd, thymidine.
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lysed in 60 volumes of double-distilled water by gentle homog
enization. The chromatin was allowed to swell in an ice bath
for 20 mm and was then pelleted by centnifugation at 12,000
x g for 20 mm. Chromatin concentrationwas adjusted for
complement fixation tests, digestion, absorption, or use as an
immunogen.

Micrococcal nuclease (Worthington Biochemical Corp.,
Freehold, N. J.) was incubated with total chromatin in 40 mM
NaC1, 10 mM Tnis-HCI (pH 7.5), 1.0 m@CaCI2 and 0.1 mrvi
phenylmethylsulfonyl fluoride for 30 mm (37Â°)at the concen
trations indicated. The reaction was stopped by the addition of
perchloric acid to 0.8 N and was allowed to stand in ice for 15
mm. The absonbance of the supernatants at 260 nm was
obtained following centrifugation (1500 x g; 20 mm). After
correcting for hyperchromic effect, these readings were used
to determine the amount of acid-soluble DNA.

Chromatins were used as an absorbent by mixing with dilu
tions of purified IgG fraction. After incubating for 16 hr (4Â°),
the chromatin and bound antibody were removed by centrifu
gation (15,000 x g; 15 mm), and supernatants were used in
complement fixation tests.

Histones and some of the chromosomal nonhistone proteins
were removed by treatment with 2.0 M NaCI:5.0 M urea:0.01
M phosphate buffer (pH 6.0). The nonhistone protein:DNA

complexes were collected by centrifugation for 36 hr (100,000
x g maximum),and pellets were resuspendedin 2 mM Tnis
HCI (pH 7.5). Insoluble material was removed by low-speed
centnifugation, and the soluble complexes of protein and DNA
were used for the immunization of white rabbits (13). Blood
was collected by marginal ear vein bleeding, and sera were
heat-inactivated at 60Â°and stored at â€”20Â°.The IgG fraction
was purified by ammonium sulfate precipitation and DEAE
cellulose chromatography.

The immunological activity of chromatin preparations was
determined by the quantitative microcomplement fixation tech
nique of Wassenmann and Levine (36). To determine intracel
lular localization of antigen, cells were grown on glass slides
and stored at â€”70Â°.Frozen slides were dried in a lyophilizer
for 1 hr and washed in phosphate-buffered saline [0.1 5 MNaCI:
0.01 M phosphate buffer (pH 7.2)] at 4Â°.Antiserum or serum
obtained prior to immunization of the rabbit, diluted 1:200, was
incubated with sheep anti-rabbit IgG y globulin (Miles Labora
tories, Elkhart, Ind.) and then with horseradish penoxidaseanti
horseradish peroxidase reagent (Miles Laboratories) diluted 1:
100 in phosphate-buffered saline (28). Slides were stained for
10 mm in freshly prepared diaminobenzidine and H2O2 staining
solution (11).

RESULTS

Dehistonized chromatin was prepared from G1-, S-, and G2-
synchronized HeLa cells, and each preparation was used to
immunize 2 rabbits. One antiserum to chromatin isolated from
S and one from G2-synchronized cells gave complement-fixing
activity at dilutions of 1:200 or greater when tested with their
respective chromatin preparations. Serum collected from these
2 animals prior to immunization gave no complement-fixing
activity when tested at the same dilutions. The second antisera
to chromatin prepared from S and G2 cells as well as both
antisera to G1 cells showed complement-fixing activity only at
dilutions of 1:50 and lower. The antisera to chromatin from G1-

synchronized cells showed the same low level of activity when
reacted with chromatins from cells synchronized in any of the
3 phases of the cycle or with material prepared from logarith
mically growing HeLa cells. However, due to technical prob
lems to be discussed later, these low-titer antisera were not
further tested for specificity of reaction.

Specificity of the 2 higher titer antisera to chromatin from 5-
and G2-synchronized cells was demonstrated by reacting an
tisena with chromatins prepared from other normal and malig
nant human tissues and tissue culture line as well as normal
and malignant rat tissues (Chart 1)â€Ãs can be seen in this
chart, only HeLa chromatin (log-phase cells) fixed the comple
ment in the presence of HeLa antiserum. To determine if either
antiserum reacted preferentially with chromatin during one
phase of the cell cycle, batches of 3 chromatins were prepared
for testing, one from each of G1-, 5-, and G2-synchronized
HeLa cells. Greater than 98% of S-phase cells were in DNA
synthesis. Between 70 and 80% of cells harvested 8 hr after
release from G1/S block were in G2 phase. More than 95% of
the cells were in G1 phase 2 hr after selective detachment of
mitotic cells. Five batches of chromatin isolated from G1-, 5-,
and G2-synchronized cells were tested by complement fixation.

The 2 antisera showed a slight preference for G1 chromatin
in the complement-fixation assays, although they were raised
to chromatin prepared from 5- and G2-synchronized cells. Both
antisera exhibited the same maximal level of reaction with each
of the 3 chromatins within the batch. However, in subsequent
batches of chromatins from the 3 phases of the cell cycle, the
5- and G2-denived materials on occasion also showed slight
preferential reactivity with the antisera than did the other 2
phases. No chromatin preparation from either of the 3 phases
(G1, G2, and S) consistently gave highest, lowest, or middle
neactivities in complement-fixation tests with either antiserum,
but antisera to 5- and G2-phase chromatins gave the same
relative order of reactivity within any one batch of chromatins
from the 3 phases of the cycle. Also, each antiserum always
showed the same maximal complement-fixing activities with
chromatins from all 3 phases. A representative complement
fixation reaction with one of the antisera, anti-G2, reacted with

pg DNA

Chart 1. Quantitative complement fixation of chromatins reacted with antise
rum (1 :200) to nonhistone protein:DNA complexes isolated from 5-phase-syn
chronized HeLa cells. Chromatins isolated from HeLa (â€¢):Wl-38, normal human
lung or human lung cancer (0): normal rat liver (A): and Novikoff hepatoma (z@)
cells.
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one batch of chromatins is shown in Chart 2 (the closed
symbols) where a slight preferential reactivity with S-phase
chromatin can be seen.

Antiserum to dehistonized chromatin from G2-synchronized
HeLa cells was used to determine if chromatin from one phase
of the cell cycle could be used to absorb out reacting antibody
against chromatin preparations from all 3 phases. The antise
rum was initially reacted with a batch of chromatins from the 3
phases (G1, 5, and G2)at varying dilution of IgG fraction (Chart
2). Absorbing the antibody with G2 chromatin in a ratio of 300
,.tg of DNA per ml of a 1:50 dilution of antibody caused the
elimination of the complement fixation reactivity of the antibody
with all 3 chromatins (Chart 2; the open symbols). This ratio of
chromatin as DNA to antibody dilution was about one and one
half times the amount in the complement-fixation test which
gave maximal activity (Chart 2). Use of G1chromatin in a ratio
of one-half the amount needed to reach maximal complement
fixation activity also resulted in the elimination of activity against
all 3 chromatins (data not shown). Absorbing the G2 antibody
with a nonreacting chromatin, rat liven, (Chart 1) had no effect
on the complement-fixing activity of the antiserum reacted with
HeLa chromatin preparations.

IgO DILUTION
Chart 2. Quantitative complement fixation of chromatins (10 @gDNA) pre

pared from G, (â€¢),S (A), and G2LW-synchronized HeLa cells. Reaction with IgG
fraction from antiserum to nonhistone protein:DNA complexes isolated from
synchronized G2 HeLa cells. 0, i.@,0, and â€”â€”â€”â€”,reaction of the same chro
matins after absorbing the IgG fraction with chromatin isolated from synchronized
G2HeLa cells. The protein concentration of the undiluted IgG fraction was at 880
pg/mI.

In another approach, a finer subdivision of S-phase was
obtained by harvesting cells at hourly intervals after release
from the second thymidine block of logarithmically growing
HeLa cells. The chromatins prepared from cells harvested from
1 to 8 hr after release showed the same maximal complement
fixation activity. Antisera also reacted readily with isolated
metaphase chromosomes. In view of their highly condensed
conformation, such results indicate that antigen availability per
se is unlikely to be a major consideration in cell cycle depend
ence.

Consistent with the lack of cell cycle specificity, the antisera
gave uniform immunocytochemical staining reaction with all
cells in a population of logarithmically growing HeLa cells (Fig.
1) where autoradiographic analysis of [3H]dThd incorporation
from a 30-mm exposure showed an average of 38% labeled
nuclei in these cultures. No immunocytochemical staining re
action was seen when the antiserum was tested on Wl-38 cells
or with Wl-38 cells transformed by SV4O virus (Fig. 2). No
positive staining reaction was observed with cells in normal
peripheral blood smears or with any of the cells present in
frozen tissue sections of specimens of squamous cell carci
noma, in epidermoid cancer of the lung, or in uterine cancer
(data not shown).

The effects of inhibitors of DNA synthesis on immunological
activity were also tested. 5- and G2-phasecells were harvested
after treatment for 30 mm with 1-fl-D-arabinofuranosylcytosine
or hydroxyurea. The same absolute maximal amount of com
plement fixation activity was obtained with either antiserum
when chromatins from the inhibited cells were reacted at the
same time as chromatins from either G,-synchronized cells or
exponentially growing HeLa cells.

The effect of cell density was determined by testing chro
matins prepared from cells harvested at different densities
during logarithmic growth (Chart 3). The chromatins gave the
same maximal reactivity with some lateral shifts in the reaction
curves without direct correlation to density.

When chromatin from HeLa cells was treated with increasing
amounts of micrococcal nuclease, immunological activity (com
plement-fixation) was progressively eliminated until no reaction
was detected (Chart 4). A precipitate was observed early in the
reaction at each level of nuclease, and the amount of acid
soluble DNA obtained ranged from 44% at 50 units to 48% at
2000 units of enzyme.

.!@
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Fig. 1. Immunocytochemical staining reaction of antiserum (1:200) to nonhistone protein:DNA complexes isolated from G2-synchronized cells with logarithmically
growing HeLa cells (a). Immunocytochemical-staining reaction with serum (1 :200) collected prior to immunization with logarithmically growing HeLa cells (b). x 250.

SEPTEMBER 1979 3685

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/39/9/3683/2405726/cr0390093683.pdf by guest on 19 M

ay 2023



R. C. Briggs et al.

.. @:

- 2a

Fig. 2. Immunocytochemical staining reaction of antiserum (1:200) to nonhistone protein:DNA complexes isolated from G2-synchronizedcells with WI-38 cells (a),
and Wl-38 cells transformed by SV4Ovirus (b). x 250.

DISCUSSION

.@. , 1@

2b

Complement-fixation tests and immunocytochemical-stain
ing reactions revealed the presence of chromatin antigens
specific for HeLa cells. One antiserum to chromatin from G2
and one to S-phase-synchronized HeLa cells showed the same
immunological specificity for chromatin derived from HeLa as
well as for the preferential reactivities within batches of chro
matin from 3 phases of the HeLa cell cycle (G1, S, and G2)
including metaphase chromosomes. The similarity in the reac
tions of the 2 antisera demonstrate that antigens also serving
as immunogens in S and G2 chromatin preparations are the
same. The 2 antisera to chromatin from G,-synchronized cells
showed the same low complement-fixing activity with chroma
tins isolated from G1-,5-, and G2-synchronized cells. However,
weakly reacting antisera must be used in low dilution where
the antisera usually contain complement-inactivating activity
which adversely affects the detection of immunological activity.
The unpredictable nature of this activity prevents the routine
use of these antisera. Therefore, the antisera to chromatin from
G, cells were not tested for species and cell type specificity.
Our inability to obtain more reactive antiserum with G,-denived
chromatin may indicate that G1 chromatin is immunogenically
deficient. It is also possible that the lower activity of antisera
obtained from G1 chromatin and the low activity of antisera
obtained from the second animal immunized with G2 and one
from S-phase chromatin reflect a variability in response of
animals to immunization.

In contrast to immunogenic potential, the presence of antigen
during the cell cycle can be generalized to all phases including
G1. Chromatin preparations from synchronized HeLa cells (G1,
5, or G2) and that prepared from logarithmically growing cells
showed the same levels of complement-fixing activity when
tested with the antisera to S and G2 phases in 10 separate
immunological assays. Furthermore, the immunological activity
of antiserum to chromatins from the 3 phases of the cycle could
be eliminated by absorbing with chromatin prepared from one
phase as demonstrated with chromatin from G1 and G2 cells.
Immunoc.â€˜tochemicalanalysis of logarithmically growing HeLa
cells confirmed these results and showed a uniform staining
reaction in all cells of the population. Positive staining of only
a fraction of the cells in the rapidly proliferating population
would suggest restricted antigen presence during the cell
cycle. Since this was not observed, all of the results demon
strate that chromosomal nonhistone protein:DNA antigen com

1.25

Chart 3. Quantitative complement fixation of chromatins prepared from loga
rithmically growing HeLa cells at densities of 8.0 X 10@(â€¢),6.0 x 10@(0), 5.2
x 1 o@ (U), and 2.8 x 1 o@ (0). Antiserum (1 :300) to nonhistone protein:DNA

complexes from synchronized G2HeLa cells.

pg DNA

Chart 4. Quantitative complement fixation of test micrococcal nuclease-di
gested chromatin isolated from logarithmically growing HeLa cells with antiserum
(1:200) to G2 nonhistone protein:DNA complexes. Digestion at 37Â°for 30 mm
was with 50 (â€¢),200 (W. 500 (A), and 2000 (â€¢)units of enzyme in the presence
of 100 @tgchromatin as DNA.
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plexes specific for HeLa cells detected with antisera to S and
G2 cells are continuously present throughout the cycle of the
replicating HeLa cells.

Because of the antigens sensitivity to chemical fixatives,
none was used prior to the localization by immunocytochem
istry. Therefore, the uniform staining reaction was interpreted
as evidence for the invariant amount of antigen present
throughout the cycle and not as a rigid demonstration of its
intracellular localization. Although the reaction is centered over
the nucleus, the questionable effectiveness of freeze-drying in
fixing the antigen makes it possible that some may have dif
fused out of this compartment. Also, it is reasonable to expect
to find some antigen in the cytoplasm while being synthesized
in replicating cells in order for them to maintain the constant
amount found in chromatin. However, considering the antigens
requirement for DNA to exhibit immunological activity in the
complement-fixation assay, it is doubtful that antigen in the
cytoplasm would be detected by the localization method, and
any reaction there may be the result of diffusion. In any case,
the uniform staining of all log-phase cells is consistent with the
invariant amount of antigen in cycling cells or at least that
amount bound to DNA.

The slight lateral shifting in the activity curves observed
within batches of cell cycle-phase chromatins (Chart 2) were
shown to be independent of phase and density (Chart 3). It
might be assumed that they arise from variable growth condi
tions or treatment effects during chromatin preparation. This
lateral displacement could be due to differences in amounts of
antigen relative to DNA content or to conformational changes
affecting antibody-antigen aggregate characteristics which de
termine the extent of complement fixation (19). However, the
major reacting antigen(s) is most likely present in all cases; as
the same maximal complement-fixing activity is always
achieved as additional antigen is reacted. General conforma
tional changes can lead to lateral shifting in complement-fixa
tion curves (19). Greater changes in the antigen resulting in
the loss of some reacting sites caused a vertical shift, as seen
in Chart 4, where nuclease digestion eliminated the immuno
logical activity. As can be seen in this figure, maximal comple
ment-fixing activity could not be restored by increasing the
concentration of digested antigen; an observation consistent
with the loss of reacting antigenic components after staphylo
coccal nuclease treatment.

Progressive loss of immunological activity with increasing
amounts of nuclease did not coincide with the appearance of
a precipitate during the digestion. A similar amount of precipi
tate appeared at all levels of nuclease even where immunolog
ical activity was not diminished. Similarly, the extent of DNA
digested (acid soluble) noted with increased levels of nuclease
does not show dramatic change where immunological activity
is affected. This suggests that a small amount of DNA protected
to some extent from nuclease digestion is essential for immu
nological activity. The significance of this reaction was inves
tigated in more detail in a separate study (5, 6). After limited
nuclease digestion, the immunological activity was found in the
high-molecular weight oligonucleosome fraction and not with
the monomers. In additional experiments with metaphase chro
mosomes, the antigens were found to be directed to the chro
mosome scaffold proteins (5). The scaffold was initially de
scribed as the basic structural component of the chromosome
(1 ). However, the possibility of a strict cell-type specificity due

either to the proteins present or to their modification state is
suggestive of an additional role.

A number of studies have shown activity, modification, and
quantitative changes in the chromosomal nonhistone proteins
occurring during the cell cycle coincident with rapid changes
in transcriptional activity. Nonhistone proteins isolated from
cells synchronized in various phases of the cell cycle differ
entially effect in vitro RNA transcription (23). By contrast, the
nonhistone proteins show very little qualitative change in syn
chronously dividing HeLa cells when analyzed by one-dimen
sional sodium dodecyl sulfate polyacrylamide gels (2, 17).
Although the total quantity of nonhistone protein changed
markedly, it seemed to vary as a whole (17). Our immunological
findings are in accord with the lack of any qualitative change
in nonhistone protein during the cell cycle. However, they may
not be consistent with the uniform quantitative change in these
proteins observed relative to DNA content during replication
(1 7). In addition, the major nonhistone protein species detected
by one-dimensional gel electrophoresis are known to be com
mon constituents of chromatin in many tissues and cell types
(1 5, 25). Applying high-resolution, 2-dimensional gel electro
phoretic methods to chromatin protein analysis has more thor
oughly resolved the heterogeneity of the polypeptides found in
chromatin and has also shown the great similarity in the major
components in different normal tissues and cells and between
normal and transformed cells (20, 29, 39). The strict specificity
of the HeLa antisera to an individual cell type, as indicated in
Chart 1 and demopstrated in another study with these antisera
(5), would make it unlikely that the antigens being detected are
the major components common to most cells of an organism.
However, these major polypeptide components of chromatin
could be antigenically unique due to modification or onganiza
tion when complexed with DNA. They may also be recognizing
unique minor components specific for cell type. Some minor
components of restricted distribution have been detected by
the 2-dimensional gel analysis (20, 29, 39). The present results
do not indicate which of the above alternatives is correct,
therefore it is not possible to equate the HeLa chromosomal
nonhistone protein antigens to specific chromosomal polypep
tides detected by electrophoretic analysis.

Since our immunogen preparation is heterogeneous, it is
possible that some components could vary or undergo minor
conformational changes during the cell cycle but go undetected
due to the presence of a single or a large number of noncycle
specific components. However, the results show that these
overshadowing determinants must be cell type specific. Our
previous experience with antisera raised in a similar manner,
as stated in the introduction, has been that only a limited
number of polypeptides, separated by sodium dodecyl sulfate
acrylamide gel electrophoresis, actually serve as antigens.
Apparently, the treatment of chromatin with high salt and urea
renders many nonhistone protein components immunologically
inactive. Some chromosomal protein antigens are known to be
sensitive to urea treatment (40). It appears likely that our
preparation of immunogen results in the selection of a specific
group of antigens, which are closely associated with DNA, are
not cell cycle dependent and show a highly specific cell type
distribution.

The present results demonstrate that the major HeLa-spe
cific, DNA-associated antigenic components are not cell cycle
specific and therefore are not related to growth-associated
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nuclear antigens which have been recently found as common
features of replicating human cells (21 , 24). Similarly, they are
not related to a species-specific, cell cycle-dependent antigen
detected in human cells by Tsutsui et al. (30). Immunocyto
chemical detection of that antigen in resting cells (G0) and
following the induction of proliferation showed a greater num
ben of positive-reacting nuclei in the resting state. Once in
duced to proliferate, the level of positive-staining nuclei de
dined and was not affected by the progression of the cells
through the cycle. The HeLa chromatin antigens are more
restricted in their distribution and are continuously detected
during the cell cycle. The presence of a variety of chromatin
antigens probably accounts for the divergent reports of speci
ficity for species, tissues, and cell type (3, 9, 12, 13, 18, 22,
30-32, 38, 41 ). The choice of method for immunogen prepa
ration varied in these studies and could be an important factor
in determining which chromatin antigens will elicit the immu
nological response. The questions surrounding the distribu
tions of chromatin antigens, their heterogeneity, and the pos
sible relationship to existing known chromatin polypeptide
components will be clarified only when more of the antigens
are isolated and characterized.

The experimental data presented show that antisera were
raised to cell type specific chromatin antigen(s), that the im
munoactivity of the antisera was dependent on the binding of
the antigenic protein to its DNA, and that similar amounts of
antigen were detected relative to the quantity of DNA through
out the cell cycle. The cell cycle stability of the specific anti
gen(s) reported herein is in line with its being a unique and
fundamental cellular characteristic determined by the state of
differentiation.

ACKNOWLEDGMENTS
We gratefully acknowledge the excellent technical assistance of Beverly Bell,

and we wish to thank Dr. Frank Chytil and Mrs. Lucy Chytil for their help in raising
antisera.

REFERENCES

1. Adolph, K. W.. Cheng, S. M., and Laemmli, IJ. K. Roles of nonhistone
proteins in metaphase chromosome structure. Cell, 12: 805â€”816,1977.

2. Bhorjee, J. S., and Pederson, T. Nonhistone chromosomal proteins in
synchronized HeLa cells. Proc. NatI. Acad. Sci. U. S. A., 69: 3345-3349,
1972.

3. Briggs, R. C., Chiu, J. F., Hnilica, L. S., Chytil, F., Rogers, L. W., and Page,
D. L. Human granulocyte specific nuclear antigen(s). Production of antisera
and determination of specificity. Cell Differ., 7: 313â€”327,1978.

4. Burk, K. H., and Drewinka, B. Cell cycle dependency of tumor antigens.
Cancer Res., 36: 3535-3538. 1976.

5. Campbell, A. M., Briggs, R. C., Bird, R. E., and Hnilica, L. S. Cell specific
antiserum to chromosome scaffold proteins. Nucleic Acids Res., 6: 205â€”
518, 1979.

6. Campbell, A. M., Briggs, R. C., Zimmer, M. S., Krajewska, W. M., Chiu, J.
F., and Hnilica, L. S. Antigenic complexes of chromosomal nonhistone
proteins with DNA. In: R. W. Ruddon (ed), Biological Markers in Neoplasia,
pp. 369-384. Holland: Elsevier, 1978.

7. Chiu, J. F., Chytil, F., and Hnilica, L. S. Oncol-fetal antigens in chromatin of
malignant cells. In: W. H. Fishman and S. Sell (eds.), Onco-Developmental
Gene Expression, pp. 27i â€”280.New York: Academic Press, Inc., 1976.

8. Chiu, J. F., Craddock, C., Morris, H. P.. and L. S. Hnilica. Immunospecificity
of chromatin nonhistone protein-DNA complexes in normal and neoplastic
growth. FEBS Left., 42: 94-97, 1974.

9. Chiu, J. F., Hunt, M., and Hnilica, L. S. Tissue-specific DNA-protein com
plexes during azo dye hepatocarcinogenesis. Cancer Res., 34: 913â€”919,
1975.

10. Chiu, J. F., Wang, S., Fujitani, H., and Hnilica, L. S. DNA-binding chromo
somal nonhistone proteins isolation, characterization, and tissue specificity.
Biochemistry, 14: 4552â€”4558, 1975.

11. Chytil, F. Immunochemical analysis of nonhistone proteins. Methods Cell
Biol., 18: 126â€”141,1977.

12. Chytil, F., Glasser, S. R., and Spelsberg, T. C. Alterations in liver chromatin

during perinatal development of the rat. Dev. Biol. , 2 7: 295â€”305,1974.
13. Chytil, T., and Spelsberg, T. C. Tissue differences in antigenic properties of

nonhistone protein-DNA complexes. Nat. New Biol., 233: 215-218, 1971.
14. Cikes, M., and Friberg, S. Expression of H-2 and Moloney leukemia virus

determined cell surface antigens in synchronized cultures of a mouse cell
line. Proc. NatI. Acad. Sci. U. S. A., 68: 566-569, 1971.

15. Elgin, S. C. R., and Bonner, J. Limited heterogeneity of the major nonhistone
chromosomal proteins. Biochemistry, 9: 4440-4447, 1970.

16. Fujitani, H., Chiu, J. F., and Hnilica, L. S. Purification of nuclear antigens in
Novikoff hepatoma. Proc. NatI. Acad. Sci. U. S. A., 75: 1943-1 946, 1978.

17. Karn, J., Johnson, E. M., Vidali, G., and Allfrey, V. G. Differential phospho
rylation and turnover of nuclear acidic proteins during the cell cycle of
synchronized HeLa cells. J. Biol. Chem., 249: 667â€”677,1974.

18. Kono, N., Shima, I., and Ohta, G. Immunospecificity of nonhistone chromox
omal proteins in 89Sr-induced osteogenic sarcoma (mouse). J. Biochem.
(Tokyo),81: 1549-1555, 1977.

19. Levine, L., and Van Vunakis, H. Micro complement fixation. Methods En
zymol., 11: 928-936, 1967.

20. MacGillivray, A. J., and Rickwood, 0. The heterogeneity of mouse-chromatin
nonhistone proteins as evidenced by two-dimensional polyacrylamide-gel
electrophoresis and ion-exchange chromatography. Eur. J. Biochem., 41:
181â€”190,1974.

21. Miyachi, K., Fritzler, M. J., and Tan, E. M. Autoantibody to a nuclear antigen
in proliferating cells. J. Immunol., 121: 2228â€”2234,1978.

22. Okita, K., and Zardi, L. Immunofluorescent study of chromatin proteins in
cultured fibroblasts. Exp. Cell. Res., 86: 59â€”62,1974.

23. Park, W., Jansing, R.. Stein, J., and Stein, G. Activation of histone gene
transcription in quiescent Wl-38 cells or mouse liver by a nonhistone
chromosomal protein fraction from HeLa S@cells. Biochemistry, 16: 3713â€”
3718, 1977.

24. Russell, A. R., and Pope, J. H. Reactivity of antibody in acute myeloid
leukemia with proliferation-associated nuclear antigen(s). Clin. Exp. Immu
nol., 23: 83-90, 1976.

25. Shaw, L. M. J., and Huang, R. C. C. A description of two procedures which
avoid the use of extreme pH conditions for the resolution of components
prepared from pig cerebellar and pituitary nuclei. Biochemistry, 9: 4530â€”
4542, 1970.

26. Spelsberg, T. C., Mitchell, W. M., Chytil, F., Wilson, E. M., and OMalley, B.
W. Chromatin of the developing chick oviduct: changes in the acidic proteins.
Biochim. Biophys. Acta, 312: 765â€”778,1972.

27. Stein, G. S., and Borun, T. W. The synthesis of acidic chromosomal protein
during the cell cycle of HeLa 5-3 cells. J. Cell Biol. , 52: 292â€”307,1972.

28. Sternberger, L. A. Immunocytochemistry, pp. 129.-i 71. Englewood Cliffs,
N. J.: Prentice-Hall Inc., 1974.

29. Takami, H., and Busch, H. Two-dimensional gel electrophoretic comparison
of proteins of nuclear fractions of normal liver and Novikoff hepatoma.
Cancer Res., 39: 507-518, 1979.

30. Tsutsui, Y., Chang, H. L., and Baserga, R. Cell-cycle-dependent expression
of proteins reacting with anti-human antiserum in a somatic cell hybrid
between human and hamster cells. Cell Biol. Int. Rep., 1: 301â€”308,1977.

31 . Tsutsui, V., Suzuki, I., and Iwai, K. Immunofluorescent study of nonhistone
protein-DNA complexes in cultured cells and lymphocytes. Exp. Cell Res.,
101: 202-206, 1976.

32. Wakabayashi, K., and Hnilica, L. S. The immunospecificity of nonhistone
protein complexes with DNA. Nat. New Biol., 242: 153â€”155,1973.

33. Wakabayashi, K.. Wang, S., and Hnilica, L. S. Immunospecificity of nonhis
tone proteins in chromatin. Biochemistry, 13: 1027â€”1032,1974.

34. Wakabayashi, K., Wang, S., Hord, G., and Hnilica, L. S. Tissue-specific
nonhistone chromatin proteins with affinity for DNA. FEBS Left., 32: 46â€”48,
1973.

35. Wang, S., Chiu, J. F., Klyszejko-Stefanowicz, L., Fujitani, H., Hnilica, L. S.,
and Ansevin, A. T. Tissue-specific chromosomal nonhistone protein inter
actions with DNA. J. Biol. Chem., 251: 1471â€”1475,1976.

36. Wasserman, E., and Levine, L. Quantitative micro-complement fixation and
its use in the study of antigenic structure by specific antigen-antibody
inhibition. J. Immunol., 87: 290â€”295,1960.

37. Wille, J. J. Phase-specific nuclear proteins. In: H. Busch (ed), The Cell
Nucleus, Vol. 4, Part A, pp. 373â€”405.New York: Academic Press, Inc.,
1978.

38. Yeoman, L. C., Jordan, J. J., Busch, R. K., Taylor, C. W., Savage, H. E., and
Busch, H. A fetal protein in chromatin of Novikoff hepatoma and Walker 256
carcinosarcoma tumors that is absent from normal and regenerating rat liver.
Proc. NatI. Acad. Sci. U. S. A., 73: 3258-3262, 1976.

39. Yeoman, L. C.. Seeber, S., Taylor, C. W., Fernbach, 0. J., Falletta, J. M.,
Jordan, J. J., and Busch, H. Differences in chromatin proteins of resting and
growing human lymphocytes. Exp. Cell Res., 100: 47â€”55,1976.

40. Yeoman, L. C., Woolf, L. M., Taylor, C. W., and Busch, H. Nuclear antigens
of tumor cell chromatin. In: R. W. Ruddon (ed), Biological Markers of
Biological Neoplasia: Basic and Applied Aspects, pp. 409â€”418. New York:
Elsevier/North Holland, Inc., 1978.

41 . Zardi, L., Lin, J. C., and Baserga, R. Immunospecificity to nonhistone
chromosomal proteins of anti-chromatin antibodies. Nat. New Biol., 245:
211â€”213,1973.

3688 CANCER RESEARCH VOL. 39

R. C. Briggs et al.

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/39/9/3683/2405726/cr0390093683.pdf by guest on 19 M

ay 2023




