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ABSTRACT

Salt-precipitated chromatin was prepared from cultured MvlLu line

mink lung cells and from these cells transformed by either of the
oncogenes \-mos (MIMS-102 line) or v-fes (F3C7 line). Xenoantisera
were raised to chromatin from each of the three cell types and cross-
tested in microcomplement fixation assays to determine immunospeci-
ficity. Chromatin from cells transformed by either v-mos or v-fes revealed

antigenic profiles statistically indistinguishable (P < 0.2 to 0.5) from one
another with their respective cross-tested antisera, but did not react

significantly with antisera to chromatin from the untransformed parental
cell line. Likewise, little cross-reaction was observed with chromatin from

the untransformed cells and antisera raised to chromatin from either of
the oncogenically transformed lines (P < 0.001), although each chromatin
demonstrated high reactivity with its homologous antiserum preparation.
These immunological data are consistent with the observed normal or
transformed characteristics for each cell type, including morphology,
anchorage-independent growth, and growth in the absence of serum.

INTRODUCTION

Recent years have seen rapid progress in the identification of
various viral genes and gene products involved in oncogenic
transformation, and yet certain critical mechanisms which ini
tiate or maintain the transformed state remain obscure. The
quest for specific effectors of phenotypic regulation in oncogen-
esis and cellular differentiation has been hindered largely due
to an inability to assay for biological function, and in particular,
to assay for those effectors related to levels of regulation in
higher-order chromatin structure. In a previous study we de
scribed the analysis of tissue- and neoplasia-specific antigens in
salt-precipitated chromatins as detected by immunological pro
cedures and which arise upon selective removal of histones or
divalent metal cations (1). While such antigens may not be
present in native chromatin, the generation of such tissue- and
tumor-specific antigens by salt precipitation methods may re
flect a site or mechanism of genome regulation in the higher
order organization of chromatin within the nucleus.

CF3 chromatin antigens constitute one of the few documented

variations among chromatins from diverse cells, tissues, and
tumors, and may be considered to represent one of the earliest
observed tumor markers. Such tissue- and tumor-specific anti
gens were previously defined by Wakabayashi and Hnilica (2)
and later confirmed by Dupere et al. (1) as nucleoprotein
complexes of DNA with residual fractions of NHPs which
resisted elution with urea/salt mixtures. The immunospecificity
of these antigenic complexes was shown to depend on the source
of the NHPs as determined in reconstitution experiments (2),
and the requirements for an homologous DNA component
could not be provided by RNA, polyanions, or phylogenetically

Received 11/7/85; revised 9/18/86; accepted 1/21/87.
The costs of publication of this article were defrayed in pan by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

1This work was supported in part by American Cancer Society Grant IN-54-
V8 and RPMI Developmental Core Grant to S. D.

2To whom requests for reprints should be addressed.
3The abbreviations used are: CF, complement fixing; NHP, nonhistone pro

tein; FeSV, feline sarcoma virus; MSV. Moloney murine sarcoma virus.

distant DNA (3-6). In a previous study we examined the
antigenic and structural properties of chromatin prepared by
salt/EDTA precipitation (7), micrococcal nuclease digestion of
nuclei (8), and by a minimal denaturation procedure reported
to provide a "structured" chromatin which approximated the

native condition (9). Only the latter preparation which em
ployed minimal salt precipitation and minimal metal ion che-
lation did not display an antigenic profile immunospecific for
the cell or tissue of origin. This poorly antigenic preparation
was converted to a chromatin preparation showing strong tu
mor-specific antigenicity following elution of divalent metal
cations or histones. We interpreted this to indicate that varia
tions in native chromatin structure or composition may be
differentially modified during extraction to give rise to nucleo
protein complexes of specific CF reactivity. These antigenic
chromatin complexes have been reported to be associated with
DNase I-sensitive sites (10, 11), heterochromatin regions (12),
and chromosome scaffold structures (13). Tumor-specific
sources for these antigens have included liver (14-17), colon
(12, 18), ira nspia niable animal tumors (19), virus-transformed
fibroblasts (19), and spontaneously-arising human tumors (20).
With the exception of a single report of alteration of chromatin
antigen specificity on transformation of a cell line with SV40
virus (19), most of the reports on chromatin antigens relate to
tumors and are subject to uncertainties in interpretation arising
from potential heterogeneous compositions of the tumor cell
populations. Recently, various tumors and transformed cell
lines have been shown to be associated with altered expression
of cellular oncogene products. This report explores the associ
ation of alterations in chromatin antigen specificity with trans
formation of a cell line accompanying the expression of differ
ent viral oncogenes.

MATERIALS AND METHODS

Cell Lines. Untransformed mink lung cells (MvlLu) were originated
by the American Type Culture Collection. This line, along with two
derivative lines transformed by either the Mo-MSV, MIMS-102 (mos
oncogene specific) (21 ), or by the ST-FeSV, F3C7(fes oncogene specific)
(22), were all generously provided by Dr. Peter Fischinger of the
Frederick Cancer Facility, Frederick, MD. Both F3C7 and MIMS-102
nonproducer transformed cell lines were obtained by single-hit infection
of the MvlLu mink lung line by either FeSV or MSV, respectively, and
identified as transformants of either virus by antigen markers of the
MSV or FeSV genome. All three lines were cultivated in McCoy's 5a

complete medium (GIBCO, Grand Island, NY) supplemented with
10% fetal bovine serum (GIBCO) and grown at 37"C in 5% CO2. Cells

were harvested at confluency by trypsinization. Subconfluent cultures
of each line did not differ in immunological activity of chromatin from
the confluent cell preparations (data not shown) which suggests little,
if any, relationship of these antigens to overt cell cycle or DNA
replication events.

Preparation of Chromatin. Chromatin was prepared by a "paraequi-
librium" modification of the procedure of Marushige and Bonner (7)

as described by Dupere et al. (1). Aliquots from all preparations were
extensively dialyzed against 10 mM Tris-HCl, pH 8.0, to remove
phenylmethylsulfonyl fluoride and 2-mercaptoethanol prior to bio
chemical analyses. DNA content was determined by the procedure of
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Fig. I. CF by various chromatins in the presence of rabbit ani Â¡scrunito each of the three antigens. Serial dilutions of serum were tested with a constantconcentration of antigen at 1 Mgof DNA content per 20 ni. a, xenoantiserum raised to !â€¢'.(',cell (fes transformed) chromatin; b, xenoantiserum raised to MIMS-102

(mm transformed) cell chromatin; and c, antiserum to untransformed MvlLu chromatin. Points, mean of three separate experiments which utilized three different
chromatin preparations for each experiment: â€¢,MvlLu chromatin; O, preserum control reaction with MvlLu chromatin; â€¢.I ,( - ( AM)chromatin; f!. preserum control
reaction with !â€¢',('â€¢.chromatin; A, MIMS-102 (mos) chromatin; A, preserum control reaction with MIMS-102 chromatin. Bars, SD.

Shatkin (23) and protein by the method of Bradford (24).
Immunological Studies. Antisera to chromatin preparations were

obtained from young adult male rabbits immunized by four inoculations
at 2-wk intervals of 200 /xgof DNA content of chromatin into the left
foot pad, right foot pad, and twice into the thigh muscle. The foot pad
inoculations incorporated Freund's complete adjuvant while the two
subsequent inoculae into the thigh muscle used incomplete Freund's

adjuvant. Sera were first harvested 1 wk after the i.m. booster shot and
frozen until used. Before testing, sera were heat inactivated at 56*C for
30 min and stored at 4Â°Cin 50% glycerol. Complement fixation

reactions of the sera with various chromatin antigens were conducted
according to the procedure of Wasserman and Levine (25) as modified
for microtiter detection of l Â«igof antigen.4

RESULTS

The CF activities of chromatins prepared from untrans-
forrned, mos-transformed, and /Â¿'.v-transformedmink cell lines
with homologous and heterologous cross-tested xenoantisera
are presented in Fig. 1. In Fig. la, antiserum raised to the FaC?
line (fes transformed) chromatin demonstrated significant CF
reactivity not only with the homologous /Â«-specific chromatins
but with chromatins from cells transformed by the mos (MIMS-
102 line) as well. In contrast, the untransformed MvlLu paren
tal mink lung cell lines reacted minimally with the fes chroma-
tin-specific xenoantiserum and quickly dropped at serum dilu
tions of 1:320. For these data, statistical analyses of the mean
total percentage of CF for each antigen over the range of
antiserum dilutions were conducted using the Student t test and
assuming a 95% confidence level (P < 0.05) as the requirement
for significant differences in the designated responses for each
antigen. No significant differences in CF reactivity of mos- or
/Â«-specific chromatins were indicated (P < 0.2); however, a
value of P < 0.001 (significant difference) for either mos- or
yes-specific chromatins compared to their untransformed
MvlLu counterpart was obtained. In Fig. IA. CF results are
shown for the three chromatin antigens with xenoantisera
raised to the MIMS-102 (mos transformed) cell chromatins.
Once again, high CF values (>60%) are observed for both mos-

4 S. Dupere, manuscript in preparation.

and /Â«-specific chromatins to serum dilutions of 1:640, yet a
significant CF reaction for the normal cell preparation is ob
tained only to a 1:80 serum dilution. Statistical values for
significant differences reveal P < 0.05 (not significant) for mos
versus fes chromatins and P < 0.001 (significant difference) for
either mos or fes preparations versus the normal MvlLu with
this antiserum. In Fig. le, antiserum raised to the untrans
formed MvlLu cell chromatin and reacted with the three anti
gens as above reveals significant CF reactivity only with the
homologous normal cell chromatin (CF of 60% at 1:1280),
with CF activity for either mos or fes chromatins dropping
below 30% at 1:320. With this antiserum, statistical values of
P < 0.05 for mos versus fes chromatins and P < 0.001 for either
mos or fes versus the normal mink cell chromatin reflect the
trend seen with antiserum raised to the other two chromatin
antigens. In each case, preimmune serum controls demontrated
the rise in antigenicity concomitant with immunization by each
type of chromatin and the level of background cross-reactivity
seen upon reaction with each heterologous chromatin prepara
tion. It should be emphasized that the specificity demonstrated
by these CF reactions reflects the high level of sensitivity of the
micro-CF procedure, although it is likely that immunoadsorp-
tion experiments would provide further support of the immu
nospecificity demonstrated by each antiserum with the various
chromatin preparations.

A second series of experiments was conducted varying anti
gen concentration and maintaining serum dilutions at 1:320 as
presented in Fig. 2. This antiserum level was carefully chosen
as the midpont range of the CF reaction and as the point at
which variations between normal and transformed cell chro
matin reactivity become maximally apparent. While only a
single preparation of each antigen was available for these stud
ies, thus abrogating the application of statistical significance
evaluation, the data nevertheless reflect a similar trend as that
seen using variations of antiserum in CF reactivity. In Chart
2a, xenoantiserum raised to /Â«-specific cell chromatin was
reacted with the three antigens at varying DNA concentrations
of 0.25 to 8.0 tig/20 /Â¿I/wellin microtiter CF assays. Close
correlation between the response of mos- and /Â«-specific cell
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Fig. 2. CF by varying quantities of chro-
iii.it in antigens tested against a 1:320 dilution
of anliserum. Antigen concentrations were
based on 0.25 to 8.0 MÃ•:of DNA content of
eliminami per 20 â€žI.â€¢,MvlLu chromatin; O,
FjC7 (fes) chromatin; A, MIMS-102 (mos)
chromatin. a, rabbit antiserum to /Â»-specific
cell chromatin; b, antiserum to moi-specific
cell chromatin; and c, antiserum to untrans-
formed cell MvlLu chromatin.
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chromatins is seen with CF values reaching and holding at
around 75 to 85%. In contrast, MvlLu parental cell chromatin
demonstrates a minimal CF reactivity of less than 30% over
the entire range of antigen concentrations with this antiserum.
A similar response is seen in Fig. 2/>.wherein xenoantiserum
raised to /was-specific chromatins is reacted with dilutions of
the three chromatin preparations. As in Fig. 2a, a close simi
larity may be seen for CF curves obtained with either mos- or
/Â«-specific chromatins, both reaching and maintaining CF lev
els of 70 to 85%. Nontransformed MvlLu chromatins, on the
other hand, reveal low CF activity throughout (<40%). Finally,
Fig. 2c depicts CF reactions of antiserum raised to the normal
MvlLu chromatin with the other three antigen preparations.
High reactivity with homologous MvlLu chromatin is apparent
at greater than 80% CF, but chromatins from either of the
oncogenically transformed lines react only up to 35 to 45% CF
with this antiserum.

DISCUSSION

Recent viral and immunological studies have provided two
key developments in defining oncogenesis: (ai elucidation of
viral oncogenes as transduced and altered cellular protoonco-
genes that are intimately involved in cellular regulation; and
(Â¿>)identification of tumor antigens of diverse types by diverse
immunological reactions in populations of neoplastic cells.
Within the last decade more than 20 acute retroviruses bearing
cell-transforming oncogenic and rapid tumor-induction poten
tial have been identified along with their transforming genes
and proteins. Logically, a task in defining molecular mecha
nisms of oncogenesis now lies in understanding chromatin and
genome organization and their relevance to phenotypic regula
tion via transforming protein effectors and other neoplasia-

related modulators of cell function.
Our approach to this problem evolved from previous studies

on early markers of cancer in the neoplasia-specific and tissue-
specific complement-fixing antigens in chromatin and various
chromatin fractions. Since in our earlier studies immunospeci-
ficity of these entities was found to depend on the presence of
both DNA and protein ( 1), and since the complement fixation
reaction is sensitive to changes in the stereoconfiguration of the
antigen (25), this suggested that these antigens probably were
intrinsically conformational. In view of the increasing recogni
tion of the role of chromatin conformation in gene regulation
(e.g., the concepts of the chromatin domain, DNase I-sensitive
conformations, or supranucleosome assemblies), we felt that
the characterization of these conformational tissue- and tumor-
specific nucleoprotein complexes and their antibodies might

provide some insights into the possible association of altera
tions in chromatin structure with oncogenesis. The idea that
these antigens may be associated with higher-order genome
organization is in agreement with earlier work by Campbell et
al. (13) who proposed that this class of antigens may be asso
ciated with the scaffold areas of both metaphase and interphase
chromosome material.

In a recent study, we further determined that chromatins
prepared by a minimal denaturation procedure were nonanti-
genic until treated with chelating agents or removal of histones.
The immunospecificity of the resulting chromatin antigens that
are generated or exposed by these treatments suggests that the
native chromatin had tissue-specific or tumor-specific higher-
order structure or conformation. It was of interest to further
approach this phenomenon using a homogenous cell population
to avoid cellular heterogeneity of tumors and to investigate the
association of chromatin neoantigenicity with viral oncogene-
mediated transformation.

Salt-precipitated chromatins prepared from normal mink
lung cells and from these cells transformed by either of the viral
oncogenes \-mos or v-fes were utilized as immunogens and
cross-tested with their specific xenoantisera in CF assays to
determine immunospecificity. The fes oncogene is reported to
belong to Class I whose proteins (such as the P85*"*/M) are
known to be tyrosine kinases with a cytoplasm-membrane lo
calization (26). The mos oncogene encodes a protein (pp37""")
now believed to belong to a Class I-related "oncogene" protein

with protein kinase activity and localized in the cytoplasm (27).
The exact function of this protein is as yet unknown and was
at the initiation of this study believed to be related to the
clironuit in -binding proteins. The exact nature of the kinship
between mos and fes is not yet fully understood, but it is now
recognized that, whereas fes/fps appear to be activated by mu
tations in the structure of their encoded proteins, the oncogenic
potential of mos is derived from linkage to a constitutive pro
moter (28). Nevertheless, it is probable that all events in the
transformation process are not shared by these two transformed
lines since they display rather marked phenotypic differences
in (a) gross morphological appearance in tissue culture, (b)
anchorage independence, and (c) ability to grow in serum-free
medium. Growth of the mas-transformed cells in monolayer
revealed a disorganized and multilayered pattern characteristic
of the transformed cell. In contrast, the yes-specific cells dem
onstrated sparse, single-layered growth with considerable de
tachment of the cells. Both cell lines and their untransformed
counterpart were assayed for anchorage-independent growth
ability in soft agar (data not shown), according to the procedure
of DeLarco and Todary (29). Only the /noi-transformed cells
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were capable of significant colony formation (a colony was
defined as an aggregate of at least 50 cells), with the fes-
transformed line producing colonies with less than 10 cells and
at a very low frequency (<0.1 %). Assays for the ability to grow
in serum-free medium were conducted with the three lines
according to Kaplan et al. (30) and revealed that only the Â»105
cells were able to grow for extended periods (4 to 5 days), with
the MvlLu and the yes-transformed lines at less than 50%
viability after 48 h (data not shown).

With such apparently dissimilar phenotypic characteristics it
seemed feasible to extend earlier studies by Zardi et al. (19)
who demonstrated that CF reactions clearly distingushed chro-
matins of the WE-38 human diploid fibroblasts from their
SV40-transformed counterparts using specific xenoantiserum.
Our findings extend this concept to demonstrate that a homo
geneous cell population transformed by two distinct viral on
cogenes, which display considerable phenotypic differences,
nevertheless shows a characteristic chromatin antigenic profile
distinct for the untransformed state and yet showing no statis
tically significant difference in immunospecificity between the
tumor cell lines. Antigenic profiles obtained in Fig. 1 utilizing
serum dilutions demonstrated a cross-reactivity of normal and
untransformed cell chromatins at high serum concentrations,
but depicted a pronounced variation among the transformed
and normal lines1 chromatin CF capacity at greater serum

dilutions. Likewise, antigenic profiles using antigen dilutions
with a fixed antiserum concentration as presented in Fig. 2
indicate a degree of shared antigenicity in the level of "back
ground" seen in the heterologous chromatins which react at

low, albeit detectable, levels (13 to 44% CF range over the three
experiments). Nevertheless, the similarities between CF of mos
versus yes-specific chromatins and the contrasts between the
transformed versus normal cell preparations seen throughout
this study clearly distinguish the MvlLu from either of its
transformed counterparts and suggest that a shared tumor-
related nucleoprotein antigen may exist in the mos anafes cell
preparations. Caution must, however, be exercised in the inter
pretation of CF reactions using polyclonal antisera, as effec
tively discussed by Briggs and Glass (31), although this proce
dure is highly specific owing to its sensitivity. Further dissection
of this phenomenon is best undertaken through the develop
ment of a monospecific antibody probe which may permit better
correlation with other immunological procedures such as im-
munoblotting techniques and fluorescent chromosome localiza
tion of these nucleoprotein complexes.
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