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Epigenetic Control of Tumor Cell Morphology
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XC cell line derived from a single rat cell transformed by the Prague strain of Rous sarcoma virus
produced morphologically different colonies. Among them, two distinct cell types consisting of thick,
fusiform cells (L-type), and of flat, polygonal cells (R-type) were apparent. By repeated subclonings,
pure cultures, L1 and R1, respectively, were obtained. These clones underwent morphological
conversion during prolonged culture; L-type colonies appeared in the R-type clone and vice versa.
The kinetic curve suggested that the conversion was multi-stepped. When inoculated into nude mice,
L-type cells produced much larger tumors at a higher frequency than R-type cells, and the tumors
induced by these two clones were histologically different. The expression of v-src gene was higher
in L-type than in R-type cells at both mRNA and protein levels.
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The morphology of mammalian cells cultured in vitro
is fascinatingly various. Even a cloned cell line comes to
contain various types of cells after prolonged culture.
This phenomenon is so frequently encountered by those
who work with cell culture that its significance has not
seriously been questioned. Indeed, the shape of cells is
often influenced by culture conditions such as the
medium, the substrate where cells are growing and so on.
However, freshly cloned cells show relatively stable mor-
phology under the same culture conditions, at least for a
certain period of time. Our understanding of the mo-
lecular basis of the cellular morphology is only partial,
and we know little of how the cellular morphology is
maintained and how the morphological variation is pro-
duced.

XC cell line is a clonal line established from a Wistar
rat tumor induced by the Prague strain of Rous sarcoma
virus (RSV)." Cultures of XC cells consist of a mixture
of morphologically different cells. Two distinct types of
colonies were present; those consisting of flat, non-
refractile “blebby” cells (R-type) and those consisting of
long, fusiform cells (L-type). These cells were not only
different in morphology but also in the adenylyl cyclase
system, particularly in the interaction between the cata-
Iytic unit and the a subunit of the stimulatory G
proteins.? This paper deals with experiments which led
us to the isolation of these cellular variants and reports
an interconversion of the cellular morphology produced
probably by epigenetic events.
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MATERIALS AND METHODS

Cell culture XC cell line was obtained from the late Dr.
W. P. Rowe (National Institute of Allergy and Infectious
Diseases, National Institutes of Health, USA). Rat
fibroblastic cell line 3Y1 was obtained from Dr. K. Oda
(Science University of Tokyo). H21, a clone of 3Y1
transformed by SRD strain of RSV, chick embryo
fibroblasts (CEF) and SRA strain of RSV were obtained
from the late Dr. S. Kawai (Institute of Medical Science,
University of Tokyo). Cells were grown in Dulbecco’s
modified Eagle’s minimal essential medium (DMEM,
GIBCO Laboratories, Life Technologies, Inc., Grand
Island, NY) supplemented with 7% fetal calf serum
(HyClone Laboratories, Logan, UT). Cell cloning was
performed by means of the cylinder technique.” L1
(R1) was established through multiple rounds of sub-
cloning. Lir (R1r) was a direct subclone of L1 (R1),
and LK1 (RK1), which we described previously,” is a
direct subclone of Llr (R1r). Since the morphological
stability of each subclone was not permanent (see
below), frozen aliquots were made soon after subcloning
and thawed periodically for use. Parental XC cell line,
L-type and R-type subclones were free from myco-
plasma. To examine the anchorage independence, cells
were grown in 0.8% methyl cellulose (Sigma, St. Louis,
MO) over a 19 agar basal layer.

Fluorescence staining of cells XC cells grown on
coverslips were rinsed briefly in phosphate-buffered saline
(PBS), fixed for 10 min in 3.7% formaldehyde in PBS at
room temperature and washed extensively in PBS. After
fixation, cells were dehydrated in absolute acetone for



4 min at —20°C and air-dried. To stain F-actin,
rhodamine-conjugated phalloidin (Molecular Probes,
Inc., Junction City, OR) was used as described.” Indirect
immunofluorescence staining was performed as de-
scribed” using monoclonal antibodies for vinculin {Bio
Yeda, Israel) or for p60™ (Oncogene Science Inc.,
Mineola, NY) as primary antibodies and fluorescein-
conjugated anti-mouse IgG (MBL, Nagoya) as the sec-
ondary antibody,

Tumorigenicity on nude mice Cells were inoculated
subcutaneously at a single site on the back of adult
BALB/c™™ mice. The size of the tumors was measured
after two weeks. Tumors were excised and divided into
two pieces under sterile conditions. A piece of the tumor
was fixed in PBS containing 3.79 formaldehyde and was
examined histologically. The other piece was minced and
replated in culture dishes to examine the morphology of
the recovered cells.

Southern blot analysis High-molecular-weight DNA was
extracted from the cells essentially as described.” This
DNA (10 pg) was digested with restriction enzymes
according to the recommendations of the supplier.
Digested DNA was electrophoresed through agarose
gels. After electrophoresis, gels were stained with 1 ug/
ml of ethidium bromide, depurinated with 0.2 M HCI for
15 min, denatured, neutralized and blotted onto Nitro
plus 2000 (Micron Separations Inc., Westborough, MA)
as described.” The filters were baked for at least 2 h at
80°C under vacuum. The filters were hybridized with the
probe for over 16 h at 65°C. The filters were washed
with 1 X88C (0.15 M sodium chloride, 0.015 M sodium
citrate) at 65°C and were exposed to Fuji RX films with
intensifying screens. The molecular probes used for
Southern blot analysis were RSV-LTR, five murine
homeobox genes and the human S-actin promoter. RSV-
LTR was Nde I-Hind III fragment from RSV-CAT,”
which consisted of about 520 bp from RSV (containing
its 3-LTR) and about 50 bp from pBR322.® DNA
clones containing murine Hox- 1.1 ¢DNA, murine
genomic Hox-1 cluster on chromosome 6 and Hox-2
cluster on chromosome 11 were kindly provided by Dr.
N. Takahashi (Department of Molecular Biology, School
of Medicine, Nagoya University). These DNA clones
were digested with the restriction enzymes indicated
below and were purified by agarose gel electrophoresis.
Hox-1.1 probe was Sac I-Eco RI fragment of Hox-1.1
cDNA.'"2 Hox-1.3 probe was Eco RV-Xba I fragment of
genomic Hox-1.3 gene.'” Hox-2.4, 2.3 and 2.1 probes
were Bam HI-Kpn 1, Bgl 11-Bam HI and Eco RI-Xho 1
fragments of the genomic Hox-2 cluster, respectively.'>""
The Eco RI site of the Hox-2.1 probe was created by the
Eco RI linker at 2.1 kb upstream of Xko I site during
cloning. The homeodomain was removed from these
probes except from Hox-2.4. Human B-actin promoter
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probe was human $-actin 14T-3-21 allele,'” which has an
extensive homology with the rat counterpart.'® The
probe was labeled to high specific activity'” using a
random primer oligolabeling kit (Boehringer Mannheim
GmbH, Mannheim, Germany).

Northern blot analysis Total cellular RNA was ex-
tracted as described,'"” Then 10 ug of RNA was dena-
tured, run through 19 formaldehyde gels and blotted
onto filters.”” The molecular probes used were RSV-LTR
and the hamster a-tubulin gene.'?

Immunoprecipitation Cells labeled with [**S]methionine
were immunoprecipitated with tumor-bearing rabbit
serum (TBR)™ essentially as described,”” electropho-
resed through 10% polyacrylamide gels”™ and fluoro-
graphed.

RESULTS

Polymorphism of cloned XC cells When XC cells were
sparsely cultured to form colonies, some colonies con-
sisted purely of thick, fusiform cells (L-type), and some
others consisted purely of polygonal cells which were flat
and displayed numerous “blebs” on the surface (R-type).
The rest of the colonies could not be classified as L or R,
because they were mixtures of the two types or they
contained cells with intermediate morphology. The cells
were cloned repeatedly to obtain pure cultures. We
selected one clone for each type, L1 for L-type (Figs. 1A
and 1C) and RI1 for R-type (Figs. 1B and 1D). The
distributions of actin and vinculin studied by fluores-
cence staining are shown in Fig. 2. Actin was observed as
rosette-like structure both in L-type and in R-type cells
and stress fibers were more conspicuous in R-type cells.
Vinculin was detected as patches along the edge of
R-type cells but not as such in L-type cells.

In order to examine whether these two cellular clones
were derived from a single Rous sarcoma virus (RSV)-
transformant, the high-molecular-weight DNA was ex-
tracted from L1 and R1, digested with Xba I (which cuts
the genome of Prague C strain of Rous sarcoma virus
at two sites””), electrophoresed, Southern-blotted, and
hybridized with the RSV-LTR probe (Fig. 3B). The
combination of the restriction enzyme and the probe used
in this study gives us fragments which include a part of
the viral genome and cellular flanking sequences. The
hybridization pattern was identical in LI and R1 (Fig.
3A). As the retrovirus integration site is random, the
same hybridization pattern in the Southern blot analysis
indicated that they were derived from the same trans-
formed cell. There must be at least ten RSV proviruses
in XC cells, since twenty bands were detected by the
RSV-LTR probe.

In order to examine the stability of the morphology,
L1 and R1 were replicated without cloning under a
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Fig. 1. Colonial and cellular morphology of L- and R-type XC clones. (A) L-type clone, L1. (B) R-type clone, R1. (C)
Phase-contrast microscopy of L1. (D) Phase-contrast microscopy of R1. (E) R-type colony (LDR) which appeared in long-term
culture of L1, (F) L-type colony which appeared in long-term culture of R1, (G) Co-culture of L- and R-type cells. Cells were fixed
and stained with crystal violet for Figs. A, B, E, F, and G. Bar, 50 um.

relatively strict schedule, i.e., subculturing 53X 10° cells
per 30X 70 mm glass bottle every 4 to 5 days. At each
subculture, the cells were plated in low numbers, 100 to
1000 cells per 60-mm Petri dish, to form colonies, and the
fraction of L-type colonies was scored. As some colonies
were mixtures of elongated and polygonal cells or those
whose type was difficult to classify, only the typical
L-type colonies were scored. The experiment was started
about three weeks after the last colony isolation (time
necessary for expanding the culture and for checking the
purity of the clone). The population of L-type gradually
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decreased in the culture of L1, whereas it gradually
increased in the culture of R1. The kinetics is shown in
Fig. 4A. In either case, the percentage of pure L-type
colonies stabilized at around 20%. This result could not
be explained by insufficient cloning, since the stabilized
phase consisting of the mixed population was attained
starting from either L1 or R1. In addition, L1 and R1
had the same growth rate (Fig. 4B). An R-type cellular
clone arising from L1 culture could be isolated (.LDR)
(Fig. 1E). The clone LDR was replicated without clon-
ing; the population of L-type, which was less than 1%
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VINCULIN

Fig. 2. Fluorescence staining of L- and R-type cells. F-actin was stained with rhodamine-conjugated phalloidin. Vinculin and peOo™™
(SRC} were stained by means of the indirect immunofluorescence technique using monoclonal antibodies.

just after cloning, increased to 189 three months later.
An L-type clone was also established from a long-term
R1 culture (Fig. 1F). This observation firmly established
a morphological conversion of XC cells. It is not likely
that a soluble factor(s) was involved in determining the
colony morphology, since typical L-type and R-type
colonies grew side by side when they were co-cultured
(Fig. 1G).

Conversion rate The kinetics of the conversion was
sigmoid (Fig. 4A). This suggested that the morphologi-
cal conversion consisted of multiple stages. If so, XC
cells in the random culture must be at different stages of
the conversion process. Consequently, the morphological
stability of each single cell must be variable. In order to
test this possibility, the following experiments were
performed. Uncloned XC cells were plated in low num-

bers (20-30 colonies per 60 mm dish). Twenty well-
separated colonies were isolated by the cylinder method
and plated immediately in new 60-mm dishes. Ten days
later the colonies derived from each clone were classified
according to their morphology. Only the pure L-type
colonies were scored. From the population of colonies
produced, the original clones could be classified into
three types, those producing L-type colonies in a minor-
ity (less than 2%), in a majority (more than 80%) and in
intermediate numbers (Table I). The former two are
relatively stable clones, and the last is a very unstable
one. This experiment showed that the morphological
stability was generally low and clonally variable. This is
consistent with the multi-stepped process of morphologi-
cal conversion mentioned above, Very stable lines could
alsc be obtained. Subclones of L1 and R1, L1r and Rir
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Fig. 3. (A) Southern blot analysis of chromosomal DNA of

L- and R-type cells. Cellular DNAs from 3Y1 (lane 1), L1
(lane 2) and RI1 (lane 3) were hybridized with RSV-LTR
probe. (B) Schematic restriction map of the provirus (PRC
strain of Rous sarcoma virus).”” The solid line with the open
boxes on both sides represents the provirus. The open boxes
represent viral long terminal repeats {LTR). Wavy lines repre-
sent cellular flanking sequences. X indicates an Xba I site. Solid
bars marked P show the area that the probe can hybridize.
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respectively, remained morphologically pure for about 3
menths. The following experiments for characterization
of each clone were performed using these stable sub-
clones. .

Tumorigenicity on nude mice and colony-forming effi-
ciency in semisolid medium In order to determine the
tumorigenic potential of each cell type, L1r or Rlr cells
were inoculated into nude mice. The results of two such
experiments are summarized in Table IL. In Exp. 1,
1X10" cells were inoculated at a single site on the back
of each mouse. All three mice inoculated with L1r cells
developed large tumors in 14 days, while among the three
mice inoculated with R1r cells, two did not develop the
tumor at all, and only one developed a small tumor. In
Exp. 2, the take was again higher for Lir than for Rlr.
Thus, L1r was more tumorigenic than Rlr. Histologi-

100
@] -
[¢]
w0’
75} o e
R
£
~ 3 r
R
s z
w o % a
2 \ o
=
2
= 50 .
& Q 10—
] | 2 3 4
o
> Days of Culture
L o
“—
1)
-
g \ .
© ot
= ﬁ. b ©
v ® o L] e}
®
./
Vs
o®
| . . . o

10 20 30 40 50 60 70
Days of Culture

Fig. 4. (A) Degradation of pure L- or R-type clonal cultures
into a mixture of both cell types. Frequency of L-type colonies
(%) is plotted on the vertical axis, and days after the start of
the experiment on the horizontal axis. Closed circles: R1. Open
circles: L1. (B) The growth of L1 (open circles) and Rl
(closed circles) clonal cells. Cell number is plotted on the
vertical axis and the days of culture on the horizontal axis.



Table I. Different Frequencies of L-Type Colonies Produced
from 20 Clones in the Equilibrium Phase Population
Colony L-type Non-L-type
1 0 125
2 0 34
3 0 11
4 0 196
5 0 i34
6 1 126
7 1 48
8 i 156
9 1 168
10 30 12
11 29 19
12 31 57
13 37 7
14 46 7
5 67 [
16 81 6
17 58 8
18 113 9
19 8 0
20 167 0
Table II. Tumorigenicity in Nude Mice 2 Weeks after
Inoculation
No. of cells Size of the tumors”
inoculated Lir Rir
Exp. 1 <10 18X 11x8 5X3xX3
1x107 2012 X9 undetectable
1 X107 22X 14X 12 undetectable
Exp. 2 1x10° 14X7X5 undetectable
1x107 FOXTX3 undetectable
1x10° 5XTXS ND?
1x 108 undetectable NDY

@) Size of the tumors is shown in mm.
b) ND, not determined.

cally, the tumors produced by Lir and Rlr both con-
sisted of round cells which resembled histiocytic tumor
cells. But, the tumor cells of Lir were slightly smaller
than those of R1r and had higher cellularity. In addition,
the cells were uniformly basophilic in L1r tumors (Fig.
5Aj, while in R1r tumors, the cells with clear cytoplasm
were present among those with basophilic cytoplasm
(Fig. 5B). In order to examine the morphological stabil-
ity during the tumor growth in vivo, the tumors were

Morphological Conversion of Tumor Cells

Fig. 5. Morphological features of the tumors induced in nude
mice and on culture in methyl cellulose. Hematoxylin-eosin
staining of tumors induced by Llr (A) and Rir (B). Bar, 25
#m. Colonies of cells recovered from tumors induced by Lir
(C) and Rlr (D). Methyl cellulose culture of Lir (E) and
Rlr (F). Bar, 50 um,

excised and the cells were cultured in vitro. As shown in
Fig. 5C and D, the cells retained the original mor-
phology.

When these XC clones were cultured in 0.8% methyl
cellulose on the top of 19 agar, both Lir and Rlir
formed colonies. But, L1r formed much larger colonies
than Rlr (Fig. SE and F). The colony-forming efficiency
was 3% for L1r and 0.9% for R1r (colonies consisting of
more than 10 cells were counted on day 21).
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Expression of v-sre gene products The above experi-
ments showed that clonal XC cells underwent a
morphological switch during culture, and the two clones
had different tumorigenic potential. As the XC cells were

originally transformed by RSV, it is possible that the
morphological switch and the difference in the tumori-
genicity were associated with the change in v-src gene
expression. First, the transcriptional level of RSV
genome was estimated by Northern blot analysis (Fig.
6A). When 10 yg of total RNA was hybridized with
RSV-LTR probe, the most abundant message in XC cells
was 218 mRNA (src message), in accordance with the
published data.*” In this exposure 388 mRNA could be
seen fainily only in L1r and 288 mRNA could not be seen
in either clone. Fig. 6B shows the same filter probed with
the a-tubulin gene as an internal control. Densitometric
analysis of the sre message normalized with respect to the
a-tubulin message suggested that the src message was
about 3-fold higher in L1r than in R1lr. The quantity of
p60"*™ was then estimated by immunoprecipitation of

Fig. 6. RNA and protein expressions of v-src and in vitro
kinase activity of p60™™. (A) Northern blot analysis of RSV
transcripts with RSV-LTR probe. (B) The same filter was
hybridized with a-tubulin probe as an internal control. Lanes:
1,3Y1; 2, Lir; 3, Rlr. Positions of 285 and 188 ribosomal RNA
are indicated on the left. (C) Immunoprecipitation of cell
lysates with TBR. Lanes: 1, Llr; 2, Rlr; 3, 3Y1; 4, H2I; 5,
CEF, 6, CEF infected with SRA-RSV. p60™" is indicated by an
arrowhead. Molecular masses (in kiledaltons) are indicated on
the left.

Fig. 7. Comparison of DNA methylation between L- and R-type cells. High-molecular-weight DNA from L1r (L) or Rir (R) was
digested with Hap IT (H) or Msp I (M) and was subjected to Southern blot analysis. Filters were hybridized with different probes.
Probes: A, RSV-LTR,; B, murine Hox 1.1; C, murine Hox 1.3; D, murine Hox 2.4; E, murine Hox 2.3; F, murine Hox 2.1; G, human
[S-actin promoter. A 19 agarose gel was used for electrophoresis except in the case of Hap II digest in F, for which 0.7% gel was
used to get a better separation of large-molecular-weight DNAs. Molecular size (in kilobase pairs) deduced from a 1 kb DNA. ladder

(BRL, Gaithburg, MD) are indicated on the left of each figure.
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[*’S]methionine-labeled cell lysates with TBR. [It pre-
cipitated p60™** and other RSV products from RSV-
transformed CEF (compare lanes 5 and 6 in Fig. 6C) and
p60™** from RSV-transformed rat cells (compare lanes 3
and 4 in Fig. 6C).] TBR precipitated p60™" from both
XC clones (though to a lesser extent than from trans-
formed chick or rat cells). From Llr cells, about two-
fold more p60™*" (by densitometry) was precipitated than
from Rlr (lanes 1 and 2 in Fig. 6C). Staining of L1r and
Rlr cells with anti-v-s7c monoclonal antibody (Fig. 2)
revealed slightly more cytoplasmic fluorescence in Llr,
in accordance with the results of immunoprecipitation
{Fig. 6C).
DNA methylation as a possible mechanism  The
morphological type of either XC clone was stable for
some time and then there was a switch from one type to
the other. Even from relatively stable L1r and Rlr,
colonies with the opposite morphology appeared after a
prolonged incubation (more than three months). The
fact that the morphological conversion was reversible
suggested an epigenetic process as an underlying mecha-
nism rather than a structural change in DNA. DNA
modification by cytosine methylation is a reversible
change that can affect gene expression.”” The state of
DNA methylation in XC cells might be drifting and the
cellular phenotype might be determined by activation of
some gene(s}. To examine the state of DNA methylation
in Llr and Rlr, we chose RSV-LTR and homeobox
genes. The genomic DNAs from Llr and Rlr were
digested with Msp I or Hap II. Msp I cuts the tetra-
nucleotide CCGG regardless of the methylation of the
second cytosine residue, while Hap II cuts CCGG only
when the second cytosine is unmethylated. The DNAs
were probed with RSV-LTR, murine homeobox genes or
human S-actin promoter (Fig. 7). As the RSV-LTR
probe used had no Msp 1/Hap II site and there is one
such site in U5, the probe should detect two types of
fragments, those spanning from the restriction site in the
cellular flanking sequences to U5 in 5-LTR, and the
internal fragment spanning from the site in v-sre to U5 in
3’-LTR. Although multiple fragments were detected in
Msp 1 digests, the pattern was exactly the same in Lir
and R1r (Fig. 7A). In Hap II digests, the majority of the
bands migrated as high-molecular DNAs, suggesting that
the sequences around LTR were heavily methylated in
both clones. However, there was a distinct difference in
methylation between the two clones. In R1r none of the
Hap 11 fragments co-migrated with Msp I fragments,
while in L1r there were several Hap II fragments which
co-migrated with Msp I fragments (bands indicated by
arrowheads in Fig. 7A). Thus, some proviral DNA
methylated in R1r was demethylated in L1r.

As for homeobox genes, we chose the following murine
probes, two from the Hox-1 cluster (Hox-1.1 and Hox-
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1.3) and three from the Hox-2 cluster (Hox-2.4, Hox-2.3
and Hox-2.1). The homeobox genes in mouse and
humans are arranged very similarly in four clusters Hox-
1, 2, 3 and 4. Although information about the rat
homeobox gene is limited, it appears reasonable to
assume that the rat homeobox genes are also clustered
and arranged similarly.”® Hox-1.3 is located about 15 kb
downstream from Hox-1.1 on mouse chromosome 6.!"
Hox-2.3 is located about 4 kb downstream from Hox-2.4
and Hox-2.1 is about 15 kb downstream from Hox-2.3 on
mouse chromosome 11."2 The cellular DNA was
digested with Msp I or Hap II, electrophoresed and
hybridized with one of these homeobox gene probes. As
expected, the Msp I digest gave the same pattern for both
clones, whichever probe was used (Fig. 7B-F). When the
DNA was digested with Hap II, however, the bands
detected by these homeobox gene probes migrated to
higher positions than those digested with Msp I, and the
positions of the bands were different between R1r and
Lir clones except for the sample probed with Hox-2.1
(Fig. 7F). The results indicated that homecbox genes
were methylated in both Rir and Llr, but the methyl-
ation pattern in these two clones was different in four out
of five homeobox genes tested.

When the human SB-actin promoter probe was used,
Msp I and Hap II digests gave the same band in the two
clones (Fig. 7G), suggesting that the S-actin promoter
region was equally hypomethylated in these two clones.

DISCUSSION

Our experiments showed that clonal XC cells
transformed by RSV could take thick, fusiform shape
(L-type) or flat, polygonal shape (R-type). The two types
were distinguished in terms of not only morphology but
also tumorigenicity. Interestingly, the morphology was
stable for some time, and then changed into the other
morphology.

Rat cells transformed by RSV occasionally revert from
the transformed state to the untransformed state, and less
frequently transformed cells emerge from cells with the
normal phenotype.’” The reverted cells are morpho-
logically indistingunishable from the normal cells and
expression of virus-specific mRNA or its translation
product is hardly detectable.”*?” As both L-type and
R-type XC cells were transformants as judged by the
anchorage independence, tumorigenicity and the presence
of fairly abundant v-sre gene products, the morphological
conversion of XC cells is distinct from such transforma-
tion and reversion phenomena. Perhaps the difference in
the morphology and tumorigenicity can be explained by
the level of v-src gene expression. L-type, which ex-
pressed two- to three-fold more v-sre, represents the
morphology of more strongly transformed cells. Actually
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a four-fold difference in cellular level of p60*™*™ produced
differences in morphology and anchorage independence
in rat cells.®® In XC, expression of v-src must be con-
trolied by an epigenetic process such as cytosine methyl-
ation. An inverse relationship between cytosine methyl-
ation and expression of proviruses has been reported,”™%
and actually not only RSV proviruses but also cellular
genes such as homeobox genes were differently methyl-
ated in L-type and R-type XC cells.

An alternative but less likely explanation is that L-type
and R-type might express different p60"**. Temin showed
that different RSV strains could transform cells to differ-
ent morphological phenotypes.*” A certain cloned virus
stock induced round, refractile cells while other stock
induced fusiform cells and so on. Fusiform morphology-
inducing RSV often has lesions in the N-terminal half of
p60"*=.** One such fusiform mutant (d15) had a partial
deletion in v-src gene and encoded a 52 kDa protein with
tyrosine kinase activity,™ while another mutant (CU12)
encoded a protein with a molecular mass of around 60
kDa.’® Anderson et al. also described an RSV mutant,
CU2, which induces flat, nonrefractile, “blebby” mor-
phology like that of R-type XC cells.® The reversibility
of the morphological change and the rapid morpholog-
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ical conversion in XC cells cannot be explained by new
acquisition of mutations such as those discussed above. It
is possible, however, that XC cells harbor proviruses that
underwent different mutations; one with CU12 type and
the other with CU2 type mutations. Only CU12 type
provirus might be expressed, while CU2 type provirus
was shut off in L-type and vice versa in R-type cells. XC
cells which express both types of provirus might take
intermediate morphology. Again expression of the pro-
viruses is controlled by an epigenetic process. This hy-
pothesis can be tested by cloning and determining the
primary structure of the v-src gene mRNA expressed in
L-type and R-type XC cells.
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