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- _© ABSTRACT _ ' : p

In these sfudies the "cell surface proteins @f .

Herpes simplex virué_type 2 (HSV=-2) transformed hamster

eﬁbr&o fibroblasts (HaEF) were examined using a ariety . -

of radiocactive isptope labeling techniques with- subsequent .

\

analysis on,  sodium-dodécyl sulpha%e- polyacrylamide slab’

Y

gels. As well, a.number of bioclogical ﬁabameters of ,
the?e cell liﬁes wéré.investigatéd including cell morp logy,h
doudbling time, saturation density, and'tumourigenecity.

Cell surface iodination perfo;med on the series ‘
of HSV-2 transformed HaET revealed at least threé cell

surface alterations. One such protein was the major

iodinated species of 220,000 caltons commonly called o

LETS. LETS was reduced in the transformed lines. All

rransformed lines contained less than 50% of the level

e

of LETSNaund in normal secondary HakEF.
' LY

A variation was found for the HSV-2 {Pgnsformed

cells in their ability to produce tumours. A-rrelation-
ship. was observed between tumour-forming ability and the -
growth properties’ of cell doubling time and saturation

dengity.  The more tumourifenic lines frew to higher
- ~
saturation densitivs and doubled Lhelr . numbers in Lhe

-

shortest time. In the HSV-2 transformed lines a correlation
< /

L ' . ) )
was also found between the amounts of LETS protein on the

surface of the cells and tumourigenecity. The amount
- .

He
e
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of LETS présent was considerably greater for the weakly .

tumourigenic lines than for the more tumourgenic. lines.

There were few profeiﬁ changes detected when whole
cells labeled with 358-methlon1ne ware examlned however,
numerous alterations were evzdent when *solated plasma

membranes. from normal, secondary HaEF and the various

HSV-2 transformed lines labeled with '®S-methionine or

Y

inorganic ?2?P-phdésphate were analyzed. These latter °
. _ A
studies indicated that several plasma membrane protein _er

changes are associated with HSV-2 transformation.
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INTRODUCTION i .

-

There is great._interest today in thé oncogenic
pbtential of the herpes viruses because of théir suspected
roie in specific human maligﬁaﬁcies. This interest arose
from the fact that these viruses havé been proven to

be oncogenic in several different vertebrate species.

Marek's disease, a general lymphomatosis in chickens, is

‘gaused by a herpes virus (Purchase, 1872). Herpes® sagmiri,

isolated from squirrel monkeys, 1is highly oncogenic in
marmosets and owl monkeys causing a lethal malignant lym%poma
(Melendez et al., 1972). The target cell in eac Ci%i

is the T-lymphocyte. Both these viral aiseases satisfy -
Koch's postulates and can be prevented by immuni;étioh

with viral vaccines (Witter et al., lé?O; Laufs and
Fleckenstein, 1972). A herpes. virus has also been shown

to be the causitive agent in Lucke's tumour, an adegocarcinoma_
found in the kidney of the\American leopafd frog (Mizell

et al.; 1969). Although animal systems have greatly increésad'
our understanding of the molecular biology end pathology
of herpes viruses, they do-not serve as géoa models_fsr-
human malignaﬁcies sincé the incidence and variety of‘’
tumours found in man are different than those foﬁnd in

animal systems studied thus far (Priester and Mantel, 1871).

1
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For example, there are no animal model sxf%ﬁms for the

study of cervical carcinoma, a common form of cancer! in man.
- There are at least five different herpes virPses

whys? lnfect humans herpes simplex subtype l (HSV- l)
' herpes simpleX subtype 2 (HSV-2), herpes zoster (HZV),
Epstein—Barg‘EEBV), and cytomegalov1rus (CMV)}. Three of

{;e above viruses have been linked to malignancies in man.

An association exists between EBV and both carcinoma of

the nasopharynx (Henle and Henie, 1973) and African Burklt*'s
'lymohoma (Henle and Henle, 1973). CMV has been linked

to Kaposl s sarcoma (Giraldo et al., 1872). . HSV-2 has

been associated wi%h caréinéqg'of the cervix by sero-
‘epidemeological criteria (Rawls et al., %96@). In these
latter studies a significantly -higher inci&ence of neutralizing.
antibody to HSV-2 in‘paxienfs with cérvical carcinoma was

found compared to.éopﬁrof-populations. As well, in épme

-

ﬁuman cervical.céncer cells HSV-2 antigens have been detected
(Aur?}ian,-1973);;?;&Qzﬁairions~§ave been necovgred _
(Aur%lian eE al.,2ls71), and HSV-E DNA fragmgnfs have, been
demonstratgxo- be present (Fr‘e_gkél et'.al.., ],.972‘.)- DNA-
'DNA hybridization experimenpf betQéen_réd%olqbeleé HSV-2

DNA and DNA from cervical cancer cells'fevealed the presence
of a segment representing 39% of the HSV-2 genome at a-

concentration of 3-5 copies per diploid cell (Frenkel et
L]

al., 1972). The majority of studies however suggest that

-
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most cervical cancer cells do not contain HSV-2 DNA but

it is likely that the methods currénfly used ére not
sensifive enough totdetect small fragments of the HSV-2
genome. It has been shown fhat transformaéion of mammaliah
cells can be induced in vitro with as little as 1.2x10°%

daltoaf df adenoviris or simian virus 40 (Graham et al.,

1974; Abrahams et al., 1975). If the same amount of

HSV-2 DNA is sufficient to induce oncogenic transformation,
the sensitivity of the molecul#r probe would have to detect
1-2% of the viral DNA. The total molecular weight of
HSV-2 viral antigens associated with cervical cancer cells
is about 280,000-daitons representing 2-3% of the virus's
coding capacity. Current methods would not be able to
detect this amount.

Herpes viruses.a?e the largest and have the most
complex structure of the oncogenic DNA viruses. The virion
consists of four major components, the centrally located
core Su;rpunded by three concentric structures: the capsid,
the tegument, and.the envelope. The core is believed
+o be an electron-dense toroid containing DNA with a less-

dense plug filling the hol The capsid consists- of 162

subunits called capsomeres {in an iscosadeltahedron arrange~
ment with an 2-, 3-, 5-fold \symmetry. The tegument is a
layer of amorphous material lpcated between the capsid

and envelope. The envelope con3ists of a tri-laminar



‘membrane with spikes projecting from its outer surface.

THe complete viral particle has a diameter of approximately

180nm. A naked nucleocapsid is not infectious whereas

enveloped  nucleocapsids are. The purified virus contains
F ) .
at least 33 species of polypeptides ranging in size from

25,000 to 280,000 da;tons. The genomge is a linear double-
stranded DNA molecule of approximately 10° daltons.

It is not known how the virus enters the cell but
electron microscopic studies indicate that entry of the
virus intolthe cell may occur by two mechanisms: fusion
with the plasma membrane (Morgan et al., 1868) or by-
phagocytosis (Dales and Silverberg, 19869). After éntry
into the cell the envelope and outer pfotein-capsid is
removed, leaving a DNA-protein complex which then enters
+he nucleus. There is extensive early viral transcription
which precedes viral DNA synthesis and proceeds in the
absence of protein synthesis. :Some of these transcripts
are transported to thé cytoplasm where they areAtranslated
into a-polypeptides. These viral proteins are translocated
into the nucleus where they mediate a new round of trans-
cription from viral DNA. The B8-polypeptides are produced.
from these new transcripts. Tjey function in the synthesis

of viral DNA, the termination of synthesis of host and

a-polypeptides, and bring about the third group of trans-

——
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crlp;s from which the é-polypeptides orlglnate. Most of

Lhe 6-prote1ns are supucgural while others terminate
B-protein synthes;s. Viral assembly begins in the nucleus.
It is thought that the viral DNA may penetrate into an
assembled capsid. Herpes &iruses acquife a lipid envelope
by budding, usuaily --om the nuclear membrane and probably
leave the cell via the endonlasmlc “etlculum (rRoizman et al.,
1977). "

H8V can establish a latent or persistent infection-
in some host cells. A persistent infection is one in
which infectious virus is continually released, even in
the presence of circulating antibody and in the absence
of symptoms of disedse (Rapp and Jerkofsky, 1973). A
.vlatent infection is one in which at least the genome 5% thg
virus is present but.infectious\yirions cannot be recovered
except during manifestations of the disease. In both
these cases the virus can become suddenly active, often
with resultant cell destruction and diseasé. This viral
activation can be brought about by a variety of stimuli
including UV-light irradiation. -

Herpes replication, as is the qase in most DNA .
viruses is a highly inefficient process yielding a large
ratio of defective to infectious particles. These defective
particles could cause transformation since replication of
herpes virus in permissive cells induce such severe cyto-

pathology that the cell dies. To transform cells by

o~
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HSV-2 the replication machinéry of the virus must be
inactivated. This can be doné in a number of ways:
UV-light inactivation (Duff.and Rapp, 1971: Boyd and Omre,
1975), by incubating cells infected with wild type HSV-2
at 32°C (Dorai and Munk, 1373), photodynamic inactivation

kRapp et al., 1973), incubating cells infected by temperature-
sensitive mutants at the non-permissive temperature
(McNab, 1974; Takahashi and Yamanishi, 1974}, and infecting
cells with sheared HSV-7 DNA (Wilkié et al., 1375).

Cancer cells and cells tpansformed in vitro by
oncogenic viruses and other agents, possess a phenotype
which differs markedly from that of their normal counter-
parts. A number of thesé differences are.associated with
the plasma membrane. Immunological techniques have shown

i
differences in surface antigens between normal and trans-

'foé;ed cells (cf. Nieolson, 1975). Lectins have been useﬁ
to show that a surface architectural change occurs following
transformation. Lectins are pioteins with an affinity
for carbeohydrate groups that are found at the cell surface.
Several of these, including concanavalin A and wheat germ
agglutin, have the property of agglutinating transiormed
cells at concentrations which do not affect nermal cells
(Burger, 1973).

One phenotypic difference between normal and

*
transformed cells of great interest concerns the regulation

of growth. Normal cells exhibit density-dependent inhibition
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of growth. At a certain cell density, characteristic of
individual cell lines,-tpé celis stop dividing and‘becomé
.qulescent, a pggsg of the growth cycle often called Gé.

This phenomegoq was originally called contact-inhibition

of gquth. In contrast, transformed cells do not become .
'éontaét-inhibited but rather continue to proliferate

to mucﬁ higher-densities. The fact that cell-celf\contactA.
appearéd to inhibit cell proliferation first suggested
that the cell surface may be involved in growth control.
ThePe is now ‘much -evidence to support thig}ided. First,
lectins can stimulate the conversion of lymphocytes from_

>

small resting cells into large blast-like cells which

then undergo mitotic division ( Nowell, 1960), pfesumably-
by the binding of the lectin to specific carbohydrate

- groups on the cell surface. Sec;nd, transport systems

for glucose, amino acids, and 6ther important metabolitegk
which are necessary for cell division are found at the
plasma membrane. An increase in the uptake of glucose

is one of the earliest indications for the onset of cell
proliferation and oncogenic transformation (Weber, 1971).
Third, it has been shown that cAMb levels are low in rapidly
dividing normal cells and tramsformed cells, whereas the
levels are higher in density-inhibited cells (QOtten et

- 4
al., 1971; Sheppard, 1972; Pastan and Johnson, 1974,

Pastan et al., 1975). Thus it appears that cAMP is involved
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growth_control and the enzymes for cyclic npclébtide
regulation are found for the®@ost part in the plasma membrane.
Fourth, many hormones thch affect cell grbwthﬁdo not-

enter the interior of the target cell but rather seem to

act via the cell surface ( Cuatrecasas, 1975). Fifth,
‘proteases may also play an important role in growth'control
by their action ¢n the cell surface. It has been shown

that confluent, non-dividing cellé will undergo at least

cne round of division when treatgd with proteases (Burger,

1370; Sefton and Rubin, 1970). These cells, so treated,

trafsiently take on some of the phenotypic characteristics

of transformed cells. 'They become agglutinable by lectins
(Burger, 1969; Inbar and Sachs, 1983), new antigens are .
exﬁressed (Hay{; a%d'Défendi, 19705 Burger, 1971), elevated
2-deoxyglucose Eﬁtake ensues (Séftqn and Rubin, 1871),

and reduced levels of cAMP are present (Otten et él., 1871;
Pastan and Johnson, 1975). It has been shown that fibro-
blasts from different species transformed by various
carcinogens have proteolytic activities that are much'®
greater than normal cells'(Bossm%p, 1872, Sghnebli, 1872;
Unkeless et al., 1973; Ossowskil et al., 1973). Many
transiormed cells do relcase o factor, plasminogen activatiné
factor, which converts the serum proenzyme piasminogen .
into the protease, plasmin (Unkef&ss et al., 1973; Ossowski

et al., 1973). It has been shown that plasmin activity

is required for a variety of changes chardcteristic of



transformed cells such as: growth in agar, migration into
a wound in the absence of serum, and a characteristic

- series of morphological changes (Ossowski et al., 1973).

-t

It has been suggested thé; part of_the transformed phenotype
may be maintained by the action of proteases on the cell
.éurface CHyneé, 1974). It appears then, that many of the
properties of transformed cells involve alterations in
the plasma membrane. _ -~

A better understanding of the molecular composition
and architecture of the plasma membrane of transformed
or cancer cells could suggest possible mechanisms for the
altered affinities ard growth properties of these cells.
%he first proposal £r a possible membrane structure éame
from studies on the red blood cell. It was suggested that
the surface membrane of red qells was composed of~a_§ouble

] i

layer of lipid molecules, with the polar groups sitdated

on the outside of the layers (Gorter and Grendel, 1825}).

This was later modified to include pleated sheets of membrane
prdtein associated with the chargad phosphate groups of

the phospholipids (Danielli and Davscn, 193%5). Early
elgstron microscopy studies.suppcrted the lipid bilayer
hypothesis of membrane structure (Robertson, 1859).

These studies revealed two thin electron opaque lines,

each about 20A thick, separated by about a 35A space.

This 75A wide structure was called a unit membrane and was

[3

interpreted as supporting the Danielli-Davson membrane
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model. High resolution X-ray diffraction patferns of
myelin membranes yilelding Fodrier diagrams showed un-
equivocally that lipids in membrane; were arranged in .
a bi-layer structure (Caspar and Kirschner, 1871). The
_pan;elli-Davson model representing cell membranes as

a static lipid bila}er covered by proteins arranged in
pleated shegts was not supported by thermodyﬁamic
considerations ané recent membrane data. It was pointed
out that this model did not maximize the hydropﬁdbic
interactions between the proteins and lipids and the
hydrophilic interactions between the polar groups af the
phospholipids and the aqueous environment, that is, the
model did not represent the lowest poséible free energy
for a lipid-protein membrane. Based gpimarily on thermo-
dynamic considerations, Singer and Nicolson (1872) proposed
the Fluid Mosaic Model. 1In this model the -proteins are
globular and folded in such a way as to give them hydro-
phobic and hydrophilic portions. The hydrophobic part
would be embedded in the interior of the lipid bilayer

in contact with the hydrophobic.lipid tails, while the
hydrophilic portions would be exposgd to the aquecous

*

environment. These are called integral proteins. They

.
could float freely about in the lipid in a lateral\direction
but could not freely pass from one side of the membrane

to the other. Transport proteins are envisioned 'as spanning

the entire width of the membrane and are most likely composed
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of subunits with an aqueous que, much like the haemoglobin

: ’ . L]
molecule, allowing select ions. and molecules to pass in
and out of the cell. There are other proteins which

{ associate with +he membrane largely through ionic, hydrogen

bonding, and other interaction and can often be dissociated
.ﬁolecularly intact from the membrane by mild treatment
such as increasing the ionic Stféngth-of thé medium.
These are called peripheral proteins, and proteoglycans
and LETS are examples of this type at the outer membrane,
while the red blood cell's spectrin is an example for ’
this class of ﬁrbtein at the inner side of the plasma
membrane. Cytoskeletal components are similar to peripheral
proteins with largely an operational difference, that is,
tﬂey have a transient nature (ability to change organization
and association rapidly), dependence on cell energy éystems
for maintenance, sensitivity to drugs, e.g., colcemid,
cytochalasin B, and haveq§tructural linkage to cell
organelles. There are three main types: thin filament
or microfilaments composed of actin, thick filament composed
of myosin, and small tubules or microtubules made up
of tubulin. Much recent evidence has supported and extended
this model of plasma membranes (cf. Nicolson, 1975).

If the plasma membrane does regulate cell prolif-
eration then it is possible that biochemical changes at
the cell surface féllo@ing transformation may be respohsible

-

for the altered’ growth properties of these cells. Many
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studies have been carrigd out to idéntify differences
in the plasma membrane of normal-aﬁd transformed cells
and a number of Ehanges:ha :'been detected, including
alterations in proteins; . .J;’

;erhaps a universal change in a membrane protein
associated with transformation goncerns one which was first
detected by external surface labeling. This protein
has been called band 1 nynes, 1873; Hynes and Humphryes,
1974), 250K protein (Hynes, lgju), galactoprotein 'a'
(éahmberg and Hakamori, 1873; Gahmberg et al., 197u),

SF antigen (Ruoslahti et al., 1973), and the more common
acronym, LETS (large, external, transformation sensitive)
(Hynes, 1976). LETS has been shown to have the following
characteristics. It has a high molecular welght ranging \\\
from 210,000 to 270,000 daitons depending on the system \\‘
used (Hynes, 1973; Hynes and Humphryes, 19743 Robbins et

al., 1974; Hogg, 1974%; Critchley, 19743 Yamada and Weston,
1974). It is the majer iabeled band in SDS-polyacrylamide

slab gels when external labeling techniques are employed

. (Hynes et al., 1976). LETS is extremely sensitive to

proteases, that is, proteolytic treatmemt which does not
detach the cells from fhe plate completely recmoves LETS
(Hynes, 1%73; Hynes and Humphryes, 197%; Wickus et al.,
1974; Robbins et al., 187h; Critchhgy; 1974, Yam@ﬁa‘énd

Weston, 1974; Graham et al., 187S; Hynes and Wyke, 1975).
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It is a glycoprotein (Hynes and Humphryes, 1974; Robbins
L] * : .

tl

et al., 1974; Stone et al., 1974; Critch1ey,‘197u; Yamada
anq\ﬁiiyén, 1974). The synthesis of LETS is densiﬁy—
dependent; cells in logafithmic growth have less LEfg A
than density-inhibited cells (Hynes, 1374; Gahmberg, 1974;
Critchley, 19745 Hynes and Bye, 1974).
The amount of LETS is éell cycle dependent. There are
high surface levels of this protein on cells- in Go whereas
there arg‘lower levels in other parts ©f the cycle, the
lowest level being in mitosis (Hynes, 1974; Hynes and
Bye, 1974). LETS has also been shown to be reduced or
absent ¥rom cells transformed by both viruses and chemicals
(Hynes, 1973; Hynes and Humphryes, 1974; Gahmberg and
Hakomori, l§73;.Wickus et al., 1%74; Robbins et al., 197u;
Hogg, 1974; Stone et al., 1974; Critchley, 1974; Pearlstein
and Waterfield, 197%74; Vaheri and Ruoslahti, 1974; Pearlstein
et al., i97s; Hynes and Bye, 1974). The loss of LETS
in transformed cells may be transformation dependent.
It has been shown that there is a gradual loss of LETS
with time from chick embryo fibroblasts infected with a
Rous sarcoma virus temperature-sensitive for the transforming
sr¢ function as the cells are lowered from the non-permissive
to the Qermissivé temperature (Robbins et al., 1974).

There was early speculation that the removal of

LETS played a direct role in the control of growth of cells

. -
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in culture. It was suggested that +he removal of this
protein initiated cell divisilon. The fact that transformed
cells secrete a higher guantity of proteasés, particularly

plasminogen activator factor, suggested that the uncontrolled

growth and reduced LETS was due to the removal of this

protein by autodigestion. However, studies with a variety
of proteases have shown tﬁat such is not the case (Blumberg
and Robbiné; 19743 Chen et al., 1974). At certain concent-
rations thrombin can stimulate cells to undergo DNA synthesis
and divide but not remove LETS (Chen et a1l, 1874). |
With low amounts of t;ypsin, subtilisin, or ficin, LETS
. .

could be removed but there would be no significant increase
in DNA synthesis and cell division (Chen et al., 1874).
Thus removal of LETS is neither sufficient nor necessary )
for the onset of cell division.

The iscolation of this surface glycoprotein (Yamada
and_Neston, 1975) led to experiments in which purified
LETS was added to cultures of transformed cells in order
to determine 'its biological effect. Addition of LETS
isolated from normal cells to transformed cultures restored
certain morphological features and adhesive properties
characteristic of normal cells (Yamada et al., 1875) anc
the %ormation of well-defined actin cables which are not’,

present in untreated transformed cellé. When LETS 1is

added to normal.or transformed cells ‘it produces an increased
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mlgratlon of the cells(gnd thus -may determine how and where

cells migrate 1ir in vivo (Ali and Hynes, lQ?S)..'LETS added

+o transformed cells does not .effect Z-Qeoxyglucose uptake,
cAMP levels, protease production, -or growth properties
(Yamada et al., 197 ; Yamada and Pastan, 18975; Ali et al.,
1877; Chen et al., 1978). T+ is now believed that LETS
glyéoﬁéotein may play a role in.cell adhesion, morpholqu,
cytoskeleton structure, and motility.

I+ has been reported that there ie a eorrelation
between the expression of LETS and the oncogenic capability
or tumourigenicity of a series of adenovirus 2 transformed
cells lines (Chen et al., 1976). Gallimore and Chen
(1-977) found that the reduced level of LETS‘protein'
was the only.trait correlating with tumourigenicity of
cells transformed by adenovirus 2 including anchorage-
independence of growth. It had been reported earlier
that anchorage-independent growth was the only virus-induced |
alteration that correlated with tumouriéenicity (Freedman
and Shin, 19743 Shin et al., 1875). In another study using
a series of human cell hybrids no correlation was found
botween the amount of LETS and tumourigenicity (Der and
Stanbridge, 1978).

Although a direct role for the loss of LETS in
regulating cell proliferation has beee ruled out, it 1is

possible that other plasma membrane protein alterations




may play lmportant roles in the altered pattern of cell
«prollferaxlon in transformed cells: A protein of 206,000 -
'daltons called omega.was reduced om absent after RSV
transformation of chicken embryo fibroblasts_(Robbins et
al., 1374%). The location of omega in the cell is not known
but it is insensitive to externally added proteases. .
A glycoprotein of molecular weight 142,000 daltons was
absent in‘membranes from ésﬁrCEP (Bussell and Robinson,
1873). This protein‘uas found to be insensitive to trypsin
therefore an external_ location is unlikely. Another
glycoproteln of 47,000 daltons called delta was reduced
“in RSV transformed CEY (chkus et al., 1974; Robbins et al.,
1574; Isaka et al.5‘1975). although in a similar study ‘
‘no decrease‘wge ébserveA(Stone et al., lS?Q).~(This difference
may reflect the different methoos“of membrane preparation.) ’
lﬁe amount of plasma membrane-bound actln nas been reported
-to'be reduced by as much as 30-50% following RSV ‘trans- ‘
'fonmatibn of CEF (Hubbard and Cohn , 1875; Robbins et al.,
1374%), but the total amount of actyﬁ per cell was unchanged.
Furthermore the actin in transformed cells is largely
de-polymerized (Pdllack et il.; 1975). THere were two
oroteins of molecular weights 73,000 and 95,000 , oetectis
1§ membrane preparatlons’from normal cells whlch increased

in amount ~after transformatlon in both chlcken and rat

cells transformed by several different avian sarcoma viruses
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(Stone et al., 1974%). These proteins have recently been
shown to be involved in glucose transport (Banyo and
Perdue, 1976; Shin et al., 1377).

The activity of plasma membrane proteins can be
modified~ in another way besides quantitative increases._. s
‘or decreases. Phosphorylation or de-phosphorylation can .
altér the biological actiﬁity of proteins (Rubin and

Rosen, 1975). The phosphorylation—dé—phosphorylation
systems at the cell surface may proviag a mechanism for

the modificétion of structural proféins; e;zymes, or mitogen
receptors with significant effects on the control of cell
proliferation (Branton and Landry-Magnan,1978).

Recause HSV-2 transforms cells at low f{requency,

as do al?eoncogenic DNA viruses, transformed cells have
to be cloned anh grown extensively. This extensive
_growth could lead to karyotype drift and clonal variation.
Thus it is difficult to determine whether any phenotypic.
differences between normal and HSV-2 transformed cells are
due to clonal variations or transformation. Whénever
rransformed cells are cloned there is the risk of selecting
genetic variants which may show-biochemical differences
from each other and from the normal pdrent cell which.are
not due to transformation. A way around this is to examine
a number of clones. It is hoped that ‘any transformation-

specific differences will be shown by all clones so
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that the change‘can.be demonst;%fed as transformation-
dependent pather than a'cl?nal vériation: The present
studies émployed two clones of_hamster embryo fibroblasts
~ transformed by temperature-sensitive mutants of HSV-2 e
(Takahashi and Yamanishi, 1974) designated as tsh and
"tsas.‘ As well, two tumour-derived cell lines were utiiized.
The first tumour line, 533-8-9T, origiﬁated from.é hamster
tumour induced S} a clone (333-8-9) of hamster embryo
fibroblasts transformed by Uvslight-inactivated HSV-2

(Duff and Rapp,'197l). The second tumour line, ts35T,
originated from a tumour excised and cultured in this
labora&ory produced by injecting ts35 into ¥ hamster.

No infectious HSV-2 wvirions have been recovered

from ts4% and ts35 as shown by plating these cells on HEL

cells or by inoculation of cells, disrupted by sonication

or freezing and thawing, onto HEL cells followed by

incubation at the permissive temperature of 32°C (Takahashi

and Yamanishi, 197%). The presence of HSV-2 genome in
these lines was shown by the addition of rabbit antiserum
HSV-2 to the transformed ci%mes followed by the application
of fluprescein-conjugated anti-rabbit goat serum. .Distinct
fluopeécence was detected in the cytoplaéﬁ of a small
ﬁrogortééﬁ"(s—lo%) of the cells (Takahashi and Yamanishi,
1974). Injection of these cells into animals gave rise

to tumours with ts35 being more, tumourigenic than tsh

Yy
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(Takahashi and Yamanishi, 1874). | .

There is only limited biological &nd biochemical
data on tumour llnes from HSV-2 transformed hamster

gmbryo flbroblasus and none on the Darticular tumour llnes

examined in this.report. Previous “studies have shown that

-

tumour lines from ts4, ts35 .(Takahashi and Yamanishi, 197%)
and 333-8-9 (Duff %nd Rapp, 1971) produce tumours in a
much shorter time period. Five tumour .lines from 333-8-9
contained HSV:Z antigens visible as a diffuge fluorescences
throughout fhe cytoplasm when ﬁamspsr antiserum to HSV-2
followed by anfi—hamster'gamma globuiin’conjugated to
fluorescein isothiocyanate was used .(Duff and- Rapp, 1971),
Tumour cells Lrom & hamster lnjected with 333- 8 9 cells
contained less detectable HSV-2 DNA than that present

in the parent line (frenkel et al., 1976). No infectious

HSV-2 virus was recovered from the parent 333-8-S. line

(Duff and Rapp., 1971) and thus it is highly unlikely that

+he tumour line studied in this report contain infectious

HSV-2 virions.

In the studies reported here a number of biological
parameteré of HSV-2 transformed hamster embryc {ibroblasts
were investipated. The growth properties of these cells
were detenminéd including saturation density and doubling
time. Proteins on the cell surface were examined by cell

surface iodination. Metabolic labeling with radioactive
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am}ho acids and_inorganic phosphate was used to study

the pdlypeptides in isolated, purified membranes. As well,
labeled whole cell patté?ns were also examiped. all proteins
were analyzed using SDS-polyacrylamide slab gel electrophoresis
followed by autoradiography of fluorography. The oncogenic

" potential of the HSV-2 transformed hamster”Iihés was

assessed in vivo by injecting three concentrations of the

various cell lines into the backs of seven day-old and
seven week-o0ld hamsters. These studies represent the
first experiments designed to examine the effects

of HSV-2 transformation on the cell surfacey, and to

correlate such with tumourigenicity.



MATERIALS AND METHODS

A. Tissue Culture
1. Hamster Embryo Fibroblasts (HaEF)
Primary, normal hamster fibroblasts were prepared
using 13 to 14 éay—old embryos from pregnant:Golden Syrian
hamsters (High Oak Ranch, Goodridge, Ontario). The animal
was etherised until dead and then washed in a dettol solution.
The embryos were removed, decapitated and minced with scissors.
The tissue was washed twice with phosphafe buffered saline
(PBS) to reduce red blood cell contamination and then it
was incubated in 0.25% trypsin for 20 minutes at room
temperature. Cells were pelleted by centrifugation for
5 minutes at 1500 rpm in a 50ml plastic centrifuge tube
(Falcon). The pellet was resuspended in a-MEM supplementea
with 10% fetal calf serum, 100ug/ml strepteomycin, 100
units/ml penicillin, 0.03% w/v glutamine, 0.75g/L NaCG,;
(all rearents from Gibco) and plated in 150cm?® culture
plaslic {lanks ((,‘r)r'n:mf*,). The celln weroe prown overnipght
in a 37°C incubator with a 5% C0./95% air atmosphere.
Madium was chanped after’24 hours. After 3-4 days, these
primary cultures were trypsinized and replated as secondary

cultures which were .used for all experiments.



22

2. Herpes simple# virus,-subfype 2 (HSV-2) transformed lines
‘.In these studies four hamster fibroblast iines
transformed by HSV-2 were employed. Two ,of these 1lines,
-tsk and ts35, were, clones derived from secondéfy hamster
embryo fibroblasts infected with temperature sensitive
mutants of HSV-2 (Takahashi and Yamanishi, 1974). A third
line; 333-8-9T was derived from hamster tumours which
formed afiter the injection of 333-8-9 cells. This cell
line was originally cloned from secondary hamster embryo
fibroblasts infected by UV light—inactivated HSV-2 (Duff
and Raép, 1971). The fourth line, ts35T, was established
in this iaboratory from a tumour excised from a hamster
injected intradermﬁlly with the parent line, ts35. The
transformed lines were cultured under the.same conditions
as the HaEF and they were passaged twice a week at a
1/20 dilution. The tumour-derived lines, ts35T and
333-8-9T, were used for experiments between the S5th and
20th passage while the two cloned lines, ts4 and ts35,
were used between the 60th and 80th passage. The cell
lines were screened for micfoplasm using standard micro-
biology techniques and were found to be negative by these

methods.

B. Photography of cells in culture

Cell morphology was assessed using a Leitz reverse-
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objectlve, phase—contrast mlcroscope with camera attachment

and photographed with Kodak Tri-X black and white fllm.

Cells were.photographed just prior to confluence.

»

C. In EEEEE studies on growth kinetics

Comparisons of cell doubling times and.saturation
densities of the various cell lines and HaEF were absessed
in aulture. To 60mm Petri dishes {(Corning) were added
1x10° viable cells in 5ml of a-MEM. The medium was left
unchanged during the course of the exﬁerimenr. Duplicate
cell counts were taken twice daily by haemocytometer and
the total humber of cells per Petri dish was calculatkd

and converted to number of cells per square centimeter

-4 -

of Petri dish growth surface. .

D. Tumourigenicity studies

To measure the tumourigenicity of the various cell
lines, three concentrations of cells, 10%, 10%, and 10%,
ir 1ml of PBS were injected intradermally into the backs
of 7 day and 7 week-~o0ld Golden Syrian hamsters. Five

animals were used for each concentration. The hamsters

‘were checked weekly for the appearance of tumours. Tumour

size was also measured periodically using calipers.
As a control a group of hamsters was injected with

secondary hamster embryo fibroblasts.
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£. Studies on plasma membrane and whole cell proteins

1. Lactoperoxidase iodination
Cell surface proteins were examined ﬁsing ghe-

surface iodination technique as described by Wickus

et al., (1974), with some modifications. 'Cells were

plated in a-MEM containing 5% FCS at a concentration

of 4.2x10°% viable cells per 100mm Petri dish (éorning).

On the third day whil; the cells were in logarithmic

phase growth, surface iodination was performed. Cells

grown on Petri dishes were washed twice with PBS and

then 4ml of PBS were added. To this solution the

following reagents were added: 20ul of 5x10° M NaIl

as carrier, 70ul of lactoperoxidase (l.84ug/ml, 47.8

units/mg at 30°C, Calbiochem), 25ul of 0.5M glucose,

70ul of carrier-free sodium I!'?°* (2mCi/ml in PBS, NEN),

and 20ul of a 1/100 diluted glucése oxldase stock solution

{3.8mg/ml, 268 units/mg, Miles Laboratories). The reactioen

was allowed to proceed for 15 minutes at room temperature

and it was terminated by two washeg; of PBS and then

0.5ml of hot dissolving buffer (see below) was added.

The contents of the dish were then scraped into a capped,

plastic test tube by means of a rubber policeman.

The sample was immediately placed in a boiling water
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bath for 2 minutes then either .used immediately for
SDS-polyacrylamide slab gel electrophoresis (SDS-PAGE)
or frozen and stored at -20°C. ‘
ha - .
5. 35g_methionine labeled whole cells and plasma membranes
| cells were metabolically labeled with *°S-methionine
in order to examine the whole cell and plasma membrane
protein patterns. Cells were plated at 1x10° cells per
60mm Petri dishes. On the third day the medium was changed
to ﬁethionine—miqus medium with the usual supplements
plus 10% (v/v) regular a-MEM containing 5% FCS. To
each plate containing lml of medium was added 50uCi
of 15S-methionine (618.75Ci/mmole, NEN). The cells.
were labeled overnight thén washed twice with PBS.
Hot dissolving buffer (see below) was added and the contents
of the Petri dish.was scraped into capped plastic test-
tubes and placed in a boiling water bath for 2 minutes.
The samples were cither used immediately for SDS-PAGE
or frozen and stored at -20°C.

For ’5S-methionine labeled plasma membranes,
éxlo5 viable cells were plated in 150cm® plastic tissue
culture flasks and they were grown for 2-3 days. At
a point prior to confluence methionine-free medium was
added@ as described above except that 100uCi of 35g_meth-
ionine was present (l0uCi/ml). The cells were labeled

overnight.
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3. 3?p inorganic phosphate labeled membranes

| Cells were metabolically labeled with *?P in-
organic phosphate to examine the protein phosphorylatian
‘. pattern in plasma membranes. Cells to be labeled were
prepared as described above for 35g-methionine labeling
except that to each 150cm? tissué flask containing
phosphate-free medium was added S00uCi of carrier-free

32p inorganic phosphate (NEN) and incubated for 2 hours.

F. Membrane isolation

Plasma membranes were prepared by the method
of Carlsen an§\gill (L975). Cells were washed twice
with PBS and then 15ml of ice-cold swelling solutioen
was added (4 parts 0,001M ZnCl2 to 1 part DMSO} and
they were left in the cold for 45 minutes. This swelling
solution was pouréd of f and 15ml of freshly prepared
ice-cold saturated solutIon of fluorescein mercuric
acetate in 0.02M tris (pH 8.1) was added. The Iflasks
were then placed on a horizontal shaking platform set
at 120 cycles per minute. When large sheets of membranes
were seen floating (20-40 minutes), the shaking was
stopped and fhe supernatant. was poured into 30ml giass
centrifuge tubes (Corniﬁ;). These were spun at 8000
‘rpm in a Sorvall centrifuge using .the Sorvall HB“ rotor.

Plasma pembranes in the pellet were further purified
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using the aéueous two—phasé system of Brunette and

_Till (1971), as modified by Gaffney et al., (1974).

The pellet was resuspended in 10ml of ice-cold top phase
then 10ml of bottom phase was added. The two phases

were thoroughly mixed then centrifuged at 3000 rpm in
the HBh Sérvall rotoxr for 10 m;nutes. The purified
membrane, found at the interphase, was pipetted off into
a 30ml glass centrifuge tube éontaining 20ml of ice-

cold dist;iled water. It was centrifuged fo} 15 minutes
at 8000 rpm in the Sorvall HBk rotor. The pellet was
routinely examined for thé presence of nuclei and whole
cell contaminants. If these were present the above
purification procedure was repeated until these
contaminants were removed. " The final purified membrane
pellet wag disso ed in hot disso ing buffer (see below).
and pldced in a boiling water bath for 2 minutes. ‘

The sample was either used immediately for SDS-PAGE

or frozen and stored at -20°C.

G. Sodium dodecyl sulphate-polyacryiamide slab gel
electrophoresis (SDS-PAGE)

Labeled proteins were analyzed by Sps—-polyacrylamide
slab gel electrophoresis using a system based on that of
Laémmli Yl970).q All separating gels were gradients
of polyacrylamide from 7.5% to 15% in 1% glyéérol
sandwiched between glass plates measuring 15cm x 24cm.

The stacking gel consisted of 5% polvacrylamide. All
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polyécrylamide gels contained 0.8% bis as cross-linker
unless otherwise stated. The stock electrode buffer

was composed of 0.2M glyaine dissolved in a 0.025M

tris buffer with a final concentrat#on of 0.1% SDS.

The samples were dissolved in a buffer consisting of
"0.05M tris (pH 6.8) containing 1% SDS, 1% 2-mercapto-
ethanol and 10% glycerol. Acid-precipitable radioactivity
was determined by precipitation with 10% trichloracetic
acid and filtration using glass fibre filters._ Thegé

were dried and then counted in a Bechman liguid scintillation
counter. Samples containing equal amounts of radio-
activity were subjected to electrophoresis at a.constant
current of 35mA. Gels were stained with Coomassie

Blue, destained with isopropanol-acetic acid and then
dried under vacuum. The labeled protein pattern was
visualized by autoradiography using Kodak X-Omat

film which was pre-sensitized with red light (cf. Laskey
and Mills, 1975). 1In some cases the gels were impregnated
with PPO following the method of Bonner and Laskey

(1974) . Quantitative data was obtained by scanning the
autoradiograms with a MKIII CS Joyce-Loebl double beam
recording densitbmeter. Peaks traced on the graph paper
corresponding to protein bands of interest were cut out
and weighed. Nominal molecular weights of protein bands
were determined by comparing the migration distance with

that of known standards such as gamma—globuiin (160,000
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daltons), albumin (67,000 daltons), ovalbumin (45,000
daltonél'.) (myoglobin (17,200 daltons), and cytochrome
c (12,700 daltons) . : -

-
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A. horphology
The mnrphoioéiqgl Charactéristgqé of the various

cell lines used in the present studies were examined

by light microscoPy. Both the HaEF (fig. 1) and the

ts4 line-(fig. é! were similar in size. They also.
exhibited 1°ung, thih, pointed processes fypical of
fibroblasts.. The ts35 line (fig. 3 and 4) was comprised
of téo populations of cells that could be discernible

at the light microscope level. The more numerous cells
were larger-than ts4 and HaEF, and tended to behflétter.
The oéher popu%ation of cells in the ts35 line were ten
times or more the siie of the‘smaller cells. These gian£
cells, p:esént at less than 10% of the total cell
population, were often multinuclézte with ﬁany 1ong,
thin, éellular.processes. The smaller-cells tended to‘
form a roughly circular border around these farger cells.
The 333-8-9T line (fig. 6) has a morphology somewhat
intermediate.to that of ts4 and the smaller cells of

the ts35 line. The tSB?T line (fig. §5) bore é greater
resemblance to the smaller cells of the parent ts35

line and thus the giant cells found in ts35 appeared to

be lost by passage through the hamster. Both the ts35T

333-8-9T lines had a high percentage of very refractile,
»
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FIGURE 1. HaEF X100

: »




FIGURE 2.
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tsi: X100

“r




FIGURE 3. ts35 X100 ;
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FIGURE 4. +ts35T X130
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ts35T X100

* TIGURE 5.

}
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333-8-9T X100

FTIGURE: 6.
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roﬁnded cells.

B. Tumourigenicity studies

The oncogenic potential of the in vitro trans-

formed lines was assessed in vivo. Cells were injected

intradermally into the backs of seven day and seven

week o0ld (weanlings) quden Syrian hamsters at a concentration
of ‘105, 10%, or 10 cells. As shown in table 1, all the
transformed lines produced tumours, however the time

required for the éppearance of these tumours differed
dramatically among the cell lines tested.

Weanlings that were injected with the 333-8-9T
line formed tumours rapidly at all doses of cells. 1In
2 weeks there were tumours in all five animals at the
highest dosage of 10% cells. It 'was not until the 3rd
and %th week that tumours arose in 100% of the weanlings
injected with 10°% and 10" cells of the 333-8-9T line,
respectively.

The ts35 line produced tumours im 100% of the
weanlings in 4 and 6 weeks after injecting 10°% and 10°
calls respectively. Only 60% of the animals had tumours
using 10* cells at the end of 8 weeks.

The ts# line produced tumours In 80% of the

weanlings injected with 10° cells at2i weeks. Tumours
appeared in 60% and 80% of the animals at 26 and 40 weeks

after injecting 10° and 10* cells respectively. Also
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TABLE 1

A. WEANLINGS®

Tumour Formation {(weeks) HaEF
with input of:

10% cells sS40
105 cells S50
10" cells S50

B. NEWBORN?

108 cells >5
10% cells >5
10" cells -

Hamsters were inoculated with
the data prescnted represents

50% of the animals (i.e. 3out

Hlamsters were inoculated with

the data presented represents

TUMOURIGENICITY OF HSV-2 TRANSFORMED HAMSTER FIBROBLASTS

tsl ts35 +s35T 333-8-8T7

24 L nd <2
26 6 nd 3
L0 8 nd 5
>5 4 nd <2
>5 5 nd <y
- - nd -

various numbers of cells and
the time at which at least

of §) developed tumours.

various numbers of cells and

the .time at which at least

50% of the animals (i.e. 3 out of 5) developed tumours.

This experiment was terminated between the 4th and 5th

week.
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shown in table 1 is the newborn tumourigenicity results
which are similar to the above data with weanlings.

No tumours resultgd in animals injected with the
control secondary hamster.emerO fibroblasts at ahy cell
- concentration.

" As shown in fig. 7, once the tumour became
established, growth‘was rapid in weanlings injected with
the 333-8-97 and ts35 lines. Tumours resulting from the
injection of 333-8-9T cells grew faster than those from
ts35 line. No qugntitative measurements were ‘taken to
assess tumour growth rate using tsi cells but growth
also appeared to be quite fast, but not as rapid as with
333-8-9T and ts35. All tumours were hard and solid. |
The 333-8-9T line was the only cell line which produced
necrotic tumours. The necrosis started very early, in
tumour growth. Most animals had 1 large tumour at the
site of injection. A few animals had multiple tumours

but these were clustered close to the site of injection.

C. Doubling time and saturation density of cell lines
in culture

The first quantitative paramcters investigated
concerning the growth properties of HSV-2 lines were
cell doubling time and saturation density of the various
HSV-2 transformed lines in culture. The doubling time
was the time required for a population of cells to increase

their numbers by a .factor of two. The saturation density

+
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TUMOUR SIZE (cm)

] | j | 1
2 4 6 8 10

TIME AFTER INJECTION (weeks)
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was that dcns%ty at which cells stopped growing and *
entered quiescience orlGo- aPﬁevious studies with a
vAriety of transformed cells showed transformed culturcs
typically grew more rapidly and to higher saturation
densities than their normal cell countgnparts’(cf. Tooze,
"1973). Saturation density had often been related to
tumcurigenicity that is, the higher the saturation density
the more tumourigenic the cell (Aaronson ahd Todaro, 1968).
This higher cell density of transformed lines was believed
to be a reflection both of a loss of contact inhibition
and an increase in the efficiency with which serum was
used by the cell (Tooze, 1973).
The HSVY-2 transformed lines and ngrmal HaLF were grown

at three concentrations of fetal jélf serum: 10% (fig. 8 ),

5% (fig. 95, and 1% serum (fig. 10). At all serum
concentratioé&, the transformed lines either had equaltto

or decreased doubling-times compared to normal HatEF (Table 2)
At ;‘LO% serum the doubling time for 333-8-8T was & hours
while that for ts35, tsbt, and HaEF was approximately 12
hours. At 5% serum the doubling time for 333-8-8T was

16 urs, for ts357 18 hours, ts35 16 hours, and HaLF

50 hours. At 1% serum 333-B-9T, *s35T and ts35% took
approximately 22 hours to double in cell number whiite for

ts4 and ilatF the time required was 50 and 75 hours,

N

waspectively.

Saturation densities for the variocus cell lines



FIGURE 8

b

The various cell lines were plated ar 1.5x10°
_cel}s per 60mm Petri dish in a-MEM supplemented with 10%
fetal calf ;érum. Duplicate cell counts were taken twice
daiiy by means of a ﬁaemacytometer and converted to
number of cells per cm?. The medium was left unchanged
during the céursé of the experiment.
HaEF -o©—o-
tsy —O0—€-
ts35 ~LE
ts3sT nd

333-8-97 —amaT

'™
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FIGURE 9
The various cell lines were plated at 1.5x105 -
cells per 60mm Petri dish in a-MEM supplemented with o

5% fetal calf seru%; Duplicate cell counts were taken
twiée‘éaily by means-of‘a-héemacyfometer and converted

to number of cells per cm?®. The mgdium was left unchanged
_ during the course of the experiment. . j ) : .
HarEF ~O—O—-. -

fsh —o—6- :

. ts35 BT

. ts35T 77—

333-8-9T A

-
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FIGURE 10

. The various cell lines were plated at 1.5x10°
cells per 60mm Petri dish in a-MEM supplemented with
1% fetal calf serum. f)uplicate cell counts were taken
twice daily by means of a haemacytometer and converted
to number of cells per cm?. The medium x;ras left

unchanged during the course of the experiment.
HaEF ~0-C-

tsu'“ -0 | - -

ts35 A-O

ts35T LHI-

333-8-9T A

~

‘-



un

|
N

14} .

©
™

> 1)

o

LUO/HIFINNN 1730

14
0.7

TIME (days)



-~

TABLE 2

CELL DOUBLING TIME OF HSV-2 TRANSFORMED. HaEF (hours)

"CELL LINE - SERUM CONCENTRATION
10% 5% 1%

HaEF 12 50 . >75

tsh 12 14 50

ts35 : 12 16 22
ts35T " nd _ 18° 22
333-8-9T 8 16 22

The various cell lines were plated'at 1.5%10°
cells per 60mm Petri dish in a-MEM supplemented with

three different concentrations of fetal calf serum.

Duplicate cell counts were taken twice daily by means of a
haemacytometer and converted to pumber of cells per cm?.
Doubling time for the various cell lines was taken

»

-

as the slope of the curve from figures 8, 9, and 10.



- TABLE 3

SATURATION DENSITIES OF HSV-2 TRANSFORMED HaEF (cells per cm?)

.CELL LINE SERUM CONCENTRATION
10% 3% 1%
HaEr 3.6x10° 2.1x10" 2.5x10"
tsh 2.1x10° 1.1x10° 3.9x10°
ts35 1.1x10° 4.6x10" 7.5x10°%
ts35T nd *y_ 3x10° 9.3x10°%
333-8-9T *1.1x10%  ®7.1x10" 3.6x10°

The various cell lines were plated at 1.5xi0°
cells per B0mm Petri dish in a-MEM supplemented with
three different concentrations of fetal ca;f serum.
Duplicate cell counts were taken twice daily 2; means of
a haemeacytometer and converted to number of cells per em?.

The saturation densities for the various cell lines was

determined from figures B8, 9, and 10.

*Adequate values could not be obtained as the cells detached

from the plates.
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were also dét%rminéd from cell.growth curves (fig.”s's-lof,
”Using-s% and 10% serum, suitable values could not be
obtained as the ts35T and 333-8-3T cells detached from

the plate. Such detachment occurped- after 2 days in culture
at 10% scrum and after 3 dayus in culture at 5% serum.

‘The majority of cells floating in the supernatent were

dead as iﬁdicated by trypan blue egclugion. The 333-8-9T
iine was the most susceptible 10 this problem at high serum
concentration. All cell lines fénmined attached to the
plates at 1% serum however , and thus this concentration

was used to measure saturétion densities. As shown in

Table 3, the saturation densities at 1% serum for 333-8-9T
were greater thané.sxlos cells/cm?, ts35T 9.3x10" cells/cm?,
ts35 7.5x10% cells/cm?, ts4 3.9x10° cells/em?, and HaEF
2.5x10" cells/cm®. Thus the order of decreasing saturation
density was 533—8-9T, +535T, ts35, tsk, and HafF. - Comparing
these data with those presented in table 1, it was found
+hat saturation density correlated directly with tumouri-

genicity for the various cell lines tested. ¢

C. Analysis of cell surface proteins by surface iodination
Cell surlace proteins may be directly involved

in growth control and phenotyp;g_g&Tewations assoclated

with transformation. Thus cxperimcnté werc carried out

Lo compare the cell surflace proteins of secondary hamster

embryo fibroblasts and the various HSV-2 transformed hamster



FIGURE 1l

f; An autoradiogram of a 7.5% to 15% SDS-poly-
'acrylamide §lab gel electropherogram of fetal calf
serum (A) and HaEF (B) thdt were iodinated. Primary
HatF were replafed'in.dLMEM containing 5% fetal calf serum
at 4.2x10%° cells per 100mm Petri dish. On the third
day the cells were iodinated and analyzed as in

Material and Methods.
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lines. The technique of cell surface iodination was employed
for this study. It has been shown that this technique
labeled only those proteins at the external surface of
the cells (cf. Hynes, 19733 Phillips and Morrison, 1971;
Hubbard and Cohn, 1872). "

Cells were iodinated using '2?°I and analyzed
on SDS-polyacfylamide slabs gels. The autoradiograms
from these gels revealed a number of labeled species
(fig. 10-a). Some of these labeled proteins could be
serum-derived since this was not a metabolic lébel.
A comparison of !23I labeled serum (fig. 1j-2) and normal
HaEF (fig. 311-b) revealed that many of the labeled proteins
preaent on the cell surface were serum derived. However,
sev:>$l other proteins were labeled which did not correspond
to serum proteins and these were presumably cell-derived
constituents. One such protein was the major iodinated
species.having a nominal molecular weight of 220,000 daitons.
This protein Was also found to be trypsin-sensitive, that
is, at trypsin concentrations that would not detach cells
from the plates would completely remove this protein
from the surface of the cell (data not shown). It is -
also\izmajor cell glycoprotein as shown when cells are
labeled with *H-pglucosamine (data not shown). These
characteristics strongly suggest that fhis polypeptide
1s probably the LETS profein. Comparison of ;he cell surface

icdination patterns of normal and HSV-2 transformed hamster

e et et et B e



FIGURE 12

An autoradiogfam of a 7.5% to 15% gradient

"SDS-polyacrylamide slab gel electropherogram of
ts4 (B), ts35 (C), ts35T (D), and 333-8-8T (E),
were iodinated. *

Primary HaEF and the various cell lines
replated at 4.2x10° cells per 100mm Petri dish.

third day the cells were iodinated and analyzed

in Materials and Methods.

HaEF (A), .

that

were
On the

as
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cells (fig. 12) revealed thaf this large protein was
present in lower amounts in the HSV-2 transformed cells
lines (fig. 12-b, ¢, d, €} compared to the HaEF (fig.
12-a). Quantitative data (table 4) from densitometer scanning of
autoradi&grams showed ts35T had 14.5%, 333-8-9T 18%,
“t535 29.3%, and ts4% 49.4%, of the HaEF value. These values
were an average of four“different experiments using \“
autoradiocgrams from gels with iodinated cell éamples - b
containing equal radiocactivity. Similar results were
observed with iodinated cell samples containing equal
quantities of cell protein (data not shown). Although

the absolute values varied as much as 30%, the relative
amounts of LETS foé each HSV-2 transformed hamster cell

line was the sane in each experiment. Comparing these

Qafa with those presented in table 1, it was. found that

the relative amounts of this protein from. the HSV-2
transformed hamster cell lines correlated invefsely with
tumourigenicity.

Two other proteins which appeared to be cgll-derived

with molecular weights of 180,000 ard 150,000 daltons

(fig. 12-a, b, ¢) were present in HaEF , tsi, and ts35,

but not in the tumour-derived celd lines, ts35T and 333-8-9T.

As well, the proteins labeled Sl and 82 were determined to

be serum-derived as shown in fig. 11.

F. Studies on whole cells and membrane proteins labeled

with *5S-methionine.

The studies described above indicated that the-
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amount of one cell -surface protein, LETS, was aitered by
HSV-2 transformation. To determine if other cell surface
or whole cell proteins were modified by HSV-2 transformation,

ctudies were carried out using *°S-methionine labeled

preparations and analyzed on SDS-polyacrylamige slab gels.

As shown in fig. 13 only a few protein changes

weFe observed in whole cell protein patterns. A

polypeptide with a molecular weight of 225,000 dailtons

was present in the HaEF but absent in all‘transformed

lines. Another (perhaps a doublet) of approximately

47,000 daltons was reduced in the transformed lines compared
to the HaEF. Thus HSV-2 rransformation of hamster embryo
fibroblasts results in oﬂly a few alterations in proteins
detectable at the whole cell level. .

With the technique of surface iodinatian only those
few proteins which were on the outer surface of the cell
and accessible to the iodinating enzyme were labeled.

In order to analyze the othér cell surface proteins in

in normal and HSV-2 transformed hamster cells, cultures
were labeled with 35g_methionine and purified plasma.
membranes were isolated and analyzed on SDS-polyacrylamide
slab gels. The autoradiogram of fig. 1y revealed at least
8 major differences among the various cells examined.

A 25;000 dalton protein was present in the HaEF but greatly

reduced in all transformed lines. A 29,000 dalton protéin



> TABLE &

. A Quantitation by densitometer scénning of cell surface

-

'iEiS and membrane bound: actin.

Ty . ) ;)\ .;
cell line . LETS o ACTIN Q

HaEF 100% 100%
tsh 49.4% 119%
" ts3S : 29.3% _ 115%
ts35T 14.5% 88.8%

333-8-9T 18% ' _ 88.1%

'Quantitative data was obtained by scanning = = ¥ 4

the autoradiograms with a MK11ll CS Joyce-Loebl doggig/
beam recording densitometer. Peaks traced on the graph
paper corresponding protein bands of interest were cut |

out and weighed. The values were taken as a per centiof the

HaEF value.
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FIGURE 13

‘An autoradiogram of a 7.5% to 15% SDSe;oly- ‘*’7¥
-acrylamide sl gel with 0.4% bis as cross-linker
showxng HaEF (A), tsu (B), ts35 (C), ts35T (D), and
333-8-9T (E), laBeled with ’SS-meth16_Ene.

Primary HaEF and the varlous cell lines were replated
in a-MEM containing 5% FCS at l.lelJs cells per 60mm
P%Fri dish; " On the third day the medigm was changed
to methionine—minug pedium with the usual supplements'’
plus 10% (v/vzlregular a-MEM cpnrainiqg 5% FCS.
To each plate containing Iml of medium was added

50uC1 of 3sS-meth:.on:.ne~(618 75Ci/mmole).  The cells

were labeled overnight.



£3b .
r~

x

$

-

(1Y §i | ET
il j _é_ m 23 Mt ¢
ma_;ﬁ_:

’

i mane n

o

HaEF ts4 - 1335 35T 333—8—9T
t‘::.—'
w——re =
5 T
a——

_, AR UURE R I




Y

FIGURE 14

.

An autoradiogram 6f a 7.5% to 15% gradient
SDS-poiyacrylamide slab gei showing purified membranes
of HaEF (A), tsh& (B),'t535 (C), ts35T (D;, and 333-8-9T
(E), labeled with 3%S-methionine.

Primary HaEF and the various cell lines were
replated in «-MEM containing 5% FCS &t 8x10% cells
per 150cm? ;issue culture flasks. At-a peoint prior
to confluence methionine-free medium was addec containing.

100uCi of ?5S-methionine in 10ml of medium. The cells

were labeled overnight.

FIGURE 14A (inset)
Samples from the apove experiment were re-run under
the same conditions as outlines apove. fhe inset is a portion
of the autoradiogram showing 45K actin present in all cell "

lines but the 47K polypeptide present only in the HakF.
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was reduced in all lines compared with the HaEF. There
were two proteins with molecular weights of 31,000 and
32,000 daitons, wﬂich were present in 333-8-9T and ts35T
but greatly reduced or absent in ts35, tshi, and HaEF.

A species of molecular weight 43,000 daltons was present
in higher amounts in H@EF, reduced in tsi, further reduced
in ts35, and absent in ts35T and 333-8-9T. There was no
significant difference in the amount of the actin protein
(45,000 daltons) from HatF comgaréd with the transformed
lines (table4.). In the HaEf there were two closely

resolved proteins with a molecular weight of 47,000 daltons.

_ The larger of these two polypeptides was absent from the

-

transformed lines. éamples from this experiment were
analyzed a second tini on SDS-polyacrylamide gels in an
effort to improve the resdlutign of the 47,000 dalton
polypeptide. Shown 'in fig. lyd 1is a sectigp from an
autoradiogram of such a éel which showed an improved
resolution of the 47,000 dalton species. This revealed
with greater clarity that this 47,000™dalton protein was
present only in the HaEF. A protein of 49,000 daltons

present only in ts4%, ts35, and ts35T as well as increases

‘of the following proteins; a 34,000 and 63,000 dalton

species found in ts35, a 110,000 dalton protein present
in ts35T, and a 145,000 galton polypeptide observed in

HaEF and ts35, all represent eclonal variations. A large

-
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protein of 220,000 daltons was present in higher amounts
in HaEF, reduced in ts4% and ts35, and absent in ts35T

and 333-8-9T. Thus isolated plasma membrane from hamster

"embryo fibroblasts infected with HSV-2 revealed many -

_differences compared with normal HakF.

G. Phosphorylation studies on plasma membranes of HaEF
and HSV-2 transformed lines.

Changes in cell surface or intracellular phoépho-
proteins could also play a role iﬁ HSV-2 trénsgormatiOn.
As a preliminary study, cells were therefore labeled with
32p jnorganic phosphate and analyzed on SDS-polyacrylamide
slab gels. The autoradiogram of fig. 15 revealed 6 major
differences among the cells examined. Proteins of 60,000
and 39,000 daltons were absent in +s35T and 333-8-9T but
present  in ts3§, ts4, and HaEF. There was a 19,000
dalton species whféhfwas phosphorylated more in the HatF
than in the HSV-2 transformed lines whereas a 32,000

dalton polypeptide was phoshorylated more in the HSV-2

transformed lines than in fghe HaEF. As was the case for-
plasma membranes jabeled with ¥*S-methioning, numerous
clﬁnal variations could be detected among the various

’
cell iines labeled with 32p jnorganic phosphate. Thus
there does appear to be a difference in the phosphoprotein
pattern between normal HaEF and HSV-2 transformed hamster

<

fibroblasts at the membrane level.



; URE 15

¥ An‘autorédiogram of a 7.5%~£o’15% gradient

SDS-polyacrylémide slab gel showing purified

membranes of HaEF (A), ts¥ (B), ts35 (C), ts35T (D),

and 333-8-9T (E), labeled with inorgaﬁic 3Zp,
Primary HaEF and the various cell lines were .

replated in a-MEM éontaining's% FCS at 8x10° cells 4

per 150cm?® tissue culture flasks. At a point prior

to confluence phosphate-free medium was added con?aining

500uCi of carrier-free 32?P inorfanic phosphate in 10ml .

‘of medium and incubated for 2 hours.
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. ' DISCUSSION

The data, presented in this feport represent the
first biochemical studies designed to investigate the cell
surface and plasma membrane proteins.of cells transformed
by HSQ-2.

Cell surface iodination performed on a series of
HSV-2 transformed hamster embryo fibroblasts révealed at
least three-cell surface prq}ein alterations. Two of
these proteins, 180,000 and 150,b00 daltons, were absent
in ts35T7 and 333-8-9T. Both of these lines were derived
from tumours and it is likely that passage through the
‘animal selected for cells lacking these proteins. ﬁ%e third
protein alteration was the major iodinated species of
220,000 daltons commonly called LETS. Lets was reduced
in the transformed lines. All transformed lines contained
less than 50% of the level of LETS found in normal
secondary HaEkr.

A variation Qas found between the HSV-2 transformed
cells in their ability to produce tumours. A relation- '
ship was observed between tumour-forming ability and the
growth properties of cell doubling time and saturation’
density. The 333-8-9T cells were highly tumourigenic,

doubled their numbers every 22 hours and grew to high
» . oo

saturation density at 1% serum. On the other hand tsh

-



AN

- - .

"\ 60 _ S ]

cells were weakly tumourigenic,had a doubling time of .
h . &

50 _hours and grew to a satufation density about onc tenth - |

of 333-8-9T cells at-1% serum. This correlation between

saturation density and doubling time in vitro and initiat jon
of tumour formation in vivo is an obucervation' which is

Fyﬁical of transformed cells (Aaronson and Todaro, 19683

. @p11imore, 1974; Rimolléck, 1974). 1In the HSV-2

transformed lines a correlation was also found between
the amount of LETS protein on the surface of the cells

and tumourigenicity. The amount of LETS present was

considerably greater for the weakly‘tumourigenicfsu cells
than &Qr more tumourfgenictSBS and 333-8-9T. )

Reduced amounts of LETS in relation to tumourigenicity
has also been observed with a series of adenovirus 2
transfofmed rat cells (Chen et al.y 1?76; Gallinmore et
al., 1977). ‘These authors suyggested that LETS protein
may functi;n as an extracellular 'glﬁc' and that its
presence at the cell surface may inhibit tumour formation.
They propose that tumours are eventually produced by
selection of cells in the inoculum that contain lower
quantities of LETS. The data presehted here support this
ﬁypothesis. The two lines whch contain the lowest
levels of LETS, ts35T and 333-8-9T, were both tumour-
deriyedl Also comparing fs35T tumour cells with their
parent transformed line ts35, passage through hamsters
resulted in a population of cells containing onc half the

amount of LIS protein.  That somdd type of seleelion wis
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occuring in vivo wés élso_shdwn sy the fact “that the .
+s35T line did not contain the population of giant cells ///‘hﬂﬂ
present in the parent ts35 line.

Two protelns were found to be altered in both
membranes and whole cells labeled with 353-methionine.
The first was a high molecular weight protein, 225,000- --
dalton present in normal HaEF but abser® in all trans-
formed whole cell preparations. With isolated plasma
membranes a protein of similar size was absent only in
the tumour-derived lines, 333-8-9T and ts35T. A 206,000
dalton proteins was described by Robbins et al., which -
was reduced or absent after RSVrtransformation of éEF.
This protein, called omega, was insensitive to externally
added protease and was absent, or present only in small
amounts, in isolated plasma membrane preparations. It
is stsible that the 225,000 dalton species reported
here is analbgous'to omega. The second protien of 47,000
daltons was reduced or absent in all transformed whole
cell and plasma membrane preparations. A CET protein
of about 47,000 daltons, termed delta, was found in reduced
amounts in whole cells and membfanes following RSV-
transformation (W%ckus et al., 1974; Robbins et al.,
19743 Isaka et al., 1975). Delta was not accessible to
lactoperoxidase iodination or added protease (Branton,
unpublished data).

The numerous other plasma membranc protein alterations
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can be grouﬁed ihto.four §1asses. The first class are
proteins which are present‘in gll—the HSV-2 transformed
lines but reduced éompared to thé\QﬁEF. Examples of
these are the 25,000 and 29,000 dalfon species. The sccond
class of protein alteration is represented by the 31,000
and 32,000 dalton polypeptides which are present in the
tumourvlines +s35T7 and 333-8-9T lines, but greatly reduced
or absent in the other HSV-2 transformed iines and the
HaEF. The presence of these proteins ﬁay have been reigted
to the fact that ts35T and 333-8-9T were derived from
tumours. Passage of transformed cells through ;he hamster
may have selected for cells expressing these proteins.
The third class of proteins is represented by the 43,000
dalton species which is absent from the tumour-derived
lines. Selection for cells lacking these proteins-may
have occured as a result of passage through the hamster.
The final class of protein-altpration is a large group.
Polypeptides of this class may be found in one line such
as the 34,000 dalton species in ts3S or more than one line
such as the 49,000 dalton protein found inctéun fs35,
and ts35T yet they are greatly reduced or absent in the N
other lines. This group most likely arises from clonal
variatisn-and demonstrates the importance of utilising
a number of transfbrmed clones in this type,of study.
There is very little data available on proteins

which increase upon transformation by DNA viruses.
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Observations of enhanced;metabolic labeling (Stone et al.,
1é7u; Isaka et al.:'i975: Vaheri aﬁd Ruoslahti, 1974),
surface labeling using the'galactose oxidase method
(Gahmberg qu Hakomore, 1973;_Critchely, 1974), and de

nova synthesis (Isaka et al., 197%) of proteins in cells

transformed by avian sarcoma viruses.have been reported. In the
present studies it was of interest 1o determine if HSV-2
virus specific proteins could‘be detected in the various
transformed lines. No evidence for such viral polypeptides
was found using either labeled plasma membranes or whole .
cell preparations or s;rface iodinated material. It
is possible that virus-specific antigens® if present
are in such small amounts that the methods employed here
are not sensitive to detect them.

The reduction of surface or plasma membrane proteins.
may be attributable to a number of factors. A protein
may be-prevented from engaging in a proper -association
with-other surface or membrane components without any
direct effect on synthesis 6r absolute amount. On the
other hand there could be complete cessation of synthesis,
reductionr in synthesis, ;r incomplete synthesis such as )
alterationé in glycosylation or in cleavage of precursors.
It also is possible that there maf be an increase in the
rate of loss from the surface due to a passive Yoss or

active removal or degradation. Combinations of the above

may also occur. The expérimental design of this report

-~ ) r
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protein dec\eases upon- transfbrmatzon. LETS proteln has* " - .

been shown +o  be- reduced on the surface of transformed -

. cells and on purlfled plasma membrane preparations. = -
B In some~systems the absolute amount per cell is reduced
_upon transfcrmation (Robbins et al., 197u). LETS

-f contlnues to be synthe31zed in transformed cells. An'
L4
hypothe51s which has recelved much support is that LETS,

- which is extremely sensxtlve to protégfy51s, is removed

from transformed cells by proteases secreted by .the cells
themselves. If transformed cells are mixed with labeled
normal cells there is an accelerated loss of LETS from the -

:.\. normal cells (Hynes, 197&) Addi®ion of inhibitors of

2 -

proteolysis or removal of plasmlnogen from the serum-

-~ -

by affinity chromatography (Hynes.and Pearlstein, 1976}

s ‘ gave inconclusive results. Usingafibrinolysis as-an assay
i - L] ~ .
3 . e . . .
. o . for.plasmin ahd prebabily other protease activity, studies

e

have been ‘carried out to lnvestlgate the correlatlon between

roteolytlc act1v1ty and presence or absencé of LETS

‘protein’ Thcre was good corrqlatlon for v1ra11y transformed

4 o - CE
‘%; : lmnes but many spoﬁta eous tumour lines were pos;tlve for f’
: - ) . .
. o - LETS yet were also actlve .in flE;lnolySlS- The role,ﬂ o
- . J’ »

§ - 1f any, of plasmn .plus plasx:g.;.nogen act:.vator J.n «the -
B~ -

'removal of &ETS on transfcrmed cells is- thefefore Aincon-
.{. . L . ;\- L Q' N v X . ‘_

e Tt "B:h- . . § - ' T
‘.:}.‘ ".‘. ‘ " '.& ~T A "'- 8 4 - ) .
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,cld%mve, however other proteases undetected by the = . -

flbr1n01y51s assay and work;ng 1ndependent of plasmln .

S

could -be 1nvolqed. 3 . - -

. A preliminary analysis of membranes isolated-from
the varlous HSV-2 transformed ‘hamster llnes that were
“labeled wlth 1norgan1c 32p pevealed a number of. alterations
.in phosphoproteins. There were reductions (19,000 daltons)
and lncreases (32,000 daltons) in phosphorylatlon of proteins

‘

compared with the HaEF, as uell as phosphoprotelns which

were absent (60,000 and 39,000 da}tons) or -present (53,000

¥snd 23,000 daltons) only in the tumour lines.

: The transformationjdf“hiister embryo fibroblasts
by HSV-2 results in the gééoztioniof the cell surface

LETS glycoorotein. This has been oserved in cells

transformed by other DNA viruses such

. .
virus. 40, and adenovirus 2, as well as numerous RNA tumour

.

viruses. There appears to be a selection fon HSV-2

transformed hamster flbroblasts in wvivo that ntain reduced

LETS and it is therefore possible that LETS may/play a

role in inhibiting tumour formation. This has been observed
in rat*cclis transfor?cd by adenovirus 2. That trans-
formation of hamster fibroBlasts by HSV-2 results in an
altcred plasma membrane is clear from-thq number of g ther
protein changes reported 1in these- present studies. Altgough
little can be said at this time of their specific function
1n the’ plasma membrane it 1is p0551b1e that tﬁese changes

may effect cell function and growth control T
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