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Rous sarcoma. vj-rus (RSV)-infected chicken fibroblasts

undergo a rapid (5 minute) rounding and aggregation after

change to fresh plasma or serum containing culture medium"

I have called this phenomenon the "medium change responserr

(lri0R). llo l'{CRo r,vhatsoever, is observed in control cultures

of norrnal chicken fibroblasts"
In low density cultures the I/ICR is esseniially re-

versible; virtually all Rsv-infected fibroblasts emerge from

aggregates, re-attach and spread within l--2 hours. In

moderate or high density cultures, however' some infected

cells no longer emerge frorn the aggregates that form after

medium change" This failure of reversal of aggregation is

responsible for the ultimate presence of large cell clumps

in high-density cultures of RSV-infected fibroblasts that

have been subjected to daily medium changes over à 4-5 day

period.

The t'iCR occurs with media containing chicken plasma

or seru-m, human adult or cord serum, calf serum or fetal
bovine serum,

Ltltrafiltration and dialysis studies indicate that
the MCR is induced by a plasma macromolecule in the 50,000-

100u000 molecular vreight range. The IrfCR is not inciuced by

the addition of chiclien or human plasminogen"

ABSTRACT

lrl-



The ir'íCR ceases to occur after RSV-infected fibroblasts
have been cultivated for 3 days in medium that contains

1O-51¡i leupeptin or 2 units/ml heparin. i{igh density cultures
of F.SV-infected fibroblasts, prepared with these concentrations

of leupeptin or heparinu manifest a flat, rather than a

clumped , u.pp"*"a.nce . i,ie ither Ie upepiin, at c oncentrations
â

up to 10-'1,1, nor heparin, at concentrations up to lOO units/nl,
are capable of aborishin4 the t"icR when added to cultures for
the firsi tine with fresh serum or plasma-containing medium.

Rsv-infecied fibroblasts gave a partiar lvicR when cuLtivated
for 3 days in medium that contained Epsilon-Amino Caproic A.cid

(EACr\.) , Gamma-Amino Butyric A.cid (GÂBA ), soybean trypsin
inhibitoro antipain, lysine¡ or Trasylol.

Cultured RSV-infected chicken fibroblasts appear to
be distinguished fron normal control fibrobrasts, thereforeu

by the manifestation of a rapid, reversible rounding and

aggrega-tion in response to a plasma macromorecule" This
response aÞpears to involve a protease but does not appear

to involve activation of prasminogen. possible bases for the

i''ÍCR are discussed as well as the potential significance of the
nl.ron 

^môh ^hl/¡¡e¡¡vÀ¡rvf¡v¡¡o

IV



5u -åtvlP; A.denosine 50 l,ionophosphoric Acid

BHK: Baby Hamster T(idney Cell l,ine 2I

3I3 Cells¡ ÏUouse CelI Line (Fibrobtast Type Ce1ls)
^^*..c OFA L-i{egative ' $iiiå"iåtl;5å1fr3Ë"tüan Le uc osis

DbcSu u5u-cyclic Arnp, N2 u o2- Dibutyrl A.denosine 3, e5u
Cycì-ic Monophosphoric A.cid

EGTA.: Ethylgne.,Glycol Bis (n-¿rninoethyì- Ether) -Ntt'llNrtN'- Tetraacetic A.cid

EÂCA: Epsilon Amino Caproic A.cid

GA.BA¡ Gamma Âmino Butyric Acid

GïBC0: Grand fsland Biologicai Company (Nev¡ york)
rrgstr Antigens r Group Specific

A.BBREVT.4,TION LIST

T,ETSr Large External rransformation sensitive Glycoprotein
MCR¡ Medium Change Response

PEG-OF: Physiological El-ectrolytes and Glucose calcium
ï'ree

Fi¡iA. ¡ Phorbol-12-lrfyristate-13-.A"cetate
6¡SrCpp"" : Phosphoprotein 6Or0O0 daltons prod.ueed by thesrc gene

RAV: Rous Associated Virus

RSV: Rous Sarcoma Virus

SEÞT¡ Standard Error of Plean

SC6¡ Synthetic ivlediu:n #6

SFF: Specific Pathogen Free

SV-40c Simian Virus Strain ¿10 (DNÂ Virus)
Îï,CK: N- o< -Tosyl-L-T,ysy1 Cholormethyl Ketone

TSSA.: Tu¡ror Speeific Surface A.ntigen

Y-1¡ Mouse A.drenal Cortical - Tumor CeIl Line



PREFACE

ABSTRACT

ABBREVIATTON LIST

]Ï'iTRODUCTION

Q¡ nno

litBLE 0F C ONTEIVTS

Literature Review

Stuciies of Normal- and Tumor Virus-
Infected Ce1ls

f'Transformation" of Cells In Vitro
Criteria of "Transformation,, of Cells
fn Vitro
Avian Leulcemia-Sarcoma Comnlex of
Viruses

Rous Sarcoma Virus Chichen Fibro-
blast System

Proteases in Biological Fluids

Plasminogen A.ctivator Role in Cells
Frotease Inhibitors

I\4ATERIALS AND METHODS

Incubation Conditions

Labware

Preparing, Passaging, and Infecting
of Ce11 Cultures

Þq.ao

1.r

r1l

I
'tÀ

?

?

Freparation of himary Cultures

Preparation of Secondary Cultures and
Infection by Rous Sarcoma Virus

Passaging Primary Cultures to
Seconciary Cultures

Infecticn of Secondary Cultureswith Rous Sarcoma Virus

)

L0

12

L2

1)

16

20

20

20

2I

2t

23

vl_

23

24



Preparaiion of Tertiary Normal and
Infected Cultures

Preparation of Sera and Plasma

Commercial Sera

' Blood Coljection for Preparation of
Chicken Plas¡na and Serum

Preparation of Heat-Inactivated Chicken
Serum

Prenaration of lleat-fnactivated Chiclcen
Plasma

Preparation of Serunr from Clarified
Chicken Plasma

Preparation of lieparinízed Chicken
Plasma

Preparation of Chicken Serum Ultra-
filtrate
A.l'fICOtl Serum Filtration
Freparation of Dialyzed Chichen Serum

Plasminogen-f¡'ee Chicken Serum Prepara-
ti-on and Plasminogen Isolation
Preparation of 4.1(0H)3 Absorbed Heat-
Inactivated Chicken Plasma

Culture Medium

Agents Used

Ce11 Count Procedures

Photography

RESULTS

Descríption of the i¡ledium Change Response

Aetivities of Plasmau Sera frorn Various
Species

Loss of Chicìcen Serum or Heat-Inactivated
Chicken Plasma Culture tdedium Ability to
fnduce Ì/iCR

Þacrø

¿)

?5

26

?6

27

27

2B

2g

.Y

?al

3r

?1

3z

a7

??

3t+

35

36

36

"Q

v1t

40



A.ciivities of Serum Ultrafiltrates and
Dialyzed Serum

Heat Stability of ihe i'{CR Inducer l/iacro-
rnolecr¡ie(s)

Activitles cf Plasminogen and Ce1ls Grownin DepÌ-asrainogenated Serum

Effect of Frotease Inhibitors and Hepar"in
on the i/lCR

Effect of Protease Inhibitors and Heparin
on CeIl Growth

Effect of Caleium on the I,ICR

Effeci of O-r,her Agents on the tllCR

Effects of Phorbol-12-l'4yrista'te-L3
A.cetate on Cells

Effeets of Continuous tvledium Changes on
RSV-Infeeted Fibroblasts
pH of Culture iliedium Containing Serum or
T{eai-lnactivated Plasma

Figures .4, - !
Tab1es I *14

Graphs L - 5

DISCUSSIOI\I

Cell-Shape Changes Due to the MCR

Plasma and Serum fnduce the MÇR

Effects of Frotease Inhibitors and
Calciurn on the MCR

Effec't of Phorbol_-l2-myristate-13-acetate
fnducing a tu1CR

The ßiCR in a Tn Vívo Situation

Þe ça

40

41

42

I+2

t+5

45

L+6

three Possible
of the l,,{CR

BITLIOGRA Pi{Y

4?

47

l+g

4g-?a
?2 85

86-95
96

^/yo

97

99

i'{echanisms and Sisnificance

v111

LOz

104

r05

Ì08



APPENDIX

A PPENDTX

APPENDl){

.4"PFENDIX

ã

B

I

D

Page

115

116

1]"B

L22

1X



AND ,AGGREGATION OF ROUS SARCO¡,1{ VIRUS-INFECTED,

BIII NOT OF NORI,4AL, CHTCKEN

FIBROBLASTS ]IVÐUCED BY A

PLA S!T.A MA.CR OI,{OLEC ULE

RA.PTD, REVERSIBLE ROUI\¡DING



INTROÐUCTION



aÞpear to be clistinguished from normal contro] fibroblasts
by the manifestation of a rapiC, reversible rounding and

aggregation in response to a plasma macromolecule" This

response appears io involve a protease but does not appear

to involve activaiíon of pl"asminogen. possible bases for
this phenomenon are discussed as werr as possible relation-
ships to establ-ished properties of Rous sarcoma virus infected.
fibroblasts. the experi-ments ín the thesis were designed,

to eharacterize this phenomenon occuming in Rous sarcoma

virus infected chicken fibroblasts in vitro.

Rous sarcoma virus infected ciiiclcen fibrobLasts

II\TRODUCTTON
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"One of the great advances of 20th century cancer
research was the experimental prociuction of cancerwith the use of specifj.c nhysióal, chemicai andbiological agents-.',

Armin Bra,;n (1)

ïn 19tO Peyton Rouse ârr "åmerican pathotogist, had

demonstrated that a malignant tumor of the chicken called a

sareoma (solid tumor of the connective tissues) could. be trans-
mitted from a diseased chicken to a healthy one by means of
ce11-free filirates. This demonstration imptied that a virus
was responsible for the sarcoma (2), Alexis Carrel, demonstrated.

that primary explants of both normal tissue and malignant tumors

of a'¡i-an and mammalian origin could be cultivated i4 gi-try in
a homologous plasma clot with actual multiplicatíon and growth

of cells (3). He observed that d.uring cultivation of certain
human turnors (sarcomas and eareinonas) in clotted, plasma, líque-
fication of the plasma clot occurred (3). Further investigation
vlas carried out by Ai-bert Fischer who found. that prirnary explants
of normal epithelial eells produce some liquefaction of chicken
plasrna clots and that there is an enhanced level of plasmin in
cultured malignant cell-s such as Rous chiclcen sarcoma and Flexner-
Jobling rat carcinoma (þ)" In the Ìate forties a cellular agent

had been discovered by T. Astrup that ae-bivated a fibrinolytie
enzyme precursor called plasminogen (5). E. Reich and co-

rvorkers carried on Fiseher's investigation on tumor-associated,

fi'orinol-ysis using a celr cur-ture system (6, ?u B)" They found
that transformation of eultured, fi-broblasts of avian and. mam-

Literature Review



malian origin by oncogenic viruses is associated with the

production and release of a protease(s) that can convert

plasminogen into plasmin" Plasmino a fibrinolytic enzlrae

in serumu is capable of lysing a plasma clot.

Stud,ies of Normal and Tumor Virus fnfected CeLls

One of the main objectives of experimental cancer

research in the past and present is to understand the basic

cellular rnechanism(s) responsible for the neoplastic state.
The use of 'Lumor-inducing viruses has provided us a tool for
studying this objective.

Citing Armin Braun (ç),

'oA. celLular mechanism that is now well established
and that has been shown to account for the origin of
eertain tumor cells is one that ín'yoives the addition
of new genetic information resulting from infection
by the tumor inducing viruses"uo

these turnor-inducing viruses are bz'oad1y classified as

oneogenic RNA viruses and oncogenic DNA. viruses that are capable

of indueing the neopLastic state in specific cells (tO¡" The

additíon of appropriate new geneti.c information from an oncogenic

virus to a normal cel1 rnay result in the conversion of that ceII
to a neoplastic ceIl, bringing about a heritable cellular
change (11) 

"

"Transformation" of Cells In Vitro

{

T,lornal ccntrol animal cel-1s in vitrgo following exposure

to a specific turnor-inducing virus, can be converted into the

neoplastie state (12, 13)" v.lhen normal animal cells are exposed

to a sl¡êcific tumor-inducing virus they can undergo a variety



tþ

of characteristic ehanges, These cel-I culture changese referred

to collectiveÌy as "transformation" n will be described later
(12, 13, I4u l.5u l6u 17)" l^Ihich of these eharacteristics of
the o'transformed'n state is required for marntenance and. develcp-

ment of'the neoplastic state is not clear" There is an ambiguous

relationship between the existence of the neopLastic or malignant

state and the established criteria of the "transforrnedG' state"

An example is SV-40 virus "transforrredff human cell lines having

a nurnber of "transformation criieria" u but which fail to produce

tumors in athymic nude mice (18). Other examples are provided

by strains of avian sarcoma viruses that do not oftransform,'

cel-ls in culture by any cri"teriau but produce sarcomas when

inoeulated in chickens (19), The above can be summed up by

the foll-owing quotation of Samuel Balk (20):

" o u " 
there are transforrned. cells ihat are not

neoplastic and neoplastic cells that are not
transformêdo'n

Normal control fibroblasts, fresh]y isolated or from

cell- lines, that after being infected with a specific tumor

virus, undergo metabolïc, growth or morphological changes and

renain viable can be called "transforÌnedro cells (12)" For

example, RN.A. tumor viruses such as some avian and murine sar-

coma viruses alter cellular characteristics and vj"rus replicatÍon
does not involve death of the infected celI" DNA virusesÞ such

as polyoma and SV-,+O alter ce11 characteristics but kill the

cel1s for viral replication" Howeveru Éetransformation,' of
cells infected ',vith these DN.A, viruses can oceur upon ineomplete

infections iuê, rvith viruses d,efective in the genes causing cell
deathe or^ in cells which are knolvn to be non-permissive res+urict-
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ing the function of these viral genes (12). Often used in
celL cuLture studies are the BHI(21 cells line and 3Tj cell
line which are non-permissive for polyorna virus and 51¡-40

virus respectively (12)"

most avian RNA. sarcoma viruses are capable of convert-

ing normal connective tissues in vivo inio neoplastic lesions
within 4B-?Z hours of inoculation of a chicken (ZL) " These

sañÌe avian RI\IA sarcoma viruses are capable of eon',¡erting nonnal

fibroblasts in vitro to the neoplastic state or the so-carred.

"transf orrned" state ( 14 , 2O n 2L, 22) " These vi-rus-infectecl

fibroblast-type cell-s j-n vivo are indistinguishable in morpho-

logy and other cellular characteristics from virus ¡r¡r,ransforrned,,

fibroblast cells in vi.tr_o (2I),

Criteria of "lransforÌnati.onn, of Cells In Vitro
Críteria associated with transformation will now be

described" One major criterion is change in phenotypic ex-

pression of morphology of individual cells or of cell populations

that aecompany non-lytic infection by an oncogenic virus (l..Z,

!5, ]-7)" Individual fibroblasts when ,'transforn'red,, generally
will have an altered morphology; an example is avian sareoma

virus infected chicken fibroblasts" i{hen ,,transformed,', these

will convert from fan-shaped cells to a round or spindle shape

(14u 23n 2l+), Other observable fibroblast structural changes

include inereasecl number of nuclein nucleoli, increased nuclear

to c¡rtoo1-asmic ratio and chromosome aberration (15, 20u ZL),

As a population the cells fcrm an irregular, rather than a regu-

lar ceIl pattern" the cells lose their parallel orientation



when "transformedro and have a tendency to heap up on one

another, forrning uncriss-cross'o patterns (25)" Different on-

cogenic virus strains cause varying morphological changes in
the ceLls (25),

Ànother phenotypic change is the alteration of celL

surface architecture, For exampleo âccumulation of hyaluronic

acid and sulfated mucopolysacchrides in RSV "transformedn' ee1ls

(26), increase of glycosyltransferase foLlowing RSV-infection

of chick embryo fibroblasts (?7), and aLteration of glycolipid
s¡rnthesis. An example of the latter is a decrease in membrane

glycolipids v¡ith non-reducing terminals coupled with an increase

of precursor glycolipicis" This effect has been observe<i in
both RSV and ÐlrlÀ virus "trensformedo' cells (28, 29, 30)" .ùnother

alteration of transfornred ce1lsc Þarticu-Iarly RSV-infeeted fibro-
blastsu that is associated with surface architecture is the pre-

sence of the extracellular matrix glycoprotein called fibrobtast
surface protein or fibronectin (f,nfS; Large External Transforma-

tion Sensitive glycoprotein)" K" Yamada and co-r^¡orkers have

reported a decrease in cell surface fibroneetin on cells o'trans-

forrned" by oncogeníc viruses or carci-nogens and on cultured

tu.mor cells with exceptions in each case (3f ). For example,

RSV-infected chick embryo fibroblasts have a consíderably less

a¡nount of surface fibronectin than normal counterparts ()Lu 32) "

Decreased surface content of fibronectin along with decreased

cel-l to cel-l, and cel1 to snbstrate adhesivenesso changes in
ce11 morphology and ceIl surface architecture in tumor ancl

o'transformedu' cells rnay be viev;ed as pleiotropic characteristics



of the process of metastasis (310 33).

Chick embryo fibroblasts infected with a mutant Rous

sarcoma virus that is temperature condit!onal for uotransforrna-

tion'!, were significantly less adherent than their nor:nal

counterparts following a shift to a permissíve temperature (34)"

This observation of VI. \,Veber dernonstrates that aliered adherence

is specificalty essociated with o'transfoyrnation" rather than

simply r,'¡ith the virus infection (34 ' 35) . Froni various studies u

correlations of decreased adherence of transformed eells with

changes in internal cytoskeletal structures involving micro-

filaments and microtubules have been made (34u 360 37). There

is evidence of a reduction in the total amount of actin micro-

filamenis and microtubules in virally ootransforrûed'o cells (38t

39). t{icrofilament bundles and microtubules were found to dis-

assemble and assemble reversibly at restrictive and permissive

temperaturesg respectivelyu when cells were infected. with tempera-

ture-sensitive mutant Rous sarcoma vi-rus (34, 4O). This informa-

tion suggests that these eytoskeletal structures are involved

in both structural and functional changes that occur in "trans-

formedo, ee}ls, Tntricate netv¡orks of cytoskeleion structures

(microfilarnents and microtubules) in fibroblasts are known to

be lying just under the ce}l membrane and are responsible for

cell shape and movement (41' 42)"

Qther ehanges of "transformed0' ce11 menbrane surfaces

are ! increased plant lectin agglutinability' a greâter mobility

of lectin binding sites (indicating a more fluid memb;:ane) and

new surface antigens, This latter characteristic is either

7
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specified by a virus or a modified cell antigen (430 44,45,
46, t+?)" Plant lectin agglutinability is not a specific proper-

ty of "transforrned" ce1ls. !{hen normal counterparts are

trypsinized they have an increased aggiutinability sirnilar to
'utransform,edo' ceI1s" This inriicates that the normal eeIl lectin-
surface-receptor-sites are being masked lvhile the transformed

sites are 'oared (¿+B)" A unique antigen callea the n'tumor-specific

ce11 surface antigen" (TSSjtr,) has been detected in cells 'uttrans-

formeduo by any of, the Rous sarcoma virus strai-ns (þ9),

Oncogenic viral "transforrnation" of fibroblasts causes

alteration of growth behaviours¡ reduced sensitivity to density

depenoent inhibítion being one of them (I2, l-5, L7, 20). Density
deoendent inhibition is a cell eulture phenomenon in which pro-

liferation of normal cells is restricted by hish culture density

and/or culture medium depletion (50). Those fibroblasts that
shov¡ density dependent inhibition in confluent cultures have

reached a saturation density as the cells enter " Go phase. The

saturation density varies as to the fibroblast line u stnain and

as to rshether the cells are or are not freshry isolated, (rz).
some populations of "transforrned" cetls acquire the abirity to

form colonies when suspended in medium containing agar or

methocel (I2, 14u 15, 5Lr 52), Hn Rubin and J. Bad,er have

reported that Rsv-infected chiclcen embryo fibroblasts, but not

normal fibroblasts can form coloni-es when suspendec i-n agar

(5r, 52) "

Other altered gro'*th behaviours of "transformedoo cells
include a reduced serum requirement for growth and unLimited.
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number of divisíons in culture (5J, 5t+ u 55) , S. Balk et al

observed that RSV-infected chi-cken fibroblasts have the capaci-

ty to proliferate in a cuiture mediurn of reduced divalent caiion

eoncentration (calcium and nragnesium) which may be related to

the abii-ity of necplasiie cells to proliferate autonomously (56),

i'ietabolic changes Ï¡ave been associaied with transforma-

tion; these include increase in certain arnino aeidso glucose and

other sugars uptake (57). Increase in glucose up'bake has been

associated with increased aerobie glycolysis and reduced respira-

tion in o'transfor:rûed'o cells and tumor cells (58)" It has been

suggested that neoplastic cells may proliferate cìue to a defici-
ency in the cellular respiratory function (59). Increased gty-

colytic pathway enzJrmes and lactic acid s¡mthesis have been

found in Rous sarcoma virus rutransformed" cells under certain

conditions (57) 
"

Fibroblasts of avian. or mammalian origin "transformed"

by RllA. or DNA. tumor viruses have been associated with develop-

ment of increased fibrinoLytic actir"ity (6' 7t B). Jo Unkeless

et aI found that a proiease released by virally 'otransformed"

cells in culture converteci serum plasminogen to plasmine a

serwn fibrinolytic enzyme (6). Plasminogen activator(s) levels

are high in avian and mammalian cel1s rotransformed'f by oncogen5-c

and chemical carcinogens, in specialized normal and tumor cell
linesu neoplastie tissuesg macrophages and devel-oping tissues

in vivo_ (6, ?u B, 60-6?), It is not clear why there is a high

leve1 of plasminogen activator pro<iuction in "transformedo' cells
in vitro and in some malisnant tissue in vivo, B" inlolf and
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4." Gordberg shov¡ low levels of plasminogen acij-vator in some

cl-oned "transformed0' cel1s and have suggested that plasminogen

activaior is not esseniial for expression of "transformationo,
(68)' Plasmi-nogen activator may aetivate other proenzymes be-

sides plasminogen, that could be inportant in the ',transfotrned,n
or neoprastic state" There are other serine proteases that
have been reoorted to be released by malignant mammalj-an eell
lines and virally 'otransformed,' avian fibroblasts (69, ?O)"

Ânother property of virally *transforrnedrf cells is
cellular turnorgenicÍ-ty when the cells are injecteti into congeni-
talty athymic nude mice (t6, l?). This property has been used

as an indicaiing system to determine malignant ottransfornation'f

of celrs cultured in våtro (12), The use of athymic nude mice

as indieators of tumorgenicity of cel-ls is d.ebatable. rn
virally "transfornednù cell-s of established ceLl linesu one d.oes

not Ìmow if the år,uÍlorgêrlicity of ce1ls is due to the virus or
selection resulting fror.r the culture (f6¡ 

"

A.vi-an Leukemia-Sarcoma Comolex of Viy.uses

îo obtain the neoplastic state for comparison to nornral

counternartsu fibroblasts cultured from pectoral muscles of
eight-week-ord cockerels were infected with the schmidt-Ruppin

strain of the Rous sarcoma virusn a member of the avian leulcosis-
sarcoma complex of viruses (25, 103). These viruses¡ a) Have

group specific antigens, which are called ,,gser antigenso found

in the core of the virion, demonstratetl. by complement fixation
(25)r b) have RNA-dependent ÐrI,{ poryrnerase¡ c) have a natura}
host range restricted to birds, although uncler experimental
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conditions may infeet rnammals or mammalian celIs (10); d) cause

a productive infee*uion rvith no direct celI kiIlíng ín genetical-
Iy sensi-iive avian cells although some strains may cause a non-

productive infection cf marnmalian cel-ls e) may be strong, weake

and n'non-transforming'o just as there are strong, neak and aon-

oncogenic viruses (103, 104 ) . f ) A.re divided into subgroups

4., B' Cr D' E and F based on envelope characteristicsu autogenous

interference io infectien¡ âTìd neutralization by antibodies (103).

Ânother classification system is by strains and presence of genes

for 'otransformation" (ro+¡. A.n exanple of an avian RNA virus
without a ootransforming" gene is the Rous associated virus (RA.V),

which does not transform infected eeLrs (roz¡o An avian RN.A.

virus that has a "iransformi.ng" gene is the Rous sarcoma .¡irus
(104)"

The leukomagenic members of the complex group are involved
in causation of leulcemias (i,e" myeloblastosis) and lymphomas

(i,e" lymphoid leucosis). The sarcornagenic members of the eom-

plex grcup are involved in the causation of sarcomata (i.e. fibro-
sarcoma) (t4¡" cerls infected by avian sarcoma viruses that
become neoplastie and/at "transformec" ¡ âpe the results of the

expression of the r¡iral sarcotna or n'src,, gene (25, 1040 105)"

In this viral gene o ptrotein procluct expression has been charaeter-

ized as a phosphoprotei-nu with a protein lcinase activity and has

been designated pp6osr" (106u loz)" There may be a possible

relationship of protein phosphorlyation by the src gene product

and the rotransformed" and,/or neoplasiic siate of the avian Rl{A.

virus ïnfected host ce11, Characteristics such as protease pro-
duction after 'otransformation" may be due al_so to src sene



expressions, Coincidentallyn normal uninfected avian
contain a highly conserveci nucleotide sequence called.
gene in their DNA, and P.NA that is relatecì to the'¡ira1
(108). Further woric is need.eo to find. the function of
these genes and their relationshins"

îhe phenonenon of rapide reversi.oie¡ round.ing anrl ag.-

gregation of RSV-infected chicken fibroblasts in response to
the addition of serum or plasma containing culture medium were

observed by S" BaIk during his exoeriroents involving controì- of
proliferation of chiclien fibroblasts (Ill), In studying this
phenomenon I have used the RSV-infected. chiclcen fibroblast
system established. by s" Balk" This system was used because

the effieient conversion of norrnal chicken fibroblasts to the
neoplastic state ("transformedn,)u so that a varid comparison can
be nade of the virarry converted ano norrnal contror cerl popu_

lations (fOe¡, Fibnoblasis were eultured frorn the pectoral
muscles of young adult chiekens (B weelcs ol-d) rather than chick
enbryos because of a greater certainiy as to the origin of these
ceIls" rn this study r have used, freshly isolated ceLls, rather
than established ce11 lineso to avoid artifacts due to abnormali-
ties that have been found in latter.

F'rotease-s in Biolceical Fluids

Sarcorna Virus Chicke4 Fibrobl_ast S:¡stenr

12

ce 11s

the sarc

src gene

both

Proteolytic enzymes in biological fluids released from
tissues pray an impo'tant ror-e in biorogical contror mechanisms

ser¡¡ing in many diverse functions (?l)" proteases participate
in complex biologicar phenomena such as in gamete formation"
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fertilizationu cerl migrationu tunor invasi-venesse intra-and.
extra-cellular protein turnor¿eru morphogenesis and metamorpho-
sis (72), One type of proteolytic activiiy is called. limited
proteoi-ysisu involving conversion of an inactive preeursor of
a i:rctein (zyinogen) to an active form (?f)" This is an essential
physiologicai regulator¡r nechanisrn in biological fluid.s anri is
found in the enzyme caseades of blood ccagulationu complement
activiation, fibrinol-ysis and kinin generation (?z), zymogen
activation in the case of plasminogen conversion to plasrnin by
plasminogen activator s oy factors of the enzlrme cascad.e system
converting prothrombin to thrombin depend on threshhold events
initiating and activating proteases (5, ?1), This activation
mechanism usuarly encornpasses severar characteristies; best ob-
served arei amplificationn rapic responseu sensitivity to effect-
or concentration and irreversibility (Zf). B. Hartley classified
proteases in animals into five major sets based on mechanisms and,

inhibitors" These are' with their identifying active feature¡
metalloexopepidases containing Zn?+s sulfhydryl proteases with
cySHu aeid protease operating at an acid plr optimumr metar-
loendoneptidases utiliz íng znZ+ and ca2+, and serine protease
with an active se'ine group (?Ð" The majority of the limited
proteolytic-type enz)¡mes in biological control mechanisms are
from the serine protease crass" They share similar amino acid
sequences e homologous tertiary structures and catalytic mechanism
of actíon and are inhibited by serine protease inhibítors (?2,
7)) " The ac'cive site of a serine protease contains a specific
serine residueu participating in the fornration of an i.nterrnediate
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ester with an acyl group of a substrate (74)" The class of

serine proteases includes many components of the blood. coagula-

tion caseade system such as activated factors VII, IXo Xa XIr XII

and thrombin (,75), There are serine proteases secreted by the

pancreas in'¡olved in protein digesticn such as trypsin and

ehymotrypsin (7f) 
"

A.nother serine protease is plasminu a fibrinolytic
enz:,¡me with a trypsin-like specificity capable of hydrolyzing

peptides and proteins at arginyl and lysyl peptide bondsn basic

amino acid esterss a.rrd amides (72). A.ctiva+.ion of plasminogen

to pi-asmin in mammals can occur by several activators¡ these ete

urokinase from kidneys, streptokinase (Streptocoecus bacteria

exotoxin) and tissue activators (76) " fn avian plasma the only

known plasminogen activator(s) is the tissue activator(s).
Stre¡tokinase or manrnalian uroliinase will not acti,¡ate avian

plasminogen (71)" In mammals aetivated Hageman factor or frag-

rnents ean activate plasminogen pro-activator which in turrr actí-

'¡ates plasminogen activator (77t 78)" Hageman faetor is one of

the key initial enzymes whieh starts the Hageman factor-dependent

oathway. This factor can initiate the blood coagulation eascade,

fib¡'inolysis pathway and kínin generation (77), See A.ppendix À

for a description of the Hageman factor pathway. In avian plasma,

the intrinsic eoagulation system is deficient by marnmalian

standards but the extrinsic system is actïve ancl efficient (79),

Fac'bors I)( (thromboplastin) and XII (ì{ageman factor) have been

reported absent or in very srnall amounts in ar¡ian blood (79 , B0 u

81)" -Avian blood coagulation appears to be dependen'ü on *uhe ex-



trinsic clotiing system invol'¿ing the reiease

thromboplasiin (79, 8?).

Plasrninogen :\c'tivator Role in Cells

Increased ievels of plasminogen activator r{ere discussed.

before in reference to 'otransformation,,u plasminogen activa-
tor(s) is also secreted by normal cells in lower arnounts such

as in inanmalian heartu 1ung, kidney, capillary endctheliar ceLls
and activated rnacrophages (?Z). plasnrinogen activator is aLso

found in differentiating and developing cells" Increased. Ievels
have been found in granulosa cells in vivo near the tirne of ovu-

lation fronn follicres destined to ovulate in response to gona-

dotrooins (E3, BÅ|,)" Increased plasrninogen aetivator leveis have

been found in trophoblasts and parietar end.od.erm celLs d.ur.ing

eariy embryogenesis" This increase coincides with the invasive
phase of trophoblasts and the differentiation of parietal- endoderm

cells during implantation and growth (63). plasminogen activator.
levels l'¡ere found to increase during mammary gland involutions
in response to hormones" The basis for the increase has been re-
lated to tissue remodelling (62) " Inereased plasminogen activator
production during proliferation and development of neoplasticu
hyperplastic u and euplastic tissue, has 1ed to suggestions that
prasminogen activator funetj-ons in artering the interaction
between cel1s invol-ving destruc'bion of the cel-l matrixu cell
remodelling and cell migration (62, 63, 83, 84)" plasminogen

activator(s) and sever;¿I other serine enzymes have been found
to be rel-eased from cul-tured hu¡nan and avia-n cells of neonlastic
origin (4, 64) 

"

of tissue
I5



i{any studies have been done trying to show that the
release of plasminogen activator is a biochenical criterion
for malígnancy" Now it is known that plasmincgen activator(s)
ís not specific for rnalignant cel1s (6q). ,A. strrdy was done on

ori-mary. human neoplasrns compared to normar tissuês? in vitro
to determine the differences in plasminogen activator levels"
The resurts showed that there is an increase in prasminogen
activator in human neoplasms of mesenchymal and neural origins
compared to corresponding norrnal cells. But from human neoprasms
of grandular or rining epitherium compared to corresponding
normal cells no ccnsistent correlation could be made (64)" very
little is known on the initiator(s) of plasminogen activator(s)
release in tissue. A study by s. striclcland has sholvn that gona-
dotropins induce increased levels of plasminogen activator(s) in
ovarian granuLosa ce1ls (84). very rittle is known about the
charaeteristics and function of the other serine enzymes secreted
by 'stransformedrr celrs in vítro and malignant celrs in vivg.

chicken embryonal fibroblasts .,transformed,, by Rous

sarcoma virus have been reported. to release another protease 
u

beside pl-asminogen activator, which has a collagenolytic activity
(69), this protease is rej-eased by ,otransformed,, cerls at con-
fluency anci subconfluency while only in normals at subconfluencyo
This enzyme does not appear to be a virally ,ntransformed.,, cell
scecific enzyme"

-tA

Frqtease Inhibitors
ïn correlating the

ancl o'transformed,, eells in
association
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of scrne tumors in
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secretione serine Ðrotease inhibitors have been used as a tool
to determine the functions of these secretions" There are
inhibitors of physiological activators of proteases that are
preseni in the bÌood circulation such as ol-2-macroglobulin, a

protease' inhibitor in hunan serurn (?2, 85 ). Frotease inhibitors
that are specifie to serine cl-ass enzymes are usually anti-
fibrinolytic agentsu and have been usec clinieally (86). serine
protease inhibitors used in tissue culture can be classified
into several categories: a) Those that are substrate anologs
and inhibit by competing with the natural substrates of the pro-
teases and esterases; an example is t{-o(-Tosyl-L-,A.rginyl Methyl
Ester (TA.I,TE) (B?); b) Those that are substrate anarogs that react
covalen'bly with trypsin-soecific enzymes such as N- c(-Tosyl-L-Lysyr
chloromethyl Ketone (TLCK) (ss); c) Those that form poorry dis_
soeiating conllexes with the protease ¡ for example soybean trypsin
inhibitor, lima bean trypsin inhibitor and benzamidine (6?, ?zu
86). îhe inhibitors described in "a & bfr do not prod.uce good

reoroducible results in iissue culture due to their instability,
reactions with other serum components, and the sensitivity of
cells to thern (BB, 89). TrasyJ-ol (generic name) is a bovi-ne

pancreati-c enz)¡me inhibítor capable of inhibiting enzyrnes in the
kallikrein-kinin and fibrinolysis system (86, 90).

There are serine protease inhibitors that are used,

cLinically as anti-fibrinol-ytíc agents for example Epsilon-
.Amino-ca¡roic Âcici (E¡ctr.) (ge ), a lysine anorogue which functions
as an anti-fibrinolyiic aqent by i.nhibiting plasmin an¿ plasmino-
gen activation (9t)" Ì{eparin is a sulphated mucopolysacchride
that is used clinically as an anticoagul-ant (g3, 94). Heparin
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along with a co-factorn antiihrombin III (atpha-2-g1obu1in)

is an anticoagulant v¡hich functions by inhibiting thrornbin from

ennverting fih'rinosen 'uo fibrin. Ï{eoarin is also capable Of
vvi Lv vr w!¡¡_- ¿:v¡ r¡:vÞv¡¿

inactivating activated factors XII, XI, X and IX (9) ' 95) .

teil-ular proteases have been implicated to be i-n'¡olved

in growth corrtrol- and development (96). Studies using proiease

inhibitors on fftransformedc'l cell l-ines have shown irariable re-

sults frorn ce1I line to cell line (BB' 89, 97, 9B). One can

argue that these studies involving comþarison of a "transformedrl

cell line'bo a normal cel-I line such as 3\3 cell line to SV-40

3V cell line are not rigorous. The 'onormal" )'I3 cells are a

clonecl cett line while the SV-40 virus infecied 3T3 cells are

another clonal ce11 line consisting of only a selected popu-

lation of 3T3 cells that can be infectecl by SV-40 virus as in

ihe case of most Dlil.A. tumor vi-rus celI line systems (14)" Such

ce1.l- Iines cannot be conpared rigorously because of possible

characteristics rvhich reflect differences between the bulk of

cells in the "ncrmal" pooulation io one selecied group of cells

in the virus-infected ce1ls. In an RSV-infected primary chiclten

fíbroblast system the virus can infect all the fibroblastsu

thus a rigorous comparison can be made between virus infected

and normal homogenous celI population"

Protease inhi-bitors have also been ]inown to revert some

characteristics expressed in 'otransformed" cells back to their
nori'nal characteristics (99, I00e 101). I/i" Weber found that

RSV-infectei chick embr;ro fibroblastsu when treated with a

protease inhibitor such as TLCK' were found to increase in ad-

hesiveness to the culture surface and assume a flat morpho-



loqy just as their normal counterparts (100). ï{e suggests

involvement of a trypsin-l-ike enzyree, possibry olasmino in
the decreasecì adhesiveness and rounded morphology of viralry
"transformed" cells (99). stud.ies were done gror.ring Rsv-

infeeted chick er,rbryo fibroblas'bs in plasminogen-free serum.

These cells sho',ved the flattened morphology simirar to normal

cells afier a period of 5 days (100)" i{eber suggests another
orotease may be involveci in the "transformed,, phenotype (gg,

1oo)"

LY
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fncubation Conditions

the cultures were j-ncubated in hydrated isolettes
in a 41,.9oc room. The hydrated. isolettes were controLled.

atmosphere culture chambers (Belrco Glass rnco e vineland¡ New

Jersey) that vrere made of plexiglasso gâs tight, i,rith perforated
removabie shelves and controlred gas inlet and outtet flow
valves. These chambers were placed on Beltco roeker platforms
and could be lcept static or on a rocking speed. The chambers

were constantLy perfused with hydrated 95/" aft, 5{, co, atmos-
phere' The 5% Co, component of the gas mixture was an important
deterrninant of the culture medium pi{, which was ?,4, The co,
in the culture chamber is monitored. with a Fyrite CO2 in¿icator
(Bacharach Instrument Company, pittsburghu pa, )n

The gas mixture uras hydrated to prevent evaporation of
culture medium from the dishes. The humidity was kept at about
rco/,' this was obtained by passage of the gas mixture through
two seríally connected carboys of rvater (Fisher co. s canad.a),

Labv;are

I'IATERIALS AND T{ET}iOÐS

2ñ

The glass labware and Nalgene labware were steril_ized.
in an autoclave prior to usêe The centrifuge tubeso pipettes
and culture dishes were steriLe and d.isposed immediately after
usage. Lux Contur tissue eulture dishes (Lux Scientific Cor_
poration, Irtewbury parl<, calif" ) were used for experiments and

to grorv ce1Is" These dishes were made of polystyrene o ultra-
vioret radiation sterilized., had. good optical clarityn d.esigned
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for optimal- ce11 attachmentn and had a flat distortion-free
cell growing surface. The dishes were designeri to prevent

aggregation of cells at the edge of the dish. For growing

stoclc cultures 60 x LS mm dishes were used with 4 mls of culture
medium àdded to each dish" rn experinents 35 x r0 mm dishes

were used with 2 mI, of eulture medium. Fal-con dishes (oxnard,

ca. ) were used in triar experi.ments, to coinpare against Lux

Contur dishes.

Freeari¡g Passaeing" and Infectinq of CelI Culluurês

The follov¡ing procedures were

a1 (14, 59),

Frenaration of Frimary Cultures

Pectoral muscles were excised under sterite conCitions
from a B to ! week-cld, malee Specific pathogen-Free (SpF) CO¡'¡.f,-

negative white leghorn chicken. (Spafaso Incup Norwich, Conn")"

Betadyne (water soluble iodine antiseptic) and ?O% et]nVL

alcohol were used to sponge the breast area, for sterilization.
Brieflyu the excision process is as follows: Feathers above

the pectoral muscle were removedn the outer skin was cut distal-
ly to the pectoral muscle and pulIed dorsally with 3 sterile
hemostats u and a rectangular piece of pectoral muscle ( 5 cm

x 5 cm x I cm) weighing approximately 20 grams was excised from

both sides using a sterile scalpel with a No. zz blad.e. These

pieces of pectoral muscres were then immeciatery place<i in a

sierile beaker containing 50 ml of calcium free physiological
elecirolytes with glucose mediurn (pEG-cF), (A.ppendix B) in an

ice bath. Under steril-e conciitions the pectoral muscles were

developed by S. Balk et



then shredded with & ¡to. 11 scalper brades set on a comrnon

hancile, and put into a L25 m1 trypsinization flaslc (Betlco Incn ø

Vineiande N'Jo ) with ¿ ¡¡"gnetic stir bar. The shred.d.ed. muscles
are then trypsinized with a trypsin med.ium (A.ppendix B) consist_
i-ng of Q,ro% trypsin (Grand rslarrd i]åological companyu Grand,
Islandu New York) in a synthetic med.ium containing electrolytes
(PEG-CF), using this tnypsin med.ium six lo-minute trypsinization
cycles were done with different amounts of med.ium for the cycles
(in order), ?0, ?oo 6ou 6ou us and 45 ml. After each cycre the
medium was disearded' due to high viscosity from actoinyosin and
fragments of myotubules. One final lo-minute cycle was then
done ' with 4J ml of trypsin medium. A.fter this cycle the med.ium

from the flask was poured through z sterile gauze sponges (2 x Z

B p1y) into a 50 mr disposable sterile polypropylene centrifuge
tube (Kimble, Owens-fllinois, pittston, pA.)" The tube was then
eentrifuged @ ?5oo x B, @ loc for J0 minutes with the bralre set
at maximumu using a Beckmanu mod,el J-6 centrifuge" The supernate
was then discarded and the pelret was suspended in 10 mr- medium
sc6 with heat-inactivated. plasma (see methods and. material,
eurture mediurn) using 2r triturations with a 10 mr pipetn then
a further 7 mL of medium sc6 with 5,4 heat-inactivated prasma vras

added to the suspension' The dituted suspension was agitated an¿
used to seed ?-60 x 15 mm Lux Contur dishes (4 mlrlOisn).

The folrowíng day the cerls were viable anci firmJ-y at__
tached to ihe culture dish with debris froating in the curture
medium" The ord culture med.ium was remor¡ed and replaced with
fresh medium with sc6 with 5/, neaçinactivated plasma and,
changed every second day from then oru On the 4trr-6tn day the

22



prinary cultures had reached confluency, fibroblasts being

the predominant mononucl-ear erenents. Also di-spersed in the

confruent fibroblasts were myotubules which had formed as a
resuLt of extensive fusicn of myoblasts. The myotubules pre-
sent ars end stage strirctures and are 1ost rvhen the cuLture
is passagedê

Freparation of secondary curtures anci rnfection by Rous
Sarcoma Virus

Passasinq Prirne¡y_Cullures to Secondary Cultures

0n day 6, the confluent primary cells were passaged

into secondary cultures. The passaging procedures were as

f ollows ¡ 01d growth me<iium was removed by aspiration and. re-
plaeec with 2 nJ- of 0,025f" trypsin (crBco) in PEG-OF. The dishes
were put in the warm room into an isoLette set on a roclcer plat-
forin (z cycres per minute ) " Âfter l0 minutes of trypsinization
most of the cells rounded up and detached from the culture dish
surface. These ceLls r¡rere corlecied using p gentle wash tri-
turations to remove all cells, with a steriLe prugged pasteur

pipet and dispensed into a 50 mr centrifuge tube (icimbre ). They

were centrifuged @ 3oo x g, for l0 minutes at z|ocu with the
brake set at 1" The medium was then discarded and the pellet
was suspended wiih 10 ml mediurn SC6 with 5% nea*inactivated
plasma with 2r triturations. The cell suspension was diluted
to 3,0 x 104 cells/ml in medium sc6 with 5/" heat-inactivated
plasrna seeding medium and 4 rn1 was add.ed to each of 6-60 mm Lux

dishes, For secondary ee1l eultures to be grovrn in chicken serumo

nedium sc6 r,vith 5% colorado chicicen serum v,¡as substituted for
medium SC6 with 5/, heat-inactivated. plasma in the seed.ing nedium"

¿t



fnfection of Seeondary Cultures çrith Rous Sarecma Virus

The cel-ls were incubated for about 24 hours after pas-

sage" Then the groltÌr medi"um was aspirated and replaeed with 2.0

m1 ner dish of Sehmidt-Ruppin Rous sarcona virus inoculurn to 3

secondary euLture dishes and 2" 0 m1 of control inoculum was added

to the remaining I dishes. The virus inoculum was culture fluid
medium SC6 with 5,4 neat*inactivated plasma from d,ensely infected
tertiary cultures and the control inocuLum was from respectiue
tertiar¡r normal ce11 cultures. The inoculums were stored in
ptastic 10 ml tubes (parcon) at approximately -65oc and. thawed,

out in a 42oC water bath upon immediate use. Similarilyu inoeul-
ums were made for secondary cultures grown in medium SC6 v¡it.ln 5f,

Colorado ehiclcen from infected and non-infected tertiary eultures
grown in medium SC6 with 5ft colorado chicken ser'¿m" A.fter the

culture medium containing inoculum had been added the dishes were

put back in the warm noom for 3 hours, in an isolette rocking I
cycle per minute. The inoculums vrere rernoved and 4 ml of fresh
eulture medium per dish was added and changed every 2nd d.ay"

The secondary eu}tures were grown for J days at which time the

Rous sarcoma virus-infected and normal cells were confruent.
The infeetion was complete Ln 2-3 days" Detection of complete

infection can be visibly observed, when the infected cetls have

a spinrile-shape morphologyu smooth surface and refractile appear-

ance. Similar morphoj-ogic changes have been observed in chick
embryo and chieken fibroblasts infected with Schmidt-Ruppin Rous

sarcoma virus (18, 35), îhe normal fibroblasts are fan-shaped
with a ruf fling merabrane appearance e

2t+



Prenaration of Tertiarv Norrnal and Infected Cultures

Passage of secondary normal and Rous sarcoma virus-
infected fibroblasts was by the same method as passaging of
prinary fibroblasts e exceot for procedures after suspension of
the ceils. The cells were suspended separately (normal and RSV-

infected) in the same growth medium used for secondary cultures"
After suspension the cells were diluted inio seeding growth

medium¡ The norrnal cells were diluted in the seeding growth

medium to 6. O x 104 cel1s/mI, the RSV-infected, fibroblasts were

diluted in the seerLing growth med.ium to 3.C x 104 eells/m1. The

seeding sro',vth medium was kept in Nalgene bottles and agitated
using right angle shakes every so often during seeding in or.der

to get an even distribution of cellso For experiments lJ mm Lux

dishes were seerled by pipetu adding 2 ml of med.ium per d.ish"

The dishes were immediately put into the r{arm room in the isol-
ettes" Next day the tertiary cultures were changed to test medium

and chaged on day 2 and every day untiL the termination of the

experimental trial" If tertiary cetls were needed for quarter-
nary cell culturesu large 60 mm Lux dishes were seeded, instead
of smaller ones" rf necessaryu passaging of tertiary to quarter-
nary cultures for experimental trials was exactly the same as for
passaging secondary cul-turesu .4.11 of the experirnental trials were

as tertiary cultures.

Freparation of Sera and Plasma

?5

rnental

chicken

ehicken

îhe growth mediums for stoclc cuiture dishes and experi-
trials were mecì.ium SC6 (Âppendix C) r.vith 5% Col_orado

serum (Coloradou Ðenver) or fresh heat-inactivated.
plasma.



Commercial Sera

For experimental trialsu Col-orado chiclcen serum was

used inainly instead of GItsCO (ltew York) chiclcen serumr ãs the
celLs seemed to grow slightly better in the former" Commercía}

sera u=eA for test trials wereo human sera (GItsCOu non-reactive

for HBs Ag by RI-A)u fetal bovi_ne serum and calf serum (GIBCO),

The sere were'kept frgz,en at -2OoC anC thavred when needeC"

Human placental cord serum rc,as a Sift from Dr. id. Ray (pe¿i-

atrics, Winnipeg, Ì{ealth Science Centre)"

Blood co1]eetion for Preparation of chicken Flasma and sez'um

bloodu methods were used that were developed by S. Balk" lviature

coclçerels (1 year) u specific pathogen-free, Complement-Fixing

A.vian l,eucosis virus A.ntigen-Negative (coFAl-negative) were bted

from the wing veins. Alternate wing veins were bled on alternate
weeks to a'¡oid damage to the veins" The cockerels were not given

food I7-2A hours before being b1ed, thus allowing a yield of
clear plasma' relatively free of visible J-ipid. Using a Butterfly
#rg infusion se'f , L9-6 diameter (¡.¡¡ott rrer-and. Ltd.., sLigo,
Republic of rreland)r the needre r¡ras inserted into the vein.
.A period of 10-15 seconds were allorved for the vein to contract
around the needle, then the adapter end rvas snipped off. Forty
drops of blood are allolved to run througho ârd discard.ed to clear
possible tissue thrornbroolastins at the site of needle insertion.
The blood vras collected in steril-e, siliconized unstoppereci l-OO

x 1ó mmu ll?00 vacutainer tubes (gecton, Dickinson & cco o i.,/iissis-

sauga, cntario), that were agitated constantly while being held

In preparing plasma and serum from freshly collected

26
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i-n an ice water bath" Six to twelve birds were bled at a time

in this manneru about 2 tubes per biro with a tirne reference of

about 6O seconds per tube. The bl-ood was immediately oooled

(after each bird is bl-ed) in a sterile, Nalgene bottle piaced

in a covered ice bucket fulÌ of ice water.

The above methods are basic procedure used in colleciing
blood for preparing heat-inactivated plasma, heat-inaetivated
serum and serum from clarified plasman

Preparation of Heat-inactivated Chicken Serum

In preparing heat-inactivated serum, J0-60 mls of blood

was clotted in a 2-Iitre sterile, ro}ler glass bottle placed

on rollers (nettco Glass Inc,o Vineland, N"J.) set for 4 cycles

per minute in the warm room (41.9oC ) " The clotting process was

complete in about I-2 hours, then the clot was ctislodge<i with a

sterile pipet and left in the warm room for additional l-4 hours

(total of 5 hours in the warm room), The expression of serum

was cornplete after J hours with littre hemolysis taking placeu

Then the serum is eentrifuged at 2r75A x g for Ì0 minutes and

placed in a 56oc water bath for )J minutes to be inactivated.
the ehiclcen serum inactivated is then frozen at -20oc until
needed.

lrgo,al?ti on sf -H_eat-Inact_i-va.ted Chicken plasma

In preparing heat-inactivated chicken plasma pooled blood

was dispensetì into sterile Nalgene conical centrifuge tubes

(20 m1s per tube) and centrifuged. at ?00 x g for 20 minutes at
4oc u bra.lce set at 1" The prasma r¡ras then poured off into fresh
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Nalgene tubes (40 mrs per tube ) and centrifuged. loo x g for 30

rninutes. .{.gain the plasma uias pour.ed. off and centrifuged. at
5s000 x g for l0 minntes, This last step is repeatedn to give

a total of 4 centrifugations" The nrocedure of centrifugation
removeci the forrned eiernents from the blooi,. The clarified, plasma

was then pooled in a Nalgene bottle u d,ispensed into stoppered.

vacutainer tubes and. p1-aced in a 56ac l¿ater bath f or JJ minutes"
This procedure formed a copious fibrinogen precipitate. The

clarified plasma was then poured off in J0 ml centrifuge tubes,
frozen and tharved three tirnes and then spun at zr?5a x g for 10

minutes, 4ocu to remcve any funther. precipitate. Thís plasma is
then referred to as heat-inactivated plasma (heat-d.efibrinogenated

plasma ) ,

hepaqation of Serum from Clarified. Chiclien pla

rn preparing serum from clarified chicken plasma, the
procedures for preparing plasna were used and after the fourth
centri-fugation the plasma was poured into a sterile (20 mr) poly-
carbonate centrifuge tube $rith a serew cãÞo The tube was placed

in the warm room (41"9oc) for lB hours, ât the end of this period
a thick clot had developed" The prolonged. clotting period alLows

a good serum expression of the elotted plasma and. exhaustion of
the blood coagulation enzyme factors" The tube is then centri-
fuged in a Beelcman moriel- L5-65 (f ¡60 rotor head) ultraeentrifuge
at 110e000 x g for 2| hours. This ul-iracentrifugation converts
the thick plasma clot sheet into a small button at the bottom
of the tube. The supernatant-serum from the clarified nlasma
is then frozen until need,ed.



heoaration of lle¡arinized Chicken Plasma

In preparing he;oarinized chieken plasma the process was

exactly the same as for plasma except in the blood collection
procedure, For heparini-zed plasma, 9,9 mls of bLood vras col-
lected itr &700 Vacutainer +r,ubes (marked. at l0 mI level) contain-
ing 0"1 ml of 2000 unitsr/rai- heparin sodium salt (0rganona Canada

Ltd"u Toronto). The blood eollected has a hematocrit value of
Iþ5'5M and a heparin concentration of 20 units/¡n]. ',^fhen centri-
fuged for plasma preparation as described above ¡ the finaL heparin
concentration in the clarified plasma was approximately 4O units/
ml" rn culture medium used for experirnents consisting of 95

parts syrithetic medium J parts heparin 40 unitsr/ml plasma, the

final heparin concentration in the culture medium was Z units/ml.

Preparation of Chiaken Serum Ultrafil"trate
The method for commercial chieken serum ultrafiltratíon

was done as described by .A.l{rc0N, lvlass" (Roduct Bulletin zl0e

t{ay 1968)" .4, number B dialysis tubing (Fischer scientific,
Pittsburgh, Penn" ) was used, This tubing has a width of 1 centi-
meter rvhen flat and d¡'y, and has the ability to retain material
of molecular vreight 12r000 or higher" The tube was boiled, in
glass distilled waier for thirty minutes" One end. of the dialysis
tubing was firmly knotted and suspend.ed in a Z-Ìitre vacuum flask
by means of a glass funneL in a one-holed stopper. The funnel
was filled with GIBC0 chi-cken serum to allow a continuous drain-
age into the irnottecl dialysis trrbing while a vacuum (r55r torr)
was applied to the flask, The ultrafiltration rvas carried out
in a coid room (4oc)" After 24 hours, the serum ultrafiltrate

?g



was collected from the vâeuum flask and steril_ized with 0,t+5u

millipore filter in a Swinnex adapter"

AMICOIi Serun Filira-tion
ijuman and ehj-cken serum (GIBC0) was fractionateci to

determine an approximate molecular weight range of the mediurn

change response inducer. .4. l,{oCe} 10 type .A,MIC0N ultrafiltration
pressure ce1] (ÀMrc0î{ corponation, Lexingtonu l4ass, ) which has

a magnetic stir bar, 10 ml maximum process volume and. filter
selection dj-ameter of 2J nn was used.

For filtration fractions of molecules under 50r000 d.alton

a 2J mm Ðiaflo (A.I'îICON) Xf'4-50 filter capable of retaining maero-

solutes larger than 50r000 dalton was used, Frior to use the

filters were washed and soaked overnight (4oc ) in double dis-
tilled T{t0 to remove glycerine plasticizers. The filter was

placed in the.A.Î{ICON cell vrith the shiny side towards the serum

to be filtered" Seven ml of serum was added to the celI and was

replaced to this level during the fractionation, continuall-y un-

til total of 28 mls of serum had been poured in the cell ehamben"

A gas pressure of ?"8 kg/sq cm was applied with N, gas. The

filtration was carrj.ed out in a cold roorn (4oc )" Total tíme

of filtration was 3 hours (approximately 10 mt per hour) " Both

serum filtration effluent and retentate were used. immedìatelv

for experiments"

In fractionating serum for molecules less than 100r000

dalton the xiri-jO filter was replaced with a xtl-100 filter" The

Diaflo XI''1-100 filter retains moleeules 1-arger than ]O0rO0O dalton.
Exactly same procedures viêtro followed as for the Xi,1-50 fittra-

?n



tionu except that the pressure r.ras reduced. to 0" ?

gas. Boih serum filtration effl_uent and retentate
and used immedÍ-atery. For more deiail instruction
filtration refer to the product Bulletin zl0e lrlay

C orporaiion"

lfeparation of ÐiaIyz_ed Cligken Sgrum

GIBC0 chíclien serum was dialyzed using a number I (Fiseher)
dialysis tubinge as was used for the ultrafiltration, The tube
was boiled in glass distilled HzO for thirty minutes, One end

of the tube was firmly lcnottedo then 2 n! of serum was pourecl ínu
and approximately 1 centimeter above the serum miniscus another
knot was tied. thís small cylinder was then suspend,ed in a beaker
containing 2000 mr of 0,9/o saline solution. The serum was di-
alyzed in the cold. room (4oc ) u with a magnetic stir bar used to
stir the saline solution. After every 2b hours for j times the
saline solution was removed and replaced. with 2000 ml fresh solu-
tion" .A.fter the third time peniod the dialysis tube was removed

from the saline solution and the dialyzed serum was drawn up by
a syringe" The diaryzed senum was then sterilized, using a o.q5
u millipore filter"

Plasminogen-free chicken serum preparation and plasrninogen
Is olation

Kg/sq. cm Na

were kept

of AlvlIC0N

L968, .4t{rcoN

3L

Chicken plasninogen was prepared by affinity chromatography

as was plasrninogen-free chicken serumu by the methodology of
D" Loskutoff (109)" The same lot of commercial chicken serum

was used in the preparations" Deplasrninogenated chicken serum
v¡as 9916 prasrninogen-frees âs juciged by direct fibrin plate assay
using the plasminogen activator present in cul"ture medium con-
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ditioned by RSV-infected fibroblasts, Plasrninogen lvas isolated
from J0 rnls of chicken serurn and. kepi in phosphate buffered

sali.ne.

Five units of human plasminogen \.Â¡as oìttained from SIG¡,1A.,

l''lissouri. A. unit ciescription defined by srGl,rÂ. is: I unit will
Ìrroduce a Del-ta Ar* of 1"0 in 20 minutes at pi{ ?,5 at 3ToC,

when rneasuring perchloric acid soluble products fromc{-casein
in a final volume cf 5.0 mls.

Preparation of A.l(Oti), A.bsorbed äeat-Tnactivated Chiclcen plasma

The addition of A1(0lI)3 (Amphojel gel, '+ryeth Ltd. e

Toronio) to heat-inactivated plasma witl remove most of pro-
thrombino faetor xu factor rx and factor vrr present in the

olasma (tto¡" A 1;1oo ditution r^¡as made in a J0 ml centrifuge
tube (Amphojel get to heat-inactivated chicken plasma). The

tube was put on a Belleo rocker platform set at 16 cycles per

minute 2 x 30 minutes. .{.fter the first 30 minute shaking period
the tube v¡as spun at J000 x g for 10 minutes and then put back

on the roclcer platform for l0 minutes" The absorbeci heat-
inactivated ehiclien plasma was used without further preparation.

Culture l\{edium

culture medium was made up of 95 parts of synthetic
rnediurn 6 (scó¡ Appendix c) with J oarts chicken serum or heat-
inactivated chiclcen plasrna for growing stock and. experiment

trials. Cal-cium content of heat*inaetivated chicken pLasma or
chici;en serum is 2"5 mif. rn culture medium sc6, calcium free
nith. J4 chicÌcen serum or heat-inactivated. prasma the calcium



J3

concentration v¿ou1d be 5f, of 2"J mlÏ (0"125mm)" The calcium

concentration of SCó is 1.2 ml{o thís is made by ad.ding 100 mt{

CaCI, concentrate to SC6, calcium free (A.ppendix C). Very low

calcium concen'Eration med.ium (-to-51¡) vras prepared, by combining

90 parts of calcium free s3nnthetic mediurn, J parts of 2"5 rnm

ethylene glycol bis (B-arninoethyl ether)-NrNrNl uNl-tetraacetic
acid (EGîA.) ano 5 parts serum (calcir-rm 2,5 mr.d). The nragïìesium

concentration of plasma is 1.0 ml!l. In medíum SC6 with 5f" heat-
inactivated plasma the magnesiun concentration is 0. f mi{. when

rnaking reduced magnesiurm cul-ture rnedium (l\,1g2+=O.L5mlr{) 100 rnlrd MgCl,

concentrate is added to SC6, calcium free, rnagnesium free-j/, heat-
inactivated chiclcen plasma (culture medium u¡ith 5% heat-inactivated
pl-asrna ccntains 0" 05 mM magnesium),

Aeents Used

Protease inhibitors vrere dissolved ín rnedium SC6, calcium
free before being dituted into serum or plasrna containing medium.

Frotease inhibitors once dissolved in SC6u calciurn free were

frozen (-2coC) until needed. T,eupeotin and antipain were gracious-
Iy provided by Dr" i{alter Troll (¡¡ew York University i{ed.ical
Center) via the U,S.-Japan Co-ooerative Cancer Research program"

Heparin was obtained as a sterile solutiono l0rO00 USp unit per
ml concentrate (Organon Ltd" 0 Toronto). Epsilon-Aminocaproic
Acid (EACA ), Gamma-Aminobutyric-.4cid. (c¡8,q.), lysine llcr, benza-

midine u TT,CK (t'l- o( -p-toxyl-L-lysine, choloramethyl Ketone hyd.ro-

chlorii.e) vrere obtained from srGi,lA. soybean trypsin inhibitor
and lima bean trypsin inhibitor were o'otained from Worthingtonø
Incn (Fteehold, N.J. ) and Tra syJ-o}. (pancreatic trypsin inhibi-
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tor) from Vlobay Chernical Corp" (New York, N,Y' ). D-600 Hydrochlor-

id r.ras obtaine<i from Knoll .4.G Chernische Fabrilten. N2 u 02' -Dibu-

tyryl .Ad.enosine 3' ,5u-Cyclic Ùlonophosphoric acid (Dbc )'u Ju-cyclic

A.iilp), A.denosine ju-ì,,lonophosphoric acid (5'o-A.|Y{P) and EGTÀ were

obtained. frorn SfGi',1À. They vrere all dissolved in SC6-caleium free"

phorbol--l2-rnyristate-l-3 acetate (pirtl¡ SIGI'1A.) and divalent cation

ionophore A23l-B7 (a gift from Eli Lil1y Co. Indianapolise Tnd. )

were dissolved ín 99/, ethanol. Human serum albumin was obtained

from the Winnipeg ilealih Science Centre Chemistry Lab" s and bovine

serum albumin u¡as obtained from SIGI'IA..

Cell Count Þocedures

Test culture rnedium was aspirated off the dishes and 1.0

ml- of cornptr-ete coun¡ solution (A.ppendix D) was added to eacir oish'

The dishes vrere put baclc into an isoLette a for 1 hour on a roclier

set for @I cycle per minute u in the warm room (¿lÌ. 9oC )" Âfter

l- hour the d,ishes t'lere brought out of the warm room' all the cells

had been trypsinized and deattached from the culture surface"

lhen 2 drops of CaCl, 20 x (A.ppendix D) and 2 drops clarified

ealf serum were added to eaeTr dish to prevent cell destruction

du.ring trituration"
The culture dish medium in each dish was then triturated

21 times with a Pasteur pipet to wash off any remaining cells

frorn the eu.lture dish surface, This triturated (t mt) medium

was transferred to a aecuvette (Coulter Eleetronicsu Inc" u Hialeah'

Fla.) containing 8"9 mls of Isoton solution (Coulter Electronics,

Inc. ) and then the cells v¡ere counted on a Coulter ¡{odel ZF

Electronic Cell Counter using a 100 uUI aperture" the foÌIowing
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settings were used to get the best display and counts on the

oscil-loscope screenu amplication set-r"ing at 1u aperature eur-

rent frl8 m¿.i¡pS and threshhol-d at 6. The Coulter counter rvas

set at the above seitlngs to alLolv cel} counts only, not <iebris"

After the counts were reaci *rhey were corrected using a coincid-
ence correction chart, issued by Coul-ter Counter Electronics,

For gror,vth crtrvese each experimental point represents

the re*.rj SEt,'i (Stanciard, Error of Vlean) of z culture dishes.

The biometrics were done on a SR-52 programable calcuLator"

I'ngtogqåohy

Photographs of the cell cultures were taken using a

NIKON 35 mm canera il1-35s (wipponu Kogkuo New York) with an,tFtriB

attachment. The camera and A.Fl/lB attactinents were mounted on a

T,eitz ',{etzlar Diavert inverted phase contrast mieroseope (Ernst

LeLtz Ltd" e Ontario), Blaek and white pictures were taken with

Kodak Tri-X pan filn (135*36) " Photograph deveJ.opíng was done

by Erika Jahnke, pathology department"
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Ðescriotion of the l¡ledium Cha

I'iormal chicken fibroblasts have a fan shape and form a

rel-atively "regularut growth pattern in ce11 culiure (Figures

Ae B). Chiclren fibroblasts infected with the Schmidt-Ruppin

strain of the Rous sarcoma virus have a spindle shape and form

an "irregular'u grcwth pattern in culture, such as growing on

top of each other forming 'ocriss-crossesuo (Figures C, Ð).

l^Iithin 5 minutes after change to fresh chiclcen serum or heat-

inactivated chieken plasma-eontaining mediumu most RSV-infected

fibroblasts in a culture assume a round shape, de'bach partially
or conrpletely from the eulture surface in moderate or high densi-

ty cultures and forn large aggregates (figures Eu F)" Irnmeoiate-

Iy after the mediun¡ change the RSV-infected fibroblasts undergo

blebbing of the p}asma menbrane prior to rounding (Figures G,lI),

fn the case of moderate or high density culturesu where cellular
aggregates form, aggregation elosely follorvs cellular roundi-ng

and detachment. The aggregates formed appear to j-nvolve re-
traetíon of portions of the cell monolayer (nigure E). This

series of changes reaches completion within five minutes¡ as

noteri above o ârrd proceeds at room temperature or in the ee1I

culture incubator" I have ealled the cellular roundingu detach-

ment and aggregation that follow medíum change the "medium change

response" (Ì,,lCR)"

The IITCR is not obsenved in con'brol eultures of "norrnal"

(non-infecteC) chicken fibro'olasts" Normal fibroblasts have

RESULTS

F.esoonse

36
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been very carefully observed imnediately after fresh nedium

change and up to several hours after" I have developed a

grading system determining the strength of the t/lCR, involving
a visual analysis of ¡he llCR on RSV-infected fi'orobLasts under-

going lvl0R and su'osequent ccnsequences of the response. Figures

Ie J0 Ke T, show a description of the strengths of the I¡ICR that
may occur.

The roagni,tude of the I{CR was graded on a 0 to 4 scale,

Zero refers to no l,1CR, A. MCR of '1¡' involves few cells (^25/r)

rounding up with no dramatic change of the monolayer (Figure r),
A. l4CP. of 1i2e0 j.nvolves few to many ceLls (^.5V/,)rounding up with
ehanges to the monolayer such as formation of small gaps in the

monolayer, and eells rounding and forming aggregates (Figure J).
A. MCR of '30' invol./es many cells (^75%) rounding, formation of
large aggregatesu retraction of the ¡ronolayer at certaj.n areas

and formation of large gaps in the monolayer (Figure K) " Final-
1y, the highest strength illCR is tr4re 0 which is when most ceLls

round up and the monolayer is completely disrupted and consísts

of large and smal] aggregates of rounded up cells (Figure L)"

After the I{CR has occurred, essentially all RSV-infected

fibroblasts in low density cultures re-attach to the cultu¡'e dish
surface and spread partially within t hour and completely within
2 hours, Failure of a fraction of infected ceLls to emerge from

aggregates appears to be responsible for the ultimate presence

of eell clunps in high density cultures of RSV-infected fibro-
blasts that have been subjected to daily medium ciranges over a
4-5 day period (pigures lilu N, 0e P), The presence of such clumps



in high density cultures is generally eonsidered to be a
characterístic of Rous sarcoma virus infection (25). No celL
clurnps are present in high density cultures of normar fibro-
blasts (Figure 0)"

The i4CR is observed in RSV-infected fibroblasts usually
after i days of infection as secondary cultures. As tertiary
and quartenary curtures the RSv-infecteci fibrobl-asts give a

strrrng l'lcR" ExperimentaL trials were with tertiary cultures
sinee the resul-ts were similar using both tertiary or quarten-

ary cultures. The virus infection can be observed when normal

cell-s adopt a spindle shapeo usuaLly occuming within two days

of infection; the ¡'{cR forrows a day or two later. visible ob-

servation along v¡ith proliferative rates is used to determine

the extent of infee-Lion"

The possibility of the McR oecurring only on Lux contur
dishes was exami-ned. Falcon culture dishes were used and were

found to give results identical to the Lux contur d.ishes"

$qtivities of _P]-gslqa- se¡a from various species (Tabre 1

?R

Chicken pl-asma and chicken serum (5%) are equally
effective in inducing the l,TcR. The lvlcR occurs when fresh
ehieken plasma or serum is added to unchanged cultures as wel]
as occurring when these cultures are changed to complete med.ia"

Heat-inactivation of chieken plasma or serum d,oes not alter
their ability to induce a l,lcRu rn addition to chi-cken serum

or prasma, a fulr-strength l'lcR is induced by human adurt or

wnbilical corC ser:um, bovine calf serun and fetal bo.¡ine serum,
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There is no difference between commercial chicken serum

and freshly nrepared chiclçen serum in producing a MCR" At the

same time there is no difference bc'tvrê€ïl freshly made heat-
inactivated chicken nrasma anci freshly made chicken serum in
producidg a I{CR"

The ivlCR does not occur v¡hen spent (incubated on cell
cultures) chicken plasma or serum containing medium is aspirated
frorn and then returned to another RSV-infecied cell culture as

a mediun change (Table 3) or when spent mediurn is replaced. with
serun-free synthetic medium; these results indicate the ItjCR d.oes

not have a physical basis and that the I[cR does not occur in
response to a crystalloid present in the synthetie medium" A.d-

dí'bion of albumin, in syi'rthetic culture medium, d.oes not induce

the l,iCR 
"

The MCR occurs at full strength vrith medium containing
chíeken serum at concentrations as low as 2% and, is still ob-

servedr although at reduced. strengthu with serum concentrations
as low as 0.5% or o"25/" (Graph 1)" At these 1ow concentrari-ons

the l4CR is reduced and the reaction tirne is slower (t+-8 minutes )

compared to the faster reaction at higher concentrations.

Addition of medium SC6 with-5Ø serum of 'elarífied chi.cken

plasma on a curture medium ehange produees a picR of ,lçot (ra¡te z)

RSV-infeeted fibroblasts grown in medium SC6 wit]n 5% serlrn of
elarified chiclien plasma show no reduction of the IdcR. These

results indicate that the IvICR does not lilcely i-nvolve one of the

blood coagulation cascade faciors. I,riost of the major factors
would be used uD in the exhaustive clotting of the plasma,



l,oss of Chicken Serum or i{eat-Inactivated Chicken Plasma
Culture îdedium A.bility to Induee IICR (lable )n SgaBir 2)

A.fter 5 hours of exposure to moderatel-y dense cuLtures

of RSV-infeeted fibroblasts or uenormain' fibroblasts o culture

rnedínm containin1 54" serum will no longer inciuce the irlCR lvhen

transferued to other dishes of RSV-infected fibroblasts" Serurn-

contaíning medium that is incubateci in culture dishes without

cells 5 or 24 hours shorvs no dirninution in capacity to induce

the UICR when added to RSV celL cultures" these observations

suggest that the serum cornponent(s) that induces the ùiCR is
inaetivated or consumed by both cel-I types during the period

of incubation"

Transfer of medium, 3 to 10 minutes after mediu-rn changeu

from RSV-infected cultures to euLtures of o'normal0' fibroblasts
does not result in detachment, rounding or aggregation of the

no¡r'¡ial fibroblas*r,s" These cu.Ltures upon addition of RS1¡ cul-ture

nredium after several hours showed no indication of a MCR"

.A.etivities of Serurn Ullrafiltrates and DiaJyaed Sqrum (lable 4)

40

the i'{CR is not induced by ultrafiltrates of chicken or

human serum prepared with a molecular weight eutoff level of

approximately 50,000 daltons. This ultrafiltrate was added to

cultures undiluted as wetl as at a concentration of 5/" in syn-

thetie medium" In additionu no I{CR was observed when the 50r000

da.lton cutoff ultrafiltrate r,¡as added to spent complete medium

at a final concentration of 5%" The retentate was added in

undil-uted form and in a concentration of 5% in s¡mtiretie meriium

to eultureso producing a liiCR of ûó40{@
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the IviCR is induced by ultrafiltrates ' both diluted and

undiluted (sFr) , of chiclçen and human serum prepared with a molecu-

1ar weight cutoff Level of apnroximateiy 100s000 daltons, A

fu1l i{CR rvas induced by the undiluted ultrafiltrate indicatíng
that induction of the PitCR involves a serum (pl-asna) macromolecule(s)

in the a¡proximate moLecular weight range of 50r000-100e000

daltons. ALso this r-rltrafil-trate was added to spent culture

medium and proouced a strong I\4CR. The MCR occurs upon addj-tion

of exhaustively, riialyzed chiclcen setrum, suggesting that the in-
ducer is the 50,000-100r000 d.alton macromolecule (s) itself ,

rather than a small molecular weiEht molecule bound oso the macro-

rnolecuie.

Heat Stabil-it:r of the t/iCR rnducer Macronolecule(s) (Table 5)

Chicken serum v¡as boiled fon L hour and added to eultures

in diluted and undiluted forrn. The :undilutede boiled serum gave

a fulL strength illCR vrhile the díLuted (5Íá boiled serum in medium

SC6) gave a l4CR of e02teø Chicken and human serun were bciLed for
2 hou:'s and added di-luted and undiluted (5%) to eultures, The

chiciren serun bo-iled Z hours gave irìentical results as when

boiled fon I hour. The 2 houn boiled human serum diluted and

undiluted gave a full strength il1CR indieating the inducer macro-

moleeule(s) has considerable hoat stability, perhaps more so than

the chicken serumô Preeípitated proteín molecules of boiled

serum may protect the denaturíng of other protein molecules

so possibly the ivl0R j-nducer macromoLecule(s) couLd have been pro-

tec'sed by -ûhese preeipitated proteins"



Activities of Flasminogen and Cells Grown in
Ðepl4s¡4inogenaterl Serum (fable ?)

plasminogen in an amount equivalent to that present in medir¡m

containing 25% chicken serumo Chj-cken plasminogen IZS% serum

equivalent) was arided to spent cuìture mediunn but after ob-

servaticns for I hourc flo MCR was detected. The ¡4cR occurs,
at fuli strengthu whan deptasrninogenated chieken serum vras

added to cultures of RSv-infected fibrobl_asts, regardless of
whether the RSì/-infeeted cells had been cultivated, i-n standard.
medíum or had been eultivatedo ab ini_tiou in medium containing
olasminogen-free chiclçen serum. Normal fibroblasts were culti-
r¡ated as secondary cells in plasminogen-free chicken serurn,
infected with plasminogen-free chiclcen serum Rous sarcona virus
inoculurn and subcultured. to tertiary cuttures in plasminogen-
free chicken serum curture med.ium" These observations with
pLasminogen-free serum and plasminogen índicate that plasminogen
is not the inducer of the l,{CR and. that the ltCR does not involve
activation of plasminogen and does not involve plasmin"

The t,,fCR does not occur upon addition of chicken

+¿

Effeet of protease
IyICR ¡Tables 6, Tu B

Protease inhibitors and other agents in culture med.ium

were added to tertiary RSv-infeeted fibroblast cultures on the
third day after passageo cn the third rlay the cultures are
always subconfluentn flat with few clumps and a good strong MCR

occurs upon addition of chicken serum or heat-inactivated chieken
plasma eontaining curture medium. 0n day 0 ancl z there are nct
enclugh eel-i-s tE: eb'tain u. good evaåuatåan oXl the irlÇR. q+hi1e on day

Inhibitors and T{eparin on the

4 nost of the cells are in clumËs"

":iÈ-."-æ
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the TJICR ceased to occur after RSV-infected fibroblasts
had been eultivated. for J ciays in medium that contained fo-5¡n

leupeptin or 2 units,/mÌ heparin (Table 6)" Concentrations of
protease inhibitors had to be found ihat would. ínhibit the tlICR;

but at the same time not red.uce the cel-ls prol_ifer.ative rate
(Graphs )o 4). Antipain could prevent the l,{CR but would. clecrease

the proi-iferative rate of the ce}ls. Partial abolition of the
tlCR was observed when RSi/-infected fibroblasts were cultured in
the presence of 10-6r, t"upeptin, :.0-51¡t, l0-6M antipain, at l0o
ml4 or rower concentrations of F,{cA and G.å.8¡1, ro0 us/nl soybean

trypsin inhibitor or looo Kru/ml Travsylor (taute 6). rn trials
were the I/ÎCR was partially inhibited after the cells had, been

cultivated for several days in an inhibiioro a hed.ging pattern
of the ceils oceumed" Blebbing was often more pronouncedu as

though the cells were trying to proctuce a l¡lcR but were prevented
after the blebbing stage"

fhe RSf-infeeted fi'oroblasts showed simitar IITCR v¡hen

cultivated in chietcen serum or heai-inactivated chiclcen pJ-asma

culture medium eontaining these protease inhibitors (Tabì-es 6n T),
Lysine onry partially inhibited. the IITCR at r0 ml4. i{ígher con-
eentrations were toxic and lov'rer concentrations d,id, not inhibit
th¡ LíÕI]¡¡¡v¡ I a

rn presence or to-5ivi leupeptin or z units/mI heparin,
high density curtures of Rsv-inT'ected cells manifest a flat,
rather than a clumped appearanee on day 2u 3 and 4 (nigures Rrs).
The rnorphoJ-ogy of indivicual RSV-infected celrs was not, howeveru
affected by either of these agents. The MCR does not occur
when cerls which have been cultivated in 

'he 
presence of leuÞe'_
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tin or heparlnr were r.vashed and exposed to fresh medium without

eiiher aqent.

lleither J-euneptin, at eoncentrations up to lO-3t,,tu nor

heparinu ât concentrations up tc 1000 units/ml were ca.pabie of
abolishíng the i\rlcR when added. to cul-tures for the first time

with fresh chicken serum or heat-inactivated chiciien plasma

contaínïng medium (Table B). Leuoeptin and heparin at the abor¡e

concentration were added to serum eontaining medÍum 5 days before
the medium was used¡ this mediun: produced a full-strength ivlÇR"

This fin<iing indicates that these agents do not act by binding
slowly to any serum component butu rathero that they act on the

cultured R.sv-infected fibroblasts themselves" Leupeptino heparin
and EACA are serine protease inhibitors, suggesting that a serine
protease may be involved in the lviCR. TLCK, a trypsin titrant,
was dissol-ved in serum containing culture medium and add,ed. to
RSV-infected fibroblastsu the HICR was not reduced." CeIls were

not grown out in medium containing TLCK due to the unstable and

toxic characteristics of thís agent.

Ampho je1 (er 106¡, ¡ was added to heat-inactivaied. p] asma

to absorb the serine proteases prothrombin, factor Xo factor IX
and factor VII present in the plasmau however, a full strength
iì'fCR occurred after absorption (ta¡les Z, ?), RSV cultures grown

in absorbed heat-inactivated plasma showed no dimunition in the
MCR.

Rsv-infected fibroblasts seeded. in curture medium con-
taining 5% ]nepatinized (40 units/ml) chiclren pl¿sma and cuLtured
for a 4-day period shorved sirnilar I¡ÏCR overallu compared to cells
which 1.jere seeded in SC 6_Sø heat_inactivated, chicken plasna and.
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changed to SC6-5ø heparinized (40 units/ml) chicken prasma.

Seeding cells v¡ith other protease inhibitors affected overall
growih rates slightly" This indicates that the cell s are very
sensitive at the seeding stage and cannot cope rviti: the ad.dition
of protease inhibitor:s.

Effect of Frotease Inhibitors and Heparin on
Cell_ Grogth (Graphs l, 4f - 

-

RSV'infected fibroblastus proliferative rates were not
affeeted. in the Dresence or to-5tr Ieupeptin ar z units/ml
heparin in rrredium SC6 rvith 596 chicken serum when cultivated
for a period of 4 days (Graph J ), These eells were seed.ed in
mediun SC6 wj,th 5% chicken serum and. changed. on day O to roed.ium

containing the protease inhibitor. I.{eciíum SC6 with 5Ø chicken
serun was the eontrol" The control trial haci a slightry re-
duced final count of celjse this is most liÌrely due to the loss
of unattached cel-ls during medium aspiration for ce11 countíng.
The cultures cultivated with protease inhibitors were firmlv
attached to the dish.

Proliferative rates of RSV-infected. fibroblasts rq,ere not
affected in the Dresence of tO-51¿ leupeptin in rned.ium SCó wit¡- 5/"
heat-inactivated chicken plasma (Graph 4 ). The celLs \,l,ere

seeded in mediun sc6 with 5/" heat-inactivated, chicken plasrna

and changec. on day 0 to medium sc6 with 5/, heat-inactivated
chiclcen serum or medium SC6 with 5% heat^inactivated chicken

I

plasma u 10--r le uneptin.

of se¡'um containíng meclium of reduced (0,125mr,1)

A mariieclly redr_rced

idcR

iliCR vlas observed with
Table s 'ìrìì

ar" I

the addition
calcium concentra-
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tion (ta¡le 10)" The reciuced i',iCR was observed throughout a

4-aay period of cul-tir,'atlon of RSV-j-nfected fibroblasts in

medium with redueed calciu-¡n mediurn (Table 9). Â. slight reiiuc-

tion in strength of the l,iCR vras observed when media cf very low
((-10-'i't) calcíun concentration was aciCed for the first tirne"

This varied, however, perhaps due to the ability of, EGT.À. to

chelate calcium in the culture rnedium" The cul-ture medium was

prepared with EGTII a day before useo The ceÌls were washed

twice lvith PEG-CF to remove unbound calcium from the cel} sur-

faces.

Itlo reduction of the ill0R occurred when magnesiurn was

reduced (la¡les 9s 10).

iVhen divalent cation ionophore A.23LB7 was addedu at
eoncentratj-ons of 10-5ltt and to-6Nt no l/lCR was induced" (The

cells were observed for l0 minutes after addition of ionophore)"

The ionophore was used to determine if the ùiCR involved an

i.ncrease of calcium ion in the cell cytosol 
"

D-600u a calcium antagonistu at to-41¡ did not reduce

the iilCR upon fresh medium change (TabLe 10). RSV-infee*¡,ed

fíbroblasts cultivated in medium sc6 with 5Ø heat-inactivated
lt

plasmae IO-'st{ D-600 showed no reduction in IITCR. D-600 lvas used,

to determine if the MCR depends on caleium influx into the cell"

Effeet of Other .Asents on the IJICR

RSV-infected cells vrere cultivated rvitir Dibutyryl 3, u

5' cyclic Al,{P and Jc-A}iP in serum containing rnedium for a

period of þ days" No ulcR reduction was observed during this
perioci of cr.rltivatin (Table 1l)" Dibutyryl 3u, Ju-eyclic AI,ip

in medium sc6 was added to RSV-infected fibroblasts as fresh
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medium to inCuce the I'rlCRu however, no l,{CR was observed (Îable 2).

l,'î, '¡/eber reported that addition of Ðibut/rll 3u u Ju-cyclic AI{p

to cultures of RSV-infected chick embryo fibrobl-asts increases

their adherence (101)" In my results no increase of arlherence

of RSV-infected chicken fibrobras'ls was detected" Dibutyryl ju,
5'-cyclic A.i,,{P in nedium SC6 added to RSV-infected fibroblasts
for the first time did not produce a ldcR (observed for l hour).
Dibutyryr 3u u Js-cycric A.vlP had been reported to cause y-l- cell-s
(mouse adrenalcortical-turnor ce11 line) to round up (111).

3:[feqts_of Fhorbol-12-l,lyristaie-].3 Acetate on Ce]'t s

Secondary nornral fibroblasts were cultivated in chicken

serum containing meriiu.rn with 5 ng/n\ phorbor-r2-myristate-13-
acetate (pvt¿). By day 2 some of these ceLls formed a spindle-
shaped appearance similar to RSV-infected fibrobl_asts" 0n day

5 these celIs rrvere passaged in sc 6-5f" chicken serum , 5 ng/ml plrlå.s

and were then cultured in chickem serum containing medium v¡ith

5, 10u and J0 ng/nl PMA as tertiany cel}s and Later as quartenary
ceI1s. I{ore of the celLs in 5 ng/nL p}rTA became spindle shaped

(tr'igure T). Cell-s in 10 and 50 nS/nL Pir,{A became elongated u¡ith
a spindle shape identieal to RSV-infected fibroblasts. Growth

was reduced in the 10 and 5a ns/nL pMA cultures. These cells
l{ere cultivated v¡ith the various PIVIA concentrations as tertiary
and quartenary celLs, howeveru none of the cerls manifested a

n/rñÞ

Effects cf Continuous
libroblasis (Tab1e LZ,

An attempt was made to mimic the in vivo situation

l,{edium Changes on RSt/-Infected
Granh

by
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changing cultures of RSV-infected fi-broblasts to fresh medir¡m

at short intervals after they had sustained an initiaL MCR

(Table !?, Granh 5), ,¡lhen the curture rned,ium was changed, every
hour after the initial med,ium change u no l,ÍcR oceurs untir the

5th and 
'6th hour (a irÌCR oî l/z; Table L?).

culture medium that isas changed every 2 hcurs after the

initial nedium change gave a l,iicR of ,'If' after 2 irours and, a liCR

af ),/2 after ll hoursn culture rned.ium changed on the 5th hour

after the initial meô.ium change gave a MCR of 4, There seems to
be a 4-hour regeneration period, before the cells will prod.uce a

l''1cR (craph 5). These observations show that the t\{cR is abrupt
and accentuated when medj-un changes were rnad.e in intervals of 5

hours br.rt occurs at a low continuous level when medium was changed

often (every 1 or ? hours),

pH of Culture lvledium Containing Serunn or
Heat-Inactivated Plasma

lhe pä of culture medium containing serum or prasma in-
actir¡ated before being put on the cell cuLtures was @pi{ 7"1ç

(physiological pH standard), .A.fter the ad,dition of this medium

to RSV-infected fibroblasts for J minutes there lvas no ehange

in pH. Connplete cul-ture medium left on moderate or high d,ensity
RSV-infected fibroblasts for a day will become slightly acidic,
a pH of @6"8" Spent complete culture medium (6-hour incubation
of sc 6-5/" heat-inactivated. chicken plasma on mod.erate d.ensity
RSt/-infected fibroblasts) was found to have a pi{ of approxirnately

7.3. Spent eonplete culture medíum (24 hours incubation) rvith a
pi{ @ 6.8 was raised to pH f.4 by the addition of 1N NaoH anci

added to the RSV-eul-tures, No Ir{CR occurred,.
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Figure .{.n Subconfluent noflna1 ccntrol chicken fí'croblasts
in ceIl culture on day 2. Cel1s were grown in med.ium SC6 with
Jdo heat-inactivated chiclçen pì-asina, Tñe ceils have a fan
shape and a relatively 'fregularúr growth pattern (Cells are
flat' arranged in a parallel orientation)" Phase contrast X100,

Figure Bn Subconfluent normal control chicken fibroblastsin eelI cuLture on clay 2" Cel1s were grown in medium SC6 with
5% heat-inactivated chielcen plasma, The fan shape of the celLs
can be seen distinctty. the- swiriing pattern is- a charaeteristicof a ¡'regu1ar.' grorvth pattern of nornal control chicken fibro-bl-asts. Phase contrast X200" r
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Fisure C. Subconfluent Rous sarcoma virus-infected chiclien
fiËroblasts in celL culture on day 2" Cetls were grown in
medirrm SC6 with 5f" heat-inactivated chicken plasma" The cells
have a na.traw spindle shape with an 6'irregularo' growth pattern.
(Cetts grow on top of each other forming a criss-cross pattern)u
Phase contrast X100,

Figure D. Subconfluent Rous sarcona virus-infected chieken
fibroblas'ts in cell eulture on day 2" Cells were grown in
SC6 with 5f' neaçinactivated chicken plasma" fhe cells narrow
spindì-e shape ean be seeno The criss-cross "irregular* growth
pattern is distinct" These RSV-infected cells are also present
in the shape of a single or double pyramid (top right coiner)"
Phase contrast X200.
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Pigure 3, Rous sarcoma virus-infected chicken fibrobLasts
in cell culture on day J. Cells were grown in medj.um SC6 with
5Í chiclcen serun. 0n addition of fresñ chicke:i serum-containing
medium the F.Sv-infected fibroblasts assume a round shape or
shrink in size and detaeh partially or completely from- the
culture surface. ,{ggregation fol}ons cellular rounding and
detachrnent. In the figure retraction of portions of the cell
monolayer can be seen, Phase con'trast X100.

Fisure Fn Rous sareoma vírus-infected chicken fibroblasts
in-ce1l culture on day 3" Cell-s were grown in medium SC6 with
5% heat-inactivated chicken plasma. On addition of fresh
chieken serum-containing mediun the RSV-infected fibroblasts
round up and detach formi-ng aggregates. Phase contrast X100"
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!'igure Go Rous sarcorna virus-infected chiclcen fibroblasts
in"cell culture on day J. Cells llere grown in medåum SC6 with
5/, heat-inac*uivated chicken plasma, Immediateiy after addition
óf fresh chicken serum-containing medium the RSV-infected
fíbroblasts undergo blebbing of the plasma rnembrane prior
to rounding" Round fragments can be Seen detached from the
bLebbed RSV-infected fibroblasts. Fhase contrast X200.

F5"gure H. A.s figure G. Phase contrast X200"



5ó



57

Figure I, Rous sarcoma virus-infected chicken fibroblasts
in"eef:- eultuiã on d.ay J. Cell-s were grown in medium SC6
wLt:¡ 5/" chicken serum. On additíon of fresh ehieken serum-
containins medium the RsV-infected fibroblasts undergo a
I''TCR of rr1ìr (¿. tew ceLls round üP, small aggregates are
oresent but there is no dramatiò change of the monolayer)"
Þhase contrast X100,

FiEure J. Ror¡s sareoma virus-ínfeeted chiclcen fibroblasts
i;-;;if-öufturã ãn a"y 3, Cel1s were grown in medi'¿m SC6 with
t " chicllen serumo on- aãOition of fresh chiclcen serum-con'taining
íredium the nSV-infec{ea fibroblasts undergo a MCR of t'Zêa6 (Few

to many cells round uP" Changes in the nonolayer occur such
as formation of sma1l gaps witn many aggregates of cells).
Phase contrast X100.
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Figure K. Rous sarcoma virus-infected. fibroblasts in ce11
culture on day l. Cells were grown in rnedium SC6 witln 5/"
chicken serum. 0n aCdition of fresh chiclcen serLlm-containing
medium the RSV-infected fibrob'lasts undergo a MCR of '3"
(t'4any cells ror-md upu many large aggregates are formed,
portions of the monoÌ-ayer retraet, large gaps f orm in the
monolayer and cell aggregates oetach from 'r,he culture surface ).
Fhase contrast X100.

Figure L. Rous sarcoma virus-infected fibroblasts in ce11
eulture on day l" Cells grown in medium SC6 wlt]n 5/, chicken
serum, 0n addition of fresh chicken serum-containing mediurn
the RSV-infected fibroblasts undergo a IiTCR of ì'41t (ltTost cells
har"e rounCed [po the monolayer is completely disruptedp ãrid
large and small aggregates of ceLls detach from the culture
surface ). Phase contrast X100.
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Figure ief, Rous sarcoma virus-infected chiclcen fibroblasts
i-n-cell culiure on day 4. CelLs vrere grown in med.i-um SC6 with
5/" chicken serum" There is a large aggregate of rounded cells
in a clump" Spindl,e-shape cells can be seen projeeting out
from the edge. This is a typical.example of high density RSV-
infected fibroblast culture in SC6-5F, ehiclcen serum. Phase
contrast XI00.

Figure No Rous sarcoma vrrus-infeeted chicken fibroblasts
in cell culture on day 4. Cells were grown in medium SC6 with
5% chielcen serum, 0n addition of fresh chicken serurn-containing
medium spindle-shape eells on the edge of the clumps retract.
Blebbing can be seen on sorTìe of the celIs" Phase contrast X100,
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Figure 0. Rous sarcoma virus-infected chiclcen fibroblasts
in-ce}l culture on cay 4. Cells were grown in medium SC6 with
5;d, chicken serurî" Two large aggregates of rounded celis v¡ith
spinole-shaoe cel1s projeeting out can be seens Phase contrast
xl000

Figure ?u Rous sarcoma virus-irrfected chiclten fibroblasts
in cell culture on d.ay 4" Ce1ls r{ere grovln in medium SC6 with
5/' chi.cken plasma inactivated. Several small aggregates of
rou.nded cel1s can be seen" Spindle-shape cells project out
giving a stellate appearance, Phase contrast X100.
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Figure 8,. Normal eontrol chiclcen fibroblasts in ce11 culture
on-clay 4" Cel-ls were g"o*tt-'itt-mé¿iu* SCó with 5/' heat'-inactivated
chicken pfasma.- A flal *ottoiáyer of fibroblasts with a parallel
orientation is"se"n-iã tfii" tyäicaf norrnal control high density
eulture. Phase contrast Xl00'
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Figure Ro Rous sarcoma virus-ínfecte<i chielcen fibroblasts
ln'-ceff cr:lture on day 4. Ceiis were grcwn in medium SC6 with
J4" chicken serum, 2 units/ml heparin" A. flat monolayer of
óeIls is seen in this high density culture of RStl-infected
fibroblasts. The ceÌIs ñave a spindle shape and form an
"irregular" criss-cross pattern. Phase eontrast X100.

Figure S. Rous sarcoma virus-infected chicken fibroblasts
in"cell culture on d.ay-4, Cells were groïrn in medium SCó with
5/" chicken serum, I0 -)t't leupeptin" A. flat monolayqr of cells
i= seen in thís high density- cuLture of RSV-infected fibro-
blasts, The shape-and pattern of growth of the ce1ls is
similar to figure R. Phase contrast Xl-00.
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¡'rgure 'l e

eulture on day 2" Cells
serum, 5 ng/ml Pi1,'i4.. Some
adopted a narrowu spíndle
fn general the cells havetunormal" counterparts in
conirast X100"

tiormal control chielcen fibroblasts in cell
grown in medium SCó with 5{o chic}cen
of ihe normal control cells have
shape si-milar to RSV-infected ceIls,
a nãrrotser shape compared to their

moderate density cultures" Phase
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Test Reagenia

Human serum

5% Human s"rumD

IilEDIUftI C}{"{NGE RESPO¡ISE II'IDUCEÐ
BY DIFFERENT SERA

Human umbilical cord serunr

5% Human umbilical ccrd ."",r*b
Calf serum

?
5,4, caLf serum'

Fetal calf serum

5f, Petat caLf ="tu*b
Chieken serum

5% Cnicxen serL¡m (Commercial)b

Chicken serum (fresh)

TABLE 1

l'ledium Change Response

J4" Heat-inactivated (fnesh) chíeken

trledium SC6 without serum

72

4

It

4

4

l+

L+

l+

¿l

4

4

4

l+

0

ao 2 mlo of reagent was added to J-day-old cultures of
RSV-infected fibroblasts grown in medium SC6 with 5/"
ehicken serum.

Dilutions of sera were prepared in medium SC6,vø

vserum



Test rea.genta

TÂBTE 2

Ù18ÐI1]T{ CHANGE RESPO}ISE INDUCED BY
OTIIER AGENTS

51, ,\eat-inactivated ehi cken plasma

5,q, d.t(0i{)3 absorbed heat-inact,ivated plasma

5/' chiclcen serum

5(, serum of clarified chicken plasma

$4, depLasminogenated chicken serum

SC6 medium

1.l chicken plasminogen (25% serumrplasminogen)

2.5units" human plasminogen

Bovine serum albumin Q/Ll-tre
Human serum albumin zg/titre
Dbc )u , 5u cyclie Al{P l0-Jtrl

Medium Change Response

â-o

?3

2m1of
infected
serurn o

( srcnn¿. )bu

tl

Tþ

4

4

0

0

0

0

0

reagent was added to J-day-old cultures of RSV-
fibrobl-asts grown in medium SC6 with 5/" einichen

DiLutions of test reagents were made in medium SC6"

units described in methods and matenials,



Feriod of incubationa

TABIE 3
EFFECT CF ?RE-INCUB.å.TTON

ON THE MEDIUI\Í C}IANGE

l,ledia incubated on confluent RSV_infected fibrobi-asts

10 min
l0 min
thr
2hr
{ tlF

/ ..L

Uhr
5hr

12 Ìrn
24 hr

illedia incubated on confluent
uninfected fibroblasts

10 nrin
l0 min
thr
Zhr
1nF
t+ hr
5hr

I2 hr
zL+ hr

OF TEST SERI.N{
RESPCNSE

lvledium change response

74

Control¡ l,ledium incubated, in ce11-freedishes for 2l+ hours

4
¿¡,

¿+

4
4
1
0

0

âo Culture dishes kept in rvarrn roora

b. l'ledium SC5 c.:ri'Lainir^g 5/, chieken serum was incubated forthg periods indicateã ón eonfruent RsV-in¡eõtéo-ãrunint'ected fibroblasts 
"

It

þ
4
4
4
I
0
0
0

¿!



Test reasenta

TÀBLE ¿I

I¡IDUCTION 0F ¡IlEDIUI'/T CAA,NGE RESPONSE By
DI.&LYSATE AND UTT;ì¡I,FILTR.q.TE

Ultrafíltratrates of chiclcen 
"""urb

20r000 Dalton cut off
20r000 Dalton cut off , 5f,

50,000 Dalton cut off
50r000 Dalton cut offo S%

1000000 Ðalton cut off
100e000 Dalton cut off, 5%

Dialysátes of chicken senuæc

100000 Dalton dialysate
10 r 000 Dal_ton dialysate, S/"

Ultrafiltra{:es of h.uman ***o*d

50r000 Dalton cut off
50r000 Dalton cut off , 5/,

100r000 Dalton c¡.rt off
100r000 Dalton cut offu 5%

Medium change response

âo 2 mI of reagent was added to l-day-ol<i. cultures of RSV-infected fibroblasts grown ín mediun sc6 with 5% chrex.enserurÌI. Dilutions of test reagents vlere made in mediwn SC6"

b, Ultrafiltrates of commercial chieken serum with ind,ieatedcut off weight"

eo Dialysate of commercial chicken serum at indicated. weight"

do ultrafiltrate of commercial human serum with ind.icated,cut off weiqht.

75

0
0

0
0

2

+
4

0
0

11,

2



Test reagenta

r.4.BT,E

EFFECT O!'HÊqTrNG
SER.A îC IIIDUCE l,lEDIUvT

Cornmercial chicken serumø
boiled I hour

5/, Commerc iaI,^chicken serum ¡boiled t houro

Commercial ehicken serum,
boiled 2 hours

54 Commercial çhicken serume
boiled 2 hours"

Commercial human serurn,
boíled 2 hours

5% Comrnercial þuman serume
boil-ed 2 hourso

ON A-BILTTY OF
CHANTE RESPO}{SE

illedium Change Response

8.ø 2 mL of reagent was added to J-day-oÏd cultures of RSV-
infected fibroblasts grown in rnedium SC6 with 5Ø chíc]çen
serume

?6

bo CcmrnerciaL sera (Uoitea) dilt-lted i-n medíum SC6.

ItL+

l+

4

4
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TABI,E 8

MEDIUM CHANGE RESPONSE
FIBROBLASTS ON ADDITTON OF

Test reaqentâ

Controli inedium SC6.ni.th 5y',
commercial chiclcen serum

ã^ / J4l¡'tedium SCó with 5% heparinized
(40 units,/ml) plasma

Protease inhibitorb
Heparin l-OO0 units/mt
lïeþarin 2 units/ml^
Heparin 2 units/ml"
FÀAA!ivñ
E.ECA
EÂCA

OF RSV-INFECTEÐ
PROTEASE INHIBIÎORS

T,e upeptin f o-7r¡
' ^ -?r[!eUpepTJ.n lU-¿tvl,^

Leupeptin 10 'il1'

100 mltl
l0 mM^
10 ml'{"

TT,CK I ng/nl
ltCK 100ug/m1

Ivlediura change response

âo

81

2 ml of reagent added to l-day-old cultures of RSV-infected
fibroblasts grovin in nedium SC 6 wli-ln 5% chiclien serume

Protease inhi'oitor diluted in medium SC6 wii;h 5Ø chiclien
serum.

Prepared J days before uses others prepared on day of useeCo

L+

+

+
4
l+

4
I+
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l+
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MEDTUÛ1 C}LqNGE RESPO¡ISE OF RSV-INFECTED FIBROBLA.STS
ON ADDITICN OF CULTURE ÛTEDIUI!{ CONTAINII.,ïG REDUCEÐ cÂLcTUI,{
CONCE}IÎ'RATf0ll, CALCIUI'{ ANTAGONIST 0R Cê.tCIUt'i IOI¡0P}{ORE

Mediuma

l,{edium SC6 with 5% heat-inaetivated
chicl<en . plasma

iliedium SC6u calcj-um-free wítyt 5%heat-inactivatea chicken plasma

i'4ediun SCó with heat-inactivated chicken
plasma +D-600 lo-*i,1o

l,lediunr SC6 vtitin 5/" chicken serum

Medium SC6, calcium-free r,¡ith 5Ø chicken
serum

TA.BIE 10

l'{edi'¡m _SC6e ca}ciun-free, reduced magnesium
wlth. 5% chicken serumc

Nledium SC6, cal-ciu.m free with 5/' 2"5 r¡h[ EGT,fi
and ,alt]n 5% chicken serurÍl

Med-ium SC6, ealeíum-free with 10Ø 2"J ml,{ EGTA
and with 5% chicken serum

Pledium SC60 ealeium-free v¡ith 5/, Z"J rntvl EGT.&
wi+,h 54 chicken serum + 2 units/m1 heparín

Medium SC6

ivledium SC6, calcium free

Medir-rm SC6" Divalent Ïonophore
h23i-B?, io-5¡,d

HIed,ium SC6, Divalent Ionophore
A23IB?, 10-6 ¡4d

I{edium Change Response

83

4

Iã

â..

4

4

2 mL of r,redium added to l-day-old eultures of RSV-infectedfibroblasts grorrrn irr medium SC6 rvith 5% eh,jc]xen serum" Cultures
washed tv¡ice with PEG-CF before test raedium added"

O-6OO a caleium antagonist d.iluted. into med,ium.

Reduceci magnesium concen'bration in medium is lo.,îutu-l = 0.15 mML','',t> J -
Divalent ionophore diluted in medium SC6"d
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Observation time
(hours)a I hr. 2 hrn j hrn I+ hr. 5 hr, 6 hr,

TABIE 12

EFFECT OF RHPEATED CULTURE I,1EÐTU¡I
CH.Iì^NGES O}I RSV-TNF.ECIEÐ FtrBROBI"ASTS

Before Partially
rounded
cell s

A.fter 0

) Before Flat
After 0

Bef ore Flat ¡rrot Flat
fully
elongated

.A.fter 0 0

t+ Bef ore Flat Flat
After 0 1

Before FLat Flat FLatoAfterÈ+?

Before Flat

After +

B5

âs 2 mL of medium SC 6 vtLtl¡. 5/, chicken serum added to l-day-o1d
RSV-infected fibrobl-asts after rernoval of old medium" Initial
change ai 0rOe0 hour prcduees triCR of 4. Repeated culture medium
changes are made then at indicated time intervals" Cultures
are observed before and after medium change. After each medíurn
change MCR indicated"

FIat
r\

Flat
1

FIat
,lß*

Flat
4



Graph 1" The I'4CR of RSV-infected chickenfibrobLasts on addition of 2 m1, ofsynthetic medium (SC6) containing chicken
serum at concentrations of 5/" to O,Z5/0.

Spent cuf iure rnedium was aspirated offthe culture dish before fresh culture
mecj.ium rcas added. Eaeh bar reoresents
tryo separate llCR oecurring in two culturedishes containing RSV-infected fi'oroblasts
upon the addition of the particular
chieken serum concentratiõns in mediunr
sc 6.

öo



B7

5 4 3 2 I 0.5.?50 0

Mediu¡'n: To ol serum in SCó

2nris odded per dish



Graph 2" II1CR of RSV-infected chi-ckeir
fibroblas'ts on addition of cell (nSV-
infected fibroblasts) incubated eulture
medium"

Fresh mediu.rn SCó with 5/" elnlchen serum was
added to eul-ture dishes eontaining high or
moderate density RSV-infected fibfoblásts"
The eulture medium ís left on these d"ishesfor a time period (culture dishes kept inthe warm room during this time perioù.) andthe medium was aspirated off" tnis aspira-
ted culture medium was eolleeted anci aãd.edto l-day-o1d RSV-infeeted fibrobLast
cultures as a rnedium change, îhis graph
corresponds to Table 3,
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Graph J" Effeet of leupeptin and heparin
in mediuni SC6 wlt]n 5% chicken serum on
the pro}-iferation of RSV-infected chicken
fibroblasts 

"

0n the day following passage (day 0),
cultures were changed to (@) eontrol
medium (SC6 wj"t]n 5/" chicken serum),(m)
control rnedium with 1O-5U }e.upeptin or (A)
control medium with 2 units/m} heparin"
Culture media were ehanged on days 2
and l" Each point represents the mean 5
SEI','I of 2 eu.lture dishes"
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Graph 4, Effect of leuneptin in medium
SC6-with 5% heat-inactivated. ehicken
plasma on the proliferation of RSV-
infected chicken fibrobl-asts"

0n the day following passage (day 0)
cultures vvere changed to (@) control
medium (SC6 with 5f, heat-lnacti-vated F
ehÍeken pJ.asma) u(ffi)control medium with LO-)M
leupeptin, Culture media were changed
on days 2 and 3" Each point represents
the mean + SEi'{ of 2 cul ture Cishes.
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Graph J" ivl0R of RSV-infected chiclcen
fibroblasts on addition of medium SCówith 5,4, e'nîclxen serum after a time
interval from a previ-ous culture medium
change. 0n several culture dishes
cul-ture medium (SC6 wit]n 5/" chicken
serum) is ehanged at 0 hours" A.fter at hour time interval trvo curlture disheso
medium were changed to fresh medium SC6with 5f" clniclxen serum and the UICR was
observed, This procedure is repeatedai the 2-hour time interva] on disì.res
that have not been changed since 0
hour" . The procedure is r.epeateC upto a z4-froui time interval" fnis
graph corresponds to Table L2,
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Rous sarcoma virus-infectecl fibroblasts differ i-n

characteristies from their norrnal counterpart fibroblasts;
cne of these characteris'uics is clumping and rounding of

RsV-infected ceIls v¡hile normal counterparts remain flat
in moder:ate or high ce11 densities" Through coincidenceu

RSV-infected cells v¡ere observeci immediately after a culture

rnedium change and were found to undergo a rapid rounding and

aggregaiion" This unique observation of RSV-infected fibro-
blasts has been caÌled the n'medium change responseo' (trlCR).

The phenomenon has noi been previously reported" I have

attempted to characterize and find the cause of this pheno-

Iïl9 tI ol10

DISCUSSION

Cel1-Shane Chanses Due to the I{CR

The rapid rounding of RSV-infected fibroblasts after
culture medj.um ehange is very sirnilar to what is seen when

trypsín is added to fibroblasts grovrn j.n a ce1l culture dish"

Trypsinized fibroblasis first undergo blebbing of the plasma

roembrane and then acquire a round shape" This sequence of

events has also been observed in the IIÍCR" The rounded forn is
thought by some to be a consequence of surface tension (ttZ)"

This has, howeveru been shorvn not to be the cause of fi-broblasts

rounding after trypsinization" There is evidence that there is
no change of surface erea in the transition from round to flat-
tened eeits (tf3¡" Trypsinized eells viewed under a scanning

electron niicroscope shcw a highly coil¡cl uted and blebbed surface

ol,
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(ffZ), l'Íost likely the rounding of cells during trypsinization
is due to subsurface tensions produced by coniraction of corti-
cal actornyosin upon exÞosure to trypsin"

The illCR does noi occur when spent plasma or serun con-

taining'inedilrm from RSV-infected cells incubated. for 6 hours

is aspirated from and then returned to cultures or lvhen synthe-

tie neCium r.,¡ith albumin is added. These findings indicate that
the ¡,ÍCR does not have a physical basis" Also the negative re-
sponse on addiiion of albumin indicates that the phenomenon does

not represent a non-specifie reaction to the addition of fresh
protei-n. A-n interesiíng observation that may be related to
RSV-infected fibroblast ce11 behaviour is that after cells have

undergone a ÞiCRø sotllo rereain rounded-up forming aggregates,

0n the next day these aggregates of rounded cel-ls are still
presentr but with elongated spindle-shaped cells on the bottorn

of the aggregatesu projectíng like rays and giving a stellate
appearanceo An explanation may be that the rounded cells in
the aggregates cannot flatten out on each other but require a

suitable sui'faee for attachnrient before the flattenins Þrocess

ç¡i11 occure

Plasma and Seru.m Tnduee the Iì/ICR

Chielcen serum and plasmau along with bovine and human

seruïn, were found to induce the ùICR" This i-nformation indí-
cates that'bhe j-nducer is ubiquitous in serum of various species.

Culture medium containing chicken serum in a concen'bration as

low as Lf" eould produce a fuil strength t'iCR" This could rnean

that there is a Large quantity of this inCueer present or that
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a small amount of inducer can tri.gger a potent chain reaction,
ultrafiltration of chiclien or human serum showeo that the in-
duction of the I,/1CR ínvolves a seru¡ïl (plasma) macrorooi-ecule(s)

in lbþre approxírnate molecul-ar weight range of 50e000-r00eo0o

daLtons¿ The inducer macro¡nolecule(s) seems to have considerable
heat stability" These physicaÌ characteristícs of the inducer
macromolecule(s) narrow -r,he range of possible candid.aie macro-

molecule(s) that could cause the I\4CR"

fhrough past literature review and MCR results plasmínogen

was considered as a prime candidate, Mo Vleber has reported,

that the appearance of t'transformation" specifie changes in
morphology and adhesiveness of RSV-T5 (temperature sensj-tive
virus mutant)-infected chicic embryo fibroblasts is dependent

on the presence of prasminogen (too), rn my results deplasmino-
genated chicken serum gave a strong MCR while the addition of
chieken and human plasminogen in synthetie med.ium gave no re-
sponse, These results essentially exclude the possibility that
plasminogen or plasmín are in"¡orved in the i'dcR. ptr-asmínogen

aetivator from RSV-i-nfected ehick fíbroblasts can catalytically
eonvert plasminogen rapidly into plasmin (?Z),

J" Quigley has shown that adding plasmin directly to
RSV-infected ehiclc embryo fibroblasts will transiently ind.uce

ce'lL elus'cering of f1a'b monolayer euituresu He reports also
that in the plasmin-treated culturesu clustering did not persist
and they detached from the eulture dish after 2-4 hours, As

these results are contrary to mine, it is possibLe that RSV-

ehic]ç ernbryo fíbroblasts respond to plasrnin ciifferently than
to RSV-chicken fibroblasts and are producj.ng a different version



of the l4CR phenomenone

Effects of Proiease Inhibitors and CalciLim
on the i'1CR

Leupeptin lo-)t{ anci heparin 2 units/ml were found to
be the best protease inhibitors that would abolish the i{CR

in a 4-day cultj-vation period. Higher concentrations of leupep-

tín . or ìreparin woul-d slovr down the growth rates of the cells
and would not aboiish the i{CR any quicker. Àt these hish or-

low concentrations no altered r,rorphology of the RSV-infected

fibro'olasts was seen wirich is an inCication that the increased

adherence of the RSV-infected cells is not due to conversion

into 'normal" celIs"
There were other protease inhibitors such as EAC.lru tray-

sy1ol anC soybean trypsin inhibitor that would. only partially
inhibit the il1CR over a 4-day cultivation period" The abolition
or diminution of the Þ1CR by these various protease inhibitors
used in these experiments suggests ihat a serine protease is
invol-ved in the generation of ttre I,,1CR" The observation that
the ilICR is abolished after RSV-infected fibroblasts have been

cultivated for a period of 3 days in the presence of leupeptin

or heparin also suggests there is a cellular serine protease(s)

involved in activation of the MCR"

Protease inhibitors at high eoncentrations added to the

cultures forLhe first time rvith fresh serum or heat-inactivated
plasma-containing medium were unable to aboLish the l{CR" This

finding indicates that these agents do not act by binding to
any serum (olasma) component butu raiher, that they act on the

99
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cultured RSV-infected fibroblasis thetrselves" Inhíbition of

the illCR by orotease inhibitors seems to be a slow process s a'È

least two days are requireC before a reduction of the ivl0R oc-

curs" RSV-infected cells cultivaied in protease inhibitors for
1 <iay sholv no reduciion in lvl0R"

The use of a wide range of serine protease inhi-bitors

u.ri:h certain specificiiies has given sone hint as to the type

of serine pz"otease probably involveci in the MCR" Leupeptino a

plasmin and trypsin inhibitor, rvas one of the best IVICR inhibítors
used, this inhibitor is an arginine-containing pepiide aldehyde.

Antipain, another peptide al<iehyde, reduced the l4CR partially.
Benzarnidine, an arginÍ-ne analogueu howe./er, did not reduce the

MCR, TrasyLoï and soybean trypsin inhibitor are general in-
hibitors of trypsin-like enzymese only partially inhibited the

l,1CR, EACA , a lysine analogue, is a plasmin and plasminogen in-
hibitor that caused a gooci reduction of the MCR, Lysine caused

less reduction" GA.BA. whieh has a síinilar structure to EÀC¡t but

with a shorter carbon chaine resul-ts in a partial inhibition"
l'lost of these serine protease inhibitors are small moleeules

and can enter the cell quite easiiy. The results from the use

of the above serine protease inhibitors indieate that the possible

serine enz)rme involved has a plasmin or trypsin type of activi-
ty"

Another serine protease inhibitor quite different than

the abovec âild that also abolishes the ir,lCR, is heparinu a throm-

bin enzyrne inhibi'tor" Heparin is a unique serine protease in-
hibj-tor in that it has a large aníon charge u the ability to



bind to and inhibit the activity
proteins (ttO)" Due to the size

could make an assurnption that this serine protease inhibitor
reacts with the ceIlular protease(s) involved in the ÙrcR on

the inembrane surfece rather than entering the cell and acting
intracel)-ularly like the other serine protease inhibi¡ors"
,A.lternativeryu heparin may inhibit a crÍtical step in the ùtcR

by binding to ihe surface or other struciural components of
RSV- infected f ibroblas+t,s o

fncreased blebbing has been observed when culture
medium is changed on ce1ls cultivated with protease inhibitors
such as EACÂ. and henarin and in low calcium curture medium.

This blebbing phenonenon is possibly more ororninent because

these protease inhibitors or Low carcium culture media are

preventing the Drocess of cell r.ounding at a stage just after
blebbing" Brebbíng seems to be a result of the celres pJ-asma

membrane and corticaÌ cytoplasm invoruting due to disruptíon
of the cortical cytoslceleton structures. In cultures grown in
connplete cuLture medium v¡ithout protease inhibitors u the ad.d,ition

of serum or plasma medium causes the cells to undergo a rapid
rounding thus aÌlowing little time to observe blebbing"

Leupeptin to-5tl and heparhn z units/ml could abolish
the VICR after I days culti-¡ation in serum or plasma-containing

medium without affecting the proriferative rate of the celrs"
Cultiva-uion of cells with protease inhibitors at these coneentra-
tions does not affec't growth ratesu thus inciicating that there
is no toxieity, F"rom these observations one can say that the
I,TCR may not be involved in the maintenance of autonomous pro_
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liferation of RSV-infected fibroblasts"
The marked reduction in strength of the I,{CR that is

observed with the addition of serum-contalning medium of re-
duced calcium concentrationo âs compared to nredium of physio-

logical'calcium concentration, suggests that the McR involves
this i-on.

calciu¡n ion may be a co-factor (for üre serine protease

that appears to be ) involved ín proiease release or in activa-
tion of the contractile system of RSV-infected fibroblasts. The

failure of ionophore A23lB7 ta induce the tiïcR implicates the

former set of possibilities motre than the latter, i.e" the ]aclc

of activity of 'uhe i-onophore suggests that calcium may be in-
volved in the evolutionu rather than in the initiationu of the

I{CR, This result may inciicate that the ùlCR does not involve in-
crease of cytoplasmic calcium ion"

D-600 is an antagonist of d¡rnamic, depolarization-
aetivateð. Caz+ influx Ín ceII membranes (tf7¡. r,rihen D-6OO

was added io eells there vras no reduciion of the I,/IOR, This

result may indicate that the t,{cR does not depend on calcium

infl-ux, From the results of ionophore and D-6OO one can assume

the I'{CR mechanisnt does not depend on the enterance of calcium j-on

into the cell"

Effect of Phorbol-12-myristate-11-acetate
Ind uc i ns a I-tlCR

IO2

Sarc oma virus-infeeted
a variety of serine proteases ¡

pr asminoqen activator ( s ) (69) 
"

fibroblasts s¡mthesize and release

well represented arnong these are

Tumcr promoter phorbol-12-myristate-



lJ-acetate (PIvlA) has been shov¡n to be an inducer of tumors

in a two-stage careinogenesis system (trll¡" rncreased prasmino-

gen activator(s) leve1s (fO fold) have been reponted in chiclc

embryo fibrobLast cultures that have been treated with PtiA. (1L5)"

In my eiperiments mor'¡hological changes (spindle-shaped cells)
were observed upon the addition af 5-50 ns/nl Fivll\ to ¡unormal,f

chicken fibroblasts. These fíndings were similar to that J"

Quigley reported when adding Pi'{A. to chick embryo fibroblasts
(L16)" rn both studies no clustering or aggregation of cerls
was observe<io cultivation of t'norrnalr cells with pM,r\ in my study
did not produce the McR" Ju Quigreyus, schmidt-Rr.rppin Rous

sarcoma virus-infected chiek embryo fibrobLasts do not show ce]l
clustering or aggregation until- the addition of pl{A, however, he

does not report a IITCR phenomenonc In his culture system the

RSV-infected ehick embr¡ro fibroblasts were treated with pl,lA in
serum-free culture medium for several days" The pMA effect on

RSV-ehieic embryo fibrobrasts could be inhibited by leupeptin
a(10-'¡,{)e soyb€an trytrisin inhibitors (1oo u/nL) and benzamidine

(to-31,t)" No effective ínhibition of ce11 clustering or aggre-
gation occurred upon addition of Trasylol (1OO u,/ml) u antipain
.lta(to-*¡¿) and E.ô.CA (10-'M) (116)" These protease inhibitor effects

were observed after 2l} hours (116)"

rn J, Quigleyu s Pl,lA celr eultivation one can question
the use of growing eells in serurn-free curture med.ium" rn
the RSV-infected chieken fibroblast systemu if the cells were

growyr in serum-free medium for a couple of days they would, round
up and detach due to the affect of starvation" plasminogen

actrvator has been associated with the morphologic changes that
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occur in the Rsv-infected chich embryo fibroblasts upon pl!.TÂ

addition (114, 1l-6). plasminogen activator may pcssibly be

involved in the i,lcR¡ an assay system is currently being devel-
cped, There is a possibility that J" euigleyu s RSV-infected,

chick embryo fibroblasts have e rower leveL of plasminogen

activator(s) than ihe RSV-infected chicken fibroblas¡s" fn his
system the addition of PMA to his RSV-infected cells may i.ncrease

the revel of plasminogen aetivator(s) to the Level preseni in
the RSV-infected chicken fibroblasts, A certain level of plas-
mi.nogen activator rnay be needed. before ce11 clustering wilÌ occuro

An alternate possibility is the íncrease of the production of
another seríne protease that is also present ín large quantities
in RSV-infected fibrobtasts,

The effect of serine protease inhibitcrs such as leupep-
tin and soybean tr¡rpsin inhibitor in his system were similar to
the results in my system" These results give further evidence

that plasrninogen actlvator is involved in the morphological
ehanEes, howeveru EA.CA and trasyt_g]. vrere not effective in his
system" There is a possibility of another serine protease in-
volved' that has simil-ar characteristics to plasmínogen activator"

The_MCR in a In Vivo Situation

induced by the replacement of spent curture med.ium with fresh
culture medi-um. the aetive principal appears to be a serulïr
(pÌasma) macromolecule(s)" In J¡ivou however, sarcomatous fibro-
blastsu fiìce norrnal fibroblasts are exposed to a continuous supply
of fresh plasma nroteins" (plasma proieins are present at least

In the in litqg system I have studied, the IIlCR is
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rc% of their plasna eoneentrations in the normal interstitial
ftuids; Í€f, 14 ) "

I have attempted to mi¡'nic the in gåvo situation by

changing culiures of RSV-infected fibroblasts to fresh medium

at short iniervals after they have sustained an initial IvlCR."

The results suggest that the l4CR0 as observed in vitrop mâV

represent an abrupt and highly accentuated form of a phenomenon

that occurs at a continuous low l-evel in vigo. Possiblye under

the influence of a plasma macromolecule sarcorna ce1ls in viv-q

eontinuously reLease smal1 quantities of a protease into their
environment; sueh a protease may be abruptly released in våtro_'

v¡hen culture medium that has become depleted of the plasma in-
ducen is replaced with fresh mediu¡n that contains the indueer"

.A.nother characteristic of the MCR is that after J hours

of exposure to moderate density cultures of RSV-infected or

"normaloo fibroblastse serum (plasma) containing culture mediunt

will no longer induce the l4CR when transferred to other dishes

of RSï-infected. fibroblasts" This observation suggests that

the serum component(s) that induces the l,lCR is consumed or in-
activated, by both cell types,

îlree Possible_l'{ge.hanisms gnÉ Figqific_ance of !Ire_ }'{CE

One of at least three basic mechanisms may be operative

in the generation of the i/lCR¡ (a) A.ddition of the serum (plasma)

indueer may lead to abrupt liberation of a serine protease frorn

RsV-infected fibroblasts intc tÌreir immediate environment"

Such a protease might then cleave the attachments of these cells
to the culture surface o followed by ceIlular round.ing and aggre-
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gation¡ (b) the serum (plasma) inducer might be a proenzlrme

(other than plasminogen) that is activated by a serine pro-

tease residing in the surface of the RSV-infected fibrobLasts"
The aeiivated proenzyme might then cause cel-lular detachment

from the culture surfaces; (c) addition of the serum inducer

night activate eontractile elements within the Rsv-infected
fibroblastsu v¡ith subsequent celluLar roundingu detachment and

aggregation. This mechanism vroul-d ha'¡e to involve a serine pro-

teaseo at some pointu because of serine protease inhibitor ef-
feets of abolishing the I'ilcR, A.lso there is a possibility the

serine protease inhibitors ean interfere with a structural com-

ponen't of the cytoskeletal contractile system, There is a

c ompound 'J-? ( ( 6-aminohexyL ) -5- chtoro- l-napthalene s urf oninide )

which has an EA.c.q" like structure, This compound can inhibit
actin and myosin interactj-on in smooth muscle (I1B), Further
study has ¡o be done to see if EAO,A. by itself can produce sirni-
lar results on snooth muscle contractile system.

The first possibJ-e mechanism of the MCRs i"e" protease

release in response to a plasma moIecule, ís conceptually the

simprest of the three. Plasminogen activator is lçnown ro be

released by RSV-infected fibroblasts at higher levers than

normar counterparts, Future work v¿ill involve isolating the

inducer serum (plasma) macromolecule, This will help in id.enti-
fying the protease being released if there is oneo

The signifieance of the trlCR is that this phenoinena

possibly con'tributes to the malignant behaviour of sarcomatous

fi-broblasts" r'or e;<ample in vi1'e when a RSV-induced tumor in
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the forvl reaehes a ceriain developmental stage the tumor ce1ls

could produce a l,lCR upon exposure to the serum (plasma) in-
ducer'. LîÞon prociucing a l"'1CR the 'burnor cells could be released

from the tumor body an,-i metastasize" Another possibility is
that the macromolecule(s) in serum (p1^sma) is a chemotactin

released from a tissueu that induees ihe rounding of the ilêo-

plastic ce1ls ihus allovring metastasis" Further work will have

to be done to determine whai significance the l,{CR has in vitro
and in vivo"
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Trr¡os i-n :

AÞÞ]II'TDT]( B

G:î.¡.nd. ISlan.d. pìnìari na1 C-¡snå T<'l:nÀ irTg\¡/ l.¡k.

Tr.znsin 2. 5t (tC l<) , 25 qrans tr..'osin (1:25 0) /z
nornal sal-i ne. Do::c-'i-ne Ðal:\/ovirus teste<l .

10r{ .Erl-C'{F (Conoonent of -i,t4-CT a.nd ?EG-CT r,ìedium)

lCl( ÞEC-Cl'tF: Ph-¡siolociical Ilectrolr.¡tes and Glucose-

Cal-ci-urr'la.gnes-iu¡¡. rree i, ]iaCl comoensated.

Trr¡ps ini zaticn

!"or 1 litre orenaration '¡¡eir¡h out:

ìlaCl (f inal total 6 800 n'.o/litre)

ì.laliCO. (f ina.l total 2200 rto /1 i f re)À.rvl *_L e!e/

Gl-ucose (f inal 2500 mqllitre)
IiCl (f inal 4.5 nÀl=336 molti tre)

116

ìlaII.?O n Il.nO (f inal 3. 0 mcrt inorcTan-i_c
/LL/ - ohosohorus-L34 nq/Iitre)

Tleicrh these out into a l litre beaker and. cissolve in 800

nl of ste::ile crlass distillecl (o.d.. ) II2O an¿ hrrinq up to
f inal volurne 1000 ml in a 1000 :nl graclua.tecl cylincler. The

neil.iuirr is then ster-'-lizecl usinc an al_l-qtass vacuun firter
anoaratus (sterile) (47 rrn di arneter size f ilter) usincr a
0. 45r.rn ¡'ti11-'i-oore f i-'l-te::. .nf te:: f .i 't t::a.tion the sterile 10X

Drc-c¡¡.n is poured- into a ster-'i-le ìIalqene loottle and. ecTu_il-

iirra.'ted-..'ith coz ñes at 10 nsi Íor 5 mi-nutes and stored in
the refric,era.tor: (4oC) .

o¿.¿q

| <ñ



2. DF/:-CEa (Elec'urolvtes and r:'1 ucose for Irash and-
T::r¡osinizat'i on 6€ Cel 1s',

Þ1"4-CÌ¡. Dh\zsiol oqica'1 Il_ectrolrztes and alucose-

Calciun --r.ee ¡¡ed-iurn for 1 litre nreoa.ration; Add 1C0

rnl I0l( Ðjlc-C'r to 893 nl- t:.C. sterile II)D ancl- th.en add

5.3 i'.1 100 n_'.1 .1.'S^¿.7 :Î.cO.

?rr¡osi ni zat-ion of cells:
DFê-CF".

117

0. C25er trvos-ì-n; trvosin



AÐÐlllTDfX C: ÞreÌ-:aration cr¡nthetic ^{ediun (SC 6)

Concentrate E)::ena.rati ons

1- 100x Lactic acid-, ì,tra o.'¡uvate, IJa citerate , Gf \rcerol.
r,a.ctic acì C (f inal 100 n"c{/litre)

' Ìtra or¡ruvate (f inal L2 nq/LiLre)

lla citerate (f inal 25 ncr/litre)
r:l'¡cerol (f inal 14 r'rq/Iitre)

Dissolve a.bove in 1000r".1 oç qlass distirled. iiro and.

steril-ize usin<'r a steri-le vacuurir firter aoparatus r¡/ith a
0-45un tiillipore fil-ter. The solution is frozen until
needed-.

^ 
a 

^ ^,,¿ . l_ u r-t.K -¿\_rì.1_no

Arqì no Acicls

Z\rcri n i no
Alanine
l-rz c {- i n o
(ì I llt.âm1 ñ /\õr aJ

Glvcine
ÌJ. l_ s t'l-cLt ne
Isol-eucine
Leuc-ine
Lrzsine
Methionine
P¡s¡r7lalanine
Prol i ne
Seri ne
Threonine
Trzrosi-ne
,/ altne

118

acicls in HCl.

1oq

L-2q

1. lcr

Fina-I Concentration
nqlIitre

1s
35
L2

16
L2

9
T7
¿ó

9
z.+

LZ
15
10
30

\dd 500¡r.1 2lT I'lc1* to aborze anr'ino crcid.s, c1:'.ssolve v¡ith a

naonetic soinba.r. B.rinq solutj-on r¡alue un to 100Ornl mark

in a oraciua.tecl c.zIinrLe.r çrith qlass clist-'i-Ile d. IIl,a. Ste.rilize

Gr¡r'rq r'loicrhod ôrrfv4\:¡¿v!( vu9

Into 1 Litre
Gra¿Ltiaterl Beaker

a-r. f
3.5
I.2
0.7
1.6
L.2
no
r.7
2.8
0.4
0.9
)A
2.4
1.5
ln
?n



this solution
*2li tICl: 

^d.d

to 960¡1 al_ass

1'lo

as in oart 1 and then freeze until neeCed.

200nI concent::a.ted IìCl (36e6 bv r.reioht, 11.614)

distillecl II.O.

3' 10.ri Dh'zsi or orricar G'ìrrtaniner Asoarac.ine and. Trvntocha.n.
¡-nino rf cì ds

clu-uanine
.Lsoaraoì ne
rllrr:n{-a'-.l-' 

-*:_ L \' | ) U\_"J:tGII

Di.s.solve the abor¡e to a fi-nal
Y.") and sterili ze b,./ nethoclsz

n ooÀarl

Tinal Concentration
rr.o/litre

4 . 10 0 0X Dhysiolocrical HZO

f olate, -Â.S-^-) .

Iveioh out the f ollor¡ino:

Thiai:r-ì-ne. IIC1 (f ina.l 0. 1 rr.crll_itre )

trvridoxal ' I-tCl_ (f inal 0. 005 ::,.q/litre)
Itlicotina.n.i-de (f in al 0. L mo/Iitre )

R-i--bofl-a.r¡in (f inal 0.01 no/IíLre
cl-Biotin (fj_nal 0. 0l_ r.o/litre)
Ca2+ pantothenate (final 0.15 no/litre)
Cho]ine Chloride (f inat I.5 nq/Iitre)
rno.sitol (f inal 5 r¡q/litre )

.'liï¿Cl- (final I.2 no/litre)

Ðissolve a.bo.¡e in 1 litre of glass distil
steri-Iize brz nethods usecì in part I, then

83
ao

¡z:lrro nf 1i+*^v q¿ su vJ- 4I LJ_ c

used in part l.

Grams r,leÍc.hed Out
Tnto I Litre
Gra.duatecl Beaker

Soluble r.¡ita¡rins +NII4Cl (S

u. ìl
tt /

glass distilled
trreeze until-

100 raq

5 0 r,rg

10 0 ncr

10 mg

10 mcl

15 0 n.q

l-" 5 mq

5. 0 rqcr

r.2 q

a.nd

unti-l needed.

lod tT ô"--' ''2',
ç-^^-^



5. 1000x Ãnoicill-in: Antil:iotic (tsristo-j--r{\/ers, euebec)
D-i-556f1's ÌJa. Anpicillin (f inal 100 rnq/litre) 2 qrams in
20 nl of- glass ciistilJ-ed HrO a-nc1 sterilize brz rnethods u:;ed,

in oart À, then freeze r_r.ntiI needed.

6. 100X ¡{oSo a.i! Zo (rtcso, .71í2)

Dissolve 24-7 srans l{oqô O.7Hro
I"O, sterilize by net'hods used¿-
rafrì nar¡tnr

7 . l- 1.I )Ia.r-rII

Dissolve 40 crraÍ'.s

to 1000 nl, then

B. 1000X tol_i-nic acicl 0.020 nrcr,/litre

Dj-ssol-ze 20 ne' rolin-ì-c acicl in 10 nl qla.ss distilred. IIro
and steril-ize by nethods useir- in part .A (equiva.lent to
10' x 0"020 r,ralJ-itre). Dj_tute this IO-2 with PEG-CF to give
L000x forinic acid g.020 nglritre. Freeze solution until
needed..

, f-ì-na-l 0.68 il,I)
j-n 10nC nI qla.ss d-ist_iIlecl.

in na-rt A and. store in

72A

lia-Ots in qlass distillerl H.rO a.nd dilute
sterilize br¡ nethod.s usec-i in oart A.

9 . 10 0 nl4 Car-.I,

Dissolr¡e 11. I crl:al:¡ls

ste¡:i1-i-ze Jrv ¡',ethods

CaCL, in 1000 ml qlass d.ist:'-11ecl. Tt2O I

i-n part A, then store in refricferator.



Concentra.te Preoara.tions

This nrocecltr-re is done in a steri]e ca.librated

Zrlennr..¡er flasl.. ..¡ith anoroxi:"atelv 3200n1- steri

distille,:-r. !120. \dcl the f ollor.¡i no:

preoa::ation of rl|.'\4-CF (rolate , Cu2* rlree ¡''reCiun

1n.'( ÞrC-Crltr r.la connensated

I00)( Lact'i c ac j-cr, )Ta orzruvate, lla Ci.te::ate, Glvcerol

]00X -¡rnino acids in iiCl-

100X Glutar..ine, \soara.oine, Tr:r'otonhan

l-000X Ðhr¡s'i oloqical r'¡ater-soluble''¡ita¡.ins
14 f o1ate, \sA)

I0 0 0X ê¡'.picillin

10 0X ¡,IoSO 
A . 7I710+ .¿-

I l.i ltraOl{

L2L

Brinc¡ un to 4000 r.nl on f l-ask v¡ith cflass distilled. Ii20. This

solution is ref errecl to as PrI4-CF. To convert Pr/t4-CF

to SC6-CF do the follo'.iing: Adcl to I lit¡:e P}14-CF, I rnl

10001( folinic acj-d 0.D20 r.ro/litr:e. This svnthesis mediu:n

is knorvn as flC6-CF¡. To contrert I litre SC6-CF to I litre

SC6 ancl 12 nl 100 nr-rî CaCIr. This brinqs the total Ca2+

in the svnthetic rîed.it'.r'l to 1.2 nlt{.

A1

400m1

4 0nr.1

4 0m.1

4 OnI

4m'1

4m.I

27.2mL

4 OmI



APPEì{DIX

1. 
..Tr.zosinizino 

solution Lr-secr, rvh.en pr:eDa.ri_nq cel'l s for
count-i_nc'. Þrelare bv co¡lb_r_ninq 100 nl gitG-CF , 4 rtl

clarified. 2.5e¿ trvnsin 1 nI LCZ ,.^t/¡t soclium azide* and

0.2 nl a-nt-iroa.¡r .\E (Dow Corn-ino Corooratìoñr ¡,iiclland I

I'iichioan) 1:100.

*soc1-ì-un', azic.e 10? r,¡/r¡: r0 gra-ns lla azíde di ssolr¡ed in 100r,r1

ctlass distillecl llrO"

Conolete Count Solution

2. CaC-]- ? 20X

Cor',.Ìrine 7.5 nl 100¡¡-¡a- CaCl, r¡r_i_th L7.5 r,r1 HrO.

L22


