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L ABSTRACT

ok

Antisera to the ignbrane (M) pratein and to the nucieoprntein (np) °
Qf ‘measles virus, yere prepared in rabbits. Each of the antisera was

characterizeﬂ by the 1nnuncprec1p1tatian ter_hnique and found tg be

-mﬁnspecific. ie mnnspeciﬁc antisera were used to determine, b,y
"indirect fmunuf’luorescen:e, the cellular lucation of M-protein anﬂ NP

during 1nfectian. The antiserum to H prote1n stained the aytgplasm Df

~Vero cells. The N aﬁtise#ui stained both the cytoplasm and nnc]eus.

The NP was fauqd to undergo breakdnwn in infected cells. This

breakd@wn could be inhibited by aprotinin, a pratease 1nh1bitnr specific .

for tr;psin and chymotrypsin. As no protease funct1an has been

/

identified for the proteins of measles virus, it is believed that Ehe %

pﬁuteaiys1s 1s a cellular function. The signifItance of proteolytic

/
breakdown in the assembly of measles virus is discussed. '

. Persons who receive .inactivated measles vaccine and areisubse-k
quently exposed to.wild type virus may expgrience atypicai measles. It
has been pnstdiated that these individuals are su:i.ptible to atypical
measles because the’ inactivated vaccine fails to induce antibndies to .
the F-prntein as deteeted by hgiﬂlysis inhibitfon. Hatchéﬂ:(aﬁute and ’
convalescent) serum sampies were anaiyzed by the Tmmunﬁprecipitgtidﬂ |

e, :

technique. Sera taken during thé acute stage of the disease did ﬁot
arecipitaté radiu?abeiied F—prﬂteéng Conva1escent sera Hhich had been

T

1nhihiti§n tests. These f1nd1ngs support the concept that atypical

measles is the result of an absence of ant1bnd1e9 to F-protein,

= = -
’ i =
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o cel1ected three weeks Tater did precip tate the F prot21ni The absbnce
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Once it was recognized that atypical -evls‘les apﬁei‘red fol‘lawing‘the .
use of inactivated vac:ines. an attenuated virus vacc‘lne was introduced

for w‘l‘despread immunization programs. This vaccine was a’lsn used. in -

received "killed" vucing. The vajue Qf this ®catch up” program was |
_'analyzed using nafched= serum. sgﬁles aptainegi fr}tm children previously
fmmunized with inactivated virus vaccine, who vc’lunt;‘eregﬂ for r—eim;
nizwhtion wit;{ the attenu&ted .vaccine. Since in no case was reimmuniza- -
tion found to result in tonversian to the prnductian of ‘antibody to .
F-protein, the attempt to frradicate at_ypica‘l maeasies by this prﬁtédurg
. should be re-evalulted, _ ' o
The monoclonal antibod_y technique was employed to obtﬂn a series . -—
of mnospecific ant'lbodies to the measles virus prate*lns. . In initial
experiments 17 clones secneting antibody to the meés’les Lec strain were
—obtatned. 'Of. these two clones have been estabiishéd as stable ce’l’l

lTines. Both of these c]cmes secrete antibndy SPEC‘IfiE. for the NP of the

 virys.

(vi) to
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CHAPTER T . .

" Literature Review

. :

A) - Clinical Heasies

The clinical disease caused by-neas]es virus has largely been’
eredieateﬂ in North_ America and Eurnpe {Morgan and Rapp. 1977) How-
ever, the virus is still of clinical and scientific 1ntereet as it has'
cTeer1; been shown to ceuse the debiliteting disease subacute scleres1ng
pineneeehelltis (SSPE) Furtherﬁere, measles virus is the mnst serioys -
of the acute 1nfectieus d1seases of Afr1can childrerf, with a merte1ity
rate in some 1ecetiens approaching euz (Morley et a]. 1963) . The
| severity of the disease has been attributed to the nutritienel state of
the . ch1ldren. and the age of onset of the disease (Heriey, 1974). In'
‘yerth America, mees1e§ is commonly ebserveq in children of e:ﬁeel ege,
ibuﬁ in Africa the mean age of children contacting the disease is 17-
months (Morley and ﬁacuiiiﬁams, isﬁlj. The children commonly experiehce
severe brenchepneumenig, laryngitis, diarrhea and manifestations of mel;
neurishment*iﬁer’leyi 1962)— This is marﬁedi; different frem the clini-
" cal picture observed in Ngrth America, uhere the initial manifestatiens
of the disease .are a high fever with cen;unetivitis and a mederitely
severe haeglng cough. . The typical rash eppeers 3-4 degszjeter; firet’en;

‘iithe Terehead;vspreads chnward over the face, neck, and trunk. and
\ ,

L G [

appears on the feet ]ast]y. The lestons persist for three days and then
diseppeer. | ) - - . ‘

As there are na welifpianned vaccination prﬁgrems in African
countr1es and . ather third world nations, worldwide ereeieatlen of the

- disease as has Qccurred far smallpox is unlikely.

(1)
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ﬁ) Pathogenesis of Norma! Neasles Virus lnfection ‘
- The typical sequence in the pathogenesis of natural ieasles virus
infection is summarized in Fig. 1_(Yamanouchi. 1980). Measles virus
invades the hbst.throﬂgh the respiratory tract and the initial Pfection -
begins in the regfonal lymph nodes of the respiratory sjstem-(Keape and
' Fuliginti,:ia’p): This ieads'tO‘a“prinary‘vireﬁia which infects f' |
" lymphoid tissoes and the spleen: Virus growth in the lymphoid tissue
results in the formation of uarthin Finkeldy type giant cells character? ,(
istic of measles virus infection. and may induce the narked destruction
of bath T and B cells (Wesley, . Coovadia and Henderson, 1978).

The secondary\x‘remia spreads virus to the epithelial tissues
(White and Boyd, 1973). rBurnett (1968) hypothesized that enanthema
usuallv referred to as-Koplik spots, and exanthema aﬂ‘;produced as a
result of T-cell mediated deia;ed type hypersensitivity to virus antigen
in the oral mucous membrade and epidermal cells respectiveiy. Virus
antigen has been demonstrated in skin biopsies during measles exanthema
’ (01ding-Stenkvist and Bjorvatan, 1976). 'Children with congenitai immune
dysfunction of T-ceils'do not develop the rash of measles (Chino et al,
197§) These observations are compatible with Burnett's hypothesis.

Virus produced in the epithelial cgl]s of the lung is excreted by
coughing and transmits the infection to other susceptible contacts.

C) Heasies Immuno]ogy X _ B
e immbne system plays an essential role in the recovery fran o
viral 111ness. Observatfon of the.clinical course of virus infections
in patients With various types of immunodeficiency provides indirect
evidence tor the relative importance of humoral and é!ll-mediated
y
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iiﬁnit_y in FE(NEF)' frﬁ; -eishs 1nfec;iﬂn ( Yamanouchi , lﬁ) Heas]es
pnemn’la (giant cell pneumonia) is frequgntly fatal in children whose
cel'l-nediateﬂ fdmune functions are hpaired but hi'! naﬁil levels of —
immunoglobulin. kas?gi 1nfgctian of children with X-1inked agﬁn- ©

globulinmia wh: da nat prﬂduce aﬂtihod_y but retain cel’lslledilted §
| -1mune functicns funuws a course 1ndistinguishab'le frm that in chil- |
dren whose immune system$ are intact (Good-and Zak, 1956). This implies
that cell-mediated immunity is of special importance in ﬁéowery from |

i

msles.! e

suppression occurrihg hetween two and five weeks follwing initial
expnsure in normal individuals (Ymmuchi 19&0) In 19@8 vﬁn Pirguet
recorded that patients with Exanthana were unrespcnsive to the tuberf.‘ui
" 11n skin tigti Measies virus 1nfect19ns are characterizeﬂ by a marked
’Imphgpenia 1nvn1ving both T and B cells (Anderson et a’l \976) The

. deqrea;e in T-cells seﬂs to be related to the general suppressmn of ..
ce'!’lsmediated fmmunity. HcFaﬂarﬂ (1974) lttempted to elucidate the

» 'nechanisn of measles-induced fmmnosuppression. In passive trabsfer

»

expeﬁnents nith mice, neas]es virus suppresses he]
I

T—:ells. On the other hand, v:’ldﬂufsson and

L STy
“reported that all T-c*l’ls not ju#t helper cells, are iﬁfected and no

celf activity for

co-workers [ 1975) have

cell-mediated immune functions cur during infect{on. i@grefore, the

" mechanism of immunosuppression observed by von Pirguet is still uncleat.

D) Strm:ture of Heas’les Vi ru§ '

Measles virus is a manbef of the famﬂ_y Pat

Rapp 1977). This family 1nc1udes thr'ée geni:

S
)
s // =
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Morbillivirus and Pnes:uvirus (TaEle I). Measles 'vi'rus,. canine dis-

temper virus, ﬁrﬂjﬁpest virus, and pesti de petils rm*imnts vii‘usr ..
‘cﬁpﬁh the genus Morbillivirus stnce they, un1 ke th;- other pan;' |
(Eappia and E_m 1?75). e d do tm abm to neuraminic acid -
cuntaining cellular receptars (Nnrrhy. 1962) Heas]es virus 1s the only
, member of the mrbil]ivirusgs uh*lch agglutinates reﬂ b]uﬁd cells (Howe
~ and _Schluederberg, 1970). :
Heas]es virinns. roughly spherical in shape, exhibit a great deal ; \
of pleomorphism, ranging 1(51;: from 120 to 276 m in dimeter.’ The ‘x
" -bouyant dé’nsij;y ‘of intact virus parti:les s determined Py bouyant -
density egntfifuéatim is 1.23 to 1.25 g]cgiB.(ﬂnrfby et al, EGA)
-The virus has m!enuhpe which contains shert projections or
spikes on its outer surface (Fig. 2). 'Inte_rnaﬂ_y; t];egvi‘rus is largely .
!cmprised'ﬁf a he‘l‘lu;ﬂ nucleocapsid. The innér surface of the viral
gnyeioée is lined by a membrane protein. The 1ipid o# the en_vﬂ-ﬁpgd-
viruses is der%ve& from a hosi ;eﬂ ﬂf‘!ﬂ; (C—hpﬁpin and’_f;mpans, : v

"’\I—'

iy .1975).

The génme of measles virus is a ‘singiejétranded RNA of negitiv; '

~ polarity, 1.e. the gencile cannot serve as message. Its molecular ﬁeight -
is 6.2 x IO daltons, which is siﬁﬂlr to the size of ﬂther parliuxa- :
virus Rﬂum;.- The sedinentitian ca-efﬁcient on sm:rase gradients
49525 (Norrby et o), 1964): This'ts Hightly Terger then the 505 velve |
for other rmxnvirul’é’]lingsbury. 1972) and. probably nflgcts
differenc;. in secondary structure.

“ .
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Eem!s Pnewmovirus - \ -

o o o s
'panauvxovinﬂll' S

£

. : parainfluenza 1 (Serqat) | hyuman, -uva;

El

~ parainfluenza 2 o haman, canine
. | parainMuenza 3 : human, v‘bﬂvin?‘\ ,

parainfiuenza 4 ) / human &b .

Newcastle disease virus avian

Genus: Morbillfvirus -

N

Species: Measles.virus ~ human
canine distemper virus canine
rinderpest virus _ ~+ bovine -

-pesti de petils Fuminants virus'

iSps;ies: . Respiratory sjneﬁia'l virus uman

S

L mme ek T T T L ] .

hum

respiratory syncytt al | vi'rus é b@v

| pnéumonia virus of mice B ,

N

Table 1. From the stud? group of Paramyxoviridae, Vertebrate Virus R
Subcomnittee, Intermt-jlnnil, Comnittee of Taxonomy of Viruses 1978
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cell membranes. The fusion is medfated b;y the F-prote

-

B :
" Measles virians are c(-prised of seven structural palypeptides

(Tyrrtll and lhrrby,\lsﬁa Table 2). The envelape contains- two g]yco—
prvtein;.' The ‘Iarger Ei{CDpﬁteiﬁ is respansib'le for hmgglutﬁiﬁﬁn
{HA); (Breshkin et al, 1977)( The smaller protein is the hnn’l;sin or

gs‘hm‘i {F) pr‘b;ein. The F-protein consists of two prutein subunits, ﬁ

and F,, linked by one or more disulfide bonds (Scheid and Choppin,
?

2!

.1977). The F2 component is g]yeas;]ated (Tyrreﬂ and lbrrb;. 1978)_

These two glycoproteins are ggli'eved to be Vinked viq'polypeﬁtide t-rl’ls _
gﬁeﬁiﬁg throogh the envelope to the matrix or -ﬁtnne (M) protein  «
(Yoshida et al, 1976). _ ’ | . s

The nucleocapsid consists nf three proteins and ggiﬁ-*lc "n RNA‘
me mst abundant protein of measles virus is the wuc‘leaprutgin (IIP)_

‘'serves as the pratective sheath fnr the genome (Hnuntcasﬂe et al,

1970). The po]mrase (P) and large (L) protetns are 1nvn1ved in

gemic rep'l‘lcat‘lon (Kulakofsky et al, 1974) and are assaciated with the

(Fig_ 2) Measles. viriom also contain a sigquicant u&mt af cenuhr

- actin (Tymﬂ and Norrby, 1973) The mlg of actin in the virus,

rgnai ns undeten‘l ned

o,

\E)  Measles Virus Infect‘lan and Asssb'ly

Infectian 1n vitro b_y nels?es‘ virus 1s initiated b_v attacl

the HA g]ycopmtein ta a receptor on the surface of the targgt

(Trudggtt et al, 1981). This is fa’llwed by fusi v of the viral and

(415 et al, .

1979, Choppin and Scheid, 1980). Following fusian of th; n-brams the

L

nuﬂeocapsid is re‘lnnd into the cytoplasm (Frazr and Martin, 1978).



Molecular

(Protein. . meignt®  locatton® Glycesylatson®  Phosphorylation® -

P Large (L) -szao.oou . internal “no
Hewagglutinin S
(HA) .. 80,000  external yes L no

‘ Pn‘l;yierase; (P) 72,000  {nternal m . yes

Nucleoprotein . - S o

, (N?) 69.’300- inigmai' | ‘ | m - ’ yes -

.lhnl;risd : oo A' L ‘ _

(F,) ~ 60,000  externl yes o

(Fy) 7~ 41,000  external Cno no
(Fp) . 23.066 external yes SN .
Membrane (M) 35.00(3,, internal no . NO
- Actin 42000 - . yes

Table 2: ,ﬁ\e]prateins of measles virus o (V\
&+ ¢) Tyrrell and Norrby, 1978. e e
b) "Hardwick and Bussell, 1978 S
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Fig. 2. Schematic representation of the structure of the paramyxo- . .
viﬁusgs. éTaEeﬁ from Markwell and Fox (198()_);. o



The syntﬁesis of viral nﬁ,hﬁl: is then initfated on the .nucieo:ipsid tem-
plate (Glazier et al, 1977, Seigfﬁed et al, 1978). It is thought that _
the L-protein 1s respms*lb‘le far this synthesis (Chinchar and Pnﬁner. |
1931) Fo’llmrmg the initi:timéaf protein synthesis, RNA complementary
" to the gename (plus; “+" RMA) 1s synthesized. Both “-* RNA and *+* RNA
are found in equimolar nmmts in the infected cell, however only "-
RMA irlll be encapsidated ‘Intu infectinus virions (Kolakofsky, 1976)
The glycoproteins are synthesized first on_ the raugh endoplasaic
reticulum and then transferred to the smooth endoplasmic reticuhn
‘(Knipe et al, 1977a, b). The proteins in association with the smooth

endgphsnit: reticulm n‘lgrate to the ce’ll surface and are inserted into

the plasma membrane. The proteins diffuse freely over the Surface of\g\ :
W

the infected ce‘l’l duﬁng which the F-protein 1s cleaved 1ntn

bio’logicg]]; :etivg form by a ce]iunr enzyme (Homma and Ouchi, 1973).
The M-protein is syntbesizeﬂ in the eytap]ésu and rapidly migrates to

‘the ¢ellular membrane. The glycoproteins are concentrated 1nta
“patches” by an 1nt=ractinn between the g‘lnoprntein carboxytemmns and .

H—prﬂtgim These "patches”™ become sites of budding fu‘llming the

nigr\;tian of the nuclew.apsid tﬁ t.hese argas (Yoshida et al, 1979)

- The nucleocapsid contatning negative stranded RNA ﬁay be trans- -

'parted to the buddhg ;1tes by cei‘luhr actin (Tyrrell and fhmst,

. 1979). Th H—pr‘atein is believed to play the crucial role in the ~
budding meﬂ!s vivus. " It serves as the stgnal Between the surﬁce

glycgprotej}i anﬂ the nucleocapsid to 1n1thte budding.:



F) Vaccination Against Measles
The first step in obtaining a ie;sigg-viﬁjs vaccine was achieved
folliowing the sutéessfui isolatton of infectious i?slgs virus by EMers T
" and Peebles (1954). Following this‘bfeakthmuqh. the virus was passaged - -
a number of times in cell :uitt__qre and adapteg to grﬂnhin ﬁryaméd; _
chicken eggs (Enders et al, 19&3) ~The virus was inactivated with
formalin or solubilized in Tween 80-ether and used in early vaccination—
programs in North ﬁméﬁca and Europe. ‘
The original vaccine used in the iSSD's was successful in reduri:ir:lgﬂ’
the incidence of clinical measles and its (:;np‘lit;zitjons (éiss et al,
| . 1976)—. Fbﬁever. there \;eré pf-a;hlsns assoctated with the use of this.

measles -in indiyidyalrvs who had rec;i\:reﬂ the ki’l]ed vacr;i’ng (Fulginiti et
al, 1967). Atypical measles had not. been recorded prior ta the use of
the inactivateﬂ vaccine. Atymcal measles 15 a disease characterized by -
-fever. ;augh and the appeiﬂnee of a rash primarily on-the extrsﬂties
and lower trunk. The head, ‘neck and upper trunk are frequer\ﬂy free of. ‘
the rash. The rash is var'lgh‘le. It may be mac:umpapu]gr er t;pic,ﬂ

; -measles, but may rasmb]e chi:kenpox or purpura. Patient s/mtn the
p disease frequently havg pulmonary infﬂtrates\:ﬂch can persist ‘for -

o several ?ﬁ) The patients have a rapid rise in hemagglutination

"\% inhibitipn (HI) and comp ement fixation (CF) an;;ibgdigs for measfeg '

virus. . Epjdemics of atypical measles have been recorded (Nader et al .. .

.1968). In the spring of 1979 antepidemic of @as]e_sg inchuding ﬂny_r

cases of atypical measles, occurred in Alberta.

' Today the use of "killed" vaccines 1s no longer employed fn North .

America (Morgan and Rapp, 1977)i "Hve vaccine a\ltenuated thﬁ:mgh ‘
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Successful immunization withéive vat:cine! particulaﬂy the Schwartz
ucr.ine. prﬂduces long §asti

and AnderSﬁn 1965; Krugman, 1977). uifortunate'ly there have been
e runm of SSPE in children whese anl; km upnm 0 mpasies virus

-was the "live" vaccine (Landrigan ahd Nitte, 1973; schnecl et al, 1%67).

There are three serologically defined antibodies observed following

“a miasles infection or vaccination with "live" vac«:iﬂei& These “are the
HI,  CF and hemolysis inhibition (HLI) antibodies. The Hi antibndies -are
~_ direct to the HAgprotein, HLI antibodies to the F-protein and CF anti-

~ However in individui]s receiving "kiﬂed"‘ vm::ine It\antibodies are
not detectable (uarrb; and Liﬁjli‘tf‘mtt 1975). It is this ﬁﬂnﬂ _
wh‘lch fs belilved to be responsible for the inadequate prﬂtection
against neasles following re-exposure to wild type measles vivus. The
resulting infection is manifest as atfpical measles. The pathogenesis
of the unusui;”l‘f&sh and atypical pneumonia 1n_at_ypical Va'eas-le,s rﬁaiﬁ_s

. F
unknown.

N

.vaccines. The use of the early “live" vactines alone often induced a

The :app_éarance of atypical measles resulted in the use of "1ive"

high fever and 1llness not unlike clinical measles (McCrumb et al,

 _,1961)5 :This next Iezj to the uc:inaﬂoﬂ, program for neas’les which used |

-thi "hillted" - vi:vcine mm bj “1tve" vaccine (Krugman et at, 1963).
The "killed" vaccine was used pr‘lor to the "live" vacc*lm to itt!ﬂu&te‘
the clinical response to the "live" vaccine. However, it is now clear

that the use of “"killed" vaccine prior to the administrgtiaﬂ of 'live',

vaccine is sufficient to prime the recipient for the p@ss’ib’iﬁty of

\\I—a‘é ) :.P #v

A

*

immunity ?tﬁ few complications (Schwartz ~

bodies primarfly to the nucleocapsid (Norrby and Gollmar, 1972, 1975). *

e G, p, wnt



_;atypicﬂ ‘measles. Health officials have als;:n embarked on extensive L
vaccinatibn programs of chﬂdren who have ﬁceiveﬂ "kﬂ]ed' vaccint. To
da%e thgufe is_no scientific evidence that revgecinatian with “va

- vaccine will induce antibodies to the F-protein and prevent atypical
measles. In faet,'there is some epidemiological eviden&g}a suggest
that these revaccination programs have been 1ﬁéffettisug: (iifp""g'éiCa’liier, |

1981). S — . ' ,

£

6). Subacutg Sc‘lerusing Paﬂrﬁcerﬁalitis - ‘\

Measles virus is Tl ,;,_','satwe agent in SSPE (reviewed in ter

Meulen et al, 19723 Thormar et al, 1975). SSPE is a slowly progressive
dissase of -.the CNS, which most often affects younger children. In more
than half the recorded cases of SSPE the patients have experienced an
uncomplicated case of measles at less than two .years af age (Schneck et
al, 1967; Jabbour ét al, 1972). The onset of disease follows a lag
period of five to seven years. The mechanism hy ﬁhi:h the virus

_ persists in the ENS is not knaun. .

Patients with SSPE have elevated serum and CSF ant {body titgrs to
measles virus (Brody et al, 1972). Cocultivation of brain gatgriai with
» primary cell lines suscegtiﬁle to measles viruﬁtinfectian has lead to
the successful recovery of virus in many cases (Chen et al, 1969;

'Horta-Barbosa et al, 1969a; Payne et al, 1969). 'Iﬁ'w'ever the virus .

1solited behaves differgntly than namal"or wﬂd type meas‘les virus. )

The differenees smrized belm faﬂ into two categﬂries_



14

i) Differences in Growth Pattern

1) SSPE isolates grow slower and release less infectious’
S vigys (Thormar et al, 1978) N
. 11} Some SSPE isolates remain cell-associated and shed nq ®
| _ infectious virus (Bernstein et al, 1974) ’
411) ' Fewer budding particies-are seen at the surface of -
infected cells (Thormar et af. 1978) | o
.1v) The host range for some isolates {s restricted in vitro
(Hamilton et a1, 1973) ]
o

IIJ Biochemical Differences

‘\. . 1) The genome of an SSPE isolate has been reported tai con-
->  tain 10% more genomic RNA (Hall and ter Meulen, 1976)

H) Faﬂ}re to release virus may be associated with aitera-

.

v, ';tians occurring in thegiycaprotgins (Breaehun et al,

197)

«x *_ T1i1) The mo}ecular weight of the structural polypeptides are

... 'the same for SSPE vi’rus and wild type, with the exception
/ of the M- Jmtein. An SSPE.isolate has been re‘ported to
have decreased eiectraphoretic mbﬂity curresponding to
‘, 1ncrea§g in moledular weight of | ,DDD‘ daltons (Hall et
a;l.h 1978). . | . i’ .

-~

'

. 8 - ) . . .
The M-protein of measids virus is beljéved to play a key role in

the mmsis of SSPE. A number of ’,qﬁesﬁm reported that = =

the antibody response to M-protein € markedly reduced or non-existent

in SSPE patients (Hall et 31,}-9519*5 ler et al, 1979; Trudgett ét

al, 1980). Furthermore in'a recent report by Hall and Choppin (1981),
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the M-protein was not found in SSPE brain tissue, whereas all the other |
structural proteins of measles virus were demonstrated in brain tissue

-~ from SSPE.patients. These findings have lead to the hypothesis (Hall et
al, 1979; Hall and ter Heulin. 1978; Wechsler and Fields 1978). that an
‘4aberration in the genone of measles virus results in the failure of the
virus to follow a normal .1ytic infectlan.' A persistent infection

results with little or no virus shed frum 1nfected cells of the CNS.

" This uay prevent a nonnaf immune response to1ueasles and allow the virus
to persist. ’ ' |

‘ As 1t is accepted that H-proteinvp]ays a critical role.ie the
assembly of measles virus, it is attractive to accepi the hypothesis o -
that a defect in M-protein in SSPE virus results in viral persistence. -

' Howesef;/tﬁe data presented in supporting the Tack of antibodykrespénse

to M-protein, and the'faiiure to demonstrete H-protein'ig infected brain

_ tissue was ‘dependent upon the immunioprecipitation technique. Confirma-

- tion of these unusual findings by other techniques is -endetocy before
generally accepting that a deteeeein M-protein is the mechanisn of j{

- pathogenesis of SSPE.

“"H) Aims of Project

The aims of this study were to develop techniques to study the
biology of measles virus in cell Cultures and 1n applied cltnical prob-
lems. The 1mmunoprec1p1tation technique was developed to characterize
the specificity of monospecific antisera produced by a) . 1mmunization of
Janimals-with purified antigens or, b) by the monoclonal-hybridoma
technique. 'Nith-these an;isera} I wanted to study the distribution‘ﬁf,

measles antigen in infected ce[ls. The monoclonal antibodies would be

[N



Hson of SSPE and wild strains
bf measles virus, It ias also my encion to use the monoclonal
antibodies to study SSPE biopsy materfal. |

The 1mnopcecipjtation technique could also be used to study the

humoral {mmune responsé of children with fypical and atypical measles.

" These studies stiould con'fi’m,,the_ absence of an antibodj respcnse to the

fusion protein of measles in children immunized with "killed* measles
vaccine. Furthersiore, 1 believed it would be possible tb determine the

value of the revaccination progra for chﬂdm origimlly tmmunized

with "kﬂled" measles. If revaccination with "Hve meas]es vaccine is

to be\of any benefit, one would assume that ant'ibody to the F-protefn
should be produced. This was evaluated in qy study.

’ L]
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'A)  Cell Culture

V'O_.Sd‘ld pse, 100 aM KC1, 100 aM NaCl. 50 mM NaHCO
. (ATV) and split in the ratio of 3:1.

.0. 'h ’ ° R ) ,. QWTER 11 ‘
HMaterials and Methods

Cv-1 or VERU é;lls were used to grow measles virus in cell
cultures. Both these cell Tines are derived from the Kidneys of
. . J -

Cercopithecus aethiops, an old world monkey. These cell lines are
easily naintafned in minimal essential -ediun'(7£ﬁ3 Qith Earle ‘salts
contatning 100 I.U./ml of-penicillin, 100 vg/ml/ of streptomycin, 30 -LIL
7.5% Nazﬂco 29.2 ug/ml of glutanine and 51 calf serum, (CS). The
monolayers e disrupted by washing twice-uith (Tr!F1" 1: 256 at 0. 252.
3 and‘l mM EDTA)"

B) Heasles Virus

The LEC strain of mea les virus Was used in this study. This virus. .

was isolated from a pattent with SSPE by co-cultivation of brain tissue.

with human feta) kidney cells (Thgrmar et al, 1978).l The virus has been

'« used in a hunber'of‘laborato}ies and has been:reporteﬂ to establish both

. , Y , - ,
persistent and lytic infections (Thormar et al, 1978). The LEC strain

“which I used was originally obtained from Dr. Erling Norrby of the

Karolinska lnstitute,in Stockholm Suéden.'

C)' Measles Virus-Production and Purificaticn )

" The production and purification of measles virus fa119ued the

'method of Tyrrell and Norrby (1978) Confluent monolayers of healthy

2

. CV-1 Vero cells grown 1n 250 cm glass culture (BlaEe) bqtt]es were

. infected with LEC virus at a'multiplicity of 1nfectign,(m.a;ii) of 0.01

&

| )
L) o
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in 10 mL of MEM ll'!C S.. ‘At two h pest“tnfectlon this nedhn was
aspwéted into 5% hypochloride bleach and 100 mL of MEM.5% CS was added.
’ After 48 h approxintely 103 of the cells showed tﬁe cyxopathtc effect
(CPE) characteristic of measles virus infection. The uedlu fron these
ylls was decanted into bieach and replaced wlth MEM 3% Cs. At five to |
six days post 1nfectlon the cell nonolayer was conpletely destroyed.

The medfa was removed and clarifiWntrlfuﬁtlon at 4°C for 10 min
at 1,000 x g in a Beckman J-21 preparative centrifuge. The supematant
ws filtered throvgh Whatman no. 1 filter paper and centrifuged at

- 28,000 x g for 1 h in a JA-14 rotor. The virus pellet was suspended~1n

- 6m photpbatebuf{ered saline (PBS) pH 7.4, pooled, and sonicated for'
10 sec at 100 watts‘using a Bronsonic sonicator to disrupt aggragated
virus. ‘he virus was placed on 401 to 501 (w/v) dlscontlnuous sucrose
gradientﬁ centrifug7 for 1 h at 60,000 g g in a Beckman L5-75
ultracentrifuge at 4°C./ The virus band ap at the 40% to 60%
sucrgse interface and was collected by puncturing the bottom of the
tube. The virus band was dialyzed against 1 L of PBS pH 7.4, for 12 h
to remove the sucrose. The vlms was further puﬁfied by centrifugatlon
on a Vineer 15§ - 40% (w/v)

in an %0 rotor at 95

and dialyzed inst of PBS. pH 7.4, to remove potassium tartrate. .

tassium tartrate gradient in PBS, pH 7.4

x g for 2 h, The visible band was collected

Eollowlng dial}'sis the single vlrus band was harvested.
D) The Radiolmunopreclpitation Technlque - '
The 1munoprec1p1tat‘lon technique utillzes the ablth of proteln A
, derlved frou Stabhylococcus aureus to bind to the Fc- receptor of&t
immunoglobulins. As protein A binds to the Fec portlon of ig6 1t 1s pos-
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. sfble to form c@lexes of antigen, léG.a protein A are formed, with-
‘out affecting the antirbody binding sites. Pro:ein A doesnot. c;use,aﬁ b,_
detectable alteration in the structure of lgG upon binding to it.

Protein A is able to bind to the\r’c receptor of IgG.in the presence of
ionic and non-ionic detergents. In addition, protetn .A can be easily
coupled to Sephei'ose CL-4B without loss of-'_bi-ol'og]cal ectivitji It 1s
these properties upon which the immunoprecipitatior technique was estab-
lished following the guidelines described by Lamb et al (1979). -This
technique utilizes the binding of radiolabelied 'solebﬂizedinti_gens to
antibody' in a deterjgent solution. The antibody-antigen complex is then

selectively removed from solution by protein A bound to ~Sepharose CL-4j

beads.

o

: The radioimunoprecipitat‘lon tecl'quue used to characterize 2
number of Specific antisera for measles virus. These 1ncluded mono-

specific rabbit antisera to the NP and M-proteins prepared b T_yrre’i‘l

Vand tEhrnst (1979). The r}oioimmpmipiutim techniqle was a'lsa

» applied to acute and convalescent serum sanp'les from ch dren who were
‘diagnosed as having atypical messles, and to prei-uni ation ;nd ; L
postimmunization sera from school chﬂdren who vol untarily receiveﬂ |
"Hve eeasles vaccine (attendated), and had previously been ﬁnjnized :

with the "killed" vaccine (inactivated). '

‘ Con¥) uent nonola;yers of Vero cells 1n'25 comé plastic fli.sks were
- infected with ueasles virus. when the 1nfected cens exh1b1t-d greater
“ than 70: CPE the nedia was decented replaced with methionine deﬁcient
MEM 2% CS and incubated for 1 to 2 h. After the 1.ncubatlon, the r;e‘lls |
were wesheq 3x with sterile PBS, and 3 mLs of mezhionfpe‘deficien;.mia .

containing 2% CS and.200 wCi/mL 35s-methionine was added (specitic



_ é’ C | |

activity 1212.4 Ci/mol). After a 2 h incubation the cplls were washed
with (3x) PBS and sulubi‘lized in 3 mL of cold rafﬁnimne precipitation
essay buffer [RIPA buffer (100 w1 MaCl, 1% deoxycholate, 1% sodfuw
dodecylsulfate, 13 Triton X-100, Tris-HCl, pH 7.4, 1 w methionine, 1 mn

" phenylimethyisul fwlﬂegride and 1,000 K.1.U. of Aprotiain per wi)J.

- Following a 15 iin 1ncubatiaﬂ the solution was centrifuged for 30 min at
21,000 x g in an SH-GD rotor using a Beckman L5-75 preparative centri-
'fuge. The supernatant containing the solubilized radiolabelled proteins
wis used imnediately for immunoprecipitation or stored at -2@ C. o
The t-lumprecipitatian of serum samples was perfnﬁled as follows;

2 x 105 CPM of the radiolabelled antigens fn RIPA buffer was added to 20
ul of serum in 460 L of RIPA and 1neubated ‘for 2 h at 4°C in capped
conical microfuge tubes (1.5 mL). During the in:uh:tim period the (
sanples were vertexed briefly at 15 min intervals. Following this 20 ,
of a 1:1 slurry (w/v) of Stiphylecnceel protein A covalently bound to

- Sepharvse 4B in phosphate buffer (pH 7.2) was added to the mixture and
imubated for 1 h and vortexed at 15 min intervals. After cuﬁp‘letifh of
the 1ﬁeu§at1ﬂn period the cmp‘lex was centrifuged et 12,860 x g for 2

A-in in an Eppendorf microfuge and washed with 1 mL of RIPA buffer. - The
'nshings were repeated four times. After .t_ﬁe final wash was Ef:ﬁp]etéd;

100 *va of sample buffer in preperatim'fer SDS—PREE was idded _and_ the

samples baiieij fo'r 3 min. -In some experiments a prateise inhibitor
. added to tl‘e Iedh- during. the mrtd*af r&iehhﬂlmg- The' pﬁteﬂe i

1nhibitnrs used were 0.1 WM N-a-p-tosyl- L—I,ys‘lne chlorometnyl ketone HCI ,

(TLCK) 0.1 mM-L-]- tns_vlamideg?.—pheny‘lethy’lch'iormethyi ketnne (TPCK) or
~300 K.1.U,/mL of Aprotinta. .



E) . Sodium Doae;yl Sulfate Po]yacryla‘ide' Gel Elelectrophoresis -

Measles virus proteins were visyalized on polyacrylamide gels using

[ abdffication of the method of Laesmli (1970). Slab gels were employed

~ similar to those described by Studier (1973). The slab gels had an

21

overall di-ension of 19 com x 15 c- x 0.2 cm. The spacer gel ?as 4 min

length and consisted of 4.5% acryluuide and 0.12% N, Nl methylene Bis
acrylamide (Bis) yielding a bisto acryluide ratmlio of 1 to 37.5. The

spacer gel was prepared using 2.25 ml of 40% ‘(w/v) acrylamide, 1.20 mL °
)

" of 2% (w/v) Bis, 2.5mL of 1 M Tris-H3P0‘, pH 6.8, 3.85 mL of ddHZO. 0.2

L of 108 (w/v) SDS, 0.1 mL of 105 (w/v) ammonium persulfate (AMPS) and
0.1 mL of 108 v/v N, N, N', Nl-tetramethyldimmine (TEMED) and an equal
voline (10 mL) of 1.2% agarose. The éeparation gel was 15 cm in length
and consiste& of 10% acrylamide and 0. 18% Bis which was prepared by
using 10 mL of 40$ acrylaide, 3.60 al of Bis (Bis to acrylnide ratio
of 1 to 56), 5.0 mL of. M Tr‘is-HCl pH 8. 8 21 mL of ddH20 0.40 nL of
10% SDS, 0.12 mL of AWPS and 0.12 mL of TBED. The m‘ote‘lns were

denatured by boiling for 3 min in sample buffer (0 0625 M Tris-H3P04, pH

6.8, 2% SDS. 0.2% d‘lthiorietol (DTT), 0.1% d'lsodhn EDTA and 10%
glycerol). The samples were applied di,_rectly to the gel after boiling.v

The electrophorests buffer consisted of 900 aL of ddH,0, 100 AL of 1.92 |

M glycine - 0.25 N Tris and 0.1% SDS. The pH was not adjusted. The
‘running buffercentained 0.5 mi of a 10% (w/v) Solution of bromophenol

. blue.t‘o follow the electrophoretic front, elect‘rqnboresis Was rua ..

ke

at a constant i:urrent of 10 nﬁnps. The electropboresis was terminated [

‘ when the Mgrat1ng protein front was 1 cm from the bottom of the gel. - -
N

L

o



F)  Autoradiography ; : R

The po'lyig’ry’]:ve gels uere prepared for autoradiography by thes

-

method of Bonner and Laskey (1974). The spacer gel was removed and the
separation gel placed in 150 mLs of DMSO for 2 h. Following this the

gel was fmpregnated with z,‘sgdipheﬁyl_ax&zéié (PPO), usin; a 22.2% (w/v) o
PPO-DMSO solution. Following a thﬁe; h incubation the PPO was precipi-

tated by the idd‘ltiun of 1L of Hzﬂ. After tiﬁ h- the ge’l was dried

under vaccum Qntu lﬂntnn no. 1 filter p.npgr. The, radiolabelled pro- -

teins were vlsualized b_y exposing the dried gg] to Kodak !-mt X-ray -

film for 48 h at ~70°C. The films were developed in an automatic X-ray

film processor. ’ | s : ?

6). nanoelonal Antibody Technique
The MOPC 315.43 mouse qyelma cell lin: used for the fusian was

obtained from Dr.-T. Mossmann, of the Department of Imm]ngy at the
Univers*lt; of Albertl( This cell Hne was maintained 1n RPM]- 164(1 50 .
wM-g-mercaptoethancl and 108 fetal cm serum (FCS). The cells -ere\ ' y
split e“ry four days in a ratio of 10: 1-

imce (Balb/c) were fmesuni zed intraperitoneplly’ (i p) with 5 ug of
measles virus which had been rapidiy frozen and thawecfﬁx) using a dry
fce-acetone bath. . The virus was also sonicated 3x at lo‘sec intervals
using 250 watts. Twelve days a%ter iﬁuniﬁtibﬁ the mice were given'a
" booster of ﬁea‘s‘l’es*\iﬁ-‘ufs' ‘(5'149) “The Spleen ce]‘ls were collected. 3 or 4
days after the anim‘ls received the booster‘. In same experiments mice . '
wer-g imungd by 1ntrms:u1;r_injectij with 5 ug of virus-in an equal
vvn‘hgie of Freun&s complete -adjuvant (CFA) These;nim]é received a
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absence of Freunds adjuvant. \ﬁ

 The procedure for the fusion of iyelm cells with 1—une spleen
‘-cells/ﬁf’mvided by Dr. T. Mossmann. The immunized mice were sacri- _
ficed and. w\splun aseptically removed. The spleen cells were teased
apar't with 23 guage needles in warm RPMI-1640 10% FCS medium and placed
in 50 mL conical centrifuge tubes. After a 2 min period the cells were
dgcant;-d‘ into a second tube, leaving beh‘lrjd lumps of fibrous tissue; _
iThe spleen cells were ;auﬁted and lﬂxed in a ratio of 10:1 with myeloma
e11s in RPMI-1640 10% FCS and pelleted at 1,000 x g for 10 min. The
cell pelliets were m*spemiedin RPHI—;S![) medium without serum and
repelleted at 1,000 x g. To ‘ea«:h cell pellet, 2 ﬁLS of 40% (w/v) poly-
ethylene glycol RPMI-1640 was slowly added ovcr a 2 min period, with
gent‘le tapping to paﬂ;hlly dis'!adge pellet. After a further 2 min
incubation, 20 mL of RFHI 1640 lacking serum was added drapwi se over 3-5
“min. The cells were rﬁpﬂ’leteé and the supernatant removed. The -pellet
was gently dislodged by tapping and resuspended in 25 mL of RPMI-1640
20% FCS and incubated for 1-3 h in a tissue culture dish at 37°C in 5%
C()z; The cells -were mt,emlgtely rekuspended'_, uith‘fiarge ’l,nps of
cells remaining. | '

Following this incubation the cells were placed in selection media -
(50 ;ﬁ-ianercaptnethami 100 I.U. mL af penicﬂlin 100 ug/mL strepto-

Rcin, 20 L.U./nl of aystatin, 1 x 10’ mouse red blood-eetts/mt, 1 W -

baaster by i.p. 1m:uhtian (G\tn 8 weeks iﬂth disrupteﬂ virus in the

ouabain, and H!T (100 uM hypoxanthine, 39 wM thymidine and 0.5 M ﬂim— o

pterin)] at a final cnncentr;tim of 1 X 105 myeloma ce‘l\s per ml.
The cells were left undisturbed for 10-14 days, at’ which time the

surviving ce‘lls, as c’Ianes were macmscopi:jﬂ_y visible. By this time
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, > ;
ther—-e were sufficient numbers of cei‘ls to screen for intibudy secretinn

to the medium.

~ H) Rﬂiﬁiﬁuﬂg Assay

An indirect ﬂﬂioim assay (RIA) was d-vglapﬁ fn'llmiing the

iguide]‘lnes of Amesse and Payne (1980): The RIA is considered to be

sensitive for antimd_v detectian, C

Whole ﬁea‘sf’les virus in PBS, pH 7.4.%\;@5 diluted to a concentration
of 50 ug/mL and 100 uL was placed 4in the wells of 96 well polystyro)
microtiter pjl.nt;esi The virus was'ﬂ‘lﬁed to dry in the wells over i 24
h period. Plates prepared in this manner were either used immediately
or storéd at -20°C. The antigen-coated wells were fixed by a i:l (v/v)

. solution of cold acetone and methanol for 10 min. The plates were
_washed 3x with PBS. To each well 25 L of PBS containing 0.5% HSA was
‘added to block ngnspeif:iﬁc binding, ind-7§"pL5 of vt'he media from the
' wells with visibiecﬂmies was added. Each saq:‘le was tested in

triplicate. Serui controls (20 uls) were added tao 100 pL of PBS-BSA 1n';:

 each well. The serum smples were tested at eight serial five-fold

dilutions.
The plates were incubaj;eg for 1 h at 3?"2 in a moisture chamber. .

Following this incubation the plates were washed 10x with PBS, pH 7.4,
1100 uL of radio-iodinated goat anti'-nause 196 ($0,000 CPM) 1n PBS-0.5%
. BSA s _added to each well and the plates were imm for .1 h at 37‘(‘.

in a moisture :hnber. After th'ls “incubation the plates were washed
Iﬂth PBS pH 7.4 (10:) Each uell was cut and placed in liquid scintile
!atian vials containing 5 mL’ af Aquasal or Scintiverse and the total -
counts per minute (CPM) deteﬁnin&d in a programmable Rack B,eta' (LKB)



scintillation counter. When available, a gamma counter was used to

;sﬁ

" count the radicactivity in each well. This was easier Since there was_ o

no need for sciﬁtﬂht’ioﬂ fluid in such samples. Clones sesﬁting
antibodﬁoruasles virus prcteins were fdentified when the cPm
“exceeded the negative 'contrn‘ls by $wo-fold. B o _

" These clones were rguved from the wells hy aSpiratian into sterﬂe
pasteur pipettes and replated into new wells in fresh RPMI-1640 medium
conbnning hypoxanthine and thymidine. The cells were then confirmed as *

' pro_duc'ing'msles specific ant‘ihody"by’rescrﬁeniﬁg using an indirect

RIA. Attmepts were made tn establish stab’le cen lines frm each

positive clone for preservation.and/or growth of ascites tumors in mice.
In addition a small number of cells were grown in media cantaining FCS
which had the . IgG removed by mn'lm sulfate precipitatinn. The nedil

.from these cells were used to screen for the specificit_y of the antibc-ﬂ,y

' '_pro,duced by radioismunop es:ip‘lga%an .and autqridicgraph_y.i _

-2

I) Xodination of Goat lmmglobulin 6 by the Lactnpemxidase-&thud

for the RIA rad10-1od1mted goat anti{-mouse lgG was prgparﬁl as
de‘scribed g.lou (Bayse and l'hrl‘isc}ai 1971). A 46 ulL solution (0.15 n§i
.prote_ﬂ.t) of#]gG was 1ncubat.eg at 37°C with 2 ul of freshly prepared
/Jactqpero_xidasv.r (550 ug/mL) in PBS, pH 7.0, 1 uL of a gl/iiSQGAdi’lut‘lb@ of
Hy0, and 1 uCi of Nalzsl.*‘*AfterA 10 min an additional 2 yL of lactoper-

““oxidase and 1 Wl of H202 were added and the incubation continued. After
. an additional 10 min 1 ul of HZDZ was added and the 1ncubgtion con-

“tinued for 2 total time of 30 min. This reaction is smarized belaw.

+

I, ¢ Hzoz 2Tyr +2 MI1 + 2 Hy0,

1 + H,0. +Tyr=MIT + HO + 04, . - .

2°2 - 2



The reaction was terminated by cooling to Q‘C for 20 lin anﬂ the uncom- .
plexed 1251~ ¢ fnactivated by forming a salt with Na,S0, (10 uL of 80
M sa’luﬂnn) The 1odin:ted protein was separated fn:- the free inﬂine
. on a5 mL column af:Sgph;ggx E-Z§; Fifteen fricti@nigaf 0.5 mL were

- ¢0llected and 5.yl samples were Counted to detarmine the peaks pf* redfo- -
gctivity. Trichloroacetic acid (250 uL) was added to 25 ul snnples of 'gﬁjr
each fraction to ﬁFeci itate protein. Counts were repeated on the |

supernatants to confifm

that the radiolabel was protein baund_ Only
those frgctii;ns in which greater than 90% of the counts were pmi:e‘in
bound were used in the RIA.

) Mwﬂiénsgence | ‘ |

| | Imsunofluoresence was . described by Tyrrell and Ehrnst (1979).
 Vero cells were gm on glass slides |19 cnz)"in Leighton tubes and .
infeeted with measles virus at a m.o.i. } 1. At 48 h postinfection the

glass slides were removed, uashed 3x in PBS pH 7.2, and placed in cold

acetone for 20 min. The cells were washed 3: in PBS at 1() -in inggrval;

and al’lmied to air dr_y. Ten fn]d serial dilutions of each sera- (0.2 mL) 1

was added to a s’lide. The slides were incubated at 37°C for 1 h in a

misture chamber md theﬁ washed 3x with PBS, pH 7.2, at 10 min inter-

vgls. Sheep anti-rabbit fluorescein i;nthiueyanate {F17C) conjugate was -

diluted 1:10 with PBS, pH 7.2, and 0.1 mL applied to the slides. After

R -inCubation for 1 b at i?'cr»inji-ninﬂ chamber the sitdes were .~
. washed 3x in PBS. pH 7_2; :iiﬂ the cells evaluated for positive ﬂuaﬁ%

scence in .,I-LEITZ ﬁicmzscopei The controls used were uninfected cells

and infe::ted cells examined with nan—imme SEruUms. A:tivatinn filters



for the FITC-staining were BG38, KPASO, and LP4SS. The beam spHitter
was F1510 and barrier filters uere 51-58. |

K) .Ammonium Sulfate Precipitation of Immupogloblin G From Fetal Calf

Seru-

nos. 29101464 and 12972452). conltairned antibodies which’ Pmip‘ltiﬁﬁ
‘measles virus nucleocapsid proteins. This interfered with the 1n;er-b, ‘

etatton of the 1munoprec_1p’1tation‘r'~esu'1ts fram positive antibody-
producing clones. ;In order to el iminate. this problem it'was necessary
to remove Ig6 from the serum, yet retain the properties of fetal calf
~serum which permit the growth of cells in culture. |

A saturated solution of ammonium sulfate was prepared by the

addition of 1000 gm to 1000 L of ddH,0 and allowed to remain at room
temperature for 24 h and the pH was adjusted to pH 7.2 by the addition
of hOH.\ FCS (50 nl.) was brought to room tlﬁperatufe and 25 nL :ﬁ‘ the

-It was important to add the awnonium suH‘Ite solution slowly 1n order to
'prevent nonspecific precipitation of serum prateins. The prggipi;agg_gf
19G was not visua\li}aﬂntil 24.5 wmls of solution was added. Following
_ completion of the Qddition of amoniun sulfate the mixture was allowed

| to stir gently for 1 h. - The mixture was Epeli‘ét.ed in a éiinical centri-
. fuge for 20..151:\1 at. 1,500 x g and the supernatant decanted. ~This centri-
fugation ia_ns ;-epeated once. The serun solution was dialyzed aggi_nst' 40
L of PBS, pH 7.4. at 4°C to remove the (“34)250;: (diﬂysjsAtubing had a
MW cutoff of 1 K). Each dialysis volume was 4 L and 10 changes of
buffer were perfomed The presence of am(r’ jum sulfate in PBS was
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easily monftore it forms white prgcipitate with barium chloride at
a pd > 7.0. )ESD‘ as etectab]e after the seventh change of
dialysate. The serum was passed twice through a mi111ipore filter with a-

pore size of 0.22 m.

L) ~Growth of Hybridomas fn Mice as Ascites Tumors _ |
Growth of ascites tumors was as xdescribed by Kennett et a'.h 1380 1*"5
Briefly, mice were injected intraperitoneally with 0.5%L of pristane
and then rested fﬂl‘ 6 ik. The minlls were then sublethally 1rﬂdii’t§£
| (450 rads using Cesiun as the source in a Gamma cell 40 chmer) and
lo7 hybridoma ceﬂs/qause were injected. :rm to four weeks later the
ascites fluid containing monospecific antibody was collected by
paracentesis. '
M) Protein Assay | . | o »
' '—, Total pm‘tein deteminaticms for -easies virus and ascites fluid
were carr'led out using the Biu-Rad Protein Assay S_ystem. ’ _
N) Materials » N , -
o The Cv-1 cell 1ine (ATCC CCL70), Vero cgli-Hine Boce ceLsl), MEN,
| FCS, CS and RPMI-1640 were purchased from 1oy Laboratordes Inc.
Staphyl ococcus Protein A-Sepharose CL-4B and Sephadex G—ZE were

purchcsed frn Phamach Fine Chﬁi:als; TLCK, TPCK minopterin, .

hypoxanth‘lne, thymidine, BSA and Lactoperax‘ldase were pun:hased fru‘n the

Sigma Chemical Canpany. m;el and’ QSS%Eth‘ipniﬂe were purchused frm
125

New England N,uc'lear, an I was purchased from the Edmonton  ~

R‘gdidpha‘maceuti_cal Cent All reagents for the PAGE analysis were

e
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electrophoretic grade purchased from BLO-RAD Laboratorfes. Fheunds
complete adjuvant and trypsin were purchased from Difco. PEG was
purchased from the J.T. Baker Chemical Co. Goat antimouse Ig6 was pur-
chased from Cappell Labaﬂtm;‘les., Sheep anti-rabbit-FITC na}purch;sgﬂ
from Burroughs-Wellcome. Aprotinin was purchased from Boehringer

fram the Corning Co. All other chemicals and reagents were of the .
highest quality available and were purchased from either Fisher
Scientific or CANLAB.



CHAPTER 111

< _ Characterization of the Antisera for the mClem:apsid and
. Hewrane Proteins of Heasles vi ,
- d L 3
E ) - '
Introduction

o vHonospecific antisera to the measles virus{pgoteins. NP ‘andi!v sere
prepared by Tyrrell and Ehrnst (1979) to be used in the study of the
;asseubly of-neasle:virus. The antisera to the NP and H!preteins were
p ' nd by immuhizing raddbits with proteins éxcised from SDS-poly-
acrylamide gels. Th?is nethpdolo.gy was performed since attempts to
\&rify NP free from prr'.Otein by other techniques had failed to yield.
. pure protein. Antisera to the M-protein were prepared from rabbits
imunized with H-protein cut from SDS-polyacryIamide gels or M-protein
isolated by detergent extraction and separation on CsCl gradients

an (Norrby and Hammerskjold, 1972). .
Serological analysis of/ the rabbit antisera did not demnnstrate |

ttbod fes or HLI antibodies. The antisera exhibited i:mplement fixing
ctivity to an antigen preparation containing both NP and M. However
this did not specify the nonospecific nature of these antisera. The
immunoprecipitation and autoradiography_-techniques were app] fed to these
sera to determine their monospecificity. This work ‘has been publ {shed

g

'(Tyrrell et.al, 1980) -

Results . g
LY

The imunoprecwpitation of measles virus proteins frﬁm the infected '

_cell lysate is shown in Fig. 3. The serum from a patient who recently

suffered from atypical measles. was used to imunoprecipit.ate most of the _

(30) .
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Fig. 3. Autoradiogram of theAmmunoprecipitated measles vifus proteins.
The viraiAprqteins obtained {from a hyperimmune serum in the absence (a) !
“and bﬁe%éhéé‘ici of aprétin!n'is“égbiétéq_fA!q_b and d, .the ééééiéiié—izmjué
tion of ﬁéasies virus proteins by thé antisera to NP in;tha absence and
praseﬁce‘cf ap;atiﬁin is depicted. In e the'prgcipitatign f M-protein_

by the rabbit antisera to M-protein is shown.



_beis]es"virus 'prﬁ’te'il‘nzs (Fig. 3a).. The specificity of the iﬂtiSE'!‘if@jfr
NP and M were exami ned by the immunoprecipitation technique and the
results shown in Fig. 3. The antisera raised to the M-protein precipi-
tated 2 siﬁgI? protein carreséandi-vig’ to Hﬁpﬁtg'iﬂ of measles (Fig. 3e).
The NP antiserum prgéiﬁifited NP but in addition precipitated three
prote'lns designatgd X, Y and Z (Fig. 3b). These proteins were also

. precipitated by the hyperimmune serum of atypical measles. The precipi-
tation of three additional proteins in addition to the 60,000 daltons NP
protein implied one of the following: a) the antisera prepared frc;n

. SDS-polyacrylamide gels was mt ‘specific, b) NP was breaking .dm into
smaller units either spontaneously or via cellular proteases or, c) the
detergent solubilization of the infected cells in some way caused NP to
break doim fnto discrete subunits. _ ' "

of these explanations it was thought that detergent breakdown of NP

. was unlikely as snlubﬂizatiﬂn of whole vii"u'.s does not yield any

 rmmmmmmnmxnﬁummmemhmm

- Furthermore, reports in the literature have shom that NP is extr-sely
stable over a wide ra,nge of salt and fonic :und'ltians (Hegge;ﬁess et al,
1980; Compans and Choppin, 1968; Kingsbury et al, 1;76)1: Thus it was
felt that either the antiserum iasi_nﬂt mbmsgﬁiﬁ\: or ﬁrotéase djges—
tion of NP was causing the aépearanég of X, Y and Z which would be pre-

éipit!tgd by the NP antiserum. To test this hypoth:sis virus 1nfected
cells were treated with protease inhibitors at the time of 1558]“.—'19_, o

e e 2

“with Bss-mthiﬁnine. The protease 1nhimtors used were the serine
prntease 1nh1b1t.ars TPCK TLCK, or Apratinin. a protease inhtbitor uséd
clinfcally in the treatment of acute ‘pancreatitis. It was found that ‘a

0.1 mM concentratfon of TPCK or TLCK inhibited the incorporation of 3°S-

A .o ) : -



methionine 1nto leasles virus polypeptides. Aprctinin. on the other
- hand at 300 K.I.uU. per ml did not affect the incorporation of
radiolabelled methionine tnto proteins.
nlnunOprecipitation of Aprotinin treated -easles infected ceils

which were labelled with 355—-gthipn1ne 1s shown in Fig. 3c and d. With
both the NP and hyperimmuné antisera there was a dramatic decrease 1n
amount of proteins labelled X, Y and Z. The incorporation of label into -
60 K NP was subjectively 1hcreased. It should also be noted that these -
“antisera failed to.ismunoprecipitate proteins from radiolabelled
uninfected cells. Thus it appears, on the basis of this dcti. that the
antisera raised to the NP and ‘M proteins was monospecific.

_ ~ Controversy exists in the 1iterature as to the location of the NP )
an&’lf proteins in 1nfected cells. Sﬂe authors believe that both NP and
| H_pre found within nuclear inclusions (Miller, 1980; Wechsler and
Fields, 1978a). while others suggest that only NP isﬁfpund within thg-
nucleus (Shimuzi et al 1975). With the NP and M monospecific entisera 1.
was able to use indirect immunofluorescence to study measles infected
cells. Uninfected cells did not show fluorescence whén stained mf
either the &P and M antisera (Figi 4c). jnfectgd cells stained with NP
antiserum at a 1:20 dilution demonstrated strong fluorescence in the
‘cytoplasm and some fluorescence in the nucleus (Fig. 4a). Infected -/
cells stained with the monospecific antiserum for H¥protéin af 2 1:20
) dilution demonstrated fluorescence in the pytpp?asm ‘with essen;ia]l; RO .

fluoresence 1n the nuclei (Fig. 4b).
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Fig. . Immune fluorescence of measles infected Vero ce]ls with thg

rabhit manaspecific antisera to (a) NP proteini (b) M-protein.

- Uninfected cells are shown in (c).




€) Discussion
. The immpr:cipitatian tecluﬂque utﬂlzing the ability af
Stiphyloco:cus Protein A to bind to 196 was established to cmﬁm the

:eas‘les virus. The NP and M mtiseri prepared from denatured uﬂm
were demonstrated to be mmspe:iﬂc. These antisera were uid to study
the cellular lacalizat,ian of NP and M-proteins in Measles infected
cells. This study supports the evidence that the NP 1s present in both
the éytop’lasn; and nut]eus bf measles infected xcells and confirms several

other reports in the literature (Hpchsler and Fields, 1978 Miller,

" 1980). Wechsler and Fields (1978a) have reported that L, P, NP and M

are present in the nucleus af infected cells. FliHer (1980) has F
repurted tlut these proteins and the HA protein were present. 1n ;b:
nuclei of infected cells. 1 was unable to demonstrate the presence of

M-protein in .thg nucleus, based upon indirect immunofluorescence. In a

recent report by Magure and co-workers (1981) the M-protein could not be

denonstrateﬂ in the nucleus by electron microscopy (EM) studies using
ferritin labelled antibody. They found that the M-protein was primarily.
present at the sites of viral budding on the plasma membrane and some

n;pﬁtein in association with cytoplasmic nucleocapsids. In measles

_infected cells two poputations of nucleocapsid have been described, and

are referred to as “smooth" nucleocapsids and "fuzzy® nucleocapsids

~{Fraser and Martin, 1978).. "Smooth® nuetsocapsids have a diameter of 18 .
3 mm, a bouyant density value of p 1.323 g/mL and contain virus coded 52S

RNA (Ka‘lakafsk_y et al, 1974) The "fuzzy" nucleocapsids have a bouyant
density value of;.i 1.297 g/mL. When visualized by EM, the "fuzzy"

fnuc:‘lem:a;nsid was thought to be formed by an NFiH assaciation (Shimuzu

f



_ demonstration of intracellular proteolytic cleavage which could be

r

‘and Ishida, 1975; Yoshida et al, 1979) and may also include the L and P

proteins (Markwell and Fax!. 1980). In ﬁr@xmims-infeeteﬂ cells.

“fuzzy* mc‘leeeapsid has not been observed in the nucleus (Heggeness et
19&)) Sme of the discrepincies in the literature on the ]oealizle

tion of H—pﬁlte‘ll‘i 1n the mc]ei may h-e expl:ined by the tﬁhniques used.

'Bath Miller (1980) and Wechsler and Fields (19782) 1solated nuclet by

detergent extraction and centrifugation. While this technique has long
been employed for the rapid isolation of nuclei, it may not. be the

.method of ehtnce. Muclear fractions isolated by detergent extraction
“have been shown.to contain a signiﬁe:; amount of cytoplaseic material
~which includes cell organelles (Briedes et al, 1981). This finding and

the inab1lity to demonstrate M-protein in the nucleus in our study and
ﬁth rs (Nagur"a et -al, 1981 Yushida et al, 1979), suggests thgt the .
esence of M-protein in the nucleus is an artifact as a resu'it ef
cantanination of. nuclear' fractions with cytoplasmic components. J

©_ The appearance of measies virus NP breakdown has been report
previously (Sta‘l'laup et al, 1980; Hall et al, 1979). Fbﬁever; the

prevented by a protease inhibitor had not been previously shown for
measles virus. Purified nucleocapsids of Sendai, NDV and 'SV-5 have also

'been shown to be sensitive to proteolysis. PoTyacrylamide gel a’ng’lysis'
+ of the nuciencapsids of these viruses after treatment with ch;mtr_ypsin
!nr trypsin yie‘lds a singTe protein species of 43 to 45,000 daltons
..”(l'buﬁtcestle et al, 1970). This carrespcndscehsﬂy to the m'iecu‘lar

weight of the Z protein observed in the immunoprecipitation of measies
proteins from infected cells by hyperimmune or NP monospecific serum.
This may suggest that the NP of the various paramyxoviruses have large
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 segments of similar amino acid sequence. The iiino:icid :onteﬁgiaf the
protease cleaved W of Sendai virus shows a loss of hydrophobic amino
acids (Mountcastle et al, 1974). This may be significant as the M-
protein is a hydrophobic protein. The.iﬂss of a hydrophobic portion of
F P may f!ﬁlt tn a failure of ghe Hﬁpﬁtﬂn to bind to nncieoeapsid
The nucleocapsids of paramyxoviruses is a flexible helical strjg;;
ture (Compans et al, 1972). 1t s this f]exibility in the nucleocapsid
which allows 1t to be encnpsid;tﬁd lntn budding particles (Choppin.and
Compans, 1975). Protease-treated nucleucapsids form rigid rod-like ,
structures which are stab]e over a wide range af salt concentratinns
(Mountcastie et al, 1970) This differs from flexible nucleocapsids -
with uncleaved NP which is flexible at physiological salt concentrations
(Heggeg:55’zt :1 1980) A rigid nucleocapsid f‘ not capable of :Es;?
folding, wouldenot be -incorporated into. budding virus particles (Choppin
" and Compans, 1975).
The ability of measies virus to estibiish a persistent infeciian
‘may réqgire“i cell factor (Huang and Baltimore, 1970). It is feasible
K to eenéiﬂér a persistent infection resulting from pfateoiytic'cieaiage \\%Z*
" of NP. If cleavage of the hydrophobic portion of NP occurs, then .
faiiure 1n the recognition of nucleocapsid by M-protein may resu1t; B
This would prevent viral'buddingi: An accumulation of nucleocapsids has
been observed 1n both brain tissge from SSPE patients (Kqtz et al, 4969
Dayan et &Y, 1967) ind in persistently irfected cells in vitro S
(Bernstgin et !l, 1974; Dubois-Dalcq et al, 1974) A number of céli
lines persistently 1nfected with measles virus produce the strueturai
pruteins but fail to release "normal® quantities of virus (Wechsler et

al, 1979%). - Electran microscopic studies of these cells demonstrate an



."

~acciumulation of both rigid and flexible nqﬁ\i‘!psids: (Oyanagi et al,
1971). In order for this hypothesis to have valtdity it is essentfal to
eerrélite the :ieﬁvayg of NP with a decrease in the release of infec-
tious virus in cell cultuééugistensi Persi§tgntly infected cells should
. demongtrate r:pid-eli-vggg of NP, whereas iyttceily iﬁfg:taﬂ cells would
‘not. This to date has nsi been demonstrated. R ;

 The :ﬁst;popuiaf theory for the persistence of measles virus in
SSPE bratn tissue is a defect 1n measles virus M-protein. These
patients fail to produce antibody to M-protein (ﬂaii‘gt al, 1979).
Furthermore, recent studies by Hall and Choppin (1981) have failed to
demonstrate M-protein in brain tissue from SSPE patients. Recently,
Roux et al (lsél) have dé@onstrated that rapid prbtegiytie cleavage of
M-protein in BHK-cells Yeads to rapid establishment of persistent
infections. It would seem probable that rapid proteolytic cleavage of
any structural protein (M or NP in pgrticuiir) né; rgsulg jg a‘;

persistent infection.
o - D



- CoweTR Y
T o _Imestigatibn_ﬁfd_gﬂ Ant 1bod; |

'ﬁeaslgs Virus Prﬁtgipir in_Immunized Children

A) 7 Introduction - i
The imnopretipitatiuﬁ“teéhnique was applied to serum saiipies: |

obtained frau children to investigate the antibody specificities in

nrious clinical cwilitioasi, Sera from children suffering fm atypical

. neasles were analyzed during the acute and convalescent stages of thair

disease. ‘These children were known to have been immzed m the
'killed" measles vaccine. In addition, ten matched: serum s:-ples were (
obtained from children who had received the "killed" vaccine and vnlun-“ -
teif__ed for reimmunization with the "1ive” vaccine. Serum samples prior

to and after i‘mni'zat'lon with “live" measies vaccine (Schwartz vaccine)

~ were obtained by Ms. Margaret King-Collier, a Public Health Murse with
the.Ednoﬁton Board of Health and the Di’_visiéﬁ of Infectious Diseases.

The serun sa.ples'-efe obtained on a volunteer basis. Parents of the

. childref were 1nfomed of the st}dy. The study was alsa approved by the
Edmonton Boavd of Health and the Eﬁnantm Publ h: Schoai Systai. The
children had nmknown history of measles virus infection prior to
reimmunization and ?iid not exhibit clini:a] signs of measles faﬂmﬁng

rgimnization.

B) ' Results EEE
¢ In Fig. S5 the antibod:)* spéciﬂcity of the acute and canvalescgnt;

sera from the 'c_hi"l\'c_lren who had had atypical measles was compared. As \j

can be seen in Fig. 5¢c, e, and g, duﬂfng,ihe acute stage of the disease. .

(39)
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" ""Pig. 5. Autoradiogram of immunoprecipitation of measles virus proteins.
Serum from a child immuriized with "live” vaccine is shown in a. Matched
serum samples from children suffering from atypical measles during the

. acute stage (c, e, aﬁd'g) and convalescent stage (b, d and f).



the serum from these individuals contained antiﬁt;oa,‘jta the HA, W and
M-proteins. There was no detectable antibody to the F-pﬁteié. The
convalescent sera collected three weeks fallowing the diagnosis of
atypical measles contained antibodies to the HA, NP, F and M-proteins
(Fig. 5b, d and f). Fig. 5a shows the immunoprecipitation profile of
the serum fmi a two year old child immunized with "live" vaccine. In
this éﬁh!l,l; one can see that the "live" vaccine induces antibody to the
HA, NP, F and M-proteins. The “live" vaccine is not known to be fol-
Yowed b; atypical measles since there is adequate humoral protection as
a 'v“eﬁsu‘ltknf iﬁtib@d'y production to. both viral gl;co;‘ﬁteins (HA and F).
The ‘prc?ltein profile obtained from ntched serum samples of the
reimmunized children is depicted in Fig. 6. As can be seen, five of the
ten children prior to immunization did not have antibodies to F-protein
(Fig. 6b, d, g, h and §). Revaccination with the *Iive* vaccine did not
induce the pro,ductiﬁsﬁ of antibodies to F-protein in thgsé individuals.
Five of the ten children had antibodies to F-protein prior to reimmuni-
zation (Fig. éa. c, e, fand 1).- This may mean that these individuals

'had( been exposed to measles and developed a relatively mild disease or -

that the early vaccinitioﬂ program of "killed" vaccine followed by
*lTive" may actually have resulted in adequate iﬁunit_;r in some géhﬂdﬁﬂ.
The important point 1s th:trﬂvaccingtion‘ with *live" vaccine did not
fnduce antibody to F-protein in children who did not have antibody to
F-protetn prior to revaccination. |

-

C) Discussion

The 1gG antibody response to the measles virus proteins in matched

serum samples from three children with the diagnosis,of atypical

=



. } Fig, 6. ;Auto.radiomf the 1munﬂprgc§i.§i;;tﬁd sarum samples from
children neviccinated with the "live" attenuated measles vaccine. The
first letter of each unit, eg. a, denotes pr‘eimuné serum; the second

letter of each unit, eg. a', denotes post immunization serum.



’.
measles was examined by imnopreéipititian. Serum collected during the
acute stage of the d}sease when a secondary #ntibﬁdy response would be
expected to occur precipitated the HA NP and M-proteins. The con-
valescent sera, cal]:cted three weeks later, precipitated the Fipfutein
of measles virus, The prevai]ing theory as to the cause of a{ypicil
measles is the failure to elicit Ig6 antibodfgs tc the F-protein
following immunization with the "killed” vaccine (Norrby, 1975). This

- failure haé been attributéd to the inactivation procedures enplnyegrin
‘the preparation of thts vaccine, which are belteved to destroy the *

antigenicity of the F-protein (Norrby et al, 1975; Norrby and Penttinen,
. 1978). _ ,

The role of the F-protein has been identified for the paramyxaé-
viruses (Scheid and Choppin, 1974) This pratein is respansible far the
fusjon of the viral membrame to !‘: target cell membrane fal]nuing
attachment of the HA to a cell receptor (Trudgett et al, 1981;

- Breshkein, 1977). The importance of the F-protein in the spread of the
;ifus infEEtjnﬁ has been analyzed by Avery and Niven (1979) anq Heri et
al (1980). These-workers have sgoﬁﬁ<that the distal spread of virus
:§jlture can be inhibited by neu::?lizing antibodies to
cells mediated by

infection in cell

the HAsprotein. The spread of infection to adjacent

cellular membrane fustom was not affected by anti-HA antibodies. Fur- -

thermore, the lysis of red blood cells by purified virus was inhibited

43

1n the presence nf antibedies to the HA-protein.A Hnuever, hemolysis was

not inhibited when virus infected seils are mixed Qith red blood cells
in the presence of HA antibodies. In addition, infection in cell cul-
turés was efficiently neutralized by antibodies to the F-protein. This

neutralization fas effected on adjacent and distal spread of infection.



These experinents 11lustrate the importance of .mt*lbody to Fspmtefn in

_the prevention of virus cell to cell spread.

The fatlure of 1nactiutg:l ﬁe:sles vaccine ta elictt antibodies té

~ the F-protein has lead to the followtng hypothesis for the induction of

atypical measles (Merz et ﬂ 1981): Measles virus infects the ce’l]s of .

the respiratory system with an early dissemination of the virus dué to a

1ag prior to the induction of a secondary antibody response. The infec-

. tiom alsc spreads to adjacent cells via cell fusion mediated by the F-

pr‘dtein. The viral ‘antigens produced as a resiﬂt of this early éisﬁ

to the viral proteins (but; not to F) since the 'kﬂ’led‘ vaccine was used
for the prim@ry stimulus. With thg infected cells providing viral anti-
gens to élicit a éecand,ary antibody resimnse. it has been hyp@t'he;ized
that 1-|une complexes could form in the lungs resulting in :miﬂeﬂt
activation and inflammatton. This hypothesis 15- attractive based on the
hyperimmune response to measles antigens in atypical measles. However,
thefe were no immune cmplexesﬁ detected in six children with atypical |

measles and pulmonary infiltrates (Tyrrell and Dasgupta - personal

comunicition) but, this does not imply that cirﬁulétyg immune com-

. plexes contributing to the disease are not present.

- After a child has had atypical measles, their serum contains anti-

bodfes to F-p‘r‘oteipg This might bf considéi-ed as the “o:anpieté' immune
_response. - “N_,o,child has been recorded as '_having had a.second episode of .

atypical measies. This has led to the attempt to induce “complete"

frmunity by revaccination with *live" vaccine after "killed".

The éalue of r-evaccinatmn was  assessed. Hy results show tﬁat‘the
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"killed" vaccine does not induce antibody to the F-protein. In contrast

suffered an m]iuteﬂ case of measles do exhibit antibodies to
Fimein (Fig.-6a; Norrby and Gollimar, 1975; Norrby and L:ggr‘enwtz;
11976). The inability of individuals to elicit antibodies to the F- .
protein following revaccination may in part be due to circulating anti-
bodies té the m-prﬂﬁein effectively neutralizing the virus (Norrby et
" al, 1975). This is an attenuated "live" vaccine which may be more

' suseeptib'ie to neutrﬁ]i;étion than the ai]d‘ strains.

Following the introduction of a "live" measies vaccine a number of

centers in North America conducted "catch up" pr@grﬁs- These programs

advocate the use of "live" vaccine to reimmunize individuals uhn had
received the "killed" vaccine (Krugman, 1977b; King-Collier,. 1981).
Hnwever, 1 was unable to dmstntej the induction of qnt‘ibodiés to the
F-protein by this approach in five children, this 1s in contrast to the
" report by Morrby and L..:ggr\:zr;ﬁt'z (197;), and would suggest that the
value of revaccinatfon -pmgrams is very Timited. 'Haweven a larger
number of serun samples after revaccination should be examined before a

given. This study is continuing.

As reimmunization with "1ive® vaccine uﬁn itself induce atypical

-measles in some (King-Collier, 1981), 1t {s thought that immunization -

_with purified F-protein should be considered. Immupization with such . ..

an immunogen may prevent atypical measles from occurring and would
confer “complete” humoral immunity to measles virus in individuals who

have received the "killed® vaccine.

45



In this study, the 1mmpre:ipitat1m tgchnique was qioyﬁl ta

dsnnstrlte that:

a) Individuals 1ﬁ.uﬂzed \rith “k111ed® vaccine-dq.t

antibodies to F-protein,
b) Individuals who experience itjpica‘l ﬁasL
{mmunity with antibodies to HA NP and F-protein,

Revaccination with "1ive" vaccine after "killed" vaccine fails .

- dgvelop cwlete

£ c)
to elicit antibodies to F-protein. This result brings into

seﬂnus ﬂoubt thg value of revaccination programs.



~=  CHAPTER V

Production of Monoclonal Antibodies to Measies Virus Protein

A) Introduction

The ﬂevelnpnent uf -annclonal antiboﬂies has great]; expanded the .
ability of scientists to study the lﬂlecﬁ}ar biaicgy of virusesi Fur-
thermnre, with monoclonal antibodies one has the potential to develnp

techniques for the purificatian of specific viral proteins. As was

" suggested in the previous chapter a purified F-protetn would be an ideal

immunogen in an attempt to prevent atypical measles il ind‘lvidullls
immunized with "killed" vaccine. Another use of monoclonal antibodies
would be to compare varfous strains of viruses. During the recent epi-
demic of measles in Alberta, properly immunized children were prétgcted.,;
to only 761:‘ Normally this protection should have been in the range of
90-95% (Kiﬁg—Cﬂ]lier; 1981). Antigenic drift has not been described for
measles Qirus. The virus that caused ‘the Alberta epidemic was unusually
difficult to isolate (only one isolate between Calgary and Edmonton),
These two facts that a) the virus was hard to isolate and, b) the

vaccine efficacy was low suggest that intigenic drift night be possible.

This would have 1ipartant 1np]1catinns in a vaccinatiﬁn program with the
ultimate aim of measles irradication_ This would best be studfed with
néﬂqc1§ﬁal ;ntlbadies to an isolate obtained by Dr. Tyrrell and gjée]f
in 1979, Qiith, other wild strains. On fhis basis;_ I began a program to,
produce nangcibnai antibodies tﬁvfga§}es virus proteins. In this chap-
ter 1 describe the results of the pfaduction ot monoclonal antibodies to
date. | hage not obtained sufficient numbers at this time to compare

strains.

(47)
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B) Results _
~An indirect RIA was developed to detect monotlonal antibodies
specific to the structural proteins of -easles virus. The specificity
of the RIA-was initially confirmed by the folloudng manner. Goat anti-

-ouse IgG contained no -easles antibodies since it fai!ed to ia-uno-
precipitate radiolabelled measles antigens (data not shown). A non-
illnune mouse serum was used as a negative control. The specificity of
the goat antiqaouse IgG was confirmed by the fatlure of this product to
bind to rabbit immune serum used. in the RIA. The non-specific binding

. of radio-iodinated goat anti-mouse 1g6 was determined by the binding of

‘this serum to cells containing neasles antigens but no mouse serum.

This 1s referred to as the background level of the RIA and was approxi-
mately 100 CPM. The negative control sera described above did not

exceed the background evel by more than 100 CPM (see Table 3). The

mouse measles immune antisera in my system were enanined in five-fold

serial dilutfons (58). Antibodies to ueas]es proteins could be detected

in dilutions up to 1:390,625 (Table 3). This corresponds to

' apprdxinately 0.01 ng of neasles specific antibody.

Sincefhybridonaecells secrete antibodies in ug/ml quantities
(Kennett et al, 1986) it was decided that this system was sufficiently
sensitive for my purposes of screening hybridoma clones. The fusion of
mouse qyelbua and spleen cells has been described in Hethods and
Materials.z Ihe hybridoma clones were screened for antibody d{rected .
against measles virus proteins 2-3 weeks following the fusi procedore,
Each visible colony was screened in‘triplicate. The negative clones
were easily identified as they rarely exceeded the “noise” of the RIA

screening system by more than 50 CPM. butative positive clones were




- unﬂ-e: virus used in-the fmmuntfzation of Salb/c mice. *Xanes a-d are

the fnur prgg:ntions used.

=
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ideniifigﬂ on the basis that their CPM were two-fold greater than the
negative controls. In most cases these clones were well above this
arbitrary cutoff point (Table 4). The positive clones were fsolated and
. propogated in an attempt to establish stable cell Vines. In total 17
‘antibody-secreting Clomes from six separate experiments were tdemtified.
Of these, two clones have been established as stable cell lines, the
remaining 15 could not be propagated.
N Tﬁe:éntibﬁdy sgecifi%iiy from positive clones was deteﬁnin&d by the
imounoprecipitation technique. It was found that the supernatants from
- positive and negative clones precipitated measles virus NP (Fig. 8d, e
_' and f). This was an unexpected finding which implied that either all.
the clones screened were specific to measles virus NP, or a component in
the culture media was responsible for the precipitation of NP. The
firstiexplanatian was unlikely. I thaészé thaérthe fetal calf serum
used in the culture media contained maternal Ig6 Q;i%body to a related
7-paranyxavirus; Cross reactivity betﬁzen thibadies directed to the NP
*af measles, rinderpest shd canine gistgnpg% virus has® been documented
(Imagawa, 1968; Hall et al, 1980). Immunoprecipitation with iDﬂ ul of
RPMI-1640 containing 10% FCS confirmed this hypothesis (Fig. 8c). The
apparent discrepancy between the RIA and iununaprecipitation can be
Fadiolabelled goat antismouse IgG would nat detect calf Ig6. The 1m-
ﬁunsprn:ipitatiaﬁ tecﬁnique 1s not spectes spe:if%: sfnez Staphlococcus ™ -
‘ prﬂtgin A will bind to Ig6 from all species. , . < -
As antibodies to NP were found in the FCS it was necessary to
) remove the Ig6 from serum. This Qas necessary to clarify 1nzz;pfétatinn

of the specificity of antibody from clones. The bovine IgG molecules
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FOPL-C6 48l 88 e

FIP3-BS-A T S -
F9P3-B5-B - TS s, et
FCPL-M 310 140 RO

"a) Average CPM obtained from triplicate wells
b) Average of 10 wells, 5 of which were known negativé clones and- 5
‘which serve as background "nofse® for each plate’ . S

Table 4. Stjinar_y table of 17 hybridoma clones secreting antibody to

measles virus protein as determined by RIA.



PG 8. mtmug?n of the mrwecfp‘ltaﬁm of pﬁsﬂ:ive (d ahd e)

clones and a negative clone (f). Lane ¢ is the pmtein profile obtﬂned.

with RPHI 1646 10% FCS. Lanes a and b are 1mnoprec1pitates of measles

virus by muse 1mune serun.
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were removed from FCS by the ammonium sulfate precipitation technique :
(lnésm and Hay, 1976). This serum, following dialysis to remove

mnh; sulfate, was found to support growth of clones as well as

unprecipitated serum. Ismunoprecipitation of 500 uL of media from clone

" F9P3-C6 (Fig. 9a) and FIP3-B5a (not shown) grown in IgG depleted serum

brecipitated NP and its breakdown products. The agammaglobulin FCS did

not immunoprecipitate measles virus proteins (Fig. 9b).

C) 6Growth of Clone F9P3-C6 as Ascites Tumors

Inoculation of 1 x 107 cells of clone FIP3-C6 into Balb/c mice

- primed w1th pristane (Kennett et al, 1980) and subie;haiiy irradiated

(450 rads) (Kennett et al, 1980) induced palable ascites tumors within
two weeks in.4 out of Amice. The ascites fluid was withdrawn by para-
centesis._The yield from the four mice was 23.4 ml of monospecific
a dilution of 1:50 (Fig. 10). The ascites fluid had a total protein
content of 9.95 mg/ml (Fig. 11) using the Bio-Rad protein assay system.

D) Discussion

The application of somatic cell hybridization first described by
Kohler and Milstein (1975) has been successful for the production of

monospecific antibodies to the NP of measles virus. The advantage of

" using this method for antibody production is that milligram quantities

of antibody of monospecificity can be obtained. Thus highly specific
probes are available which may allow detailed biochemical studies to be

_performed. My principal .g%:ai utilizing the ﬁybridén technique was to

obtain a series of monoclonal .antibodies to the proteins of measles

=
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Fig. 9. Autoradiogram of the media, from clone F9-P3-C6 (a) supple-
‘mented with ammonium sulfate precipitated serum. Lane b.is the immuno-

precipitation of the treated FCS and Tane ¢ 1s an iﬁunemuse serum.



. ‘Vifiﬁg,lﬂ; iAutnradiagran of serially diluted ascites fluid containing

nﬁnaspeeifie antibody to the NP of measles virus from two mice. Lane a
{s undiluted ;scitesjllane b 1/5; lane ¢ 1/10; lane d 1/25, and lane e

"~ 1/50. The outer lane is a serum control.
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Fig. 11. Protein conéerﬂ: of ascites fluid containing monospecific:
antibody. The total preteinponteht was determined to be 9.95 mg using
~ the B10-RAD prqtein assay system. The closed circigs‘dena.te_the E;tein
standard.. The open g/circ'les denote the values obtained for the ascites
fluid containing mﬁaspecific' antibodfies. | {
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viruses. Of 17 positive clones identified I have managed to éstablish
two as stable cell lines. e

Other workers have gxpeﬂeﬁcfeﬂ-si:ﬂar problems in maintaining
hybridomas whose Specificitj s directed toward the proteins of measles
vir-us (Birﬁer et'a'] 1981). In the case of measles virus, Birrer et al
(1981)\igentified 21 clones secreting antibody specific to the prm;e‘ins.
of thesg five clones have been established as stable cell Tines. A
si‘mi’lar”;phenmena has been reported for influenza virus (Kaprowski et a)
1977)) ‘While clone loss is not restricted to these immunogens, there
does appear to be an inéreased incidence of elﬁﬁe"lﬁss when theée
viruses are used as immunogens. The cause of this is unﬂga'r_ However,

I plan to modify the immunization schedules to try to improve the pro-

~duction of monoclonal ant{béd’ies to jeas]es. With the experience gained.

in the production of monoclonal antibaﬂies and development of the RIA

systens. I feel that. the prpductiun of mc’lcmal antibodies to all the

L]
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