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ABSTRACT
Herpes simplex virus-infected cell lines were tested
for susceptibility or resistance to complement;mediaced antibody

lysis by means of the SIcr release test. Certain humap cell limes

!
LI

were found lo be resistant‘to lysis. Thelresistancé to lysis could

hqt be correlated with the' ability to broduce virél progeny or the
expression of viral antigens, as detectable by indirect -immuno=~
fluqresc;npe assays. AdsorPtion studies permitted a more precise
quantitation of antigenic exbression. Ail cell” lines expresseq'A
\similér qLantibies,of antigen, and adsorbed equal amounts of
éntibody.. Resistant cell lines consumed complément, but 1gss efficiéntly
than did }hé susceptible lines. Resistahce could not be réiaCed

to ‘the ability to cap, or to tﬂg phase of the grswth cycle.. Resistance
to Iysis.appeareé to be a property ‘of the éel{ membraney modified:

by th; insertion of viral specifit proteins after infection.

.

Treatment of the immunoresistant cells with neuraminidase,” an e
enzyme which, it has been’suggested, non-specifically increases

the immunogenicity of target cells, resulted in the reversal of .

resistance tohlysis in all four HSV-l-infected human cell lines,

.
e

and in two of the f&ur HSV-2"infe¢ted human éell lines. Neuramiﬁida§e
did not act gy unmasking_virél antigens, as has‘beén preyiousl&
suggested, nor did.it gacilitate the bin@iﬁg of'antibody to antigen.
This was shown by'adsbrpcion of HSV—specifié an;isefum with

neuraminidase-treated and, untreated cells. Cells treated with

neuraminidase consumed less complement than did untreated cells.

14
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‘ This suggested that neuraminidase acted by facilating the interaction
of complement with the target cell, making complement uptake more
. * efficient.
¢
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INTRODUCTION .

The inter;ction of antibody and complement with viral-
specific antigens located on the piasma mgmbrane of virus—infected
cells frequently results in cell lysis. This phenomenon is weil—
established.in vitro. Cells infected with measles virus (Kibier

.

and TérMeulen, 1975), lympﬁocytic choriomeningitis (Oldstone and ~
Dixon, 1971), Vaccinia (Singh et al., 1972), herpes simplex (Smith
et al., 1972) and Newcastle disease v;qu'(Eaton and Scala, 1969) are

examples of'systems‘which have been shown to be susceptible to

complement—méﬁiated antibody lysgis.

While examining parameters of complement-dependant

‘antibody lysis of cells infected with herpes simplex virus, it

1]

was vbserved that diéferent cell liﬁes ;aried in their susceptibility
_to lysis'{R;wls and Tompkins, 1975). The present study was undertaken
to  examine ghe Qariationslgn lysis of cells by anﬁlbody and eomplement
in greater get;i}. Initially,‘virus replication in the cells and

'expressroA of viral antigens at the cell surface were examined and
were not fougd to vary. Subsequently, treatment of t;g resistant
cell lines with neuraminidase was found to render thém susceptible
to %ysis by antiboéy and complemeﬁt; thus suggesting that variatipns'

in. susceptibility to lysis were related to cell surface carbohydrate
. N é . - .

composition.



BACKGROUND

A Mechanism of Complement Activation

A great deal of information has accumulated on the
mechanism of action of complement (Muller-Eberhard, 1975). The
"group of proteins called, complement is comprised of eleven or

perhaps twelve glycoproteins which interact sequentially to produce

AN

cell lysis. In the c¢lassical pathway of complement activation, the
recognition unit of complgment, called Clq, is bound to immune
complexes which consist of'IgM or ng attached to antigens on'the
plasma membrane. The multi&alenc Clq protein is attached to the Fc
fragments of either IgM or two molecules of IgG which are in close
proximity, resulting in a conformational change. The altere& Clq
then convert; Ehe proenzyme Cir into an activated form thch
cleaves Cls into CIS. .The stable association of Clq, Clr and Cls

is known to require the presence of calcium ions, and is reversible.

Once Cl is bound, the pathway usually proceeds to completion.

Assembly of the activation unit occurs next, and involves
the sequential formation of C3 and bé convertase. C3 convertase
is producéd via the interaction of Cls with 'C4 and C2. The cleavage
products CAL and C2a unite to form-C3 convertase, dr C4bZa, which
now is bound to a second distinct site on the membrane; the by-products
of the_ reaction, C4a and C2b, remain in the (luid phaée. The
"catalytic site of C3 convertase, wﬁich probably resides in the C2a

» portion of the enzyme, now cleaves the protein C3. A by-prdduct of

this reaction, C3a, has anaphylotoxifi activity. C3b becomes bound to
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the C3 convertase, forming C4b2a3b, or‘CJ convertase. C3b may
also bind to other sites of an unknown nature on the cell membrane;
this ‘is responsible for the immune adherante reaction, facilitates

£

phagocytosis by macrophages.

C5 convertase then cleaves C5 into C5a, also an
anaphylotoxin, and C5b, which is then.bound to a third memb rane

site of an unknown nature.

’

The binding of CS5b initiates the

lytic séége of complement activation. One may then demohgkrate

the binding of é6¢and C7 to form'a trimolecular complex.cggg7,

and then the binding of C8, which initiates slow lysis. The adﬁition,

of C9 enhances lysis, and a maximum of six moLecules may be bound.

The. current hypothgsis concerning the mechanism of
damage is that the Urimolecdlar complek C5b67 form a channel -through
which 98 may'gnter and éb come into direct contact with the cell
membrane. It is possiﬁle that portions, of the C8 molecule may

actually extend into the interior, causing breakdown of the structure

of the membrane, or perhaps forming a helical channel through the

membran%ii/CQ may then act in the manher of a "syringe", forciang
the' C8 "needle" more deeply into the membrane. It is believed that

only oné lesion need be pfesent'to result in cell lysis - the so-

c&lled one-hit hypothesis.,

Membrane damage by complement fixation operates under a
variety”"of controls. The capacity for amplification exists at three

places in the activiation of complement. Cls may dctivate many

molecules of C4 and C2y similarily, both C3 and C5 convertase may
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act repeatedly on the appropriate substrate. This effect is partly

counteracted by the very brief half-lives of CébZa and C4b243b.

In addition, the C&b-portion has only a transient ability to bind

to the cell membrane. Three serum inhibitors exist as well. - One

.

destroys €1; another inactivator splits cell-bound C3b or the 'soluble

C3b component of C4b2a3b into two inactivate {ragments, and C4b is

spsceptible to a C4b inactivator which acts in a similar manner.

It is also possible.that C5b may be.inactivated by a serum protein.

’

Concurrent with or alternate to the classical pathway of

complghent activation, the properdin pathway may be operative. In

this reaction sequence, Clsé4b2a formation is by passed. C3b in this
pathway is produced via a series of reactions which#is‘activated by
aggregates of IgA. An initiation factor, formed_ as a consequenhe of
- Ay
this activation, is believed to convert the protein properdin into
an active form that ultimately gives rige to a C3 convertase. This
. ' . N )
in turn produces the alternate C5 convertase, after which tHe reaction

proceeds as described in the classical pathway. A pogitive feedback

mechanism exerts controls on this alternate pathway.

B. The in vivo and in vitro Role of Complement-mediated Cell Lysis

An und?rstanding of the mechanism of complement-mediated
antibody lysis has been established using .in vitro procedures. ' The.
sign;ficance of this'mode of lysis in vivo is duite unknown. However,
by-products of the pathway.to activation do possess in 'vivo activity.

For example, C3a and C5a, both of which are anaphylotoxins, bind to

mast cells and stimulate the release of histamine. This is responsible
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for the contraction of smooth muscle fibres and also is a vasodilator.
In addition, these fragments have a chemotactic function, and attract
polymorphonucléocytes to the site. Both C3a and C54a are susceptible.

to the action of a serum carboxypeptidase, which removes the

.

-
carboxyl terminus of an essential arginine residue, and so destroys
activity. Finally, as previously mentioned, C3b is responsible for

immune adherance, which facilitates phagocytosis.

Actual 1lysis of target cells by activated complemant has

-
.
. 5 -

never been observed in vivo. The available evidence suggests that
damage to target cells is produced indirectly. For example, the

pathogenesis of lymphocytic choriomeningitis virus lies-mainly in.

L3 -

the production of cell lysis. InfectizAmice, after treatment with

cobra venom factor which inhibits: the

3 component of complement,
ﬁ -~

show reduced mortality. However, C5-deficient mice are as susceptible
> . .

. v, - .. . .
‘to lymphocytic choriomeningitis as normal mice, which suggests that

only the early components of complement are involved in pathogenesis,

and not the later ones which induce céll lysis in vitro (Oldstone

and Dixon, 1971). Incidentally, neither C5-deficient mice or C6-

deficient rabbits show an increased susceptibility .to disease, which
further supports the view that direct cytolysis by complement has

no critical function in vivo. - : -

In the light of these facts, it is interesting to consider

that-several in vitro systems eXxist in_#hich complement activation
- /
fails to result in bell‘lysis. Moloney;virus—transformed lymphocytes
) . . : . . |
are lysed by antibody specific for Molqhey leuvukemia virus and complement

.



only in the'Gl phése of ‘the cell cycle; at all otéer stages, no
lysis occurs, even though both C5 and C8 can be demonstrated on the
cell membrane (Cooper, Polley and Oldstone, 1974). "Ohanian and
Borsos (Ohanian, Borsos and Rapp, 1973) presented evidence that

L10 cells, a line of guinea pig hepatoma cells which express
Forsmann antigen, are not lysed by the Forsmann éntibody anq
complément; althéugh they were lysed by a specific aéti-LlO anti-
body and Eompiément. A line of human lymphoid cells, RPM1 8866
was shown to vary in s;sceétibility to complemegt—mediated.lysis,
being least sensitive in the Gl phase (Pé%legrino et al., 1974).
Finally, a 1iné of radiation-induced murine leukemia cells, RADA-1,
are resistant to lysis by antibody specific for thymus leukemia antigens

and guinea pig complement, although antigens are demonstratable. by

indirect immunofluorescence (Yu, Liang and Cohen, 1975).

The problem of resistance to complement-mediated antibody’
lysis assumes an even more interesting aspect when one considers the
following studies, in which the enzyme neuraminidase was used to

induce a greater antigenicity in the target cell. These experiments,

which were conducted both in vivo ‘and in vitrxo, were the tHeoretical
basis of the decision to treat the immunoresistant HSV-infected cell

lines with neuraminidase, in the hope that the enzyme would be able

to reverse this resistance to complement-mediated antibody lysis. A

brief summary of -these experiments follows. -

Neuraminidase treatment of oncogenic TA3 cells prior to

injection into syngeneic mice reduced the mortality rate from 56 £ 57
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< syngeneic mice. Treatment with neuraminidase before injection results

to 6 + 4% (Sanford, 1967). It was suggested that the removal of
sialic acids by neuraminidase increased the immunogenicity of the
tumour cells by unmasking histocompatability antigens. Similar
studies using neuraminidase-treated L1210 cells injected i;tb‘mice
confirmed the previous findings; again an .increased survival rate
was seen (Bagshaw and Cur}ie, 1968). When the recipient mice were
irradiated béfore the injectién of neuraminidase-treated L1210 cells,
the mice éied. .&his implies that a functional immune systei was
vital in repressing tumour growth, and that neuraminidase had no,.
effect on the oncogeﬂicity of the tumour cells. This conclusion is

in agreement with studies in which qimethylbenzdithionapthene-induced
fib%osarco;as after treatment with neuraminidase sho&ed a reduced
transplantability'when.injectéd into micel When imhunosuppressed
animals were used as chipients, however, the tumour cells grew as

quickly as did untreated cells in normal animals (Ray, Thakur and

Sundaram, 1976). - -

Neuraminidase treatment pf bone marrow or spleen cells
renders the cells -less tolerigenic than néfmal, so that the hosts
(mice) do not become télerént.and therefore no graft-versus-host
disease occurs klm and Simmons, 1971). VFibrosarcomas which have

been induced by 3-methylcholanthrene ordinarily grow rapidly in
. -, %

-

in markedly less growth; in immunosuppressed mice, however, these

Ay

treated cells grew as rapidly as untreated cells (Simmons, Rios and

Ray.,, 1971). Again, then, neuraminidase treatment seemed  to increase

*
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the ,immunogenicity of the tumour cells, but does not reduce tﬂc growth
potenﬁialtof the cells. This effect may be duplicated by direct
ingection of neuraminidase into ‘tumours (Simmons and Rios; 1972).
Direct injections have also been performed with some success in mice

which had been spontaneously infected with mammary tumour virus

(Simmons, Rios and Kersey, 1972).

Analagous studies in vitro have algo been carried out.
Treatment of TA3 cells with neuraminidase in vitro renders them
susceﬁtible‘to the cytotoxicity of normal guinea pig serum, whiqh
probably resides in anaturally occurr?ng 19s antibody and complement
(Hughes, Palmer and Sanford, 1973). C3H cells in the Qresencé of
specific anti-C3H antibody and rabbit complement are lysed only
afker treatment wiqh‘neqqaminidasé (Ray and Simmonsg, 1972). Normal .
mousc sérum is cytotoxic for autologous and allogeﬁeié neuraminidasé—
treated cells (Rosenberg and Schwarz, 1974). Similarily human seérum
is cytotoxic for allogeneic human lymphocytes after treatment with

neuraminidase (Reisner.and Amos, 1972} °

-

Neuraminidase is an enzyme which cleaves the a-ketosidic
}inkage joining sialic acids such as N-acetyl neuraminic acid‘
tg a glycoprotein substrate. ‘These linkaées may be 233", 24",
2+6' or 2+8'; all kour are susceptible to cleavage by neuraminidasé

derived from Vibrio cholerae (comma) or Clostridium perfringins, while

influenza virus neuraminidase is more specific, and will cleave only
2+3' and 2+8' linkages (Ray and Simmons, 1972). -

~



The mechanism by which neuraminidase treatment results in
the regression or cessation of gquth of_Fumour cells in vivo or
reverses resistance to ;ysis by antibody and complement ig'vitro is
unknown. As already mentioned, unmasking of aﬂtigéns_on tﬁé Elasma
membrane (Sanford, 1967) or a non-specific increase in immunogenicity
of the cell under study (Ray, Thakur and Sundaram, 1976; Bagshaw

and Currie, 19685 Simmons, Rios and Ray, 1971) are hypotheses which

have been favourably received.

An understanding of the events which occur when complement
Attacks a cell and lyses it, or fails to lyse it, and, what happeng
to a cell when it is treated with neuraminidése, has impérgant
consequences both scientifically and clinicially. Knowledge of these

e

phenomena may help elucidate features of the plasma membrane - a subject
wvhich increasingly attracts interest because, of the vital role it
appears to play at almost all levels of 4 cell's activities.
Clinically, complement may be important in the pathogenesis of a
disease, as in the case of glomerulonepﬁritis. Alternatively, the
failure 6f complement to lyse cells in Xizé,if complement in fact
has such a role, may have immhnolégical sequellae. Finally, the
effects seen‘with neuraminidase treatment in vivo and in vitro are

sufficiently promising to encourage studies on its future use in

treating human diseases.

C. Cells Infected with Herpes Simplex Virus

A system in which complement-mediated antibody lysis may

be thoroughly studied, in conjunction with neuraminidase treatment,

-
-
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is therefore very desirable. Such an in vitro system occurs when
herpes simplex virus infects a cell. A great deal of information
has accumulated on the topic of herpes simplex virus in recent years,

but pertinent to these studies is the following.

Herpes simplex virus is a double-stranded DNA virus.
Its nucleic acid has a molecular weight-of 1 x 10 daltons. Two
types of HSV exist:” type 1, which is the causative agéent of cold
sores, and type 2, which results in a very common venereal disease
and has been linked to cervical cancer (Rawls et al., 1968; Aurelian,
1973). The virus has a particularly interesting clinical aspect; it
is a latent virus. K The disease is recurrent, and the virus intermittently
goes into hiding - ié the case of HSV-1, the trigeminaf ganglion
(Paine, 1964) and for HSV-2, the third sacral ganglion (Baringer, 1974).
How the virug escapes detection by the body's immune system during

B}

latency is not understood.

Infection.of a susceptible cell with HSV-1 or HSV-2 may
}ead to either a productive infection, in which case the host cell is
killed, or an abortive infect{on. In the latter case, the virus
either fails to éroduce viable progeny, or the host cell becomes
transformed.’ The attachment of the ¥irion to the host plasma membrane
is very rapid, and does not require energy; it is electrostatic inm
nature (Hochberg and Becker, 1968; Morgan, Rose and Mednis, 1968).
There is some controversy as to whether unenveloped virions can

imitiate an infectfon (Spring and Roizman, 1968; Hochberg and

Becker, 1968; ABodeély, Lawson and Randall, 1970), since it is
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believed that virions enter the host cell either by phagocytosis
(Morgan, Rose and Mednis, 1968; Abodeely, Lawson .and Randal., 1970
or by fusion of the viral envelope with the host cell's plasma

membrane (Miyamoto and Morgan, 1971).

Once the capsid is withim the cell's cyvtoplasm, uncoating
of the icosohedral capsid occurs_very‘rapidly, perhaps with the
-aid of the host cell's lysosomes., The viral coat proteins stay
within the cytoplasm, and the.double—stranded DNA is transported

rapidly into the nucleus by an unknown mechanism (Hochberg and

Becker, 1968).

. Transeription now commences, but it does not proceed in
the classical early and late pattern seen with other viral infections.
Control of transcription in HSV appears to be at two levels. First;
two classes of ‘RNA are present which differ in their relative abundance,
and second: although both classes are present throughout infection,
different proteins may be involved. Thus, an on-off control exists
in conjunction with this abundance control (Roizman and Frenkel,
1973). The sc;rce class of RNA is believed to code for enzymes
involved with replication apd synthesis of macromolecules (Frenkel
and Reizman, 1972). The abundant class, which is polyadenylated’
(Harris and Wildy, 1975; Silvérstein et al., 1973), is thought to code
qainly for structural proteins; between 0.5 and 2 hrs post—infection,
niﬁet;en of the twenty-four known structural proteins may be‘dete$ted.

This accounts for 68% of the coding capacity of the genome (Frenkel

and Roizman, 1972). Thus, HSV differs from most viruses in that other

I



viruses do not synthesize the bulk of their structural proteins until

after the viral nucleic acid has been replicated.

It is probable that at least some of these RNA species
are polymessengers that must be cleaved before translation (Wagner
and Roizman, 1969). HSV-2 patterns of synthesis have not been
studied as extensively, but the basic mechanism appears to be

similar (Frenkel et al., 1973).

Early messenger RNA apparently codes for a thymidine kinose,
which is necessary to commence DﬁA sfnchesis (Roizman, 1963). Viral
DNA syntheéis proceeds by a semi-conservative mechanism, within the
nucleus. Structural proteins are transferred from the cytoplasm
into the nucleus, a step which may involve arginine (Courtenay,
McCombs and Benyesh-Melnick, 1970 and 1971). This could explain the
requirement of afginine for HSV growth (Becker, Qlshevsky and Levitt,
1967). ‘Capsids are aSsembled in the nucleus, in an iﬁtranuclear crystal
(Nii, Morgan and Rose, 1968). An envelope is acquired by budding of
the capsid through the nuclear membrane into a cytoplasmic vacuole
(Asher, Heller and Becker, 1969; Darlington and Moss, 1968). A
number of the v%rus—specifié proteins are glycosylated prior to
insertion in the nucelar membrane (Spear ané Roizman, 1970); the virus
apparently buds"through regions of Ehe membrane which contain viral-

specific antigens but no cellular antigens.

. The effects of the virus upon its host are manifold. The

killing of tﬁe host cell is due to the cessation of cellular DNA, RNA

-~



and protein synthesis (Kaplan, 1973). Viral-specific antigens

appear upon the plasma membrane, rendering the cell susceptible

to neutralization by antibody, lymphocyte attack or complement-
mediated antibody lysis. A wisible cytopathic effect occurs,
manifested as aAy one or a combination of the following: rounding up

of cells, aggregation, and syncitia formation (Ejercito, Kieff and

Roizman, 1968).

Because certain cells which have been infected with HSV-1 -
or 2 are susceptible to lysis by antibody and complement, it seems ¢
worthwhile to review briefly the information concerning HSV-specific

antigens. Human epidermoid carcinoma cells which-have been infected
3
* . .

with .HSV-1 synthesize forty-nine new polypeptides, as detected by

L3
@

high resolution polyacrylamide gel electrophoresis. Of these, twenty-

S

i

four are known to be structural, and fifteen are non-structural; thex ’

remaining nine have an unknown function,_Sut are probasly also non- ’
structural. These polypéptides account for 75% of the genetic
informétion in HSV-DNAT?Honess and. Roizman, 1973). Using an identical
system, fifty-one polypeptides are demonsgrdtable when HSV-2 is the

infecting agent (Powell and Courtenay, 1975).,

©

In HSV-infected cells, at least twelve new proteins, of
whiclr nine are glycosylated, appear on the -pladma membrane (Heine,
Spear and Roizman, 1572). HSV-1 is ciosely related antigeﬂically to
HSV-2; hybridization‘s&udies show a base sequence homology of‘SOZ. .
Now, of these twelve proteins, ;t least -two are known to be;tfbef
specific (Sim and Watson,,l97§e. The bulk of the créss—reactihg

n “ . <
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antigen rgs%des in a précipitin band detectable by polyacrylamide gel
electrophoresis,, called Band II (Watson and Wildy, }969): Anti-
‘serum to Band Il will néutralize both HSV—l and-HSV—Z; adsérption

of this serum with the hetegologous virus produces a éype—spécific

antibody activity (N;hmias et al., 1971).

<

. +

The extent of cross-reaction between HSV-1 and HSV-2 causes
great difficulties in,distinguishing by immunological means the

infecting type. Many tests have been dévised; these have been

¥

reviewed by Plummer (Plummer, 1973). lAcluded amizg_shg,more
successful are:h.geutralization kineties (As@e'and Scherp, 1963);
microneutralization.tests {Pauls_and Dowdle, 1967); microindirect

heﬁggglutination (Fucillo-.et -al., 197U);£ indireck fluorescence

3

'y »

(Geder and Skinner, 1971);. dirgct fluorescence, (Nahmias _E.gl.,j1969);,

and the ?ICy release tést (Smith EEfél'; 1972) . Various biological

-

markers, such as thermolability, density of DNA, and plaque size may
‘be used if one isolates the virus (Figueroa and Rawls, 1969). Of fhese

prbcedures, the *'Cr. release test has been found tosbe an especially -
. ; } . .

-

useful tool;’ the test is fleiible, quantitqcive, reproducible and can
distiniguish cross-reacting and type-specific HSV antigens,(McCiungf

[y
"

Seth and Rawls, 1976): ' .- Lo

r
-

In these studies, various cell lines wereﬁgxamined-for *
susceptibility to complement-mediated antibody lysis after infection
with HSV-1 or ﬁSV—Z. The 51Cr release ‘test, inqwhich infected cells

are labelled with radioactive .sodium chromate -and subsequentiy treated

with antibody and complement was used to quantitate the -response of

v : ‘



these qeli lines. Growth curves of HSV were performed in each cell
line to determine whether viral progeny was being produced; the
production .of Yirél ;decific antigens was demonstrated by the use of
indirect immunofluorescgnce assays. Because certain cell lines were
rgsistant to lysis even with very high concentrations of antibody and
complement, pehraminidase treatment was carried out. Reversal of
resistance to lysis was seen in all four HSV-l-infected cell lines
tested, and in two of four.HSV—Z*infected lines. Studies were then
performed in an attempt to determine the mechanism of resistance to

3

lysis and the effect of neuraminidase treatment on these cells.

15
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MATERIALS AND METHODS

A. Tigsue Culture and Virological Techniques

1. Cell Lines Used

Studies of complement-mediated cytotoxicity in herpes
simplex virus-infected cells were pefformed on the following cell
lines: HCT-8, a human adenocarcinoma of the colon (Tompkins et al.,
1974); HT-29, another human-adenocarcinoma of the cplon (obtained
from J. Fogh at the Sloan-Kettering Institute, Néw York, N.Y.):
HEI—&O%, human embryonic intestine (GIBCO); HEL, human embryonic
lung kobtained from S. Goldstein, Department of Medicine, McMaster

University, Hamilton, Ontario); VERO, a line of African green

monkey kidney cells (Flow Laboratories); BHK-21, baby hamster

——— g -

- e -

kidney cells (Ann Arbor); MB-1, MB-2, MB-~3, clones of BHK-21

(isolated by M. Buchmeier, McMaster University, Hamilton, Ontario).

)

2. Medium

HCT-8, HT-29 and HEl cells were propagated in 75 cm?
tissue culture plastic flasks (Corning) containing RPMI 1640 medium
supplemen;ed:with 20% v/v héac;inactivated %etal calf serum,100 U/ml
penié&llin, 100 pg/ml streptomycin, 0.03% w/v glutamine, 0.75 g/1
NaH(CO3, 0.01 M Hepes buffer and 0.01 M Tricine buffer. These re;gents
were obtained from GIBCO. HEL, VERO, BHK-21, MB-1} MB-2 and MB-3

cells were grown in Minimal Essential Medium, F-15 (MEM, GIBCO).

16
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plus 10% v/v fetal calf serum, 100 U/ml penicillin, 100 pg/ml

streptomycin, 0.03% w/v glutamine, and 0.75 g/1 NaHCO,.

-

3. Virus Strains

KOS was a herpes simplex virus type 1 isolate obtained

-
¢

from a lip lesion on a patient in Houston, Texas. Herpes simplex

virus strain 219 was a type 2 isolate derived from a patient with

+ chronic cervicitis in India.

- <

Stocks of these two strains were prepared in VERO cells

and assayed by the plaque-overlay method. Monolayérs of VERO cells

“

were incubated with 10-fold dilutions of virus for 1.5 h. at 37°¢

Qnd then overlaid with 2x MEM- cantaining’ 10% w/v ﬁétal calf serum,

400" ug/ml protamine sulfqte (Sigma), l:; g/1 NaHCO,, 100 U/ml penicillin,
100 ug/ml streptoquin, SO‘U/ml mycostatin (Squibb) and 1% w/v
Bactoagar (DIFCO Laboratories). After incubation for 3-4 days at
379C, the agar overlay was removed. Cells were then fixed ;nd
stained.with 2.5% v/v buffered formalin (BDH Chemicals) plus 1.0%
crystal violet (Fischer Scientific Cogp;ny), and the plaques were

v

enumerated.

4. Growth Curves

A multipliéity_of infection (MOI) of 1 PFU/céll was
used to infect monolayers of cells. After adsorption at 37°C for
1 hr., cultures were refed with the appropriate medium and incubated

at 37°C for various times. Duplicate samples were withdrawn 'and

frozen at -45°C; prior to assay, the infected cells were frozen and
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_thawed twice. The duplicate samples were then pooled and 10-fold
dilutions were made. A volume of 0.2 mls of each dilution was
then plated out inm triplicate on monolayers of QERO cells in 60 x
15 mm standard plastic dishes (LU% Scienfific) and assayed by

the agar overlay technigue already described. Results were expressed

as log PFU/cell.

B. Immunological Techniques

1. Preparation of Antisera and Complement

-
1)

Ultra-violet irradiated HSV, at a concentration of
1 x 10% PFU was injected intra-peritoneally into New fedland white
rabbits. Beginning 2 weeks later, the rabbits received a series
of 3 injections, given 10 days apart. The inoculum consisted
of 1 x 10® PFU live HSV in complete Freund's adjuvant injected -
intramuscularly. The rabbits were bled 10 days after the final
.- . B,
injection and serum was collected.

Pooled guinea pig serum was used as a source of:- qcomplement.

Both antisera and camplement was, stored at =70°C until used.

<

°

2. Indirect Immunofluorescence Assays

S

Monolayers of cells were infected with 1-2 PFU/cell of
HSV-1 or 2 and incubated at 37°C for various times. Monolayer§
were then washed twice in phosphate buffered saline without catt

or Mg++ (PBS) cnd trypsinized. These cells were then suspended in

TBS + 2% FCS and counted via trypan hlue exclusion; the ‘concentration



was adjusted to 5 x 10° viable%Fells/ml. Oné ml of cells was
centrifuged for 3' at 1500 rpm in an IEC PR-J centrifuge (Damon/
IEC Division), and the pellet of cells was incubated with 0.1 ml
of rabbit anti- HSV antiseLa diluted 1:20 or 1:40 for 30' at 37°C.
Cells were then washed twice in 2.0 mls of Tés + 2% FCS.: 1If cells
were to be fixed, at this point 3% buffered.formalin was added

for 4' at 49C. Subsequently, cells were washed once with TBS,

and the pelleted cells were incubated with 0.10 ml of 1:10 -
fluorescein-conjugated goat anti-rabbit IgG (Cappel Laboratories)
- for 30' at 37°C.‘ Again, cells were washgd twice and then
resuspended in TBS -~ glycerol (1:;9) and mounted on élides.

Fluorescence was examined using a Leltz OrthroPlan fluorescent

microscope.

C. '5]Cr Release Test

-

The method df Smith égigl. (1972) was used, with some
modifications. Confluent monolayers of cells were infected with
HSV-1 ér 2 at an MOI of 2-5 PFU/cell. After adsorption for 1 hr.
at 37°C, the cells were refed-with 10.0 imls of medium and incubated
at 37°C. -At about §~hrs. post~1n£ection, 200 ucCi ostCr, obtained
as sodium chromate {New England Nuclear), was added.‘ Fdilowing
further incubation ét 37°C for 10-12 hrs., éélls were harvested by"
trypsinizatiorr. Single-cell iuspensions were washedos times in

10.0 ml volumes of cold TBS + 2% FCS. Cells were then counted by

trypan blue exclusion, and the concentration was adjusted to 5 x 10°

19
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viable cells/ml. After heat-inactivation at 56°C for 30', doubling
dilutions of tge test antiserum in a volume of 0.1 ml\were then
mixed with 0.1 ml of the labelled cell suspension and incubated for
1 Hf. at 37°C. An appropriate dilution of guinea pig complement,
in a 'volume of 0.2 mls, was added, and this mixture was incubated
for a further 1.5 hrs at 379C. s Two mls of cold TBS + 2% FCS were -~
added to stop the reaction. Cells were then pelleted by centrifugation
at 1500 rpm for 3'. One ml of the supernatant was carefully removed,
transferred to a fresh test-tube, and counted for radicactivity in
a Beckman Gamma 300 Radiation Counter (Beckman Instruments, In§.,
Fullerton, Ca.).

9Maximum S}Cf release was determined by lysing 0.1 ml of
labelled cells‘with 0.3 mls of distilled water and freeze-thawing
once. 'Spqntaﬁeous *!Cr release was determined in two ways. As a’
complement control, 0.1 ml cells was mixed wi;h 0.2 ml guinea pig
complement and 0.1 ml diluent (TBS + 2% FCS). For. antibody controls,
0.1 mls cells received ' 0.2 ml diluent plus 0.1 ml dilution of
;ntisera. All dilutions and controls were perforﬁed in duplicgte .
and counts per minute were averaged.

% ) ' c

. v VA
The percent specific 1Ccr release was calculétéd

according ‘to the formula ‘of Brunner et al. (1968):

% specific *1cr release =

1Cr release with Ab and complement - spontaneous release x 100%

maximum °®'Cr release - .gpontaneous release



D. Treatment of Cells with Neuraminidase

“

As described above, labelled infected cells were washed

and counted. Dilutions of neuraminidase (GIBCO, stated activity

€

= 500 U/ml)were made in a total volume of 1.0 ml of TBS contaiiing
calcium and magnesium ions, pH 7.2 and added te 1 x 10° pelleted
cells. The enzymé was allowed to react at 37ocifor 1 hr with

occas ional shaking. Ten mls of TBS + 2% FéS were used to wash

the treated cells, and the concentration was again adjusted to

5 x 10° cells/ml. Analagous controls for maximum and spontaneous

/

release W6%e perfo
~

ed. Alternately, neuraminidase trecatment was

A

carried out after ant{hody incubation or after complement had

reacted. In these lat¥eX experiments, treated cells were washed

with 2.0 mls of TBS + 2% controls were done for each

dilution of antibody and complement.

75

¥

3V =" Infected Cells

E. Adsorption of Antisera with

‘ Monolayers of cells to be -tested were inoculated with HSV
iype’l or 2 at MOl = 2-5 PFU/cell. ‘Afgér adsorption for 1 hr at
37°C and refeeding, cells were incubated at 37°C until a complete
cytopathic effect ‘was observed (usuall; 18 hrs). Infected cells
were then washed twice with PBS, trypsinized, and counted.

Uninfected cells were used as controls and were treated identicaliy

to the infected cells.

21
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If neuraminidase treatment was carried out, at this point
dilutions of c¢ells were incubated with-10.0 U of neuraminidase in
a total volume of 1.0 ml for 1.0 hr at 37°C with occasional shaking.
Then cells were washed once with 10.0 mls of, TBS.

Treated, untreated, and control cells were then diluted-
into concentrations varying between 5 x 10% cells/ml and 1 x 107
cells/ml. These Qere centrifuged and the pelleted cells were
incubated with 2, 5, or 10.units of antibody. One unit of antibody
was defined as the dilution which produced 50% specific Sler
release in a standard cytotoxicity test, using HSV - 1 or 2 - >
infected BHK-21 cells. Adsorpt?on of antisera was' carried out for
1 hr at 37°C with occasiohal shaking and then overnight at 4°C with
continual shaking. The serum was clarified by centrifuging at 4000
rpm for 2 hrs. Residual antibody activity was assayed in the

standard *!Cr release test using HSV - infected BHK - 21 cells.

F. Complement Consumption Test

The procedure for the complement consumption test as
described by Kagan and Norman (1970) was followed, with, some

- modifications. -0 N

1. Colour Standards

Sheep red blood cells, obtained as a 50% suspension. in

Alsever's solution (Connaught Léboratories, Limited, Willowdale,

Ontario) were washed three times in Veronal Buffered Diluent

t



(VBD; 1 volume of 5 x Veronal Buffered Saline plus 4 volumes of
0.125% w/v gelatin water). Packed red blood cells were resuspended
in VBD at a final concentration of 2.8% v/vu.

The washed cells were diluted 10-fold to give a 0.28%
cell suspension. Aliquots of these cells were then mixed with a
haemoglobin solution to produce a series of tubes corresponding to
0% to 100% haemolysis, in 10% increments. The haemoglobin solution
was prepared by lysing 1.0 ml of the 2.87% wv/v washea sheep red
blood cells with 7.0 mls of distilled water; 2.0 mls of 5 x VBS
was added to stabili;e the ;olution. .The test broper was read
against-the colour standards. Extrapolation to the nearest 5%

was made when necessary. .

2. Titration of Complement

%

Sheep red blood cells were sensitized by incubating 1
volume of the washed 2.8% v/v cell suspension with 1 volume of
haemolysin (GiBCO), diluted 1:2000, for 15' at room temperature.
This dilution of haemolysfﬂ was prevjiously determined as optimal,
by plotFing percent*ﬁaemdlysis versus hae&olysin dilution. The
optimal Eaemélys;n dilution was that dilution on the plateau of
the curve.

A series of test-tubes céntaining aliquots of VBD was
set up. Then_aliqhots of .guinea big complement (ébtéined in a
lyophilized form from GIBCO) diluted 1:200 jin VBD were added so
that the total volume was equal to 0.8 mls. Thus a concentration

bracket of complement dilutions varying from 1:200 to 1:1600 was

»
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-‘arranged. This was incubated with 0.2 ml of sensitized sheep red
blood cells for 30' at 37°C in a water bath. After centrifugation
at 2000 rpm for 10 minutes to pack unlysed cells, the tubes were

read against the colour standards. The graphing method was then
employed to determine the volume of this dilution of complement

which contained one 50% unit of complement (1 C'H50). The log]0

of the ratio of the percentage of lysed cells, y, to the percentage
.of non-lysed cells, 100-~y, was plotteh against the log10 of the volume
of the c;mplement dilution in each test-tube. The volume which
contained 1 C'HS50 was estimated by extrapolation. The dilution

-

of complement required to produce 5 C'HS0 in a volume of 0.4 ml

was then calculated.

3. Antigen Titration

A checkerboard titration of antigen was carried out. All
cell lines to be  tested were infécted @ith HSV under identica}
conditions, as described previously, and then harvested and counted
on the next day. Each cell line was divided into 2 equ;l portions.
Tén units of neuraminidase per 1 x 10° pelleted cells was added to
one portion. The enzyme was incubated with the infected cells for
1 hr at 37°C with occasibnal shaking. After washing, treated and
untreated cells were diluted in serial 2-fold dilutions. A‘volume of.
0.2 ml of each dilution was mixed with 0.2 mlé of‘each antibody
dilution. For antibody, heat—inactivated rabbit anti-HSV antisera
was diluted in 2-fold ingrements. Afger incubation with antigen at

room temperature for 20 minutes, 0.4 ml cold complement was added

24
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(S C'H50/tube). All tubes were incubated for 15-18 hrs at 4°C.

Prewarmed tubes each then received 0.2 ml sensitized sheep red

blood cells, and these were incubated for 30 minutes at 37°C in

a water bath. After écntrifugation at 2000 rpm for 10 minutes, the

percent haemolysis was determined by comparison with the colour

-

standards.
Each test always included antibody controls in which

0.2 mls VBD was substituted for antigen, and complement controls

for each antigen dilution using 5 C'H50, 2.5 C'H50, 1.25 C'HS0

and no complement. I[f the controls were not acceptable, the test

was discarded. )

G. Thiobarbituric Acid Assay of Neuraminidase Activity

o

A standard assay of neuraminidase activity was performed

~

using human o-1 acid glycoprotein (gift of Dr. Mark Hatton,
McMaster University, Ha@ilton) Ontario)has substrate. Released
sialic acids were determined by the thiobarbituric acid procedure
described by Warren (1959) and modified by Aminoff (1961) and

Aymard-Henry et al. (1973).

Concentrations of human ao-1 acid glycoprotein were reacted

with different dilutions of neuraminidase for various time intervals.
O

Then 0.2 ml of the sample was mixed with 0.1 ml periodate-phosphoric acid

reagent (see Appendix A for preparations of ‘the reagents used ip this
test) for 20' at room temperature. One ml of arsenite reagent was
added, and the test-tubes wére shaken vigorously twice. The reaction

|
is stable at this point and may be stored at 4°C for several days

25



without loss of activity. Three mls of 2-thiobarbituric acid
reagent was added and the test-tubes were immersed 'in a boiling

water bath for 15'. After cooling with tap water for 5', 4.0 mls

of cyclohexanone (Eastman Kodak) was added and the tubes vortexed

-

~0.05 p moles were performed for each separate experiment. '

twice. The extracted chromogen was separated from the aqueous
phase by centrifugation for 3' at 1000 rpm, and tte upper red
ovganic laver was read spectrophotometrically (Beckman Acta III,
Beckman Instruments, Inc., Fulleqton, Ca.). The spectrophotometer
was zeroed with distilled water and-optical densities were read at
549 nm and 532 nm. The latter reading corrects for interfering
non-sialic acid chromophores which absorb maximally at 532 am.

I moles of sialic acid present in the sample was

calculated according to the formula:

¢ sialic acid = 57,000 .

1Y u moles sialic acid 0.0%0 X O'D°su9 {(no interfering biological

material) . or

“

2) u moles sialic acid (0.084 x O-D-sug) - (0.031 x O.D.53 D]

2
(in the case of contaminating non-sialic acids)

Readings were performed within the first hour of

completion of the test. Calibration curves, using N-acetyl

neuraminic acid (Sigma) in a concentration range between 0.0l and

*
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H. Assay for Protease Activity in the Neuraminidase Preparation - =ﬂ<

Préparatiqns of neuraminidases frequently have beenlfognd
to be contaminated with proteases. Therefore an assav was designed
to ﬁetermine whether any protease activity was demonstratable in

- .
the GIBCO neuraminidase. 'Ten k-df Iodine-125 - label}ed immuno—
globulin G, which had been labelled by the chloramine~T method
(McConahey and Dixon, 1966) was precounted and used as substrate.
A'vélume of 0.1 ml of bqvine~sgrum albumin (Sigma Chemical Co.),
1.0 mg/l.O.mL, was used as a carrier protein. All reagents were
dissolved in TBS, and where necessary, TBS was used as a diluent.
Proteases VI and k (Sigma Chemicals) were used as positive controls;
the test proper involved incubation.o% 125I—IgG + BSA with no
additions, with ‘peuraminidase or with these proteases in a total
volume of 1.0 ml for 1 hour at 37°C, a condition chosen to’emuﬁ;{é\
the procedure used in the Sl'cr release test. One-ml of 10% w/v
trichloroacetic acid was added to precipitaté any protein, and tﬂis -
was incubated for 1 hr at,robm temperature. Tubes were then
éentrifuged for 30 minutes at 4000 rpm, and theﬁ the superﬂatant was
removed by aspiration épd transferred to a clean test—tubé. Both
supernatant and pellet were counted in a gamma counter, ,and the
percent of total counts fouqd,in the supernatant was theﬁ c?lculated

from duplicate aliquots.
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RESULTS

<

A. Growth Cnrves -

-

"I

To ascertain that virus replication was occurring in all

-

cell lines studied, growth curves of herpeé simplex virus types
1 and 2, were carried out. brapﬁs of dog PFU/cell versus ‘time are

shown in Figs. 1, 2 and 3 and the results arersummarized in

»
4

Table 1. ' “ . .

An eclipse phase was clearly evident in all KOS-infected

-

.cells. An increase of 1 to 2 iogs PFU/cell was visible in all

-cell lines by 24 hrs post—inféction (Table'l) except the BHK

clone.MB-1. Although ‘'no net synthesis was segen in this cell line,

an eclipée was obvious, suggestﬁng that replicatior of KOS was

obcu;ring but at greath& reduced levels. Values for -the 48 hr

frime points.did not differ markedly from thd 24 hr levels (Table E).
¥

Replication of type 2 (strain 219) could né; be demonstrated

in all cell lines, Production of progeny was lowered by 0,@&0

- 2 logs compared to.KOS-infected cells (Table *I).° No replication

occurred in MB-3 cells, and very low levels-.were apparent in MB-1 .

_cells. Apain, however, eclipse occurred. In addition, viral-specific

s
. " i L4

antigens Wwere detecqabie by immunofluorescence. These two facts |

.suggestea that vircal adsorption, penetration and uncoating had

takén place, and that low levels of viral prégeny had been produced.

- .

4 2

- 28



‘ FIGURE 1

8

Growth Curves of HSV-1 and 2 in HT-29 Cells

Monolayers'of cells were infected with MOI of 1
PFU/cell. After adsorption for 1 hr. at 37°C, monolayers were’
wa;hed, refed anéﬁinéub%ted at 37°C. Duplicate samples were
withdrawn at the indica%ed times and assayed for total virus

’

yield by the plaque ovérlay technique.
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FIGURE 2

Growth‘Curves of HSV-1 and 2

in Various Human Cell Lines and in VERO Cells

Monolayers of cells were infected with MOI of 1

PFU/celi. After adsorption for 1 hr. at 37°cC, monolayers were

washed, refed and inéubated at 379C. Duplicate sémples were

o

withdrawn at the indicated times and assayed for total virus

yield by.the plaque overlay technique.

.
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FIGURE 3

Growth Curves of.HSV-1 and 2

in Cells of Baby Hamster Kidney Origin

Monola§ers of cells we;e infected with MOI of 1
PFU/cell. After adsorption for 1 hr. at 37°C, monolayers wére
washed, refed and incubated at 37°C. Puplicate samples were
withdrawn at Lhe indicated times and assayed for total virus

yield by the plaque oveflay technique.
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TABLLE I

HSV REPLICATION IN VARIOUS CELL LINES

A. REPLICATION OF HSV-KOS (TYPE 1)

32

Lo Inérease, PfU/cell, in HSV-KOS Titre
€190

Experiment 1

Experiment 2

Cell line 24 hr 48 hr 24 hr 48 hr

HT-29 1.17 54 2.08 1.90

HCT-8 2.01 2.06 1.79 1.57
HEI 0.91 0.96 0.78 0.70

’ HEL 2.49 2.00 2.36 2.18
VERO 2.01 1.69 © noét done

BHK-21 - 1.27 0.85 not done

|MB-1 0.00 0.00 " not done

_ IMB-2 1.32 0.uy riot done
|MB-3 0.89 0.96 not done

e
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TABLE I (CONTINUED)

HSV REPLICATION IN VARIOUS CELL LINES

B. REPLICATION OF HSV-219

/

-

(TYPE 23

33

Loglo Increase, PFU/celi, in HSV-219 Titre
Experiment 1 Experiment 2
Cell ﬁine 24 hr 48 hr 24 hr 48 hr
HT-29 0.53 1.45 0.86- | - .
HCT-8 0.63 1.65 0.90 1.11
HEI -1.64 | -1.62 ~1.53 | -0.89
HEL 0.1t 0.09 0.ul 0.07
VERO 1.53 | 1.ou not done <
BHK=21 Q.uy 0.52 not done
MB-1 -0.16 0.07 not done
MB-2 1.30 1.07 not done
MB-3 -0.82 r6‘82 not done




P

<

The case of HEL cells differed. Repeated attempts to
observe-virus replication or at least an eclipse were always
negative. The resultsg of immunofluorescent studies in this cell
line suggested that the viral geﬂome was expressed within the

cell, since type 2-specific antigens were observed on the surface

-
a

of infected cells. The precise step at which replication is

blocked is unknown.

F

B. Indirect Immunofluorescence Assays

:In all cell lines infected with herpes simplex virus type
1l or 2, the presence of viral-specific antigens was demonstratable
by indirect immunofluorescence (Table II%. Little difference
could be seen in any of the cell lines,'ei}her quantitatively or
qualitatively. Fluorescence was seen in 75 to 100% of all cell
lin;s, and the intensity of the fluorescence was similar in all
lines. No significant change in this pattern occurred by 18-20 hrs.
post-infection, when ‘SICr relea;e 5ssays were performed. Surface
antigens appeared within 5 hogrs after infection. .

The time course;of appearance éé»inﬁracellular antigens,
which were detected by fiking the cells in acetone and then pérforminé
the'stqndard immunofluérescent technique, wés‘foll:§ed in VEROL HCT-

kS

8 and HT-29 cells. Generally, perinuclear antigen.was visible by -
4 to 6 hrs post—infection, fellowed by the appearance of nuclear

antigen at approximately 10 hrs. Cytoplasmic fluorescence occurred

between 12 and 14 hrs post—-infection.
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TABLE TI

EXPRLSSION OF ANTICENS ON THE SURFACE OF HSV-INFLCTED CELLS

AS DETECTED BY IMMUNOFLUORRSCEYCEd

C

Intensity of Feactionb
Cell line HSV-KOS-infected cells | HSV-219-infected cells
HT-29° 3+ 3+
HCT-8° 3+ .34
HEI 3+ 3+
HEL 3+ 3+-
VERO ' 3+ 3+
BHK-21 4+ L3+
MB-1 .3, R
MB=2 ' 3+ 3+
MB-3 34+ ‘ - 2+
a s [

An MOI = 1-3 PFU/cell was used to infect cells. The immuno-
fluorescence test was performed 10-12 hr post-infection.

L]
Rabbit anti-HSV.antisera, diluted 1:20, was 'the source of
antibody. All controls, using normal rabbit sera in place of
specific antibody, were negative. Intensity was estimated on
a scale from 0 to 4+, where 4+ was méﬁimum. .

These two cell lines were observed.- to cap, with -low- frequency
(estlmated at approximately 10% of all cells).
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Antibody-induced redistribution of the surface antigens

was opserved on about 10% of infected HCT~8 and HT-29 cells.

C. Cytotoxicity Studies in HSV-infected Cells

The cell lines studied were shown to differ in their sus-
ceptibility to complement-mediated antibody lysis as detected by
the °'Cr release test. Two paLterns of response seemed evident.
First, a difference between KOS- and.219—infccted cells was apparent,
and the other effect involved the response of infocged cells to .
increasing complement concentration. -

Scr release data for KOS-infected cells of baby hamster
kidney origin are shown in Table IIT. At a high complement dilution
of 1:64, the 50% endpoint titres of antibody were 126 for BHK-21 cells, -
< 10 for.-MB-1, 29 for MB-2, and 28 for MB-3 cells. These figures
may be’ compared to 112, < 10, <10, and <10, }espect{vely, for 219-
infected cells (Table 1IV). In at least two of thése clones, then,
tge 50% endpoint antibody titres were lower than in KOS-infected
cells.

When complement concentration was increased to l:4, percent
specific SIcr release increaéed draﬁatically. KOS-infected cells
showed 6 to 9-fold rises in titres, while 12 to 17-fold increases
occurred in 2}9-infectéd cells. fhere §as no significant difference‘

observed in 50% endpoint antibody titres between KOS- and 219-infected

cells at such high complement concentrations.



. TABLE II1

EFTECT OF COMPLLEMENT DILUTION OF THE CYTOLYTIC TITRE OF
ANTIBODY IN CELLS OF BABY HAMSTER KIDNEY ORIGIN INFECTED

WITH HSV-KO5 (TYPL 1)

Cell Dilution of Percent Specific 51Cr Resease 50% Endpoint
Line Guinea Pig { Titre of
Complement Feciprocal Antjibody Dilution Antiserum
) 20 40 80" | 160 [320 | 6uo0
BHK-21|  1:6u 1ou.0l 75.1| 37.5] 8.6 <5.0| 126
) MB-1 1:6U4 12.6{ 20.3| s.1| <5.0]<5.0] <5.9 <10
1:4 86.8| 78.38| 3u.,7| <5.0{<5.0] <5.0 63
MB-2 1:6U 71.0] ul.1| 30.6{ <s.0|<s.0| <s.0| 29
1y 76.3] 91.9| 82.6| 70.7{u1.7| 13.8 260
- MB-3 1:64 72.9| 75.3 | u2.3] 17.0] 8.8} <5.0 28
N
1y 78.8| 85.9 | 7u.5] 57.8|2u.8| <5:0 18%6

% The 50% endpoint is defined as the reciprocal of the dilution

of antisera which produces 50% specific 1Cr release.
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TABLE IV\\\\\
EFFECT OF COMFLEMENT DILUTION ON THY CYznyTIc TITRE OF
ANTIBODY IN VERO CELLS AND C¥LT6 OF BABY HAMSTER KIDNEY
ORIGIN INFECTED WITH HSV-219 (TYFL 2)
Cell Pilution of Percent Specific SICP Release 50% Endpoint
Line Guinea Pig Titre of
Complement Reciprocal Antibody Dilution Antiserum
20 40 80 160 | 320 Y 6u0 )

BHK-21 1:64 o ls6.5|s51.2 | 31.2| 16.8 13.3 112
MB:-1 1:64 25.1420.2 | 12.4| 5.8 [ <5.0/ . <10

1:4 90.9 | 77.7 [ 69.7 | 40.8| 17.8 | <5.0| * 129
MB-2 © o libd . 19.0 | 18.3 | 13.3| 5.9 <5.0 <10

11y 92.01{ 78.2 ] 52.6 | 20.u <5.0| <5.0 170
MB-3 1:6u ' 20.0 1 13.5 | 7.0 <5.0 | <5.0 <10

1:4 1 86.3|81.0{69.3 | u0.6]| 15.7]<5.0 126
VERO | 1:6% - | 5.0 <5.0[<5.0 | <5.0| <5.0|<5.0 <10

14 7.2 | 63.3| 516 | 31.6| 8.6 <S.0l . 1us

_ ; . .
.a ‘ . .
See Table III. - - . )
o
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The results forcell lines of human origin are shown in
Table V. All cell lines remained insusceptible to lysis at
complement diiﬁtions of 1:64,and 1:16, regardless of whether KOS

or 219 was the infecting agent. Whén complement was used at a

dilution of 1:4, KOS-infected HCT-8 and HEL cells produced 50% . :

endpoint antibody titres of 35 and 71 respectively. HT129 cells

and HEL cells were still completely immunoresistant. Infection

with type 2 virus resulted in 50% endpoints of less than 10 in

all four human cell lines. Again, the patterns of response .

i4 ’ "
differs between KOS- and 219-infected cells. With cells of human

origin, however, -increasing the concentration of complement seemed

to have little or no effect, in contrast to VERO cells and cells

~

of baby ﬁamster—kidney'origin:

[ . * 4
o . . :
D. Neuraminidase Treatment of HSV-infected Human Cells

-~
-

Because various authbrs (Bagshaw and Currie, 1968; .Ray’

and Simmons, 1971) -lad suggested that treatment of cells with

neuraminidase increased their immunogenicity, this enzyme was
. .‘ . -«

as

chosen to treat the relatively immunoresistant HSV-infected cells

~ .

of human origin. . . -

-

The first' step 'was to determine which concentration of

neuraminidase .should be uséd to treat cells. ' A titration of HSV- '

o

specific antiégrum in KOS-infected HT-29 cells which had been’

- .
. . A
-, -

treated with various éohcgntnationsAof neyraminidase gave the results

-
]

was tested by the-thiobarbilhrid acid' assay for relqﬁsed sialiciacids;.

. ' > =

\.
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* TABLE V

EFFECT OF DILUTION OF COMPLEMENT ON THE 50% ENDPOINT TITRE

OF ANTESERUM IN HSV-INFECTED HUMAN CELLS

50% Endpoint Titre of Antiserumb
Jcer1 Infection Dilution of Guinea Pig Complement
Line withd
1l:64 1:16 ' l:4
HT-29 KOS <10 <10 : <10
219 <10 <10 : <10
HCT-8 KOS <10 : <10 35
219 <10 <10 <10
HEL KOS <10 <10 <10
219 © <10 <10 - <10
HEL . KOS <10 <10 71
219 . <10 <10 - <10 (3)

Each cell- line was infected with an M0I=2-5 PFU/cell. After
adsorption for 1 hr at 37°C and refeeding, the infected cells
were incubated for a further 18-20 hr before assay by the

lcr release test. :

ks

See Table III. -

-
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TITRATION OF HSV-SPECIFIC ANTISERA ON HSV-KOS-INFECTED

HT-29 CELLS AFTER TREATMENT WITH VARIOUS CONCENTRATIONS

OF NEURAMINIDASE

Percent Specific

51Cr Releasea

50% Endpoint

. <5

Concentration of Titre of
Neuraminidase Reciprocal Antibody Dilution Antisera
0] 20 | wo | 80 160
200u 100| 100 | 100 78 37 126
150u 39| 9y 92 73 33 118
100u” 100. 99 93 7y 36 123

50 u 91| 92 86 60 23 96 .
20U 100 100 91 | 5 21 87
10u 93| 92 77+ | u8 15 76
5u 100 83 |.72 37, 10 62
lu 86| 75 54 22 <5° Ly
.1u ug [ 37 25. | 10 <5 <10
.01u 26| 19 | 10 |.<5 <5 <10
noene 12 6 <5 <5 <10

a o
Percent specific

complement (1l:u4).

Concentration of neuraminidésg used to treat 2 X 10
the addition of antibody or complement.

51Cr release in

-

the presence of excess

6

. cel]l Before
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see Appendix 1. The results agreed with the stated activitwof
500 U/ml). Fifty percent endpoint titres of antibody in a range

between 44 and 126 wére seen when 2 x 10% cells were treated with

1 to, 200 U of neuraminidase. Lower concentrations of the enzyme had

very little effect in‘removing resistance to lysis; antibody ‘titres

-

remained at less than 10. When complemént was tigfed in the
presence of excess antibody in the same system (Table VII), treat-
ment with 1 to 200 U of neuraminidase resulted in 507 endpoint

titres of complement of between 12 and 20, respectively. Therefore,

10 U of neuraminidase per 2 x 10° cells was cliosen as a concentration
able to produce the desired effect in KOS-infected cells.
\ B
Thei%&murofesistantahuman cell lines were then treated

with neuraminidase (Table VIII)-.® In the .presence of excess guinea
- p r
pig complement, this treatment boosted the 507% endpoint antibody

>

titre of KOS—infécted HT-29 cells from < 10 to 72. HCT-8'cells

-

were also susceptible to neuraminidase; the titre rose from 35 to

-
¢

145.. HEI' cells underwent_a similar effect, from < 10 to 78} ‘while

HEL cells showed dnly a 2-fold intrease” in the 50% endpoint éntibody

¥

titre, from 71 to 135.
A’similar pattern was seen when the cytolytic titre of

. .
complement was measured (Table IX). In all casés, this was seen to
L]

.

rise; from <4 to 15 in the cage of HT-29; 4.4 to 25 for HCT-8; and
< 4 to 7.2 for HEI cells.

In the experiments just outlined, cells werestreated with

. neuraminidase before the addition of antibody or complement. At
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TABLYT VI1

«

TITRATION OF COMPLEMENT IN HSV-KOS-INFECTED HT-29 €ELLS

AFTER TREATMENT WITH VARIOUS CONCENTRATIONS OF NEURAMINIDASE

—m

Concentr‘ation of Percent SpeCifiC SlCP Relea;ea ‘gg%pgn;l?()jnt
NeuraminidaseD Reciprocal Complement Dilution Complement
1B y 8 16 32 6
200u © 100 | 100 57 7 <5 20 .
150u 99 - | 93 6 U 11 <5 19
100u 100 81 73 12 <5 20
50u 91 86 42 7 <5 14
20u 100 99 46 <5 <5 ' 15
10u "] 93 88 ug 10 <5 ‘ 15 ’
su Tes | 77 | s6 | 1o <5 - 18
1u 75 | 63 bo  bo<s <5 12 i
.1u 37 21 6 | <5 <§ <y
.01u C 119 7 <5 <g -| <5 3 B
none 1 <5 <5 s | sl < R

.
»

a e . e
Percent specific Sler release in the presence of excess rabbit

anti-HSV antiserum (1:10). “a

» [

Concentration of neuraminidase used to treat-2 X 106 cells bé-

fore the addition of antibody or complement.

’

[
)

q



TABLE VIII

EFFECT OF NEURAMINIDASE TREATMENT ON THE' LYSIS OF HSV-KOS-

INFECTED HUMAN CELL LINES. TITRATION OF HSV-SPECIFIC ANTI-

SERUM

Percent, Specific >

ICP Release

50% .Endpoint

Cell - | Titre of
Line Treatment Reciprocal Antibody Dilution Antiserumd
10 20 40 80 160 320
HT-29 | None 12 6 | <5 | <5 <5 <5 <10
NeuraminidaseblOO 80 79 46 11 <5 72
HCT-8 | None 53 | 55 | 49 | 29 13 <5 35
' Neuraminidase [100 qu g7 84 ul . <5 145
HEI None 10 8 .5 7 <5 -<5 <10
Neuraminidase | 63 L6 52 u9 25 5 78
HEL None 82 | 73 | 71 | us 17 7 71
Neuraminidase | 88 89 89 78 4o 9

135

In the presence' of .excess gufnea pig complement (1l:u4).

“ b

10u .of neuraminidase was used to treat 2 X iO

cells for .
1 hr. at 37°C before the addition of antibody or complement.




TARLE

IX

"EFFECT OF NLURAMINIDASE TREATHMENT ON THE CYTOLYTIC TITRE -~

OF COMPLEMINT IN HSV-kOS INFECTED HUMAN CELL LINES

50% Endpoin?

Ccmanigin 51

Coll Fercent. Sperific Cr Release Titre of .

Line Treatment Reciprocal Complement Dilution| Complement

y' ? 16 37 64

HT-?Q Hlone 12 <5 <5 <5 <5 <l
Neuraminidaseb 85 79 48 10 <h 15

HCT-8 | None 53 31 13 <s <s 4y
‘Neuraminidase | 100 93 - 90 31 <5 25

HEI None 10 <5 <5 <5 <5 <y
Neuraminidase 63 ug 21 <5 <5 7.2 °

HEL None 82 62 35 9 <5 1?2

a

b

10u of neuraminidase was used to treat 2 X 1n°
at 37°C before the additiorr of antibody or complement.

In the presence of excess rabbit anti-KO0S antisera (1:10).

cells for 1 hr.
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this point, it was impossible;to determine whether ncuraminidqse
exerted 1ts effect on the step involving the reaction of ancibody
with antigen, or on the binding and activation of comp lement ,
Although not conclusive, the data shown in Fig. 4, suggested that
the latter possibility was correct. When HT-29 cells were treated
with 10 U of neuraminidase before the addition of antibody or
before the addition of complement, lysis was enhanced to comparable
extents. However, if neuraminidase treatment was ‘delaved until
after cells had been incubated with antibody and complement, there
was no reversal of resistance to lysis.

Similar studies were carried out in 219~infected cells.
Antibody was titred in the presence of excess complement in HCT-8
cells which had been treated with various.concentrations of
neuraminidase (Table X). Resistaﬁce to lysis was reversed by
treatment with neuraminidase, but to a much smalle} extent tﬁan in
KOS-infected cells. Sincé 100 U of neuraminidase per 2 x 10°
cells produced the highest percent specific °!Cr release with all*
antib;dy dilﬁtions‘téstéd, this concentration was used in all
further experiments with 219-infected cells.

Failure;of neuraminidase to reverse‘resistance to lysis
was found in HT-29-and HEI cells (Table XI). Percent specific
'SICr release remained less than 5 at all antibody dilutions, even
in.the presence of enzyme. In HCT-8 cells, neuraminidase.treaémenq
resulted in 32% specific Sy relegse, compared to < 5% when cells
were not treated. This is ; significant increase, albeit low.

HEL cells. showed a marked {ncrease in 50% endpoint'antibody titre



FIGURE 4

The Effect of Neuraminidase Treatment_on the

Titration of Anti-HSY Antiserum in HSV-infected HT-29 Cells

.

KOS-infected HT-29 cells, which had or had not been
treated with 10.0 U of neuraminidase, were reacted with dilutions

of antibody and excess guinea pig complement.

@ cells reacted with antibody and complement only

O cells freated with neuraminidase and then reacted

with antibody and complement

A cells reacted with .antibody, treated with

neuraminidase, and then reacted with complement

A cclls reacted with antibody and complement,

and then treated with neurqminidase
. A}

O cells treated with neuraminidase, and then reacted

with normal rabbit serum and complement.

.
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TITRATION OF HSV-SPLCITIC ANTISERA ON HSV-219 INFECTED

TABLE X

HCT-8 CELLS AFTER TKEATMENT WITH VARIQUS CONCENTRATIONS

OF NEURAMINIDASE

{
Fercent Specific chr Release®

$0% Endpoint

Concentration of Titre of
NeuraminidaseD Reciprocal Antibody Dilution Antisera
10 | 20 | uwo 80 160 320
200u 8.21 7.6)<5.0 | <5.0| <5.0. | <65. <10
150u 15.11200.1) 6.1 s5.21 <5.0 | <s5. <10
100u 20.1|1u.4]12.4 8.7 5.9 5. <10 M
50u 18.2110.8{210.8 | 8.6 | 8.3 | <5. <10
20u 16.210.2] 6.9 |<5.0} 6.6 5. <10
10u 5.8 |<5.0<5.0 |<5.0 | <5.0 | <5. <10
5u 9.u| 4.9(<5.0 [<5.0 [ <5.0 | <5. <10
1u 7.8 [<5.0(<5.0 | 9.4 |<5.0 | <5. " <10
none <5.0 |<5.0{<5.0 |<5.0 [<5.0 | <5. <10

% Percent specific S

‘pig complement (1l:4).

Concentration of neuraminidase used to treat 2 X 10
the addition of antibody or ‘complement. -

1Cr re1é§se

in the presence of excess guinea

cells before
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TARLL XI

EFFECT OF HEURAMINIDAGE TREATMENT ©N THE LYSIS OF HSv-219- .

INFECTED HUMAN CELL LINES. TITRATICOL OF HOV-SPECIFIC ANTISERUM

v

s NI B N . 50% Endp v
Coll Percent >p<31f1< Jr Releace Titre of
Line Treatment - Reciprocal Antibody Dilution Antiserum’
10 20 uQ 80 180 320
HT-29 Hone <5.0 1 <5.0 [ <5.0] <5.0] <5.0 <5.0 <10
Neuraminidase|<5,0 | <5.0 | <5.0| <5,0| <5.0 <5.0 <10
HCT-8 None <5.0 | <5.0 1<5.0] <5.0] <5.0 <5.0 <10
Heuraminidase|31.6 | 17.8 {10.0( <5.0} <5.0 <5.0 <10 (3)
HET None <5.0 | <5.0 [ <5.0] <5.0] <5.0 <5.0 <10
Neuraminidase|[<5.0 | <5.0 [ <5.0| <5.0] <§.0 <5.0 <10
HEL None 3.6 | 32.0 |21.9| s.u|<5.0 | <5.0 [ <10 (3)
Neuraminidase|92.6 | 90.7 | 74.5 ] 69.6 | 28.5 14.9 100
a

In the presence of excess guinea pig complement (1:4).

100 u of neuraminidase was used to treat 2 X 106»cells before

the addition of antibody or complement.

b

-



after neuraminidase treatment, from < 10 to 100.
An almost identical paEtern occurred when caomplement

was titred in the presence of excess antibody (Table XII). HT-29

and HET cells showed no change; HCT-8 cells gave a response of
32% specific *'Cr release at a complement dilution of *1:4, compared

to < 5 without neuraminidase; and HEL cells showed an increase in

the cytolytic titre of complement from < 4 to 19. This pattern
does not rule out the possibility that enzyme treatment effects

a change in complement binding and/of activation, as was suégested
in KOS-infected cells. However, the specific experiment was hgt
performed (as in Fig. 4). -

The effect of neuraminidase treatmeét on the titration

of antibody ‘and complement in HSV-infected human cells is summarized

B

in Tables XIII and XIV.

.E. Adsorption Studijes

é
Dilutions of HSV-specific antisera were adsorhed. with

-

various coiicentrations of infected. cells and neuraminidase-treated

infected cglls in an effort to ﬁuantitate more .precisely the

_expression of antigens on the surfaces of HSV-infected cells.

Uninfected cells were used-as controls. The re5ult§ shown in

Table XV clearly demonstrated that célLs did not differ in the
expression of anﬁigehs, since all cell lines adsorbed essentially
identical quantities of -antibody frof the test serum. Neuraminidase
t;eatment did not alter.the expression of aniigens'reactive in éhis

test; no "unmasking'® had taken place.

]



TABLE XIT

14

51

"EYFECT OF NEURAMINIDASE TREATMENT ON THE CYTOLYTIC TITRE

OF COMPLEMENT IN HSV-219-INFECTED HUMAN CELL LINES
we 3 .

»

b

. ce. 52 50% Endpoin
Coll Percent Specific Cr Release Titre of
Line Treatment Reciprocal Complement Dilution Complement<

y | 8 16 32 6 U

HT-23 None . <5.0(<5.0 <5.0 <5.0 <5.0 @y

Neuraminidaseb<5.0[<5.0 <5.0. <5.0 <5.0 <y

HCT-8 None <5.01<5.0 <5.90 <5.0 <5.Q <y

. Neuraminidase [31.6(22.3 <5.40 <5.0 <5.0 <y

THEI None <5.0(<5.0 <5.0 <5.0 <5.0 <y

' Neuraminidase |<5.01<5.0 <5.0 <5.0 <5.0 <y
HEL None 34.6|49.2 | 8.3 6 | 5.0 <y ,

Negraminidase 92.6|96.5 VgO.S 10.3 <5.0 19

a

In the presence of excess rabbif anti—HSV antisera (1:10).

100u--of .neuraminidase was used to treat 2 ¥ 10% cells for 1 hr

at 37°C before the addition of antibody. and complement. .
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TABLE XIII

wl
®

* SUMMARY : EFFECT OF NEURAMINIDASE “-TREATMENT ON THE TITRATION

" .

@

OF ANTISERUM IN HSV-INFECTED HUMAN_ CELL LINES oL L
. ’ e v . N 3 ) )
. -~ : .t b
: | 50% Indpoint Titre of Antiserum
Cell Line | Infection With? ' . Treament T ,ﬁ
: None Neuraminidase® “
HT-29 KOS <20 L 72
218° <10 . ] - £10
HCT-8 . "kos ) “35 14y
. ' - olw ¥ N N .
PO 219 1<10 .. | ° <10 (3)
. ."' . : . 'c .
HEI - . xos . <10 | . 18
219 . o <10 4 <10 \ .
HEL Kos oo . 1135 L & ;
5 219 <10 (3) |, 100 N ¥
. . . . , ) ;
a Conditions of infectioh'as.in Table V.’ . é
b In the presence of ,excess guinea pigtcomplemgﬁt (1:4). oo @
€ For KOS-infected cells; 10 u of neuraminidase was used .to ‘treat ° %
2 X 106 cells for .l hr at 379C before the addition of antlbody 4
or, complement. : o 3

In the case of 2I9-infected cells, 100 u of neuraminidase was
used under identical conditions. '



TABLE X1V

SUMMARY: LPTECT OF NEURAMINIDASE TREATMENT ON THE

CYTOLYTIC TITRE OF COMPLEMENT IN HSV-INFLCTED HUMAN CELLS

) &%
50% Endpoint Titre of.Complementl
Cell Line Infection With® - ‘ Treatment
None Neuraminidase®
HT-29 kos <y . 15
219 <y <y
HCT-8 © KOS . T u.u 25
219 fu " <y
HEL KOS | o<u 1 7.2
, .29 <y <y .
HLL : K0S - 12 .
L ‘ 219 " ‘ <y 19

d Conditions of infection as in Table V.

In the presence of excess rabbit anti-HSV .antiserum (1:10)

sspecific for the virus seed. g
c : . . ) )
Treatment was the same as in Table VIIT, ‘ '
*
LY
k4 £
A
El L4 b
- I N 'U
”~ i b N '
‘o |



TABLE XV

EFFECT OF NEURAMINIDASE TREATMENT ON THE ADSORPTION OF

ANTI-KOS+ANTISERUM BY HSV-KOS-INFECTER HUMAN CELLS

v

Percent Specific

51Cr Releasea

Cell Line Treatment Adsorbed Anti-KOS Antiserumb
10 Units 2 Units
HT-29 Uninfected - 35 93
KOS-infected 9> <5
" KOSjneuramjnidasec 12 T<5
HCT-8 . Uninfected 95 9y
KOS-infected <5 <5t .,
KOS—neuramihidase ’ <5 <5, ,
| HET Uninfected. 91 59 7.
.KOS-infected‘ <5 <5
"KOS-neuraminidase <5 <y LT,
HEL Uninfected 95 91’
- «KQS-infected <5 ' <5.
KOS-neuraminidase “?fi‘ S <5 ‘
a L6, ) ]
5 X 10 ‘cells were adsorbed .
b1 unit of antibody acti€ity'3é the, @#ilution which produces 50%
‘specific S1Cr release in the standard assay. .
.. . - -
€ Cells were infected with HSV-KOQS and then.treated with 10 u

of neuraminidase for 1 hr'at 37°C.prior to.adsorption of anti-

serum
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.

When various concentrations of HT-29 cells were used to
adsorb a constant dilutign of antiserum (Fig: 5), the results
confirmed and extended the previous observations in that neuraminidase
treatmept did not alter the binding of antibody to HSV-specific
antigens, and that increasing concenfrations of infected cells
removed progressively more antibody until all had been adsorbed.

Identical patterns were seen in all KOS-infected human
cell lines. Differences in.suscepcibiiity to lysis, therefore, are -
not attributable to the eﬁpression of ahtigens or to the amount of
aqtibody bound to the surface of iﬁfected cells.

. %
o W

F. Complemenf Consumption Tests

Resistance to complement-mediated antibody lysis in

e “

LS
KOS-infected cell lines was removed by treatment with neuraminidase.
3 .
In contrast, such treatment failed to remove entirely the

-

resistance to lysis seen in 219-infected cells. To summarize

N

previous findings (Tableg X111 and XIV), HT-29 cells and HEI cells

were totally resistant to lysis either before or after neuraminidase

- »
» “

treatment.* Only a small increase in percent specific °!Cr release

‘was seen in’neuramin;dabe treated -HCT-8 cellé, from 0 to 327% "

.

- -

specific S1Cr release when both antibody and complement were present

.

in great excess. HEL cells differed in that resistance to lysis

was totally abrogatéd by neuraminidase treatment. Therefore, it was

considered vital to determine whether or not complement was in fact

being bound’ and activated, and whether differences in binding and

P



FIGURE 5

Adsorption of Anti-HSV Antiserum

with HSV-l-infected HT-29 Cells

Ten U. of antibody, in a volume of 1.0 ml., were

adsorbed with variousconcentrations of HT-29 cells. The
adsorbed"serum was then titred in KOS-i;lfected BHK-21 cells.
@® ‘uninfected HT-29 cells
> KOS-infected HT-29 cells

. / KOS-infected, neuraminidasel-t:reat:ed, HT-29

cells
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% SPECIFIC 5'Cr RELEASE

| A (. 3 .
5x10° 1x10* 5x10° 1x10
CELL NUMBER A ’
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activation could be detected between these cell lines. Such questions
were answered by means of complement.consumption tests.

The complement cogsumption test utilizes sensitized ‘sheep
red blood cells as aﬂ indicator system, ‘These are lysed by-any
compleﬁenc remaining after reaction with antigen (the infected cells)
and antibody. Because the concentration of complémenc used in this
test is critical to comparison of test results, a titration of
guinea pig complement‘Qas perforﬁed for each test.

The results of such a titration are shown in Tabile’ XVI,
and are plotted in a’graph in Fig. 6 according to the:method of
Kagan and Norman (1970). A complement dilution of 5 C'H50 in a
volume of O.Ales is ﬂesirediin the actual test, where 1 C'H50 is
that dilution of complemeﬁt‘which lyses 507% of the sensitized sheep
red blood cells. From the graph (Fig. 6), it is seen that the log
of the volume of guinea pig complement, diluted 1:200 in.VBD, which
contains 1 C'H50 is equal to f0.678. This corrésponds\tp a volume
of 0.21 ml;. Since 0.21 -mls of 1:200 comélement.contains 1 C'H50,
1.05 mls must‘contain 5 C'H50. Accordingly, then, when.complement
is diluted 1:76, the desired concentration of 5 C'H507/0.4 ml is

obtained.

A preliminary - screening of HT-29, HEI, and HEL cells

-inﬁectéd with HSV-219 was first performed, using LOgio diiutions of

antigen and antibody (data not shown). This test indicated that'
HT-29 and HEI cells behaded almost identically, and provided the

range of dilutions of antibody and antigen to be tested more precisely.

-



TABLE XVI

TITRATION OF COMPLEMENT
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Percent

Volume of v Logyo of Logip of
Complement | Haemolysis,y| 100-y Volume y/100-y
Di-lutiond :
0.10 ml 5 - - -
0.15 ml lp 0.111 | -0.824 -0.955
0.20 ml 40 '0.670| -0.699 ~0.17H
0.25 m1 .75 3.000 | -0.602 0.477
0.30 ml 95 19000 ['-0.523 1.279
040 ml 100 - - -
None 0 - - -

& Guinea pig complement, diluted 1:200 in VBD,
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FIGURE 6

~

Titration of Guinea Pig Complement

for Complement Consumption Tests

The log of the volume of guinea pig complement,
which had been diluted-1:200 in VBD, is plotted against the log

of the ratio of the percent of lysed cells, y, to the percent of

non-1ysed cells, 100-y,
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"The results of complement consumption tests in HEI, HCT-8

and HEL cells infected with HSV-219 are shown in Table XVII. The

results are expressed as the
&

-~

number of cells which consumed 50%

of the available guinea pig complement, résulting in lysis of 507%

of the sensitized sheep red blood cells.

This facilitates comparison

of complement consumption in the individual cell lines, befdre and

-

after neuraminidase treatment. All complefent controls were

-

satisfactory, but at dilutions of antibody less than 1:80, evidence |

of anti-complementary action was seen.

That is, antiserum controls
y

.without antigen resulted in less than 75% haemolysis. Data using

antiserum dilutions of 1:80, 1:160 and 1:320 are therﬁgore presented.

These dilutions exhibited optimal percent haemolysis values for the

range of antigen dilutions tested.

An‘example of the procedure used to calculalé the 507

endpoint titre of antigen follows, using typical data obtained with .

HEI cells which had not been treated with neuraminidase: -

.

(number of cells/tube)

Concentration of HEI cells

Percent Haeholysis

(Antiserum 1:160)

3.2 x 10° 0
.1.6 x 10° 5
8.0 x 10" 35
4.0 x 10" 75
.2.0 x 10" 85
1.0 x 10" 85
none 100

- The concentration of cells which consumed 50% of the

complement obviously was between 8 x 10" and 4 x 10" cells/tube.

.
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TABLE XVII .

-
at

COMPLEMENT CONSUMFTION IN CLLLS INFECTED WITH HSV-219

hd

o %

w o “
50% Endpoint Titre of Antigen (Cell number®)
Cell Line Treatment Reciprocol Antiserum Dilution
80 160 320
Yy Yy 5
HET None 1.41 X 10 6.18 X 10 1.45 X 10
. . H
Neuraminidase'| 4.00 X 10 | 7.u6 x 10" | (>1.60 % 10”°¢
. \ :
HCT-8 None 3.53 X 107 1.652 X 104 S5.u4 X 10u
L
* INeuraminidase | 1.78-X 10 | 3.47 X 10° |7.33 x 10"
HEL " None . 1.36 X 1;))3 2.81 X 10° | 5.00 X 10° .
Neuraminidase | 2.10 X 10° | 4.36 X 10° |1.08 X 10" |
? The 50% endpoint titre of antigen is defined as that number of
cells which consumes 50% of the available guinea pig complement,
resulting in 50% haemolysis of the-sensitized sheep red blood .
cells. ) ‘ ' ;
b 10 U of neuraminidase was used to treat 1 X 106 cells for 1 hr S

at 370C. Appropriate dilutions were then made, and cells were
treated with antibody and then complement, 5 C'H50/tube.

Highest concentration.of cells tested. 1.60 X.105 cells removed:
only 25% of the complement, resulting in 75% haemolysis.

P



62

A mathematical adaptation of the graphing method was performed to
calculate this critical concentration. When percent haemolysis is

plotted against the log of the concentration of cells, a characteristic

reverse S-shaped curve is observed. The central portion of this
curve, which includes those values bracketing 507% haemolysis, may be
considered to have a uniform slope, given by:

1

' slope = a-b

Tog A - Tog B &

it

where a percent haemolysis given by the higher cell. concentration

b = percent haemolysis given by the lower cell concentration
A = concentration of cells giving higher 7 haemolysis
B =

concentration of cells giving lower 7 haemolysis

Note that since doubling dilutions were always used in the antigen
dilutions, the lower term of this equation (log A - log B) must
alw;ys be equal to log é.OO, or 0.301. To determine the iog of the

cell concentration which produced 507 haemolysis, use may be made

-

of the fact that this slope is uniform over this range of cell

concentrations. Therefore:

0

a-»b . a-»b 50% - b

log A - log B '0.301 ~  log A - log X

£l

»

- where X = cell concentration producing 50% haemolysis. ., C

»
L

Thus,

: log X = log A - (0.301 x éQZ;:Eh 5 .
X

32
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Substituting for the values in the example used,
L]

log X = log (8 x 10") - (0.301 x 22235 ) = 4,790
S 75 - 35

and X = 6.18 x 10"

The results presented in fable XVII confirmed Fhat all
cell linés tested were taking up complgment. Moreover, the 507%
endpoint titres of antigen were well within the concentration of
ceils used in the pe?form%nce of the S'Cr release test (5 x 10"

cells/tube).

2

When HSV-219 infected HEI cells were*incubated with
antiserum dildcéd 1:80 and 5°C'H50, it was found that 1,41 x 10"
cells consumed 50% of the:coﬁpleﬁent.. After neuraminidase treaément
;f the infected cells, more';ells - 4.00 x iO“ - were requiréd to
consume 507 of®the complement. In other words, cells were fixing
less complement after neuraminidase treatment. This trend was
evident at all antiserum dilutions; at dilutions of 160 and 320,
. ~ ¢ .
6.18 x iO“ and 1¢45 x 10° cells respectivglx.were required to fix
50% of the complement before neuramin%dase t%eatment.' After incubation

-

with neuraminidase, 7.46 x 10* and > 1.60 x 10° cells were required N

,to consume sufficient.cbmpleﬁenf so that 50% of the sensitized sheeb
red blood cells were lyéed. . \
ldentical trends weré seen when HCT;ﬁ and HEL cells were
used as antigen. Neuraminidase treatment of these cells alway;
resulted in an increase in the 50% endpoint titre of éptigen, at

all antiserum dilutions. "It is interesting to compare complement

consumpéiou in these three cell lines. . HEI cells, which represent

P

e abes

(v S
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P L
. : . a ’ - » - e ) *
.immunoresistant cells, were least efficierit of all three lines in
I < . - - o~

. fixing complement, before or after neuraminidase treatment at all

" antiserum dilutions tested. With antiserum diluted }:160, the 50%
s .

endpoint antigen titre increased from 6.18 'x 10* to 7.4 x 10"

»

cells after neuraminidase treatment. This should be contrasted next
. o

* .

<

with HCT-8 cells,‘inpwhich resistance to lysis may be partially reversed.

In these cells, an increase from 1.52% 10" cells to 3.47 x 10"

L4

cells was seen at an anﬁisgrum dilution of 1:160. It should be -

notéd that fewer cells were required to, consume 507 of the complement.

In keeping with this pattern, HEL cells, which are markedly susceptible
to neuraminidase actidn,'were'able.td'consume 50%-0f the complement

.at.cell coqcentra&ions of 2.81 x.103 and 4.36.x 10° cells, before

rd
-

and after neuraminidase treatment, respectively.

~

S

'9?



DISCUSSLON

v * -

The susceptibility of HSV-infected celis to complemen;—
mediated antiboéy lysis is clearly a proéerty-of the cell. Under
identical conditibns of viral infection and assay, it was seen thaQ
the various cell iines differé& in their }esponse. Limiting
c0ncencr5tiohs of complement were rESponsible for the low levels
of lysis seen in KOS and 219-infected BHK clones‘(MB-¥, MB-2 and
M§-3). This is evident from the (acp that increasing the concentration
. of complement, in a method in which all otﬁer parameters remained
_constant, was é&ffiéient to permit lysis in‘Lhese cells. This

explanation may partly hold for KOS-infected HCT-8 and HEL cells.
However, no fncrease in p;roeﬁt'sﬁecific S1cr release was seen in
HT-29 or ﬁﬁi_éell;, even ét very high concentrations of complement.

. éimilarily, all HSv-21¢ infected human cells were registant to
compfeﬁent—mediated antibody lysis, even in the presence of excess
antibody énd cofplement. Res;stance to lysis in these cells was

" therefore not‘attributab}e'to limitigg_comblement concentrations.

Rather, this resistance appears to be an innate property of the cell,

-
and could operate at a number of levels. :

+ However, the failure of complement and antibody to

lyse the resistant cell lines cannot be  explained by a.lack of

>

antigenic axpression on the surface of ‘infected cells. Indirect

-
I
+ immunofluorescence- assays, which were performed on all cell lines,

. x ‘.
v . " -
L N .
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« M ,c

showed no detectable difference in the intensity of fluorescence

or in the proportion of cells expressing {luorescehce. A more.

preci;e quantitation of antigen expression, obtained by adsorbing
HSV-specific antisera with kpown' concentrations of the various KO:S-
infected human cell lines, confirmed these¢ findings; identical N
QUan;ities of antibody-were removed by all cell lines at each -cell
concgntration. This is consistant with results reported for the
immunoresistant LlO cells, a liné of gu%neé pig hepatoma cells,

which adsorb as much antibody as the semsitive L] cells (Ohapian,

Borsos and Rapp, 1973) and for RPMI 8866 cells, in which the

» <

. . RS

density of HL-A antigens does not alter throughout the growth cycle
. - .

although these cells are resistant to complement~mediated lysis in

the Gl phase (Pellegrino et al., 1974).

In additiop; no correlation between this resistance and
th; ability to produce viral progeny c0uld.be"made. In KOS-infected
éells, only MB-1 cells‘failéd to produce‘a net increase in virus
tit;e, yet these cells were.suéceptible to complement'cytolysis.
Hf—29.and‘HEI cells, which were immunOresistani, produced quite’
respeétagle progeny yields. ‘Agéin, in HSV-2. infected cel;s, virus
growth could not be demonst?éted'in HEI or MB-3 cells, and occurred

at very low levels in HEL and MB-1 cells. HEI cells were 'resistant

1

to complement-mediated antibody iysis, but MB-3, MB-1 and HEL cells
were susceptibley of the remaining cell lines, UT-29 and HCT-8 were
not vulnerable to lysis. Thus, the lack of lysis in these, cells

can not bé attributed to a failure to produce viral progeny, to the



lack of expression of viral-specific antigens, or to the inaccessibility

of these antigens to antibody.

Other suggestions have been put forward in an atté%pt tb
explain fesistance‘;o cémplement—mediated antibody lysis. For example,
the stage of the cell cycle is impartarit in determining whether or
not Moloney virus transformed lymphocytes (Coopef, Polley and‘Oldstone,
1974) and the human lymphoid cell line RPM1 8866 (Pellegrino et al.,
1574) will be lysed By-{hg appropriate antibody and gomplement. C8
is demonstr;table on the plasma membrane of both cell lines, in an
amount identical to that present when lysis is produced during the
mremai_nder of the cell cycle. In fact, the characterisﬁi; lesions
may.actually bgiseen with the electron microscope (Cooper, Polley and
Oldstone, 1974)., To add toughq confusion, there is a contradicéion
here; RPMl cells aré leasé sensitive in Gl phase,-while the Moloney
virus-transformed lymphocytes are lysed only in Gl. Howgver, it seems
'g;ubtful that there }; a'cogrelation between the Yesistance'seen in
certain HSV-infected ce;ls wiFh a partigulér-growth phase, since

these cell; were not synchronized.

o

In this,system, C3 could be demonstrated on the surface

»

of the immunaresistant HT-29 cells (Dr. W.A,¥. Tompkins, personal

communication). Thus, inefficient. activation or a complete failure
to activate complement were considered unlikely. This is borne out
by complement :consumption tests on susceptible and immunoresistant

cells which had been infeqtéd w{th.HSV—219., All ¢ell lines were shown

‘to fix complement. A more effjicient.utilization was secen in HEL..



’

3

than in HCT—8;'HEI were comparable to HT-29 cells, and both of these
lines consumed less complement per cell thandid the other two. Note -
the interesting éorrelation with the fact that HEL ;ells are. most ;
susceptible to reversal reésistance to.dysis, HCT—8 are partially
§usceptible, and HEI and HT-29 cells are completely resistant. Although
HEL cells are very large, a correlation between size‘add susceptibility
to lysis was considered unlikely. When complement is not in excess,
both IgG and IgM produce one hit rath;;(than multiple lesions (Frank,
Dourmashkin and HUmphre;, 1970). 'This is supported by thé obse}vation

that increasing the number of immunosensitive L1 cells to give a total

]

surface area equal to that of rhe larger, resis[an; L10 cells did :
not change their susceptibility to complement-mediated cytolysis
(Ohanian, Borsos, and Rapp, 1973). Still-another cell line, RADA-1-

. N ‘ .. . &
cells which are resistant .to complement cytotoxicity, have been shown

to consume as much complement as the sensitive, parental cells from

»
i

which éhéy were derived (Yu, Liang and Cohen, 1975). |

Capping has been observed in HCT-8 and HE-29 cé@ls infected
<yith either HSV-1-or HSV-2. .Capping is defined as the antibody-
induced redistribufion of antigens on the cell surface. ;f capping
were to procééd wapidly in these cells, it is possible that the -
ahtigeh-antibody complexes would bé cleared before reaction with
complement: This po§sibility is consigerod unlikely, since the
efficiency of capping in these cells is’very low, involving only

about 10% of the cells. Other cells, in which capping is known to

occur but fail to lyse,; have also been studied; examples are the



69

RADA-1 cell line (Yu, Liang and Cohen, 1975) and L10 cells

(Ohanian, Borsos and Rapp, 1973),.

The density of antigens on the cell surface may be

correlated with the failure of complement to lyse cells (Rose,

-

Milgrom and Van Oss, 1973). The bright fluorescence anhd extensive

adsorption of antibody by HSV-infected cells suggest that this

explanation does not apply-in the present studies.

To- summarize, the experimental findings indicate that- X
resistance to complement-mediated antibody lysis in certain HSV-

infected cell lines cannot be due to the failure to produce viral

progeny or* to a. lack of antigenic expression on the cell surface,

»

These antigens are probably in close enough proximity to bind to

‘antibody molecules of the proper class. Complement is bound to the
. . .
surface of these cells. Resistance to lysis appears to be an innate

property of the cell itself, perhaps at the level of membrane ‘
coﬁbosition, which could be altered as the result of viral antigen
expression, or in.the ability to repair the lesions produced by~

complement.

s

-

Treatment of the resistant cells with neuraminidase was
3 [ ‘

then carried out. As anticipated from previous finding; that neurﬁm;n—'
idase'inéreasés thé immunogenicity of ce}lgf neuraminidase treatment
was able to reverse the resistance to lysis by antibody anq complemeng
seen in KOS—in}ecged-HEl and HT-29 cells, and to increa;e the
lysability of‘HCT—8“and HEL cells. No effect was seen in-219—infected

"HEI and HT-29 cells; a small increase in percent specific chromium :

release was seen with HCT-8, and a dramatic Increase was seen with

+
-



HEL cells.

\§ The mechanism by which neuraminidase is able to induce a

[y

change” at the cell surface, and so affect biélogical behaviour is not

understéod. One of the ﬁost popular theories is that neuraminidase,
by dis;uption of the sialomucin coat.or by inducing conformational
changes in blocking antigens, is able to unmask hidden adtigens.,
Sanford postulated that neuraﬁinidase treataent of TA3 tumour cells
increased their immunogenicity in mice by exposure of previously
hidden histocompatability antlgens (Sanford 1967).. Reisner. and
Amos (1967). claimed that treatment of 5 x 106 human lymbhocyées with

only 2 units of neuraminidase for twenty minutes resulted in an

-

increased abilify to adsorb antibody activity in human alloantisera
compared with untreated cells. This seemingly confirmed the unmasking

”hypotﬁesis. These authors suggested that sialic acid residues could
physically block antigens‘from reaéting with antibodies, and’ that

enzyme-treated cells used complement more efficiently.

Studies with human lymphoid cells showed that neuraminidase *

treatment caused a'3 to 4 fold increase in the amount of antibody

.

activity adsorbed -from normal rabbit serum. Complement levels were
~ . . . \

.undffected by this adsorption (Rosenberg, Plocinik and Rogentine, 1972).°

0 . N _"J»\\..
These authors pastulated that a nonspe;ifit‘ﬁﬁmasking occurred, that

- ol

_the newly exposed antigens reac%éa with prevxouqu exlsting hetero-

antlbodles in.normal rabbit sefﬁm . This observatxon has recently been

. »
'S

extended to:a murine system. Again, neuraminidase-treated cells adsorbed

a substance, probably am antibody, from normal mouse serum while



untreated cells did not. The newly exposed antigen was not a tumour
or transplantation antigen, and could react with naturally occurring

antibodies in normal mouse serum {(Rosenberg and Schwarz, 1974).

In HSV-infected cells, it is obvious that neuraminidase
did not act by specifically unmasking HSV antigens. Thi; was shown
Hy.adso:;tioﬁ studies in which infected cellg and infected, neuramin-
idase-treated human cells adsorbed essentially identical quantities
of an%ibody activity from heat;igactivgted anti;HSV.antiserum. Nor

did the cell lines studied differ greatly in the quantity of HSV

antigens expressed on the-plasma membrane. Rather, in this system,

lneuraminidase acted at the level of the reaction of complement with

-~

the antigen-antibody complex. This was suggested by the following.

Treatment with neuraminidase increased both the 50% endpoint titre

. .

of antibody in the presence of excess complement, and the 507%-endpoint

titre of complement in the presence of excess antibody. In addition
éneuraminidase could be added either before the addition of antibody -

.

R . . .
-or before complement without a change in its effect; after complement

had been bound, however, no effect was observed. These two facts

+ . L
rule outythe possibility that neuraminidase non-specifically uhmasks
antigens that could react with heterpantibodies*in the anti-HSV serum.

2 . .
Nor is it likely, that such actjvity resides in the complement source;

spontaneous controls, in which only labelled cells and complement were

reacted, remained,at low levels, although a small increase was seen. .

. .

The unmasking hypothesis has been rejected by 'many authors

in favbur of the concept of a non-specific increase in immunogenicity
. - .

. ?

of, neuraminidase-treated ¢ells. This concept has been used for both

»
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in vivo systems (Bagshaw and Currie, 1968; Im and Siﬁmons, 1971) and

for in vitro systems (Schlesinger and Gottesfield, 1971). It was

suggestied that the enhancement of the ability of the céll to be

.recognized as antigen may be due to the fact that pérhaps antigens

2

are stégically hindered from re;cting with anLibody,'or that the

sialic acid residues interfereq with contact between antigen-bearing
and antigenrprocessing cells (Simmons, Rios and Ray» 1971). In light
of this possibility, it is interesting that ncuraminidase-treated cells

N v . .
are more .casily phagocytized.thanware normal cells. This would

facilitate antigen processing (Ray and Simmons, 1971). These sugéestions

3

are not applicable to the HSV system since the present in vitro

studies showed that treated and untreated cells adsorbed equal amounts

o

of antibody.

[ 1 >

*

Alternatively, ncuraminidase may reduce the net negative

* charge on the cell surface by removal of the sialic acid residues.

-

This tpuld have two effects: a reduction in the rigidity of the cell
membrahe, or facilitation of dﬂaéﬂteraction between- the cell'membraneA
aéd compléﬁent, which also has a net negative éhaﬁge. The'latte} e
suggestion would promote an increased susceptibility tq-coﬁplemént-

mediated antibody lysis.

»

I¢ is important that one realizes that the specific action

! . . B ’

of neuraminidase alone is responsible for -the diverse effects seen in

these studies and in others. The preparation of neuraminidase used ;

.

-in the preéent experiments épntained no proteades (see Appendix).

L}

Heat~inactivated neuraminidase cannot duplicate any effect; nor does
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neuraﬁinidase alone relegse SlCr from labelled cells, Thé addition
of N-acetyl neuraminic acid specificaliy’inhibits the action of
neuraminidase in in vitro systems (Ray, Gewurz and Simmons, 1972).
Thus, observation made after treatment of cells with neufaminidase
is due to a specific enzymatic effect of neuraminidase’ ;upport of
this conclusion also arises from the fact that trypsiﬁ, which removes
sialoglycopep;ides (under certain conditions, as much sialic acid
‘is removed as by neuraminidade treatment), does not render TA3
cells susceptible to lysis by guinea pig serum, as doés neuraminidase
(Hughes, Palmer and Sanford, 1973). Also, incubation of mouse -

1

plasmocytoma cells with 1% v/v trypsin for 1 hr. resulted in very

little damage to the relevant antigens (Fakri and Tan, 1976).

.

Finally, we%ss has suggested that the increased }mmuho—
genicjty.of neuraminidase-treated cells igjgigg'is attributable to
the killing of these celis by neuraminidase, resulting in a dose
less than an LD 100, fhis argument seeﬁs unlikely: Synthesis of
RNA, DNA protein, and membrane comfonents in TA3 cells was _unaltered
‘bj neuraminidase.treatment; nor was cell viability or cell growth
affected (Hughes, Sanford and Jeanloz, 1972). Iﬂ an independant study,
no cell death after treatment of 5 x.10°% cells with 1-250 U of
neuramint?ase for 1 hour could beé detected by trypan blue exclusion
or by an increase in the release of Sler from labelled cells (Ray,

Gewurz and Simmons, 1972) although other authors have claimed that

.
..

trypan blue e;clusiqn does not detect cell kill&ng. Yuhas et al..

e

claiied that the tréatﬁenp of 1 x 10°% cells. with 200 U of neuraminidase

73
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resulted in 73 - 84% cytotoxicity, which was only detectable by

-~

measuring colony formation or 3H—thymidine incorpotation (Yuhas,

Toya and Pazmino, 1974). This would of course, account for the

increased immunogenicity in vivo.

Sialic acid residues are rapidly regenerated on the
/

surface of cells after neuraminidase treatment; estimates as low as
8 hrs have been made for complete regeneration (Rosenberg and

Schwarz, 1974). This would make it unlikely that a primary immune

-

response is induced against any newly exposed weak antigens, but
it may permit a preexisting cytotoxic factor in the serum to remove
a large number of these cells. This would reduce the effective dose

to a level which could be easily handled by the inimune systém.

. -
-

In HSV-infected human cells, the effect of neuraminidase
treatment appears to be at the level of complemeént interaction with’
antigen-antibody complexes. To summarize the evidence pointing

towards this conclusion, neuraminidase treatment increases both the

L] ]

50% endpoint titre-of antibody and the 50% endpoint titre of complement;
neuraminidase treatment may be carried out before or after the
addition of antibody, but not during or after the addition of

complement; finally, complement consumption tests on 219-infected

. s

human cells before and after neuraminidase treatment demonstrated

that the neuraminidase-treated cells actually ‘fixed less complement
’ N

per cell, while at the game time were markedly more susceptible to

lysis. Thus neuraminidase treatment permitted the cells to utilize

Eomplement more efficiently; this could result‘ih an increased

L]
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susceptibility to lysis, as in the case of all KOS-infected human cells

-and for 219-infected HEL and HCT-8 cells.

The following working model may explain my results. The -

resistance to complement-mediated antibody lysis may be related to’ -«
the ability-of cells to repair lesions. Sensitive cells would be
» ¢ 4
unable to repair the damage rapidly enough to prevent lysis. o
Neuraminidase treatment of these resistant cells may inhibit’thé ¢

repair of lesions, and lysis would result.

In thé system’ under study here, it is. not knownvwhy
there is a.differeéce in the response of KOSuinfécted celIs“cémpared
to 219-infected cells, né} is it known why HT-29 Qnd HEI cells are ‘
stf{l~reéistant to lysis even- after neuraminidase £reatment. This

could be a fundamental property of the cell membrane, altered by the

insertion of virus-specific glycoperoteins. :

Conclusions
' ' S A
The susceptibility of various HSV-1 and HSV-2-infected

cell lines to complement-mediated éntibody éytolysis was investigated.
A difference in reéponse tould be detected gn two levels. First,

" HSV-1-infelted cells were generally ﬁorg‘spsaep;ibie‘to lysis than
HSV-2 infected cells. Second;.increasing the complement éoncentration'
markedly increased‘percent 1f;i;ﬂin cells of BHK origin, but had 1itt1e
effect on cells of human origin. The resistance to complement-mediated

antibody 1lysis in HSV-infected human cells.could not be correlated

with the ability to produce virus progency. “‘All resistant cell lines

*

&

&
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.
e
- . C .

expressed viral-specific antigens at the cell surface, in essentially

identical quantities as sensitive cells. All cells bound- antibody

efficiently. Capping could not account for failure to lyse. Complement
was bound at least up until €3, and -most likely proceeded to

&
completion. Neuraminidase treatment of the immunoresistant cells

»

resulted in the revgrsal 6f resistance to lysis in all four HSV-1

infected human cells, and in two of the four HSV-2 infected human

- . *

cell lines. Neuraminidase treatment did not affect the expression of

e

viral antigens or the binding of antibody. It appeared to act at

the level of complement, by increasing the efficiency of utilization.
; . A

The effect of neuraminidase was enzyme-specific. ®
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APPENDIX I

3

¢

A¢ Preparation of Reagents used in the Thiobarbituric Acid Assay

L}
Periodate Reagent

»

To 38.0 mls of hot distilled water was added 4.28 g of

sodium periodate YSigma Chemicals). Aftgr qooiing to room temperature,

62.0 mls of syrupy orthophosphoric acid (Fischer Scientific) was

-

-

added. This reagent was stored at 4°C in a brown glass=stophered
. ! .

«

Arsenite Reagent . .

A

10.0 g of sodium arsenite (Fischer Scientific) and 7.1.g

Na?SOQ'(Fischer Shientific) was dissolved in 100.0 mls. distilled

.water-by heating. Following cooligg to room. temperature, 0.3 ml

toncentrated ustu (Mallinckrodt) was added. The reagent is stable

-

at, room temperature.

o <

Jhiobarbituric Acid Reagent

-

7.1 g of &aZSOu and 0.6 g of Z-EEi?barbiturid acid (Sigma)

was dissolved in"100.0 'mls of distilled water by boiling in A water -

bath. This may be stored at room téﬁberature, but must be prepared

eekly as. the salts precipitate out.’

p
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B. Standard Assay of Neyraminidase.Activity - : ’

- - A >
<. . 1

~

"~

To check that .the thiobarbituric acid assay was being = -~
. «* . - \\\

< - T !
performed correctly, calibration curves using a pure preparation of N

[ 4

_acétyl neuraminic acid were run with each experiment. Typical
results are presented in Table. XVIII and Fig. 7. Thé theoretical’
concentrations, which were calculated by Qilutﬁng a stock.preparafion
of N-acetyl neuramiﬁic acid, agreeé close%y-with the éxperimenéally' E
- determined concentrations in all experiments;

The following studies were done to define standard

.

conditions for the assay of neuraminidase activity. All incubations
. -

of neuraminidase with substrate were carried ‘out .at 37°C, the
optimum temperature, and reagents were always prewarmed to 37°C.

Thee pH was V.5, which was. the stated pH of Eha neuraminidase

¢

preparation./ The optimum pH is in a range between 4.5.and 7.0.

»

N
~

N VarXous dilutions of the substrate, human a -1 acid

glycoprotein, were then incubated with 78 U of neuraminidase for

»
.

15" at 37°C, so that an optimum substrate concentration could be. ‘

«
-

_chosen for the enzyme assay (Table XIX, Fig.’gs. A concentration of

0.003 pmoles/.2 ml was the lowest amount of Substrate from which a

N ° -

maximumsamount of N-acetyl neuraminic acid was.released under the

conditions of assay. A plateau was seen at concentrations greater
than this. . f

i .
The effect of time on the reaction between enzyme and

substrate was then investigated (Table XX; Fig. 95. A linear

relationship between time of assay'and the concentration of product

s .
3

-
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-CALTBRATION CURVE FOR THE- THIOBARBITURIC ACID ASSAY OF N-ACETYLLNEURAMI%ﬂCJACID

Lo

TABLE XVIIT

°

i

Ccrrectei .

Theoretical T

Concentration of a : Concentratic

N'ANA, y moles/.2 ml A B of N'ANA

' ' : : : u meles/.2

0.D.gyg | O-.D.g32 | O:D.5yg X .08% | 0.D.g3p X 0.31{ A-B m1b
0.00 . 0.116 0.120 ., 0.0097. ( .0036 ~ | 0.00k1 0.000
0.01 0.237 0.145" Q.Oﬂég \ 0.0047 0.0152 0:011
0.02 0.391 0.217 "0.0328 .0067 0.0261 022
0.03" 0.488 0.231 0.0410 L0072 0.0338 ¥.030
0.0u 0.562 0.226 » 0.0472 ] -0070 0.0402 0.036
0.05 8.769 0.318. 0.06u6 0.0076 0.0570 0.053
©0.10 1.400° 0.565 0.1176 .0175 0.1001 0.098

a .. s .. ..
A stock solution»of N-acetyl neuraminic¢ acid, 0.5 mM,.
gave the above range.of concentrations for use in the standard assay.

b

The zero, concentration reading was subtracted from each valué to give the corrected

concentrations.

Y]

was prepared.

°

4

o

Dilutions were made which



B,

FIGURE 7 -

Calibration Curve for the Thiobarbituric

Acid Assay of Released Sialic Acids
. o :

A stock preparation of N-acetyl neuraminic acid,

v

0.5 mM, was diluted and assayed by the standard thiobarbituric

.

acid assay. .
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TABLE XIX _ - -

. . KINETICS OF NEURAMINIDASE

INFLUENCE OF SUBSTRATE CONCENTRATION

*re

Pinal Concentration o ) _ g—B (corrects
of Substrated ‘ A ) B Concentra-
u moles/.2 ml - - tion of N'ANA
O.D.ng- O.D.532 O.D.Sug X .084 O.D.532 X 0.31 3 mcles/ .2 m
.006 0.506 0.176 0.0425 0.0055 0.032
. 005 0.391 -0.131 0.0328° 0..0041 0.024
008 0.514 0.1806 0.0432 0.0056 0.0.3
.003 0.541 0.191 0.0uS5u . *0.0059 0.035%
.002 0.308 - 0.098 " 0.0257 0.0030 0.018
.001 0.121 0.028 " 0.0102 0.0009 0.005
. ; - '. s 4
.000 S 0.000 0.000 : 0.000¢ 0.0000 0.000
Mo neurdminidase - o _
.006 . : 0.057 0.005 0.0018. | . . 0.0002 0.000
? Dilutions were made from a stock solution of human o-1 acid glycoprotein, 2.6687 mg/ml - or:

.06 p moles/ml. 0.1 ml substrate was incubated with 0.1 ml neuraminidase solution, 78 U/ml
for 15 min at 37°C. Reagents were prewarmed to 37°C.

b The value Jf the control containing no neuramlnldase was flrst subtracted from each value to

give the correcuﬂconcentratlons . o
- S



: FIGURE 8

Influence of Substrate Concentration

on the Assay of Neuraminidase

Dilutions bf,human a=1 acid glycoprotein were
incubated w. .78 U. neuraminidase for 15' at 37°C. Released
sialic acids were determined by the thiobarbituric acid

agsay.

I3l
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TABLE XX

23

KINETLCS OF NEURAMINIDASE _
EFFECT OF TIME Ol THE ENZYME-SUBSTRATE REACTION

rd

’

a

rd

-

0.10 ml of neuraminidase, 78U/ml, was incubated with 0.10 ml of human «-1 acid glycoprotein,

2.6687 mg/ml, at 37°C for various times.

%igibzgiona* ‘ i ‘ il B A-B
0.Digyg | 0:D.53p | O-Dugyg X -084 | .0.D.53p X .031 | u moles NANA/.2 ml
0 minutes 0.139 0.027 0.0117 ’ 0.0008 0.011
5 '0.117 0.028 0.0098 T 0.0009 0.009
10 0.294 0.088 0,0247 0.0027 0.022 i
15 0.363 0.120 6.0305 0.0037 0.027
20 - " 0.385 | 0.126 0.0323 0.0039 [ 0.028
25 0.61u 0.208 0.0516 G.005u. i 0.045
30 a.726 | 0.251 0.06038 0.0078 | 0.053
4$ 0.784 0.275 0.0659 0.0085 | 06.057
60 0.885 0.327 0:0743 . 0.010} I 0.063 .

All reagents were prewarmed tc 37°C.

\

S

£8



FIGURE 9

The Effect of Time on the

'Enzyme—substrate Reaction

Human a-1 acid glycoprotein, '0.06 umples/ml;.

.

. in a volume o6f 0.1 ml was incubated with 0.1 ml of neura-

minidase, 78 U/ml, for various times at 37°C. Released
"o R

sialic acids were determined by the thiobarbituric¢ acid -

assay.,
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was observed from 0' to 30', after which the slope began to decline,
Thus, ‘use of 15' incubation assured that the initial velocity of
the reaction was being measured.
.binalﬁy, a standard assay for activityv was performed on

the neuraminida%o proparation. Various concentrations of neuraminidase
were incubated with excess substrate: (0.06 pmoles/0.2 ml of human
o -1 acid’glyodhrotein) for 15' at 37°C, pH 5.5 (Table XXI, Fig. 10).
GIBCO defines 1 unit of neuraminidase as that required to release

: ”\_
1 ug of N-acetyl neuraminic acid from human a -1 acid glycoproteinvin
15' Tht 37°C (pH 5.5). Therefore the amount of NANA released from’
the substrate by neuraminidase was calculated under these coédiéions.
Concentrations of NANA withiﬁ,an 0.[).5[‘9 range of 0.45 té 0.85 were

chosen to make this determination, since this 0.D. range was

considered most accurate (Aymard-Hlenry, et al., 1973).

(31CU1dtei 0.D. gy pmoles/.2 ml pe/.2 ml Hg NANA relcased
(neuraminidase) NANA U of N'ase
20 0.766  0.053 16.39 0.82 .
15 0.645 . 0.046 14.23 - 0.95
10 0.58(  0.042 * 12,49 1.30 '
Average: 1.02

B

a. Calculated concentrat fon of neuraminidase was determined from

dilutions of the standafd preparation, stated activity = 500 U/ml.

In 15" a% 37°C, 1.02 ug-of NANA was released; this value
agrees well with the expected value of 1.00 pg. Therefore the §cLivity

of the neuraminidase was accepted as stated to be 500 U/ml,

-



TABLE XXI

El

STANDARD ASSAY. FOR NEURAMINIDASE ACTIVIQ§;§

Concentration of ) A-B
NeuraminidaseD ) A B b omgles HANA
.10 ml/tube — . per .2 ml
0.D.cyy 0%D.¢4, O‘Eﬂ'“\éug X 0.84 0.D.gy, % .01
— : S :
2006 U/ml 0.74y 0.295 0.0075 0.0092 0.052 .
150 0.645 . 0.256 T 0.0542 0.0079 C.0ug
100 0.584 0.238 0.04391 0.007¢% g.0u2
50 g.385 "0.168 °KO.O323 0.0052‘ 0.027
20 0.210 0.092° 0.0176 . 0.0029 0.015
10 0.L54 0.070 0.0129 * 0.002¢ 0.0211
5 0.033 0.03u4 9.0028 0.2011 0.002
1 3.66132 3.054 0.0053 C.001s 0.3Cx
.1 0.038 0.038 ) 6.003¢C O.?Cl?. 0.00:2
0 0.0C0 0.00¢C ’ 0.0000 0.0020 g.clc2
No subsrrate :
150 U/ml 0.021 0.024 0.0018 0.6007 0.001
% 0.10 ml of neuraminidase ‘dilution was mixed with 0.10 ml of substrate (human a-1 acid gly-
coprotein, 2.6687 mg/ml) and incubated for 15 min at 37°C. All reagents were prewarmed to

37°C. //(

Concentrations of neuraminidase were carrisd out by diluting the stock preparation according
to the stated activity of 500 U/ml.

9g -

>

-



FIGURE 10

Standard Assay for Neuraminidase Activity

.

Various dilutions of the original preparation of

neuraminidase Q§tated activity = 500 U/ml) in a volume of 0.1 ml

were incubated with 0.1 ml exfess substrate (0.06 umoles/ml)

Cfor 15" @t 37°C. Released sialic acids were determined by the

.

thiobarbituric acid assay.

=
.
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“ o

s * APPENDIX II ’ .

v

C. Assay for Protease Activity in the Neutaminidase Preparation

o v
. »

128

Incubation of I-1gG with several concentrations of

neuraminidase resulted in the release of approximately 5% of the

. . .
total counts into the supernatant (Table XXII). This agrees very

B

well with the value obtain&d when no enzyme was present,'and therefore

‘
.

“may be ascribed to free iodine. In contrast, positive controls

-
ry

using two concentrations of protease VI &nd protease X released

approximately 65% and 33% respectively. These are pronases of a

broad épecificity. . ,

Under the incubation cénditions used for -the treatment
of cells, tﬁis preparation of neuraminidase exhibits no protease
activity, even at higher conc¢entrations of enéyme.than were actually
used in.most_rbu£ine studies.

88.



TABLE XXII

89

ASSAY FOR PROTEASE ACTIVITY IN NEURAMINIDASE

a Enzyme was incubated with 10X

shaking.

Enzymed Average % CPM-—Supemdtantb
. CPM~Total
None 4.89
Neuraminidase, 89 U/ml 4.97
Neuraminidase, 50 U/ml . 4,47
Neuraminidase,. 20 U/ml l 5.38
Protease VI, 2.5 mg/ml 65./35
Protease VI, 1.0 mg/ml 64,81
‘Prﬁteaée X, 2.5 mg/ml 34.43
Protease X, 1.0 mg/ml 32.0u4
‘ 125

~I-IgG and 0.1 mg/ml BSA in
a total volume of 1.0 ml for 1.0 hr at 379C with occasional

Average of two trials. Supernatant and pellet were counted
separately. The total number of counts agreed well with the’
values obtained by precounting each tube containing 10 A
1251-1gG before addition of enzyme.

N
/
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