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ABSTRACT

Two inbred strains of Syrian‘hamster have been
shown to display genetica{ly " determined differences in
resistance to infections with the arépavirhs, Pichinde
virus (PV). After intraperitoneal injection, the virus
grows to higher titres in the spleens of the susceptible
strain, MHA, than in the spleens of the.resistant strain,
LSH. Preliminary studies examining the basis . of
susceptibility demonstrated that resistance or-
susceptibility to the virus did not 1lie in an inherent
difference i; ‘target cells to become infected, but
suggested that there was a quantitative difference in
target cells between the two strxains of hamster. The
following experiments were conducted in attempts. to
verify the hypo;hesig that MHA hamsters are susceptible
“to infection with Pichinde virus because they possess
larger numbers of a splenic lymphocyte that serves as a
target cell for virus replication and that also functions
as an effector cell of nonépecific cytotéxicity.

The spleens and thymi’ of the high NK strain were
found to displéy greater cellu}arity than those of Fhe
low NX strain. idditionally,‘ thymocytes %rom ﬁHA
hamsters were found to proliferate to a greater extent
"than those of LSH hamsters in response tp ConaA-induced

conditicned medium or purified interleukin 2 plus
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mitogen. As well, splenocytes from MHA hamsters showed
high levels of lymphokine-activated killer cell (LAK)
activity after culture in conditioned medium  .or
interleukin 2. In both the thymus and the spleen, this

_di%féréncérin responsiveness was aﬁe to increased numbers
of prec:rsor cells responding to lymphokines in MHA
organs . When lymphokine production was assessed, it was
found that cells €from the the high respondexr, MHA,
synthesized less interfeukin 2 than cells from LSH
hamsters. Interleukin 1 production was equal in the two
strains., These results led to the \hypothesis that the
susceptible hamsters contain immature lymphocytes,
possibiy because of the reduced interleuki? 2 production.
Increased numbers of relatively immatsge cells could
account for the increased cellularity of lympheoid 'organs
in thesewanimals, and in the spleen, these cells may be
responsible for increased NK activity, increased numbers
of LAK precursors, and serQe as target cells for PV

replication.

Splenic cytotoxic cells in the hamster were
characterized. Endogenous QK cells, virus-induced NK
cells and LAK were all plastic nonadherent cells, as were
the precursors for LAK. All—populations expressed an
antigen homologous to the murine Thy l.2. Endogenous NK

cells and virus-induced NK cells were similar 1in the

expression of an asialo GM1 homologue; both were reduced
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by 50% by treatment with this antiserum élus complement.
LAK precursors and ﬁAK effectors were negative for this
marker, suggesting that LAK arise from the asialo GM1
negative component of endogenous NK activity. - Treatment
of hamsters with anti-asialo GM1l serum also reducea
splenic NK activity in normal anéd virus-infected gamsters
by 50%. |

Cells infected with virus were characterized
using.the same criteria. A preferential infection‘ﬂcf,
nonacherent cells was not evident before day 3 of

infection, although MHA spleens already contained twice

as much virus as LSH

s. Both asialo GM1 negative
.and positive cells were infechked. Culture of infected
7§§lenocytes.in interleukin 2 induced, high LAK, bgt failed
§§ select out a populatién enriched ™for ﬁinféctious
jdéntres compared -to culture 1in medium alone, where no
cytotoxic activity was evident. However, susceptible MHA
hamsters with reduced NK activity after treatment with
anti-asialo GM1 serum did display 1less virus at day 1
after_infection with PV, but by day 3, virus loads were
at control levels. Treatme:t with anti-asialc GM1 serum
had no effect on the mortality of either strain of
hamster. Treatment with purified interleukin 2 slowed
mortality of MHA hamsters, although it did not do so by

reducing viral replication.
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In total, these daia indicate that cells
expressing an antigen detected by anti-asiale GM1 serum
that mediate some NK activity can serve as target cells
for PV replicétion, but tﬁese cells alone are not
responsible . for the susceptibility of MHA hqmsfers.
Cytotoxiec activity and infected centres c¢ould be
dissociated} also s;ggesting that the initial hypothesis
was incorrect. 1t could be that some other cell is the
relevant target, <that MﬁA hamsters may be susceptible
because of increased numberé of all splenocytes, or that
some factor other than the presence or absence of a

target cell accounts for their susceptibility.
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THE HAMSTER

There is not much about the hamster

To stimulate the epigramsfer.

The essencé of his simple sﬁory,

He populates the -laboratory,

Then leaves his offspring in the lurech,
Martyrs to medical research.

Was he as bright as people an,

New York would be New Hamsterdam.

L

0gden Nash‘
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.I. Viral Pathogenesis

A. General fgg;ures of viral pathogenesis

To date, over 500 viruses‘have been described that
infect warm-blooded vertebrates (Fenner et al 1974), but
only a small proportion of these are pathogeﬁic to humans.
The degelopment of disease proceeds t%rough several stages
and atreach, multiple viral and host féétors may facilitate
or prevent the establishment of infection or the
progression to disease.

The first step in the process is entry of the virus
into the host. The epithelium of the skin is impehetrable
to most viruses, but entry can be achieved through cuts,
insect bites or ﬁair foilicles. The local environment may
also be inhibitory to the virus, for example, many ~viruses
can not withstand the low temperature of nasal mucosal
surfaces, or the acidity of the stomach. Most viruses have
specific attachment sites to target cells and madxA gain
entry through binding to receptors on ‘respiratory or
intestinal epithelial cells. In some cases, infectivity
requires the presence of specific host enzymes which act on
viral glycoproteins to allow binding (Scheid and Choppin
1984) . \

The second stage of infection is replication of the

virus at the site of entry. This depends on the presance
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of appropriate target cells. Oonce initial replicétion has
occurred, the organism spreads either locally or to- distal
sites. viruses spread by three routes; through the

extracellular £luid, through cell-to-cell contact or

assage from parent to daughter cells. Dissemination to
«///’—H’,/EZ;;;;: sites occurs through the lymphatic system, oOr:
blood. | Infected cells, Iparticulazly monocytes and
lymphocytes, may bé important in the spread of wviruses
throughout the body (Mims 1964, Sharpe vnd Fields 1983).

At all stages, nohspecific and later, specific,
defenses are encountered. First-line defense mechanisms
prevent entry into deeper _tissues or prevent colonization
of body surfaces, and these incfhde‘factors such as low DH,
prot;ol§£ic and digestive énzymes} mucus, cross-reactiye
Iga in secretions and compétition by ﬂérmél flora (Sherris
and Ray 1984). Second-line defenses are those encountered
once the virus has penetrated 1into the host and include
polymorphonuclear neutrophils, blooé monocytes and fixed
tissue macrophages. The antiviral activity of these cells
has been divided into intrinsic activity, which concerns
the permissiveness or nonpermissiveness of cells, usually
macrophages, for virus replication, and extrinsic
resistance, which is dJdefined as the ability' of cells to
inactivate extracellular virus or to reduce replicaticen 1in
adjacent cells (Moranan et al 1885). Most nonpathogenic

viruses are phagocytosed, destroved intracellalarly and

=
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cleared in the liver {Mims 1964). The ability to replicate
within macrophages is a mechanism whereby many viruses
evade host resistance,. and disseminate within the host
(Mims 1964, Morahan et al 1985). Examples of this are
ectromelia virus in mice (Mimé l§64), MHEV in some strains
of mice EBang and Warwick 1960), lentiviruses in sheep
(Gendelman et al 1984), certain of the flaviviruses (van de
Groen et al 1976) and arenavirusas (Murphy et al 1977).
Mechanisms of extrinsic resistance include phagocytosis,
release of proteolytic enzymes  or reactive oxvygen
metabolites (MacGrégor et a2l 1980, Morahan et al 1985), and
synthesis of regulatory‘molécules that induce inflamﬁatory
reactions or specific immune responses (Morahan ‘et al
1885). Macrophages may also &£ interfere with viral
attachment to target cells, deplete nutrients required for
éiral replication, or lyse virus-infected targets ({Morahan
‘EE:1£ 1985, Mak et al 1982, Hirseh et al 1979). These
activ{ties inhibit infection or disease in several animals
models; murine hepatigis virus (MHV) (Stohlman et al 1582),
murine cytomegalovirus (MCMV) (Selgrade and Osborne 1874),
influenza and Sendai wviruses (Mak et al 1982), herses

simplex virus (HSV) (Mogensen 1977, Hirsch et al 1979) and
. - 1

vaccinia virus (Chapes andé Tompkins 1979).

Extracellular molecules can also reduce viral

replication. The interferons ‘are cne of the earlies:

elicited responses in the host. Not all viruses induce

LY



interferon production to the same degree, and not all
viruses are equally sensitive to the antiviral effects of
intefferons (Morahan et al 1985, Rager-Zisman and Bloom
1983). Interferons are very potent inducers of an
antiviral state, so even circulating‘ interferon may be
protective to cells distant Erém the site of initial vizus
replication (Preble and Friedman 1983}). Interferons have
effects other than direct antiviral activity. They induce
the release of 1lymphokines and reactive metabolites from
macrophageé} increase opsonization (Rager;zisman and 3Bloom

1985), and'increase macrophage and natural killer cell (HNK)

: ».
lysis of infected targets in vitro (Stanwick et a2l 1980,

Trinchieri:énd Santoli 1978), and increase NK activity in

vivo (Welgh 1978a, Gidlund et al 1978). as 'well,
interferons potentiate specific immune responses &through
their effects on antigen presentation and antibody
production (Rager-Zisman and Bloom 1985). Interferon
preduction correlates with and is thought to be responsible

for a decrease in virus titres or resistance to disease in

murine infections with herpes simplex virus type 1 (HSV-1)

(Zawatsky et al 1979, 198l), MCMV (Grundy({Chalmex) et al

1982), picornaviruses and rhabdoviruses (Gresser et al

1976).

Other serum factors alsec -participate in vizal

infections. Complement can be activated in the absence of

antibody by viruses (retroviruses, Sindbis andéd Newcastle

hn ¥
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disease virus (NDV))‘or'by viral proteins on the surface of
infected cells (Cooper 1984), resulting in theilysis of

enveloped viruses and -infected cells, increased

[

phagbcytosisﬁ*and release of biologically active molecules

that promote inElaﬁhato;y reactions. Systemic effects of

-~

inflammatory reactions, such as fever, may also influence

viral replicétion (Sherris and Ray 1984). Coating of virus

b4

. : ’ &
particles with complement proteins may also prevent

attachment to target cells. 2

Natural killer cells, a heterogeneous populaticn of |

1y5bhoid cells that 1lyse some tumour target cells and

#irally infected targets without prior sensitization, may

also play a role in initial resistance. In mice, infection

with many viruses, 1including lymphocytié choriomeningitis
virus (LCMV), MCMV} adenovirus, MHV{‘NDV and other viruses
boosts endagencus spleniec NK activity at a time when

specific T cell responses are not vet detectable (reviewed

-

. by Welsh 1981). 1In many instances, this increased activity
' is associated with serum interferon produced as a2 result of

_infection (Welsh 1978a, 1978b, Gidlund et ,al- 1978). NK

activity can also be rapidly boosted by exposure of
lymphocytes to viral glycoproteins (Biron ané Welsh 1982,
'Easali et al 188l1). Recently, an interferon-independent.
NK-type activity that is detected in the lung only 4 hours
‘after injection of infected target cells has also been

described (Biren et al 1984).
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Specific immune. responses develop only " after
infection has been establisﬁed, ané may or may not be
responsible for limiting further virus  replication,
él;hougﬁ they are clearly responsible for protection
againstl subsequent infections with the same virus.
Cellular responses are démonstrableh earlier than humoral
résponses {Zinkernagel and Doherty 1979, Greenspan et al
1983, Sharpe and Fields l9é5). The significance of _f
lymphocyte responses in  primary infections varies E:oﬁ
vires to virus. These responses. are thought to be more
significad: in infections with viruses that spxead
cell-to-cell or insert their anEigens into the ceilular
membrane (Ddhérty 1985). ‘T cell deficient .nude mice
survive initial‘infections wiéh-some viruses (Sharpe ‘and
Fields 1985, Zawatsky et al 1979) but.not others (Bancroft
et al 1981). For tﬁose virgses where T cell respékses
appear to be impobﬁi?t, two respoqées have been implicakted.
These include cytotoxic responses (CTL) restricted by the
major histocompatability compiex (MHC) _and reactions
mediated by delayed-type hypersensitivity cells (DTH).
Morerthan one subget of T cells is likely to participate in
viral resistance, either by direct lysis of virally
infected cells, by induction of DTH and -activation of
macrophages, or by release of other antiviral factors, suach

as interferon (Greenspan et al 1983).



Humoral antibody develops later than cell-mediated
immunity and 1is probably most =ffective against viruses
that spread through extracéllular fluid. Negtralizing
antibodies of IgM, IgA ané IgG élasses are thought to Dbe
most significant in limiting virus. IgG is best induced if
vifaemia occurs during. infection {(Dimmock 1984), and is the
predominant serum 'antibodf. " IgA is locally produced at
ﬁucosal s&ffaces (Mandel 19843. There are many mgchanisms
whereby antibodies can neutralize virus. They can prevent
attachment of .virus o target cells through steric
hindranée '(pella-Porter . and Westaw;y 1978), prevent
penetration of the cell, or.uncoaﬁing-of the virion once in
the ~cell (Mandel 1984, Dimmock 1984). Neutralizing
antibody bound to viral envelopes or protein shells may
also inactivate viral enzymes essential ' for replication
through transmembrane signais (Dimmock 1984) . Neutralizing

-
antibodies are idﬁQ:ed by every virus.examined to date with
the exception of African swine fever virus, Aleutian mink
disease virus and some of the arenaviruées, and in almost
every case, presence of the antibedy is protective against
further challenge with the virus (Dimmock ~1984).
Non-neutralizing antibody also cpnt:ibutes. to antiviral
responsés; Sensitizing aﬁtibodies, that c¢an enhance
neatralization, can be present (Greenspan et al 1983,
Lachmann 1985). Antibody and complement might result 1in

lysis of enveloped viruses and infected cells.



_Non-neutralizidg and/or complement-fixing antibod?es also
increase ' phagbcytosis and participate in
antibody—dependent;cell—mediated'cytotoxidity (ADCC) where
lymphoid killer cells (K) or macrophages lyse targe;s
cgated with séécific antibody. This type of response has
been demonstrated in HSV-infected mice (Kohl and Soo 1982)
and_in Coxsackie B infections (Rager-Zisman “and Allison
1973).

Although one wusually conceives of the immune
response Eacilitating the elimination of the infectious
agent, there are many viruses that_use the host response to
their advantage, or block the fesponse. Some of the
viruses that preferentially replicate iﬁ cells of the
immune system have alfeady been mentioned. Specific
antiviral antibedy can enhance the‘entry of viruses intoc Fc
receptor (FCR)-bearing target cells (Halstead and O'Rourke
1?77, Porterfield and Cardosa 1984), can modulate
expression of wviral antigens on the surface of infected
cells so 7that cells are not recoynized by the immune
system, or cause antigenic shift in wviruses, the best
example being influenza virus.

' Virus induced immunosuppréssion is a well-studied
phenomenon and occurs throuyhh several mechanisms. Both
general and . specific responses can be suppressad. Mé;;
viral infections deplete lymphocytes (Bro-Jorgensen aad

Volkert 1972, McFarland 1974), or “induce suppressor caells
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»
that prevent specific responses to the infecéing virus
(Nasb‘et al 1981, Shar?e and Fields 1985) -or induce
nonspecific suppressor c;lls (Honen et al 1980). Meore
recently, viruses have been shown to.abrogate lymphocyte
responses by inducing macrophages to produce piostaglandins
(Wainberg and Mills 1995), or by 1interfering with the
production of interleukin 2 (Wainberg et al 1983, Wainberg
and Mills 1985).

The final outcome of infection depends on the
interpyay;of all the above factors, plus ﬁhé influence of
virus virulence geﬁes, host gends and other . broader
determinanﬁs such as the géneral .heaith, nutritionél and
psychological status of the host. The poséible outcomes of
infection are many: 1) asymptomatic irnfection with no
disease, 2) acute infection with tissue damage, 3)
persisteat infection " with or without symptoms or, 4)
latency where intermittent episodes of disease occur. In
acute infections, tissue damage occurs by direct lysis of
the c¢ell as a result of wvirus replication, or by

<

inflammatory responses elicited by necrosis, by destruction

of virus infectéd tissues specific immune responses or

by the deposition.of antigén-antibody complexes. In many

infections, particulag¥y persistent infections, chronic

inflammatory respofises Qccur, and - antigen~antibody

complexes can be deposited in blood vessels, the brain and

.

kidneg (Oldstone 1984). Both acute and chronic infections
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can induce antibodies reacting with multiple organs in the
body (Notkins et al 1984). 'Viruses, particularly LCMV . in
mice, can alter "‘the functions of cells withou; causing celi
death, aqg this too could lead to disease {Oldstone et al
1982,_}98;).

B. Mechanisms of genetic resistapce to viral infection

The first observation of host genetic factors
influencing the outcome of viral infection was made by
Wwebster in 1937 in his studies of flavivirus infection in
mice. Most - extensive genetic studies of resistance have
been carried out in inbred mice, aLthough;virus disea?és in
other species have been exémined; In .most, death is the
outcome measured .in susceptible straiﬁg. Resistance
mechanisms do not prevent infection, but do prevent
progression to disease. Some generalizations can be made
about the genes that have been describéd, especially those
in the murine system (Brinton and Nathanson 1%81). In some
instances, a single locus has been idegtified, but in many
2 or more loci are involved. The dominant allele may
encode..eig@er resistance or susceptibility, although
. ~
resistanae-is more often dominant. Each locus identified
to date only affects. a particular virus or group of
viruses, and each gene 1is prdbably anique. Only a f{ew
genes map to the major histocompatability complex (MHC),

and when they do, are one of many genes involved.
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The exact mechanisms for most instances of genetic
resistance or susceptibility have not been delineated, bat

are generally operable at the cellular level. In many
. - - 3
virus systems, infection and disease are limited because of

a failure of the virus to replicate successfully in.target

cells. Resistance to fraviviruses in mice is controlled by

a single autosomal dominant gene (Sabin 1952, Goodman and

-

Koprowski 1962a), tb murine ‘hepatitis virus type 2 (MHV2)

by a recessive autosomal gene (Bang and wWarwick 1960), apd

to MHV3 by segsfal genes controlling either acute disease
or chronic disease (Levy-Léblond et al 1979). 1In all three
infections resistance correlated with limited vizus

replication and a slower spread of viras (Goodman and

‘Koprowski 1962b, Jacoby and Bhatt 1876, Bang and Cody 19580,

LePrevost et al 1975). The differences in virus titres

-~

between resistant and susceptible animals were evident even

at 1 day post iﬁfectién suggesting that resistance could
not be due to specific immune responses (Goodman and
Koprowski 1962b, Dupuy et al 1980). Wwhen tissues €from
susceptible and resistant mice were infected with virus in
vitro, the yields of virus parallelled thésé found in vivo,
i.e. susceptible cells yielded more virus than® resistant.

-

For flaviviruses, this was true for ~macrophages, brain

tissue and embryo fibroblasts (Goodman and Koprowski 1962a,

1962b, Darnell and Koprowski 1374, Briaton and Nathanson

1981): for MHV2, macrophages appeared teo be the crucial
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targets (Bang and Warwick 13960), and for MHV3, both
macfophages and hepatoﬁytes showea this differential
infectivity fvireiizie:'and allison 1976, Arnheiter et al
1982). | o |

{p all cases, there did not appear to bde 2
difference in the number of receptois for virus since equal
amounts of virus -bound to both susceptible and .resistant
cells (Darnéil and Xoprowski 1974, Shif and Bang 1970,
Arnheiter,gg_gl‘l§82). viral RNA synthesis was limited in
cells resistant to -flaviviruses (Brinton and Nathanson
1981), and increased numbers of defective interfering
particles (DIP) wete observed (Darnell and Koprowski .1974,
Brinton: 1983). As well, there is evidence that-the DIP
produced in resistant cells were more effective in their
capﬁ?ity to inhibit virus replication (érinton 1s83). The
mechanisms pf_resistance are less clear for the hepatitis
viruses. For both MHV2Z and MHV3, lymphokines could convert
susceptible gmacrophages toO resistant (Bang and Cody 1980,
Virelizier'iet al 1977) or shift resistant cells to
susceptiblexhq_ MHV2 (Weiser and Bang 1976). These data
suggest that tha initial permissiveness of a cell foé viral
replication may depé%d on exogenous factors, qlthough there

igs evidencr for further resistance mechanisms in MHV3

(Virelizier and'Gresser 1978). Differences in target cell

~

replication have also been reported for MHV4 (Stohlmann et

al 1983), in HSV1 (Stevens and Cook® 1971, Kirchner et al
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1978) and ‘HSV2 infections (Mogensen 1977) and for MCMV
infections {(Harnett and Shellam 1982, Nedrud et al 1879)

However, others have not found a correlation between

‘infectivity in vitro and resistance for these viruses, SO

X

other mechanisms hége been invoked (Selgrade and Osborn
1974, Brautigan 93152.1979)'

Quantitati;e rathef than quélitative-differences in
target cells for a virus have rarely been described.

Marek's disease virus {MDV) causes a ' malignant

1ymphoproliferative disease in susceptible chickens.

Resistance is controlled by at leas£ 3 genes, one of them
linked to the MHC, that a:e'thougﬁt ko operate both at the
level of infection and whe level of transformation or
tumour progression {Gallatin and Longenecker 1931, Lee et
al 1981). The spleens and thymi of susceptible chickens
were shown to dontaiﬁ more cells than those from resisiant
S{fds, and céils from susceptible birﬁs adsorbed and
préduced more virus (Gallatin and Longenecker 1979, Lee @t

al 1981). The phenotype of lymphoid cells appeared to be

dependent on the thymic microenvironment, leading these -

workers  to hypothésize rhat the  thymus confers
-

permissiveness either through virus receptor expression oan

cells or by expanding the number of cells in the

susceptible category.
There seems to be a quantitaiive difference in bone

marrow (BM) target cells for murine spleen focus. forming
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virus (SFEV) ‘arising‘from Friend leukaemia virus. | This
virus induces erythroleukaemia in mice, an event controlled
by several genes, both gi2 linked and not (Brinton et aj
1583). Qne of these, Fv-2, conzrols both the numbers of

infectious centres after infection and ‘the proportion of

-

2rythroid progenitor cells that are thought to be targets
for vitus (Steeves et al 1980). Resistant mice have fewer
of these cells. Tt has also been suggested that target
cells for SFEv-type viruses are limited nét in number, but
becausé virus réceptors are blocked by the presence of
‘éndogenoué v{ral proteins on the surface of cells (Ruscetti
1985), |

Tha second group of mechanisms that ‘may be
responsible for genetic resistance encompasses nonspecific
aspects of the hosgt response, such as interferon production
" and NK and macro?ﬁage antiviral activities. Interferén ilas
already Beenldfséussed as a possible means of inducing an

antiviral state in target cells, The evidence for a  role

in influenza infection of mice is Strong. Resistance to

L]

lethal influenza infection is due to a single autosomal

dominant gene, the Mx-gene, and again is correlated with
lower virus titres observed at 2 cays after infection
(Haller andg Lindemann 1974). Interferon had no effect on

the phenotype o¢ susceptible cells, byt anti-interferon

G . .
Serum converted resistant cells Lo susceptible (Haller o=

———

al 1979), It has since been demonstrated that interferon

- P re e im cwrmaegae .. ey = . . ey e s
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indﬁcés a protein encoded by the MX gene iﬁ tﬁe n:cleus of
resistant cells (Horisberger et . al 1983). This pkotein‘
appears to interfere with the primary transcription' of
vi:al.RNA into mRNA (Haller 1285), but is active only
agaiﬁst_influenza viruses'(Haller‘gg_3£_1980);b .

Interferon 1S suspectec O play a2 kevy role 1in

resistanace £n other viruses;, particularly ‘ _tﬁe
herpesviruses. Resistance to Egtal infection with Hsv-i is
controlled by 2 non-H-2 genes (L%?ez 197%) . gusceptible
mice do not differ in humoral responses after infection, OT
in the activation of macrophages (Zaﬁatsky et al 1981), but
‘they do £ail to produce iﬁterferén early after infection

———

(zawatsky et al 1981, Engler et 2l 1982). Low production

of interferxon in vitro is aLso' correlaﬁed with
susceptibility (zawatsky et al 1981). The levels of
anatural killer cell activity after infection ., also

correlated with resistance, but this may have\\Peen a
consequence of interferon production. - T
Decreased eatrly interferon production is thought €O
pe the treason for susceptibility to MCMV  (Grundy (Chalmer)
et al 1982)., which 1S cdntrnlled by an ﬁ-z gene with non
yg-2 influence (Chalmer et al 1977). The gene controlling
early interferon ﬁroduction igs also non y-2 linked (Grundy
(Chalmer) et.al 1982). Treatment of some resistant strains
af mice with anti-interfexroen serum reduced resistance Dbut

in others it had no etfect, indicating that other £factlrsS,

o e e T  een m———t W T e dmememn = r T i - R e
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perﬁaps encoded by the H-2 liked .gene, are involved
(Grundy(Chalmer) et al 1982). More recent data suggest a
difference in sensitivity to interferon may explain
resiétance ané sasceptibility (Harnett and $hellam 1985).
Examination of HK Levéls —in. resistant and
susceptible strains of aice has ai;b revealed a positive
correlation between higher, mo;e prolonged ?k and
resistance to CMV (Béncroft et al 1931). Nude hiqe with
high NX levels were still susceptible, but died later than
susceptible sktrains suggestipg that early mechanisﬁs are

13

essential but not sufficientl-fbr resistance. NK ac;ivif&
has alsc been presented as the'resistance mechanism in
HSV-1 infection. . Resistance was senéitjve to marrow
depletion, és is NK actiﬁity {(Lopaz Veé .al 1980), and
cor:elated_:yith NKJtYQe ~activity agai;st _ HSV-infected
targets (Loééz et al 19@3)._. l ‘!

Other ﬁonspecifié‘ré$ponses have been postuléted o
account for genetic resisianéeA But have nct.-been éxamined

’in detail.’ The magnitude of the inflammatdrg respénse has
been both positively -(Bartholoﬁae;s et al 1983) and
negatively (Selgféde and storne ;%74) correlated with
hepatitis_in mice infected with CMV, and there 1is some
evidence Cor activated macrophages as the crucial element

in  resistance to HSV2 (Rosenskreich et .. al 1982).

Infiltration of 1lymphocytes  into dinfected airwavs is




genetically determined in Sendai virus infection of nmice
(Brownstein et al 1981, Brownstein 1983).

There are no clear examples'ZE the specific immune
respénse controlling resistance to viral disease, with the
exception of the tumour vfruses. In these Iinstances,
resistance to the tumour caused by the virus is mediated Sy
the immune response, althouegh resistanée to infecition is
nokt. This has Been demonstrated for MDV in chickens (Lee
et al 1981) and for the murine leukaemia viruses, where
recovery from splenomegaly caused by SFFV is controlled by
a gene in the H-2 region (Britt and Cheseboro 1980} . In the
other virus systems, .speéific responses appear éo be
essential for full resistance, and act synergistically with
the- described resistance factors. e

A genetic basis has been described for many other
viruses, reviewed in Brinton .and Nathanson {1983),
including ectromelia (Rager-Zisman Ft al 1980}, and the
agent responsible for scrapie (Kingsbury et al 1983).
There are also maﬁy examples of differences in nonspecific
and specific immﬁne responses to viral antigens, presumably
encoded-by immune response (Ir) genes, buat th2se have not

been correlated with disease resistance or susceptibility.

C. Pathogenesis of arenavirus infections

Within the family Arenaviridae are 13 viruses
‘characterized by segmented  single-stranded RUA genomes,

pleomorphic virions containing electron dense granules, and

- -
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envelopes with regular peplbmérs (Fenner et al 1974, Howard

and Young 1984, Casals.f%9845. Based on geographical

location 2nd serological relationships, the arenaviruses

g S oo ‘
can be subdivided into 014 and New World groups (Rowe et al

1970, Howard and Young 1984). The prototype virus,
lymphocytic choriomeningitis wvirus (LCMV), Lassa fever
virus, Mopeia virus and a virus €rom the Central :African
Republic, make up the 01ld World group.‘ -LCMV is found
worldwide, the oth2rs in Africa only. ”'The New Worlid
arenaviruses include Tamiami, found 1in socuthern Florida,
Facaribe, from Trinidad, and Juanin, Machupo, Latino,

Flexal, amapari, Parani and Pichinde, all from South

America (Howard and Young 1984, Casals 1984, Fennexr et al

-

1974).

Four of these viruses, 2 from each group, cause
disease in man; LCMV, Lassa fever virus, Junin and Machupo.
These viruses, like all arenaviruses, establish pg:sistent
infections in their rodent hosts, apd are ?robably
transmitted to man through the respiratory or
gastrointestinal tracts, or through abrasions in the skin
from contaminated soil, water, or food (Ray 1984, Casals
1984). LCMV is contracted from the house mouse, pet micé

or hamsters, or laboratory animals (Ackerman 1973, Casals

1984). Infections are rare, usually mild, and almost never

fatal.




The other three viruses, Lassa fever virus, Junin

- 7

and Machupo,' “cause more -serious diseases. Argentinian

hemorrhagic fever (AHF) 1s caused by Junin vifus, and

.=
Machupo is the agent of Bolivian hemorrhagic fever (BHEE).

)

The diseases are virtually khe sase, with symptoms of. a

.

‘high unremitting Ffever, maiaise, headache, muschia; pains,

nausea and leukopenia, appearing 7 -to 14 days after

-

exposure. In severe cases -tha2  syaptoms become more

.

pronoqgced-.witn hemorrhayic wmanifestations; . petechize,
bleeding. &rom " the gums, . nose, stomach, -intestine Ancd
- . o . = . -

akerus. There may also be signs of CNS involvement. Acute

disease can légi for up to 3 weeks. Death is due to uremic
coma, hypotension or shock due to plasma loss. . The
mortality rate for AHF is 3 to 153% and Eég BHF up éo 30%.
Lassa fever 'ié\éﬁgountered in Western . Afriqa.
Early symptoms are similar to those for.the South american
hemorrhagic fevers, but with marked pharyngitis. Petechiae
and subcutaneous hemorrhages may 0Ccur later and death,
oceurring in 390 o a0% of hospitalized cases during the
second week, 1s due to cardioéascular collapse.
The mechanisms whereby these viruses cause disease
. ‘i
in man is.hot known. buring acute illness, virus can Dbe
s -

recovered from the blood, threoat and sometimes in the

urine. . In hemorthagic fever victims, the spléen and lynph

nodes are most often positive for virus (Johnsoa et 2l

1973, Laguens - et al 1984). - The most consistent lesion

&

S
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reported is swelling of the endothelium of capillaries. and
arteriolas "in all organs in the absence of .any inflammatory
reaction-(Casals 1984) . ‘A role for complement has been
hypothesized early in infection (de Bracco. et al 1978), and

other workers have suggested that high levels ot

igterferons producad as cesult of lymphocyte destruction

may damage phagocytic cells and activate 'complehent,'

1nading to the observed damage (Laguens et al 1984). in
Lassa fever, a direct cytopathic effect is responsibdle for
major lesions in khe liver, lungs, spleen, lymph nodes and
-idtes:iﬂal mucosa (Casals and Buck;ey 1973). In surv}vors,
neutralizing antibedy, cdmplemént-Eixing antibody and
aptibody detected 1n a fluoresence test develop. The
latter cén'be detected by the 10th day in Lassa fevec, the
other antibodies by day 18. Antibodies appear late in “the
hemorrhagic fevers, and_peék titres are not observed until
30 to0 60 daysr\after infection. lNeutralizkng antibodies
persist for - years (Casals 1984). antibodies arising so
late after infeckion arce anlikely to .play a xole in
eliminating the primary infectien, and favourable results
after transfer of_immung sera' hgve been reportad only £or

AHF (Casals 1984).

D. Animal models of arenavirus pathogenesis

1. Lymphocytic Choriomeningitis Virus

,:;ymphocytic choriomeningitis virus is the prototype

arenavirus. This agent is found i{n wild mice which appear

+

L7
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to be persistently infected (Murphy 1978). In the
laboratory mouse, LCMV produces a wide specgrum of disease
éepending on' the strain of virus, dose and route of:
inoculation, and the age of the host.

When virus is given by any route to neoanatal mice,
all orgéns becoge infected, %lthough .the primary -targets-
are cells of the iymphoreticulat svstem (Murphy. 1878,
Lehmann-Grube et al 1983a, Lohieﬁ and Lehmand—Grube_ 1631).
Animals survive and avre persistently infected. The aniﬁals
are healthy, althdugh they may undergo a transient runting
_{(Hotechin 1962, Mims 1973) caused by alter%tions in  growth
hormone éynﬁﬁesis by infected 'cells in tﬁe éhﬁerior
pituitacy (Oldstone et al 1982, 1984). These carriér amice
QO not haye detéctable circulatianéntibody {Hotchin 1962),
although.antibody is prodhcedk thét.parﬁicipates in - Lingne
complex Eorﬁétion (Oldstone and Dixon 1967f. 4 proportion
of carrier mice ‘develop a 'late-oﬁset' 'disease due to
deposition of iﬁmune complexas in the kidney (Mims 1973,
Oldstonz -t al 1985). These carrier mice resist infeaciion
by he intrécranial route as adglts and apnear to be 7T cell
tolerant to LCMV antigen (Lehmann-G}ube g&_g; 1983b). This

diéease pattern probably reflects the nataral’ coarse of
infection in neonatal feral mice (Burphy 1978) .

Whenvgdult mice are infeckad intracranially with
LCMV, mortality ié virtaally 100% within 8 to 10 davs, ' and

the major finding is widespread lymphocytic infiltration in
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most oréans including the CIH5  (Hotehin 1962). Because
similar infiltration was absent in immunologically immatqre '
miceiphat sarvived infection, Hozchin proposed that disease
was due, not to direct viral'effect;, but to the lymphocyte
infiltration, .Since'then, saveral investigators have shown
that immunosuppression. preventéﬁ ﬁigease_withdut alte:iné
viral replication {Rowe 1956, Hotchin 1962, Gilden et al
1972a, Lundstedt 1973,.Gledhill 1867). Adoptive transfer
of LCMV immune splenic T 1ymph6cytes, but neot immune serum,
inte immunosuppressed mice éouid induce disease (Gilden et
al 1972b, Doherty and zinkernagel 1975).
The actual méchanish of disease develo?ment ié not
clear. The pathological changes in the CNS are not gevere
enough i; thémseives to cause death, suggesting a
éeneralized mechanism (nehmann—Grubel1984a). owever, some
‘believe CTL action is responsible for death. T cells with
cytotoxic aépivity have been  isolated from the
' cerebroqginal fluid-of'mice infected with LCMV (Zinkernagel
and Doherty 1973), and transfer of fatal disea§e with
immune T lymphocytes was restricted by class I MHC
antigens, and was® positively onrrelated with in vitro
kwilling activity,fDéﬁerty and ginkernaéel 1975, Doherty et
N

a

——

976). Others have found that the presencé of high CTL
activity d1d nokt n=2cessarily correlate with disease ({Pfau
et al 1982a,1982b,1985) whereas DTH type reactions did

(Thomsen et al 1983). " Some reports "have suggestad that
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interferon may contribute to disease (Riviere gg;gi‘ 1977,
Riviere et al 1980, Jacobsén et al 1981)Y Interferon may
induce disease by activating macrophages and CTL in the
infiltrate, or Dby direct actian on epithelial - and
endothelial cells (ROncb et al 1980). T celis wmay
participate ia this aspect of pathogenesis by production.of

interferons.

f

The outcome of LCMV infaction when the virﬁs is
administeted exﬁraneﬁ;ally varies with the strain of . mouse:
and the virus used. Generally, intraperitoneal ({.p.) 6:
intravenous (i.v.} inoculation of TLTMV does not ‘produce
disease kBucheier of  al 1980). The virus replicates in
@any.organs “including spleen, thymus and lymph nodes,

. . e \ - N
liver, kidney and brain, and cafi be demonstratecd 10

" macrophages, B cells "and T cells (Popescu et al 1979,

Ky

i o AR} = o Aa T o = e o m (R 4 e me—m ke s e e i emem mme o r e -

tohler and Lehmann-Grube 1981, Doyle ‘and Oldskone 1373).
Titres‘in the spleen and blood peak at day 5 éfter
infection and éecline rapidly {Doyle and Oldstone 1978) .
Interferon production yaraliels tatz2ase in virus, as does:
splenic NK activiky, peaking at days 3 te S (Weléb 19782,

1978b)., CTL can be demonstrated by day 4, with maximal

“activity occurring 3 te 5 days later (Marker and Volkert

1973). Activated maérbphages are presedt' in the. <tissues

‘and peritoneal cavity slightly latex than CTL activity

1]

(Buchmeier et al 1980). Primary footpad responses sveloD

on the 8th day after footpad inoaulation (Tosolini and Mims
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" 1971, Lehmann-Grube and Lohler 198l). . Reports of humoral

responses have been conflicting, but this appears to be due
to the.dse‘of different strains of virus. Neutraliéing and
sensitizing antibodies can be detected after 2 to 3 weeks
when mice are infected -wi;h a viséerotropic sktrain (WE
strain) of virus, but cannhot ﬁe detected after infection
with a neurotropic strain (Armstrong strain) (Kiamig and
Lehmann-Grube 1979). Coﬁplement fixing antibeodies are

readily induced by éll strains of wvirus, appearing early
and\ﬁeaking at 2 to 3 weeks. Both tfpes of antibody
petsisﬁ'for several m;%ths (Kimmig and Lehmann-Grube .1979,
Buchmeier gé_gi 1980). |

These mice are pratected from intracranial

challenge with LCMV and it is believed that the nprotective

“immunity that develops by day' 4 is mediated by the same

responses that clear viras (Hokahin ‘1962, Marker and
Volkert 1973). Most investigators believe the major factox
responsiﬁle for wvirus c¢learance . is CTL (Mims 1973,
i&nkernagel and Doherfy 1979, Zinkernagel and Welsh 1976,
Mims and Blanden 1972, Marker and Volkert 1973, Anderson et
al 1985, Byrne and Oldstone 1984). Others have found that
CTL acfivity' in the spleens of infeated nice d&id not
correlate either with viral clearance or with the ability
to transCer pkotection ;o otﬁer mice {Lehmann—grgbe et ai

1985, Pfau et al 1982a, 1985) and T cell production of an

antiviral lymphokine such as interferon (Greenspan et ‘al
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1984) or another, unidentified; factor : (Lehmann-Grube et al
1985) has been proposed as instrumental in clearing virus,
The data indicate that “immune T cells can béth,
~— ;

protect and induce disease. It has been proposad that when-

‘the antigen 1locad is light (prior to 3 days) or widely

dispersed throughout the body (later than & days), the
immune reponse is protectivé; but when a significané amounkt
of antigen is largely in the brain, the immuﬁe :eSpaSse (f
concentrates there, and-death ensues- (Hotchin 1962, Thoméen
gg;gi 1979). Others have d{fferentiated the T cell
populations‘tesponsible for transfer of the two activities,

*

and hypothesize that cells “inducing disease do so because

~of their ability ko :@cruit‘macrophages (Johnson and Cole

e

1975).

The role of interferon in primary extraneural
infections is - unclear, and n&t mucﬁ étudied, but the
capacity of"cloned "CTL  to reduce virus titres after
transfer to ipfected mice is not correlated with their
interEerén produgtion'(Byrne and Oldstone 1984). As well,
NK cells .apéeqr to be of ldttle signifidance in LCMV
infections. Beige mice, which are deficient in some
NK-type activilties, are as resistant to i.p. infection as
niher mice (Welsh.and Kiéssliﬁg LSSO}L and depletion of NK
activity in vivo~ by anti-asialo GM1 serum does no* alter

the course of infection (Bukowski et al 1983). A

rotective role for macrophages has also been suggesiond, as
IS A o ’

T e e ———  —— et - m——— PR PPN A e e .
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treatments that deplete maérophagés without altering NX or
T cell responses delay «learance of virus after 1i.p.
inocuiation (Thaasen and Volkert 1983). .

- N . :—\
Extraneural inoculation of LCMV, particularly the

1€
viscerotronic strain, does induce disease, often_fatél,; in
— .
aerkain strains of mice, a%d this disease, like thé
neurological manife;;ations, is immune-mnediated (RoWe'i9Sé,
Lehmann-Grube and Lohler 198l). one of the = major
observations is that of destruction in 1lymphatic ocrgans
which appears”’ to be the‘ result of the immune response

(Lehmann-Grube'-and Lohler 1981}, although others have

claimed that the observed damage is the result of wviral

infection of the cells of the immune system (Hanaoka et al

1969). Even surviving.mice sﬁow evidence of alterations in
lymphoid tissues (Lehmann-GrQbe aﬁd Lohler 1981), and these
alterations have  been " implicated in  the  transient
immunosuppression observed 1in infected mice (Mims and

Wainwright 1968, Guttler et al 1975).

Very little has Dbeen done wiih  LCMV in animal

models other than the wmouse. In the rat, intracranial
ingculation at 4 Jdays of ége, but qpt earlier or later,
induced changjes in the CNS that were mediated by the immune
system (Monjan et al 1973). Periphera% inoculation of
neonatal hamsters resulted 1in a .chronic infection with
versistent viraemia and Qi:uria which cleared eventually or

led to late-onset wasting lisease as in mice. Infection at

e e rtmA——— e s b weem im ¢ mrem A wimEn 4 = -

/)
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three weeks of age induced. an inapparent ~ persistent

infection, and older hamsters totally cleared the infection

(Parker et al 1976). Complement-£fixing antibodins,
antibodies active in immunoflucrescence’  assays and

‘neutralizing antibodies could be demonstrated (Smadel .and

-

Wall 1942, Thacker et al 1982), although the latter only

appeared: 6 wéeks after infectjon (Smadel and Wall 1942).

2. New World arenaviruses

The New World arenavirqses have heen studied less

extensively than LCMV, but the few studies that have been

- carried out reveal . similarities to the pathogenesis of

LCMV. In their natural hbsﬁs, 'after nebnatal exposure,
these. viruses clear slowly or establish persistence,
whereas older animals tend Ato.undergo transient infection
only (Murphy et al 1976, Murphy 1978, Johnson et al 1973,

Webb et al 1973, Howard and Young 1984).In other rodents,

the pattern may be different (Coto et al 1980, Johnson ‘et

.EL 1973, Barriocs et al 1982,-Winn et al 1973, Borden et al

1971 ). The viruseés preferentially replicate in cells of
the reticuloendothelial system and lymphoid tissues (Murphy
et al 1976, Johnson et al 1973, Carballal et al 1977 ),

with the exception of Tacaribe-virus (Borden and Nathanson

1974, Borden et al 1971). Both Tamiami and Junin viruses

were present in megakaryocytes in the bone macrow (Murphy
- e

" et al 1976, Carballal et al 1977), Junin was present in

macrophages in the peritoneal cavity (Laguens et al 19858),

'
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and an attenuated stra%n of Junin virus was found chiefly
in-plagtic. adherent cells identified as dendritic cells
(Laguens et al 1983a); | - |
Compleﬁent—fixinq, immunofluorescance and

neutralizing antibodies are readily induced by most of

these viruses (Murphy and Walker- 1978, Winn et al 1973,

Johnson et al 1965, 1973, Coto. et 1980, Blejer et al

-

1983, Barrios et al 1982), and in nonfatal infections, an

increase in antibeody titres often correlated withn a

decrease in virus titres (Mu;phy 1978, Winn et al 1973,
Blejer et al 1983). Transfer -oE specific antibody
protected guined  pigs from ‘Junin® virus ‘ infection
(Weissenbacher et_al 1975a), as did prior infectien with
Tacériﬁe virQS'(C;to et al 1980, Weissenbacher-et al 1975b}
or Machupo virus (Weissenbacher " et al 1973b}. it is not
clear whether or not neutralizing antibody was the
responéiblerfactor (Weissénbacher et al 1975b). Immune
serum could also transfer p;otection ffom Junin vicas
infection in rats (Blejer gg;gi 1984). Much‘léss is known
about T cell responses. Adult miée surviving Junin virus
-infection developed CTL, ‘hut never displayed DTH,. and
treatment with cyclophosphamide abrogated resistance
(Barrios et al 1982, 1984). Transfer of either T cells oc
se:um-protecteé these animals from death, but oniy T cells

reduced virus titres in the brain (Barrios et al 1982).
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Immmunclogically -mediated disease occurs when

rodents other than the _nataral host are infected. Tamiami, -

Tacaribe and Junin viruses cause fatal neurologtcal disease

in neonatal aor suckllng mice - ( ilden ot 2t al 1973, Borden et

al 1971, Weissenbacher et al 1975a, Barrios et al 1882,

Winp et al 1873). Nude mice were resistant to,  lethal
infection with Junia virus, whereas immunocompetent
controls were not (Weissenbachor ot al 1983y, ‘and

thymectomized nice resisted. infection with Machupo,
Tacaribe and Junin_ viruses (Besuschio at al 1973). A

disease caused by an attenuated strain of Junin virus, but

not wild type virus, in guinea pigs also Appeared to bhe

.
-

immunologically }nduced (Laguens et al 1983b).

| Infection with wild type Junin virus in guineawpigs
induced an acute disease with tever, leukopentia,
hemo;:hagic lesions and necrosis of bdne marrow and
lymphoid tissue. Virus was found in most tissues of the

body with increasing titres until death, but ktherti was ne

evidence of infiltration of*‘ 1mflammatorv cells
(Weissenbacher et al 1975a). Infectlon of 1infant and

sometimes adult Calomys with Machupo produced a syndrome
similar to late-onset wasting disease described for LCMVY
(Johnson et al 1973).

E. Pichinde virus

Pichinde virus (PV) was i1solated in 1871 from <“he

rodent Calomys albigularis in Golombir, South America
&
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(Trap{do and Sanmartin 1971). -fhé host was found to be
persistently infected, with virus in “the b{ood, liverz,
spleen, -heart. and brain, Complement-fixing ~ but  not
neutralizing an;ibody could be dJdemonstrated hin_‘\;bese
In neonatal mice, infection is fatal (Tfapido and
Sanmartin 19715; én adult mice, PV infection proceeds mucﬁ_
like extraneural infection with LCMV. énimals suzvive
infection, with develépment of elevated NK responses at 3
days (Welsh 1978b, Walker et al 1984) and CTL at days 5 to
7 (Walker &t al 1984). Complem?nt—fixing antibodies are
elicited, but'neuhralizing‘éﬁtigoéies are not (T;apido and
Sanmartin 1971). bpv @as also been ' adapted to the yguinea
pig (Jahrling et ‘ai 1981). .outbred guinea pigs showed
delayed viraemia after infection, witﬁ low gitres, and
Survived.. The virus was fatal for inbred guinea pigs.
Viraemia occurred only 2 days after infection and tétres
rose until death at 16 days. Virus spread throughout the
body, and could be .isolated ‘from the spleen, particularly
in large éelis between the white and :ed~pulp, and in lung,
brain, kidney, pancreas, adrenals and thymué. The major
finding was of extensive lasions in the liver.
Hi;tologically, there was no evidence of inflémmation, and
the disease pattern was reminiscent of Lassa fever 1ia man.

Pathogenesis of PV infection has been studied most

in the Syrian’hamster, 2 rodent from the same. family as the

T T e et ————e == . vl —— . -



host in nature. Intracranial or

intraperitoneal infection

of neonates was’ fatal meanldn  .and sanmartin 1971,

Buchmelier 1976, Buchmeier and
associated with high virus titre
some involvement of brain and

resistance to infection developed

Rawls 1977). Degth was
s,'and.;enal AdanAage,; with
1iver (Buchmeierx 1976) .

with age, so that DY “day

g LVG outbred and LSH inbred hamsters were 'no longer

susceptible (Buchmeiér and Rawls

positively correlated with the

1977) . rResistance Was,

ability to limit viral

replication. 1IN surviving LVG and LSH animals, virds could

still be isolated -from the spleen

put titres reached a peak} the

, liver, kidney and blood, .

n declined after day 3

Complement—fixing antibodies and antibody directed to

" gurface antigen wers found in the

‘peak titres at 3 weeks after

antibodies could not be demonstr
) L -
1977) .
one strain of inbre

acquire resistance to PV, SO tha

succumbed to infection with the s

survive appeared to be due Lo an
infection as in‘neohatal hamsters
either LVG or LSH hamsters showed
spleen, blood, liver and kidney W

infection, but later reached hig

serum by day 10, reaching
infection. Neutralizing

ated (Buchmeier and Rawls

d hamster, MHA faile¢ to,
t 7 week old HMHA animals

ame rapidity as. 4 gay ' olé

LVG hamsters (Buchmeier and Rawls 1977). Failure O

-

inability to limit viral
. A comparisen of MHA and
that virus titres in the
ere the same at dav 4 post

her levels in MHA animals

Lh
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and continued to rise until death at 2 to 3 weeks after
infection (Buchmeier and Rawls 1977). when  splenic

infectious centres (IC) were examined, Jdi€ferences were

- detected as early as 2 days after infection (Geeg et ~al

kS
1981a}. The major lesions were in the spleen and liver,

aﬁd antigen was first detecteé in the cells of the
reticuloendothelial system wikhin ;hese organs, with
macrophages and Rupflerx ~ells being the prime targets
(Murphy ek al 1977). Lymph nodes 3id contain wviral
antigen, again in macrophages, but lesions did not progress

here, and other lymphoid tissuezs were spared, contrary %o

infection with the other arenaviruses (Murphy et 21 1976).

There was 1o evidence oEtlymphﬁéyte infection: 'In LVG
. .
hamsters lesions were resolved after the fpurth day of
infection, but in HMHA animals progressed antil death.
There was no inflammation associated with these 1lesions
(Murphy et al 1977). _This, plus the association of ceath
with increasing virus load, the loss of susceptibility to

pv as the immune system matured, and the ability of

treatment with cyciophosphamide to abiogate resistance

indicated that death was due to virus-induceé changes

rather than immunopathological damage.
T :
pPrimary kidney cells and peritoneal exudate
macrophages from both strains of hamster supportad PV

replication to the same extent, (Buchmeier and rRawls 1977) .,

as did plastic adherent ané nonadherent spleen cells ({Gaze



18793, suggesting;‘ ;hat. the differences observe@ in
resistance were not due to inkriasic differences in target
cell permissiveness but '+ perhaps to host responsés‘ﬁo Ehe
virus. Various‘paraméters of the response to PV were then
" examined. The footpad respﬁnse to primary inoculation was
assessed gs a measure of cell-mediated iwmmunity (Gee et al
1980). The reaction was measured by two méthods, .footpad

-

s&elling and by influx of radiolabelled  protein, and by
both, a significant response developed in resistant strains:
(LVG and LSH), but not in thé susceptible strain. 0On the
other hand, footpad inoculated MHA hamsters did. not guccumb

to ?hfectiod, Aned were 'pro;eéted.-against' subsequent
intraperitoneal éhallenge. - Y |

The production of antibody was-assessed in‘fthese

surviving animals. Previously, titres of complement—fixin;
antiBody and antiﬁody bindiné to surface antigen had been
detetmined in MHA hamsters surining intigperitoneal
infection at day 10, and there was no difference (from

' i"‘produqﬁion of antibody in LSH ramsters {Buchmeier and Rawls
. 1977). This was confirmga in footpad{i56culated hamsters

'l (Gee éf.a; 1980). It would seem from these results that
. the susceptiblity of *Mﬂg hamsters was ot dﬁe o ath

ifnability to meunt an immune response,’ as protective
immunity could develop underx = right ‘conditions.
“antibody was dot responsible for this protection, as

passive transfer of immune serum did not alter in&eciion in

e mimE g s e s amr s o e - ———— e 1 ¢ T4 7 A ————— = ee m e emmme et - A .. -
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MHA animals (Gee, unpublished). The fact that

differences

in infectious centres could be detected by day 2 after

infection indicated that crucial events limiting virzal

replication were occurring very. aarly.

]

Further study of' cell-mediated responses ia  the

spleen were unable to reveal virus-specifia CTL activity in

either straiq of hamster (Gee et al 1979).

In mige, NK .

activity is boosted after infection with LCMV and PV (Welsh

1978a, 1978b). N6nspecific‘ NK activity, -lysing syngeneic

and allogeneic tumoar targets, was present in
of both strains -of hamster, and Qas elevated
infection peaking.at day 3 (Gee et al 1979).
infected MHA hamsters had s}gniﬁiéantly higﬁer

than LSH. 1In contrast to work in mice, high

the

spleens

after vices

Normal and-

NK

NK

activity

activity

-

was correlated with susceptibility and not resistance to

virus infection in hamsters. Examination of the

inoculation confirmed the correlation of high

NK

kinetics

of viral replication after both intraperitoneal and footpad

activity

with higher numbers of infectious centres' in MHA haméve:s

(Gee et al 1981b). Genetic analysis of survival, the

ability to 1limit wviraemia and NK activity

-~ .

showed that

resistance, limited viral growth " and low X activity were

all controlled by single dominant autosomal .genes.

II. No¥Wspecific Lvtotoxic Cells in the Hamster

Cells expressing cytotoxic activity against

or virally infected targets in the absence of

<

tumour

immunization



"have been described  in. the  hamster by several

investig;tocé; 215 the mouse, such cells are héterogéneous,
and subpopulations of cells can be:'diEEeteétiéted_on the
basis_of moréholoéy,.surfade'antiéen phencéypg, target call
speckram, sensigiéity to lymphokines and assay conditidas.
necessary to -éegect killing., The same 1s true 1in the
hamstef. e R -

Endogenous HK-typeé ackivity againSt virus
traﬁsformed hamster tumour 'targets or virally infected
taégets has been observed in the spleen and lymph nodes
{Détta et al 1979, Gee et al-1979, Rees et al 1980, Lausch
et al 1981, Cook et al 1982, Haddada et al 1882), and- bone

v marrow (Datté Si_il 1979). Iﬁsignifiéant ackivity was
Eouqd in the thymus (Dakta et al 1979, 1982, Lausch e{ al
"1981). In the spleen, this activity céuld be detected. as
early as 1 weék SE age and persis;edlfor upfto 1 l/i.yea:s,
was resistant to irradiation 5 hours prior to assay, Dbut
sensitive to cyclophosphamide and carageenan (Datta et al.
1979), ana was present in nude hamsters (Haldada et al
1982). In most studies, m;ximal lytic = activity was
observed in an assay afkar 15 to 18 hours -(Datta et al
1979, Gee et al 1979, Lausch et al 1381, Cook et al 1982).
Splenic NK - cells were generally plastic or nylon wooi

ﬁoﬁadherent, sensitive to incubétion‘ab\ 37; for 13 Thours,

.resistant to treatment with NH,C1, and trypsin resistant

(Gee et . al 1979, Trentin and Datta 1979). They waere
s - \

e e i e A e R . = b S Rn S e— S —_— DA,



nonphagocytic, negative for surface Ié (Gee ég_gi_i979) aqd
for‘en antigen homologous to the murine theta antlgen (vang
g&_gl 1982), and were 9051t1ve Eor T receptcrs (Teentlﬁ
and Daptal1979), A second cytoroxlc cell from the spleen
-has been descr1bed that lysed both lymphoma and. sareoma

targets, wWas not dependent on the age of the host, and was

ive in 2 nour assay’ (Rees et al 1980). this cells

_which e authors class1fled as a natural &¥ye roroxic  (WC)
cell rather than anb NK cell, was glass and aylon. wool
adherent and phagocyticf

-~

gndogenaus NX activity éan.also-be detected usiny
human fumour targets. Tsang and colleagues.(l981) have
~ descr{bedAactiv1tv against raji cells tﬁat‘was present in
 periphera1 blood, was not observable in anlmals less than 1
qonth of age. and was actlve in a 6 hour assav.- pPeriohedat
ylood and splenic eﬁfeetors that lysed K562 targets in a 4
hour assay have also been deﬁonstrated (Teale gg:gl 1983).
These effectors ere enriched by nylon wool sepa:ation,
were sensitive to an 18 hour incubation Aand td'trypsin. on
density gradients, rhe lytic activity separated with large
lg:anulat'lymphocytes (LGL) » which are ‘the cells nelicved 9
mediate huﬁan, rat and murine NK activities (Reynolds et al
1981, Timonen and Saskela 1980, Leiqi gg_gl.lQBI).
NK activity in the hamster can pe b¥bsteé by

several treatments; infection with virus (Gee et al 1979,

Yané et al 1983, cremer et al 1982), -with stimulants that
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activate macrophages {(Chapes and Tompkins 1979) and with
tuhqur g;aéts (Dattd-et ai 1982). In vitre, splenic ¥NK
killiné can be ‘augmented.bg culture ‘with-ConA (Singh and
Tevethxa 1973, stewart et al 1985), and a cytoéoxié cell

—

can be induced in bone marrow cells by culture WIth immune

peritoneal macrophages (Chapes =t al 1981) .

w U7 N
All these cells are plastl; or nyleon wool

nonadherent (Gee et al 1979, Chapes and Tomoklns 1979, .
Chapes ek - Al 1981). These splenic eEEectors- have been’
ceported as resistant to NH,Cl (Gee et al 1979), whereas
cells from the-perltoneal cavity were sensitive.(cﬁapgs and
Tompkins 1.279). | Boosted splenn: effector cells ware

hegative for the theta homologue (Nelles and Sireilein

.1980a, Yang et al 1982), bone marTow sells were Dboth

positive and negative, and nonadhereant effecteors from the

.pe%itoneal cavity expressed the antigen (Yang et al’ 1983,

Yq?g'aﬁd Tompkins 1983).
in summary, splenic NK cells, either endogenous Or
induced, are piastic “or nylon wool nonadherent,

nonphagocytic cells that do not “exnress sarface Ig or the

theta homologue.i'As well, a splenic adherent, phagocytic

".cell has been idantified that lyses various tumour targeis,

and may be a macrophage. . These cells may be Eurther
d\-EPrentxated on the basis of target cell sensizivity and

the kinetics of lysis. Effector cells in the peritoneal
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cavity and '’bone marrow differ from splenic effectors in the

expréssion of the theta homologue.

ITI. Hypothesis . o
- ' The mechanism. of genetic resistana2 to PV infection

did not appear to function at the level of.target cell
permissiveneés, nor at the levél of sgecific' immune
responseas, _?hergenetic-linkage df low splenic.NK activity,
the ability to limit viral replication and resistance, plus
the correlation of splénic infectious centres with splenic
‘NK activity after i.p. infection suggested that cells with

NK activity may serve as target cells for- PV replication| in

MHA spleed%,' but not LSH spleens. The kinetics of

- -

augmented UK activity and IC development were .also
i

correlated in the popliteal 1lymph node after footpad
inoculation (Gee et al 1981b}. AS well} né.augmented-.NK
:Etivity was observable in the spleens of thesé protected
aaimalg after i.p. challenge, and this low &R _activihy

correlated with limited virus growth in the spleen (Gee et

al 1981b).

Attempts were made to characterize the cells
responsible far ¥X aciivity and viral replication at day 5
gfter a primary i.p. inoculation. Separation of ‘spleen
ciells on the basis of plastic adherence demoastrated that
for both adherent.and nonadhereni popalations, MHA spleens

contained more infectious centres per millien cells than

LSH, and the total number of infectious centres in the



_nonadherent fraction was 7 times that in"T.SH spleens (Gee
ég;éi'iQSIa)i Further sgpatét;on of nonadherent celis by
sedimentation at anit gravitQ showed that cvtotox1c

-.act1v1ty had two peaks, one corrasponding to a large- cell,
and one corresPOnding £to a small lymphocyte. The  activity

in both peaks was grﬁatﬂr in MHA hamsters (Gee-et al- 1979).

Infectlous centres per mlllzon cells were equ;valent for
. -w

all fractions in MHA spleens, but for LSH, high numbers of
infectious centres were only present in large cells.

) From these data E%e following hypothesis Qas
developed; small lymphocytes become infected in. MHA saleens
which are snarad or are mlnlmally 1nfected in LSH splgens,
and these small lymphocytes are those cesgonsxble for the
increased NK activity, in MHA spleens. Because no-
intrinsic difference ‘in ?ermissiveness of spiéhdcytes for °
virus replication had been demonstrated, it was suspected
that the observaed Jdifferences were due‘ to quantitative
differences in this _target cell, rather than qualitakgive
differences in the ability of the cells to bacowe infected.
The following e*periments ware  conducted Lo further
characterize the NK effectors cells and lyméhocyte target

cells in MHA spleens, in an attempt to verify the above

hypothesis.




CHAPTER TWO .

MATERIALS AND METHODS



I. Animals and Cell Preparations .

A. Animals
Male inbred Syrian hamsters of two étrains, MH2a
and LSH, were purchased from Charles River Laboratories,

Lakeview, NJ. The hamsters had access to Purina chow and

water ad libitum . For all experiments, animals were qsed{
at 6 to 12 weeks of age.

B. Preparation‘of lymphoid cell suspensions

e Single cell suspensions of lymbhoid cells from
hamsters wefe prepared as follows. Qrgans were removed
_aseptiéal;y from animals sacrificed by ethe}ization; minced
with scissors and the fragﬁents .were' forced througﬁ
60-gau§e stefile\ wire mesh. The cells were resuspended in
MEM F-15 medium, and. large debris was removed by underlying
the’ celllsuspension with 2-3 ml ¢of fetal bovine serum (FBS)‘
for 10 min at room ‘temperature. The éupernatant was
recovered, centrifuged at 150 x g for 10 m%n and
resuspended in medium, Viable cells were counted by trypan
blue exclusion in a haemocytometer.
II. Cell Culture and Virus Growth

N\Eﬁ\a.'Cell lines and cell culture

Vero cells were grown in Zagle's aminimum-essential

medium (MEM F-15), Flow  Laboratories, Mississauga, Ont)

containing 10% v/v heat inactivated fetal bovine serum
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(FBS:Grand Island Biological CO.IGIBCOQ,_Grand Island, NY),
0.75 g/1 sodium bicarbonate, 1% v/v 1M hydroxyethyl-
piperazine—N'-z-eﬁhanol sulfonic acid pH 7.24 —(HEPES)
buffer (Sigma, St. Louis, MO), 2.0 mM L-glutamine (Sigma),
100 U/ml penicillin and 100 pé/ml strebiémycin (GIB&O).

'Baby ﬁaﬁster Eianey cells }BHK) wege grown in
Dulbecco's modified Eagle medium (éIBCO} suéplemented as
described for MEM F-15 exéept for 5% v/v FBS. i

RSGZ celis, provided by Dr. H. Pross {(Queen's

‘University, Kingston, Ont) Twere main®ained in RPMI 1640
~ (GIBCO), supplemented as described for MEM F-13. 1

-

B. Virus growth and assay

pichinde virus, strain AN 3739, was originally

isolated from the blood of the Socuth -American.rodent

. Oryzmys albigularis by Trapido and Sanmartin (1971).
Virus stocks were. made by infectiﬁg-BHK monolavers with 3
.plaque-forming units—(pfu) .of vi:u§'éer cell.r The virus
was allg;;g to adsorb for 1 hr a£ 37°C before the cells
were refed with Dulbecco's medium. Cells wefe incubated
for\\zgf hr at 37°C at which time virus was harvested by
pouring off supernatant, which was aliquoted and.stored at
-390 C.

pichinde virus was assayed by plating 0.2 ml of
10-fold dilutions of virus pfepa:ation on Vero monclavers

in 60 mm tissue culture dishes (Corning Glass Works,

Corning, NY). After 1 hr adsorption at 37°C, the cells

»



44

~

.were‘ overlaid with 1.75% w/v Bactoagar.(Difco Laboratories,
Dééroit; MI) diluted l1/Z with Hank's .Balanced Salt Solution
(HBSS) 2X supplemented with 20% v/v heatpinactivated FBS,
2% "v/; 100X BME amino acids {(GIBCO), 2% v/v 100X BME
vitamins (GIBCO) , 4.5 g/1 sodium- bicarbonate, 2% v/v 1M
HEPES buffer,\zoo U/ml penicillin, 200 pg/ml streptomycin;

Plates .were. incubated at 37°C for 3 days before a second
ovérlay containing 0.1"g/1'neutral_red'(GIBCO) was added;

Plaques were counted after a further 24 hr incubation.

- . — —

C. Infectious céntre assay
Lymphoid celé sdspensién# were prepared from

spleens of infected hamsters by the method described above,
and teh—fold dilutions of cells were piated on Vero
monolayers .and overlaid as described above for assay of
virus. |

D. Infection of cells in vitro - -

Spleen cells from naormal hamsters or from cultures
"of splenocytes were incubated with Pichinde virus on ice
for 60 min, then assayed for virus adsorption or cultured
further before assay for infectious ce;tres as described

above. In most experiments, cells were infected with

MOI=0.5 or 1.0.

III. Preparation of Lymphokines

A. Conditioned medium -

Conditionmed medium (CM) was prepared from bhamster

-

splenocytes by preparing single cells suspensions, and
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culturing cells in tlssue culture flasks V(Corning) for 24

hr at a density of 2 to 5x106/m1 in RPMI 1640 supplemented

as above containing - 3.3. pg/ml of” 'Concanavallq A
(ConA:Pharmacia Fine Chemicals, Uppsala, 5weden). Rat CM
was prepéred by culturing splenocytes at_a concentration of

53:_106 /ml ‘in RPMI .1640 containing 5 pg/ml ConaA for 48 hr

. {Gillis _et al - 1878). Supernatants ,were collected after

centrifugatien at 300 x g to remove cell debrls, filtered
through a 0.2 micron _disposable filter unlt (Nalgene,
Rochester, NY) and stored at -20°C. All batcbes of rat CM
were kindly .assayed foz‘interleukin 2 (IL2)rac£ivity on a
murine iL2 gependegt cell line, HY-1, by  Dr. K. L.

rosenthal.

g. ‘Interleukin 1

[

Supe:natants " containing interleukin 1 (ILl) were

prepared according to the method of Hoffenbach et al al 1984.

one ml of splehic or lymph node cell suspensions at ;xlOT

/ml were adsorbed to &0 mm plastic tissue culture plates
(Corning) - for 90 min at 37 °c. Nonadherent cells were
removed, and adherent cells were cultured for 48 hr in

culture medium supplemented as above, except for 2% FBS,

" and 50 pug/ml LPS W,  E. coli (Difco Labs, Detroit, MI).

Supernatants were assayeé for ILl activity by €. D.

Richards.

¢c. purified interleukins

q.

Purified murine IL2 was the gift of D2r. D.

N
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Harnish. Human IL2 was pufchésed from Collaborative
Research Inc, (Lexington, Ma) or Amgen'-Biologicals
{Thousand Oaké, - CA). ' The units of humép ILZ -are

half-maximal units assayed .'on murine T cell 1lines as

described by Gillis and Smith (1977). One unit of murine -

IL2 is. the amount of IL2 in 1 ml that cahses 30% of maximal-
proliferation -of'_murine\,T' cells obtained in the same

expriment, as described by Reindeau et al 1983.

IV. Culture of spleen cells in vitro

Suspensions of splenocytes - were. prepared as

described 'and‘ cultured in medicm containing varipus
concéntratioqs of rat CM, pq:ified. murine IL2 Qr éurified
humah IL2.° Cells were cﬁltured at densities of 2 to 4 x iq?
" /ml  in  24-well tissue culture plates (Linbro, MaclLean, va)
at 37 °C ip 5% CO . Cultures were fed fresh medium everv '3
day's. After various incubation .periods, the cells were
collectéd, washed twice, and ° counted before use as
effectors im a cytotoxicity assay. In some experiments,
splenocyteé were cultured 1in 96—wellk microtitre plates
(Flow Laboratories). One hundred microlitres of a § x 106
' /ml‘ cell suspénsion were placed in each well with an equal
volume of CM or IL2, After various‘ihcubation periceds, 0.1
ml of medium was remdved from each well, and target cells
. were di:ectly adéed for the cytotoxicity assay. All wells

were set up in triplicate.
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V. Biologicai'Assays

A. Thymocyte proliferation assay

~ The proceduie_ of Shaw et al "~ (1978) was followed

with slight modifications; ° Thymocytes were prepa;ed“in

,
. single cell suspensions,. and were adjusted to 2.5 x 10"

cells/ml iq'culture medium to which'1l gg/ml Cona was added.
Under these conditibns, no proliferation of thymocytes was
observed  1in.. thé absence of CM. Cells were dispensed into

96-well, flat-bottomed  microtitre  plates (Flow

Laboratories, McLean, VA3 in volumes of 0.1 ml. Fifty

miczoiit:es Gf CM were added to each well. control wells

received 50 pi of medium containing Cona at a éonéentration
used to preparé .thg_ CcM. All assavs were conducted in
quadruplicte. Pi?tes weré ‘incubated for 48 hr at 37?C in
5% CO2 . > Cultures were pulseq for‘ & hr with 1 pci'
{SHjthymidine (New England Nuclear, Boston, M&) before
harQesting ':uptured céils onto glass Eibre‘filter'bépers

(M.A. Bioproducts, Walkersville, - MD)., wusing a Mini-Mash

narvester (M.A. Bioproducts). " [3H]thymidine uptake was

determined in,a liquid scintillation system, and counted 1in

a Beckman Dbeta counter (Beckman Tnstruments inc., Palo
Alto, CA).

"B: Limiting dilution assay

. To determine the f£reqguency of cvtotoxic cells in
a

spleen, iimi=ing. dilution assays (LDA) were performed
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. according to the érotoéol of Riccardi et al (1982).

?"SPIeen cells were  cultured at cell concentrations ranging

from 5° x 10° to 160 cells/well, 16 replicate wells for
each 555;11 ‘concentration, in 96-well, round-bottomed
microtitre plates (Flow Laboratories) in a final.volume of
0.2 ﬁl culture medium supplemented with 30% CM. In some
experiments, a feeder 1a§er of 5 x 103 irradiated k3000 R)
peritoneal exudat; cells (PEC) was added to eaqp well. PEC

were collected from the peritoneal cavity ¢f hamsters 3

... Spoytaneous Cr release was determined by incubating taxget

days after. i.p. administration of 5 ml sterile paraffin
oil. Cells were washed three times with culture medium
béﬁo;e . use. after 7 days, 0.1 ml of medium was .removed
Eroﬁ. each -well: and an equal volume containing 5 x }03
51cnlabelled target cells was added. Plates were incubated
- for 16 hr before removing 0.1 ml supernatant fot counting.
'célls in medium alone for the l6-hr period. Wells were
considered positive fb% _;ytotoxicity when the coudnts were
greater than or equal to 3 sténdard,deviaéioas {SD} above
spontaneous release. The limiting frequency was determined
ﬁy the method of maximum liklihood as described by Porter

and Berry (i964).
" .

-
-

cC. Cytotoficity assav

A K562 cells were labelled in 400 uCi sodium

chromate -~ {(New England Nuclear) for 20 min at 379C, and were

then washed three times belefe use. gffector cells at

“
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various concentrations were added to 5 x 103 5lCr-labelled
target cells in 96-well, _flat;bo:tqﬁéd microtitre plates
{(NUNC, _Ro§%ilde, Denmark) to‘givg effector to .target ratios
of 106:1,' 50:1, 25:1 and 12.5:1. Spontaneous and maximal
release of label was determined by the. addition of medium

alone’ or 1% Noﬁidet- P-40 to target cellsl all .

combinations were .performed in quadruplicate. Plates were.

incubated at 37°C in 5% COp for 16 hr. One hundred

-

Tmicrolitres of supernatant were removed and total
radioactivity over a 5-min periocd was ascertained in a.

Beckman gamma counter (Beckmah Instruments Inc;i. The data .

-

are -expressed as percent specific release, calculated by

using the following formula:

. (Experimental counts-spontanéous counts)

(Maximal counts-spontaneous counts)

VI. Characterization.of cvtotoxic cells

~
"

A.’Adhé}ence
Plastie- adherenéé properties were determined by
incubating 1 x 107 cells in 1 ml medium in 100 mm sterile
plastic tissue Cultgré dishes (Corning) for 90 min at 37°¢.
The supernate, containing the plastic nonadherent cells,
was decantad. The monolaye;' was wasnhed ‘twice with PES
lacking Ca++ or Mg++ +to rembve any remaining nonadher2ant

cells. Adherent cells were removeé by scraping the clates
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witﬁ a rubber policeman.

Plastic ,. nonadhereét - eells were further
characteriied by pag;age‘through”nylon wool as described by"
Taﬁor et al (1984). _Plastic syringgs*(lo ml) were packed_.
with 0.7 g (dry- weight) of dyloh hdél-(Leukopak, Fenwal
Laboratories, - Morton_ Grove, 1IL)  ‘and autoclavéd. fhe
columns were washed with 20_ml PBS, then with 50 ml of RPMI
1640 supplemented with. ‘1% FBS and'theniiﬁcubated at 37%
for 1 'bf before~rin§ing again with 20 ml RPMI-1% FBS. Up
to -5 x 10’ -cells in 1 ml RPMI-1% FBS were loaded and washed
into the column by the addition of 1 ml RPMI-1% FBS. The
column was‘~thén incupafed at 37 °c for 30 min in 5% co-
before ~adding another 1 ml medium; then inéubated fo;
another 15 nmin, Effluent cells were coliected by wéshing
the column slowly with 20 ml warm RPMI-1% FBS. Adhering
cells were harvested by gently teasing apart the nylon wool

with sterile forceps. All cells were washed twice before

adjusting. to the appropriate concentration.

B. Treatment of cells with gntisera and complement
Monoclonal anti-Thy 1.2 (New.England Nuélear)uand
anti-asialeo @M1 (WAKO Chemicals, Dallas, TX) were dilﬁted
as speqified and were incubated with 5 x 108 cells in 0.5
ml for 45 min at 4°c. Cells were centrifuged and
resuspended in a 1/10 dilption of rabbit complement (cY)
(Cedarlane iaboratories, Hornbv, Ontarfé} or  ia  a 1/

-

dilution of guinea pig C' (Cappel Scientific, Malvern, Pa),
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previously adsorbed with hamster spleen. After incﬁbation’
at 37° ¢ for 30 min,_cells,were‘washed three times before
counting. QOntrol cell .suspensions - were treated . with
Fﬁcomplement éloﬁé. The specificities of the a;tisera were

accepted to be those determined by the suppliers.

VI. Statistical analvses

Where indicated}. Student's T test - was used to

determine levels of significance ino comparisons of means.

Survival curves were compared .using a Mandel-Haenszel

Chi-sgdare test of significance.
- .\' . 7



CHAPTER THREE

.

DIFFERENCES IN LYMPHOCYTE RESPONSIVENESS TO LYM?HOKINES



53

I. Spleens and Thymi Contain More Leukocytes in MHA

RamsterS'than in LSH Hamsters

During the course of these experiments, it was
notiéed that MHA spleens: consistently yielded more cells
than LSH spleens. This phenoménén was further ihvestigated
and confirmed. The data in Table I show that MHA spleens
contained significantly more cells per gram body weight
than LSH spleens (p<0.005). The same was true for the
ﬁhymus, although the difference was less marked (p<0.05).

Ii. Strain Differences in Thymocyte Responsiveness to

Lymphokines

A. Responsiveness to hamster lvmphokines

Because tlye two strains differed in.sp;een and
'tﬁymus cellylarity, it was of interest to determine if the
lymphocytes differed in their capacity to produce oOr
respond to lymphokines. Thus, ConaA CM prepared {rom eitherLj?a
MHA or LSH spleen cells waS assayed on homologous
thymocvtes for mitoéenic activity in the presence of Cona
(Paetkau et al 1976, Shaw et al 13978}« The proliferation
of MHA thymocytes induced by MHA CM was gfeater than that
of LSH thymocytes stimulated with LSH CM (Figuré 1) The
differences observed were significant in 8 of S experiments
{p<0.025), assaying 9 separate batches of CM on homologous

thymocytés.

(‘w
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TABLE I

Number of Cells in SpYeens anad Thymi of MHA and LSH
Hamsters ; -

Number of lymphocytes (x 10°) per gram body weight?

MHA LSH
Spleen 3.04 + 0.89° 1.94 + 0.77 -
{(n=12)
Thymus 10.80 + 4.31° 8.20 + 2.87
{(n=13)" ST

& -

aHamsters were sacrificed andg weighed, Cell suspensions
were prepared in culture medium as described in Materials
and Methods, Cells were counted in a2 haemocytometer by
trypan blue exclusion. Viability in thymocyte preparations
from both strains was 90%, in splenocyte Preparations, 80%.
Values represent means + standard deviapion {SD).

> p<C.005

€ p<0.05
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Figure 1

Proliferation of thymocvtes from MHA and LSH

hamsters in the presence of homologous splenic

" lymphokines. MHA CM  was assayed on MHA®

thymocytes (o-—-———-o), LSH CM was assayed on [LSH
thymocytes (a

A). Background proliferation was
determined by the addition of medium containing 3.3
kBg/ml Cona in Place of M, Values represent the mean

cpm i:SD of quadruplicate test wells minus the mean cpm

£

5

of background wells,



56

L

(:04 x wd2) NOILVYHOdHOONI INIAINAHL-He

% CONCENTRATION OF CM



57
. =
ot
B. Production of lymphokines
The differences in proliferation of thymocytes

could represent

differences in responsiveness of

lymphokines.'
CcM prepared

on both MHA and LSH thymocytes.

indicate -

augmentation of proleeratlon of

contrast, less nitogenic

cultures  (Eigure 2B) . In

agtivity of 12 preparations .of

thymocytes, analysis of variance

between

and 1in

a greater extent than did LSH

. regardless of the source of CM.

J _
that <Ythe production _of lymphokines

strains, but that MHA and LSH

differed in theilr capacity to respond
N CM prepared

also appeared to contain equal

assessed. by thymocyte proliferatien
contrary

well, LN CM,

proliferation of

the

activation
experiments

CcM

amounts
(Figure 332 and 3B} .
to splenic CM,

a murine IL2-dependent cell line.

the difference in lymphokine production or

thymocytes to the

mo differentiate between these possibilities,

LY

¢rom the spleens of both strains were assayed

The data in Figure 2A

that Both LSH and MHA CM produced a dose-depehdent

MHA thvmocytes. in

in LSH
a-
ngparing

-::",

was Sseen
rhe

on eitheriMHA or LSH
showed

no difference

MHA and LSH CM in the capacity to stimulate growth,

9 of 12 comparisons, MHA thymocytes prollferated to

thymocytes {p<0.023),
These results indicate
was similar in the two
thymocyte populations

£0o lymphokfne(s).

from lymph nocdes (LN) of both strains

of activity as
As
were able to induce

It was



58

- Figure 2

Pfoliferation of fhymocytes- from MHA and LSH

hamsters in the presence of heterologous ‘\Eplgni

lymphokines. A. Proliferation of MHA thymocytes in

‘the presence of MHA CM (open symbols) .and LSH CM
(closed 'symbols). B. Proliferation of LSH thymocyteé
in the presence of MHA CM (open symbols) and LSH CM
{closed symbels). Background proliferation was
determined by the addition of medium containing 3.3
pg/ml Cond in place of CM. Values représent'the mean

cpm + SD of quadruplicate test wells minus the mean

cpm of background weils.
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| ?igure 3

proliferation of thymocvtes in response o

_lvmphokines from hamster lvmph node. A. Proliferation

of MHA- thyﬁocytesf in the - ﬁresenée of MHA CM (open.
symbols) and LSH CM (closed symbols). .  B.
proliferation of LSH thymocytes in the presence of MHA
cM . (open symbols) -and LSH CM (closed 'éymbols).
Backgrouﬁd.prolifgrgtion waSldeterminéd by the addition
of medium containing'3.3 _pg/ml CqﬁA in-plécé ofl CHM.
values :ep:esent_the mean cpm +  SD ot quéaruplicate

wells minus the mean Cpm of background wells.

L
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foqnd' that preparation§ of LN CM from LSH hamsters were
significantly more acti;e than Mﬁh CM in.3 of. 3 experiments
when assayed on..sucﬁ a cell line in the—labﬁratory of Dr.
K. Rosenthal "(p< 0.05) (Figure 4).

The productionﬁ of ILl bgméadhergnt splenic and
lymph node cells was also assayed,l and _thére was no

significant difference in the synthesis of this lymphokine

(Figure 5).. There was also no difference in the productiocn

of epidermal T-cell activating,  factor {ETAF) by

keratinocytes from the two strains, as tested by Dr. D.
. :

. Sauder (data not shown).

. - :
=" *

C. Responsiveness to lvmphokines from other species”-

Further ~evidence +that thymocyte populations from

- the two strains differ in their response to lymphokines was

. -

provided by experiments in whigh a standard preparation of
rat‘ Cﬁ was te§ted (Figure 6).?'Again,%the proliferation of
MHA £¥§mocytes was signi%i;antlg&sréater than that o% LSH
thymoc?tes, and this difference in respohse was evident in
t;sting 5 of 7 different ;at CM preparations (p<0.025).
Beca&se rat CM proved te be more active in these assays

than fhamster CM, further experiments were performed only

with rat CM.

\\ .

" III.. Frequency of Thyvmocvtes Proliferating in. Response %o

Lymphdkines

The difPerence in proliferation in

populations  gould be due to diffexences in sensitivity o
Y ° ."
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Figure 4

Activity of hamster lymph node lymphokines on  a

murine IL2-dependent cell line. CM prepared from MHA

lymph node (circles) and_LSH lymph node (triangles)} were
assaved at various poncentrations for their ability to
induce proliferation of the murine cells HY-1l. Points
represent the mean cpm of duplicate test wells; open

symbols represent experiment 1, closed symbols, experiment

2. The assay was coﬁducteé-in the laboratory of Dr. K. L.

Rosenthal, McMaster University. e

-

e a
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Figure‘s

production of interleukin 1 by hamster adherent

1ymph node cells. -.ﬁupernatants'prepared from adherent

cells from MHA lymph node (0—0) and-LSH 1ymph node (4—2)
were assayed for ILi activity in -a murine thymocyte
proliferation assay. points represent the mean cpm o0Ff
duplicate Qells minus the background proliferatioh of
thymocytes in the presence of control medium. The assay

was conducted by C.D. Richards, McMaster University.
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Figure 6

proliferation of hémstef thymocvtes in the

presence of rat splenic CM. Rat CM was added to MHA

thymocytes (Q———O) or LSH thymocytes (& a).

Background proliferation was determined by the addition’
of medium containing 5 pg/ml ConA in place of ‘CMg
values represent the mean ¢pm +° SD of quadruplicate

test wells minus the mean cpm of baquround wells.

I
i J
N \

B

.‘f
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CM or “to a difference in the numbers of thymocytes

-

responding to CM. To determine which of  these

possibilities was the case, limiting dilution assays were
! > - .

performed to evaluate the frequency of cells proliferating
when cultured in the presence of 30% rat CM plus Cona. This
concentration _ of CM. was ~ chosen .as. ié was optimal in
inducing proliferation in LSH thymocytes. The data in
Table II show that there are more éells in MHA thymi_
proliferating int response to CM than iﬁ'LSH thymi. The
mean frequency of cells proliferating in MHA thymocyte
populatiéns was twice that of LSH thymocytes in 3.of 4
f

experiments. *©

-

IV. _Growth and Cvtotoxicity of Hamster Splenccytes in Rat

Conditioned Medium

-

A. Growth of splendcjtes in rat conditioned medium

Lvmphokines in ConaA-induced CM, particu}afly Iz,
are known lfo be growth factors fér both T cells and NX
cells Vin ﬁumén and ﬁurine systems (Gillis and Smith 1974}
Morgan _et al 1976, Luger et al 1983, Timonen et al 1983):
Accordingly, éhe effects of CM on LSH and MHA spledqrytes
were examined. Normal splenocytes from MHA and LSH hamsters
were cultured in medium alone, or in medium supplemented
with 158 or 30% crude rat CM. The growth curves of
splegfcytes.‘from both strains of hamster were similar. 1In
the absence of CM, cell numbers decreased and remainéd low

throughout the culture period (Figure 7aA). -In the sresence

w
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TABLE 1II

Limiting Dilution Analysis of Thymocytes Proliferating
in Response to Lymphokines

Cells/well Wells Predicted Frequency®.
positive wells .
positive
MHEHA
50,000 16/16 16/16
10,000 16/16 16/16 1/1860
2,000 9/16 11/16
400 5/16 . 3/16 (L117-3093)
x%=2.190
LSH .
50,000 : 16/16 16/16 .
10,000 . 15/16 15/1¢ 1/3485
2,000 0/16 7/16 )
400 2/16 2/16 {1868-6501)
x*=0.057
a

The fregquency of thymocytes proliferating in response
to 30% rat CM was calculated as described in Materials
and Methods. Parentheses enclose 95% confidence
limits. Using calculated frequency of proliferating
cells, the expected proportion of positive wells was
calculated for each dilution of test wells using the
Egk%owing formula: Probability ¢f no response, 2(0) =

. where N is the number of cells/well, and f is the
calculated frequency of proliferating cells.



of CM, cell numbers initially dropped, then increased at
days 3 to 5, and remained constant to day 9 (Figure 7B).

B. _Cytotoxic activity of splenocvtes cultured in rat

conditioned mediunm

Lymphokines have been shown to augment human and
murine ﬁK—type activity after short term exposure in.vitro
(Kur{bayashf et al 1981, Henney et al 1981, Minato EEJEL‘
1981, Miyvasaki et al 1994) and éfter longer cultuée (Minato
et al, 1981, Grimm et al 1982,1983a) Splenoc}:es from both
strains of hamsters were cultured in the presence or
absence of rat CM and were then assayed for cytotoxié
activity against K562 cells, Cytotoxic activity was

induced in cultures of splenocytes from both strains of

hamster, and appeared to be independent of growth'éf cells

in culture. In the absence of CM,'significant;gytotoxic'
activity was ﬁot detected in cultured LSH spienocyteg oﬁgr
the duration of thé experiment (Figure 7C). MHA |
splenocytes cultured without CM were found to be'cytotoxic
after 24§ hr in culture; the cytotoxic activity then’
declined, . but increased at dayé 5 to 7. This pattern of/a
peak of cytotoxic activiéy after 24 h® in culture, followed
by a decrease and subsequent increase in activity at 5 to 7
-days, was obsérved)when either'LSH or MHA splenocytes were
cultured “in the pfesence of CM (Figure®7D). .The peax at 24
hr was 'consistently- higher . than the later 'oeak in LSH

-

cultures, but at no time did the cvtotoxic activity maczch
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Figure 7

v N

Growth and cytotdxicity of hamster splenocvtes

in rat CM. Normal splenocytes from MHA (O —0) “and

LSH (& A} hamsters were cultured at 2 to 4 X 106
cells/ml in culture medium (A} or in culture medium
supplemented with 30% «rat cM (B).  Growth was

determined by counting viable cells by trypan Dblue

0) or LSH

exclusion. Cytotoxic activity of MHA (6
{a——2) spleen cells cultured in culture medium IC) or
in culéure mediuﬁ supplemented with 30% rat Cﬁ (D) was
determined. Cytotoxic activity was assayed on
SlCr-labelled K$62 target cells. points represent the-
mean S}C: release . of quadruplicate wells + 8D, at an

L

effector to rarget ratios of 50:1l. o 7;,~*"
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that in MHA cultures (4 of 5 experiments). In MHA

cultures,  the time point of peak cytotoxic activity varied

_from experiment to experiment. ~The cells responsible for
the cytotoxic activity in  cultures containing CM will be
referred to as lymphokine—activatea killer cells (LaK). 1In
the presence of CM, LAK in cultures of MHA sélenocytes was
greater than LAK in cultures of‘LSH-splenocyées at both 24

hr (5 of 5 experiments, p<0.0l)} and -7 days (7 of 8

. experiments, p<0.011. No cytotoxic activity could be

detected in either bone marrow or thymocytes cultured under
similar conditions.

Cc. Titration of conditioned medium in the inducticn of

cytotoxic cells in splénocyte cultures

Initially, concentrations of CM were used in
splenocyte cultures based on the_.résults of thymocyte
proliferation . assays. However, the possibility ;emained
that.‘éeactivity of thymocytes may not édeqﬁately reflect
the responsiveness of splenocytes to lymophokines in the
CM. An assay was developed for determining the optimum
concentrations of CM for inducing cytotoxic activity in

splenocyte cultures. 3 fixed number of splenccytes were

cultured in varying amounts of CM in microtitre plates for

4
6 days, at which time;SICr-labelled target cells were added

at a concentration giving an effector:target .ratio of-100:1

based on input counts of effector cells. The data
'
presented in Figure 38 show tha: &the capacity of CM L3
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Figure 8 .

Cytotoxicity of hamster splenceytes cultured in

various concentrations of rat CM. 5 x 10° normal

éplenocytes from MHA {O——@Q) and LSH (A—a) hamsters
were cultured in a volume of 0.2 ml of various
concentrations of rat CM. After 6 days, 0.} ml of
medium was removed and an equal volume of Slcr-labelled
target cells were added at 5 x 103/well. After' a
further 16 hr period, cytotoxicity was assayed.l Points

51

represent the mean Cr release * SD of quadruplicate

wells.

'
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induce cytotoxic activity titrates out more readily in LSH
-splenocyte cultures than in MHA cultures, so that in the
majority Qé experiments (3 of 4), the optimum concentration
of CM was 25% for LSH, but 12.5% for MHA (3 of 5). .Thesé
results do not parallel the results of the thymocyte
assays, where for both strains 30% CM was optimal. In 4 of
4 experiments, MHA LAK activity was significantly greater
than LSH‘ LAK activity at concentrations of CM greater than
12% (p<0.023). in most experiments, CM was used a% tﬁe
higher concentration to Dbest induce activity 1in LSH

cultures.

V. Response of Lymphocvtes to Purified Interleukin 2

As previously mentioned, IL2 alone augments NK
activity in other speciés, (Henney et al 1981, Grimm et al
19833, Mivasaka _et al 1984), and is adequate to induce
lymphokine activated killer cells after.culture of human
and murine lymphocytes (Kuribayashi et al 1981, Grimm et al
19834, Suzuki et .al 1983, Timonen gg_gl 1983, Merluzzi et
al 1984). It was of interest to determine whether hamsters
were similar in this respect. As well, culture of
splenocytes in purified 1IL2 might serve aé a method of
selecting for the subpopulation of lvmphocytes responsible
for the observed cytotoxic activity. Lastly, examination of

responses ko

o]

crified Itz of ooth ‘thyvmocytes ané.

splenocytes might give a better indicatien of &the

relationship between the cells in the thvmus and soleen



responding ‘to lymphokines in the assays used.

A. Response of fhymocytes to purified interleukin 2

Purified murine IL2 was assayed for its ability to
induce proliferation of thymocytés in the  presence of
mitogen. ‘The same pattern was observed as was seen with
crude CM; MHA chymocytes proliferated to a significantly
greater exégnt than LSE thymocytes in'concentrations-of IL2
greater tgén 30 U/ml plus Cona in 3 of 3 experiments
(p<0.025) (Figure 9). In the thymocyte assay, it appeared
that 33 Units/ml of murine IL2 wés equivalent to
approximately 15% ConA CM. One unit is fhe amount of IL2
in 1 ml .tﬁat causes. 30% of.ma;}mal proliferative response
of the ‘murine T cell line t MTL2.8 obtained in the same
experiment (Riendeau et_al 1983).

B. Response of splenoccvtes to purified interleukin 2

Both murine and human Iiz were titrated for their
ability to induce LAXK in splenocvte cultures in the
microassay. In 11 of 14 experiments, ILZ induced greater
cytotoxic activity in MHA cultures than in LSH
cultures, (p<0.0l1) and the activity of IL2 titrated out more
quickly in LSH cultufes than MHA (Figure 10). 1In MHA
cultures, there was— soﬁe lytic activity in cells cultured
in as little as 3.1 half-maximal enits/ml of purified human
IL2, but in LSH at least 12.5 units/ml of purified ILD were
necessary to produce lytic activity above background

levels, In the majority of experiments, the oontinal

-~
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Figure 9

proliferation of hamster thymocytes in response

+0 murine IL2. purified murine 1,2 was added to. MHA

-

(0——0}) or LSH (&

a) thymocytes. Points <represent
the mean of quadruplicate wells + 8D minus the
background proliferation determined by culture of

thymocytes in medium lacking IL2.

=

)
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"Figure 10

~
-

Cyvtotoxicity of hamster splenocytes cultured in

-

varving concentrations of human IL2." 5 x 105 normal

. splenocytes from MHA (O-—0) and LSH (a——aA) hamsters

were cultured in a volume of 0.2 ml of various .

concentrations of purified human IL2. After 5 days,
0.1 ml of medium was removed and an equal volume of
Sler-labelled K562 target cells was added at 5 x 107
cells/wells. ~ Cyfotoxicity was assayed after. 16 hr.

Points represent the mean 5lcr  release + 8D of

quadruplicate wells.

."’
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concentration of IL2 was low, 12.5-16 units/ml if the media
was changed once ‘ov;r the courée of culture, and 25-32 %
units/ml if the media was not chanéed; .the total amount of
In2 rquiréd was the same.

e’
C. Rinetics of generation of lymphokine activated.

killer cells in interleukin 2

The kinetics of generation of LAK in purified IL2
was examined to determine 1if the cytotoxic activities
observed at 1 day and 5-7 days after culture_in Cona CM
could both be induced by IL2. At both 1 day and 5 days

after culture in IL2, the cytotoxic activity was greater

"than that observed in cells cultured in medium alone, or

cells not cultured at all (Figure 11).

VI. Fregquency of precurso:é of lvmphokine activated killer

cells in MHA and LSH spleens

A. Freguency of precursors

As 1ia the case of the differences observed im the
thymocyte assay, the differences described in the
splenocyte cultures could bé due to an increased number of
cells- in MHA spleens capable of responding to lymphokines
in CM. A second possibility is that a difference exists
between the hamster strains in the sensitivity of cells to
CM, although their numbers may be comparable. A third
sossibility is that the expression of cytotoxic activity in
culture 1is inhibited by suppressor cells, which ars graatar

in number in LSH %than 1in MHA spleens. To examine thes=
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Figure: 11l

Kinetics of LAK induction after culture of

splenocvtes in IL2. “Splenocytés from MHA (O0——0Q) ©oX

LSH {(a& &) hamsters were cultured in the presence of

16 U/ml of human IL2 for various times, then assayed
for cytotoxicity as described in Materials and Methods.

Points represent the mean release + SD of

guadruplicate wells. -

74
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possibilities, limiting dilution assays were performed to
evaiuate the é&equency of precursors of LAK in the two
strains of hamster generated after 7 days of culture in 30%
CHM. Inlulally it was established that medium alone, Or
medium coﬁtaining 1.5 pg/ml Cona did not activate cytotoxic
offectors. The data in Table IIT show that there were more
LAK precursors . in MHA than in LSH spleens, and demonstrate
that a feeder layer of perftoéeal exudate cells (PEC) was
not a reguirfement for the generation of LAK. Both in the
presence and absence of QEC, MHA spleens contained at least
twofoldé more cytotoxic precursors than LSH in 6 of 9
_expériments. These data suggest that MHA spleens contain
more precursors of cytotoxic cells than do LSH spleens, and

the -differences 1in cytotox1c activity is not due to an
intrinsic difference in the sensitivity of splenocytes o
" CM.

B. Effect of peritoneal exudate cells on precursor

. frequency

In addition o deﬁonstraging.'that PEC were not
necessary‘ for the generation of cytotoxic effectors, the
results suggested that " pgC reduce the frequency of
DPrecursors éctivated in culture. Further experiments were
perfo;med +o examine this concept. pEC from each strain of

hamster Feduced the frequency of cytotoxic precursors in

rty

both MHA and LSH spleen. 1IN LSH, the addition of PEC often

reduced the {requency beyond the sensitivity of the assay

L

Pl
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TABLE II¥

Limiting Dilution Analysis of LAK Precursors in MHA and
BRI " LSH Spleens

1}

Cells/well wells predicted frequency”
positive wells
' positive
MHA® _
100,000 ' 16/16 16/16° 1/6582
20,000 15/16 15/16
4,000 - 8/16 - 7/16 (4076-10630)
800 2/16 . 2/16
160 0/16 0/16
 %x*=0.615
LSH .
100,000 10/16 a/16 1/113572
20,000 2/15 2/15 :
4,000 0/14 . 0/14 164042-201408)
800 0/16 _ 0/16
160 0/16 0/16
x%=0.691
,
a

The frequency of LAK precursors in the absence of a
feeder layer was calculated .as described in Materials
and Methods. parentheses enclose 95% confidence
limits. ~ Using calculated frequency Of precursors, the
expected proportion of positive wells was calculated
for each dilution of test cells.
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sy§tem,. so that the decrease in frequency was difficult to
quanti;aéé; _?br MHA, in 7 of 9 experiments, this reduction
was at 1eas£ 50%. In those experiments where MHA and LSH
coulg‘ be compared, the observed decrease in frequency
:appeared to be no greater in one strain than in the other,
:rangiﬁg from twofold to greater than hundredfold in both
strains. Representative - experiments are presented 1in

Table IV.

¢. Effect of depletion of splenic adherent cells on

precursor frequency:

Adherent cells that subpress NK activity have been
demonstrated in Dboth the spleen and peritoneal cavity of -
_mice (Cﬁdkowicz & qufman 1979, Riecardi et al 1981,
santoni et al 1982, Brunda _et al 1983) . | The lower MK

activity seen in LSH spleen _in vivo in vitro and 1in

limiting dilution experiments could be the result of such.
suppressor cells present in LSH spleens. Relevant ko this
possibility was the obserﬁatiog rhat fewer wells receiving
500,000 LSH splenocytes were positive in limiting dilution
assays than wells receiving 100,000 splenocytes (Figure'
12].. The mean percent positive wells at the highest cell
concentration was 44% in 8 experiments, whereas 81% and - 52%
of the wells, respectively, seeded at the next two lower
" concentrations of cells, were positive. A similar pattern

was not observed in assays of MHA:© splenccytes. This

cbservation suggests that at higher concentrations of
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Figure 12

Percentage of wells positive for cytotoxicity in

limiting dilution_assavs. Normal MEA (closed symbols) and

LSH (open symbols) splenocytes weie cultured in 30% rat
CM at varying cell concentrations as outlined in Materials
and Methods. After 7 days, 0.1 ml of medium was removed
and an.equal volume of SlCr-labelled K562 target cells was
added at 5 X 103 cells/well. Wells were considered
positive for. cytotoxic activity when 'SlCr release was
greater or equal to background release plus 3 SD.
Background release was the amount of 5lCr released when
targets were added to splenocytes-cultured in thé- ahsence

of rat CM. * pata from 3 experiments ~are  shown,

o Fiull WF-N S
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splenocytes, the expression of LSH precursors of cytotoxic
cells may have been_ﬁampered by suppressor cells;’however,
a suppressor effect of an adherent cell population could
not be detected in the limiting dilution assay (Table V).
Thus, whereas the LSH hamsters may have a greater number of
funéﬁional suppresso:“ cells than MHA hamsters, the LSH

hamsters also have fewer precursor cytotoxic cells.

VII. Characterization of Hamster Cytotoxic Cells
Three populatlong/\of cytotoxic cells have been
. Y : .
identified in normal hamster spleen; endogenous NX, 1 day

LAK and 5 to 7 d&ay LAK. Experiments were undertaken to

characterize these populations of cells, particularly

endogenous NK cells, and the 5 to 7 day LAK, 2as it is %he
precurso:s of these cells detected in the limiting dilation
assays.

A. Adherence proverties

It has ipréviously been shown that endogenous
splenic NK aﬁtivity could be eﬁriched b? the removal of
plastic adherent cells {(Datta et al 1979, Gee 1979, Yang et
al 1983}). "It has also been published Ehét the nylon wool
nonadherent population is further enriched for NX ackivity
(Yang et al 1982). This has been confirmed in both MHA and
LSH hamsters és'shown in(fﬁble VvI. As well, LAK harvested
at both 1 day and 5 %o 7 days were plastic nonadherent, as
only the nonadherent cells were harvested. Both

populations were further enriched. after passage through
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nylon wool (Table VI). Again, -MHA cultures contained
gredter cytotoxic activity, even after enrichment
procedures, than LSH in 6 of 6 experiments (p<0.0%L}.

B. Surface antigen expression

1. Thy 1.2 homologue

' It is difficult to chafacterize hamster
cytotoxic cells on the bésis-of surface antigen expre;sion
because of the absence ‘of-'reagents detecting surface

markers on hamster lymphocyte subpopulations. Based on the

results of experiments titrating aﬁti-murine Thy 1.2 sexga

. o
i

on hamster 1ymphoid cells, Yané and co-workers _}1982)
conqluded' that hamster 7 cells express aﬁ antigen
homologous to the murine theta antigen. To verify these
results, two sera specific for the rat aﬁd:murine theta
angigens were titrated on hamster tissues for éheir ability
to lyse cells 1in the presence of complement (Figure f3j.

There was no difference 1in expression of this antigen
between the strains (data not shown). The distribution of
cells expressing /EEEE:§hy 1.2 homologue agrees with that
seen by Yang _aﬁa Tompkins, except éor‘a higher expression’
in spleen. _However, there have alsc been reports‘thégﬁboth
T and B cells in ‘the hamster express this antigen when
assayed by immunofluorescence (Witte and Streilein 1983).

Hamster splenocyvtes and lvmph node cells were assayved €or
the exﬁfession of this antigen by cvtofluorometry and the

results support these findings; greater than 380% of
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TABLE VI

. ~
Adherence Properties of Hamster Cytotoxic Cells

-
ps

Effectors® rraction® Percent Cytotoxicity®
. MHA LSH
‘Endogenous  whole spleen 19.3+0.3 6.0+0.8
NK plastic :
nonadherent 29.4+5.9 5.0+2.1 t
nylon wool
nonadherent 53.2+1.8 © 20.1£3.9
nylon wool
adherent - 10.3+1.3 0
5 day LaK plastic

nonadherent 67.5f}9.0 12.3+5.2

nylon wool
nonadherent 88.8+10.4 69.8+8%1

nylon wool
adherent . n.d. n.d.

8MHA and LSH spleen either fresh or cultured .for S days
in 12% rat CM. Effector to target ratio is 50:1.

bCells were tested for cytotoxic activity after
separation of fractions as described in Materials and
Methods. : -
c . . . .
Percent cytotoxicity + SD was calculated as described
in Materials and Methods. n.d. signifies not done.
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Tigure 13

Ex@ression of Thy l.2 homologue on hamster

lymphoid cells,  Normal cells from MHA tissues were

treated with varyving dilutions of monoclonél aqti—éhg
1.2 (A)ror with rabbit anti-rat brain serum (B) plus
complement. C' represents control cells treated with
complement alone. Viability of cells was determined

by trypan blue exclusion. Lymph node (0——0Q); spleen

(.-4-.)E bone marrow {a 4a) ; thymus (a——a).
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.

splenocytes were positive for this. antigen (data not
‘shown) .

Both fresh NK cells and LAK inducéd after S5-7 days
in c¢ulture froml both strains of hamsters were tested for
the expression of this homologue. After treatment with
antibody andé comélement (C'y, cytotoxicity ﬁn all groupé
was reduced by 70 to 90% (Table VII}. .

2. Asialo Gml -

In the mouse, treatment of 1ymphocytes with low
amounts of antiserum directed to the glycolipid 'asialo
"GM1' plus complement selecﬁively eliminates' NK activity
while 1leaving - other immune responses intact (Young et al
1980, Xasai _et al.1980); Accordingly it was found that in
the mouse, the antiserum - diluted to 1/100 decreased NK
activity by 90% (Figure 14). When titrated out on hamster
spleen, dilutions of 1/30 and 1/60 reduced endogenous NK
activity .by 50% (Figure 15). LAK generated after 5 days iﬁ‘
culture with CM were negative for expression of this marker

(Table VIII).

Cc. Effect of anti-asialo GM1 serum on natural killer

activity in vivo

Treatment of mice and rats with anti-asialo GM1
serum reduced splenic NK activity without altering the
numbers of cells expressing Thy 1.2, the prolferative
response- to the T cell mitogen Cona, or the generation of |

effector T cells specific for allogeneic cells (Habu et al
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‘Figure 14

Effect of anti-asialo GM1 serum plus complement'

on murine NXK activity. Normal murine splenoccytes were
: ¢ i -
treated with wvarying dilutions of éhtiigrum plus

-

complement as described fn Materials and Methods, then

assayed for cytotoxic activity on Sler-labelled YAC

-
T

target cells. Values represent the mean rélease + SD

of quadruplicate wells at effector to target ratios of

100:1 (O——0) and 50:1 (e——e).

L%
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Figure 15

Effect of anti-asialo GM1l serum on endogenous

hamster splenic NK . activitv. Normal hamster
splenocytes weré treated with anti-asialo GM1l aﬁd
complemént as outlined in, Materials and Methods, then
assayed for cytotoxic activity on SlCr—labelled K562
_target cells. Values represent the mean release + SD

at an effector to target ratio of 50:1. MHA spleen

il
(0—0O), LSH spleen (& a).

B

L -
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TABLE VII T / -

Expression of Thy 1.2 Homologue on Hamster
’ Cytotoxic Cells .

Percent Cytotoxicitya

Effectorsb Complement Anti-Thy 1.2
. Control . & ,Complement™,
" MHA normal 13.4 + 2.9 0.5 + 0.7
- spleen
LSH normal 1.6 + 5.6 0 -
spleen . _ -
>
MHA LAK 31.9 + 5.6 9.2 + 1.4
~LSH LAK 10.2 + 0.2 3.2 + 0.9

- - -

't

dperdent cytotoxicity + SD was calculated as in Materials
and Methods. :

bMHA or LSH spleen cells either fresh or cultured for 7 &
in 30% rat CM, Effector to target ratio is 50:1. ©

“Cells were tested for cytotoxicity after treatment with
anti-Thy 1.2 monoclonal serum (1/100) and complement as 1in
Materials and Methods.

.
174
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TABLE VIII

Expression of Asialo GMl Homologue on Hamster LAK

Percent Cytotoxicitya

Effectorsb Complement Anti-aAsialo GML & C°
Control 1/30

S day LAK

MHA -19.1 + 1.9 15.0 + 4.6

LSH 5.5 + 1.0 5.7 + 0

®percent cytotoxicity + SD was calculated as in Materials
and Methods. ’ | ‘

bMHA'and LSH spleen,  cells cultured for 5 days in 30% rat
CM. Effector to target ratio is 50:1.

“Cells were tested for cytotoxicity after treatment with
anti-asialo GM1 and complement as in Materials and Methods.



J05

1981, Kawase et al 1982, Barlozzari et al 1983). 1In the
hamster, 1i.p. adﬁinistration of 0.4 ml of a l/lordilution
of antiserum reduced splenic NK activity by'at leést 50% at
- 24 hr post injection, without measurably reducing cell
numbers in the spleen. in 4 of 4 experiments for MHA, and 3
_of‘4'experim%;ts for LSH (Table IX}.

/
VIII. Charactgrization of Precursors of Lymphokine

Acticated Killer Cells

The data fromA tbe limitiné dilution experiments
indicated thaf' removal of - adherent cells from éhe'
splenocyte pool did not reduce the frequency of LAK
precursors, - hence = the precursors are found in the
nongaherent fraction. This was confirmed in experiments
generating LAK, in CM in both bulk cultures and in the
micreo-assay. Unseparated, plastic nonadherent and doubly
plastic and nvlon wool -nonédherent cells generated
equivgignt amounts of LAK activity after culture for 5 days
in CM (Table X). \\S

" LAK precursors were also assayed for expression of
asialo CMl. LAK did not express this antigen, whereas
endogenous NK cells appeared to be heterogenous, and it was
of interest to determine whether either of these endogenous
NK .populations were - precursors for LAK. Treatment of |
normal splenocytes with anti-asialo GMI and C' Dbefore
culture in media confaining CM did not result in reduaced
levels of LAK activity, although the NK activity in the

initial pspulation was recduced by 305 D1

—
1

(10

; Y.
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NK Activity iry Hamster Spleen After Administration of
anti-Asialo GM1l Serum

TABLE IX

.
Percent CytotoxiCitya

Treatmentb . EBffector: MHA ~LsH
' Target '
Normal rabbit 100:1 37.2 + 2.2 17.2 + 2.2
serum :

50:1 22.4 + 2.6 13.0 + 2.1

anti-asialo 100:1 18.4 1_4.6 4.2
GM1

|+
3%}
.
8]

50:1 9.6

I+
(V4]
.
o
({8
N
(¥1)

t 1.7

-

2percent cytotoxicity + SD was determined as described in
Materials and Methods.

bMHA and LSH hamsters were given 0.4 ml of antiserum 1i.p.
diluted 1/10; either normal rabbit serum or anti-asialo
GML. Cvtotoxicity was assayed 24 hr after administration
of antiserum.
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TABLE X v

adherence Properties of LAK Precursors

Fraction® Percent Cytotoxicityb

MH2: whole spleen . 23.2 + 8.5

/
plastic nonadherent ;/ 32.2 + 13.6

-—

LSH whole spleen . 7.7 # 2.3

plastic nonadherent 6.0 + 5.1
aNormgl MHA or LSH splenocytes were separated into
frdctions as described in Materials and Methods. After

separation, cells were celtured in 25% rat CM for 6 days.

bPercent cytotoxicity + SD was assayed as described ‘in
Materials and Methods.
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TABLE XI

Expression of asialo GM1 Homologue on LAK Precursors

Percent Cytotoxicitya

Effectorsb cahplement Anti-asialo GM1
Control - . ; 1/30
MHA NK 29.0-+ 6.6 ‘ 6.4 +°0.8
24 hr LAK 47.2 + 16.9 9.7 + 7.9 _
)6 day LAK  28.9 + 7.2 57.1 + 5.2 '
-v
LSH NK 14.7 + 1.8 11.9 + 4.7
24 br LAK 29.1 + 8.4 15.7 + 10.0
6 day LAK 21.4 + 3.5 48.6 + 8.2

®percent cytotoxicity + SD was determined as described in
Materials and Methods.

Pyormal MHA ‘or LSH splenocytes were treated with
anti-asialo GMl1 serum as described in Materials and
Methods, then cultured for either 24 hr or 6 days in 25 %
rat CM, or assayed for cytotoxic activity without culture.



CHAPTER FOUR

THE RELATIONSHIP‘BETWEEN LYMPHOCYTE RESPONSIVENESS

TO LYMPHOKINES AND PICHINDE VIRUS INFECTION
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1. Adsorption of Pichinde Virus by Cells Enriched  for

Cvtotoxic Activity

A.Adsorption of Pichinde virus by hamster splenocytes

\ Previous work had demonstrated that permissiveness
S o

of peritoneal exudate cells or nonadherent ~and adherent

splenocytes for PV infection was qwot different for the £wo

strains of hamster -(Buchmeier and Rawls 1977, Gee 1879).
However, this didfnot rule out the existence of differences

in the adsorption of virus: by cells enriched for NK

activity. Plastic nonadherent splenocytes were incubated
with virus for 1 hr, washed, then lysed. Virus associated

with the cé}l lysate was assayed, along with virus in the

first wash after infection. MHA splenocytes did not adsorb

more virus than LSH splenocytes 1in 3 experiments, nor was
there a difference in the amount of virus left in the

supernates after adsorption, confirming the earlier results

{Table XII).

-

B.Adsorption and growth of Pichinde virus in lymphokine

activated killer cells

— No difference could bé demonstrated in the ability
of nonadherent spleen cells to adsorb virus, perhaps
because the .relevant _target cells were not adequately
purified. LAK cu}tufed in ELZ expressed high levels of
NK-type cytotoxic activity and might be expected to be nmor
homogeneods than nonadherent spleen cell prepafﬁtions.

~ Various populations of LAK were infected, ™ and 20th
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TABLE XII

Adsorption of Pichinde Virus by Nonadherent
"Splenocytes

Vvirus Titre

logld/ml
Cell lysatea _ - Supernate
Expt. 1 MHA 5.21 5.51
MOI=1.5 .
LSH . 5.03 : 5.50
Expt. 2 MHA S3.11 5.26
MOI=1l.5 S :
LSH ' 3.65 5.32
Expt. 3 °  MHA 2.57 | 4.85
MOI=0.1 : .
‘ LSH 2.89 ‘ 4,78

@A and LSH splenocytes €from normal animals were adsorbed
with PV at the specified MOI for 60' on ice, then washed 3
times, frozen and thawed, sonicated, and the remaining
lysate was assayed for pfu PV as described in Materials and
Methods. The supernate from the first wash was also titrated
for virus.
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édsorption and repiiéation‘of PV Qere sqbsequen;ly'assayed.
‘For botﬁ 1 day LAK and 5 day, there were no dlfferences in
the amount of v;rqs adsorbed by  cells expressxng hlgh
cytotoxic a?tivity ané ‘;eilé expressing very little
' actiyity, nor did " MHA cultured splenocytes adsorb more
virus than LSH (Figures 16, 17). LAK from both erains of
‘namster generated after 1 day in culture in purified IL2
were eqdally'_permissive to :growth of PV (Figure 18),
wheréas 5 day LAK from LSH hamsters generateé in-CM‘ were
more permzsszve than MHA (Figure 17y. In Soth experiments,
‘culture of cells in medium alone allowed greater growth of
virus than growth in medium supp;emented with 1ymohok1nes.
Similar results were obtained in & e#periments, where cells

‘were cultured for up to 2 days after infection.

1i. Characterization of virus-Induced Natural Killer

-
. . K

Activity - : Lo :

,Becaﬁsé no differences could be shown™ 1in the:
abilitf of .the putative target cells to adsorb viruas,
attempts were made to characterize the targets after
infection in vivo. Lg had been demonstrated previously
thaﬁlcyﬁotoxié cells in the spleens of hamsters infected 3
.days earlier ~ with PV expressec characteristics of
endogenous NK cells, i.e; small size, plastic nonadherence,
no phadocrytic ackivity, resistance to NH4c1 and no

expression of surface Ig (Gee et 2l 1979). 1In other viras

systems in hamsters, splenic NK activity did not - 2xXpress
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Figure 16

Adsorption and growth of Pichinde virus in LAK

generated after culture in IL2. Spleen cel}s from normal

MHA.or LSH hamstérs were cultured in medium (EZ] ) or ip-
medium supplemented with 16 U/ml humén IL2 | égg) for 24
hr, at which time the cells were .assayed for cytotog}g
activigy,'and infected with PV as described in Materials
: ahd-Metﬁods. After further culture, cells were harvesteé
and assayed for both IC and cytotoxicity. Log, 4 IC/lOG"
cells is representéd in the left panel, percent specific.

5'lCr-release is represented in the ‘right panel;
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Figure 17 v

Adsorption and growth of Pichinde virus in LAK

generated after culture in rat CM. Spleen cells from

normal MHA {O=0Q) or LSH (d——Aﬁ hamsters were cultured in
medium (closed symbols) or 25% raﬁ CM (open symbols) for 5
aays, at which time celISj were harvested, assayed for
- cytotoxic activity, and infected with PV as described in
Materialsland Methods. ‘After further culture for the times
shown, cellsAwere harvested and fagain assayed for IC and

cvtotoxicity.
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the theta homologue (NelIes % Streilein 1980a,b, vang et al
1982). . Cells expressing NK cytotoxxc' act1v1ty aftefﬁ
infection with PV were tested for the expression of the
theta homologue and asialec GMl. Treatment‘w;Eﬁ anti-Thy

-

1.2 plus o reduced ‘'NK  activity by 50%, and with

.anti-asialo GMI plus C' by approximately 60% in. 4 of 5

-

_experimeots (Téble XIII). Hence, Pv-lnduced NK activity is -

similar to endogenous NK 'act1v1tv rather than LAK in_‘

expresszon of asialeo GMl, but appear to express less of the

-“heta homologue. | ) ? | -
- v

III.,Character1zat10n of Solenocvtes Infected with Pichinde

Avlrus

Splenocytes infected with PV were examined for the

same traits used ' to characterize cytotoxic cells.

o
-

A ﬁdherence properties _ \\j\\ .

‘ Infectious centres (IC) associated with plastic
adherent and nonadherent fractions of spleens 3 days post
infection had been examined. In both Eract;ons, MHA
spleens contained more,IC/lO6 cells .than LSH, but the total’
number of IC in.;he nonadherent Eraction-in ﬁﬁA spleens was

7 tioee that in the nonadherent fraction of LSH spleens.

'For the adherent pool, this ratio was 1.6:1 (Gee et al

- - s

l9g8la}. It seemed likely from the available evidence that
avents ear 1y after iﬂéection were crucial in resistance, $o

the .41 st*lbuolon of IC at 1 and 2- rqavs atter idﬁec;ion was

determined. At day 1 afterx infection, 1C could mok alwavs
y : - 3
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TABLE XIII . -

surface Antigen Expression of Pichinde Virus induced
Cytotoxic Cells

-
g

Treatmenta percent Cytotoxicityb
MHA o LSH
Complement Control 43.4 + 4.8 32.1 + 4.2
. Anti-Thy 1.2 .

\ 1/100 22.1 + 8.6 17.3 + 3.8
Complement Control 46.5 + 11.5 14.4 + 2.2
anti-Asialo GM1

1/60 ' 20.9 + 3.7 5.8 .+ 5.4

Fi

@MHA or LsH spleen cglls from animals infected 3 days
previously with 2 X 10° pfu PV were treated with antisera
and complement as described in Materials and Methods.

Poercent cytotoxicity + SD was Jetermined as described in
Materials and Methods. gffector to target ratio is 50:1.

(/‘
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be detected, but when gquantitation was possible, there were.

no differences between the strains in the numbers of 1IC.

However, by day 2 after ihfection, MHA spleens contained at

6

least t#ice as many IC/10° cells as LSH spleens in 4 of ¢

'experiments {Table XIV). These datéh confirmed earlier

. : . ' \ L
results (Gee et al 198la). Examination of virus in

adherent and nonadherent fractions at day 2 post infectipn
showed that I1C/10° cells were greater in‘ MHA than LSH in
the different ‘fractions,-as‘ in unseparated preparatipns,
and that neither .adherent nor nonadherent fracfions were
consisﬁently enriched for IC (Table XIV). When the total

I~

number of .IC in each fraction was Ealculated, there was

LY

still no enrichment in the nonadherent fraction. . Hence,

the diffeﬁential infection of nonadherent cells does not
‘ . ‘

 take place until after day 2, or the IC assay 1is not

adequately sensitive to detect subtle differences before

that time. o .

B. Surface antigen expression

In-the LCMV sys;em,.&t was possible to determine
the surfacé antigen expression of infected splénocyées by
deﬁletion of cells Qith antiserum and complement {Popescu
et al 1979, Lehmann-Grube et al 19832). In this sys-t@\_m, it

%o,
was established that cells had to be viable +to score as

"infectious centraes in the pPlague assay ™Popescu et al

1979), and frde virus could be eliminated with nectralizing

antibody (Lehmann-Grube et al 19$83a). Spleen cells <£rom

\
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. .
hamsters infected 3'days ‘earlier with Pichinde virus were

treated with anti-Thy 1.2 or anti-asialo GM1 sera’ plus

complement before plaquing to determine the phenotype of

. infected cells (Table XV). it can be seen that treatment
, by :

L
with anti-Thy 1.2 plus complement reduced both infectious

centres and NK activity by 40 to 50% for MHA hamsters, but

réducgd NK activity of LSH hamsters 'to a greater ‘extent.

' Both asialo GM1l positive and negative cells appear to be

infected with the ?érqs, and in this case the reduction in
IC is less than the reduction in cytotoxic activity Vfor
both s&rains of hamster. However, these data likely
overesﬁiméte the number of infectious centres rémaining
after.depletion of cells. Pichinde virus does not induce
neatralizing antibédy so it was impossible td'zshtrol for
free vifué in the cell suspensioas;'ana gnlike LCMV, a
consiaérable amount of infectious virus was associated with
dead cells ;n two experiments {(data not shown).

C. Selection of cells in interleukin 2

Cells from animals infected with PV 2 days
previously were cultured for short periods of time 1in

either medium or IL2, then assayed for cytotoxic activity

“and 1C. Cells from both strains cultured in IL2 showed no

greater infection than those in medium, indicating that IL2

responsive cells do not harbour more viras than cell

surviving in medium alone, although IL2 responsive cells in

a

>
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MHA cultures expressed significantly more- cytotoxic
activity than cells in medium (Figure 18).

IV. 1Infectiocus Centres in Spleens after Administration of
~— i

Anti-=-aAsialo GM1

Because of the inability to.control for free virgs
in the system when infected cells were ﬁreated' with
antiserum and complement in viﬁro, _animals were vgiven_
anti-asialo GM1 to determine the effects of this _antisetum
in vivo. Treatment of hamsters with a single injection' of
anti-asialo GM1 reduced splenic NK activity by‘SO% {Table
IX}). If these NK cells serve as a targét cell for PV
rggliéatidn, it migﬁt be expected that a reduction in NK
would lead to a reduction ih IC. ,ff, however, the target
cell is the asiaf; GMl negative cytotoxic cell, the .LAK
precursor, or some other cell, NK might be reducea with no
substantial effect on 1IC. Animals weré treated with
anti-asialo GM1 or normal rabbit serum, infected 24 hr
later, then spleens were qssayed_ for IC after a further .1
or 3 days; When Ié were assayed 1 day post iéfectiqn,
virus yield was reduced over control animals (Table <XVI).
When IC weré assayed at déy 3 post infection, virus yield
was equal to, or in 2 of 4 experiments, increased over the
levels seen‘in control animals fmable XvVi). Virus-induced
NK-éctivity was reduced in both sets of animals, so that at
day 3, ©NK activity and IC were dissociated. This suggests

that elimination of asialo GM1 positive cells with MK
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Figure 18

Culture of infected splenocytes in IL2.

Splenocytes from MHA (O—O]} and LSH (a—a) hamsters

3 pfu PV- were

infected 2 days previously with 2 x 10
assayed for c&totOxic activity and IC as described in
Materials and Methods, .then qiifufed in medium (a,C) 5:
medium supplemented with 16 U/ml human Itz (8,D). At ri
day and 3 days of culture, cells were again assayed tor
cytotoxic activity or IC. |

SN

- ~

7
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L ‘ TABLE XVI

Splenic Infectious .Centres and Cytotoxic Activity
after Administration of Anti-aAsialc GM1 Serum

£

_ IC/lO& S éercenthytotoxicitya
ﬁRSb, Asialo NRS , gsialo
GM1 GM1

Day 1 _ S

MHA 26.2 6.1 31.4 + 5.1 24.5 + 1.4

LSH  14.3 0.5 31.2 + 1.5 15.2 + 1.4
bay 3 ‘ : -

MHA 2008 4387 ©32.9 + 4.4 9.1 + 1.1

LSH T 240 960 15.9 + 2.0 . 6.6 + 4.0

%Infectious centres and cytotoxic activity + SD were

] determined as described in Materials ané Methods. Effector
to target ratio is 50:1,

Animals were treated with normal rabbit serum or <
anti-asialo GMl, 0.4 ml of a 1/10 dilution i.p. One day
later animals were infected with 2 x 10° pfu PV, then
sacrificed either 1 day or 3 days post infection.

t
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activity might reduce IC, but not adequately to shift the
| susceptible aﬁimals to the resistant phenotype. In "these
experiments fhere was no difference in the numbers of cells
harvested from tﬁeated versus controllanimals,_although'the

—_

ioss_of asialo GM1l positive c¢ells might not be detectable

by simple cell counting. "

v. Mortality of Hamsters After Administration of

Anti-Asialo GMl and Pichinde Virus

rreatment of animals with anti-asialo GML did not
alter IC observed at 3 days-after infection, Dbut it was
necessary to determine whether such treatment had any

effects on  mortality. Hamsters were treated. with

anti-asialo GM1 or *normal rabbit serum as desqribed above;

»

then infected with PV at 24 hr. Animals were followed:

daily, and mortality was scored. The data in Figure 19

show thaut treatment with anti-asialo GM1 serum had 0o

<

effect on the course of PV infection in MHA hamstexrs. LSH
hamsters in both groups’ survived infection (data not

shown) .

-
-

VI. Mortality- - of MHA Hamsters after Administration of

Interleukin 2 and Pichinde virus

‘anti~asialo GM1 serum did not reduce IC 56: affect
mortality, although NK_activity was reduced. This &id not
rule out a role for ‘the asialo GML negative LAK p:écursoé
cell as a target cell for wvirus replication,. This

precursor is responsive to IL2 in vitre as demonstrated DOV

o
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Figure 19

Effect of anti-asialo GM1 serum. On ﬁortality after

infection with Pichinde virus. MHA hamsters were treated

with 0.4 ml of a 1/10 dilution of normal rabbit serum
(@ @} or anti-asialo GMl (O O). Twenty-£four hours’ later
all animals were infected with 2 x 103 pfu PVv. For all

groups, n = 20.

N
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1néreésed cytotoxic act;v%ty after culture with IL2, ana
the.susceptible aﬁimals possess more of these cells. as
well, the susceptible animals appear to produce less IL2
whén lymphocytés are stimulated with mitogen. 1t was
reasoned that if these two phenomenon were related;
treatment of hamsters with IL2 might alter the size of‘ the
LAK precursoé'pool; and hence redﬁce viéug replicaéion and
- mortality in the suscep;ible strain.. MHA hwamsters were
givgn § injections of purified human recombinant IL2 over 3
days. The total amount of 1L2 equalled 900 nalf-maximal
units; all injections were administered 1.Pe: except the
last, which was given S.C. This.protocol was selected as

optimal for maintaining sérum 1L2 levels over the course of
the injections "(Donohue and Rosenberg 1983, R&use et ;1 .
1985). Control animals received an equal volume of PBS at
each time point. ~ With- the last injection, all hamsters
- were infected with 2 % 103 pfu PV, and mortality was
séored. It can be seen from the déta in Figure 20 that
treatment with In%fslgwed the mortality rate ovex tﬁat of

control animals (p<0.05), although.by day 30, the majority

of hamsters in both groups had died.

vIi. Infectious Ceﬁtres—and cvtotoxic activity in Spleens

after administration of Interleukin 2
> -

Because IL2 did alter mortality 10 the susceptible
animals, the effect of the rreatment on IC and NX early

-

after infection was examined. MHA hamsters were given ILZ



y 131

Figure'zo

Effect of purified IL2 on mortality after

infection with Pichinde virus. MHA hamsters were treated

either with 900 Units interleukin 2 (IL2) (Q—=O) or

(0—@) in 6 injections over 3 days. All injecticfhis were

-given i.p. except the last, which was administered s.c. at

3

the same time that 2 x 10~ pfu PV was given i.p. For I

treated.animals, n = 14, for the control group n = 13.

-

~
o,
¥



"% SURVIVORS

1007

80

604"

40+

. 20~

10 4 18 22 26 30
DAYS AFTER INFECTION



133 - : .

or PBS as above, infected with“PV, and [1C and,‘cytetoxicf
act1v1ty were assessed at an 3 post 1nfect10n. .The data
~in Table XVII ‘1ndlcate that- IL2 treatment dié¢ not
.consistenely reduce Ic ccmpared to control anlmals, nor dld
it_'measerably alter . v;rus-lnduced NK act1v1ty.. iL2
‘treatment must then slow mortal1tv bv some mechanlsm other
than reducxng virus repllcatlon, and it was concluded that
;L;, as admin1stere§ in these experlments, did not 'teduce

the target cell pool.
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. ~ TABLE XVII

cftect of Interleukin 2 on Infectious Centres and
. Virus-Induced NK in MHA Hamsters.

-

IC/lO6 . Percent Cytotoxicitya
ps® . IL2 PBS L2 .
Expt. 1 / _ o E :
Animal 4) 2360 1670 28.2 + 2.7 28.2°+ 11.6
| b) 67 5  13.2 £ 5.8 12.5 + 3.1
Expt. 2 -~ . - '
" Animal a) 1712 © 3566 -18.2 +.5.3 36.5 & 9.2

-b) 0 2933 17.3 +-9.5 38.9 .t 3.5

2 tnfectious centres per 106 cells was assessed as
described in Materials and Methods., Percent cytotoxicity +
SD of triplicate wells was determined as described in
Materials and Methods. Effector to target ratio is 50:1.

P MKA hamsters were administered PBS or IL2 in volumes _of
0.1 ml i.p. over 3 days. A total of 900 Units of ILZ wag
given in 6 injections. Hamsters were infected.with 2 x 10
pfu PV at the time of the last injection.

-
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The resdltsr presented here .demonstrate

consititutive differences ° in thesimmune - Systems of .tHe
inbred hamster strains, "MHA and LSH, and  relate these
differences to relative resistance or susceptibility to
infection-with Pichinde virus._ - ' | | .

I. Lymphocyte Responsiveness to Lymphokines

Both the spleen and thymi of MHA hamsters contain
more cells than those of LSH hamsters, and lymphocytes

within these organs appear to E;épond differently to

N
Cona-induced CM.

A. Thvmocvte responses:moroliferation : -t

-

In a thymocyte proliferation assay for

lymphokines, MzA thymocytes‘pgﬁliferate to a greater extent
than LSH in the presence. of CM  prod9ced from homologous
spleen (Figure 1). This increased respoansiveness also
occursrwhen assaying CM from the heteroldgous strain, from
the rat (Figures 2A, 2B, 6) or preparations of.purified 1n2
(Figure'9). No amount of CMV or IL2 was able 'to induce
proliferation in LSH cultures equal’ to that seen in .MHA
cultures. Although 'the ;LZ _conteqt of the <M wasmlnever
standardizea in the same units as the IL2 preparations, it
appearst thati purified 1IL2 is less active than CM,
Suggesting that other factors in the cu participate in

inducing proliferation. Both ILl and 1IL3.are knaown o

cause proliferation of thymocytes (Waksal and Colucck 1984,

-
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Rock andlggnacerraf 1984). In aésays; for ILlé‘ however,
higher thymocyte cohcentratiqns are requgfedf than those
Iuéed in . the éxperimenté here (OPpenhelm and Gery 1982
Economu and . Shln 1978) and preparatxons of epldermal T cell
actlvatzng factor (ETAF) of hamster, human and murine
origin failed to induqe growth of hamster thymocytes under
the cbnditfons‘uséd in these experiments (data not shown).
Becaugz all sources of CM induced greater
proliferation in EHA hamsters, it is unliéely that the
observed differences are due to variations in lymphokine
céntent ¢f the CM preparétions. Limiting  dilution
experlments demonstrate that the basis of the dlffe:ence is
a quantltlatlve disparity in precursor cells :espondlng to"
lymphokine in the proliferative assay (Table II). -
Thymocyte responses to iymphokines have been
examined in attempts to delineate tﬁymocyte maturational
‘pathways (Waksal and Colucci 1984, Ceredig et al 1982,
Phillips and Rabson'1983, Rock and Banacerratf 1984, Conlon
et al 1982). Strain differences in such responses have not
been examined, but édifferences in the ‘response of
thymocytes from murine _strains iﬁ an ILl proliferative

assay have been noted (Oppenheim and Gery 1982).

B. Splenocvte responses:generation of lymphokine. activated

killer cells

- In parallel to these findings in the thymocvta

assay, differences in splenocvte responsiveneéss to CM are
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-, . v '
also observed, as detected-by the activation of nonspecific

cytotoxic cells in vitro (LAK) .~ Incubqtion'of splénocytes
from either strain in medium supplemented ‘with rat CcM or
witﬁ purifiéd IL2 for 24 hr or for 5 to 7 days génerates
such LAK activ{ty to a greater_eitent in MHA cultﬁres than

in LSH cultures {(Figures 7D, 11). This cytotoxic activity

4

is independent of céll growth, as cell yields from cultures.

from both strains were equal (Figure 7B). Again, the low

responsiveness of LSH cells is noé overcome by 'increased
améud;é of lymphokine- (Figures 8;-10).

The observed differences in LAK generaticon may
éimply be due to an increased fragility of LSK. lymphocytes
ihﬁéultures, ‘but other ‘manipulations do  not iesulé in
descreased viability  of LSH lymphocytes over. MHA
lymphocytes. As al:eady discussed, LSH and MHA splenocytes
survive equally well in cultures with or without CM. Iin
addition, LAK activity was measured on a per-ce£1 basis
indicating that differences are not just due to different
numbers of cells surviving 'in the cultures. As was the
case in the thymus, these differences appear to be due to a
greater frequency of responsive precursor cells in MHA
spleens than.in LSH spleens and not to an intrinsical}y
greater responsiveness of MHA precursors Lo lymphokines, as
demonstrated by limiting dilution experiments {Table 1III}.
The presence of adherent peritoneal cells in the «cultures

reduces the frequency.of LAK precursors in both strains of
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hamster (Table IV), but 2 eplenic adherent suppressor cell’
has not been detected (Table V). .However, a suppies;ive

effect on LAK activity was noted in LSH cultures at high

cell concentrations (Figure 12). This- effect was diluted

eut in the limiting dilution assays. Hence, the

differences obéerved-in LAK-in bulk cultures may be due
both to an- underlylng dlfference _tn the number of

precursors and to the presence of- a celi/factor inhibiting

cytotoxic activity in LSH:spleens. )

The results of experiments examining LAK
generation fit well\ ?ith other reports. Incteased. NK
activity has been observea after 24 hr culture of hamster .
spleen cells in 'CM (Yang et al 1983) or by culture wlth
conA (Singh and fevethia 1973, Stewartrgg_gl 1985). 1In the
1atter case, 1t was shown that lymphokine synthesis
stimulatedlbv exposure of cells to Cona was responsible fo&‘
the 1ncreased cytotoxic act1v1ty. LAK activity generated
after 1onger incubations or after exposure to purified TIL2
have not'prevﬁously been described in the hamster.

Both murine and human lymphocytes display
inereased NK-typesact1v1ty after exposure to CM (Mlnato et
al 1981, Gr\;_m\gt_a_l_ 1982), interféron (Minato et al 1981,
Kuribayashi 93_31_1981) or purified IL2 (Grimm et al 1983a,
Merluzzi et al 1984). In Eotb systens, the cells

respondiag o interferon appear to be those cells

displaving endogenous NK activity, and enhancement 1s
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maximal after 24 to 48 hr (Minato et al 1981, ‘Kuribayashi
et al 1981, Seki et al 1985). Enhanced cytotoxi¢ activity
after culture in Iﬁz is generally not evid;nt until 3 to 7
days of culture (M.i‘nato et al 1981, Teh and yu 1983, Grimm
et _al 1983a, Timonen et al 1583, Burés et al 1584) although

some workeres also report an early response to IL2 in human

lymphocytes at 18 to 2% hr as is observed in tﬁe hamster

_(quns'et al 1984, Miyasaka et al 1984, Lanier et’al 1985,

Seki et al 1985).
- - : >
Strain variation of LAK generation after- culture
of splenccytes in CM or IL2 has been observed .in mice

. ~ :_l

(Riccardi et al 1982, Riccardi et al 1983/1984, Rosenstein
et al 1984). In general, mice displayving high endogenous
NK activity have more precursors for LAK, with the
exception of nude mice, which have high NK but few - LAK

precursors (Riccardi et al 1982).

C. Lvmphokine-production

In the initial experiments, where the source of
lyméggkiggs;’was hamster spleen, there existed the
Eossiblity that the observed differences in responsiveness
stemmed from disparity-in the production of lymphokines Dby
the two strains. Subsequent experimeﬁts; testing a single
CM preparation on thymocytes from both strains, indicated
rhat the differences lie at the level of the responding
cells. Lymphokine productidn was nevertheless assaveZ,

differences in levels of.lvmpnokine(s) might account “fox
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| o
= I

the unequal precuréor_pool sizes as detected in the

I

o

vitro assays. Cells from the spleens_and iymph nodes o
the-_two~_strains produce equal amounts of IL1  after
stimulation with lectin (figure 5). AsS well,  the J
production of ETAF, an ILl-like moleculgf by kefatinocytes
is equal in both stﬁains |
(data not shown). -

4

Attempts to_meaéure thé IL2 content of hamstgr
spleﬂic CQ on a muriné IL2—de§endent ceils line have been
unsuccessful, but_CM preﬁared from'LN is active.: Thé -high
- responder strain, MHA‘syntheéizes significantly less iLZ
than the other strain (Figure 4). The fact that the same
LN-CM contain equal écﬁivities" in the ﬁbymOCyte.
proliferation assay (Figure 3A, 3B) supports the earlier
sﬁggestion that ,factérs in. the éM other than 1IL2 are
detected in this assay.

Only one study has examined - the relative IL2
production iq étrains'of normal mice, Differences were
minor, and not relatea to the MHC haplotype (Hoffenbéch et
al 1985). Reduced ILZ production is a feature of several
strains of mice thét develop imﬁunodeficiency disease
(Dauphinee et al 1981, -Wofsy et al 1981, Bocchieri et al
1984). The reduction of IL2 ;fnthesis precedes disease'and
the magnitude of the reduction in synthesis correlates with

the severity of the disease (Altman et a2l 1981). A similar

phenomenon has been reported in humans suffering from
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systemic lupus erythromatosus (SLE) (Murakawa gg_gi 1385).
It has also been reported that nude mice faild to nroduce
IL2 (Gllils et al 1979) but more recent studles demonstrate
IL2 productlon after 1ong culture perlods {Lees et ‘;1
1984). Interestingly, there was con51derab1e varlatlon' in
the levels cf ILZ produced depending of? the- genetic
backgrouud of ‘the mice iLees' 55431'1984), In ‘cuickens,
increased, rather *than 'decreased- IL2 production was
essociated ~with autoimmune thyroiu ‘disease.'in " ‘birds
cerrying‘che 0s éene (Schauensteind et et al 1985). It ‘is
unlikely that the situation in any of these cases is
analogous to thac‘ in the -‘hamster system. In the murine
examples, lower IL2 production was always associated with
reduced responsiveness ko mitcgen and-ILZ- (Alﬁman et al
1981, Wofsy et al 1981}, whereas -MHA animals are more
respcnsive to'IL2. MHA hamstere do not display signs of
autoimmune or immunodeficiency disease,

Reduced IL2 production has also been described in

certain infectious disease. For example, .patients with

_~leprotomatous leprosy versus tuberculoid leprosy produce

less IL2 in response to M.leprae (Nath et al 1984). 1In the
mouse, though, reduced IL2 production in response co
M.l eprae is not correlated with ieve%s'of consititutive IL2
synthesis (Hoffenbach et al 1984,1985)., and both high and
low producer sirains are susceptible to infection.

2.
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D. Characterization of cytotoxic cells
Four .populations of splenic cytotoxic cells were
des@%ﬁbed 4n the hamster; endogenous NK, LAK induced after

1 day or 5-7 day§ in culture, and?cytotoxic cells activated
in vivo by infection with PV. - The cytotoxic cells induced

-

in limiting dilution experiments are the late LAK, so these
effectors, with the cells responsible €£or endogenous and

virus-induced NK, were characterized. These data are

summarized in Table XVIII.. )
all populations of cytotoxic cells described here

are plastic nonadherent, .confirming earlier -~works' that

described endogenoﬁs and virally-induced NK activity (Gee

et al 1979, Chapes and Tompkins 1979). as well, " these

cells are further enriched id nylon wool nonadhérent
populations. The precursors. cells for LAK are also
nonadherent and do not require the presence of édherent
cells for induction, as determined in both limiting
dilution and bulk assays (Tables V,X).

‘ | When exaﬁined for the expression of the theta
homologu;, all cytotoxic cells are positive. cffectors
from the two strains of hamster do not differ in expreésion
of this antigen. Tﬁe lytic activity of endogenous NK cells
was totally abrogated after treatment with anti-Thyl 1.2
plus complement {Table XI). 'Virus—inducéd cytotoxic -ceils

are more heterogeneous; activity was only reduced by 50%

after the same treatment (Table XV). Expression of ~(the

-
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"PABLE XVIII

Properties of Hamster Splenic Cytotoxic Cells

] . - . -

plastic =  Theta asiale

Adherence . GM1
Endogenods _ :
NK - - + +
1 Day. LAK , - n.d. -
5 pay LAK - ‘n.d. -
Virus-induced" ‘
NK. - ' 7 4

e

.
hY

n.d. signifies not done.

2
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‘theta homologue has no implications €£or the 1lineage of

éfﬁofo;ic cells, as over 80% of hamster sgleen cells-
express the antigen (not shown) suggesting .a wiéespread
distiibution on many cells, The antigen _detected by
ﬁonoclonal anti—Thy 1.2 has been. shown:to be present of
?oth T cells and -B cells in -the _hamster {Witte and
Streilein 1983). ‘

Other studies in the hamster; using Epis markef

for delineation of lymphocyte subsets have shown " that

nonadherent endogenous NX activity, LAK induced by- short

" culture in CM, and NK induced by vaccinia virus are all

. . f -
n%gé%ive for expression of this antigen (Yang et al 1982,

E)

Yaﬁ% et'al'1983). A-the;a positive cytotoiic'cell has been
described in the peritoneal cavity of vaccinia infected
hamsters, and in bong marrow cultures stimulated with CM
(Yang et al 1983, Yang anE-Tompkins 1983). It is difficﬁlt
to explain these discrepancies in results using the same
antiserum at the same dilg?ipns.. However, different target
cells were used Lo detect .cytotoxicity, - S0 perhaps
'different effecto% populations are being detected in the
different laboratories.

The expression of a second mafker, asialo GM1, was

—

also examined. %¥ndogenous NK is reduced by only. 50% after

.

treatment with the antisezum plus complement, indicating

-t

heterogeneity in this population (Figure 13). agreatme

normal animals with antiserum likewise

»
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approxiﬁéﬁely 50% (Table IX). LAK genérated aftér 5 -'days
of culﬁére.aré négativg for exprgssion of.this_éntiggn even
when 'high "amounts of _féagent are used (Table VII).
virus-induced effectors resemble endogendus NX cells with
reépect to expressidn of +his marker (Table XV). . LAK
precursors do ndt express asialo GML (Table XI).‘ LAK-hight
then arise from precursors negative fér expreésion of _this‘
antigen that also mediate  a Eiac;iop of 'endogerqs NK
activity. - If "the érecursors_ de expresé lytic activity;
and because thése Precursors differ quantitativély in the
EwWO straﬁns, one might éxpect the asialo Gn;_ component éf
endogenous NK to ~account for a 15£ger fraction of totQI'
activity in MHA hépstérs." Iin other words, NK activiﬁy in
MHA hamsters w&uld be less sensitfve to t:eaﬁment than LSH.
This does not appeaf to be the case, but the syétém iqf‘-
elimination and o& scoring\the remaining célls might not be
adequately sensitive to detect these types of' differences.
Removal of adherent cells did not reveal any consistent
differences in the proportibnl of endogenous ~NX cglls
sensitive to the antiserum. This suggests that although
the LAK precursors are_gréater in number in MHA spleens,
o}her lytic cells may also be idcrease. The possibility of
another asialo GM1~ cell not expressing endogenous XK
activity, or of asialo GM1¥ cells changing their phenotype

ia culture, cannot be overlookad.
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)
'Hémster 'c?fo;oxic'cells have not been evaluatedJ
for the expression of asialo GM1 antigen befofe. . The
; rgsult§ héfé\ suggest that hamstef_ ghdbgénoué‘ NK 'éélls

-express this marker to a 1esse: ext¢nE than observed in the

~

. ) \
mouse .(Figure 14) or the rat (Barlozzari et al 1983).- The

in vivo’stﬁqies support these findiﬁgs. In the-mouée' a§
liftle as 5 pl of undiluted serum iieduced épleﬂic - NK
‘activ,ity._by 95% (Xasai et al 1981, Habu et al 1981) and in.
che rat ar’dose equivalent lto thgt:administeréd 'ton.thé
khamstefglrreduéed splenic NK activity by 80% (ﬁar1ozzari et
-al 1983). .
In the mouse énd'human systems, wﬁere LAX wef?
Tfirst'described (Grimm et al 1982, Minato et al 1981),
there is considerable controversy about the n;ture of .both
.thé precursors and the effectors. it is élear théf like
the hamster system, heterogeneous ‘quulations of cells
account for both ac?ivities. In géneral cells that. display
increased activity after 24 hours of culture are similar to
" cells responsible for éndogenous NK activity in targef cell
épectrum, morphdlogy and éurface'markers (Minatoe et al
1981, Kuribayashi et al 1981, Burns et al 1984, Lanier et
al 1985). LAK generated by longer culture in CM or with
IL2 are less easy to éategdrize. LAK have been described
that. arise from the endogenous NX pool and express the sams

£
cser

.features as these precursors, much like LAX generated

o]

short-term cultureu(Riccardi et al 1983/1984, Suzuki et al



148

1983, Miyasaki et al 1984, Itoh et al 1985). Others report
~ precursor cells devoid of NK éctivity generatipg LAK .;ith
NRK-like charaééeristics (Miyasaki et al 1954, Shau and -
- Golub 1985) or displaying sutgaée‘features'associatea with
 T lymphocytes (Teh ané Yu 1983, Grimm et al l§82). (Tﬁere
is alsq evidence that some of the LAK-precursors} whether

they mediate’ eﬁdqgenous NK activity or not, express
antigens associated with_; cells (Minato 25_31-1981,- Grimm
gg;g; 19835, Suzuki et al 1983, Merluzzi et al. 1984,
Rosenstein et al 1984, Burns et al 1984). .
. Virus-inducéd NK in the mouse resemble LAK in the
‘hcquis?t;on of a_brOadef térgg;‘céll specificity (reviewed
in Wwelsh 1978b) and 1in theq‘increased expression of the -
theta antigen. In mice infected with PV, Ehis was -evident
At day 4 post infection (Walker et al 1984) and in LCMV oé
coxsackie infected mice, but not unﬁii day & post infection
(Kiessling et al 1980, Huber et ai'lSSlJ. Target cell

specificity of either virus-induced NK or ‘LAK  in the

hamster was not determined, nor was the expression of the T
' - \

~
-

cell antigens. However, with respect to asialoc GM1,
virus-induced NK are more similar to'endogenoué NK than
LAK. This suggests that cells positive and negative f{or

asialo GM1 expression respond to viral stimulus to show

enhanced cytotoxic activity. At a time later than

(9% ]

cays

after infection virus-induced NK acktivity may shares trat

’e
14

3

with LAK.
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E. Summary and hypothesis

How are the phenomena of increased thymocyte and

splenocyte responsiveness related to one another? One

- -

'possibilityqig that the “responding lymphocyteé in the two
organs are the same. The data suggéét that the lymphocytes
from the  spleerr and thymus responéing to.CM and IL2 are.

-

fgnéﬁiohally different. Recently several reports have
appeared that. deécfiﬁéd NK type. éctivity in the murine
.thymus. Thymocytes pre-incubated with.thé thymic hormone,
-thymic serum-fﬁcﬁoz {(Kaislerian et 2l 1983a2) or thymocytes
from animals bearing the Lewis lung carcinoma (Kaislerian
et al 1983b) displayéd ~enhanced killing of murine NK
targets, and a subpopulation of thym6cytes expressing high
NK activity was isolated from normal thymﬁs by density
g;adient'centrifugation (Zoller et al 1982). Culture of
murine thymocvtes in medium supplemented with CM- resulted
in the growth of granular cells that also expressed NK
aétivity (Born et al 1983, Toribio et al 19835. 0f
interest was the discovery that responsiveness of
thymocytes to the th?mic hormone was strain dependent
(Kaislerian eé al 1983a). Short term culture of hamster
éhymocytes under similar conditions to those used for
spleen cultures <&id not induce any detectable lvtic
activity.
) A second possibility is that both the thymic 2nd

splenic responding cells represent stages of maturation In
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the same cell lineage, or share the same precursor cells.
Seyeral'researcbers have conducted experiﬁents designed to
determine the  subpopulations within the thfﬁus ,respendiné
to IL2 in the,p;oliferation assay. Moet believe that only
mature immunocdmpetent -cells & ere' eapable of the
preliferative rESponse (kisielow et al 1982, Boedeker et al
1980, Hayward et al 1981, Herron et al 1983), but others
claim:that a small population of immetd;e thymocytes is
capable @f a transient response (Wei-Feng et el 1982,
Conlon gg_il-lSSZJ. More recent studies Have examined the
proliferative response of fetal and neonatal thymocytes to
IL2 compared to the respodse of adult thymocytes and have
.found that thymocytes from neonates displayed a response
five times that seen -with adult cells (Bocchieri et al
1983, Hardt et al 1985). Examination df I£2 receptor
expression in neonatal thymocytes suppért these results.
Habu and co-workers (1985) found that 50% 05’ thymoeytes
were positive fo:-the receptor at day 15 of gestation, but
'by birth this had diminished to 2 to 3% and in adults less
than 1% of -thymocvtes carry the IL2 receptor. Lugo and
colleagues (1885) also reported increased IL2
receptor-bearing thymocytes in neonatal mice relative to
adults,

Although the cells responding to CM in the .spleen

are functionally different from those. in the thymus, shew

may belong to the T cell lineage. 1In okther systems, *here

¢
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exists canvincing evidence . that cells expressing T cells
markers account for .a fraétion of +the Aendogenous NK
;activity (nattes: et al 1979, Koo- EE;EL 1980). 1In the
| spleens of mice undefgoing fegeneration after treatment
with cyclophosphamide ; NK cells recently recruitei £{rom
the marrow expressed more theta antigeﬁ thaﬁ observed in
normal adults (Hurme and Sihvola 1983, 1984), and the humaﬁ
peripheral T cell marker, T3, was charécterisgic oE: cells
expressiﬁg‘NK activity in neonates compared to adults {Abo
et al 1983). These workers note that the'gresgnce of the T
cell markers does not imply thymic processing; Thy 1.2

positive cells are frequent in the marrow of both rat and

mouse (Schrader et al 1982, Basch and Berman 1982), and

thése cells may migrate directly to the spleen. Merlaezzi
and colleagues (198%a,1985b) examined the cytotoxic
potential in tﬁe spleené& of mice recovering from . bone
marrow transplantation and sublethal irfadiation, both
situations of active lymphopoiesis . These mice displayed
a diminished capacity to mount T cell responses and reduced

IL2 production but splenocytes from these mice had a

capacity for LAK generation equal to that of normal mice.

Here, then , 1is an example of reduced 1IL2 production

-

coupled to a responsiveness %o IL2 in vitro that is
"
characteristic of an actively regenerating imnmune system.

-

This situatien may be analogous to the conditions described

(.
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above in the spleens of mice ) recovering from

cyclophosphamlde treatment and in neonates.'

: The followlng series of events are proposéd to
explain theAaifferences between MHA and LSH hamsters. Both
haﬁsters produce a stem cell 1in _the marzow that is
committed-tb'the T;cell lineage. This cell migretes to the
thymus, where it matures into amn immunocompetent T cell.
Both immature and 1mmunocompetent cells are detected-in the .
thymocyte assay., and both immature cells, that require some
farther maturational  event in the | periphery, and
_immunecompetent thymocytes are exported (Stutman 1985). In
the epleen,\these stt-thvmlc progenitors’ may‘oa:ticipate
in endogenous K act1v1ty and also serve as LAK precurso:s.
‘With further maturatlon these ¢cells also become T effector
cells, as proposed by Merluzzi (1985Sb). Equally possible
is a scheme whereby cells in the spleen are derived
directly from the bone marrow from the same stem cell as
the thymic cells, but does not undergo any  thymic
processieg. ‘

The difference between the hamsters may arise‘ at
the stem ceil stage, so that MHA hamsters simply producé
larger numbers of these cells that migrate to the thymus
and then to thel spleen, increasing the size of' these
0rgans, and ‘the freguency of precutsbrs responéing to the
lymphokines. In other words,-!ﬁa namshers are in a mor=2
active state of lymphopoiesis characteristic "of a mora

h
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immature.buf functional izmune system, .Alternatiﬁely, the
stréins may produce- equal numbers of the precursor celi,
but MHA animals possess a partial blockagé somewhere in the

) matutational‘pafhway, related .. to the decréased _production
-of IL2, S0© that relatively immature cells accumulate in thé
lymphoid organs. ﬁowever, as already noted, this blockage
‘must not be total, 'as MHA énimals ~do not display obvious
immune defects. We cannot rule out the posgibilitg that
- the difference lies in the lymphopoieéic process in the
marrow in such a way that -most lymphoid precursors are
produced in excess in nﬂﬁ hamsters; In this casé, the
splenic énd thymic responses ro CM may indeed be due to

cells of separate lineages.

I7I. Relationship between Lvmphokine Responsiveness and

Susceptibility to pichinde Virus

A. Adsorption and growth of Pichinde wvirus in cells

enriched for cytotoxic activity

The initial purpose of these experiments was to

[

determine the underlying cause of susceptibility to PV in

-

MHA hamsters. Preliminary experiments had indicaﬁed that
genetic susceptibility was not due' to qualitative-
jdifferences in target cell permissiveness for infection,
nor to an inability to mount an .immune response to tle

virus (Buchmeler and: Rawls 1977, Gee et al 1679, Gee et _ail

1980), but to a gquantitative difference in a target cell
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that also mediates cytotoxic activity (Gee et al 1979,

1981la).

' - Howéver, these previous experimengs examining
permissiveness of target cells for infection mayrhaﬁe been
unsuccessful because the relevént cellg'were not§édequately
enriched. However, normal nonadherent splenocytes and LAaK
generated in either Cy or IL2 from the two strains show no
difference in the adsorption or growth of PV in vitro,
although both populations display increased ~cytotoxic

Y

activity (Table XII, Figure 13). As well, splenocytes

A

‘cultured in medium share a permissiveness for PV equal to

or greater than the permissiveness of cells grown in CM.

Y

The reduced growth of PV in cells cultured in CM or- IL2

might be due to the presence of interferon -in the CM, or by

the induction of interferon synthesis by IL2 (Handa et al

1983, Kawase et al 1983, weigent et al 1983). ﬁ;ether this
is the case or noty virus adsorption and replication were
independeht of cyto;;xic activity expressed by the various
cell populations (Figures 16, 17). *

B. Characterization of cells expressing cvtotoxicitv and

harbouring Pichinde virus after infection

The preceding experiments examining Ilymphokine
responsiveness in the two strains of hamster suggested that
this putative target cell 1in the spleean might be the IL2

responsive LAK precursor cell <hat is present in ldrge

wy}
r

o

nombers in MHA animals, or the resulhant activa

{

=

o
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cytotoxic cell. Preferential infection of  immature
lymphocytes .by 'arenaviruses. .is not an -unprecedented:
concept. LCMV infects nmacrophages, 3 celis and T cells
(Popeséu et al 1959, Lohler and Lehﬁann—srube 1_198;,
Lehmann-Grube et al | 1983b), but T _cells are only

susceptible in neonates, suggesting that only at a

particular stage of development do they serve as targets
(Lehmann-Grube et al 1983a, Lehmann-Grube - 1984b).

Attempts were made to characterize the cells
infected in vivo, and to compare these to cells mediating
cytotoxic activity. Virus-induced éytotoxic cells at day 3
post infection are nonadherent cells heterogeneous for the
expression of asialo GMl and the theta hdmoldgue. ;t was .
‘known tha%t at day 3 post infection, the laréest differences
in IC be£weén the straiés were also in the nénadherent
fraction (Gee et al 1981a$. Differences in IC in
unseparated splenic populations were detgctable at day 2
‘and sometimes at day 1 post infection, indicating that the
inability to limit viral replication is evident very early
after infection. Attempts to determine whether more vigis
was sequestered in nonadherent splenocytes at these early
times were negative (Table XIV). These data imply that the
diﬁfe:ential infection of nonadherent cells is not critical
in the susceptibility of MHA hamsters, énd may simply be
the result of early decisive events. Alternatively,

infection of these nonadherent cells 1is 1important, and

“--.___/——-"__/
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either the assay is not sensitive enough to detect subtle
differences early‘in infection, or the. critical ev;nt in
susceptibility on1§ occurs at day 3, when the nonadherent
cellsibecome infected. .

Therexperiments using antisera plﬁs complement _toO.
characterize IC are difficult to interpret because of -the
inability to eliﬁinate virus ﬁreé in the suspensions oOr
associated with cell debris. Hence, the estimates of
infé&tious centres remaining after depletion af cells are
probably high, acd a certain proportion of. infectious virus
is due to free virug in the suspension or released from
dead ce}ls.‘ However, with these reservations in mind; 1t
does appear tﬁat cellg infected with Pichinde virus are
heterogeneous with respect to bbth asialo GM1 and the theta
homologue, but that the reductioens in IC after treatment
with antiserﬁm and complement are of smaller magnitude than
the reductions in cytotoxic activity {(Table XV).

Splenocytes from infected hamsters were assayed
for their responsiveness to Iﬁ2 by short term culture in
eiﬁher medium or ILZ2. MHA cells cultured in IL2 expréss
.high levels of cvtotoxic activity. However, these cells
are not infected to a greater extent than‘cells cultured. in -
medium that fail %o express any cvtotoxic activity. LSH
splenocytes cultured ip medium or IL2 meaiate very little
cytotoxicity, but narbour equal amounts of virus. Culture

in IL2, at least for up to 3 cavs, does not select ocut 2
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cell preferentially infected with PV in qither strain of
hamster, although these - culture 'cond1tions induce high
lytic activity in MHA cells. . In both medium and IL2, MHA

cells do contain more virus théﬁ USH,'analogous to the in

—
~

vivo situation (Figure 18),

~

C. Modulation of Pichinde virus pathogenesis

| The experiments‘in vitro indicate& that éellsi
expressing asialo GMl could serve_és t&rget cei;s.for PV
réplication, but they were not the exclusive targets.‘ Thé-
later exoerlments show that a SLngle 1nject10n of antiserum
ellmlnates these -asialo cMi” - targets, as assessed by the
reduced NK activity' jn the spleens of tieated anima1§
(Table IX). Animal; infected with PV when spleﬁic. NK
activity is reduced sti&l display depressed NK activity 2
and 4 dayé ‘after injection of™ the antiserum (Table xuz).
At the same time, IC are reduced at day 1, but by day 3 are
equal to or increased over control levels (Table XVIi), and
the initial reduction of IC is not adéquéte to shift the
Susceptible animals to the resistant pPhenotype (Figure 19).
These findings suggest that, although cells expressing
asialo GM1 can serve as taréets for Pichinde virus
replication, they are not the critigal target cells
resulting in increased virus replication in MHA Hamsters.
This lends Support to the contention that MH2 Hamsgers are
susceptlole because of increased numbers of the remaining

a2sialo GM1™ LAK precursors that also become infected..

rs
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' The .dgta do not ciéérly demonstrate that the
initial reductions in NK aéﬁivity and IC are due to an
actual loss of cells. Equal numbers of splenocytes were
recovered from ireated and control animals, but " small
changes due to the 10§53of asialo GM1™ ceils miggt not be
demonstrable in haemocytometef céll counts. In the mouse
and rat, a single'injéctiOn‘-of anti-asialo GM1 reduces NK
activity by over 80% (Kasai et al 1981, Suzuki EE_il- 1985,
Barlozzari et al 1983, Habu et al 1981), and appareﬁtly
does so by :educinq’thé number of splenic cells expressing
'asialo“GMl (Habu et al 1981, Suzuki et al 1985) or cells
with thg_morphglogy assocliated with Né activity (Barlozzari
et al 1983). The‘reduced NK activity does not. recover
antil day 7 to 11 after injection_in these systems, and
presumably fhis ;; the time necessary.for éhe regeneration
of cells expressing this antigen. If the same is true in
the hamster, then reduced NK and possibly reduced IC are
both due to a decrease in the number of asialo éM1+'

effector cells. Alternativély,‘antiserum treatment might.
interfere with both.Nk‘activity-and early viral replication
' by a mechanism other than elimination of cells, so that the
target cells are still present in the spleens or in the
circulatibn, and become infected later than day 1.

The possibility that NK activity and IC are reduced

because of the 1loss of other asialo GMl+ cells that act

indirectly on these parameters cannot be ruled out. A small

G
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of resident peritoneal macrophages in the mouse
s asialo GM1 (Wiltrout gt;§¥ 1985) although .
activity - of oeritoneal. macrophages is not
to treatment with anti-asialo GMl (Kawase et al
r et al 1983). Whether splen1c macrophages
xpress some asialo GM1 or not 1is unknown.
the ﬁouee claiming specificity of the .antiseruﬁ
ector. cells have demonstrated +that T effector
egative for asialo GM1 (Young et al 1580, Kasai
Kawase et _al 1982) but that progenitor cells
thls antigen (Beck et al 1982, ‘Suzuti et al
number of cells’ expre;51ng the theta ahtlgen in
spleen is not affected by treatment with
GM1 “(Habu et al 1981, suzuki et al al 19835).
effect of treatment WIth anti-asialo GMl’*serum'
thogenesis hds been examlned in 'mice. In some,

1,.wiral sygtems examlned, treatment with the.
. *«

resulted in 1ncreased viral t1tres at the same.

K activity was reduced (Bukowski et al 1984,

et al al 1984). These data dre used to support the

hY

that NK activity is a relevant anti-viral
r

The increased viral titres observed in the
hamsters treated w1th the antlserum are unlikely
rom, reduced NK act1v1ty, as susceot1b1l1tv in

mals correlates with hlgh not low, NX activity.

did not appear &9 olav a significant role 1n
3 : . ' -
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limiting viral titres in mice infected with LCMV (Bukowski
et al 1984). Experiments séoring mortality rather than 1IC
show that the 'control levels of virus at day 3 after

-

infection in treated MHA‘hémsters correlate with mortality,
and treatment of LSH .hamsters did not ‘alﬁer. their
resistance to infé;tion (Figure 19).

The last attempt to alter PV pathogenésis met with
more Success. . It was reasoned that deficient IL2
production by MHA hamsters resﬁlts in a larger pool of
immature cells. Administration of purified IL2 mightfaltet
this pool size, and hence péotect the animals.J Altﬁough
the mortality rate of IL%_ treated animals was slowed
compared to cdntrols (Figure 215, this waé not ng to a

decrease in virus load early after infection (Table XVII}~

A possible explanation for these results is that IL2

administration elicits an earlier ‘immune response than-

.normallg observed after infection. Death.coul? be due to
continued viral replication that coul§ no "longer be limited
after 1IL2 "‘levels 'declingd in the  hamsters, ' or to
IL2-induced imfmune mediate& pathology. The latter course
of events is suggested by the rapid death of the animals at
day 10. If this is the case,  these ;esuits?cﬁnnpt_ explain
the susceptibility of normal MHA ﬁamstefs, as these animals
show no evidence of immunologically mediatéd disease at the

-

time of death (Murphy 'et al 1977).

g

1

4
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The dose of IL2 admigistered might not have - been
aéequate.to seg Fhe desired effgfts on éhe spleen cell pool
size. In cyclophosphamide treated mice, or mice recovering
from bone marrow transplants, larger amounts of IL2 were
admgnistered over loéger periods of time K before CTL
predursors were deﬁonstrable (Merluzz;\gg_ii 1983, léSSa),
although a single dose of IL2 was reported to augmént NK
and alloreactive CTL in another study (Refeneider et al
1983). Ettinghouse and colleagues (1985) have demonstrated
proliferation of lymphoid 'cells in lungs, liver, kidney,
spleens and lymph nodes 6f normal mice after administration
of IL2, but the doses used were over looffgld more than
those used in t%is study. These doses also increased
rather than decreased LAK after 4 days of treatment, iLz2
has been reported to elicit T helper cells for antibody
reponses.in nude mice (Stotter et al 1980W. The effect of
IL2 on the course of viral infections haé §$t been5e%émined
) éxcept in one se% of experiments .where immuﬁe cell§ ‘plus
IL2 transferred to infected mice limited viral groaéh more
efficiently than immune cells alone, presumably by inducing -
growth of the cells (Rouse et al 1985).

‘C. Summary ‘ | .

To restate the hypothesis, it was proposed that
nonadhereht_splenic lymphocytes me@ia;{ng NK activity and
serviég as prééurso}qukfor LAK, are targéts for PV

replication and that quantitative. differences in these
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cells account for the observed differences inr
éusceptibility.to infection  in the twé étrains of hamster.
In light of experiments.presénted in the first Eeétion of
this thesis, it was suggested that iﬁcieasgd numbers of
this  target cell are present in MHA hamsters because of
diminished IL2 production that results in the éccumulation
.

of relatively immature cells in the lymphoid ofgans.

The d;ta presented in the second section ng}ther
support nor refute the hypéthesis with certainty. It 1is
clear that differeﬁces in genetic r%§istance to the virus
are not due to differences in the permissiveness of target
cells for infection, and hence it may be quantitative
rather than gualitative differences in a target cells that

_are crucial, The data presented here supporting. this
hypothesis include the increased number of cells in MHA
lymphogd orgaﬁs, and in particular,‘;n LAK precursors, and
the shéred‘expression of the theta homolégue and asialo GM1

. on NK effector cells and on cells infected with virus as
demonstrated in vitrotand in vive. Other data accumulated
%n_the course of these .experiments, refute the hypothesis.
Elimination of cells expressing asiaip GM1 reduced both NK
and 'IC initial}y, but had no effect on later replication of
the’ virus, no% on survival of MHA hamsters. This may
suggest that tﬁe remaining LAK predursecr cells are the

relevanf target cells, but there was no evidence that the

e -
asialeo GM1 or asiale GM1l component of endogenous NK
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activity was - selectively increased in MHA hamsters.

- -

Although LAK precursors were increased, other leukocyte
populations might be equally inc;eased. At day 2 after
infection, when the spleens of MHA hamsters -~ already
cbntained twice~$s much virus as LéH spleené, there was no
preferential infection of nonadherent cells, noz?were more
infected cells selected frgm MHA spieéns relative to LSH
spleens by culture in IL2. In culturé, virus titres and
cytotoxiqx?ctivity were dissociated. ~  The fact that
reduceé virus titzeéﬂat day 1 after infection were not able
to overcoﬁe the genetic susceptibi;iFy of these animals
also suggests that later evepts conﬁrol the bwutcome of
infection, and this may be independent of actual virus
titrew - .

The arenaviruses infect lymphoid oréans early in
thé\cou;se of infection, including macrophages  {Laguens et
13‘1983a,‘ Lohler and Lehmann—Gruﬁe 1981, Murphy et al
1977) but there. 1is only one instance q?ere infection of
macrophages. is responsible for disedse and mortality. A
virdlent strain of Junin virus infects both macrophages and
dendritic cellé; whereas the attenuated stfain of the virus
only infects dendritic cells (Laguens.et al 1983a). There
is no evigeﬁce that uantitat{;e or qualitative differences
in the 1infection of macfophages are responsible for the

susceptibility of MHA haﬁs;ers te PV. However, macrophages

may, play a more active role in the pathogenesis of 2V
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infection. The only aspect of macrophage functlon examined
in this thesis was ILl. productlon after exposure to the
mitogen ﬁPS, and this was the same in the two stralns, but
'othec macrophage functlons m:ght be def1c1ent In the LCMV
system, macrophages are activated at the time ‘that - virus
tltres decline (Lohler and Lehmann Grube 1981). Infection
of murine perltoaeal macrophages with PV 1nterferes with
their .responsiveness to macrophage growth. factor, se that .
proliferation is inhibited (Friedlander et al 1984). This
.growth failure is evident ‘4 da&s after exposure to the
virus. These kinetics ‘are similar to thosé observed for-
the limitation-of viral replication in LSH haﬁéters after
infection. Perhaps the macrophages of LSH gamsters are
more resistant to  tNis effect ' of py infection.
Unfortunately, the available evidence indicates that
activated macrophages do not express direct anti-Pichinde
effects (Friedlaqder‘ and Jahrling 1982), but activated
macrophages might contribute to resistance through other
mechanisms, such as elicitation of- eacly cell;mediated
immune responsesj If MHA macrophages . fail to 'become
activated after infection with PV, but not after infectiogg
with other viruses, ELl production and cpnsequentiallyl 12
prodgction might be diminished also and hence the
administration of exogenous IL2 eould be beneficial as was

noted. This would explain the restriction of MHAa

o
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susceptmblllty to PV, and the situation would be  analogous
to that descrlbed for responses to M. leErae.

i Genetic dlfferences in the resistance of animals
to the other aremaviruses are limited to a few Sstudies of |
BCMV infection. Mortality after infection with LCMV is
jmmune-mediated in most instances, sO genetic resistance is
often due to decreased spe;ific~immune résponse; _directed
to virus-infected tissues (Tosolini ané Mims 1971,
Lehmann-Grube and Lohler 1981, Moskophtides and
Lehmann-Grube 1983, Oldstone and Dixon 1969). One set of
éxperiﬁenté examined the pathology of LCMV 'dis;ase in
suckling mice which was found to resemble the disease
induced by interferon administration %o young-mice (Gresser
et al 1975, Riviere et al 1977, Ronco et al 1980).
Injection of anti-interferon serum reduced mortality 1in
LCMV infected suckling mice (Riviere et al 1977), but more
inte;esting was the discovery that the . genetic
susceptibility of several strains of mice correlated not
"with viral tlt:es but with increased levels of interferon
induced by the viruas (Riviere et 2l 1980). In these
studies, interferon Qas thought to interfere with synthesis
of basement membranes in the affected organs, primarily the
liver and the kidney. Increased levels of interferon have
also been implicated in the pathogenesis of LCMV disease 1in

adult mice, but in this 1instance interferon appears to

cause disease by potentiating the specific immune respcnse

.

-
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(Jacobson et al 1981), More severe disease after infection

of monkeys with Machupo virus (Stephen et al 1§77) or
& '

humans with Junin virus (Laguens et al' 3984) is also |

associated with higheri intérferon titres. The genetic
susceptibiiity might - be aue to increaseé in;erferon'
production after infection with Pv; . Higher inferfe:on
titres would also account for the higher Né _;ctivity
observed after infectiqn. The induction of virus;induced
NK actiﬁity in mice infected with LCMV parallels the
p:oduction-of.intetfezon (Welsh 1978b). Geneticj;tudies of
interferon production in the mouse hévé_demonstrated that

the genes responsible for interferon induction differ with
. s

the stimulus used (deMaeye§ et al 1970, Pugliese et -al

1980). This would explain the speéificity of the
susceptibiiity of lMHA hamSters to pv: However, this
hypothesis does not accouﬁt for the initial high virus
titres, which ma? simply be due to the increased number of
cells in the spleen, nor'is.it easy to understand why virus
titres wogld continue to increase in the presence of

interferon. . '

<

Other aspects of the nonspecific inflammatory
respbnse might regulate susceptibility. ' Complement
profiles are altered in guinea pigs ( Rimoldi & deBracco 1980)

ané humans infected with Junin virus (deBracco et al

1978) . "~ Laguens (ﬂb84) propesed that. interferon associated

with Junin virus infection activates complement that . then

L)
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damages the tissues. Another 1ntr1gu1ng 90351b11ty is that
of a difference in a lymphok1ne other than 1nterferon that;
is synthesized by T lymphocytgs and | directly interferes'
with viral re;lication in surroundiﬂg' cells, Such a
1;mphokine is thought to bé responsible for the clearance
of LCMV from the spleens of mice early after infection
before specific T cell reponses: can be detected
(Lehmahn-Grube et al 198s). It could Be that MHA hamsteré_
fail to synthesize this_.molecule, because of a specific
unresponsiveﬁéss of T cells to bpv antigen, ané this
underlyving failure to respond. may be linked to macrophage
defects, or.to failure to produce IL2 after infection.

A review of the literaturé of viral studieé’ in
hamsters revealed only ene other study of genetic
resistance to a virus. Both MHA and LSE Thamsters are
susceptible to an intraperitoneal.injection of VSV while a
third strainm of hamsters is resistant (Fultz et al ﬁ}QSlaJ.
The eptible animals survive if the virus is introduced
by any route .other that i.p., and in these surviving
animals initial virus growth js the same as that dbserved
in 1.p. infected animals. However, after 42 hr, wvirus
yields decline in surviving animals (Fultz et al 198la,
1981b). . No mechanism %or resistance was postulateg,
although interferon levels induced by the vir?s were not

correlated with survival (Fultz” et al 1982). Initial

events in the peritoneal cavity appear to be crucial, as
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infection by this route was more rapidly fatal. In MHA
. hamsteré; bo;h i1.Pe. and S.C. inféction are fatal,
*sndicating that the pathogenesis VSV infection is different
from that of PV. Other studies in the hamster lend little
to this discussion; variougApa:ametérs of the immuéé system
have been examined after infection with vaccinia (Nelles
& S'treiiéin 1980b, ec al 1981). measles (Byington et al 1975,

_ Cremer et a1l 1982) parainfluenza (§enderson 1879) and
influenz§‘viruses (SteinTStreilein et al 1981, ximmel et al
1982), gu£ none- of _these !studies coﬁpared responses in
ctrains of hamsters, nor were these models analogous to the

type of infection observed with PV.

I11. conclusions

" iIn sum, the data show that cells responding to IL2

. are heterogeneous, as are cytotoxic éffect@rs aﬁd these two
populétions appear to overlap, but inr the absence of

reagents specific for hamster .1ymphocyge§populations, no

particular cell infected with PV can be "isolated,

characterizéd and quantitated. This is particularly ‘true

i€ the cell of interest is onlyli;ne of many cells that

become infected, as is the case here. The ?éct that 1in

. -
several instances Ié and c§totox%b activity were
‘dissociated sudges£s that the hypothesis is incorrect, and.

that some cell other than those mediating evtotoxic

activity is the crucial target, Ot that some factor other

-
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.than the_presence or absence of a target cell accounts

the susceptibility of MHA hamsters. -

~
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