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jes-a fatal -

;

SRR S A AR
“Pichinde virus, a membér of the arenaviridiae; cau

disease'ﬁhenlinjéceéd iptfaparitqﬁeali? into the inbred Bt:ain ¢f" .

hamsters, but no;.iﬁ pthef gt;gins.h The fatal iﬁféctibn is ésqociatedﬁ
with an inaﬁilit&‘té'limif #iru; replication, and ﬁeéth a?pearé to be 5-
consequence of the virus;induced cytopathic effect within the reticuloeﬁ—
dothelial system. The purpose of the current studies was to determine
whether susceptibility te the lethal Pichinde virus infection was genet-
ically'acquir;ﬁ, aﬁd te obtain an understanding of the basis for this
susceptibility.

Studies on survi;al and the ability to limit viremia following
Pichinde virus infection in R and back-cross progeny gave the results
expected if a sinéle autosomal dominant gene or linked genes were
respoasible for each of these phenotypes.

Initial studies on the basis for the susceptibility of MHA
hamsters to fatal Pichinde virus infections were designed to test the
hyﬁothesis that this strain was unable to mount a cell-mediated immune
response against the virus., However, MHA hamsters were able to limit
Pichinde wvirus replication and they survived the infection when the virus
was inoculated by the footpad route. Furthermore, footpad-immunized MHA
hamsters survived a normally lethal intraperitoneal challenge of Pichiﬁﬁe
virus. These observations suggested that susceptible MHA hamsters were
able to produce a protective immune response when the viTus was given by
this roucte.

Since cells of the reticuloendothelial system appeared to be a

major target for Pichinde virus regplication in vive, a search for a

111



térgef céllﬁdifferencé within the spieena of'auscepqible and'resistant' .
“hgﬁs;efs vas_uﬁdertaken, No difference in the ability pf:various spleen

-‘ce;lifractipns from susceptible or resisthntlhamsters to support Pichinde

L4

_virds-grbqth iﬁ vitro could be demonstrated. However, the spleens of MEA

'hamsters which had been infected with Pichinde virus in vivo contained
'10rf61d nore virusrﬁrééucing cells at three days after infection than.did

spleens of resistant hamsters. The hajority of the‘virus-producing cells
- 4 .

in MHA hamster spleens were associlated with the non-adherent fractjion which
sedimented at a rate typlcal of lymphocytes. In contrast, spleen cells

from'tpe resistant LSH strain of hamsters appeared to be defiecient in this

population. These observations support the hypothesis that the susceptible

strain of hamsters had a spleen target cell for Pichinde virus replication

which the resistent strain lacked.

Interestingly, the putative target cell was observed to co-purify
a cell population which mediated in vitro cytotoxicity against '
syngenefc or allogeneic tumour target cells. The cytotoxic effector cell
was shown to be a non-adherent, non-phagocytic, small- to medium-sized
cell which lacked dgtectable surface i;munoglobulin. The cyteotoxic act-
ivity was labile gt 17°C, but was not abrogated by pretreatment with
amm02}um chloride. Thus, this ham;ter effector cel} resembled the natural
killer (NK) lymphdcyte which has been described in several species.
Susceptible MHA hamsters exhibited high levels of endogendus NK activity,

and this cytotoxicity was further augmented by Pichinde virus infection.
~ :

In contrast, the resist

LSH sfiﬁ?€‘5hOWEd lower levels of endogenous
. N — 1 ' ' .
cytotoxicity, and Pifhinde virus infection did not induce the same

magnitude of increage in activity. These results support the hypothesis

that susceptible MHA R ¥s5 have\an additional splenlec target cell for

& : : i
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Pichinde virus replication which the resistant strain lacks, and are

. . ! . '
consistant with the possibility that this tﬁrget cell islin‘fact the
M cell. . - ' ' i
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CHAPTER 1

INTRODUCTION



Viruses may represent the ultimate form of parasitism: they
depend absolutely on the host to provide the cellular machinery in-
volved, in replication of the viral nucleic acid and synthesis of viral
preteins, and thus are parasites at a molecular level. At least parst
of the damage to the host arises as a consequence of this fact.

Viruses which infect animals commenly enter the host's body via
the gastrointestinal tract, lungs or blood, and.begin to replicate in
the cells surrounding the portal of entry. After adsorbing to the cell
membraner the viricn penetrates into the host cell where the protein
coat is removed. Cellular metabolic processes then begin to function
under the direction of the viral nucleic acid. Synthesis of viral
enzymes or host enzyme$ which are required for replication of the virus
is carried out, and then ceopies of the viral nucleilc¢ acid are made and
packaged into newly made protein coats. The progeny virions are then
released inte body fluids of the host and are collected in lymphatic
tissues where a second cycle of infection mav occur.

Important in .the pathogenesis of vivrus infections is the ability
of c#lls in the lymphatic tissues to recognize the viral antigens as
foreign and iniciacte the effector functions involved in clearing the
virus particles. If the virions are not cleared by the lymphartic
tissues, they may then pass into the lymph and from there into the blood.
The virus particles are thus carried to other porential target cells im
other organs.

Because the infecting virus converts the cell's mechanisms for
producing macromplecules to its own use, the synthesis of host nuclé;c

LY
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acids and proteins which are necessary for normal cell growth may be

o

prevented:or altered. This can lead to dam§ge or even death of the
host cell. Death can also be caused by lysis as the progeny virions
leave the host. Thése direct cytopathic effects can have serious con-
sequences when the target cell is necessary for the organism's well-
being. An alternative outcome of the infectiecn is that the cell may

become persistantly infected with the virus or undergo transformation,

——

in which case the viral nucleic acid remains associated with the cel]
for a long peried of time without replicating. This association may
Be manifested as disease years after theLoriginal exposure to the virus.
An agent such as a virus which can kill its host before the
host attains repreoductive age must impose strong selective forces on the
organism. Indeed, animals have evolved a complex series of mechanisms
for preventing or limiting viral infections (reviewed by Fenner, 1973).
When an animal is confronted with a replicating antigen such as a
virus. early mechanisms of defense could be verv important in limiting
the agent's growth. The production of interferon by virus—infected.
cells may inhibit the replication of the virus in neighbouring cells:
Activation of the alternate pathway\of complement can result in direct
lysis of virus particles or can enhance phagocytosis by macrophages.
Virions alone are also engulfed bv macrophages, within which many viruses
are unable te replicate. The production of defective virions has been
postulated to interfere with the replication of infectious virus progeny.
Recently it has been demonstrated that the activity of natural killer
lymphocytes_is enhanced early after virus infectioﬁs; these cells may

have a role in clearing intracellular wvirus by lysing infected cells.



These non-specific defenses may continue to function until the virus is
com}letely cleared from the host.

Animalsg usually begin to produce specific defense mechanisms
against the vifus within four days of infection. Bone marrow-derived
(B) lymphpcytes differentiate into plasma cells which secrete virus-
specific antibodies; Antibodies can reduce virus numbers by neutraliza-
tion of their infectivity, or by cpsonization, which enhances phagocytosis
by various effector cells. Antigen—antibody complexes can activate the
classical pathwa; of coﬁplememt, which can lyse ejither the infected cell
or ‘the virion itself. Antibodies can also "arm” a variety of effector
Eells, which then ééecifically lyse virus—-infected target cells.

The second form of specific immunity is mediated by thymus-
deri (T) lymphocytes. Two subclasses of T cells, T helper cells and
T suppressor cells, are involved in vegulating the nature and magnitude
of the immune response, and interact with macrophages, B lymphocvtes and
other T lymphocytes to generate specific effector functions. Cvtotoxic
T lymphocvtes specifically lvse virus-infected target cells which share
the same histgcompacibilicy antigens as the effector T lymphocvtes. A
variety of lymphokines may be secreted by sensitized T lymphocvtes in
response to contact with the viral antigen, leading to infilctration by
mononulear cells and polymorphonuciear leukocytes and other manifesta-
tions of inflammation or delayed hypersensitivity. Thus, the host has
ar. arsenal of defense mechanisms against virus infections.

Pichinde virus, an arenavirus, causes a lethal disease in omne
strain of Syrian hamsters, MHA, but not in other strains. The fatal

outcome is associated with an inability to limit virus replication, and
L]



) b
death appears to be due to a virally-induced necreosis within the

reticﬁloendothelial system, (Buchmeigr aAd_Rawls; 1977; Hurphﬁ et al.,
197?;fﬂawls and Leung, 19795. The elucidation of the mechanism(s) by
which the resistant strain is able‘to limit Pichinde virus growth and ”
subsequently survive the infecrion has been the subject of these:
studies. The results B;esented in this thesis suggesé tPat MHA hamsters
may possess a 3pleeh tdrget céll for Pichinde virus replication which
the resistant strain lacks. The data are consistant with the hypothesis

"

that this target cell may be the hamster natural killer (NK) lymphocvte.

1.1 Strain'Differences in the Susceptibility of Syrian Hamsters to

Lethal Pichinde Virus Infections

-

Pichinde virus is a member of the arenaviridiae, a group” Jf
viruses that is'distinguighed morpholcgically by the presence of
;ibosome—like particleslwithin the ceore (reviewed by Rawls and Leung,
1379). Arenavirugses are enveloped, round or oval-shaped viruses with

L

an average diameter of 110-130 nm. (Rowe et al., 1970 a, b). The
\ .
nucleic acid is ribonucleic acid (RNA); of the five species which have

been identified in Pichinde virus, only two, the 315 (L) and 225 (5)
segments, are thought to be virus specific. Each of the virion RNA
fragments appears to have unique genetic information (Vezza et al.

1977a) and probably does mothave & messenger function (Leung et al.

1977). The three qther species, of sizes 285, 188 and 4-6S, are
probably derived from host ribosomazl RNA and transfer RNA (Carter et
al., 1973; Peterson, 1973). The virion has at least four structural

polypeptides. The majer protein, VP-1, has a molecular weight of

66,000 daltons and is thought to be a ribonucleoprotein. It appears to
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be resPonéible for the induction of :omplement—fixiné‘gntibgdies
(Rawls and Buchmeier, 1575; Buchmeier et al., i97?) agd containsg anti-
genic determinants which cross-react serologically with proteins from
aother memhéﬁs of the arenmavirus group (Buchmeier and Oldstone, 1977).
Two glycoproteins can be demonstrated in Pichinde virions; VP-2 has a
molecular weight of 64,000 daltons, whereas VP-3 i; approximately
34,000 daltons., Both these glycoproteins are associated with the
envelope (SenGupta and Rawls, '1979; Vessa et al., 1977). A fourth non-
glycosylated polypéptide, VP-4, with a moleculaf weight of 12,000 ..
daltons, has been discribed (Ramos et al., 1972; Buchmeier et gi.,
1977; SenGupta and Rawls, 1979). This protein appears to be internal
and has considerable antigenic activity (éenGupta and Rawls, 1979).

Pichinde virus was isolated from the cricetine rodent,

Oryzomys albigularis, in the Pichinde valley of Colombia, South America

{(Trapido and Sgnmartin , 1971). Like other arenaviruses, Pichinde
virus produces a persistant infection in its natural host. Animals
which have been infected with arenaviruses at a very eafly age_shed
virus in the urine and saliva throughout their lives and ﬁay:Aanifest
no clinical signs of infection (Johnson et E&“ 1673: Webb et EE:’
1975). In additjon to these naturally occurring persistant infections,
several arenaviruses cause seve?e diseese in humans; these viruses
include the agents responsible for lymphocytic choriomeningitis (LCMV),
Argentine hemorrhagic fever (Junin virus), Bolivean hemorrhagic fever
(Machuporgirus) and Lassa fever (Lassa virus). Typical features of the
pathology in patients suffering from fatal arenavirus infections include

generélized hemorrhaging into the tissues, focal hepatic necrosis and



hyperplasia of reticular cells (Elsner éE al., 1973; Child et é&.,

¥

1967; Winn and Walker, 1975).
Junin and Machupé viruseé are two membeF§ of the so;called
Tacaribe complex, the members oflwﬁich are serologically related.
This.group includes Tacariﬂe, Aﬁapari, Parana, Tamiand, Latino and
Pichinde viruses. It has been obsérve& that Pichinde virus induces a

lethal infection in one strain of Syrian hamsters, (Mesocricetus

auratus) but not in other strains (Buchmeier and Rawls, 1977). It does
not, however, cause a clinically significant infectiua pf humans
(Buchmeier et al., 1974). Thus, the pathogenesis of this infection is
amenable to study and permits the comparison of the disease in two strains
of animals which differ in their susceptibility to the infection.

Both the LVG and MHA strains of hamster are susceptible to a
lethal infectiop with Pichinde wvirds when injected early in life
(Buchmeier, 1976; Buchmeier and Rawls, 1977). The LVG strainm rapidly
acquires resistance to the infectiaﬁ; by 8 days of age the mortality is
usually between 0% and 10X. In contrast, adult MHA hamsters are markedly
susceptible. The fatal infection is accompanied by high levels of
viremia. At 8 days of infection, virus titres in the blood of infected
MHA hamsters peaked at approximately 108 plaque-forming units (pfu) per
ml compared to less than 103 pfu/ml in resistant LVG animals.

The pathogenesis of Pichinde virus infection in these two stralms
of hamsters has been studied by -immunofluorescense and by light and
electrén microscopy (Murphy et al., 1977}. Lymphoid organs of infected
animals underwent pathological alterations. Ium thé spleens of MHA

hamsters, the infection was initiated in the marginal zones and the
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periarteriolar lymphatic sheath. Extensive necrosis of both the white

and red pulp was exhibited by dey 7; destruction was essentially com-

- -

plete by day 10, A mononuclear ceil ﬂppéﬁred to be the major target

for virus growth. Some infiltration by.granulocytes, but not by
mononuciear cells, was evident. In contrast, the small amount of viral
antigen in spleens of LVG animals at 4 days after infection was cleared
by dav 10 and a graﬂﬁlocytic infilftation. marked the end of histolegical
alterations in the épleen. Lymph necde cells of beth strains showed
ﬁroﬁiﬁant germinal centre development, and a few foci of viral antigen
were found in reticular cells. In addition, lymph nodes of MHA hamsters
showed evidence of macrophage involvement, while lymph node cells of

IVG animals did not. ?n the bone marrow cf MHA animals, antigen was
present in approximately 1 in 10,000 cells, and in approximately 10% of
the megakargocytes; no antigen was found in LVG marrew. The thymus
showed no evidence of infection.

Viral antigen was first demonstrable in the liver of MHA
hamsters within 4 days of Infection. Focal necrosis of the Kupffer cells
and hepatocytes was exténsive at 10 days, invelving 20-30% of the cells
and the necrosls paralleled virus antigen content. Much cellular debris
was present at the site of the lesions and in nearby sinuscids. At this
time, no inflammatory cell infiltration in the lesions was evident. In
LVG hamsters, virus antigen was derectable at 4 days of infection, but
at no time afterwards. Moreover, focal nezrosis was limited to less
than 1% of the cells and was very localized.

The blood of infected animals showed a granulocytosis that was

more extensive in MHA than in.lVCG animals. In addition, a slight

-5
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.
reduction in the numbers of small and large lymphocytes wés apparent.
Viral antigen was present in kidneys of adult MHA hamsters at & day
after infection; querate pathological changes were evident in the(ﬁ/
medulla late in infection. Antigen was alsc demonstrable in the brains
of infected MHA animals. However mo viral antigen or histological
changes were evident in the br;ins of LVG hamster. Other organs showed
variable and modest degrees of infectiom.

In summary, Pichinde virus exhibited a tropism for cells of the
reticuloendothelial system in Syrian hamsters; the extent and severity
of the necrosis was extremely pronounced in the susceptible MHA strain.
The lack of a mononuclear cell infiltrate suggests that the lesions
were not attributable to a host lmmune functicn, but rather were due to
a2 direct viral cvtopathic effect. The histologic analysis of Pichinde
virus pathogenesis resembles the findings associated with Lassa fever
and Argentine and Bolivean hemorrhagic fevers in humans (Winn and
Walker, 1975; Elsner et al., 1973; Child et al., 1967).

Preliminary studies on the basis for the dichotomy in the
response of LVG and MHA hamsters to Pichinde virus have been performed.
Primary kidney and peritoneal exudate cells from LVG hamsters supported
Pichinde virus replication in vitro as well as did cells derived from
the susceptible MHA strain. This suggested that no innafe difference
existed in the capacity of these cells to support virus replication
in vitro. Of course, this is not necessarily the case in vivo. 1In facr,
the titres of virus in various organs after Pichinde virus infection in
vivo generally paralleled levels of viremia. This suggests that events

occurring in vivo may well differ from the situation in vitre.

l
i
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Studies on the productién of antibodies directed against
Pichinde virus antigens have been done (Buchmeier and Rawls, 1977). !

The kinetics of production of complement-fixing antibodies were simi-

lar in'both the LVC and MHA strains, and the peak Eltres of antibody

were comparable, This antibody was thought to detect antigenic
determinants in the ribonucleog;otein of the virion. Sera were alsc
assayed for the presence of antibodies directed against antigen , present
on the surfacelof infected cells by the ability of the sera to block

the binding of l'251--1abelled anti-Pichinde virus immunoglobulin. Again,
no major difference in the kinetics of titres of antibedy were detected
in the response of LVG or ﬁHA hamsters to this antigen. Thus, the
humoral immune response in Pichinde virus infection as asseéséd by anti-

body preduction appeared to be intact in both susceptible and resistant

hamsters. !

It has been noted that cyclophosphamide treatment of Pichinde-
virus-infected LVG hamsters abrogated their age-scquired resistance to
the disease. This ohservation has led to the suggestion that cell-
mediated immunity may have a role in limiting Pichinde virus replication

(Buchmeier and Rawls, 1977). Furthermore, evidence suggesting a
protective roi;ﬁ}or iﬁmunity is derived from the observationm th?t
newborns of resistant strains are susceptible to lethal Pichinde virus
jnfection, the assumption being that the immaturity of immune responsive-
ness accounts for susceptibilitv. The studies by Murphy et al., (1977)
on the pathogenesis of the viral diseaselhave implicated the viral

cytopathic effect as the primary cause of cellular necrosis. One

explanation for the susceptibility of MHA hamsters to Pichinde virus
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infection, then, is that this strain lacks an adequate cell-mediated
inmune response to Pichinde virus,

1.2 TFactors Underlving the Genetically Determined Susceptibility to

Viral Infectlons

- That susceptibilify to a virus infection can be genetically
inherited may seem obvious. Many instances are known in which viruses
are restricted.to a narrow host range. Factors such as body tempera-
ture or the presence of suitable target cells in a particular species
determine whether or not that species is susceptible to a wvirus,
However, many cases in which strains within a species show differences
in susceptibility to & virus infection are known and have been documented
extensively in the literature (reviewed by Pincus and Snyder, 1973; Bang,
1978). Studies of these cases have provided information concerning
the mechanisms by which virus replication may be restricted in genetically
resistant animal strains. Some examples which illustrate the ways in
which a hest can prevent virus growth or spread are presented in the
following brief review.

A virus must have access to & target cell if it 1s to replicacte.

In chickens, the presence of a particular "tv" al@ele results in the
expression of a receptor on the cell surface which facilitates the
adscrption of che avian RNA tumour viruses (Vogt and Ishizakl, 1865).
Susceptibilicty to each of the five subgroups of avian RNA tumour viruses

is controlled by a "tv" gene specific for that group (Pani, 1976), Cells
which do not express a\{eceptor for viruses of a given subgroup are

resistant to infection in vitro. However, if the cell is infected with

pseudotypes of nucleic acid derived from the excluded wvirus wrapped in
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protein coats derived from viruses for'which tﬂe cell has a receptor;
then fhe ;Esistanée of the cell to the virus replicaéion is overcome
(Crittendon, 1968).  This suggests that once the avian tumour virus has
adsorbed ro and penetrated the resistaﬁt chick cell, no further block
on replication 1s present.

Marek’'s disease virus (MOV); a herpesvirus, causes a lymphoma-
tous and neuropathic disease in certain strains of chickens. It has
been’ suggested that resistance to MDV is contrclled by at least two
genes, one of which is at the Ly-4 locus. The presence of the suscep-
tibilicy allele results in the expression of a T lymphocyte antigen
which may act as a rifeptor for virus adsorption to target T
lymphocytes; the ahsence of the gene product is thus associated with
resistance to infection (Gallatin and Longenecker, 1979)

Many animal stralns possess genetic information which leads to
the restriction of virus replication cnce the virus has penetrated into
the cell. The genetic resistance of mice to Friend leukemis virus
disease is under complex contreols. The virus stock actually consists
of two components, spleen focus-forming virus (SFFV) which is defective
for replication, and lymphoid leukesis virus (LLV), which acts as a
helper virus (Lilly and Pincus, 19}3). The susceptibility of mice to
the LLV component is under the control of a single autosomsl
gene, Fv-1, which has two alleles, n and b. Cells which express the
Fv-1" allele are able to restrict the growth of b-tropic murine leukemia
viruses and conversely, n-tropic viruses grow only poorly in cells
synthesizing the Fy-1° product. The mechanism cof restriction is not

fully understood; however, studies with pseudotypes of vesicular stoma-
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titié virus (VSV) nucleic'aqiﬂ'wrappéd in MulV coats demonstrated?that
adsqrption and penétration of incompatibdle viruses did occur (Huang et
al., 1973). Jolicoeur and Baltimore (1976) have suggested that the
Fv-l gene product ﬁay restrict the integ;ation of the pro-viral DNA
1n£o host chromoéomal DNA, an event that is required for virus replica-
tion.

Aﬁother example in which host cells are able to abort wvirus
infection is previded by the genetically determined resistance of mice
to infection with St. Louis encephalitis virus (Webster, 1937). C(Crosses
of th; resistant strain with the susceptible strain vielded Fl Progeny
wiFh & survival rate similar to the resistant parent. When the Fl
progeny were backcrossed to the parental strains, the results indicated
that resistance was controlled by a single domipant gene. Cultures of
brain cells from susceptible mice supported virus replication in vitro
to high titers; in contrast, cells from resistant mice supported virus
growth only poorly.

Yellow fever virus, like St. Louls encephalitis virus, is
5 flavivirus. Mice of either the Swiss or PRI strains were susceptible
tc a lethal infection with vellow fever when voung, but the PRI strain

rapidly acquired resistance to the virus.. This age-acquired resistance

was 2 dominant traict controlled by a single gene (Sabin, 1952, quoted by

. Bang, 1978). Simflarily, che resistance of mice to Russian spring-summer

encephalicis virus and louping 111 virus, two other flaviviruses, 1is
also controlled by a single dominant autosomal gene.
Some comprehension of the nature of the genetic resistance tc¢

these flaviviruses was gained from studies on a fifth member of the
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group, West Hile virus. Primary cultures of spleen cells and peritoneal
macrophages from susceptible mice yiglded high titres of virus after
infection with the virus in vitro, while peritoneal exudate célls
derived from resistant strains produced almost no virus after seversl
days in culture. Lung cultures displayed this dichotomous response &s
well, but primary kidney cells did not (GoodmaQ And Koprowski, 1962):-w
Thus, these studies Implicated macrophages as the cruciai cell in
determining susceptibility to the fatal infection. The reduced ability
of cells derived frowm resistant mice to support virel growth in vitro
suggests that & similar event may occur in vivo, resulting in low levels
of virus,

Another example of a geneticallg determined cellular susceptibi-
lity to a virus 1is the age-acquired resistance of certain mouse strains
to infecrion with mouse hepatitis virus, MHV-2. In this case, suscepti-
bility is dominant in Fl progeny of (susceptible X resistant) parents,
and is controlled by a single gene (Bang and Warwick, 1960; Kantoch et
al., 1964; Weilser and Banpg, 1976). The EE‘EiEE susceptibility of the
mice correlated with the ability of macrophages derived from susceptible
but not resistant gstrains to support virus replication in vitrc (Weiser
et al., 1976). However, it has been observed that thymus-derived (T)
lvmphocytes from adult resistant strains are also required to protect
young mice. These results imply that a macrophage~-T lymphocyte inter-
action may be important in vivo in rendering the macrophages resistant
to the virus infection. Again, the exact mechanism by which adult
macrophages from resistant strains suppress MHV-2 replication is not

clear. No difference in adsorption has been demonstrated. It has
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been hypothesized that a block in-virus development occurs after
penetration {(Shif and Bang, 1970).

Inbred strains of mice which differ in their susceptibility
to Influenza virus type A have alsc been described. ﬁesistance is
controlled by an autosomal dominant gene (Lindenmann, 1962). Primary
cultures of kidney cells from susceptible or resistant mice supported
virus replication in vitro equally well; however, macrophages from
resistant mice appeared to be resi;tant to the virus, while macrophages
obtained from susceptible strains supported virus replication in vitre
(Lindenmann et.al., 1978). "The mechanism(s) by which macrophages re-
strict wvirus replication have not been defined.

The sbove examples of genetically acquired resistance to a
virus infection depend on the ability of the host to prevent a virus
from entering or replicating in the target cell. If the hest cannot
block virus replication within susceptible target cells, then its
survival could depend on mechanisms which 1limit spread of the virus
progeny to secondary targets. TImmune defense mechanisms, which have
already been discussed, reach thelr full potential some time after the
animal Is born. The immaturity of the immune response early in life
frequently is requnsible for the Increased susceptibility of young
animals to virus infections. TFor example, the age-acquired genetic
resistance of mice to infection with ectromelia virus reflects age-
acquired differences in the immune respense to viral antigens (Schell,
1960; Roberts, 1964). The ability of adult mice to resist fatal
infection with Coxsackie B-3 virus is also related to maturing of the

humoral immune response (Rager—Zisman and Allison, 1973). The co-



16

transfer of ﬁeritoﬁeal exudate cells with antiviral antibodies, but not
peritoneal cells alone, protected animals against the lethal diseasde.
However, ﬁntibody alone is probably not sufficilent to produce resis;
zance. Resistant mice which had been treated with the immuncsuppressive
agent cortisone before infection with Coxsackie B-3 wvirus, developed high
levels of viremia and many died desplte the presence of normal titres

of neutralizing antibody_(Woodruff, 1979). The immigration of mono-
nuclear inflamﬁatory cells into target organs was greatly reduced.

These observations suggest that both mononuclear cells and antibedy are
reqqired for recovery from Coxsackie B-3 virus infection.

It has been noted that the genetically acquired resistance of
chickens to Marek's disease is controlled by two genes. 16 addition o
the Lv-4 leocus, which determines the presence of a receptor on T-lympho—
cytes for virus adsorption, the B locus, located within the major
histocompgtibility complex of the chicken, plays a role in resistance.
The dominant le gllele confers resistance to the disease upon strains
of chickens which have this allele (Longenecker and Gallatin, 1977).

It has been suggested that the B21 allele may give the host the abilicy
"to immunoclogically restrain the proliferation of MDV-transformed cells,
(Longenecker et al., 1975 , quoted in Longenecker and Gallatin, 1977).

The infection of cats with feline leukemia or sarcoma viruses
frequently, but not always, results in tumour formation. There is
some evidence that an immune respounse to a cell surface antigen present
on leukemia cells may play a role in determining the ocutcome of infection.
It has been observed that cats which never developed tumours, or had

tumours that regressed, hwud high titres of anti~FOCMA antibodies

———
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. (Essex, 1977). FOCMA, an acronym for feline oncornavirus

associated cell membrane antigen, is an unique antigen which is present
on the surface of feline lymphoma and virus-infected cells. It is
thought not to be a structural virus protein (Egsex, 197?) and

may require a host function for its expréssion. Cats that died of
tumours had either no anti-FOCMA antibaody or very low levels. No
correlation between survival and the presence of antibodies directed
against structural proteins of the virus was demonstrable. Thus,

tumour formation appears to be related to the cat's ability to generate
; huﬁoral immune response against FOCMA. This correlation could have

#

rwo explanations. One possibility is that cats which develop leukemia

are unable to make FOCMA. The other is that these cats may be genetical-

ly unable to immunologically reapond to the antigen.

The examples described so far represent situations in which
disease results from a direct effect of the virus, and resistance lies
either in the abiliry of target cells to resist virus infection or in
an immune response to the virus. However, the immune Tesponse occas—
ionally acts to the detriment of the host: the immune destructien of
an infected cell, when the viral cytopathic effect is relatively benign,
can result in disease. Lymphocytic choriomeningitis (LOM) is a viral
disease of mice. The pathogenesis of the acute disease has been
attribured not to a direct effect of the virus but rather to the host's
cell-mediared immune response against virua-infecred cells {Doherty
and Zinkernagel, 1974). The severity of chronic disease asgociated
wvith virus infection is genetically controlled, and has been correlated

to the histocompatibility type of the host (Oldstone et al., 1873).

T
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Since the genes associated with the major histocompatibility complex

3

are known to determine the nature and extent of the host's immune
[

response to a wide variety of antigens (Benacerraf and Gerpain, 1978),
it has been suggested that LCM disease is a function of the ability of
the host to recognize viral antiged and mount & cell-mediated immune
response, {(McDevitt et al., 1974; Dldstdhe, 1975).

As has already been pointed out, the host possesses a number
of non-specific defense mechanisms which help to limit virus replica-
tion or spread. These non-specific defenses may also be genetically
regulated. TFor example, the genetically détermined resistance of RV
mice to infecrtion with West Nile virus has been partially related to
the ability of mouse embryc fibroblasts from resistant mice to produce
defective interfering virus particles which interfere with normal virus
replication (Darnell and Koprowski, 1974},

Bang (1976) has pointed out that the inheri-
tance of susceptibility to Newcastle disease virus correlated with the
genetically determined levels of interferon in certain mouse stralns.
It was suggested that the extent of interferon production may have been
responsible for limiting virus replicaticn and possibly altered the
course of the disease.

The age-acquired resistance tc herpes simplex virus (HSV)

infections in mice is also genetically controlled. Resistance is a

dominant phenotyﬁe and 1s under the regulation of at[igéﬁivgycxgenes

y
(Lopez, 1975). Resisthnce was originally thought to be associated with
a2

the ability of the waturing macrcphage to restrict virus replication

in vitro (Johnson, 1964). However, Fl(resistant X susceptible) progeny,
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which themselves are resistant to the lgthai virus iﬁfection, have

been shown to possess fnatz.rophages which support vi_i'us repliéation as
well as cells derived from the susceptible parent {(Lopez, 1977). T
lymphocyte function is very important in survival (Lopez, 1977;
Rager—Zisman'and Allison, 1976), but it was not possible to demonstrate
an absence of T lymphocyte responsiveness in susceptible mice.

A strong correlation between the ability to survive HSY
infection and the capacity to reject bone-marrow graftsbwas noted by
Lopez (1977) and confirmed by Kirchner et al. (1977). The ability of
Fl progeny to reject parental bone-marrow grafts is controlled by the
Hhk-1 locus (Cudkowicz, 1975; Clark et al., 197%). The effector cell
which mediates allogenelc resistance is thought to be identical to the
effector cell that is responsible for natural killer (NK) activity
(Harmon et al., 1977). Furthermore, animals which demonstrated high
levels cf allogeneic resistance were resistant to HS5V infection while
animals with low levels of allogeneic resistance were susceptible-
(Lopez, 1977). Thus, these observations suggested that NK cells played
a role in resistance against HSV infection.

Support for this hypothesis 1s derived from work by Rager-
Zisman and Allison (1979). %hese pecple showed that treatment of mice
with cyclophasphamide, which increased their susceptibility to fatal

_BSV infection, decreased levels of spleen NK activiry. In addition,

"
the treatment of mice with anti-interferon antibodies, a procedure
known to inhibit NK activity (Djeu et al., 1979a), markedly accelerated
the appearance of disease and death in HSV-infected mice (Gresser et

al., 1977).
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NK cells maj alsc play a ro;e inlthe’resiétance oﬁ mice to
murine leukemia virus (MﬁLV).' As has already been.pq ted out, the
resistance of mice to murine'lgukemia virus is unjer complex controls.
The Fv-2 gene reéulates absolute resistance to the defective épleen
focgs—forming virus (SFFV) compenent of Friend virus disease (Lilly and
Pincus, 1973), and resistance‘is }ecessive. It has been shown thét
treatment with the bone marrow-seeking isotope 898r ablates resistance
to the virus (Kumar et gl., 1974}, This.suggested that a marrow—
dependant cell or "M cell"”, played an important role in Fv-2 regulated
resistance against Friend virus disease. 'Since 89Sr treatﬁent of mice
also markedly reduces NK activity (Haller and Wigzell, 1977), a rela-
tionship between M and NK cells may exist. Thus, Fv-2 mediated
resistance to Friend disease may involve a requirement for functiomning

NK cells.

1.3 Natural Killer (NK) Cell-mediated Cytotoxicity

Natural killer (NK) lymphocytes were originally detected by
their ability to lyse tumour cells in vitro. NK lymphocytes have now
been demonstrated in many species, including man, mice, guinea pigs and
rats {(Altman and Rapp, 1978; reviewed by Pross and Baines, 1977;
Herbermann and Holder, 1978, and Herberman et al., 1979).

Several lines of evidence indicate that NK lympﬁocytes have
some importance in vive. At one time, it was thought that T lymphocytes
were responsible for recognition and elimination of altered cells such
as tumour ﬁells or virus-infected cells. It was found, however, that
congenitally athymic “nude" mice were no more susceptible to spontaneous

tumour formation or te challenge with chemical carcinogens than normal
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mice. "Nude" mice have b;én shovn to have substantial NK activity
(3erberman and}Holden, 1978). Furthermore, Herberman et al. (19f7)
have demonstrated that the injection of normal or ‘nude mice with tumour
cells aﬁgmehéed endogenous NK activity. Those_gumours which did arise
in nude micé were not susceptible té NK activitf '(Herberman-and .
Rolden, 1978B). Thege findings suggest that NK cells may have a role in
immungsurveillance'agaiust_tumdurs (Baldwin, 1977). Fufther evidénce
for this idea was provided.by stzaies on strains of miée which have
genetically determined differences in NK activity (Kiessling et al.,

1975). Chimeras were created by repopulating irradiated F

1 recipients

with bone marrow, a source of NK cells, from parents which expressed
"high NX" or "low NK" activity. The recipients were then challenged
with histocompatible tumour cells. It was observed that the presence

of bone marrow cells from the "high NK" parent correlated with a

reduced (50%) tumour take in the F, recipients, in contrast to the 100%

1
tumour formation that was seen when "low NK" cells were used to repop-
ulate the Fl animals (Haller et al., 1977). Turthermore, preparations o
of spleen NK cells which had been_partially purified by remcval of B
and T lymphocytes and macrophages'(Kiessling et al., 1976), ar by
positive selection for an NK cell-specific antigen (Kasai et al., 1979),
weré able to suppress tumour growth in vivo when inoculated with tumocur
cells into recipient mice.

'In addition to-a role in Immunosurveillance against tumours, NX
cells may also be important im certain viral or bacterial infectioms.

Many different viruses have been shown to induce WK activity in wivo

(Herberman et al., 1977; rev. Herberman and Holden, 1978; rev. Welsh,
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1978). This rise in activity appeared within one day of infection,
and peaked at three days (Welsh and Zinkernmagel, 1977; Welsh, 1978). .
: o
It was found in the spleen, peripheral lymph nodes, paritoneal
. « e -

-

_ cavity, peripheral blood and the Eﬁne marrig. This wide-spread activity
thus preceded the development of dgtectablgvlevels of specific effector
cells by a few days. It has already been mentioned that the genetic
resistanée of mice to fatal HSV infectlon correlated strongly with the
genetically determined levels of NK activity in these strains (Lopezf/fﬁ
1977); manipulations of NK activity induced corresponding alterations in
susceptlbility to the virus (Rager-Zisman and Allison, 1979). Thus, NK
cells may r%BpEEenﬁ an =arly non-specific defense mechanism against
certain.ingéccious diseases.

In view of the potential importance of naturally occurring
cytotoxic cells in host defense, considerable effort has been expended
in their characterization. Qlthough NK effectar cells derived from
different species demonstrate considerable variabil%}y in their proper-
ties, they do possess some common properties {reviewed by Herberman and
Holden, 1978). KK cells are small, non-~adherent, non-phagocytic lympho-
cytes which 1ack'dECectable surface immunoglébulin (Kiessling et al.,
1975; Herberman et al., 1975; Shellman, 1973; Altman and Rapp, 1978;
Welsh, 1978). It has already been pointed out that NK cells can be
demonstrated in athymic "nude" mice; however, they probably express low
leveis of a thymus-associated antigen (Herberman et al., 1978), and °
alse a surface receptor for the Fc end of immunoglobulin (Herberman et

al., 1977; Arnaud-Battandier et al., 1978; Saksela et al., 1979). In

addition to expression of these two markers, the mouse NK cell alsc
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bears two Nﬁ cell-specific antigens on its surface, NK-1 (Glimcher
it_ al., 197‘7) and Ly-5 (Cantor et al., 1979).

Treatment of mice with the bone-seeking isotope 895: abrogaged
NK activity in the spleens of mouse strains which normally have high
levels of aétivity (Hal}er and Wigzell, 1977). Moreover, the adoppive
transfer of bone marrow from high or low réactive donors into irrad-
iated recipients resulted in the phenctypic expression of high or low
levels of NK activity, respectively (Haller et al., 1977). These
observations suggest that the precurscr NK cell is a bone marrow-derived
cell. NK activity is relatively resistant to irradiation {Hochman ég
al., 1978}, but it is sensitive tro cyclophosphamide treatment
(Herberman and Holden, 1978).

Many studies have been carried out in an attempt to establish
the specificity of killing by NK cells (reviewed by Welsh, 1978;
Herberman and Holden, 1978). The original observatiaon that NK cells
lysed tumour cells in vitro lied fo a search for virus-specific or
tumour-gpecific antigens which were specifically recognized by NK cells
{Ono et al., 1977; Herberman et al., 1974), Bétker et al. (1978)
demonstrated that the susceptibiliky of a cell to endogenous NK-
mediated lysis did not correlate with the expression of murine C-type
viral antigens. Further, unlike T lymphocyte eytolysis, NK cell-
mediated lysis did not appear to be restricted to histocompﬁtible
target cells (Becker et al., 1976). NK cells killed syngeneic,
allogeneic and even certain xenmogeneic targets (Welsh and Zinkernagel,

1977; Wolfe et al., 1976; rev. Welsh, 1978).

After induction in vive by viruses, chemicals or tumour cells,

&
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NK cells wérg able to 1yse most continuous cell lines and early passage

fibroblasts, regardless of their susceptibility to endogenmous NK celis

(Nunn et al., 1977). However, target cells dlffered dr
their snsceptibilit§ te NK-mediated lysisg, and the Sasi
not understood. Welsh (1978) has pointed out that primary C
toneal cells are lysed by induced NK cells from some, but not all,
strains of mice. He has suggested that NK cells hgve two levels of
recognition. The first level involves a non-specildic recognition of
transformed cell membranes, & feature which would be common to mOst
continuous cell lines. The second invelves specific recognition of an
antigen on primary peritoneal cells, rendering only certain periioneal
exudate targets susceptible to lysis by effectors from different mouse
strains (Welsh, 1978; Welsh et al., 1979).

The mechanism by which NK cells lyse target cells has been
studied (reviewed by Kiessling and Wigzell, 1979). The interaction
between effector and target cells was inhibited by the presence of EDTA,
indicating a requirement for divalent caticns. The bindgng of the
target cell by the effector cell proceeded at 4°¢ but lysis only occcurred
at temperatures between 20° -37°C. Moreover, inhibitors of cell metabo-
1ism, such as sodlum azide, suppressed NK-mediated lysis (Roder et al.,
1978: Kiessling and Wigzell, 1979). These observations suggest that
energy was required for lysis, but not for binding, of the target cell.
In the mouse, lysis proceeded rapidly and was essentially complete
within 2-4 hrs of incubatian (Welsh, 1978). In humang, however, NK
lysis proceeded linearly throughout the 18 hrs of incubation with the

target cells (Santoli and Koprowski, 1979).
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Because NK celis bear an Fc reéeptor for immuncglobulin, it
has been important to determine whether l}ais'df targets was mediated
through ﬁn intervening antibody. Such antibody-dependant cellular
eytotoxicity (ADCC) can be mediated by a variety of Fc receptor-bearing
célls, including polymorphonuclear leukocyteé and macrophages. However,
ADCC can be blocked by the presencé of aggregated gammaglobulin or
anti-immunoglobulin, while NK-mediated lysis is not. Thus, while the
NK effector cell may be able to mediate ADCC (de Laﬁdazuri et al.,
1979; Ojo and Wigzell, 1978; Santoli and Koprowski, 1979), the mechanisms
of NK-mediated lysis and ADCC are probably distinct (Keren et al., 1978;

Koren and Williams, 1978; Kiessling et al., 1976; Santoli and Koprowski,
1979).
: Reference has already been made to the fact that NK activity can
be augmented in vivo (reviewed by Herberman and Heoldenm, 1978; Welsh,
1978). 1In mice, injection of a number of viruses, including C-type
viruses, Kunjin virus, Semliki Forest virus, lactic dehydrogenase
virus, minute virus of mice, lymphocytic choriomeningitis virus, mouse
hepatitis wvirus, polyoma virug, Sendai virus, mouse adenovirus, Coxsackie
virus and Pichinde virus, Iinduced an augmented NK response which peaked
three days after infection'(McFarland et al., 1977; Herberman et al.,

1978; Welsh, 1978). The bacteria Bacillus Calmette—Guerin (BCG) and

Corynebacterium parvum had a similar effect (Herberman et al., 1977;

Ojo et al., 1978; Wolfe et al., 1976, 1977), as did interferon and
interferon-inducing agents such as polyinosinic:cytidilic acid
(poly 1:C), statolon and tilorone (Djieu et al., 1979; Gidlund et al.,

1978; Oehler et al., 1978). The injection of mouse tumour or chymus

-
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cells also induced NK activity which peakédlafter three days
(Herberman et al., 1977). fn\

fhe abilit& of éuch a heterogenous gfcup of agents to induce
or augment NK éctivity was also'obser?ed in rats., Oehler et al.
(1975&) showed that C._Earvuml lymphocytic choriomeningitis virus,
Kilham rat virus and poly I:C increased the ability of rat spleen cells ’
to lyse lymphoma targets in victro.

Similar information on induction of human NK activity is avail-
able. An increase in cytotoxic activity following vaccination with

swine influenza viros was noted (Herberman and Holden, 1878). ¥NK cell

activity has been generaped in mixed leukocyte cultures in vitro (Jondal
and Targan, 1978}, aft-r'incubation with virus-infected fibroblasts
(Santoli et al., 1978b) or tumour-derived cell lines (Trinchieri et al.,
1978a, b) and after the addiction of interferon or interfefoq inducers to
cultures of human lymphocytes (Trinchieri et al., 1978b).

The extreme heterogeneity of agents which were found to induce
NK activicty in vivo and in wvitro provided a clue to the mechanism behind
the augmented activity: all agents were able to induce interferon
{reviewed by Welsh, 1978). Studies to examine the role of interferom in
induction of NK activity were therefore initiated. Mice which' had been
injected with LCMV secreted detectable levels of interferon within one
day of infection (Welsh, 1978a). High levels were seen for the first
’three days after which titres dropped to low levels. The kinetics of
interferon release thus closely parallelled the kinetics of NK activity.

The ability of tilorone, statolon and Newcastle disease virus to augment

mouse spleen cell cytotoxicity against 51Cr—labelled YAC-1 tumour targets
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was abrogated by the presence of anti-interferon aﬁtibddy (Gidlund, et
al., 19?85, suggesting that the augmentation w;s mediated by interferon.
It has already been mentioned that interferon alone was able to induce
NK activity both in vivo (Welsh, 1978; Gidlund et al., 1978) and in
vitrc (Djeu et al., 1979a). Thus, interferqn appeared to be ah impor-
tant mediator of induction of mouse NK activity.

The role of interxferon in the activation of human NK lymphocytes
has also been studied. In vitro cultures of human lymphocytes inéubated
with anti-lymphocyte serum, antigen, mitogens (Neumann and Sorg, 1977),
tumour-derived or virus-~transformed cell lines, or virus-infected cells
all secreted interferon into the supernate (Trinchileri et al., 1978;I
Trinchieri and Santoli, 1978). The production of interferon in these
cultures correlated strongly with the appearance of NK activity. It
has been estimated that 70-90% of the NK activity seen in the usual 18
hour assay is attributable to the gemeration of interferon released
into the supernate during the incubearion, (Trinchieri and Santoli,

1978; Trinchieri et al., 1978; Santoll et al., 1978). The NK activitw

of human lymphocyvtes can also be augmented by directly adding interferon
to lymphocyte preparations (Einhorn et al., 1978; Zarling et al., 1979).
Thus, like the mouse system, these observations suggested that interferon
plays an important role in induction of human NK activity.

A most interesting and potentially impeortant observation was
that pretreatment of target cells with interferon for several hours
before assav completely protected them against NK-mediated lysis
(Trinchieri and Santoli, 1978). These authors have proposed that

interferon induces very efficient natural killer cells, but simultan-



28

eously-protects normal cells from lysis. The implication then is that

. " 4
NK cells represent an inducible seléctive defense mechanism against

tumours' and virua-infected cells. -

The augmentation of NK activity b; varilous agents is super-
impoéed on a background of endogenous activity that varies from one
strain of animslis to the ne#t. Mice can be classified into "high
reactive" and "low reactive"™ strains on the basis of the wmagnitude of
cytotoxicity in witreo against 5:L(:r-labelled YAC-1 Moloney virus-induced
lymphomas (Kiessling et al., 1975c). The genetic basis for the levels
of activity was examined in breeding experiments. High Teactivity
appeared to be dominant in Fl {(high X low) progeny, and the in vitro
NK acﬁivity correlated well with in vivo resistance to YAC-1 tumour
cells (Kiessling et =1., 1976). Analysis of test-cross progenvy for NK '
activity in vitro has suggested that multiple genes were involved, and
that an H-2-linked gene was present (Kiessling et al., 1975; Petranyi
et al., 1976). Tt has been proposed that the H-2 influence may be a
manifestation of an Ir gene function.

A genetic component has been found in the strain distribution
of WK acti;ity in rats as well. 1In centrast to mice, high reaceivity
was recessive. There was no evidence for linkage to the rat (Ag-B)
major histocompatibility locus {Cehler et al., 1978b). Genetic control
of NK activity may also occur in guinea pigs; two strains of guinea
pigs, 2 and 13, differed in their levelg of endogenous NK activity
(Altman and Rapp, 1978). Levels of human NK activity may also be
genetically controlled; correlation to HLA types has been reported

(Herberman and Holden, 1978).
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The mechandsms underlying genetic differences among strains of
mice in NK activity have been exsmined. Mice were thymectomized or .
splenectomized prior tec assay for NK activity in vitro (Haller et al.,
1978). Levels of NK activity in thymectomized, irradiated, bone-marrow
reconstictuted recipients were dependant only on the genotype of the bone
marrow donor; that is, "high NK" or "low NK" donors conferred the "high
NK" and "low NK" phenotypes, respectively, on the recipient. The
presence of thymocytes derived from "high NK" or "low NK" animals had no
effect on the marrow-dependant levels of NK activity. Splenectomy of
mice 4 weeks prior to assay did not alter levels of NK activity in
peripheral locations. Nor did splenectomy affect the reconstitution
of irradiated young mice with syngeneic bone marrow cells. These
observations suggest that the spleen did not affect peripheral NK
activity or the reconstitution of NK activity In irradiated animals.
Secondly, neither help nor suppression by T lymphocytes was demon-
strable for endogenqus NK activity.

In contrastf/to this situation, the host appears to possess
several mechanisms for controlling NK activity which has been augmented
by various agents. C57B1/6 mice, which were injected with & syngeneic
chemically induced tumor, were assayed for cytolytic activity by in vitro
lysis of target cells. Activity was present at one week and at 4-5
weeks after grafting, but was absent during the second week. Lymph
node cells obtained during this mute period could suppress the in vitro
cytotoxicity of lymphocvtes collected 28 dfys after grafting. Fraction-
ation of these cells according to size revealed that cytotoxic cells

were indeed present - but so was & larger, suppressive cell. This
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suppressor was adherent but non-phagocytic, ané was sensitive to
treatment with antibodies to theta antigen and complement. Thus, a
T suppressor cell was present which inhibited the activity of the
effector cells {Schaaf-Lafontaine, 1978).

Macrophages have also been examined for a possible regulatory
effect on NK activity (reviewed by Cuékowicz and Hochman, 1979). _The
ability df;irradiated Fl mice to reject parental bone marrow grafcs,
whith is thought to be mediated by NK cells, 1s abolished by'precreating
the F, recipients with carrageenan or silica (Cudkowicz and Yumg, 1971).
Since these agents are toxic to maérophages, the implication is that
macrophages may be involved in activationlof NK cells. Macrophages are
required for the poly I:C induction of mouse NK activity in wvitro; this
has been attributed to a requirement for these cells in the production
of interferon (Djeu et al., 1979b). Oehler and Herberman (1978) have
obseéved that silica reduced rat WK activiry when injected one to three
dqys prior to assay. 1In spite of this treatment, poly I:C was still able
£o enhance NK activity, even in adult thymectomized rats. This suggests
that in rats, T lymphocytes are not required in the activation of NK
cells, and further, that the poly I:C-induced enhancement can procede
without healthy macrophages.

In ;ddition to a role in activation of NK cells, macrophages may
also be able to mediste suppression. Spina and Hofman (1979) have
reported that an adherent, esterase-positive cell inhibited human spon-—
taneous cytotoxicityfgn vitro; it was thought to contribute significantly
to the loss of cytorexicity that is observed in cultures over a period of

time. The inhibitory effect of macrophages may be due to production of

.‘;
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prostaglandins, ﬁgents which have been shown to have a suppressive
effect on NK cell activity (Droller et al,, 1978). These OSSErﬁations
suggest that macrophage—liké cells may regulate the activity.of the NK
.cell system; possibly by the production of socluble medilators.

1.4 Svnopsis of the Study

Several members of the arenaviridiae cause fatal diseases in
humans, including the causative agents of Lassa fever aﬁd Argentine
and Bolivean hemorrhagic fever. Our present knéwledge of the pathogene-
sis of these diseases and the nature of the human immune response against
them has not provided metho&§ for prevention or treatment. However, Cthe
fact thart these viruses are biohazards has imposed restrictions on
extensive study.

In many respects, the pathogenesis of Pichinde virus infectien in
Svrian hamsters resembles that of fatal human aremavirus infections
(Rawls and Leung, 1979). A comparison of the factors leading to fatai
Pichinde wvirus diséase in the susceptible and resistant scrains of
hamsters may contribute to the understanding of the pathogenesis of
arenavirus-induced diseases. The information‘ derived from the study of
hamsters mav lead to practical approaches for preventing or controlling
human arenavirus infections.

The present s:tudies were begun in ordé} to establish whether
susceptibility ctoe the intraperitoneal infection of Pichinde virus was
under genetic contrel of the host, and to determine the basis for the
susceptibility of MHA hamsters.to a lerhal infecction with this virus.
Experiments to determine the genetics of survival and the ability to

limit viremia following infection with Pichinde virus were carried out.

¥
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The results are consistant with the hypothesis that a éingle autoscmal
dominant gene controls these phenotypes.

Previous work by Buchmeier and Rawls (1977) had implicated a
role for the immune response in recovery from Pichinde virus infection.
However, hoth strains of animalslappeared to have adequate humoral
immunity, as assessed by production of antibodies. Therefore, experi-
ments were undertaken to test the hypothesis that MHA hamsters possessed
a genetic defect in the ability to generate a cell-mediated immune
response against Pichinde wvirus antigens. Such a defect would be
expected to result in uncontrolled virus replication and death of the
animals. It was observed that, while MHA hamsters were unable to
respond with footpad swelling to a footpad challenge of virus, this
normally susceptible strain survived the infection when the virus was
given by this route. Furthermore, the animals surviving footpad
challenge were protected against 2 subsequent intraperitoneai challenge
of virus. This observation suggested that susceptible MHA hamsters were
able to generate = protective immune Tesponse against Pichinde virus.

During studies on c¢ytotoxic lymphocytes, it was found'that
susceptible MHA hamster spleens possessed higher levels of an endo-
genous cytotoxic activity against tumour cells in vitre than did the
resistant LSH hamsters. This lytic activity was augmented by Pichinde
virus infection to a greater extent in the MHA strain than in LSH
hamsters. The cell which mediated the cytotoxicity had properties
which are characteristic of natural killer (NK)icells.

An analysis of the target cellgxin the spleen early in infection

was undertaken. It was found that]cells with sedimentation characteris-
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tics in an albBlmin gradient and adhere.nﬁ'prnperti‘e;; similar to macro-
phages-were infected to aisimilar extent in.bo;h ;trains of hamsters.
However, in the susceptible MHA strain & second population of cells
was found to be infected by the.virus. This cell was non-adherent and
had sedimentation cheracteristics of lymphocytes; On the basis of these
observations it is concluded that a major factor in the fatal outcome
of intraperitoneal injection with Pichinde virus in the MHA hamsters is
iﬁf presence of a primery carget'cell which is present in reduced o
amounts or absent in the spleens of LSH hamsters. :
0f interest was the obser;ation that the putative target cell
co-purified with NK cell activity. Therefore, the hypothesis generated
from the observations is that MHA hamsters have an additional target
cell, defined by its NK activity, for Pichinde virus replication which

the LSH strain leacks.
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MATERIALS AND METHODS: ™
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2.1 Animals

L

-

The inbred MHA and LSH strains of hﬁmstgrs, the outbred LVG

strain, and Fl(LVG X MHA) progeny were gbtained from Charles River

'(Lékeview, NJ). Fl(LSH X MHA) and back-cross ﬁrogeny were.bred in the

anfmal quarters at McMaster University. The hamsters had access to

‘Purina chow and water ad 1ib. They were housed in wire-ropped poly- .

carbonate cages with no more than 3 animals per cage. Animal rooms
received 14 hrs of light daily between 2:00 A.M. and 4:00 p.m., a
time period chosen to facilitate breeding.

2.2 Cell Lines and Cell Culture

Baby hamster kidney (BHK) cells wefe obtained from fhe Imperial<)
Céncer Research Foundation in London, England, by Dr. C.R. Howard
(London School of Hygiené and Tropical Medicine). Verc cells, derived
from an Africén green monke§ kidoney, were purchased from Flow Labora-
tories (Rockville, MD ). These two cell lines were grown in Eagle's
minimal essential medium (MEM F-15; Flow Laboratories, Mississauga,

.

Ontario) containing 10%Z v/v hegt-inactivated fetal bovine serum (FBS:

A

Grand Island Biological Company, Grand Island, NY), 0.75 g/l sodium

bicarbonate, 100 U/ml penicillin and 100 pg/ml streptomycin (GIBCO).

Syrian hamscer embryo (SHE) cells were a gift of Dr. J. Docherty

(University Park, PA.). These cells were derived from cultures of

13 day old embryos; the cells represent a continuous cell line which

had not been established by transformation with viruses. SHE cells were
grown in medium 199 (Flow) supplemented with 10% v/v tryptose phosphate
broth and antibiotics. .

Two cell lipes were derived from tumours induced in MHA and LSH



haﬁsters by adenovirus type 12. The method of establishing cell-iines
from ‘tumours has been described in detail by Tompkins et al..(1974).
Nannatal MHA and LSH hamsters were’ injected subcutaneoualy with 10
“wvirus particles. . Selecped*agimals bearing tumours were sacrificed and
the: tumours were aseptically éxciéed._ The ﬁumours were ﬁinced'into
small fragments with scissors, and.ﬁhé fragments were then monodispersed
b& incdbationlin 0.15% érypain (GfBCO) for 1 hr at 37°C and then over-
night at AOC.’ The supernate, containing single cells or small clumps
of cells,‘was decanted:énd poured into 75 cm2 plastic tissue culture
ﬁlasks.(Corning Glass Works, Corning, NY) containing‘alpha MEM (Flow) /,/_
supplemented with 10% v/v FBS, 0.75 g/wl sodium bicarbonate,0.02 M hydroxy-
ethylpiperazine N'-2 ethansulfonic acid pH 7.24 (HEPES) bu{fer {(GIBCD),
3% v/v distilled water, and antibiotics. This medium is subsequently
referred to as oaMEM. The monodispersed cells from an MHA hamster were
grown into mogflayers, and established intc a cell line designated MAD.
A cell line derived from an LSH hamster was called LAD.

The herpes simplex viriis type 2-transformed hamster cell line,
333-8-9T was obtained from Dr. Fred Rapp (Hershey, PA) and was also
propagated in &MEM.

2.3 Viruses and Virus Assays

2.3.1 Pichinde Virus
' The original isolate of Pichinde virus, strain AN 3739, was

obtained by Trapide and Sammarzin (1971) from the blood of a roden&

called Qrvzomys albigularis A stock of virus was made by infectigg

monoclayers of BHK cells with 1-3 plaque-forming units (pfu) of vir;L

\

-

per cell. The virus was allowed to adsorb for 90 min at 37°C. The

1
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cells were then refed with F-15 MEM. The virus was harvested after 48
hr of incubation éf the infected cells at 37°C. Aliquots of viéus
wére'dispersed into vials‘and stored at -90°C. This stock, which had
a ?itre of 106 pfu/ml, vas used in all animal studies. Animals wére

injected intraperitoneally (IP) with 2 X 103

pfu Pichinde virus dilute&
in 0.2 ml F-15 MEM unless otherwise noted. ~

Pichinde virus was assayed by plating 10-fold dilutions on
confluent monolayers of Vero cells grown in 60 mm2 plastic tissue
culture dishes (Lux Scien'tific Corporation, Newbury Park, CA), accord-
ing to the method described by Mifune et sl. (1971). Briefly, thé
virus was adsorbed to Vero cells for 90 min at 37°C. The infected cells
were then overlaid with MEM F-15 supplemented with the additives already
described, glus 50 U/ml mycostatin (E.R. Squibb & Soms, Inc., Primceton,
NJ}, 0.75 g/l sodium bicarbonate and 1% w/v Bactoagar (DIFCO Laborator-
ies, Detroit, MI),. 'Follpwing an incubation for 3 days at 370C, a
second agar overlay containing 0.1 g/l neutral red (GIBCD) was added.
Plaques were enumerated after an additional incubation of 24 hr at 37°C.
2.3.2 Herpes Simplex Virus

Herpes slmplex virus (HSV) type 1, strain K0S, was isolated from
a 1lip lesion of a patient. The propagation of HSV has been described
by Rawls et al. (1968). Stocks of the virus were prepared by infecting
monolayers of Verc cells with an ﬁOI of 1-3 pfu/cell. After adsorptien
for 60 min at 37°C, the infected cells were refed with MEM F-15. The
'celis were then incubated’at 37°C until a complete cytopa;hic effect
was visible, The supernate, containing virus, was centrifaged at 29,000

rpm for 1 hr in.a Damon/IEC B60 ultracentrifuge. The pellet of virus
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was then Fombined‘with a cell lysate, obtained by freeze-thawing
infected cells and centrifuging at a low speed to remove debris.

? pfu/ml, and was stored at -90%¢.

This stock had a titre of 1 X 10
2.3.3 Vaccinia Virus

A stock of vaccinia virus, strain WR, was made,prepared and
titred as described by Wiederkorn-Buchmeier (1977). Briefly, primary-
rabbit kidney cells were infected with D.1 pfu/cell. The virus was
allowed to adsord for 1 hr at room temperature, and the infected cells
were refed with MEM F-15. After an incubation of 48 hr at 376C, the
infected cells were freeze-thawed in the virus-containing mediuﬁ, and
debris was removed by low speed centrifugation. Aliquots of the
supernate were frozen at -50°C; the stock had a titre of 2.5 X lO7
pfu/mlj - ®
2.5.& Vesicular Stomatitis Virus

Veslcular stomatitis virus (VSV), strain HR-LT of the Indians
serotype, was cbtained from Dr. L. Prevec, McMaster University. The
preparation and method of titrationm of this virus have been described by

d

SenGupta and Rawls (1979a). To briefly outline the method, BHK cells
were infectedlwith S pfu/cell. Afrer an adsorption of 30 min at 37°C,
the plates were refed with MEM F-15 and returned to the 37°C incubator
for 18 hr. The virus—containing supernate was harvested and frozen
in aliquots at -90°C. This stock had a titre of 1 X lO7 pfu/mi.
2.3.5 Adenovirus

Adenovirus type 12, strain 1131, was a gift of Dr. S. Mak (McMaster

University). Its preparation and method of assay have beer described

by Smiley and Mak (1978). For studies on oncogenicity of this virus,

A

N
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ten~fold dilutions of the virus stock were made in phosphate buffered
galine (PBS) and 0.1 ml of the appropriate dilutions were jnjected
subcutaneoﬁsly into necnatal hamsters.

2.4 Infeccigﬁs Centre Assays

Infectious centre assays were performed on lymphoid cells from
infected hamstérs by making 10-fold dilutions of cells in medium and
adding 0.2 ml of appropriate dilutions to drained monolayers of Vero
cells which had been grown in 60 mm tissue culture dishes; Afrer 1 hr

at 37°C the menolayers were carefully ovgr{;yed with MEM F-15 med

céntaining 1% w/v agar. A second agar o&drlay containing utral red
(O.i g¢/1) was added 3 days later and plaques were counted after an
additional. day of incubation at 37°%. .Previoﬂ51y, it was found that
infectious centres assayed by this method correlated well with the

number of antigen—containing BHK cells (SenGupta and Rawls, 197%a).

2.9 Growth Curves of Pichinde Virus In Vitro

.Peritoneal exudate cells were obtained by aseptically washing
the peritoneal cavity with 100 ml Hanks' balanced salts solution
containing ZZ-v/v FBSﬂ antlbiotics and 0.75% w/v sodium bicarbonate.
The cell suspension was then centrifuged at 200 g for 10' at
QDC, and re;uspended in GMEM. Suspensions of spleen cells were pre-
pared as described for the 51Cr Teleage assay.

Cells were'{;;;ZLed in’ suspension by mixing 2 X lO7 viable
nucleated épleen cells with 2 X 107 pfu Pichinde virus in a total
volume of 2.0 ml GMEM. After an adsorption of 90’ at 37°C, the infected
cells were washed 3 times wich 10.0 ml oMEM to remove any unadsorbed

virus. The cells were then resuspended at & concentration of 2 X 106

+
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cells/ml, and 1.0 ml was aliquoted. into a pulypgbpylene‘tube. The
tubés were then incubafed at 37°C. .Duplicate samples were removed
at 0, 2, 24 and 48 hr and frozen at =45°C. All samplesrwere sub-
jected to 3 cycles of freeze-thewing, and duplicate samples were

peoled prier to assay for infectious Pichinde virus on monolayers of

Vero cells.

2.6 >lcr Release Assay

The procedure described by Clark et al. (1977) was followed,
with some modifications. Spleens which had been aseptically removed
from sacrificed animals were minced with scissors and the fragments
were gently pressed through a 50 pauge wire mesh screen. These cells
were suspended in OMEM (supplemented as above), and large debris was
removed by layering the cell suspension over FBS. The cells were then
counted by trypan blue exclusion in a hemacytometer apd adjusted to
1 X 107 viable nucleated cells/ml. Doubling dilutions of these spleen
cells were made in 96 well flzt-bottom rissue culture plates (Linbro),
in a total volume of 0.1 ml oMEM.

Stocks of moncdispersed target cells which had been suspended
in oMEM containing 10% v/v dimethyl sulfexide (DMSO) and frozenm in
liquid nitrogen were thawed out and grown in culture for 1 to 2 days.
This procedure wminimized experimental Qariation. The target cells were
monodispersed by trypsinization and lagelled with 250 uCi sodium .fr‘
51chromate {(New England Nuclear, Bostom, MA.) for 90 min at 37°C, in
Hanks' balanced salt solution (HBSS) without Cat++ or Mg+ (GIBCO)
supplemented with 10% v/v heat-inactivated FBS, 0.02 M HEPES, and 3%

—

v/v water. The labelled cells were then washed 3 times in HBSS and
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suspended in OMEM at a final concentration 6f 1X 105 viable cells/ml;
The target cells, in a volume of 0.1 ml, were then added_to wells
containing effector cells and incubaféd'%oiﬂ}% hr, unless otherwise
noted, at 37°% iﬁ 002 incubatér. The plates were centrifuged at

200 g for 10 min, and 0.1 ml supernate was removed and counted in a
gamma counter (Beckmgn Gamma 300). ﬁalue§ for maximal release were
obtained by mixing 0.1 ml of the labelled iarget cells with 0.1 ml
water containing 1% v/v NP-40. Spontaneous Telease was determined by
incubating the target cells in 0.1 ml oMEM for the dﬁration of the
assay and usually ranged between 35 and 50% of the maximal release.

Results are expressed as the mean per cent specific 51Cr release of

4 replicates, where

test cpm — spontaneous
es- =P 2or X 100%
maximum -~ spontaneous

% specific SlCr release =
The standard error of the mean for the data that will be pre-

sented was always less than 5% unlegs otherwise indicated.

2.7 Characterization of MK Cells

2.7.1 Adherence

A maximum of 4 X 107 spleen cells, at a concentration of
2 X 106 cells/ml, was Incubated in 100 mm sterile plastic tissue
culture dishes {(Corning) for 60 min at 37°C.  The supernate, which
contained non-adherent cells, was decanted. The monolayer was then
washed 3 times with 5.0 ml PBS lacking Cet++ or Mg+t to remove any
remaining non-adherent cells, and the washes were addéd to the first
supernate. Adherent cells were gently removed from the plastic with
the aid of a rubber policeman and suspendéd in 5.0 ml PBS. Beth

adherent and non-adherent cell fractions were centrifuged at 200 g



(i1

- e s

N P D L0

o - m e L L

42

[}

- for 10 min, resuspended in aMEM and adjusted to a final céncantration

” ,

of 1 X 10° viable nucleated cells/ml. The total Tecovery was usually

between 75-95%.
2.7.2 Phagocytosis and/or Adherence of Carbonyl Iron Particles
Spleen ceils, adjusted to a concentration of 1 X 108 cells
in 7.0 ﬁl aMEM, were incubated with l.O‘g carbonyl iron in_l.g_ml
PBS for 45 min at 37°C with occasional shaking, as described by Lee
et al. (1976). The carbonyl iron-containing cells were then held to
the side of the tube with the aid of a magnet, and the carbonyl iron-
resistant cells were aspirated, washed once and readjusted to 1 X 107
viable nucleated cells/ml. The yield of cells after this treatment
represented 23-50% of the input depending on the source of spleen cells,
2.7.3 Lability of Cytotoxic Activity
Effeetor cells were diluted in O.lrml OMEM in microtitre plates,
as described feor the SlCr release assay. These cells were then incu-
bated for 24 hr at 37°C in a 002 incubator prior to testing for cvtoto-
xic activity against fresh 5lCr—labelled MAD targets.
2.7.4 NH&Cl Treatment
Spleen cells were treated with NHQCl a2s described by Shortma;
et al. (1972). ‘The cell preparation, which had been centrifuged at
200 g for 10 min to pellet the cells, was suspendhe in 3.0 ml of 0.174
M NHACl, 2 solution which Is iso-osmotic to hamstef serum. The cells
were incubated in NHACI for 10 min at QOC, and then 1.0 ml of FBS was
layered beneath the cell suspension., The cells were again centrifuged
to pellet’the remaining cells. This treatment destroyed 99.9% of the

red blood cells as assessed by emumeration in trypan blue, while
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approximately 90% of the white.cells was recovered,
2.7.5 Reguirement for Divalent Cations

To assess the fequireﬁent for divalent catioms, 0.025 M
ethylensdiaminotetracetic acid (EDTA) diluted in oMEM was added to
individual wells during the standard Slcr release assay either before
the targets were added, or at various times during the 16 hr iq‘hba—
tion, to give 4 final concentration of 0.005 M EDTA.
2.7.6 Expression ofy Surface Immunoglebulin

Immunoglobu&)n—bearing spleen cells were removed by suspending
2.2 X 107 cells in 2.0 ml of rabb}t anti-hamster immﬁnoglobuliu anti~-
serum diluted 1:10 in ‘oMEM containing 0.2% w/v bovine serum albumin
(aBSA) in place of FBS. After incubation for 30 min at B?DC, the cells
were washed and resuspended in Low Tox rabbit complement {Cedarlane
Laboratories, Hornby, Oot.) diluted 1:7.5 in @BSA. After a second
incubation' for 30 min at B?OC, the cells were washed in aMEM and
resuspended at a concentration of 1 X lD7 viable cells/ml prier to

testing for NK activity.

2.8 Velocity Sedimentation of Spleen Cells

Spleen cells were separated by velocity sedimentation under
unit gravity at 4°C in a STA-PUT apparatus (0.H. Johns Scientific Co.,
Ltd., Torontoc, Ontario), as described by Miller and Phillips (1969)
and modified by Miller (1973). Briefly, spleen cells suspended in
0.2Z w/v bovine serum albumin (BSA) in PBS were layered beneath PBS
in the sedi{méntation chamber (diameter, 24 cm). A stacking region of
0.35% BSA, and then a continuous gradient of 1.0 - 2.0% BSA in PBS,

was formed beneath the cell layer. The cells were allowed to settle
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through this gradient fog 3.5 to 4.0 hrs at s%c. Frﬁgtions of 50 ml
were collected and the sedimentation velocity for each fraction was
calculated as previouély des;ribed (Miller an& Phillips, 1969;_Hilief,
1973) using.a computer proéram developed by Dr. David Tlark (McMaster
University). In one experiment, sedimentation chambers of a diaﬁeter
of 12 cm were used, in which event 25.0 ml fractioms were collected,
The cells in the fractions were concentrated by centrifugation at

200 g for 10 min and resuspending the pellet in 1.0 ml of OMEM. The
viakle cell content in each fraction was then assessed by trypan blue
exclusion in a hemacytometer. The concentration of each fraction was
adjusted t; 1 X 107 viable nuc%sated cells/ml; fractions were pooled
when necessary to maké up the re;uired concent;ation. Each fraction
vas then assayed for NK activity by 51Cr Telease fromw labelled MAD cell

targets, and for infectious centres.

2.9 Footpad Swelling

The hind footpads of animals to be tested were pre-measured
using a micrometer (Moore and Wright, ltd., Sheffield, England). One
footpad then received an injection of virus in a volume of 103 using
a Hamilton constant delivery syringe and a 27 geauge, 1/2'" needle. 1In
some cases, a similar volume of control antigen, which was a sonicated
preparation of BHK cells, was injected into the other rear footpad.
Daily measurements of both hind feet were then made.

2.10 Histological Studies on Fobtpads

Animals were satrificed using ether, and the hind feet were
amputated and fixed in 10¥ buffered formalin. The samples were de-—

calcified and embedded in paraffin wax prior to sectioning and
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staining with hematoxylin-eosin. The coded samples were scored by

Dr. Jarrett Gardner at the Centre for Disease Control, Atlanta, GA.
, .

2.11 Complement—fixation'Test for Detection of Antibody

Antibodies against Pichinde virus antigens were quantitated
by complement fixatién. Thg procedure described by Kagan and Norman
(1970) was adapted to microtitre plates.

Doubling “dilutions of the sera to be tested were made in
round bottom 96-well Microtiter plates (Cooke Engineering Company,
Alexandria, Virgini;) in a total volume of 251 of veronal buffered
diluent (VBD), using constant delivery (253) Microtiter dilutiom
loops (Cooke Engineering Company, Alexandria, Virginia). To each of
triplicate wells was added 5 units of antigen in a total volume of,
25X. One unit of antigen was defined as that smount of antigen which,
in the presence of excess anti-Pichinde virus antibody, consumed 50%
of the available complement. The positive antigen was prepared by
sonicating and freeze-thawing Pichinde virus-infected BHK cells.
This antigen preparation did not react with normal hamster sera, but
had a high titre when reacted with immune sera from Pichinde virus-
infected animals. In this case, a 1:320 dilution of the antigen
preparation contained 1 unit of antigen, and therefore a dilutien of
l:64 contained 5 units of antigen. As a negative control, all test
sera were also assayed against a sonicated preparation of BHK cells,
diluted 1:10 in VBD.

- To each well containing antigen and antibody was added 3

C'H50 units of guinea pig complement (GIBCO) in a total velume of

50A. The gujinea pig complement had previously been titred against
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sensitized sheep red blood cells; 1 C'H50 unit was that dilution of
complement which lysed 507 of a 1.4% v/y suspension of sensitized
sheep red blood cells.' Each dilution of sera and both antigen pre-—
pa;acions were screened for anticomplementary activity by adding 5
C'H50, 2.5 C'H50, 1.25 C'H50 and no complement, in the abgence of
antigen or antibody, respectively. In all tests, both known positive
and known negative antisera were also Included as controls.

The antigen and antibody were allowed to react Qith complement
avernight at AOC, and then warmed for 15 min at room temperature.
Sheep red bldod cells wey¢ washed 3 times in VBD, and a 2.8% v/v cell
suspension was made. The sheep red blood'cells were sensitized by
incubating 1 volume of the washed 2.8% v/v cell suspension with 1
volume of haemeolysin (GIBCO), diluted 1:2000, for 15 min at room
temperature. This dilution of haemolysin had pﬁfﬂ{giiizhbeen de
mined as optimal; Individual wells then received 25X of the 1.4% v/v
sensitized sheep red blo;d cell suspension; the plates were 1lncubated
for 1 hr at 3700, at which time the complement controls exhibited the
appropriate amount of lysis. The wells were scored for the amount of
lysis on a 0—4+ scale, where 0 represented 100% lysis and 4+ indicaced
a clear supernate with an Intact red cell button. A reaction of -J-4+

was consldered poaitive.
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3.1 Genetics of Susceptibility to Pichinde Viruns Infection in Svyrian

Hamsters .

LVG hamsters, a random-bred strain maiﬁta§ned in a ;lbsed colony,
were used in the initial studies of susceptibility tc Pichinde v;rus.
LVG hamsters survived anlintraperitoneal challenge of at least 106 pfu
Pichinde virus (uwpublished observations) whergas‘HHA hamsters were
susceptible to as little as 35 pfu @Buchmeier and Rawls, 1977). These .
observations-raised the possibility that susceptibility to the lethal .
virus infection was genetically determined. To test this idea,
Fl(LVG X MHA) hamsters and back-cross progeny along with hamsters of
parental strains were injected with Pichinde virus and observed daily

for survival. The results are shown in Figure 1 and Table i. The
) ]

survival of the Fl hamsters and (Fl X 1LVG) progeny was significantly
different from that of MHA hamsteés (p<C.001 for both) but not different
from survival of LVG hamsters (0.1<p<0.2 and 0.4<p<0.5, respectively).
The surVi§31 of (Fl X MHA) progeny didlnot differ significantly from

the values expected for-a dominant characteristic controlled by a single
gene or linked genes (p=0.9).

Levels of viremia in these animals were determined 8 days after
infection with Pichinde virus (Table II). As shown in Table II,
Experiment 1, Fl(LVG X MHA) progeny limited virus replication in the
blood to 2.4341.58 log10 pfu/ml, while LVG animals had a mean titre of
2.80+1.13 log,g pfu/ml. MHA hamsters had a2 mean titre of 6.52+0.64 loglo
pfu/ml bleood, which was significantly greater than either LVG or
Fl(LVG X MHA) animals (p<0.001). Thus, the ability to limit viremia

behaves as a dominant trait. Among a total of thirty-five (Fl X LVG)

_back-cross progeny examined in Experiments 1 and 2,
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Figure 1
2

.Survival in Fl progeny after challenge with 105 pf& Picﬁinde_
virus. LVG, MHA and FI(LVG X MHA) animals were ineculated with 105
pfu Pichinde virus IP. Animals were caged individually and observed

*

daily for survival. N
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Table IT:

Inheritance of Ability to Limit Viremia after Pichinde Virus Infection

Genetic Background n Phenotype"" i Mean virusg titreli_SDd'
: ' - : (loglo pfu/ml blocd)

ggperimenf 1%
LVG ' 9 - 2.80+1.13
MEA 9 - 6.52+0. 64
F (LVG X MHA) 19 19 LVG . 2.45+1.58
F, X L6 21 17 LVG 3.65+0.73%

4 MHA 5.94+0.26°
F,X MHA 16 9 LVG 3.83+0.82°"

| 7 MHA 6.58+0.57°"

Experiment 25'
LVG 5 - ¢ 4.95+0.55
MHA 3 - 7.74+0.42 ,,//;
F, X LVG 14 14 LVG \‘_”ffg,1g5k<ﬂfgf
F, X MHA 24 13 LVG “1 3.78+1.46%

11 MHA | 6.95+0.54°"
a

Animals were injected with 2X103 pfu Pichinde virus IP.
Animals were injected with EKlOS pfu Pichinde virus IP.

F, and back-cross progeny were classified as having an LVG phenotype
i% their virus levels fell within 1.96 standard deviations (SD) of
the mean LVG virus titre. All titres above this limit were defined
as manifesting' the MHA phenctype.

Individual animals were bled by cardiac puncture 8 days after infection
with virus. Aliquots of blood were diluted 1:10 in medium and then

stored at -90°C until agsay for plaque—forming units on monelayers of
Vero cells. -

-

———
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Table II (Footnotes cont'd)

€ These titres represent the mean logl0 pfu of each phenotypic group -

in the back-cross progeny.
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thirty-one (89%) had titres which resembled the LVG parent. Among forty
(Fl X MHA) teét-crosa animals, twenty-two (55%) had titreg of virus
similar to theirlL?G parent and eighteen (45%) had tit;es which resembled
the MHA strain. These results are consistant with the jdea that a gingle
domitant gene controls vifus reéplication (D.6<p<0.7). No difference in
surviyal or virus titre with respect to sex of the animal was observed.
An analysls of coat=colour in F1 and back-cross progeny falled to reveal
a linkage of genes controlling this trait to those genes responsible for

survival and limiting viremia after Pichinde virus infection (data not

shown) . N
'In much of the later work, an inbred strain, LSH,was utilized for
comparative studies with the inbred MHA strain. While specific genetic
crosses were not performed between LSH and MHA hamsters, the LSH hamsters
were found to be similar to the LVG hamsters in their response to Pic%ipde
virus. The animals survived challenge with Pichinde virus and the mean

. -
virus titer 8 days after infection was 3.4 X 103 pfu/ml blood. The LSH
hamsters produced titres of anti-viral antibody comparable to{LVG hamsters,
and peritoneal exudate cells from these animals supperted Pichinde virus
replication in vitro as well as MHA peritoneal exudate cells (data not

shown) .

3.2 Studies on the Cell-Mediated Immune Réspomse to Pichinde Virus in

Syrian Hamsters

\ Studies were undertaken to analyze the mechanisms responsible for
the observed genetic differencgs in susceptibility to fatal Pichinde virus

infection in LVG, LSH and MHA hamsters. In the early studies, the histo-
@
patholog.f the virus-induced lesions in the susceptible and resistant
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animals was compared {Murphy et al., lé??). Focal necr;§is was observed
in a number of organs, particularly the liver and the reéiculoeﬁdothel—
iai gystem. The severity of necrosls correlated with the extent of |
virus infection as quantified by serum titres and was thought to be
responsible for the total outcome of the infection. Since the sites of
necrosis lacked evidence of a mononuclear infiltrate (Murphy et al.,
1977), the lesions did not appear to be of an 1mmun6pathological nature
but were most likely caused by a direct viral cytopathic effect. These
observations suggested that the main difference between the susceptible
and resistant strains lay in the ability te limit virus proliferation.
Because peritoneal exudate c¢ells and primary kidney cells from either”
hamster strain supported virus replication equally well in vitro
(Buclmeler igd Rawls, 1977), an innate difference in the ability of
target cells to support virus replication was an unlikely explanation
for the observed differences in susceptibility in vivo.

Other information suggested that the limiting mechanism could be
the develcopment of an immune response in the resistant strains. A pro-
tective role for immunity was implied by the finding' that cyclophospha-

mide treatment of LVG hamsters rendered them susceptible to a lethal
Pichinde virus infection. Furthermore, 1t was observed that resistance
in this strain developed post-natally (BUCQ?Eier and Rawls, 1977), in

associat%9n with the maturation of the host's,immune response. 3%52525;

it was also found that both strains of hamsters produced similar titres
of antibodies against internal antigens of the virion (Buchmeiler and
Rawls, 1971), suggesting that immune récognition of wviral antigens, as

assessed by the humoral immune system, was not deficient in the suscep-

]



56

' -
ible strain.

Therefore the hypothesis was proposed that MHA hamsters were’
genetically unable to generate an appropriate cell-mediated immume
Tesponse against Pichinde virus, leading to uncontrolled virus replica;
tion and death of the host. In order to test this hypothesis, some
studies of cell-mediated immunity were done.

3.2.1 The Footpad Swelling Response to Pichinde Virus

| Zinkernagel gt al. (1977) have reported that swelling of the
footpad 1is observedréight days after injection of lymphocytic chorio-
meningitis virus or vaccinia virus inte the footpads of rats. The
kinetics cf.the footpad swelling response coincided with the appearance
of cell—mediaced.immun%Fy, as measured by an‘increased welght of the
draining lymph nodes, increased numbers of lvmphocytes per neode, and
the presence of cytotoxic T-lymphocytes which specifically lysed
histocompatiﬁle virus-infected cells. It was concluded that footpad
swelling after a primary exposure to an antigen was a manifestation of
cell-mediated immunity. -

This test for cell-mediated immunity was performed using hamsters
infected with Pichinde virus. The results are shown in Figure 2. A
swelling response was observed in both LVG and LSH hamsterg after a
footpgd injection of virus, and it peaked between 6 and 8 days after
injection. Wo significant response was seen in MHA hamsters. This
pattern of response was not'elicited by control antigen alone, and was
independant of the dose of virus glven, over a range of 103 - 106 pfu

Pichinde virus (data not presented).
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Figure 2
Kinetics of the footpad swelling response after Pichindé virus
injection in the footpads of Syrian hamsters. Groups of three LVG, LSH
and MHA hamsters received an injection of 106 pfu/10X Pichinde virus in
the right hind footpads. The left pad received an injection of a soni-
cated preparation of BHK cells. Footpads were measured daily with
spring—~loaded calipers. The data are preseqﬁgd as the mean difference

in thickness between the test (right) and control (left) footpads.
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In order te define more closely the nature of the swelling in

.

LVG and LSH hamsters, histolegical analyses were ;afried out on foot~
pads from animals which had been injected with control antigen or
Pichinde virus, Feet from these animals were amputatea and then stored
in buffered forﬁalin prior to embedding in paraffin. Sections of these
samples were decalcified and stained with hematoxylin-eosin. The slides
were read by Dr. Jarrett Gardner at the Center for Disease Control,
Atlanta, Georgia. The results are summarized in Table T1I. In both LVG
and LSH hamsters, the control, virus-free preparation of BHK cells elic-
ited no histological response, while an injection of Pichinde virus
induced some edema and £ﬁfiltration by beth lymphocytes and macrophages
7-8 days later. This is typical of a cell-mediated immune CEeSponse )
lecalized in the footpad. MHA hamsters showed no evidence of a cellular
infiltration, as was expected from the lack of swelling.

To determine whether the footpad rouge of inoculation introduced
sufficient virus to elicit a host reaction, foorpad-injected hamsters
were bled by cardiac puncture on day 8, at the time of maximum swelling,
and again on day 13. Aliquots of blood were assayed for infectious
Pichiqde virus, and sera were assayed for antibodies to the virus by
complement fixation. These results are shown in Table IV. The 6§ MHA
hamsters had a mean virus titre of 3.90+0.83 loglO pfu/ml blocd 8 days
after infection; there was no detectable viremia by day 13. No virus
was demonstrable in the LSH strain. The antibody response, as measured
by complement fixation, was comparable to that elicited by IP immuniza-

tion, and was greater in MHA hamsters than in the LSH strain. Thus, the

failure of the MHA to respond to a footpad inoculation of Pichinde virus
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Table IIIL

Histology of the Feotpad Swelling Response to Pichinde Virus

- Strain Antigena' Histology of the Foo b,
edema PMN | lymphocytes macrophages
LVG Pichinde 1+ 0 1-2+ 1-2+
BHK 0 0 Trace Trace
LSH Pichinde 1+ 0 1-2+ 1-2+
BHK . 0 0 Trace Trace
MHA - fichinde 0 0 Trace Trace
BHK . Q 0 Trace Trace

Animals were Injected with 10° pfu Pichinde virus in the right hind
footpad, and with a sonicated preparation of BEK cells in the left
hind footpad. Animals were sacrificed 7-8 days later and the hind
feet were amputated, embedded in paraffin, sectioned and stained
with hematoxylin-eosin. Duplicate sections were read for each
animal by Dr. Jarett Gardner of the Center for Disease Control,
Atlanta, Georgia.

The amount of edema, and infiltration by polymorphonuclear leukocytes
(PMN), lymphocytes and macrophages was scored on a 0-4+ scale, where
0 represents no response, and 4+, a maximum response.
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with swelling cannot be attributed to Iack'of-ekpdsure to the virai anti-
gens. Furthermore, this experiment demonstrates that the ﬁHA hamster is
able éo 1imi£ viremia when_the virus 1s injgctéd via the footpﬁd. It was
also observed that the MHA hamsters survived the footpad inéculation of
Bichinde virus (data not presentéd). |

The footpéd inoculation of Pichinde virus protected MHA animals
-against a second challenge of virus given intraperitouéally, as shown in"
Table V. This second dose of virus, given by a normally lethal route,
induced augmented titres of complement-fixing antibody, implying that =
MEMory ;espoﬁse had occurred in response 45)3 second exposure of the
antigen. In addition, no viremia was detectable. Thege obgervations
suggest that, when chéllenged by an appropriate route, MHA hamsters are
capable of resisting Pichinde virus infection. At least two.mechanisms
can be proposed to account for this. One possibility is fhat cell-
mediated immunity, as measured by footpad swelling, is unimportant in
determining the outcome of Pichinde virus infection. An alternative
explana;ion is that inocu}ation of virus by the Intraperitoneal route
overwhelms the defenses of MHA hamsters, while the footpad route of
incculation delays wvirus sgr?éd sufficiently to all&w the host's immune
responses to clear the vif&g. A
3.2.2 ICytotoxic T Lymphocftes S;ééific for Pichinde Virus

Cytotoxic T lymphocytes, which specifically lyse histocompatible
target cells bearing the pari}cul&r antigenic determinant which elic;;ed
their appearance, usually become detectable by 3 days and peak 4-8 days after

primary exposure to the antigen. Spleen cells from hamsters which had

been infected with Pichinde virus, or from control uninf2¢£ed aniﬁals,
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were tested for tee bresenee of cytotoxic T lymphocytes in a 5lCr release
assay, using syngeneic and allogeneic tumour cells infected with-Pichinde}{
vi;us as targets. The kinetics of cytotoxic activity 1nduced following
Pichinde virus infection are illustrated in Figure 3.

, ;f . Spleen cells fram uninfeéted control MHA hamsters exhiﬁited de~
téctable levelg of cytotoxicity againmst both syngeneic and allogeneic
tumour ceiI targets, and this activity inereased after intraperitdneal
infection_ﬁith Pichinde vires. .The peak of activity eas reacheé cn the
third day after infection. Spleen cells from I'SE hamsters, which

usually showed lewer endogeneous levels of cytotgxicity (see Appendix),
showed less enhancement after viral infection. Syngeneic combinations

of cytotoxic effectors and targets yielded no”ggeater specific 5lCr
release than did the ailogeneic coﬁbinacions, and infection of rthe

target cells with Pichinde virus did not iecreasertheir susceptibilitcy

to lvsis. The kinetics of this cytotoxicity and the lack of spec1fic—

=4

1ty of lysis strongly suggested that the activity was not attributable

1

to classic T lymphocyte-mediated lysis.

3.3 Natural Killer (NK) Lymphocytes in Syrian Hamsters

The demonstration that a naturally occurring cytotoxic activity

against tumour cells existed in. hamsters, and thaf this activity increased

and peaked 3 days foilowing Pichinde virus infection, taised the possibilitf
that the cytotoxic effector cell was the NK 1ymphocyte. This type of cell-
mediated lysis had not been pre%iously described in hamsters. The data
also suggested that the endogenous lytic ,activity was high in MHA hamster
spleen cells, and that Pichinde virus infection augmented the activity to
a greater extentrih MHA than in'LSH hamsters. A statistical analysis on

5 ’ . Y
pooled data which Supports bhis suggestion is presented in the Appendix.

c'j'
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Figure 3

Kinetics of cytoi:‘.oxic activity inp théfspleen following Pichinde
virus infection. Groups of 2 hamsters were injected with 2000 pfu
Pichinde wvirus IP and spleens were removed from uninfected anjials (day 0) and
animals that had been infected 3, 5, 7 0or 10 days previously. - The spleen
cells were assayed for Cytotoxicity against MAD and LAD targets which had
or had not been Infected with'Pichinde virus 24 hrs previously. This
data was obtained using an effector-to~target cell ratig of 100:1; simi-
lar patterns of inis were obtaimed at ratios of 50:1 or 25:1., The

.

asterisk indicates that the values were less than the spontaneous release,
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Thua,}an investigétion of the properties of the ter effector cell
and its rnlé-tn Pichinde virus Infection was initiated. |
S 3.3.1 Parametefs of the SlCr Release Assay for Hamster NK -cells

Very little is known concernipg\tﬁe mechanism of NK—mediatéds
lysis. As with cytotoxic T lymphocyte-mediated killing (rev. Cerottini
and Brunner, 1974), contact with EEgﬂggyget cell appears.to be necegsary
(Kiessling & Wigzell, 197%). The interaction between cytotoxic T-
lymphocytes and the target cell i1s facilitated by the presence of Cat+t
and Mg++ ions (Martz, 1976) and killing is inhibited by the presence oﬁﬁ
EDTA during the incubation (Plaut et al., 1976).
3.3.1.1 Requirement‘for Divalent Catioms

To determine whether the presence of EDTA had a similar effect
on éytotoxicity'mediated by the hamster effector cell, spleen cells
from Pichinde virus-infected MHA hamsters were“incubated with SlCr;
labelled MAD targer cells with ithout addition of EDTA to the
medium. As shown in Table Vi, EDTA inhibiped the cytotoxic activity .
0f the effectot cells almost completely. Thus, divalent cations are
' requiréd for the prcducgive interaction between hamster effector cells
" and the Slcr—labelled targets. !
3.3.1.2 Kinetics of Cytoly;is

The lysis of 51Cr-labeled target cells by the moﬁse‘NK lympho-
cyte is essentially complete within 4 hrs of_incubation (Welsh, 1978).

In contrast, human NK-mediated cytotoxicity progeeds at a linear rate

for at least 18-20 hrs (Santoli and Koprowsk#, 1979). A kinetic study

51

of “7Cr release from MAD targets in the ﬁresenge of hamster effector

cells was carried out to determine the optimal incubation time in the

b
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Table VI

Requirement for Divalent Cations .

Treatment®" ‘ Mean percent specific SICr'réleaée.i,SEM
100:1°" o 50:1 25:1

None 48.3+2.1 36.340.9 . - 23.8+0.4

EDTA 4.46¥0.7 : 7504 B. 4+0.8

& Effecgir cells from Pichinde virus-infected MHA spleens were ifncubated
with ~“Cr-labeled MAD targets for 16 hrs at 37°C. For treatment with
EDTA,0.025M EDTA was added to each well at the time the labelled tar-
gets were added, to glve a final concentration of 0.005M EDTA.

b Effector-to—target cell ratios.
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hamster sy;tem. Spleen cells were incuﬁhted with targets for 4, 7.5 or
16 hrs,-and per cent specific 5:l'C'J.- release';as determined. The results
are shown in Figire 4. Thé data obtained from a 24 hr incubation are
not presented because the spontaneous release.at ;hiq time was almost |
90% of the maximum, and the specific.release consequently was of the
‘order of 10%. Unlike results obtained in the mouselsyﬁtem, lysis of
the 5-lC:c'»labellted target cells proceeded slowly, Use of a 16 hr -
incubation gave high specific release with relatively .low spontaneous
releage and this incubation period was used in all further assays.
-Furthermore, the addition of EDTA after 4 hrs or 16 hrs of incubation
to prevent further interactions, followed by a second incubation of 1

to hrs to permit any residual 510r to escape from the damaged targets,

did not jgive significantly higher specific 51Cr-—release values (Table
This indicates that further cation-dependant interactions between
the effectors and targets were occurring between 4 and 16 hrs of incuba-
tion, and that the increase in specific release was not attributable to
delayed releaase of the label after the target cell was damaged.
3.3.1.3 Dependance of Lysis on the Presence ?f Cells

A quantitetive relationship exists békween the concentration of
effector cells and the degree of lysis of the target cells in T lympho—
Cyte-medlated cytolysis (Cerottini ,and Brunner, 1974). If the lysis of
tumour target cells by the hamster effector cell is a cellular function,
then a quantitative relationship shpuld be demonstrable in this system as
well. Such a relationship is implicit from the obsertation that doubling
dilutions of spleen cells mediate proportionate reductions in the amount

~

of lysis. This cenclusion was confirmed and extended by experiments

T
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L3 L

Figure 4
Kinetics of cytolysis. Spleen cells from control hamstars or
han__xsters which had been infected T.th -Pichinde virus 3 days previously
were incubated for various times with 5:I'Cr—l.stbi?.iled HAD target cells,
using an 'effector-to-target cell ratio of 25:1. Comparable date were
obtained using ratios of 50:1 and 100:1.
e—w» LSH control

. . Pichinde virus-infected LSH

B——® HA control

Bl--———N Pichinde virus infected MHA
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Table VII

Effect of EDTA Added at the End of the Incubation/gpriod

Length of Incubation™ Treatmentb' Time of Mean_per cent e
' with EDTA | Harvest f[specific ~~Cr releaset+SEM °
4 none 4 hrs 12.240.6
| EDTA t=0 | 4 hrs <SR
| EDTA t=4 | 4+l hrs 10.7+1.0
“ EDTA t=4 | 442 hres . 16.3+1.3
EDTA t=4 | 4+3 hrs 10.6+1.0
16 none 16 hrs 48.3+2.1 ¢
EDTA t=0 | 16 hrs 4. 440,76
Y : y : -
EDTA t=16 | 16+l hrs 52.6+1:9 - S
o
EDTA t=16 | 16+2 hrs 49.8+3.5 “

. Effecgir cells from Pichinde virus-infected MHA spleens were incubated

with
o

Cr-labelled MAD targets for 4 hrs or 16 hrs.

EDTA, at a final concentration of .005M, was either present during the
assay (t=0} or added at the end of the 4 hr incubation period (t=4) or
the 16 hr incubation period (t=16). In the event that EDTA was added
at the end of thg incubation, the cells were incubated for a further 1,
-2 or 3 hyxs at 37 C prior to agsaying for ““Cr in the supermate.

Cells were tested for cytotoxic activity against 51Cr—labelled MAD
targets using an effector-to-target cell ratio of 100:1. Similar
data were obtained using ratios of 50:1, 25:1, 12.5:1.and 6.25:1.
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Figure 5

Relatlonship between number of effector cells and the amcunt of

lysis.

A. Spleen cells were obtained from control MHA hamsters (MC) and
hamsters which had been infected IP 3 days préviously with Pichinde
virus (MP). The concentrations of each were adjusted tec 1L X lO7 célls/ml,
and then various volumes of MC cjzls were added to MP cells as indi;ated-
in the figure to give a final velume of 1.0 ml. Dilutions of these mix-

tures were then assayed for cytotoxic activity against 51Cr—labelléd MAD

targets. P

51 4
B. The per cent specific Cr release in each mixture was plot-

ted against the relative number of effector cells from control “and Pichinde

virus-infected hamsters.
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in whiih mixtu:eé of spleen éells from control and Pichiﬁde virus-
i;fected animals were assayed for cytofoxic activity. As illﬁstréted

in Figure 5A, the actual per cent release was qbservad to increase.in_
.proportion to the relative number of effector cells dérived'froﬁ Pichinde
virus—inkectgd hamsters, i.e., from hamster spleens exhibiting aué;ented
cytotoxic activity. The relationship between per cent release and the
relative numbef of cytotoxic cells deriyed from Pichinde virus-infected
hamsters appeared to be a linear ome (Figure 5B). These data suggested

that lytic activity behaved as a cellular function.

/ :
3.3.1.4 Role. of virus-specific antibodies in Pichinde virus-induced NK

activity
To assess the.role of virus-specific antibody in the augmented
cytotoxic activity which is induced by Pichinde virus infection, control |

and Pichinde virus—infected hamsters received injections of saline, necr-

’
"

mal hamster serum, or a high titered immune hamster anti-Pichinde virus
serum. On the day of assay, hamsters were bled by caydiac‘puncture and
the serum samples were used to check the efficiency of the transfer.
Spleen cells from these animals were then tested for cytotoxic activity
against,SICr—labelled MAD targets, and for infectious centres. As the
data in Table VIII show, the ;asgivé transfer of immune serum was
successful; thg sera from all animalg'which received an incculation of
hamster anti-Pichinde virus antibedy had a CF tiffe greater than 1:32,
a value that is comparable to that observed in hamsters é;ght days

after an intraperitoneal injection of Pichinde virus.. No other animals

had detectdble aﬁtibodies against the virus.
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- ) 4 guﬁber of‘intefesting points can be made from the éata. The
tra;sfer of immune serum, Aas comparéd to normal serum, had little
effect on therendogenous cytotoxic activity of normal spleens.
Secondly, iﬁmune serum did not increase the augnented cytotoxicity
seen in Pichinde virus;iﬁfected animals above levels seen in recip-
ients of normal hamster serum.’ These?ata suggest that transfer of
antibody has lirtle effect on the Pichinde virus-induced augmentation
of NI activity in either strain of hamsters.

The transfer of immune serum did not appéar to increase the
number of infectious centres iﬁ the spleens of Pichinde viu.-rs~~
infected MHA or LSH hamsters above levels that were present in the
spleens of hamsters which receivegﬂaﬁly an injection of saline.
Houever,‘a small iﬁcrease in NK activity and the number of infectious
centres was ncted inm Pichinde virus-infected MHA recipients of
normal ﬁamster cerum above levels observed in MHA animals that
received an injection of saline. In contraét, LSH animezls that
recéived an injection of normal hamster sera showed 2 decrease in
infectious centres compared to the number observed in LSH hamsters

that received saline alone. The significance of these changes is

unclear.

These obser¥akions suggest that hamster cell cytotoxicicy
e
is not attributable to antibody-dependant cell-mediated cytotoxicity.

Furthermore, the development of Pichinde virus infectious. centers

seems to be unaltered bv the presence of anti-FPichinde virus anti-

¢ bodies in the infected animals. ﬁ\,//



79

3.3.2 Prbperties.of the Hamster Effector Cell
| The 1aék of antigenic specificity and th; early development of
‘cytotoxicity after virus infection suggested that the cytotoxic cell
in hamsters was an' NK cell, To further test this idea, characteristics
of the hamster effector cell were studied. Properties of NK cells in
different species have been summarized by Herberman and Holden {(1578).
In other systems, the NK éffectgﬁ’is a small, non—adherent, non-
phagocytic lymphecyte lacking surface immunoglobulin. Mouse NK cell
activity ia extremely labile 1n~cultufa. These criteria for NK
activity were applied to the putative hamster NK cell.a
3.3,2.1 Adherence to Plastic
#

Spleen cells from infected LSH and MHA hamsters were incubated
on plastic dishes, as described {n Materials and Methods, and thevadher-
ent and non—adherent fractions were tested for cytotoxicity agaigst
51Cr-labelled MAD targets. A yepresentative experiment is shown“in
Figure 6. Cytolysis was seen in the presence of bath adherent and
non-adherent cells from either hamster strain, but most of the lytic
activity was associated with the non—adher;;t fraction.
3.3.2.2 Phagocytosis and/or Adherence of Carbomyl Iron

. Cells f;mm the spleens of control or infected MHA and LSH

hamsters were incubated with cafbonyl iron to remove phagocytic and/or
adherent cells. Carbonyl iron-containing cells were removed with the
aid of a magnet, and the residual cells were tested for cytotoxic \
’activity against SlCr—labelled MAD target cells. -A typical result is

shown in Figure 7. Treatment cf the effector spleen cells from either

Pichinde virus-infected or control animals with carbonyl iron did not
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Figure §
Adherence of effector_cells to plastic. Spleen cells from 6
infected LSH or MHA hamsters were incubated in plastic petri dishes

for 1 hr at 37°C. Non-adherent cells, obtained by decanting the

supernate and washing th& monolayer with PBS minus Cat++ and Mg++, and

adherent cells, obtained kv scraping the remaining cells off the plastic
i

dish with the ald {f a rubber policeman, were tested for cytotoxicity

against JlCrmlabelled MAD targets.
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Figure 7
ﬁffect of carbonyl iron pretreatment cn cytotoxic activity.
-épleens from control animals or animals which had been infected with
Fichinde virus 3 days previously were excised. 1 X 108 cells from
each group were incubated with 1 g carbonyl {ron for 45" at 37°%c.
Carbonyl diron-containing cells were removed using a magnet, and the
remalning cells were assayed for cytotoxlc activity against 51Cr—

labelled MAD targets.

e——— cells from control animals

BM—B8 cells from Pichinde virus-infected animals

o————0 control cells treated with carbonyl'iron

I cells from Pichinde virus-infected animals, treated

with carbonyl iron
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ahrogaﬁe the cytotoxicity of either strain of hamster, On the contrary,
‘an enhancement of killing was observed. This experiment also demon-

strates that LSH hamsters do not lack the effector cell; rather, the

-

activity of the cells appears to be masked in LSH spleens.

¥

'3.3.2.3 Lability of Cytotoxic hctivity -

LSH and MHA spleen cells, obtained from control or Pichinde
. ~

virus-infectedsanimals, were pre-incubated for 24 hrs ‘at 37°%¢ prior to

adding fresh 51Cr—labelled MAD target cells. This treatment abrogated
.the cytotexic activity, demonstrating its labile nature (Table IX). No
decrease in cell viability as assessed by trypan blue exclusion was -

observed (data not presented).- ’ ' )

3.3.2.4 Effect of NH,Cl Pretreatment of Spleen Cells on Cytotoxic

. . »
Activircy / '

The incubation of spleen cells in an 1sodosmotic NHACl solution
resu}ts?in lysis of ch; rel blood cells; it also inhibits human NK, but
not ?cuse NK, ;ctivity (Herberman and Holden, l978&£ éhe effect of
NHaCl pretreatment on hamster effector cells was investigated., Spleen
célls from Pichinde virus-infected MHA hamste;s were briefly incubated
in 0.174 M NHQCl. The cytotoxic activity of the cells against MAD tar-
gets was then compared to control cells which had not been treated with
NHACl. As shown in Table X, this treatment actually enhanced the lytic

activity of the effector cells. Thus, the effector cell of MHA hamsters

appears to be reslstant to inhibition by NH£Cl.

¥
3.3.2.5 Expression of Surface Immunoglobulin on Effector Cells
>

8

NK lymphocytes in mice or humans do not express immunoglobulin

. »
on their surfaces (Herberman and Holden, 1978). To test for the
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Table IX . -
Lability of Cytotoxic Activity .
Effector cells Mean per cent specific SICr release + SEMb'
Strain of Infection with | Untreated ’ Preincubated at 37°C "
hamster Pichinde virus® for 24 hrs
. : d,
LSH No 3.3+1.3 <SR
LSH Yes ° 27.9+3.5 <SR
MEA No 7.840.56 <SR
MHA Yes '96. 543.1 <SR

2 Spleen cells were obtained from control animals, or animals that had
" been infected 3 days previously with Pichinde virus IP.
b 51

Cr~labelled MAD cells were used as targets Iin the assay. These
,fﬁ data were obtailned using an effector-to-target’cell ratio of 50:1.
~ Similar results were obtalned using ratios of 100:1 or 25:1.

Spleen cells were diluted on microtitre plates as described fer the
Sler release assay in Materials and Methods, and incubated at 37°C for
24 hrs inija CO. incubator. Freshly prepared, Sl¢cr-labelled MAD tar-

gets weﬂg/then added and lvsis was measured afrter a further 16 hrs
incubaticn.

<SR, less than spontaneous release.
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Table X : .

——

Effect of NH&01 Pretreatment on Lyéic Activity -

Mean per cent specific 51Cr release + SEM

Treatment®" b *
100:1"" 50:1 25:1
none 31.443.4 26.8+2.2 17.5+1.1
NHaCl 66.9+1.6 52.6+3.4 38.%1.3

a Spleen cells from Pichinde virug—infected MHA hamsters were incubated
with 0.174 M NH,Cl for 10' at &4 C, as described in Materials and
Methods. The cells re washed and recounted prior to assaving for

NK activity against Cr-labelled MAD ctargecs.

Effector-to-target cell ratio.
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presence of immunoglobulin on the surface of hamstéf'cytotq;ic cells,

]

- "

spleen cells werelpret:eated with rab;it anci-hamsfef sera ﬁlus_rabbit
coﬁplement. and then testéd for lytic activity‘againgt 51Cr¢labelled
MAD cells. Controls included cells treated with complement aleme and
normal rabbit serum instead of anti-hamster immunogleobulin. This 0
creatment did not reduce the cvtotoxic activity of LSH or MHA spleen
cells (Tablé X1), suggesting that the hamster effector cells did not

- possess surface immunoglobulin. An increase i& the lytic herivity of
treated effector cells derived from MHA hamscerg was noted; the signif-
icance of this increase is unclear.

1.3.2.6 Distribution of the Effector Cell
4]

Mouse NK activity has been demonsé&atqd in the spleen, bone
marrow, lvmph nodes, peripheral blood and in the peritoneal exudate.

No activity has been assqciated with the chymus (Herberman and Holdeu,
1978). In the hamstef, cvtotoxic activiey ha; been observed in spleen
and peritoneal exudate cells after an IP injection of Pichinde virus,
and.in the popliteal ivmph nodes following a footpad injection of virus
(Table XII). Other potentieal éburceg of NK activity have not been
tested. -
3.3,2,7 Specificity of Induction

Many viruses, including lymphocytic choriomeningitis virus,
Pichinde virus, measles v;rus and vesicular stomatitis virus (VSV} have
been shown to elicit augmeﬂfed NK activity in mice infecred in vivo
(Welsh, 1978; Herberman et al., 1977). The observation that Pichinde

virus infectionm avgments NK activiry in MHA hamsters to a greater degree

chan in LSE hamsters led to the screening of other viruses for a similar
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Table XI

Expression of Surface Immunoglobulin on Hamster Effector Cells

I

’ . '
" Mean per cent specific_SICF release + SEM
Effector cells® Treatment 100:1°" 50:1 25:1
LSHE none 3.442.2 4.142.5 0.8+1.8
NRS+C' 6.7+0.7 5.4+0.7 3.740.7
anti-Ig+C'®"  8.4t1.6 2.942.5 3.641.2
MHA . none 23,940.7 17.4+1.3 8.3+1.5
RRS+C' ~ 29.3+1.8 20.0+2.7 7.740.7
L - -

anti-Ig+C'®" 47.1+0.

(v e]

27.6+1.5 12.6+2.5

—

Spleen cells from hamsters which had been infected IP with Pichinde
virus 3 davs.previouslv were used as effectors.

Spleen cells were incubated in rabbit anti-hamster immunogleobulin
antisera (anti-Ig) or normal rabbit serum (NRS) for 30' at 37°C as
described in Materizls and Methods. The cells were then washed and
resuspended in Low Tox rabbit complement for a further 30' incubation,
and then recounted prior to testing for cytotoxic activity. The anti-
hamster immunoglobulin antiserum stained about 11% of spleen cells in
an immunofluorescence assay, and the recovery of cells after treatment
with the antiserum and complement was B84%. |

Effector-to-target cell ratios.
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addition to tumour cells. N

' 90

“effect. The results of a typical experiment are presented in Figure 8.

Infection of LSH hamsters with herpes simplex virus resulted in increased
NK qccivic§ relative to control LSH animals but did not éignificantly ralse
the endogenous levels of NK activity in MHA hamsters. Vaccinla virus

o

infgction did not augment lytic activity in eithef hamster strain. As
usual, Piéhinde virns infection augmented‘activity in both strains, but

to a greﬁter extena in MHA than in LSH hamsters. hThus; the in wvivo induc-
tion of hamster NX activigyrdoes not apéear unique te Pichinde virus.

L]

3.3.2.8 Specificity of Killing ~
Induced NK iymphocytes exhibit & broader spectrum of specificity
of killing than endogenous NK cells; but neither are histocompatibility-
restricted, or specific for the inducing agent (Becker, 1976; Welsh,
1978). To assess the gpecificity of killing by the hamster effector
cells, spleen cells from uninfecred animals or animals which had been
infected 3 days previousiy with Pichinde virus were assayed for cyto-
toxic activity against syngeneic or allogeneic tumour cells, a contiﬁuous
cell line, and embryo fibroblasts (¥igure 9). The targets were suscep-
tible to lysis, although with differing efficiencies. It can be seen
that MHA spleen cells showed higher endogenous levels of cytotoxicity
than did LSH spleen cells, and Pichinde virus infection augmented the
acti;ity to a-greater extent in MHA than in L5H hamsters. Thus, the

hamster cvtotoxic effector cell is not specific for histdﬁompatibility

antigens and kills continuocus cell lines and embryo fibroblasts in

The effect of virus infection of the target cells on susgcepti-

bility to lysis by spleen cells wes also investigated. Spleen cells
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= Figure 8
~
Specificity of induction of hamster KK cells. Groups of 3 ham-

sters were infected with 2000 pfu virus IP 3 days before assay for NK

activity on MAD target cells.

—— control
a——0 Pichinde virus
B-——8 Herpes simplex virus

(J=-—3 Vaccinia virus
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Figure 9

Specificity of lysis of target cells by hamster NK cells. Spleen

/ |
cells from uninfected animals or animals which had been injected with

2000 pfu Pichinde virus 3 days previously were assayed for cytotoxic

activicy against various

31

Cr-labelled targets. The LAD and MAD cell

lines are tumour cells derived from adenovirus type 12-induced tumoursj

whereas the 333-8-9T cells were obtained from a tumour induced by t

formation with herpes simplex virus type 2. BHK cells are a continuols

cell line derived from a baby hamster kidney. SHE cells are fibroblas

obtained from Syrian hamster embryos. Thege data wepe obtaimed using an

effector-to-target

ratios of 50:1 and

O spleen
B spleen
O spleen

i spleen

cell ratioc of 100:1; similar data were obtained using

25:1,

cells

cells

cells

cells

from

from

from

from

control LSH hamsters
Pichinde virus-infected LSH hamsters
control MHA hamsters

Pichinde virus—-infected MHA hamsters

A
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from control hamsters or hamsfers which had.begﬁ‘infected 3 days prev-
ioﬁsly with Pichinde virus were assayed for'lftic activity against
ler—lahelléd MAD cells which had previcusly been Infected with different
viruses, The duration‘of infectlon for each virus was chosen to coincide
with maximal viral antigen expresgion of the surface of iﬁfected cells,
and was such that cytopathilc effects to the targets during the assay were
low. Once again, the usual pattern of response was observed (Figure 10}:
the-endogenous lytic activity of MHA hamsters was greater than LSH ham-
sters, and Pichinde virus-induced augmencagion was also greater in the
MHA strain. Infection of the MAD targets with Pichinde, herpes simplex,
adenovirus type 12 or vacecinia viruses did not enhance the lvsis by any
effector cell. The infection of HAﬁ.targets with vesicular stomatitis
virus (V5V), however, did lead to increased specific 5lCr release, This
could be due to elther an increased susceptibilitv of the infected
targets te lysis, or te an in vitro induction of NK activityv by the virus.
3.3.3 Inheritance of WK Activicy im Syrian Hamsters

As has been previcusly mentioned, genetic studies on suscepribi-
lity to Pichinde virus infections were not performed on the LSH strain.
However, the inbred LSH animals do not differ from the outbhred LVG
animals with respect to survival, ability to limit viremia, antibodvy
production, and abilitv of peritoneal exudate cells to support Pichinde
virus replication in vitro.

NK activity in the spleens of LVG and MHA hamsters was compared.
The mean percent specific 51Cr release value (iSEM) obtained fer urninfected
LVG animals was -14.5+0.8 compared ro 9.6+1.8 per cent release in MHA

hamsters, Values obtained 3 days after infecticn with Pichinde virus were
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Figure 10

affect of virus infection of MAD targets on cytolysis by hamster
NK cells. Spleen cells were ohbtained from control hamsters or hamsters
which had been infected 3 days previously with 2000 pfu Pichinde virus
IP. These were tested for cytotoxic activity against MAD target cells
which had been Infecced with di{ferent viruses at a MOL of 1-3 pfu/cell
except adenovirus type 12, in which case an MOI of 1000 particles pert
cell was used. MAD cells were infected with Pichinde virus (PICH) for
32 hrs prior to the assay; with herpes simplex virus (HSV) for 5 hrs;
with adenovirus cype 12 (AD12) for 8 hrs; with vaceinia (VACC) virus
for § hrs; vr with vesicular stomatitis virus (VSV) for 4 hrs. The
data in this Figure were obtained using an effector-to-target cell ratic

of 5Q:1: similar data were obtained using ratios of 100:1 and I5:1.

spleen cells from control LSH hamsters
spleen cells from Pichinde virus infected-+M hamsters

spleen cells from control MHA hamster

g o = O

spleen cells from Pichinde virus-infected MHA hamsrers
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14.4+1.7, and 47.Qt1.j for LVG and MHA hamsters respectively. Thus,
Pichinde wvirus infection does not augment endogenous NK activity in
LVG hamsters to the same‘extent fhac infection increases NK activity
in MHA hamsters. In this respect, LVG hamsters resemble LSH hamsters,
which show only a small increase in cytotoxic activity after Pichinde
virus infection in comparison to the response of MHA hamsters.

Data from an experiment illustrating the inheritance of NK
activity are shown In Table XIII. Spleens from five individual
Fl(LSH X MHA) animals which had been infected with Pichinde virus 3
days previously were assayed fcr cytotoxicity against SlCr—labelleci MAD
Itargets. Results given by pcooled spleens of infected MHA and LSH ham-
sters are included for coﬁparison. Although the variation between
individual Fl animals was high, it i1s seen that all had gevels of cyto-
texicity which were lower than the MHA parent. Both female Fl(LSH X MHA)
hamsters had lowet per cent specific 5lCr release than the spontaneous
values. One male had levels that were very similar teo its LSH parent,
while the other twolm;les had intermediate values. These data suggest
that low NK activity behaves as a domlnant characteristic in Fl(LSH X MHA)
progeny.
3.3.4 Susceptibilicy of MHA and LSH hamsters to tumour formacion

A considerable amount of evidence now supports the theory that
NK cells are important in immunosurveillance against tumour formation.*
If this is the case in the Svrian hamster, then the genetic difference
in NK activity in MHA and LSH bamsters would predict that a concomittant
difference in tumour susceptibility wculd also be present. Therefore,

neonatal hamsters were Injected stcutaneously with log10 dilutions of
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Table XIII

NK Activity in Parents and Fl Progeny Infected with Pichinde Virus

Percent specific 51Cr'release

Effector 5 mean * SEM
50:17° 25:1 12.5:1
va O 35.8+2.5  24.8+1.7 13.5+1.1
Lsd ¢ 8.4+1.7 6.0+1.7 <SR
F, ? <SR <" <SR <sR
F, 9 <SR <SR <SR
F,od 15.8+1.5  7.940.5 <SR
Rl
F, 0 8.4+1.8 3.7+1.5 2.3+1.7
ral
F,o 20.9+1.0  14.041.2 10.1+2.1
d

Animals were infected with 2000 pfu Pichinde virus IP 3 days prior to
assay. Spleens from J animals were pooled to obtain both MHA and LSH

effectors, Individual Fl spleens were assaved for cvtotoxic activity.

° Spleen cells w:}i assayed for cvtotoxicity at effector-to-target cell
ratios of S50:1, /25:1 and 12.5:1 using MAD cells as targets.

Value less than spentanecus release.

‘ =
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adenovirus type 12 and observed daily for tumour development. Tumours
apﬁeared'to occcur more frequently among LSH hamsters injected withllog *
virus particles (Figure 1ll); however, with the numbers studied the diff-
erences between the strains were not statistically signifiéang (x2,= 1.29;
C.2<p<0.3). Cell lines were established ig vitro from tumours and these
were subsequently injected into weanling hamstérs. As 1s evident from the
q§ta presented in Figure 12, MHA hamsters were more resistant than LSH
h&msters to tumour induction with either syngeneic or allogenelc adenc-

, ;
virus type 12-induced tumour cells (Y = 7.1l4; p<0.01).

3.4 Studies on the Mechanism Underlying Susceptibilicy to Pichinde Virus

Infection in Syrian Hamsters

The resistance of Syrian hamsters to faral Pichinde virus infect-
fen and the ability te limit viremia are both dominant phenotypes which
are controlled either by a single autosomal gene or closely linked genes.
The limited information that is available on the genetics of NK activicy
suggests that low NK activity is also a dominant phenotvpe. These
observacions raise the possibility that a reiationship mav exist between
the presence of high NK activity in MHA hamsters and their suscepcibility
to fatal Pichinde virus intfections. In addition, analvsis o? viral anci=-
gen distribution in the spleens of infected animals suggest that carcain
spleen cells which have not been identified mav be targets for virus
growth (Murphy et al., 1977). Therefore, studies designed to examine the
possibility that NX cells in MHA hamsters may represent a -arget cell for

virus replication were carried out.
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Figure 11
Induction of tumours by adenovirus type 12 in neonatal hamsters,
Neonatal MHA or LSH hamsters received subcutaneous injections of loglo
dilutions of adenovirus type 12 particles. The numbers of animals (n)
receiving each dose are shown beside each line. Animals were abserved

weekly for the appearance of tumours beginning at dav 20.

LY
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Figure 12

Induction of tumours by Iinjection of tumour cells. Hamsters

aged 5-? weeks were injected with 105 LAD ar 105 MAD cells in a volunme

of 0.1 ml subcutaneously: The number,n, of MHA or LSH hamsters receiving

either tumour cell line is indicated in the graph.

wegkly for the appearance of tumours.

Animals were observed
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3.4.1 Ability of Hamster Spleen Cells to Support Pichinde Virus
-Replicaﬁiqﬁ In Vitro

As an initial approach to determine whetﬁér MHA hamsters had‘a
'target éeli for Pichinde virus replication which.the LSH strain lacked,:
spleen cells from MHA and LSH hamsters were assayed for thetab¢lity to
Support Pichindg virus growth in wvitro. | |

Preparations of whole spleen cells and peritonegf exudate cells
. from MHA and LSH hamsters were infected with Pichinde virus in wvitro.
Duplicate samples were harvested at various times after infection and
assayed for infectious virus. The results of ¥ typlcal experiment are
shown in Figure 13. WNo significant difference between the LSH and MHA
strains was noted in the ability of either peritonéal exudate cells or
the whole spleen cell population to support Pichinde virus growth in
vitro.

The fallure to demonstrate a difference between LSH and MHA ham-
ster spleen cells in the ability to support virus replication may becur
‘because growth in a particplar target is masked by the pfesence of other
cells in the whole spleen cell population. Therefore, the population of
whole spleen cells was fractionated according to the properties of resis-—
tance to carbonyl iron pretreatment or adherence to plastic. These
fractions were then tested for the ability tc support Pichinde virus
replication (Flgure l4). Once agaln, no difﬁgrence in the ability of
cell fractions derived from either the MHA or LSH hemster strains to
support virus growth was observed.

Spleen cells which had been depleted of adherent and/or phagocy-

tic cells by incubation with carbonyl iron showed an inferior ability to

-
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Figure 13 )
Growth of Pichinde virus in hamster spleen and periccneal
exudate cells. Peritoneal exudéte cells and a whole spleen cell pre-
paration were obtained from MHA and LSH hamsters. The cells were then
infected with Pichinde virus at a MCI of 1-3 pfu/cell. After adsorption
for 90 min at 37°C, the cell suspensicns wers washed 3 times and adjusted
to 2 X 106 live cells/ml; 1.0 ml was dispensed ingo small polypropylene
tubes, and the infected cells were returned to the 370C incubator.
Duplicate samples were removed at 0, 2, 24 and 48 hrs after infection.
These were Erozen and thawed 3 times prior to assaying [or plaque torma-
tion on moﬁolayers of Vera cells. A sample of Pichinde virus alone was

. 0 . .
also incubated at 37 C to measure thermal inactivation.

o——o Whole spleen
(0-———-[0 Periteneal exudate

A=—-—a Pichinde virus alone
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. Figure 14
Growth of Pichinde virus in spleen cell fractions. Whole spieen

cell preparations were obtained from MHA and LSH hamsters. Carbounyl
iron-resistant cells were prepared by incubating spleen cells with
carbonyl iron as described in Materials and Mechods. An aliquot of
spleen cells was incubated on plastic dishes. Non-adherent cells were
obtained by decanting the supernate and washing the manolaver to retrieve
any remaining free cells. Adherent cells were removed with the aid of a
rubber puoliceman. The populations of cells were then infected and assaved
for growth of Pichinde virus as described in the legend of Figure 14,

N =u Carbonv]l iron-resistant

O-——-= o Adherent

o———-— 4 Non-adherent
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support virus replication when compared to the ;dherent-or non-adherent
populations wﬁich had been prepared by incubatien oh rlastic dishes.

This effect of carbonyl iron might occur if the treatment removed a
population of cells which is-requiréd for virus growth. Alternatively,
carbonyl iron itself may be toxic to the cells. To examine these possib-
ilities, cargonyl iron was added to cultures of Pichinde virus-infected
BHK cells or hamster peritoneal exudate cells. Duplicate samples were
harvested at 24, 48 and 72 hrs after infection and assayed for infectious
virus. It was observed that the addition of carbonyl iron to cell
éultures reduced the virus vield by 1-2 logl0 pfu/ml. The removal of
carbonyl iron-containing cells with s magnet, either before or afcter
infection with Pichinde virus, did not affect the inhibirionm of virus
growth that was observed in carbonvl iron-treated BHK or peritoneal
exudate cell cultures (data not presented). These-observarions indicate
that carbonyl iron alone may exert an inhibitory effect on Pichinde virus
replication.

The inability tc demonstrate ditferences in growth or indeed even
an appreciable increase in net vield of Pichinde virus pfu in whole
spleen cells, adherent and non-adherent spleen cells, and in carbonvl
lron-resistant cells of either LSH or MHA hamsters may have several

explanations. Perhaps no difference actually exists between LSH and MiA

hamster spleen cells in cthe abiliry to support virus replication in witro.

A secoud possibility is that the in vitro culture conditions do not reflect

the io vivo situation; for example, NK cell activity is labile in vitro,

and therefore NK cells would not be expected to support virus growth in

- L]

vitro. Studies were therefore initiated on spleen cells from infected

~

g
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.animals.
3.4.2 Kinetics of Appearance of Infectious Centres in the Spleens of
Pichinde Virus-infected Hamscters

Levels of viremia in Pichinde virus-infected MHA and LVG hamsters
are parallel for the first 4 days of infection. After this time, a
plateau is reached in the resistant LVG strain, but levels continue to
rise in MHA hamste;; until 8 davs after infection (Buchmeier and Rawls,
1977).

If the hypothesis is correct that activated NK cells support
Pichinde virus replication in vivo, then the kinetics of appearance of
infectious centres in the spleen should.paraliel the kinctics of MK
activity, preceding the develcopment of maximum viremia. Moreover, higher
numbers of infectious centres would be expected in spleen cells derived
from MHA hamsters than in spleen cells from LSH hamsters because spleens
of MHA hamsters show higher levels of NK activitv cempared to LSH hamsters.

Te test these predictions, animals were injected with Uirdglpu
ditferent davs. Samples of blood were obtained Lv cardisc puncture for
assav of infectious Pichinde virus, and the spleen c¢ells were assaved for
cvtotoxlc activity against 5lCr—Labelled MAD cargecs, and for infectious
centres of virus by plating dilucions of therspleen cell population on
monclavers of Vero cells, The results of a tvpical experiment are shown
in Figure 15.

No virus was detectahble in the bleod until 3 davs after infection;
by day 4, MHA hamsters had higher virus ritres than did LSH hamsters.

Thus, the kinetics of viremia early after Pichinde virus infection of LSH

— -

hamsters were comparable to that described in the LVG strain (Buchmeier
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flgure 15

Kinetics of viremia, and appearance of infectious centres and
NK ractivicty in the spleens of Pichinde virus-infected MHA and LSH ham-
sters. Groups of 2 hamsters were infected with 2000 pfu Pichinde virus
IF. liamsters were bled by cardiac puncture at various times after
infecrion, and the blood was assaved for infectious virus (Figure 15A).
Spleen cell suspensions were tested fcor infectious centres by plating
10-fold dilutions on monolavers of Vero cells (Figure 15B) and for
cvratoxic acrivicy against SlCr-—Labelled MAD targets (Figure 15C). The
data for the NK assay was obtained using an effector: target cell ratin

of 50:1; similar data were obtained using ratics of 100:1 or 25:1.
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and Rawls, 1977).

Detectable infectious centres were present in the spleen as soon
as 1 day of infection. By day 2, MHA hamsters had 100-fold more infect-
ious centres than did LSH hamsters. The number of infectious centres ’
reached a plaéeau by day 3-4, at which time the MHA animals had approxi-
mntel; 10 times the number of infectiocus centres than did LSH hamsters.
The total difference in the number of infectious centres on a per spleen
basis was even greater, since Pichinde virus-infected MHA hamsters
usually had more cells pe; spleen than did infected LSH animals of che
‘same age (data not shown).

NK activity peaked at 3} davs after Pichinde virus tnfection {n
MHA hamsters, but it was scill rising ac day 4 in the LSH strain. These
observations suggested that MHA spleen cells were subject to an early

productive {nfection with virus, and that morg MHA spleen cells on a per

rr
o
u
I
L
1]
u

spleen basis were acrively supporting virus replication than in
of LSH spleen calls. This rapid growrth of virus in the spleen preceded
the development of significant differences in viremia bv 2 davs, and the
appearance of NK activity bv 1 dav. These observations are consistant
witlh the hvpothesis that MHA hamsters have an extras target cell for
Pichinde virus replication that is lacking {n LSH hamsters, and chat

possibly the NX cell {irself is this target.

3.4.3 Demenstration of Target Cells for Pichinde virus Replication in

Experiments were initiated to test the hvpathesis tkat ar extra
rarget cell for Pichinde virus replication existed in the MHA hamster. C:/S/ﬁ

Spleen cells from Pichinde virus-infected MHA and LSH hamsters werc

; -
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separated by several methﬁds andfassayed'for infectious gentres, and
NK activity.
3.4.3.2 Separation of Spleen Cells by Adherence r

As an initial approach, spleen cells from hamsters which had been
infected with Pichinde virus‘for various times were incubated with car-
bonyl iron,” and then assayed for NK activity against 51Cr—1u5elled MAD
targets and for infectious centres {(Table XIV). As usual, MHA hamsters
showed higher levels of endogenous NK activity than did LSH animals, and
Pichinde wirus infection enhanced this activify to a greater extent.
Carbonyl iron pretreatment of these cells enviched the cvtotoxic activity
in ail spleen cell suspensions, confirming the data shown in Figure 7.

By 3 davs after infection, MHA hamster spleens contained 1 loglo
more infectious centres per 105 cells than LSK hamster sgleens. Carbonyl
ivon-pretreatment of the spleen ;ells resulied in & reduction of infec-~
tivous centres that seemed to be roughly proporcional to the starting
number., If this is true, the data suggest thart Pi:hiﬁgz virus is not
preferentiallyIreplica:ing in the carbernvl iron-recistant fracrtion thaﬁ
is enriched in crtotoxic activity., However, it has already been pointed
out that carbonyl iron appears to exert an inhibitory effect on Pichinde
virus replication. Alsc, overnight incubation of carbonyl iron-treated
spleen cells fajled to abregate cvtotoxiz activicy against fresh 5lcy-
labelled MAD targecs (data not presented), suggesting that some of the
cvtotoxic activity mav have-been due tec & toxic effect of residual
carbonvl iron on the targets, or that the carbonvl iron treatment might

induce NK cell activation in vitro. Theyefore, anyv conclusions regarding

1
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.carbonyl iron-pretreated cells must be viewed with caution.

The p;operty of adherence‘to plastic was used as-a second marker
to locate the‘Pichiﬁ;e virus-infected target cell(s). Spleen cells from
LSH and.MHA ﬁamsters_wﬁich had’heen infeéte@ 3 days previously with
Pichinde virus were ingubated in plastic dishes for 60' at 37°C. . The
adherent andvhon—adherenF fractions weré then aessayed for cytotoxic
activicy and for infectioHF centres. Tﬁé results of ‘a representative
experimeng are shown in Table XV, An enrichment in cytotoxic.activity
waé found in both the adherent and non-adhereﬁt %ractions of Mﬂﬁfﬁamste;
spleen cel%s, and in the non—adherént fraction of'LSH hamster spleen
cells. 1In all sﬁleen cgll populations, MHA cells contained a greater
number af infectious;centres. The non-adherent population of MHA ham-
ster spleen cells accounted for a slightly higher proportion (12.2%) of
the splenic infectious centres than did the non—gdherent cells in cthe
LSH hamster spleen (9.2%).

These data suggest that whereas the non-adherent fractions of
both MHA and LSH hamster spleen éells, are slightly enriched for NK
activity, only a very modest increase #n the relative numbers of infec-
tious centres in MHA hamster cells had been attained. The separation of

spleen cells by the property of plastic adherence does not appear to be

efficient enough to demonstrate differences between the two strains of

‘hamsters with respect to NK activity or infectious centres.

3.4.3.2 Separation of Spleen Cells According to Size by Velocity

Sedimentation at Unit Gravity

As 2 second ﬁeans of testing the hyvpothesis that NK cells in MHA

. hamsters may represent = target cell for Pichinde virus replication,

spleen cells from infected MHA and LSH hamsters were separated according

1

to size by velocity sedimentation and the fractions were assayed for NK
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activity and for infectious centres.

The results are shown in Figure 16. The sedimentation prefile of
spleen cells from LSH (Figure lGA) and MHA (Figure 16B) hamsters were
similar; however, the distributjon of infectious . centres and cytotoxic
activity differed, The greatest concentration of infectious centres
in LSH hamsters was in the rapidly sedimen g cells (Figure 16C),
whereas compgrable concentrations of infectious centres were found
throughout the gradient of cells from MHA hamsters (Figure 16D). The
cytotoxic activity, expressed ﬁs per cent 518r release per 106 cells
using effector—to-target ratios of 100:1 and 25:1, is shown in Figuné;
16E and 16F. Greater lytic actiyity ;;s obtained from MHA hamsters than
from LSH hamsters and furthermore, in both strains there appeared to be
two peaks of cytotoxic cells. One peak corresponded to a cell population
vwhich sedimented Petween 2.8 and 4.3 mn/hr, a rate whicﬁ/is typical of
small lymphocytes. The seccond peak of killing was mediéted by a popula-
tion of cells with a sedimentation velocity of 5.3 to 6.4 mm/hr, which
is typical of macraphaées. In spleens from MHA h;;sters a considerable
proportion of the virus-producing cells co-sedimented with the peak of
lytic activity corresponding to small lvmphocytes. In contrast, few
virus—-producing cells in LSH spleens co—sedimented with NK activity
associated with small lvmphocytes.
3.4,3.3 Seperation of Spleen Cells by the Combined Properties of
Adherence and Size

In an effort to improve the resolution of the cell populations
containing NK activity and infectious centres, studies on spléen cells

which had been separated by both adherence to plastic and velecity
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Figure 16
Separation of hamster spleen cells by velocity sedimentation.
' Pooled spleen cells from 10 MHA and 10 LSH hamsters, which had been
infected 3 days previously with 2000 pfu Pichinde virus IF, were allowed
to sediment in a STA-PUT apparatus for 3.5 hrs at 4°C. Fractions were
then collected and the viable cells counted (A-LSH, B-MHA) The fract-
ions were zssayed for infectious centres (C-LSH, —THK; and for NK

activity against MAD cells. NK activity at cytotaoxic effector cell-to-

target cell ratios of 100:1 (0) and 25:1 ([J]) are shown (E-LSH, F-IMHA).
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sedimentation at unit gravity were performed. It has already been shown
i
that the small MHA cytotoxic fraction has approximately 1 logyqy more
infeétious.centres th;n do LSH cells of the corresponding size (Figure
16). Spleen cells from MHA and LSH hamsters, which had been infected 3
days previously with Pichinde viQus, were separated intb'adherant and
non-adherent fractions by incubating on plestic. The four groups of
cells were then further seba?ated according to size by velocity sediment-
ation in a STA-PUT apparatus. The results of this separation are
illustrated in Figure 17. 'Spleen ﬁells from MHA hamsters which had-been
infected with Pichinde virus contained a higher proportion of small ncn-
adherent cells than spleen cells oStained from infected LSH hamsters. In
contrast, LSE spleen cells contained a higher number and proportion cof
both small and large adherent cells,

Fractions of cells were combined to give comparable poels of
cells of various sizes as shown in Figure 17. These pools were then.
assaved for cvtotoxic activity against 5'-LCT:-—labelled MAD targets, and
for infectious centres. These data, which confirm and extend the prev-
ious data, are presented in Table XVI.

A number of points can be made. All cell fractions exhibited
cytotoxic activity. The non-adherent cell population was responsible
for more cvtotoxicity than the adherent cells, and the bulk of this
activity in the non-adherent population was mediated by a cell sediment-
ing between 4.6 and 6.7 mm/hr. These data appear to differ from Figure
16, which showed two populations of cytolvtic activity at 2.8-4.3 mm/hr
and at 5.1-6.6 mm/hr. Several explanations may account for the ancmalies

in the profile shown in Figure 17. First, the given velocities represent
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Figure 17

Separation of adherent and non-adherent spleen cells by velocity
sedimentation at unit gravity. Suspensions of leeen cells were obtain-
ed from LSH and MHA hamsters which had been infected 3 days previously
with 2000 pfu Pichinde vi;us IP. The cells were then incubated on
plastic for 60' at 37°C, and adherent and non—adherent fractions were
obtained as described in Materials and Methods. Each of the four
fractions of cells was then further separated by velocity sedimentation
at unit gravicy in a STA-PUT apparatus (diameter, 12.0 em). The cells
were lavered beneath PBS and allowed to sediment through a stacking
region of 0.35% BSA in PBS, and then through a gradient of 1-2% BSA
in PBS for 35 hrs at 4°C. Fractions of 25.0 ml were collected and the
cells were pelleted at 1000 rpm for 10'. The cells were resuspended in
1.0 ml aMEM. After counting viable cells, fractions of cells were com-

bined as indicated to give pools of comparable sedimentation rates,
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the meap velocity for that fractiog; hence; a ﬁoo} of cells frohl
fractions with velocitles from 4,6-6.7 mm/hr would include cells
sedimenciflg at f;..2—7.1 mo/hy, This p.ool thus includes a proportion
of small (2.8-4.3 mm./hr) cells. Secondly, the adherence ‘proceglure may
have removed a suppressor in the 4.6-6.7 mm/hr regicn, or may have

-

activated interferon production in this population.

The cvtotoxicity of fractionated spleen cells from MHA hamsters
was greatelt than that seen in comparable fractions &f spleen cells from
LSH hamsters, As was seen_previously, MHA spleen cells contained a
greater number of infectiocus centres overall than did cells of LSH ori-
gin. The non-adherent fraction appeared richer in both infectious centres
and NK activity than adherent cells. Veloecity sedimentation separatien
tevealed that large non-adherent cells from LSH and MHA hamsters contained
gimilar numbers of infectious centres. However, MHA non-adherent cells
of medium and small size had 91.3 and 147 infectious centres per 10° cells,
réspectively, while the corresponding LSH fractions contained only 20.2
and 14 .8 infectious centres per 105 cells, respectively. The non—adherent,
medium=sized cell was also responsible for enhanced cvtotoxic activity in
both strains, although to a greater degree in MHA than in LSH hamsters.
These data are consistant with the idea that the MHA hamster spleen
contains an additional population of non-adherent cells which may be a
‘target for Pichinde virus replication early in infection. Furthermore,
the presence of increased numbers of target cells appears to be assoéiated
with increased cytotoxic activity mediated by cells which had physical

properties similar te the putative target cell.
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3.4.4 Effect of the Footpad Route of Injection of Pichinde Virus on
)

5

Development on.NK Activity and Infecéious Centres

r Thejbbéervation that footpad injection of Pichinée vifus irto
_normaily susceptible MHA animals fails to result in a fatzl oﬁtcome,
anq protects the hamsaters againat a subsequent IP cﬂallengé of virus.
suggests that.;he cell-mediated immune response in‘HHA animals '‘against
Pichinde wvirus 1s adequate. If the hypéthesis is correct that MHA
hamsters possess a target cell for Pichinde virus replication which thé
LSH strain lacks, and this target (?ll is indeed the NK cgil, then the
prediction is that NK cells in the spleens of footpad-inoculated MHA
animals fail te become activateé or are activated too late, so that the
humoral and cell—mgdiated immune response can begim to clear the virus
particles from excracellular and intracellular locations.

Groups}of 3 MHA hamsters received footpad injections of virus at
various times;xuninfected hamsters and hamsters which had‘been injectedJIP
with Pichinde }§rus 3 days previously were included as contrels., Cells
from the spleen and thé popliteal lymph nodes draining the footpad were
then tested for cytotoxiec activity against 51Cr—labelled MAD targets,
and for infectious centres. The results are shown in Table XVII. The
footpad route of inoculation of virus ‘elicited an augmented NK response
in the draining lymph node population which peaked beétween the third and
fifth day of infection. Only a minimal increase in lytic activity was
seen in the popliteal lymph node cells of IP inoculated hamsters, although
the gpleens showed the typical augmentation. An increase in splenic NK

b 2]
<:\activity was observed in footpad-inoculated hamsters, but did not reach

'a peak until day 5, two days later than usual. Infectious centres were

M
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présent iq ﬁhe popliteal lymph nodes of footpad-inoculated hamsters; the
peak occurred on day 5, and declined afterwards. . Nd‘qFF;dtable infect-
ious centres were present in éhe poplicea} l;gﬁh node; of IP;inoculated
hamsters; virus-producing cells were pfééent in Fhe spleéns as usual.
In footpad—inocﬁlated hamsters, no detectable‘infectious centres were
found in the spleen at day 3; the development was delayed until day 5,
and they‘were undectable by day 8. Thus- the development of infectious
centres paralleled‘the kinetics of development of NK activity in the
popliteal lymph nodes and the subéequent spread to the spleen was delay-
ed, ?ﬁese observations are consistant with the h?pothesis that the.
délayed development “of NK activity in the spleen results in a slower
development oé infectious centres, thereby retarding virus growth v

sufficiently so that the humoral and cell-mediated immune response.can

remove the virus particles from circulation.
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Table XVII

Effect of Fodtpad Route of Inoculation of Pichinde Virus on

Developmeht‘of NK Activity and- Infectious Centrés

Al

a

Effector Cells ’ Source Mgin % specific _Iﬁfecti us centres
. f)’q\-/ : Cr release per 10° cells®:
| + SEM°" 2
Days post- Route of
infection injections b
cont - DLN ~0.1+3. 4 _ -
3 . IP 9.5+0.3 <.05. -
3 Footpad 45.4+0.3 ~ 9.61x107
| N
5 footpad 38.6+2.4 2.78%10%
8 ~ footpad 1.441.5 4.58x10%
cont - spleen 2.9+3.5 -
'}
3 1P . 52.9+3.8 1.85X10°
3 footpad 19.3+1.7 <,05 . -
5 footpad 37.2+1.6 1.50x10°
8 - footpad 9.3+1.2 - <.05

i)
Groups of 3 animals were injected with 2000 pfu Pichinde virus either

TP or inte both hind footpads. On the day of assay, the spleens, and
the lywph nodes draining the fgotpad (DLN) wete excised.

b K"ﬁ
Cell suspensions were assayed for cytotoxic activit}_against Sler-
labelled MAD targets using an effector-to-target celyl ratio of D :1.
Similar data were obtained using raties of 100:1, 25{3, 12.5:1 and

6.25:1. N
L)




S

134

Table XVII (Footnotes cont'd)

Rl

< Log, » dilutions of spleen cells and DLN cells were incubated on Vero

monclayers, and then carefully overlaid with medium containing agar.
Plaques were visualized by adding neutral red to the plates after 3
days of incubation.
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Pichinde vitus has been shown to casuse a lethal disease
in the MHA strain of Syrian hamsters, but not in othér hamster stralns
{Buchmeier and Rawls, 1977). The phenotype of survival correlated
witb the ability to limit virus réplicaticn; death was thought to be
a direct consequence of the virus-induced cytopathic effecthithin
the host's reticuloendothelial system (Hurphy_gg‘gl}, 1977). The
current studies were initiated in order te determine whether the
resistance to fatal Pichinde virus infections was genetically acquired,
and to establish the basis for the susceptibility of MHA hamsters to

the fatal Pichinde virus infection.

4.1. Genetics of Susceptibility of Syrian Hamsters to Fatal Pichinde

Virus Infecticn

The sﬁsceptibility of Syrian hamsters to a fatal Pichinde
virus infection was shown to he under genetic comtrol. Both survival
gpd che-ability to limit viremi; were dominant phenotypes (Figure 1;
Tables I and I1), and were independent of virus dose over a range of

102 o 10°

pfu (data not presented). The survival rates that were
oﬁserved in back-cross progenvy following infection with Picﬁinde
virus are consistent with the results expected if a single gene or
linked genes controlled this trait. Similarly, the phenotype of
ability/inability to limit virus titres in the blood segregated in a

1:1 ratio in (Fl X MHA) progeny, suggesting that a single gene or

closely linked genes regulated this phenotype. It is not yet clear
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whether the same gene control§ both survival and the ability tﬂ limit
viremia. However, if the viral cytopathic effect 15 actuelly the
cause of death, as has been suggested by the work of Murphy et al.
{1977), cne sould then predict that only one gene controls virus\
replication and ultimatelf is responsible for the death of the ho%t.
Furthermore, no influence of sex‘of the parent animal on survival ?r

on the ability to limit viremia in Fl and back-cross progeny was néfed,

"
i

implying that the genes involved are autosomal.

Although no genetic studies were carried out using the
resistant LSH strain as a parent, the LSH hamsters were found to he
similar to the LVG strain in their respomse to Pichinde virus infection.
Adult LSH hamsters survived a challenge with 103 to 106 pfu Pichinde
virus. These animals limited virus titres in the blood to low levels.
Peritoneal exudate cells from LSH hamsters suppérted virus replication
in vitro aé well as did cells derived from MHA or LVG animals. Finally,
the Léﬁ strain respended to Pichinde virus infection with the production
of complement-fixing antibodies. These observations suggest that LSH
hamsters stroungly resembled the LVG Qtrain in their response to
infection with Pichinde virus. However, the LSH hamsters, unlike LUH
hamsters, are inbred and appear to share the same major histocompatabilicy
cotplex haplotype as the MHA strain (Duncan, 1976). It was hoped that
these properties of the LSH strain would minimize variation among
individual animals and faciiitate comparisons witﬁﬂthe MHA strain.
Experiments designed to tést the genetics of .susceptibility to lethal

Pichinde virus infection in LSH X MHA crosses have not vet been completed.
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4.2. Mechanisms‘Underlying the Genetically Acquired Susceptibility of

MHA Hamsters te Lethal Pichinde Virus Infections.

1Y
- v

Studies were then initiated to determine th; basis for
susceptibility to fatal Pichinde virus infection in these strains of
hamsters. 1In other examples of inherited resistance to viral infections,
the presence of a target cell for virus replication has been shown to be
genetically determined and is responsible for the outcome of the
infection. The target cell defect can be ubiquitous, as is the case
with the "tv"-controlled susceptibility of chickens to the avian leukosis
viruses (Pani, 1976), or in the Fv-l-mediated restriction on replication
of lymphoid leukosis virus in Friend dissase of mice (Lilly and Pincus,
1973). Tﬁese general defects were manifested in vitro; primary
cultures of cells derived from resistant hosts were able to prevent or
abort the virus growth cycle, while cells derived from susceptible
strains allowed a productive infection (Vogt and Ishizaki, 1975;
Jolicoeur and Baltimore, 1976). Alternmatively, the host may be able
to restrict virus replication in one specific target cell, but not
in other cells. Although-the virus may be able to replicate in other
cells, the levels of virus replication may be such that the host is
able to effectively recognize and eliminate the viral antigens before
the virus-induced damage is insurmountable. Several instances of a
specific target cell defect have been reported in the literature.
Differences in the ability of macrophages, but not other somatic cells,
to support virus replication are theought to account for the genetlcally

acquired resistance of mice to in vive infection with several flaviviruses
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(Goodman and Koprowski, 1962) , and influenza virus (Lindenmann et al.,
1978} .

\ The initial studies undertaken by Buchmeier and Rawls (1377)
to esiéblish the basis of the dichotomous response to Pichinde virus
infecficn in MHA and LVG hamsters attempted to determine whether a
general target cell defect ora specific macrophage defect could account
for the differences in susceptibility between the rtwe hamster strains.
However, both primary kidney cells and adherent peritoneal exudate
cells derived from the resistant LVG strain supported Pichinde virus
feplication dn wvitro to the same extent as did cells derived from
susceptible MH apsters. In the present studles, it was observed that
peritoneal exydate fells from resistant LSH hamsters also supported
Pichinde virés groyth in vitro (Figure 13). Thus, these studies were
unable tc detect a target cell difference in the ability of cells
derived from resistant or susceptible hamsters to support Pichinde
virus replication in vitro.

The inéBility to detect differences in target cells in

kidney cr peritoneal exudate cells did not rule out the possibility of

a target cell difference in cother locations. The studies of Murphy

et al. (1877) had suggested that Pichinde virus replicated preferentially

-
!

in reticuloendothelial cells . Because the spleen is a major reservoir

for antigens inoculated intraperitoneally, a search for a target

cell difference in the spleens of resistant and susceptible hamsters

was begun. Again, however, it was not posgible to demonstrate a difference

in the ability of spleen cells derived from resistant or susceptible
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hamster strains to suppert Pichinde virﬁs replication -in vitre (Figures
13 and 14). This observation may have several explanations. I1f more
than one target cell for Pichinde virus replication is present in the
hamster.spleen cell population, then a very good separation of spleen
cells could be required in order to demonstrate a difference in the
ability of one particular targef’E@ll,ﬁopulation to support Pichinde
virus replication in vitro. Secondly, in vitro culture conditions may
not sufficiently resemble the in vivo situation to support viral growth,
A situation in which one might envision this event occurring is if the
target cell was actually an activated NK cell. Since NK activicy is
labile under nermal culcure conditions (Table IX), the ability to
suppoTt virus replication could cheorétically be lost. A requirement for
lipopolysaccharide activation of B cells has been shown necessary to demonstrate

growth of herpes simplex virus in mouse spleen cells in vitro (Kirchner

t al., 1976); VSV replicates in mouse spleen cell cultures only after
pretreatment with the T cell mitogens rhytohemagglutinin or concanavalin
A (Nowakowskl et al., 1973). These rgsults are consistent with the ldesa
that a target cell for virus growth must exist in an activated state
in order to support firus replication. Further attempts to demonstrate
a target cell difference in susceptibility to Pichinde virus replication
were therefore directed towards the in vivo situatiom.

Studies on the kinetics of appearance of infectious centres
in the spleens of infected hamsters revealed the presence_cf aimost
100 times the number of infectious centres in MHA hamsrers compared to

LSH hamsters two days after infection (Figure 15). A ten-fold difference
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in the number of infecticus centres was maintained over the.next two
days of infection. These observatidns suggested tha£ the MHA spleen
cell population was un&ergoing an extensive and early productive iﬁfection
with Pichinde virus. The appearance of infectious ceantres in the

spleen preceded the development of viremia by several days; furthermore,
the difference becween MHA and LSH hamsters in the number of infectious
centres was manifested immediately. This suggests that the high virus
titres in the blood later in infection could be a consequence of this
early rapid viral multiplication. These results are consistent with

the hypothesis that MHA hamster spleen cells contained an additional
population of cells, which actively supported Pichinde virus replication.

Qcher explanations for the apparent paucity of infectious
centres in LSH spleens, as compared to MHA spleens could be that target
cells in the LSH spleen undergo an aborctive or prolonged growth cvele
with Pichinde virus, or that the spread of virus to neighbouring cells
is somehow limited very early after infection.

The observation that the development of natural killer (NK)
cell-mediated cvtotoxicity against 51Crﬁlabelled tumour target cells
paralleled the development of infectious centres (Figure 15) raised
the possibllity that the target cell for Pichinde virus growth was
in fact the NK cell. To clarify the nature of the putative MHA spleen
target cell for Pichinde virus replication, spleen cell populatious
were subjected to various fractionation procedures and assaved for
infectious centres and NK accivicy.

As an initial approach, spleen cells from infected hamsters
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yere treated with carbonyl iron anﬁ a magunet, a treatmen£ which removed
ﬁhagocytic fnd/cr adherent cells and, at the same time, enchanced ﬁytb-
toxic aétivity (Figure 7). The curponyl iron-resistant population of
neicher MHA nor LSH hamster spleen cells was enriched in infectious cent-
res (Table XIV). However, this data cannot be regarded as conclusive, since
carbonyl iron has been shown to exert an inhibi;ory gffect on Pichinde wvirus
replicationdin both BHK and peritoneal exudate cells (data not presented).

A second approach entailed the separation of spleen cells from

B

Pichinde virus-infected hamsters into adherent and non-adherent cells
on plastic dishes (Table XV). The non-adherent fraction accounted for
a slightly higher proportion of infectious centres in cells derived from
MHA hamsters than from LSH hamsters. Furthermore, considerasle cvtotoxic
acrivity was manifested by both the adherent and non-adherent. MHA fractions,
suggesting that onlv a poor separation of spleen cells had been achieved.

The separation of spleen cells from infected MHA hamsters by
velocity sedimentation at unit graviey revealea that two peaks of
cvtotoxic activity existed, and that these peaks of lytic activicy
coincided with the profile of infectious centres (Figure 16). LSH
hamster spleen cells had markedly lower cvtotaxic activiry, énd the
virus was locatéd predominatly in a population of celis which sedimented
at a rate};#bical oi,éacrophages. It is not clear whether the cytotoxicity
mediated by the faster sedimenting population is due to macrophages or
some other large cell, or rather due to the sticking of NK cells tc an

adherent population as Welsh has reported (personal communication).
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It should be mentioned that no doublets were observed, but these could
have been disrupted during the vigorous pipetting prior 6€;counting.

Whatever the nature of this cytotoxicity, it is apppr hat at least

two populations of target cells for Pichinde viTus replication are
found in MHA hamster spleens, while the target cell for Pichinde wvirus
replication which cosedimented with the cytotoxic activity of smaller
cells was reduced in resistant LSH hamsters.

In an effort to inerease the resclution of purificqtion of the
putative target cell, tweo techniques were com?ined. Spleen cells frow
Pichifide virus-infected hamsters were fractionated {nto adherent and
non-adherent populations and then ?ubjected to velocity seéimentation
at unit gravicy to further separate cells on the basis of size. This

experiment demonstrated the presence of a non-~adherent small- to
AY ~

medium-sized cell in MHA hamster spleens?sﬁi?ﬁhcontained ten—fold more

infectious centres rthan the comparable population in LSH spleens; all
other fractions Jere very similar with respect to number of infectious
centres (Flgure 1?, and Table XVI). The medium-sized non-adherent cell
population also exhibited the highest levels of cytotoxic activirty.
These observations support the hypothesis that susceptible MHA hamster
spleeukcgéls contain an additional target cell for Pi;hinde virus

replication which the resistant LSH strain lacks, and are consistent

with the possibility that the target cell is the NK cell.

4.3. Natural Kidler (NK) Cells in Syrian Hamsters

The finding that infectious centre development in the spleens

——
5\

of Pichinde virus—infected hamsters slightly preSide the_develbpment of, and
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copurified wiﬁh, a population of cytotoxic eféector cells, stimulated
interest in the naggfe\of the cytotoxic cell population.

The hamster effector cell was a non-adherent, non—-phagocytic,
small- to mediuvm—sized cell which did not express surface immunoglobulin
(Figures 6,7 and 13; Table KI).' 1ts cyteotoxic activity was;rapidly
tost in vitro at 37°C (Table IX) but was not abrogated by precreatmeng
with amménium chloride {Table X). In these parameters, then, the
hamster effector cell closely resembled the mouse NK cell (Herberman
and Holden, 1978) and seemed to be typical of Né]cells descriked in
other species., It is not known whether the hamster NK cell expresses
a theta-like antigen‘or an Fc receptor on its surface,markers which are
present in low levels in mo#ge and. human NK cells (Herberman et al.,
1977; Herberman et al., 1978; Saksela et al., 1979).

Since these studies were carried out, wgrk has be;n published
which confirms the existence of NK cells in hamsters (Datta gt al.,
1979a, h). Endogenous cytotoxicity in LSH and oucbred hamsters against

a simian adenovirus—induced LSH tumour cell line was mediated by a

naon-adherent, radiation— and ammonium chloride-resistant cell {(Datta
and Trentin, 1 é; Datta et al., 1979a7b). This hamster cell differed
from the mouse celll in that high levels of NK activity were apparent
in both the bone mayTow and the spleen; however, as in the mouse,

‘ . <
intermedi?te activity was observed in the mesenteric lymph nodes, and
the thymus demonstrated little reactivity. 1In the present studies,

cytotoxic activicy has also been demonstrated among peritoneal exudate

cells and in cells from the popliteal lymph node (Table XII).
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Some studies on the mechanism of hamster NK cell-mediated cyto-
lysis were carried out. The interaction between hamster NK effectof
cells én& targets was inhibited by the presence of EDTA (Table VI),
suggesting that divalent cations were required for'a'prodﬁctive inter-

]

action between the effector and the target. A requirement for divalent

-

cations has also been demonétrated by Roder et al. (1978) and Kiessling
and WigzeD.(lQ?b) in the mouse NK_cell ;ystem. Unlike.the rapid lysis
observgd with mouse NK effectérs (Welsh, 1978a), hamster NK &ellf
mediated cytotoxicity coatinued to increase throughoutlthe incubaticn
period (Figure 4). This was comparable to human NK-mediated cytotoxicity,
which was found t§ }ncreage at a lineaf rate for at least 18-20 hrs
(Santeli and Koprowski, 1979). Furthermore, the addition of EDTA to
stOpéthe interaction of hamSter NK cells with targets, followed by e
second incubation, did not increase the amount of radiocactive label
released (Table VII). This suggests that the need for a long incubation
period did not reflect delaved release of the label from damaged
target cells.

‘The amount of lysls was a function of the number of effector
cells present; increasing effector—to:target cell ratios induced »
proportional increases in specific lysis up to a plateau maximum value.
Furthermore, mixing spleen cell preparations containing high NK
activitfywith spleen preparations ofiluw NK activity gave an amount of
lysis that was directly related to the number of NK cells present in

the mixture {Figure 5). Datta et al. (1979b) have reported that lysis

can be inhibited by the presence of unlabelled target cells, in a
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dose-dependent fashion.. These resultp have been confirmed using MAD
targets (Qata not ‘presented) . The obge?vations suggest that lysis of
target cells is attributable to a cellular function.

The injection of Pichinde virus-immme antisera into control or

.
a

Pichinde virus-infected hamsters did not incrgase splenic cytotoxic
activity above levels observed in recipients of normal hamster serum
(Table XI). Although antibody-dependent cell-mediated cytotoxicity
(ADCC) can be easily demonstrated by hamster péritoneal exudate cells
against he?pes simplex virus-infected BHK target cells in the pfesence
ofranti—herpesvirus aﬁtibodies, no lysis of Pichinde virns-infected BEK
targets initﬁe presence of immune sers aad the same ;eritaneal”exudaté
cells has been observed (data not presented)z In addition, thé infection
of target cells with Plchinde virus did not alter their susceptibilicy
to lysis by spleen effectors from contrel ;r Pichinde virus—infected
an;ﬁais (Figuré 3). These observations suggest that the 1ysis of
target cells by Pichinde virus-induced cytotoxic cells is not attributable
to an ADCC-like mechanism. |
Hamster NK cells Were able to kill syngeneic and allogeneic
tumour target cells, continuous cell lines and embryo fibroblasts
{Figure 9), although with differing efficiencies. Datta and Trent;n
(1979b) ﬁava leo demonstrated lysis of a =xenogeneic cell line, human
chronic myelogenous leukemia K562 cells, by hamster effector cells.
Thus, hamster NK ;ell actlvity was not restricted to histocompatible

targets. Except in the casge of vsv, virus infection of the target cells

did not alter their susceptibility to lysis (Figure 10). These observations

1 . '
'

(.\-\ .

-
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are comparable to the fiﬁdings-qf Welsh et al. (1979), who &emonstrated
that mouse NK cells induced by LCMV or vaccinia virus were able to
kill-s}ngeneic, aliogeneic aﬁd xenogenéic continucus and early passage
cell lines,-and that LCMV-induced NK cells apparently did not recognize
LCMV antigens on fhe surface of infected target cells.
The infectioﬁ of MAD targets éith ;SV augmented the sPeéific
Slcr release values elicited by the presence of hamsteg,Nﬁ cells; no
other viruses had this effect (Figure 10). In this context, thé‘sh‘_
suggestion that 70-90% of the NK activity seen in the dsgal 18 hr assay

is due to the generation of interferon released into the supernate,

_ 4/ which subsequently inducds NK activity, may be relevant (Trinchieri

5

and Santoli, 1978; Trinchieri et al., 1978; Santoli, 1978). VSV is a
particularly potent inducer of interferon; thus, NK E;mster cells may
be uﬁdergoing activation during the assay. An alternative explanation-
is -that VSV 'infection of the target cell.may render it.more susceptible
to lysis,

As has been discussed inm the introducticn, many agents, including
viruses, certain bacteria, tumour cells, interferdﬁ, and interferon-—
inducing agents, have been shown to augment mouse or rat NK activity
in vivo (Welsh, 1978; Herberman and Holden, 1978; Herberman et al.,
1979; .Oehler et al., 1978). The present studies on hamster NK activicy
have shown that both Pichinde virus and herpes simplex virus are able
to augment activity in vivo (Figi;e gs. No inducing effect could be

attributed to vaccinia virus after 3 days of infection. In addition,

-
Datta et al. (1979b) have pointed out that the challenge of inbred LSH

s
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or randonbéred hamsters with_syngeneic or a geneic tumour cells

elicited an augmented NK response soon after the ?Eiiighge.- Thus,

tumour cells, Pichiigg,girﬁé;and herpes simplex virus are agents which

are able to augment NK activity in Syrian hamsters.

High MK activity is a dominant trait in mice (Kiessling et al.,

1976) ana appears to be controlled by multiple.genes, including an
H-2 linked component (Kiessling et al., 1975; Petranyl et al., 1976).
Efﬁgwé?:jhigh NK activity in the rat acts as ; recessive phenotype
(Oehler et al., 1978b), and no linkage of genes controlling NK activity
to loci wichin the major histocompabibility éomplex of the rat could
be demonstrated. In a preliminary experiment, individual F (LVG X MHA)
s &,

progeny hamsters were assayed for NK cytotoxic activity following
Pichinde virus infection (Table XI). The results suggested that low
levels of NK activity were expressed in these Fl (LSH X MHA) progeny;
however, the experiment must be repeated using larger numbers, and the
values obtained from Fl‘spleens should be compared to a range given by
spleens of individual parents rather than data obtained from‘pooled
spleen cells. If the results are correct, then the inheritance of
NK activity in the hamster resembles the situation in rats rather than
in mice. The observation that both Elkfemales had lower NK activity
than theirfmale littermates may be related to the observation that
B—estradial suppresses NK activity (Seaman et al., 1978).

NK cells have been alleged to play a role in immunosurveill-

ance against tumour formation (Baldwin, 1977). The observation that

Pichiﬁde virus infection aupmented NK activity to a greater extent in

R b
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MHA hamsters than in LSE hamsters was construed as an indication that
MIA hamsters might actually be more resistant to tumour induction than
the LSH strain. This appeared to be true; although no significant

difference was observed in the induction of tumours in neonates,ﬁy

injection of.adenovirus type 12 (Figure 11), a difference was demonstrable

in the increased resistance of MHA adults to challenge witﬂ syngeneic
or allogeneic adenovirus-induced tumour cells compared to LSH hamsters
(Figure 12). The inability to demonstrate a differ?nce in induction
of tumours by adenovirus type 12 in neonates may De because the numbers
tested were so small. An alternative possibility is that NK cell
activity is inadequately expressed in neonates; NK activity in hamsters
'appears to increase with age (Datta et al., 1979a,b). It has been
reported that the chéllenge of adult hamsters with syngepeic or
allogeneic tumour cells induced an inc:éase in NK acgi%ity early after
. Ve
injection of the tumour cells (Datta et al., 1%19&{: Once the tumours
had attained a large mass in théT?\hgyseé% recipients, the NK activity
appeared to be suppressed. This reduct;on in activity may be directly

" related to growth of the tumour (Datta et al., 1979b).

4.4. The Role of NK Cells in the Susceptibility of Syrian Hamsters

To Lethal Pichinde Virus Infections

. The demonstration that theaspleen cell population which
contzined infectious centres of Pichinde virus increased
and co-purified with NK activity raised the possibility that a

target cell, for Pichinde virus replitation was the NK cell. Other
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evidence presented in this thesis supports this conjecture. Endogenous

NK activity was usually higher in the MHA strain of hamsters than in
LSH énimals. Pichinde virus infection augmented‘NK‘activity in beth
strains, but to-a greater extent in MHA thzn in LSH hamsters. kirchner
et al. (1976) have reported that herpes simplex virus, like other
meibers of the herpesvirus group, induces B cell proliferation. Since
treatment of mouse spleen cells with B cell mitogens is required to
render the cells susceptible to her?es simplex virus growth in vitro,
the observation suggested that the virus was able to induce a target
cell for its growth. A similar situation may underlie the preéerential
Pichinde virus—-induced augmentation of NK activity in MHA spleen cells,
and the subsequent rapid virus grow;h.

The current studies have provided evidence that survival and
the ability tec limit viremia are each dominant phenotypes countrolled by
either a single or linked autosomal gene(s) (Tables 1 and II). 1If the
NK cell is actually a target cell for virus growth, then the geneties
of susceptibility to the fatal virus infection predicts that low NK
activity will be a dominant trait. This prediction has been borne out
in preliminary experiments on the genetic control of NK activity in

Syrian hamsters (Table XIII).

Data from several other studies are consistent with' the hypothesis

that the hamster NK céll may be a target for Pichinde virus replication.
Stephen et al. (1977) have studied the effect of poly(ICLé) treatment
on the infection of Rhesus monkeys by Machupo virus. Like Pichinde

virus, Machupo virus is a member of the arenaviridiae. Monkeys treated

et b
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early in‘infection with the interferon inducer pely(I)‘poly(C)

stabilized with carboxymethyl cellulose and poly—}Qlysine [poly (ICLC) ]
developed significantly higher titres of virus in the blood than

animsls not given poly(ICLC).. Since interferon can induce NK activity
both in vivo (Gidlund et al., 1978; Oehler et al., 1978) and ig_zigég
(Santolil et al., 1978; Trinchieri and Santoni, 1978; Einhorn et al., 1978),
the effect of poly(ICLCf on Machupe virus infectioh of-ﬁonkeys is
consistent with the hypothesis that new targets for arenavirus

replication are elicited by the drug and that these new targest may
' -~

) -

be NK cells.

In a similar vein, nude mice have been shown to have higher
titres of interferon in their spleens and serum following infeétion
with the arenavirus, lymphocytic choriomeningitis virus (LCMV) than
do normal mice; this was accompanied by higher titres of virug in the
tissues of nude mice (Merigan et al., 1977). Furthermore, the admini-

. “
stration of anti-interferon antibodies inhibited the liver cell
necrosis and death that is observed in suckling mice{which have been
infected with LCMV (Riviere et al., 1977). Mice which have been
congenltally infected with LCMV, a condition whiqh converts the mice
into chronic carriers of the virus, have been shown to have reduced
int;r%eggn titres {Holtermann and’Havell 19?0) Finally, Popescu
et E_ (1979} have shown that these carrier mice have infectious
centres of LCMV in splenic and peripheral blood lymphocytes. It is

interesting that murine lymphocytes are relatively resistant to

ﬁfection with LCMV in vitro (quoted in Popescu et al., 1979);
<

,
4
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activation induced in vitro with T cell mitogen PHAror by incubation
with allogeneic celis in mixed lymphocyte culture reversed this
resistance, résulting in high leﬁels of LCMV replication (Eustatia and
van der Veen, 1971). NK cell activity has been demonstrated to arise in
mixed lymphocyte cultures {(Jondal and Targan, 1978). Taken together,
these_observations are consistent with the PoEsibility that natural
killer cells represent a target cell for the replication cf certain

3

arenaviruses.

4.5. Influence of the Foot-pad Route of Injection of Pichinde Virus on

Survival of MHA Hamsters 4

The observation that the uéually susceptible MHA hamsters are
able®to limit Pichinde virus replication and consequently survive the
injection wﬁen the virus is given by the foot-pad Toute (Table Iv)
requires explanation. It is well known that the route of virus injection
can be very important in determining the outcome of the infection
(Fenner, 1973). Several explanations for this effect may be considered.
The rapid development of the host's immune responses may be crucial
to survival when the aniwal is dealing with a replicating agent such
as a virus. If the virus has initial access to a cell which supports
its growth, the heavy virus load cghld rendar the host's defense
mechanisms inadequate. Alternatively; an inappropriate host response
can develop as a consequence of the route of exposure (Ogra-et al.,

1968; Tomasi and Bienenstock, 1968), leading to an inability to

effectively clear the virus. The sequestering of a replicating antigen
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at a distance from brgans involved in the genefation of either noﬁ-
specific defenses or the specific ilmmune response could also delay, or
reduce, the manifestations of iﬁmuaity (Webster, 1965, 1968).

| The basis for survival of MHA hamsters.following foot-pad
injection of Pichinde virus may be understood in the context of the
hypothesis rhat a spleen cell, possibly the NK cell, 15 a primary
target for Pichinde wvirus replication. Foot-pad injected MHA hamsters
showed a delayed rise in splenic NK activity (Table XVI)} compared to
hamsters ingiulated by the intraperitoneal route (Figure 3). Most
imporpantly, the development of infectious centres in the spleen was
also delayed (Table KVI;.Figure 15}, and no infectious centres were
detectable eight days after a - foot-pad injection of Pichinde virus.
Thus, this route of injection appeared to delay the spread of virus.
sufficiently to permit the hamster's immune defense mechanisms to clear
the relatively low virus load. In contrast, when Pichinde virus is
incculated intraperitomeally, the splegn is seeded with virus early
in infection. The hamster spleen appears to be a major reservoir of
NK cells (Table XII; Datta et al., 1979b). The route of injectioqfof
agents which augment NK activity is known te be important_in determining
the magnitude and location of the increase, in NK activity (Ojo et al., l .
1678); thus, intraperitoneal administration of Pichinde virus may )>
preferentially induce splenic WK activity. If the hypothesis is
correct that Pichinde virus replicates in NK cells, then the early
proliferation of Pichinde virus within the numerous spleen NK cells

may result in an overwhelming amount of virus against which the host's
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defense mechanisms are inadequate., When, however, Pichinde‘viru‘s in -
inoéqlated into-the foot-pad, the retarded virus growth that is a
consequence of the paucity of NK cells in this location (Datta et al.,
1979b) may allcw the host's immune defenses to win the race.

This conjecture rests on the implicit assumption that the
MHA hamster is sble to mount an appropriate immune response against
Pichinde virus, provided that the virus is administered in such a way
as to delay its early replication. Scme justification fdr this view-
point 1s provided by the work of Buchmeier and Rawls (1%76), gnd by
the current studies. Anﬁibody producticn against Pichinde virus antigens
appeared to be similar in both the resistant and susceptible strains
of hamsters (Buchmeier and Rawls, 1976) and passive tramsfer of anti-
'body did mot alter the develapment of infectious centres or NK
activity In the spleen (Table VITII). The fact that resistance to
lethal Pichinde virus infection in LVG hamsters developed post-
natally, together with the finding that cyclophosphamide abrogates
their age-acquired resistance (Buchmeier and Rawls, 1976), suggested
that immunity does have a protective role in Pichinde virus infection.
In addition to the observation that MHA hamsters were able to limit
Pichinde virus replication and survive the infection when the virus
is inoculated.into the foot-pad, (Table IV) it was alsc shown that
a foot-pad injection ofuvirus protected MHA hamsters against a
normally lethal intraperitoneal challenge of Pichinde virus (Table V).
Taken together, these observations suggest that the normally susceptible
MIA strain of hamsters is capable of genmerating a protective ilmmune

TESpOnsc.
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Both LSH and LVG hamsters responded to a foot-pad inoculation
of Pichinde virus with swelling at 8 days.after injection. These
results are in agreement with those reported by Zinkernagel et al.

(1978), who demonstrated that a foot-pad inoculation of vaccinia virus

L]

or lymphocytic chorlomeningitis virus was capable of eliciting a
swelling response in hamster foot—pads. The observed infiltration of
lymphocytes and macrophages into the foot-pads of LVG and LSH hamsters
which had received a foot-pad injection of virus (Tablé 11I) 1is typical
of delayed-type hypersensictivity, a manifesﬁation of Fell—mediated
immunity. In contrast to. these observations, the MHA strain failed

to show foot-pad swelling after a foot-pad imjection of Pichinde virus
{(Figure 2}, and lacked evidence of a mononuclear cell infiltrate at

the site of inmjection (Table 1TI).

The development of the foot-pad swelling respouse reguires both
the immune récﬁgnitidn of the injected antigen angfzgzrﬁroduction of
soluble factors and sensitized cells which induce the monomuclear cell
infiltrate and edema. One explanaticn for the lack of foot—pad swelling
in ﬁHA.hamsters, then, is that this strain is defective in the
recognition of Pichinde virus antigens. However, the observation that
MHA hamsters which recefived a foot-pad inoculation of Pichinde virus
did produce complement-fixing anti-viral antibodies (Table IV), and
furthermere, were protected against a subsequent intraperitoneal
challenge of Pichinde virus (data not presented), argues that recognition
of Pichinde virus antigens has occurred. In addition, MiA hamsters .

did not respond to a foot-pad challenge of herpes simplex virus (data

Y
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not presente&). Thus, the defect in the foot-pad swelling response

of MHA hamsters did not appear to be virﬁs-séécific; and as such, was
unlikely t¢ be at the level of the T lymphocytei- Nevertheless, the
possibility that a defect exists in T lymphocyte recognition of a specific
Pichi virus antigen has not beeq~excluded. |
‘ An alternate possibility which accounts for the lack of foot-pad
swelling in‘the MHA strain is cthat these hamsters are unable to generate
the effector mechanisms which are respeonsible for the components oflthe
foot-pad swelling response. Thus, MHA hamsters may be unable to pro-
duce a lymphokine or monckine which is necessary for the infiltration

of mononuclear celis and/or adema. An alternate explanation was
suggested by the observation that the popliteal lymph nodes draining

the foot-pad becameenlarged In MHA hamsters within 3 to 5 days of

a foot-pad injection of Pichinde virus (data not presented), and the
lymph node cells demon§£§ated cytotoxic activity agaimst MAD cargets
(Table XVII). De Maeyer (1976) has reported that interferon, an inducer
of NK activity, strongly inhibited the foot-pad swelling associated

with the delayed-type hypersensitivity response to Newcastle disease
virus in mice. Thus, interferon production in the draining lymph node
of MHA hamsters may account for the lack of feot-pad swelling. If

this suggestion 1s true, then it is predicted that LSH hamsters will

not show as marked an elevatién of NK activity as do MHA hamsters in
tﬁe popliteal lymph nodes subsequent to a foot-pad injection of Pichinde
virus. r

The cellular component of the footpad swelling respons?/must

also be considered. For example, a defect in trafficking of lymphocytes
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to the foot-pad could account for the observed lack éf swelling in the
MHA qtrainl. AI_I‘I alternate hypothesis which explains the difference in
the foot-pad swélling response to Pichinde wirus is that foot-pad
'swelling in LSH hamsters is due to an infil;ration of mononuclear cells
which suppress NK activity. Some support for this idea of a suppressor‘
cell comes from the observation that carbonyl iron treatment of LSH
spleen cells markedly enhanced cytotoxic activity (Figure 7). This
suggested that the LSH spléen cell population did contain NK cells, but
that the NK activity was suppressed by-a carbonyl iron-sensitive cell,
possibly a macrophage. This possibilicy is consistent with reports from
other laboratories that a phagoeytic and/or adherent suppressor cell
inhibits NK activity. Spina and Hofman (1979) have shown that an
adherent esterase-positive cell suppressed human NK activity im wvitro.

A mousc suppressor cell, which was induced by carrageenan administered
in vivo and in vitre, has been shown to inhibit NK activicty; the
suppressor cell was removed by carbonv]l iromn pretreatment, and less

efficiently by adherence to plastic (Cudkowicz and Hochman, 1979).

These studies thus support the concept of an adherent, macrophage-like

&
\\mcgl}, which is able to suppress NK activity, and raise the possibility

thag\the lack'of foot-pad swelling in MHA hamsters may be due to a
lack of suppressor cells in this strein. At the present time, it
is not possible to distinguish among these alternate explanations
for the lack of swelling that is observed in MHA hamsters‘af:er a

foot-pad injection of Pichinde virus. Further work is required to

resolve the problem.

e e e mald
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4.6. Statement of the Model and Proposals figr Further Work

The available data are consistent with the h}pothesis'that'a
térget cell, defined by its NK activity proﬁides an additional target
cell for Pichinde wirus replication in_MHA hamsters, leading to an
dverwhelming virus load and subsequent host death. In contrast, the
relative absence of-thi; target cell in LSH hamsters results in low
levels of virus replication, which the host's immune defense meéﬂanisms
are ahble to clear.

It has already been pointed out that the presence of a suppressor

cell, willich ;nhibits NK activity in LSH hamsters but not in MHA hamsters,
could account for rhe observed differences in foot-phd swelling.

| Such a cell could also be rasponsible for szpiZlatively low

NK activity observed in LSH hamster spleens, thgreby functionally
removing a potential target cell for Pichinde virus replication. This
theory imposes a restriction on the hypothesis; if the target cell for
Pichinde virus replication is indeed the NK cell, the; the hypothesis
must be extended to say that cthe target is the activated NK cell.

This hypecthesls would be cempatible with the observgd difficulty in
demonstrating a spleen target cell difference in vitro (Figures 13 and

o

14), and is consistent with the effects of an interferem or interferoan
induéers on arenavirus replication in monkeys (Stephen et al., 1978)
and in mice (Riviere et al., 1877). The absence of suppressor cells,
a trait which could be acquired genetically or through inactivaticn

by Pichinde virus infection, would then lead to the phenotype of

augmented NK activity. When the site of primary replication is the
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spleen, the numerous NK cells that reside at this location ar;z subjected -
to an eérly and overwhelming virus “prolifar."ation.

Other mechanisms which may account for Eherrélative lack of
LSH splenic NE activity can also be postulatéd. LSH hamsters may
lack a T helper cell for NK.activity. Al;érnatively, the LSH strain
may be defective in production of a monokine or lﬁmphokine, such as
inte%ﬁéron, which is rigpirad for the activationlof NK cells. Mechanisms
for trafficking.of the NK cell could differ in the two strains 8f
hamsters. At the present time, no informagion is avaiiable which allows
us to distinguigh between these possiibilities.

Further support for the hypothesis that che hamster NK cell
represents a target cell for Pichinde virus replication awaits experi-
mentation. Genetic studies could determine whether a correlation exists
in individual test-cross progeny between viremia and infectious centres
af Pichinde virus and levels of NK activity; a lack of correlation
would negate the hypo;hesis. The deletion of NK activity in vive
by-agents sqch assgsr or anti-NK cell aﬁtiserum would be expected to
result in a loss of the putative tafget cell for Pichinde virus
replication, thereby reducing viremia and ultimately resulting in
hest survival., Alternatively, agents which Increase NK activity such
ags interferon or intérféroneinducers shquld render the animals more
susceptible to the lethal Pichinde virus infection. The adoptive
transfers of spleen cells or bone marrow cells into irradiated reci-
pients should confer the donor's phenctype of NK activify/survival

after Pichinde virus infection on the recipient. The survival of MHA

:




SV hamatérs'that is observed following a foot-pad injection of Pichinde

x

virus sugges:s that the spleen, as a major source of NK cells, acts
aq‘l reservoir for infentigus ceptrea of Pichinde virus. Thereforeq'

splénectomy of MHA hamsters, followed by an immedidte intraperitoneal

P

injection of Pichinde virus, should permit the HHA hamsters to survive .

the normally'lethal challenge of virus.
i Altern§£;|e#planacions;for the suqceﬁtibility of MHA hzamsters
to f5£a1 Pichinde virus infections must also ge consideréd.._The NK
. cell aﬁtf;ity may be.simply a marké; for other perturbations in the
Wnétworh_of host responses to the virus infection. ?For eyaﬁfle; further
stu&ies:on cellﬁmediateévimmunity in MBA hanmsters could revéal defecfs
in this branch of their immune response. Noﬁ—specific defenses, such

as interferon, méy also be different in thé.two strains of hamsters.

An eariy target for Pichinde virus replicaiion in LSH hamsters which

’ -

L
. is able (oﬁaszrt or delay the virﬁg growth cycle, could tip the
suf

. balance ficiently so that the immme response is adequate. Another
possibility is that the kinetics of the immune response is under
genetic control, and is delayed in MMA hamsfers. When a replicating

antigen such as a virus is challen e host, a deli& of one or

two days in ggneréting the host's echanisms could mean the

4
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APPENDIX °

Data from 35 separate experiments im which spleen cells from
control or Pichiﬁde virus-infected MHA and LSH hamsters were agsayed
for cytetoxic activity against SlCr-—labélled MAD targets were analyzed
statistically. A mean percent speciéic Slcr release value was estigated
for each group by summing the actual percent release values obtained for
effector-to-target cell ratios of 100:1, 50:1 end 25:1 in all 35 experi-
ments, and dividing by the total number (n) of values. These mean

values are summarized below:

Strain Pichinde Mean % specific n sSb SEM
virus DlCr release 625

k n
LSH no 4.23 63 9,38 1.18
LSH yes 17.13 66 15.07 1.85
MHA  no 12.04 80 ¢ 9.95 1,11
MHA ves 43.05 85 19,97 2.17

The difference in endogencus levels of cytotoxic activity in unin-
fectod MHA and LSH hamsters was statistically significant by Student's t
test (T' = 3.77; p<.0005). Similarily, Pichinde virus infection induced
an augmented response in both MHA hamsters (T' = 12.51; p<.0005) and-LSH
hamsters (T' = 5.80: p<.0005). The magnitude of the augmented response
in MMA hamsters was significantly greater than that cbserved in LSH

hamsters (T' = 7.49; p<.0005).





