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These studies were undertaken to characterize cytotoxic cell

responses to Pichinde virus (P'J; a member of the arenavirus family) in

various strains of inbred mice. Enphasis was placed on examining the

relationShip between cells with natural killer (NK) activity and E-2
,

restricted, virus-specific cytotoxic T l~es (err.) that are

detected in the spleens of inbred mice after infection with P'J.

Priinary Lv. inoculation of mice with P'J resulted in

augrented spleen NK activity that peaked at 3- 4 days after infection.'

nus NK response was follOo"ed by an E-2 restricted, virus-specific err.

response that peaked 3 days later. Rechallenge of P'J-primed mice with

harologous virus resulted in a slight but significant increase in

spleen NK activity 1 day after reinfection, and this was follOo"ed 3

days later by peak err. activity. Thus, narory cell-<rediated inmJne

responses appeared rrcre rapidly after secondary in vivo challe.nge with

P'J. Furthel:lllOre, the tetpOral kinetic relationship between virus-

induced NK and en. respcnses was maintained after both primary and

secondary infection with P'J, which suggested that virus-induced NK

cells may represent pre-CTL.

Tc investigate the relationship between these two cytotoxic

cell populations, expression of lineage specific cell-surface

antigens on virus-induced NK and err. effectors was examined. NK cells

induced after primary and secondarJ infection with P'J 'were fourd to

rapidly acquire the pan-T cell marker Thy-l, which was expressed on

"
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mature anti-viral err.. In addition, asialo-GM 1 (a glycolipid which

•



has been considered a marker of NK cells) appears to be expressed on

Pl7-specific CIIp; treatment of PlT-prined spleen cells with a

polyclonal rabbit antiserun to this marker plus e:atplement prior to

~ in vitro restimulation with PlT-infected macrophages

prevented the generation of secondary ,,-en. responses to PV.

Furthernore, ~ultiple i.v. injections of this antiserum .-ere able to

abrogate the in vivo generation of both NK and en. responses after

primary or secondal:y infection with PV.

Secondary NK and en. responses .-ere generated in mice that '~

had been pretreated with cyclophosphamide (CY), suggesting that memory

cell""lrediated inmune responses can be reactivated in vivo without

undergoing cell division.
,

In contrast, treatment with·cy before

primary infection delayed the appearance of vir:us-ind~ NK activity
/'.......;

and abrogated the generation of H-2 restricted, v:irl,!s-specific en..

Rechallenge of these CY-trea~ed, NK-prined mice resulted in the· rapid

generaticn of a secondary NK response that was not followed by either-a primary or secondary en. response. This long-term block in en.

generation was not due to the establishment of a persistent PV

infection. Me!Tory en. generation could be restored by secondarily

coinfecting mice with PV and a second arenavirus such as Tacaribe

virus (1V) or lymphocytic chorianeningitis virus (LCMV), or by

injection of interleukin 2 (IL 2)-containing supernatants after

rechallenge Wi.th PV. To demonstrate that IL 2 was the responsible

lymphokine in these supernatants, highly purified IL 2 was added to -in

vitro cultures of spleen cells fran CY-treated,' PV-prined mice. In

the presence of PV-infected syngeneic' macrophages. addition of

purified IL 2 resulted in a dose dependen~restoration of H-2
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restricted, anti-PIT en. activity. In addition, the en. precursor

frequency of CY-treated, PIT-primed mice appeared. to be markedly

reduced carpared to that in nor:mal PIT-primed mice. Thus, the long- •

lasting block in the ability to generate PIT-specific memory CTL

appears to be due to both a lack of helper T cell activO a

significant reducticn in the nuniler of CI!.p. Furthennore, these

results suggest that priming the NK carpartment is 'sufficient to prime

for a zreaory en. response, provided helper factors such as IL 2 are

supplied.
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A number of chronic human diseases such as progressive

/.

rubella panencephalitis, subacute sclerosing panencephalitis, and Kuru

are caused by persistent viral infections, and a viral etiology is

suspected in others (W::llinsky and Johnson, 1980; Stroop and Baringer·,

1982) • In addition, persistence of Hepati tis B virus and the

AIDS-associated retrovirus constitute major public health problems of

\oOrld-wi.de concern (iiyas and Blun, 1984; Fauci, 1985). The host and

viral factors that are involved in the establishnent and maintenance
"'--....

of persistent infections are net wells: defined.

The arenaviruses are a family of enveloped viruses that cause

acute and persistent infections of rodents in nature (revie~ by

Howard and Siropson, 1981; Lehmann-Grube, 1984). Four arenaviruses,

notably Lassa virus, Junin virus, Machupo virus'3d lymphocytic

chorianeningitis virus (LCMV), are capable of cauSing severe disease

in hunans. LCMV, the prototype arenavirus, is maintained in nature as

a persistent infecticn in mice. ExperiJnental infection of mice with

LCMV produces diverse disease syndranes (depending· on .the strain and

dose of virus, the route of infection, and the strain of mouse), and

thus is an excellent model system for defining the conditions that

lead to viral clearance or persistence .crevie~ by Leln1ann-Grube,

1982; Lehmann--Grube et al., 1982a).

Infection of adult mice with LCMV produces a characteristic

disease (lymphocytic chorianeningitis) which terminates in death or

leads to recovery with elimination of the virus. Clearance of the

virus is mediated by virus-specific cytotoxic T lymphocytes (CTL).

which lyse histocanpatible LCMV infected target cells in vi t..ro wit"
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great efficiency (Zinkernagel and I:bherty; 1974a; Zinkernagel anc:L

w;!lsh, 1976; Byrne and Oldstale, 1984). This T cell response, which

peaks 7- '10 days after primary infection, also causes the

characteristic central nervous system disease of LCM; virus-specific

CI'L apparently attack LCMIl-infected cells in the choroid plexus and

• zreniJiges (Cole and Nathanson, 1974). Infection of newborn mice wi th,

LCMIl results in' persistent infection which remains clinically

inapparent, althotgh high titers of virus are present throtghcut life

in all organs. Nuzrerous attempts to demonstrate a CI'Lresponse -in

these carrier mice have failed (Marker and Volkert, 1973; Cihak and

Lehmann-Gru.be, 1974; Zinkernagel and I:bherty, 1974b). Suppression of
,

CI'L activity is probably important for the maintenance of the carrier

st.ate, as adoptive transfer of Thy-l pcsitive spleen cells from

LCMV~immune mice into persiS1ently infected mice leads to clearance of

the virus (Volkert et aI., 1974).

Since' the CTL respcnse to Pichinde virus (PV; a related

arenavirus) is normal in LQlV carrier mice, the mechanism for

suppression must be highly specific for
. .....

LCMV-reactlve T cells

(Buchmeier et a1., 1980). The absence of LQlV-reactive T lymphocytes

in persistently infected mice is currently explained either by clonal

deleti~ (Dunlop and Blanden, 1977; Cihak and Lehmann-Gru.be, 1978) or

clonal suppression (Zinkernagel and I:bherty, 1974b). All attempts to

demcnstrate the presence of suppressor cells have been unsuccessful

(Cihak and Lehmann-G~, 1978), and thus persistence of LO!V may be

related to its ability to infect lymphoid celfs (Borden and Nathanson,

1974) • selective infection of LCMV-specific T cells (perhaps via

their immunological receptors) could account for the abrogation of CI'L
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. activi ty (Popescu et al., 1979). The virus could be directly

cytolytic for LOW-specific T cells, leading to clonal deleticn of

virus-specific crL, or infection could result in functional

inactivaticn by inhibiting antigen 'recognition and/or lytic

rrechanisms. Indeed, recent studies by Ahrred and CO'WOrkers (1984)

indicate that life-long suppressicn of T cell 'responses in adult T.J::MJ

carrier mice could be caused by genetic variants of LOW that infect

and inactivate mature cT cells, thus contributing to the persistence of

•

the virus. An alternate hypothes.is was recently proposed by

Lehmann-Grube, after it was demonstrated that T cells fran newborn

mice could be infected with LCMV, whereas resting or activated T cells

fran adult mice could not (Popescu et aI., 1982; Lehmann-Grube et al.,

1983). Based on these observations it was postulated that the virus

infects T cells at an early stage of developrent and blocks their

differentiation into mature crL (Lehmann-Grube et aI., 1983). Mature

crL in~ adUlt rrouse w::>uld be resistant to infection and capable of, .
responding to challenge with the virus. This hypothesis is consistent

with the observation that an inve~ relationship exists between the

. age at 1o'hich the rrouse is infected with LCMV and survival with virus

persistence (Lehmann-Crube et aI., 1982a). Thus, the outcare of LCMV

infection (Le. persistence or acute infection) may be related to the

ability of the virus to recognize and replicate in a specific subset

of lymphoid cells.

..:,....

Variation in the outcare of PIT infection in -t:wO-;trains of

Syrian hamster also appears to be determined by the ability of the

virus to infect a subset of lymphoid cells in' the host' s spleen.

BuchIreier and Rawls (1977) found that PIT caused a fatal infectiOn in
































































































































































































































































































