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ABSTRACT 

Splenectomy.zed and anti-thymocy te serum (ATS) 

treated mice were injected intravenously with polyribo-

inosinic:polyribocytidylie acid (poly I:C) and the level 

of serum interferon (IF) was assayed. Mouse spleen cells 

were cultured with poly I.'C, statolon and tilorone 

hydrochloride to determine if these agents induced 

lymphocyte stimulation and the production of interferon 

in vitro. The level of lymphocyte stimulation was deter

mined by assaying the amount of tritiated thymidine 

incorporated .into acid-insoluble material and the percentage 

of blast.-transfo.rmed cells. IF was assayed by a plaque 

reduction method. Bovine serum albumin gradients were used 

to fractionate mouse spleen cells into subpopulations to 

determine the relationship between the mitogenic response 

and production of IF induced by poly I:C. The distribution 

of responding lymphoid cells was also investigated. Lymphoid 

cells from mouse spleen, mouse lymph node, human spleen, 

human tonsils, and human peripheral blood were each cul

tured with poly I:C. 

The poly I:C induced serum interferon levels in 

splenectomized or antithymocyte serum treated mice were 

found to be depressed significantly when compared to levels 

in control mice. Interferon levels in splenectomized mice 

ix 
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were more severely reduced (i.e., greater than 200-fold) 

than were IF levels in ATS treated mice (i.e., greater than 

25-fold). These data indicate that the spleen as well as 

thymus-dependent lymphocytes play a major role in deter

mining levels of serum IF following injections of poly I:C. 

Poly I:C was found to induce a mitogenic response in 

cultures of mouse spleen colls as denoted by an increase in 

the amount of deoxyribonucleic acid (DNA) synthesized and by 

an increase in the number of blast transformed lymphocytes. 

Po.ly I:C also induced the production of interferon in cul

tures of mouse spleen cells. The production of IF and the 

stimulation of mitogenesis in these cultures were found to 

be dose-dependent. 

Spleen cells which responded mitogenically to poly 

I:C were separated on bovine serum albumin gradients from 

spleen cells which responded with the production of 

interferon. These results indicate that different cells 

are involved in these two responses. 

AKR anti-C^H theta serum and complement were used to 

deplete mouse spleen cell populations of thymus-dependent 

lymphocytes. Spleen cell populations depleted of thymus-

dependent lymphocytes and then cultured with poly I:C failed 

to respond mitogenically or with the production of 

interferon. These data indicate that thymus-dependent 

lymphocytes are required for both the mitogenic and 

interferon responses induced by poly I:C. 
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Mouse lymph node cells wore induced by poly I. :C to 

produce IF, but in contrast to spleen cells did not respond 

mitogenically to poly I:C. 

Human spleen cells responded to poly I:C with 

enhanced mitogenesis and the production of IF, as did mouse 

spleen cells. Human tonsillar lymphocytes and peripheral 

blood lymphocytes responded in tissue culture with the 

production of IF when challenged with poly I :C( but did not. 

undergo a mitogenic response. Thus, populations of mito

genically responding cells and IF producing cells have 

different tissue distributions. 

Statolon did not induce mitogenesis or the produc

tion of IF in mouse spleen cell cultures. Tilorone hydro

chloride likewise failed to stimulate mitogenesis or the 

production of IF in mouse spleen cell cultures. In addi

tion, tilorone hydrochloride was found to be toxic for mouse 

spleen cells and depressed DNA synthesis to levels below 

control values. Anti-viral activity was observed with 

supernatant fluids from tilorone treated spleen cell cul

tures and was attributed to the direct toxicity of this 

compound on the monolayer cell cultures used to assay for 

interferon. 



INTRODUCTION 

Po ly r.ibo i.no s 1 n i. c : Po 3.y r ibo cy 11 dy .1 i c Acid 

Davies and Rich (1958) discovered that if they mixed 

and annealed equimolar quantities of the homopolymers 

polyr.iboinos.inic acid and polyribo cytidylic ac.i.d they 

obtained the synthetic double-stranded ribonucleic, acid 

(dsRNA), polyriboj.nosin.ic: polyribo cytidylic acid (poly I:C). 

Braun and Nakano (1967) reported the first biological 

activity associated with synthetic polynucleotides. They 

discovered that when polyriboadenylic :polyribouridyl.ic acid 

(po3y A:U) was injected into mice shortly before sheep red 

blood cells a significant increase .in the number of 

hemolysin-forming spleen cells was observed. This apparent 

adjuvant effect led Hilleman and associates (Field et al., 

1967, 1968) to screen synthetic RNA 1 s for their ability to 

stimulate the production of the antiviral protein interferon 

(IF). They reported high serum levels of IF in rabbits and 

mice following the administration of microgram amounts of 

poly I:C or poly A:U. Poly I:C also was found to induce 

interferon in_ vitro in rabbit spleen cells. Most double-

stranded RNA's examined, whether of synthetic or natural 

source, have been shown to induce IF or virus resistance 

in vivo (Hilleman, 1970a). By contrast, single-stranded RNA 

1 
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and double-stranded DNA were not found to induce interferon 

(DeClercq and Merigan, 1969; Hilleman, 1970a). 

Some viruses, such as reovirus, cytoplasmic poly-

hedrosis virus of the silkworm, rice dwarf virus and fungal 

phage (mycophage), isolated from certain species of 

Pen.icil.1 lum, contain double-stranded RNA, which if extracted 

from the virion and injected into animals induces the pro

duction of interferon (Kleins chin id t et al. , 1968). Most RNA 

viruses, however, contain single-stranded RNA which does not 

induce IF when extracted and injected into animals. Single-

stranded RNA viruses do not appear to become active inter

feron inducers until a double-stranded replicative form of 

RNA is produced during the virus replication cycle, although 

other virus-induced processes may be required in addition 

to the presence of dsRNA. Colby and Duesberg (1969) iso

lated the replicative form of RNA of influenza virus and 

demonstrated that it actively induced interferon. In 

addition, they presented evidence to suggest that DNA 

viruses might also induce interferon through a double-

stranded RNA molecule. They found that vaccinia virus (a 

DNA virus) induced the formation of a double-stranded RNA 

during its replicative cycle (Colby and Duesberg, 1969). 

The mechanism by which molecules such as poly I:C 

act at the cellular level to induce IF has not been 

completely elucidated. Kleinschrnidt, Cline, and Murphy 

(1964) suggested that polyanionic molecules might induce IF 
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from an intracellular site by combining with or removing the 

histone repressor from that segment of DNA responsible for 

coding the messenger RNA required for interferr,n synthesis. 

Bausek and Merigan (1969) demonstrated that most of the 

cell-associated poly I:C was initially localized at the cell 

surface. The amount of cell-bound poly I:C corresponded to 

approximately 0.2% of the total amount of poly I:C incubated 

with the cells. This finding was corroborated by Pitha, 

Marshall, and Carter (1972). These latter investigators 

calculated that cell-associated poly I:C corresponded to 

only 0.5% of the input concentration and did not change 

significantly during extended periods of incubation. 

Bausek and Merigan (1969) proposed two possible 

models for the initiation of IF production by poly I:C. In 

the first model, they proposed that a small amount of cell-

associated poly I:C penetrated the cell. They further pro

posed that the poly I:C taken into the cell then might 

initiate the production of IP. Using radioactively 

labeled poly I:C, they concluded that the amount of poly I:C 

that must be taken into cells to initiate the production of 

IF was of a small magnitude and represented only 1/40 of the 

cell-associated poly I:C. In the second model, they pro

posed that the bulk of the cell-associated poly I:C acted at 

the cell surface to initiate the production of interferon. 

Lockhart et al. (1968) observed that temperature sensitive 

Sindbis virus mutants, which form intracellular 
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double--stranded repl.icat.ive RNA at the nonpormissive 

temperature, do not produce IF under these conditions. 

Thus, the presence of dsRN/i within cells does not appear 

to be an adequate stimulus for the production of interferon. 

The efficacy of synthetic polynucleotides to induce 

IF or an antiviral state in cells lias been shown to be 

related to several physical and chemical properties of the 

copolymer. The doub.le-stranded nature of the polymer was 

demonstrated to be an essential requirement for the initia

tion of IF production (Field et al. , 1967; DeC.le.rcq and 

Merigan, 1969). The weak antiviral activity previously 

reported for individual homopolymers (Baron et al., 1968) 

has been shown subsequently to be due to a double-stranded 

contaminant in these preparations (Field et al., 1968). 

Ribose rather than deoxyribose was also shown to be required 

for antiviral activity by polynucleotides (Colby and 

Chamberlin, 1969). The average molecular weights or lengths 

of the individual homopolymers used to prepare the copolymer 

were demonstrated to be important in determining the bio

logical activity of the complex (Tytell et al. , 1970). 

DeClercq and Merigan (1969) likewise demonstrated that 

antiviral activity increased in parallel with the thermal 

stability of the polyribonucleotide complex. Only complexes 

in which thermal melting (Tm) occurred at temperatures of 

60°C or greater were found to exhibit antiviral activity. 



Poly I :C has been shown by several groups to be 

highly active in protecting a number of animal species 

against normally lethal or serious virus infections. Semes 

et al. (1969) reported that poly I:C in microgram quantities 

produced protection in mice against lethal challenges with 

Columbia SI< virus, parainfluenza 1, vaccinia, and pneumonia 

virus of mice (PVM). Therapeutic protection in mice against 

PVM infections was observed when poly I:C was given as late 

as 3 days after inoculation with PVM. The protection 

induced by poly I:C persisted for up to 7 days against PVM 

infections. When poly I:C was administered intravenously 

three hours prior to intravenous challenge with PVM, the 

incidence of survival in the treated group was 90 per cent 

over the control group. Park and Baron (19G8) have demon

strated the antiviral efficacy of poly I:C against herpes 

simplex virus infections of the cornea in rabbits. Pindak 

et al. (1971) have reported that poly I:C significantly 

increased the mean survival time of mice infected with MM 

virus. 

In addition to antiviral activity against non-

oncogenic viruses, poly has been shown to have thera

peutic efficacy against oncogenic viruses and transplanted 

tumors. Sarma et al. (1969) have reported that treatment 

of Swiss mice with poly I:C prior to and after inoculation 

of Moloney murine sarcoma virus (M-MSV) suppressed the 

development of tumors. When tumors were observed in poly 
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I :C treated mice, they were confined to the site of M-MSV 

inoculation and were smaller in size than tumors in non-

treated control mice. Evidence also was presented that 

poly l':C treatment induced regression of established tumors 

(Sarma et al., 1969). Vandeputte ct al. (1970) have demon

strated the antitumor efficacy of poly I:C in the polyoma 

virus-rat model. The normal incidence of tumors in rats 

challenged with polyoma virus was found to be 90 per cent in 

this study. The incidence of tumors in rats treated with 

poly I:C ranged from 3 per cent in animals in which therapy 

was started 7 days after virus inoculation, to 29 per cent 

in rats in which therapy was started 21 days after polyoma 

virus inoculation. Since polyoma virus was not demonstrable 

in rats 2 to 3 weeks after virus inoculation, the results 

suggested that mechanisms other than IF induction were 

resioonsible for the protection. These investigators sug

gested that the inhibitory action of poly I:C on polyoma 

oncogenesis was due to an enhancement of cell-mediated 

immunity. Similar studies were conducted with DNA oncogenic 

viruses. Larson, Clark, and Hilleman (1969) examined the 

antitumor potential of poly I:C on adenovirus type 12 

infections in newborn hamsters. The overall incidence of 

visceral tumors in untreated animals was 43 per cent. Poly 

I:C therapy reduced the incidence of tumors from 44 to 66 

per cent of control values. There were several factors 

which suggested that the protection might be more related 
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to the enhancement of specific immune mechanism rather than 

the antiviral activity of interferon: 

1. The production of IF has not been demonstrated in 

hamsters following the injection of poly I:C. 

2. Endotoxin which is a potent inducer of interferon 

(Younger, Stinebring, and Taube, 1964) and a known 

stimulator of the reticuloendothelial system 

(Heilman, 1965) caused only a minimal reduction in 

the incidence of visceral tumors. Other workers 

have reported that treatment of mice with poly I:C 

for 1 to 7 days following inoculation of L--1210 

ascites leukemia cells increased the life span of 

the infected mice by 25 to 40 per cent (Zelcsnick 

and Bhuyan, 19 69). 

Poly I:C therapy also has been shown to induce 

regression in certain transplanted tumors. Levy, Law, and 

Rabson (1969) observed that poly I:C therapy (100 Mg every 

other day), started two days following the implantation of a 

fibrosarcoma, two leukemias, a lymphatic lymphoma, a 

reticulum cell sarcoma, and a human adenovirus 12-.induced 

tumoi" in mice, resulted in decreased rates of growth of the 

tumors and increased survival times. In a group of mice 

implanted with the adenovirus 12-induced tumor, treatment 

was initiated after the tumor had obtained moderate size. 

In these animals, poly I:C therapy led to massive necrosis 
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and sloughing of these skin tumors in four of ten mice and 

a marked reduction in tumor size in the other six mice. In 

all mice with an established subcutaneous reticulum cell 

sarcoma (i.e. , 2 to 4 mm in diameter) complete tumor regres

sion was observed by eight days following poly I:C therapy. 

The implication was that the antitumor action observed 

following repeated poly I:C injections could not be 

attributed to the antiviral action of the interferon .induced, 

since none of these tumors are known to contain infectious 

oncogenic viruses. The adenovirus 12-induced tumor cells 

do, however, possess specific T-antigen, but virus cannot 

be recovered from the transformed cells. Oxinan et al. 

(19 67) demonstrated in SV40-transformed cells that synthesis 

of T-antigen was not affected by interferon; however, 

transformation of cells by SV40 virus and SV40 replication 

was inhibited by the antiviral action of interferon. One 

possible explanation for the poly I:C-induced antitumor 

activity might be related to enhanced immunological rejec

tion of foreign tumor antigens since poly I:C does not have 

a direct inhibitory effect on transformed cells in. vitro 

(Levy, 1970). Other workers have demonstrated that poly I:C 

almost totally prevented the induction of dimethylbenzan-

thracine-croton oil-induced tumors in mice (Levy, 1970). 

This finding was of interest in light of an earlier report 

that immunological impairment by neonatal thymectomy 
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increased the incidence of chemically-induced tumors 

(Miller, Grant, and Roe, 1963). 

The ability of poly I:C to enhance cellular immune 

reactions, and thus cause immunological rejection, has been 

studied. Cantor, Asofsky, and Levy (1970) observed that the 

graft vs. host activity of spleen cells, as determined by 

the Simonsen Assay (Simonsen, 1962) from donor mice treated 

with poly I:C, was upon injection into newborn F^ hybrids, 

equivalent to more than twice that number of spleen cells 

from untreated mice. The degree of enhancement of graft vs. 

host activity was dependent upon the dose of poly I:C 

administered to donor mice. Turner, Chan, and Chirigos 

(1970) found that poly I:C treatment significantly reduced 

the survival time of isografts. The median survival time of 

control grafts of tail skin from C57131/6 males on C57B1/6 

female recipients was 23 days. Mice which were grafted and 

received poly I:C on the same day had a median graft survival 

time of 10 days. Mice injected with poly I:C 10 days prior 

to receiving skin grafts rejected their grafts similar to 

nontreated control mice. In addition, they observed high 

titers of hemolytic antibody in mice simultaneously inocu

lated with sheep red blood cells and 100 ug of poly I:C. 

Thus, poly I:C appears to augment both humoral and cell-

mediated immunity although the mechanism by which this 

augmentation occurs has not been elucidated. 
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The target organ, tissue, or cell types responsible 

for the production of interferon following inoculation of 

poly I:C i_n v.ivo , have not been established conclusively. 

The lymphoreticular system, however, appears to be a major 

contributor of interferon in the serum following poly I:C 

challenge. Ho and Ke (1970) injected rabbits intra

venously with poly 1:C and then measured the amount of IF 

formed in vitro by tissue slices of various organs that were 

removed at various times after poly I:C challenge. In this 

study, they found that tissue slices from the spleen pro

duced the major amount of IF. Slices from the lung and 

liver produced IF, but in reduced amounts. When tissue 

slices were challenged _in vitro with poly I:C( the thymus, 

spleen, and lungs were found to produce large amounts of IF. 

Thus, cells of the lymporeticular system were shown to be 

important in the serum IF response following poly I:C 

challenge. 

Inducers of Interferon 

The induction of interferon classically has been 

associated with viruses and viral infections. At present, a 

heterogeneous collection of agents has been reported to 

induce interferon. These include microorganisms such as 

protozoa, rickettsiae, chlamydia, bacteria, and mycophage 

(i.e., statolon); extracts of microorganisms such as 

bacterial endotoxins, bacterial exotoxins, nucleic acid from 
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reovirus type 3, and the nucleic acid from a mycophage 

extracted from PeniciIlium funiculosum; extracts of plants 

such as phytohemagglutinin and pokeweed mitogen; and 

synthetic polymers such as polyribonucleotide copolymers, 

polycarboxylates, and tilorone hydrochloride (DeClercq and 

Merigan, 1970 ). 

Statolon and ti.lorone-HC.1 were of interest in this 

study because induction of IF by these inducers was found to 

be sensitive to immunosuppression (Glasgow, 1971) and 

because they shared several biological activities in common 

with poly I:C. 

Statolon is a mycophage suspension extracted from 

the mold Pen .ici. Ilium stoT onl ferurn. The inte:rferon inducing 

potential of this compound was identified by Kleinschmidt 

et al. (1968) as the double-stranded RNA contained within 

the mycophage. Wheelock, Caroline, and Moore (1969) 

reported that statolon induced IF in mice and suppressed 

Friend virus leukemia when given early in the course of the 

disease. Borecky, Lackovic, and Fuchsberger (1970) subse

quently found that statolon induced the production of 

interferon in mouse peritoneal leukocytes. 

Tilorone hydrochloride (bis-diethyl aminoethyl 

fluorenone) was reported by Mayer and Krueger (1970) to 

induce high levels of circulating interferon when 

administered orally to mice. Stringfellow and Glasgow 

(1972) corroborated this finding, but were unable to induce 
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interferon in mouse peritoneal lymphocytes or macrophages 

cultured with tilorone-IICl at concentrations of 0.8 to 

500 Mg per ml. In contrast, Dennis et al. (1972) reported 

the production of interferon by human periphei'al leukocytes 

cultured with tilorone-HCl. This compound is of further 

interest from an immunological standpoint because the 

induction of circulating interferon in mice by tilorone-HCl 

recently was found to be suppressed by X-radiat.ion 

(Stringfellow and Glasgow, 1972). 

Interferon in Host Defense 

Isaacs and Lindenrnann (1957) discovered that the 

interfering action of some viruses upon the replication of 

other viruses was mediated by a low molecular weight protein 

which they termed interferon (IF). Interferon was described 

as a "stable, nontoxic, potent, broadly active substance 

which was produced early in viral infections and which 

functions at the intracellular level to inhibit virus 

multiplication" (DeClercq and Merigan, 1970). Interferon 

(IF) is produced by virus-infected cells concomitantly with 

the production of virus. Interferon diffuses to surrounding 

cells where it induces an antiviral state. It has been 

proposed that interferon is part of host defense and 

complements humoral and cell-mediated immune systems in 

protecting the host from virus infections. The inter

relationship of these systems and the biological significance 
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of the interferon system was the subject of several recent 

reviews (Baron, 1970; Glasgow, .1970; Blandcn, 1970). 

The precise mechanism through which IF induces an 

antiviral state within cells has not been firmly established 

Joklik and Merigan (1966) examined vaccinia virus .replica

tion in interferon-treated mouse L-cells. They found that 

vaccinia virus messenger RNA was produced, but could not 

bind with host cell ribosomes to form polyribosome complexes 

They concluded that the mechanism of interferon action was 

at a stage between transcription and translation of virus 

messenger RNA. Marcus and Salb (19 66) examined the 

mechanism of interferon induced antiviral activity in a 

cell-free system using chick ribosomes and Sindbis virus 

messenger RNA. They found that ribosomes from interferon-

treated chick cells bound only 50 per cent of the Sindbis 

virus messenger RNA that was bound by control ribosomes from 

untreated chick cells. Translation of viral RNA by ribo

somes from interferon-treated chick cells did not occur when 

polyribosome complexes were formed. They observed that the 

inhibition was specific for virus RNA message, since chick 

messenger RNA was bound and translated at a normal rate by 

IF-treated ribosomes. Other workers have suggested that the 

primary site of IF action was at the binding of viral 

messenger RNA to host cell ribosomes and not at the transla

tion step (Carter and Levy, 19 67). They mixed ribosomes 

from IF-treated mouse L~cells with mengovirus messenger RNA 



14 

in a cell-free system and found that no binding of viral RNA 

occurred. Thus, the exact mechanism by which interferon-

treated cell reduce or inhibit virus replication is not 

known. The mechanism, however, implies that there is a 

remarkable selectivity of action which results in the 

inhibition of virus replication without significantly 

affecting cell metabolism (Friedman and Sonnabend, 1970). 

Results which disagree with this hypothesis have been 

reported. One group recently has shown that mouse: brain IF 

and tissue culture IF at concentrations of 1,000 units per 

ml produced an. inhibitory effect on the growth of LI210 

mouse lymphoid leukemia cells (Gresser et al., 1970) and 

inhibited the growth of p.r.i i;:ary mouse embryo and mouse 

kidney cells (Lindahl-Magnusson, Leary, and Gresser, 1971). 

Thus, the concept that IF does not alter host cell 

metabolism is at present a point of controversy. 

The therapeutic application of exogenous interferon 

in the treatment of human viral disease recently has been 

advocated (DeClercq and Merigan, 1970; Finter, 1970). There 

are several factors which question the practicality of this 

approach: (1) an economically acceptable source of human IF 

is not presently available; (2) exogenous interferon was 

found to be rapidly cleared from the circulation following 

intravenous injection in animals (Ho and Postic, 1967); and 

(3) animal studies have revealed an unusually high dose-yield 

requirement for induction of antiviral protection with 
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exogenous IF (Hilleman, 1968). The limitations listed for 

the therapeutic application of exogenous IF in man have led 

several workers to advocate clinical studies with inducers 

of endogenous IF (Baron, 1970; Ililleman, 1970b), especially 

poly I:C. Thus, it becomes imperative to establish the 

effects of poly I:C on tax-get organs and to understand the 

mechanism by which interferon is induced if this agent is 

to be used therapeutically to stimulate the active produc

tion of interferon. 

Relationship Between Ccll-Med i a ted I mrnu n i ty 
and the Interferon System 

The first conclusive evidence for an .intimate 

association between the interferon system of host defense 

and cell-mediated immunity came when it was demonstrated 

that sensitized lymphocytes produced interferon when 

challenged with specific sensitizing antigen (Green, 

Cooperband, and Kibrick, 1969). The production of interferon 

during immune stimulation was found to correlate temporally 

with blast-cell transformation. Blast-cell transformation 

was initially described by Hungerford et al. (19 59) and 

Nowell (1960). Nowell (1960) observed when leukocytes were 

cultured with phytohemagglutinin (PHA), an extract of the 

red kidney bean Phaseolus vulgaris. that some leukocytes 

were transformed into large blastoid cells that later under

went mitosis. Carstairs (1961) observed that the primary 

cells which underwent transformation were small lymphocytes. 



16 

Transformed lymphocytes are. best described as large cells 

(i.e. , 15-30 |Jt in diameter) with intense basophilic cyto

plasm surrounding a round or ovoid nucleus which contained 

several prominent nucleoli or a single macronucleolus and 

homogenously staining chromatin (Yoffey et al., 19G5). The 

morphological changes described during blast-cell transforma

tion were compatible with a report soon to follow of enhanced 

uptake of tritiated thymidine into the DNA of mononuclear 

cells in cell cultures exposed to PHA (Cooper, Barkhan, and 

Hale, 1961). Blast-cell transformation also was reported 

when lymphocytes from tuberculin-positive individuals were 

cultured in the presence of tuberculin purified protein 

derivative (PPD), but not in lymphocyte cultures of 

tuberculin negative individuals under the same conditions 

(Pearmain, Lycette, and Fitzgerald, 1963). Blast-cell 

transformation since has been described for a number of 

agents including nonspecific stimulants such as pokeweed 

mitogen, concanavalin A, streptolysins, staphyloccal alpha-

toxin, anti-lymphocyte serum, anti-immunoglobulins, • and 

antigen-antibody complexes, and specific stimulants such as 

bacterial antigens, fungal antigens, viral antigens, 

allogenic cells, and histocompatibility antigens. Lymphocyte 

stimulation, the antigens and mitogens which induce immune 

stimulation, and the physiological events accompanying this 

process have been the topic of several reviews (Ling, 1968; 

Oppenheim, 1968; Lawrence and Landy, 1969). Evidence of 
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direct correlations between _in_ vitro lymphocyte stimulation 

and cell-mediated immunity i_n vivo was presented by 

Oppenheim, Wolstencroft, and Gell (1967) and was the subject 

of a review by Oppenheim (19G8). 

A number of physiological events have been shown to 

accompany the morphological changes associated with the 

blastogen.ic transformation of small lymphocytes. These 

events include enhanced DNA synthesis and mitosis (Cooper 

et al., 1961; Nowell, 1960); enhanced RNA and protein 

synthesis (Ling, 1968); enhanced phospholipid synthesis 

(Fisher and Mueller, 1968; Lucas, Shohet, and Merler, 1971); 

enhanced virus replication (Edelman and Wheelock, 1968); and 

the production of a number of soluble factors or mediators 

associated with cell-mediated immunity (Lawrence and Landy, 

1969). The mediators of cellular immunity observed in 

culture fluid following the stimulation of sensitized 

lymphocytes by a specific antigen or a general mitogen 

include migration inhibitory factor, skin reactive factor, 

macrophage activation factor, lymphotoxin, blastogenic 

factor, transfer factor, and interferon. The physical 

properties and the biological activities of these effector 

molecules have been the topic of several reviews (Lawrence 

and Landy, 1969; Rocklin, 1971; David, 1971; Bloom and Glade, 

1971). 

Several groups have observed that suppression of 

cell-mediated immunity due to thymic aplasia (Nahmias et al., 
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1967) or induced following treatment with antilymphocyte 

sera (Hirsch et al., 1968; Blanden, 1970) impaired the 

capacity of the host to control a number of viral infec

tions. Wheelock (1965) suggested that transformation of 

lymphocytes was an important source of interferon. He 

observed that IF accumulated in cultures of human leukocytes 

following stimulation by the mitogen PHA. Glasgow (1966) 

observed that peritoneal leukocytes from mice previously 

recovered from a chickungunya virus infection produced 2 to 

10 times more IF when challenged with chickungunya virus 

than did leukocyte cultures from mice not previously 

infected with this virus. Green et al. (1969) presented the 

first conclusive evidence that immune recognition and subse

quent lymphocyte stimulation resulted in the production of 

interferon. Lymphocytes from sensitized and non-sensitized 

donors were cultured with a battery of antigens, including 

PPD, diphtheria toxoid, tetanus toxoid, and the general 

mitogen PHA. Interferon was demonstrated in PHA stimulated 

cultures from all donors and in cultures containing antigen 

to which the donor demonstrated•positive skin reactivity. 

Interferon was not demonstrated in cultures to which the 

donor was not sensitive. Further, a temporal relationship 

was observed between the appearance of IF in the culture and 

the appearance of blast-transformed lymphocytes. Milstone 

and Waksman (1970) further corroborated these findings in 

mice sensitized to the antigen PPD. Epstein, Cline, and 
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Merigan (1971a, 1971b) corroborated the relationship between 

lymphocyte stimulation and interferon production in human 

peripheral lymphocyte cultures challenged with PPD or PHAt 

but found no quantitative correlation between the degree of 

lymphocyte transformation and the level of IF produced. 

Further evidence for an intimate relationship 

between immune lymphocyte stimulation and the production of 

IF came from an in. vivo study by Stinebring and Absher 

(1970). They found that mice which were sensitized to the 

antigen PPD produced large amounts of serum IF within 6 

hours following intravenous injections of PPD. Normal mice 

did not respond to PPD challenge with the production of 

interferon. 

Splenectomy and immunosuppression have been used to 

further define the role of lymphoid tissue and cellular 

immunity in the production of IF by viruses and other 

inducers. Fruitstone et al. (1966) observed that t 

splenectomy drastically suppressed the serum interferon 

levels in mice injected with Newcastle disease virus (NDV). 

Several groups have reported that treatment of mice with 

anti-lymphocyte sera (ALS) significantly depressed the 

amount of interferon produced in mice inoculated with NDV 

and poly I:C (Barth, Malmgren, and Friedman, 1969; 

Stringfellow and Glasgow, 1972). Thus, it becomes impera

tive to examine the role of lymphoid tissue in the 

circulating interferon response to poly I:C and explore 
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the relationship between cell-mediated immunity and this 

response. 

Statement of the Problem 

The objectives of this present investigation were as 

follows: (1) to examine the effect of splenectomy and anti-

thymocyte sera immunosuppression on serum levels of IF in 

mice inoculated parenteral.ly with poly I :C; (2) to determine 

if mouse lymphocytes underwent bliist-cell transformation or 

pi-oduced interferon when cultured with poly I:C; (3) to 

examine the relationship between lymphocyte mitogenesis and 

interferon production in mouse spleen cells cultured with 

poly I:C; (4) to examine the role of thymic-dependent 

lymphocytes in the interferon and mitogenic responses of 

mouse spleen cells to poly I:C; (5) to examine the effects 

of other interferon inducers on mouse spleen cells in 

reference to lymphocyte stimulation and interferon produc

tion; and (6) to determine if human lymphocytes were 

stimulated mitogenically or produced interferon when 

cultured with poly I:C. 

Splenectomized and anti-thymocyte sera-treated mice 

were injected intravenously with poly I:C and the level of 

serum interferon was measured. Mouse spleen cells were 

cultured with poly I:C( statolon, and tilorone-HCl to deter

mine if these agents induced lymphocyte stimulation and the 

production of interferon. The level of lymphocyte 
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stimulation was determined by assaying the amount of 

tritiated thymidine incorporated into acid insoluble 

material and the percentage of blast-transformed cells. 

Bovine serum albumin gradients were used to fractionate 

mouse spleen cells into subpopulations in order to determine 

the relationship between the mitogenic response and 

interferon response to poly I:C. Anti-theta sera and 

complement were used to deplete mouse spleen cell popula

tions of thymus-derived lymphocytes in order to determine 

the role of thymus-dependent lymphocytes in the interferon 

and mitogenic responses to poly I:C. Mouse lymph node cells 

were also cultured with poly I:C to assay lymphocyte stimu

lation and interferon production in this population of 

lymphoid cells. Lymphocytes from various sources of human 

lymphoid tissue were cultured with poly I:C to determine if 

this agent induced lymphocyte stimulation and the production 

of interferon in human lymphocytes. 



MATERIALS AND METHODS 

Eight to sixteen week old mice of the CD-I strain 

were purchased from Charles Rivers Laboratories (Wilmington, 

Mass.) or from the colony of the Division of Animal 

Resources, Arizona Medical Center. Strain AKR mice 

(Jackson Laboratories, Bar Harbor, Maine) were used as 

recipients of viable thymocytes from strain C^H mice 

(Charles Rivers Laboratories) fox" the production of AKR 

anti-theta C^H sera. California rabbits (Heidt Rabbitry, 

Tucson, Arizona) were used as recipients of CD-I thymocyte 

membranes for the production of rabbit anti-mouse thymocyte 

sera. All animals were maintained throughout these studies 

in the facilities and under the direction of the Division 

of Animal Resources. 

Splenectomy 

The CD-I mice used for this surgical procedure were 

anesthetized by intraperitoneal injection of sodium 

pentobarbital (50 mg per kg body weight) (Pittman-Moore, 

Inc., Fort Washington, Penn.). The hair over the splenic 

area was removed by electric clippers. The surgical area 

was prepared by cleaning with 70% ethyl alcohol. A 

transverse incision (1 to 2 cm) was made through the skin, 

muscle, and peritoneum, from a point just above the spleen 

22 
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along its longitudinal axis. The spleen was excised follow

ing ligation of the pedicle containing splenic artery and 

vein using a silk occluding ligature placed proximal to the 

spleen. The peritoneum, abdominal muscles, and skin, as a 

unit, were sutured closed. The animals were allowed at 

least a six week recovery period prior to stimulation with 

interferon inducer. 

Mouse Spleen and Lymph Node Cell Cultures 

Spleen or lymph nodes were removed asceptically with 

scissors and forceps from mice killed by cervical disarticu

lation. Spleen and node cells were teased with scalpels 

into Hanks' balanced salt solution (Grand Island Biological 

Company [GIBCO], Grand Island, New York) supplemented with 

0.5 per cent dextran (dextran 6 per cent in saline, Abbott 

Laboratories, North Chicago, 111.) (HBSS-dextran). 

Monodispersed cell suspensions were prepared by repeatedly 

extruding the cell suspensions through a syringe fitted 

with a 25 gauge needle. The cell suspensions were washed 

three times with HBSS-dextran and sedimented by centrifuga-

tion at 60 x g in a model PR-6 centrifuge (International 

Equipment Company, Needham Heights, Mass.). 

Cells were diluted in a three per cent aqueous 

solution of acetic acid to which a small amount of gentian 

violet was added and counted with a Neubauer hemocytometer 

(American Optical, Buffalo, New York). The per cent cell 
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viability was determined by the trypan blue dye exclusion 
I 

test. Cell counts were corrected for viability. Spleen and 

lymph cells were suspended at a cell concentration of 

5 x 106 mononuclear cells per ml in McCoy's-5A medium (Flow 

Laboratories, Inc., Rockville, Maryland) or RPMI 1640 medium 

(Associated Biomedic Systems, Inc. [ABS], Buffalo, New 

York). The above media were supplemented with 0.5 per cent 

fetal calf serum (GIBCO), penicillin (50 units per ml), 

streptomycin (50 |Jg per ml), sodium bicarbonate (2.2 gm per 

L). Heat inactivated (56°C for 30 min.) fresh human serum 

was added to all cultures to a final concentration of 5 per 

cent after the inducers had been in contact with the cell 

suspensions for two hours to avoid nuclease activity. The 

leukocytes were cultured in 1 ml volumes in 12 x 75 mm 

polystyrene culture tubes (No. 2003, Falcon Plastics, Oxnard, 

Calif.). Interferon inducers and mitogens were added to 

duplicate cultures in 0.1 ml volumes. Each culture was 

incubated for 48 hours at 3"7°C in a humidified 5 per cent 

carbon dioxide atmosphere for 48 hours. 

Human Spleen and Tonsil Cell Cultures 

Spleens and tonsils were supplied by the Pathology 

Departments of St. Mary's and St. Joseph's Hospitals 

(Tucson, Arizona) from surgical or autopsy specimens. The 

specimens were transported in sterile saline and were 

obtained within 2 hours of removal. Leukocytes were teased 
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from these specimens with scalpels into HBSS-dextran. The 

spleen and tonsil cells were washed three times with HBSS-

dextran followed by centrifugation at 60 x y. Cell counts 

were performed with a hemocytometer. Cell viability was 

determined by the trypan blue dye exclusion test. The 

total cell counts were corrected for viability. Tonsil and 

spleen cells were suspended at a cell concentration of 

2 x 10^ mononuclear cells per ml in Eagle's Minimal Essen

tial Medium (MEM) (GIBCO) or RPMI 1640 (ABS) supplemented 

with 5 per cent fetal calf serum (GIBCO), penicillin (50 

units per ml), streptomycin (50 ug per ml), glutamine (2 mM 

per ml) (GIBCO), and sodium bicarbonate (2.2 gm per L). 

Tonsil and spleen cells were cultured in 1 ml volumes in 

12 x 75 mm polystyrene culture tubes. Interferon inducers 

and mitogens were added to duplicate cultures in 0.1 ml 

volumes. Each culture was incubated for 7 2 hours at 37°C in 

a humidified 5 per cent carbon dioxide atmosphere for 72 or 

120 hours. 

Human Peripheral Leukocyte Cultures 

Peripheral blood was removed asceptically by veni

puncture from coworkers and from patients referred by the 

Department of Pediatrics, Arizona Medical Center. The 

peripheral blood was heparinized (50 units per ml) with 

sodium heparin (Rabin-Winters, El Segundo, Calif.) and 

placed in siliconized 16 x 125 mm screw-capped tubes. 
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Dexti~an (dextran 6 per cent in saline) was added to each 

tube of blood to a final concentration of 1.5 per cent. The 

tubes were inverted repeatedly, and placed upright in a 37° C 

incubator or water bath for 1 to 2 hours. Leukocyte-rich 

plasma was collected after red blood cell aggregates had 

sedimented. Peripheral leukocytes were washed 3 times in 

HBSS-dextran followed by centrifugation at 60 x g. The 

cells were counted and cell viability was determined by the 

trypan blue dye exclusion test. Peripheral leukocytes were 

suspended at a cell concentration of 2 x 10 mononuclear 

cells per ml in MEM or RPMI 1640 supplemented as used with 

human spleen and tonsil cells. The leukocyte suspensions 

were cultured in 1 ml volumes in 12 x 75 mm polystyrene 

tubes. Interferon inducers and mitogens were added to 

duplicate cultures in 0.1 ml volumes. Each culture was 

incubated for 72 hours at 37°C in a humidified 5 per cent 

carbon dioxide atmosphere for 72 or 120 hours. 

Assay of Lymphocyte Blast-Cell 
Transformation 

Blast-cell transformation was assessed on the basis 

of morphologic change and an enhanced incorporation of 

3 tritiated thymidine ( H-TdR) into trichloracetic acid 

(TCA)-insoluble material using a filter pad method (Mans and 

Novelli, 1961). 

Leukocyte smears were prepared at culture termina

tion and stained with Wright-Giemsa stain. The per cent 
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blast transformed cells was determined by examining 500 

stained mononuclear cells per culture. Blast, transformed 

cells were determined by the morphologic criteria described 

by Yoffey et al. (1965). 

Leukocyte cultures (duplicate cultures per treat-

3 
ment) were incubated with 1 [J.C of thymidine-methyl-H 

(specific activity of 6.7 curies per millimole; New England 

Nuclear, Boston, Mass.) for eighteen hours prior to termina

tion. At termination 100 |~il of each mixed leukocyte 

suspension was distributed onto duplicate 2.3 cm Whatman 

3 MM filter pads (W. and R. Balston, Ltd., England) and air 

dried. Nucleic acid was precipitated on each pad with 10 

per cent cold TCA for a minimum of 1 hour. The pads were 

then washed in 5 per cent TCA followed by 95 per cent ethyl 

alcohol, ethanol-acetone (1:1) for 15 rnin at 37°C( twice in 

acetone, and air dried. Each pad was placed in a screw-

capped glass scintillation vial (New England Nuclear) and 

5 ml of a toluene based scintillation fluid was added. The 

scintillation fluid consisted of 0.1 gm of 1,4 bis [2-(4-

methyl-5-phenyloxazolyl)3 benzene (POPOP) (Nuclear-Chicago, 

Des Plaines, 111.) and 4.0 gm of 2,5 diphenyloxazole (PPO) 

(Nuclear-Chicago) per liter of reagent grade toluene (Allied 

Chemical, Morristown, New Jersey). Each pad was counted for 

5 min or to a preset error of 2 per cent in a Beckman model 

LS250 liquid scintillation spectrometer (Beckman Instruments, 

Inc., Fullerton, Calif.). The counting efficiency of 
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tritium by this filter pad method was found to be 18 per 

cent. 

Interferon Assay 

Stock cultures of mouse L-cells (clone 929), HeLa 

cells, and vesicular stomatitis virus were obtained from Dr. 

C. Gauntt, Department of Microbiology, Arizona Medical 

Center. Mouse L-cells and HeLa cells were grown in MEM 

(GIBCO) medium supplemented with 7 per cent calf serum 

(GIBCO), 1 per cent amino acid mixture (GIBCO), penicillin 

(50 units per ml), streptomycin (50 fig per ml), glutamine 

(2 mM per ml), and sodium bicarbonate (2.2 gm per L). 

Leukocyte culture supernatant fluids were assayed 

for IF using the standard vesicul£ir stomatitis virus (VSV)~ 

50 per cent plaque reduction assay. One unit of IF is 

defined as that dilution of fluid which inhibited the forma

tion of 50 per cent of the VSV plaques. The titer of IF in 

a fluid was taken as the reciprocal of the endpoint dilu

tion. Leukocyte culture supernatant fluids were routinely 

assayed in serial two-fold dilutions from 1:10 to 1:160. 

Mouse serum was assayed at dilutions of 1:10, 1:100, 1:500, 

1:1,000, 1:2,500, and 1:5,000 for interferon. Interferon 

titers of less than 10 were considered zero for purposes of 

calculation. Differences between serum IF titers were 

analyzed statistically by Student's t-test. All leukocyte 
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culture supernatant fluids and sera were stored at -70°C 

until assayed for IF. 

Monolayers of HeLa or mouse L-cells grown in Blake 

bottles were trypsinized with 0.25 per cent trypsin (GIBCO). 

The cells were counted and cell viability was determined by 

the trypan blue dye exclusion test. The cells were plated 

at a cell concentration of 1.5 x 10^ cells, contained in 

5 ml of MEM supplemented as above, into 15 x 60 mm plastic 

tissue culture dishes (Falcon Plastics). The cell cultures 

were incubated at 37°C in a humidified 5 per cent carbon 

dioxide atmosphere for 18 to 24 hours or until a monolayer 

was formed. The plating medium then was aspirated by 

suction and 2 ml of each dilution of leukocyte supernatant 

fluids were added to duplicate monolayers. Leukocyte 

supernatant fluids were diluted in MEM medium (GIBCO) 

supplemented with 5 per cent fetal calf serum (GIBCO), 

penicillin (50 units per ml), streptomycin (50 [ig per ml), 

1 per cent amino acids mixture, glutamine (2.0 mM per ml), 

and sodium bicarbonate (2.2 gm per L). Mouse L-cell or HeLa 

cell monolayers were incubated for 18 to 24 hours with 

diluted leukocyte culture supernatant fluids from appro

priate species. After the specified incubation period to 

allow interferon to establish antiviral resistance, each 

monolayer cell culture was washed twice with 3 ml of 

phosphate buffered saline supplemented with 1 per cent 

bovine serum albumin (PBS-A). The PBS-A used throughout 
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these studies was made according to the following formula: 

gms per liter of 
double distilled 

Ingredients water 

NaCl 8.0 
KC1 2.0 
Na2HPO. 11.5 
KH2P04 2.0 
CaCl2 0.1 
MgCl2 0.1 
Bovine serum albumin 1.0 
Phenol Red (0.5% stock, GIBCO) 1.0 ml 

To each washed monolayer was added 80 plaque forming units 

(PFU) of VSV contained in 0.2 ml of PBS-A. Virus absorption 

was facilitated by frequently tilting the plate to evenly 

distribute the virus suspension during the one hour incuba

tion period at 37°C. Each monolayer was then covered with 

5 ml of nutrient agar. The nutrient agar overlay consisted 

of MEM without phenol red (Flow Laboratories) supplemented 

with 1 per cent Bacto-agar (Difco Laboratories, Detroit, 

Mich.), 2 per cent fetal calf serum (GIBCO), 0.08 per cent 

protamine sulfate (Calbiochem, San Diego, Calif.), penicillin 

(50 units per ml), streptomycin (50 M-g per ml), and sodium 

bicarbonate (2.2 gm per L). Following the addition of the 

agar overlay, the plates were incubated at 37°C in a 

humidified 5 per cent carbon dioxide atmosphere for 48 

hours and VSV plaques were enumerated. Control cell cul

tures not exposed to IF-containing fluids were included in 

each assay experiment. 
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-Interferon Inducers 

Polyriboinosinic:polyribocytidylic acid was 

purchased from Miles Laboratories, Inc. (Kankakee, 111.) and 

from Biopolymers Laboratory (Chagrin Falls, Ohio). A 

poly I:C reference standard (Catalog #0020-901-099) was 

obtained from the National Institute of Allergy and 

Infectious Disease (NIAD), National Institutes of Health, 

Bethesda, Maryland. Poly I:C was diluted in pyrogen-free 

saline and frozen at -20°C. Poly I:C was added to leukocyte 

cultures in a 0.1 ml volume to give final concentrations 

ranging from 1 to 1,000 |~ig per ml. For interferon stimula

tion in mice, a 100 ng (0.1 ml) intravenous injection of 

poly I:C was selected, following preliminary studies to 

determine the optimum dose and route of administration. 

Several preliminary assays were performed on each 

lot of poly I:C before it was used in these studies. 

Ouchterlony gel diffusion was performed on each lot of 

poly I:C using a rabbit-anti poly I:C serum (Dr. A. Jackson, 

Department of Agricultural Biochemistry, University of 

Arizona) in a 1 per cent agarose gel. A single identity 

line was obtained between all poly I:C used in this study 

and the NIAD reference standard. 

The individual homopolymers (i.e., poly I and poly 

C) are commercially synthesized in bacterial cultures or 

with purified bacterial enzymes. Since bacterial endo

toxins have been shown to stimulate interferon in leukocytes 
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as well as mitogenasis, it was desix*able to scrcen each lot 

of poly I:C for bacterial endotoxin contamination. 

Bacterial endotoxin assays were performed on poly I:C lots 

by Miss B. Bell and Dr. J. Corrigan (Department of Pedia

trics, Arizona Medical Center) using the Limulus (horseshoe 

crab) ameobycyte lysate coagulation procedure (Levine and 

Bang, 1968). This procedure has been shown to detect as 

little as 0.01 i-ig of endotoxin. The specificity of suspect 

preparations were identified using the polymyxin B neu

tralization procedure for endotoxin identification 

(Corrigan and Bell, 1971). All poly I:C lots used in these 

studies were found to be free of endotoxin contamination at 

the sensitivity level of the assay procedure. 

To confirm double-strandedness of poly I:C prepara

tions, optical density scans were performed in the ultra

violet range on an ACTA III spectrometer (Beckman Instru

ments) before and after heating at 100°C for 30 min followed 

by rapid cooling. A hyperchromic shift in optical density 

at approximately 2500 R. was observed following this treat

ment, confirming the double-stranded nature of the poly I:C, 

according to the criteria established by Field et al. 

(1967 ). 

The ability of the poly I:C preparations to induce 

antiviral resistance was assayed directly on mouse L-cell 

monolayers using VSV as the challenge virus. Mouse L-cell 

monolayers were incubated for 18 to 24 hours with poly I:C 
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(1 to 10 |.ig) or poly I:C (1 or 10 Mg) which had been conju

gated with 100 Mg of (diethyl-amino ethyl)-dextran (DEAE-

dextran; molecular weight 2 x 10^) (Pharmacia, Uppstila, 

Sweden) prior to VSV challenge. Unconjugated poly I:C at 

concentrations of 1 and 10 ng failed to reduce VSV plaque 

numbers. Greater than a 50 per cent reduction in the number 

of VSV plaques was observed with 10 ng of poly I:C bound to 

DEAE-dextran. The findings are compatible with previous 

reports that poly I:Cf at this concentration, does not 

induce antiviral protection in mouse L-cell monolayer unless 

bound to polycationic substance such as DEAE-dextran 

(Dianzani et al., 1971). 

Statolon (Eli Lilly and Co., Indianapolis, Ind.) was 

suspended in sterile saline and stored at -20°C. Statolon 

was added to leukocyte cultures at concentrations ranging 

from 1 to 1,000 [ig per ml to assay interferon production, 

mitogenesis, and toxicity. 

Tilorone hydrochloride (bis-diethyl-aminoethyl 

[DEAE3-flourenone) has been approved for experimental 

studies in animals. The tilorone used in these studies was 

obtained from Mr. A. Richardson, Jr. of Merrell-National 

Laboratories (Cincinnati, Ohio). Tilorone was dissolved in 

sterile saline and stored at -20°C. It was added to 

leukocyte cultures at concentrations ranging from 1 to 

1,000 tag per ml to assay mitogenesis, interferon production, 

and toxicity. 
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Mitogen Inducers 

The mitogens: phytohemagglutinin P(PHA) (Difco 

Laboratories) and pokeweed extract (PWM) (GIBCO) were used 

in these experiments to assess the mitogenic response of 

leukocyte preparations and the reliability of the assay 

systems. Stock preparations of PHA and PWM were diluted in 

sterile saline, aliquoted, and frozen at -20°C. Phyto

hemagglutinin was added to cultures in 0.1 ml at a 1:100 or 

1:1,000 dilution. Pokeweed mitogen was added to cultures in 

0.1 ml at a 1:10 dilution. Dose response curves were eatab-

lished for both of these mitogens in human and mouse 

leukocyte preparations. 

Albumin Density Gradient Separation 

Bovine serum albumin (BSA) discontinuous density 

gradients were employed to separate mouse spleen cells into 

functionally different populations to be challenged with 

poly I:C. The type of gradient employed was a modification 

of a gradient described by Dicke, van Hooft, and van Bekkum 

(1968). A stock 35 per cent BSA solution was prepared by 

adding 100 gm of Cohn fraction V BSA (Sigma Chemical 

Company, St. Louis, Mo.) to 200 ml of 0.155 M tris 

(hydroxymethyl) aminomethane buffer, pH 7.2 (Fisher Scien

tific Company, Fair Lawn, New Jersey). The refractive index 

(RI) of the BSA solution was determined using an Abbe 3 

refractometer (Bausch and Lomb). The protein concentration 
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of the BSA solution was calculated by the formula: 

RI(BSA) - RI(TRIS) , .. _ , . 
Concentration = o-19" * osmolarity of the 

BSA solution was determined with an osmometer (Advanced 

Instruments, Inc., Newton Highlands, Mass.). When necessary 

the osmolarity was adjusted to 320-330 iiiOsra using sodium 

chloride (3.15 gm per liter increased the osmolarity by 

100 mOsrn). The BSA solution was sterilized by Millipore 

membrane (Millipore Corporation, Bedford Mass.) filtration 

(0.45 (i) and stored at 4°C. Prior to use, the stock BSA 

solution (35 per cent) was diluted with phosphate buffered 

saline to give 3SA solutions of 33, 29, 27, 25, 23, and 21 

per cent. A discontinuous gradient was formed in 16 x 125 

mm screw-capped tubes starting with 1.5 ml of the 33 per 

cent BSA on the bottom, then layering successive concentra

tions of 29, 27( 25, and 23 per cent BSA solutions. Approxi-

0 mate.ly 800 x 10 mouse spleen were suspended in 1.5 ml of 

21 per cent BSA and this mixture was added to the top of the 

gradient. Gradients were centrifuged at 900 x g for 30 min 

at 10°C in a model PR-6 centrifuge (International Equipment 

Company). After centrifugation, distinct layers of cells 

could be seen in the gradient near the density interfaces. 

The cell fraction at the interface between the 21 and 23 per 

cent BSA layer was collected and labeled fraction 1, and so 

on through fraction 6 which were the cells that had sedi-

mented through the 33% basal BSA layer. The cells from each 

fraction were washed three times in HBSS-dextran to remove 
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BSA and were sedimented by centrifugation at 60 x g. The 

cell count in each fraction was determined by .standard 

methods. The cells from each fraction were suspended in 

RPMI 1640 (Aas) medium, supplemented as described for mouse 

spleen cells, to a cell concentration of 5 x 10^ mononuclear 

cells per ml. The cell suspensions were aliquoted at 1 ml 

volumes into polystyrene culture tubes (Falcon Plastics). 

Duplicate cultures from eacn fraction were incubated with 

poly I:C (100 lag) or PHA (0.1 ml of 1:100 dilution of 

stock) at 37°C for 48 hours in a 5 per cent carbon dioxide 

atmosphere. Culture fluids were assayed for interferon 

content and cells were assayed for the ability to incor-

3 
porate H-TdR into acid-insoluble material. 

Preparation and Assay of Anti-Theta Sera 

Reif and Allen (1964) defined a murine alloantigen 

present on thymus tissue and nervous tissue which was also 

present on some leukemia cells, spleen cells, lymph node 

cells, and peripheral lymphocytes. They termed this antigen 

theta and demonstrated that it was determined by a single 

locus with two alleles: theta-AKR found in AKR and RF mice, 

and theta C^H found in all other strains of mice studied. 

Raff (1969) established that isoantisera directed against 

the theta antigen in the presence of guinea pig complement 

was cytolytic selectively for thymus-dependent lymphocytes. 
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Isoantisei'um directed against the theta antigen 

present on thymus-dependent lymphocytes was prepared 

according to the procedure of Reif and Allen (1964). Viable 

7 thymocytes (10 ) from C^H mice were injected at weekly 

intervals into AKR mice. Each mouse received 6 weekly 

intraperitoneal injections. Ten days following the last 

injection each mouse was bled by cardiac puncture. The sera 

were pooled, membrane-filter sterilized, heat inactivated at 

56°C for 30 min and stored at -20°C. 

The cytotoxic activity of this antisera against 

lymphocytes from C3H, CD-I, and AKR mice has been reported 

(Wallen, Dean, and Lucas, 1972). Briefly, this AKR anti-C^H 

theta sera demonstrated cytotoxicity .in the presence of 

guinea pig complement for 37 per cent of the spleen cells 

and 78 per cent of the thymocytes from CD-I mice. Cytotoxic 

activity also was demonstrated against 35 per cent of the 

spleen cells and 70 per cent of thymocytes from C^H mice. 

Cytotoxic activity was not observed against AKR thymocytes 

or spleen cells. 

Thymus-derived lymphocyte depletion of spleen cell 

populations for in. vitro studies was achieved as follows. 

CD-I spleen cells (100 x 10^) were incubated with anti-theta 

sera or normal AKR sera (1:10 dilution in 1 ml of RPMI-1640) 

for 30 min at 37°C prior to incubation with guinea pig 

complement for 30 min at 37°C. The reaction was terminated 

by washing the cells three times in cold HBSS-dextran. Cell 
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viability was determined by the trypan blue dye exclusion 

test. The cells were resuspended in RPMI-1640 medium, 

supplemented as described for mouse spleen cell cultures, at 

a cell concentration of 5 x 10^ viable mononuclear cells per 

ml. The cell suspensions were aliquoted at 1 ml volumes in 

polystyrene culture tubes. Duplicate cultures were 

challenged with PHA (0.1 ml of 1:100), PWM (0.1 ml of 1:10), 

or poly I:C (10 and 100 |.ig) and incubated for 48 hours at 

37°C in a humidified 5 per cent carbon dioxide atmosphere to 

quantitate m.itogenesis and interferon production. An 

aliquot of non-treated spleen cell from the same population 

was assayed in parallel. 

Preparation, Assay, and Administration of 
Anti-Thymocyte Serum 

Rabbit anti-mouse thymocyte (RAMT) serum was pre

pared by immunizing California rabbits with CD-I mouse 

thymocyte membranes using a procedure described by Levey and 

Medawar (1966). Thymuses were removed from young CD-I mice 

and the cells were teased with scalpels into HBSS-dextran. 

Thymocytes were washed twice in HBSS-dextran followed by 

centrifugation at 60 x g. The cells were counted by 

standard methods. Red blood cells contaminating the 

thymocyte preparations were lysed by incubating the cells 

for 10 min at 37°C in 10 ml of 0.87 per cent ammonium 

chloride (NI-I^Cl). The thymus cells were washed twice in 

0.87 per'cent NH^Cl followed by resuspension in 10 ml of 
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distilled water. Cell disruption was achieved by Bonifica

tion for 1 minute in a model W185D Sonifier Cell Disruptor 

(Ultrasonic, Inc., Plainview, New York). The disrupted cell 

suspensions were centrifuged at 900 x g for 15 min and the 

cell pellets were discarded. The cell membranes were 

pelleted from the supernatant fluid by centrifugation for 

60 min at 25,000 x g in a SW50L rotor in the Beckman model-L 

ultracentrifuge. The cell-membrane pellets were resuspended 

in sterile saline supplemented with sodium heparin (100 

units per ml) and stored at -20°C. California rabbits were 

9 
injected intravenously with membranes from 10 thymocytes on 

days one and fourteen. Blood was obtained by cardiac 

puncture on day 22 and the sera were pooled, heat-inactivated 

at 56°C for 30 min, absorbed twice with 1 ml of packed mouse 

red blood cells, and stored at -20°C. 

The agglutination titer of the RAMT serum was 

determined using CD-I mouse thymocytes by a method described 

by Blanden (1970). A washed thymocyte suspension at a 

7 
concentration of 2 x 10 ml was mixed with equal volumes of 

a serial two-fold dilution of test serum in a final volume 

of 0.2 ml and incubated at 2°C in an ice bath. The cells 

were resuspended after 30 min and examined microscopically 

for agglutination at 60 min. The agglutination titer of 

the RAMT serum used in these studies was found to be 1,024. 

Preliminary experiments were performed to determine 

the immunosuppressive capacity of RAMT serum on the 
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mitogonic response of mouse spleen cells to PHA. A group of 

CD-I mice were given RAMT serum by intraperitoneal injection 

(0.5 ml) at dilutions of 1:1, 1:2, 1:5, 1:25. At 24, 48, 

72, and 96 hours after injection of the RAMT serum, spleens 

were removed and spleen cell suspensions were prepared. 

Control mice used in this study were given 0.5 ml of normal 

rabbit serum (NRS) and cultured in parallel with RAMT serum 

injected mice. Spleen cells were cultured at a cell concen

tration of 5 x 10^ viable mononuclear cells in 1 ml volumes 

with PHA (0.1 ml of a 1:100 dilution of stock) for 48 hours 

at 37°C in a humidified 5 per cent carbon dioxide atmos-

3 
phere. The degree of mitogenesis was assayed by H-TdR 

incorporation into acid-insoluble material as described 

previously. The results from these preliminary experiments 

to determine the immunosuppressive capacity of the RAMT 

serum are presented in Table 1. The injection of undiluted 

RAMT serum resulted in the death of several mice, and 

because of the associated mortality, these data were not 

included. The 1:2 dilution of RAMT serum had effectively 

suppressed the PHA mitogenic response by 48 hours. At 72 

hours, both the 1:2 and 1:5 of RAMT serum produced similar 

3 
suppressed stimulation indices. The level of H-TdR 

incorporation into control cell cultures of RAMT serum 

treated mice was much higher than values in NRS-treated mice 

and probably reflects a direct stimulation of lymphocyte 

mitogenesis by unknown substances in the RAMT serum. 



Table 1 . 

Time a 

24 hr . 

48 hr . 

72 hr . 

96 h r . 

The Effect o f Intravenously- Admi nistered Rabbit Anti-Mouse Thymocyte 
Serum on the Phyto hemagglutin in- Indu ced Mi togenic Res ponse o f Mou s e 
Spleen Cells 

No rmal Rabbit 
Serum Treated Rabbit Anti - House Thymocyte (RA1'1T) Serum 
Splee n Cellsb T r eated Spleen Cellsb 

1 : 2 dilution 1 : 2 dilution 1 : 5 dilution 1 : 25 dilution 

\1- TdR Stimu l a - 3H-TdR Stimula- 3H- TdR Stimula- 3H-TdR Stimula-
Incorpo ra- tion In co rpora - tion Ino)rpora- tion Inco rpora- tion 

Hi togen t iond Index e tion Ind e x ticn Index tion Index 

Pl-IA c 4248 5 . 79 3071 l. 7 3 4458 2 . 00 5097 2 . 48 
Contr a 1 734 l. 00 1777 l. 0 0 2219 l. 00 2054 l. 00 

P!-l..A 7051 18 . 17 1728 0 . 78 4016 1.18 6376 3 . 00 
Co ntrol 388 l. 00 2210 l. 00 3404 l. 00 2121 l. 00 

PHi\ 3550 16 . 74 1385 0 . 95 1181 l. 02 2718 l. 39 
Contr a 1 212 l. 00 1452 l. 0 0 11S8 l. 00 1 95 7 l. 00 

PHi\ 4331 12 . 30 1 501 2 . 0 7 3349 l. 36 2160 2 . 61 
Cont rol 352 l. 00 724 l. 00 24 71 l. 00 828 l. 00 

aTimc spleens r emoved f r om mi c e i njected Hith no rm a l rabbit serum and Ri'\I\1T serum and 
expo sed to PHA . 

bMice we r e given 0.5 ml ( intraperitoneal injection) of RAMT serum o r normal rabbit serum 
at the di lu tion s listed . 

cPhytohemagglutinin ( PH.i\) dose Has 0 . 1 ml of 1:100 dilution of stock . 

dMean counts per minute (CPM ) of tr itia ted thymidine ( 3H- TdR ) incorporated into TCA
insoluble mate rial from fo ur c ultures . 

eStim~lation ind e x equals ra tio of mean CPM of expe r ime ntal cell cultures to me an CPM of 
control c e l l culture s . 
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To determine the effect of immunosuppression by RAMT 

serum on the serum interferon levels following injections of 

poly I:C, the following protocol was used. A group of CD-I 

mice were injected (i.p.) with 0.5 ml of a 1:2 dilution of 

RAMT sera or sterile saline on days minus four and days 

minus two. On day zero both RAMT serum treated mice and 

control mice were injected (i.v.) with 100 ng of poly I:C. 

Sera were collected from both groups at 3, 24, 48, and 72 

hours and stored at -70°C until IF content was assayed. 



RESULTS 

Serum Interferon T.iter.s in CD-I Mice Following Injection 
of Polyriboinoslnic:Polyribocytidylic Acid 

A group of CD-I mice was injected intravenously with 

100 |ag of poly I:C. Mice were bled at 3, 24, 48, and 72 

hours and the amount of serum interferon was determined at 

each time period. The data obtained in this study are 

presented in Table 2. Normal CD-I mice were found to 

respond to poly I:C injected intravenously with serum 

interferon titers greater than 5,000 units per ml at three 

hours after the injection of poly I:C. At twenty-four hours 

after the injection of poly I:Cf the mean serum interferon 

level had decreased and was found to be 203 units per ml. 

By forty-eight hours and thereafter the mean serum interferon 

levels were reduced to less than 10 units per ml. Serum 

from CD-I mice not injected with poly I:C did not contain 

detectable levels of interferon. Thus, the response to 

poly I:C injected intravenously in CD-I mice was the presence 

of large amounts of circulating interferon by as early as 

three hours. The interferon produced was cleared very 

rapidly from the serum during the subsequent 24 hour period. 

Normal mouse serum was supplemented with poly I:C to 

determine if some of the serum antiviral activity observed 

shortly after the injection of poly I:C might be due to 

43 
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Table 2. Scrum Interferon Titers in Normal CD-I Mice at 
Various Times Following Injection of Polyribo-
inosinic:Polyribocytidylic Acid 

m • a Time Number of Interferon Titer'3 

(hours post injection) Mice (units per ml) 

3 4 > 5,000 ( + 0) 

24 6 203 (+ 212) 

48 3 8 (+ 4) 

72 3 7 ( + 5) 

£ 
Time serum collected following the intravenous 

injection of poly I:C (100 Mg). 

Values represent mean interferon titer of sera from 
three to six mice per group, with one standard deviation 
given in parentheses. 

residual poly I:Cf which then might simulate interferon in 

the assay procedures. Poly I:C (100 M<?) was added to 1 ml 

of normal mouse serum and this mixture was examined for the 

ability to reduce the formation of VSV plaques on L-cell 

monolayer cultures. No reduction in VSV plaque number was 

found by this mixture. 

Serum Interferon Titers in Splenecbomized Mice 
Following the injection of Polyriboinosinic: 

Polyribocytidylic Acid 

The importance of the spleen in the serum IF response 

to antigen or virus has been reported (Fruitstone et al., 

1966). Several groups have suggested that the spleen is the 

major organ producing IF in response to an injection of 
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poly I:C (Barth et al.( 1969; Stringfellow and Glasgow, 

1972). 

This study was initiated to examine the contribution 

fo spleen cells and the splenic architecture in elaboration 

of interferon in response to induction by poly I:C. 

Splenectomized CD-I mice were injected intravenously with 

100 Mg of poly I:C. Sera were collected at 3, 24, 48, and 

72 hours and assayed for interferon using the VSV plaque 

reduction method. The data obtained are presented in Table 

3 and are compared with IF titers in sera from normal mice. 

Interferon was detected in splenectomized mice at 

three hours post injection of poly I:C and the mean titer 

was 24 units per ml. This value was significantly less than 

the mean IF titer (> 5,000 units per ml) observed in normal 

mice at three hours following the injection of poly I:C 

(significant at greater than the 99 per cent confidence 

level). The mean serum IF titer in splenectomized mice at 

24 hours following poly I:C was 7 units per ml compared to 

203 units per ml in normal mice at this time period. At 

48 hours the mean serum IF titer had declined to 3 units 

per ml in splenectomized mice and by 72 hours this value was 

zero. Interferon was cleared from the circulation during 

the first 24 hour period following poly I:C injections in 

splenectomized mice. This clearance pattern parallels that 

observed in normal mice. Thus, splenectomized mice produced 



Table 3. Comparison of Serum Interferon Titers Produced in Splenectomized and 
Normal CD-I Mice at Various Times Following Injection of Polyriboino-
sinic:Polyribocytidylic Acid 

Normal Mice Splenectomized Mice 

Timea Number Interferon Titers Number Interferon Titers 
(hours post injection) of Mice (Units per ml) of Mice (Units per ml) 

3 4 > 5,000 (+ 0) 6 24 (+ 30) 

24 6 203 (+ 212) 6 7 (+ 5) 

48 3 8 {+ 4) 3 3 (+ 4) 

72 3 7 (+ 5) 3 0 (+ 0) 

Time of serum collection following intravenous injection of poly I:C 
(100 |ig). 

^Values represent mean interferon titer of sera from three to six mice per 
group, with one standard deviation given in parentheses. 
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significantly lower levels of circulating interferon 

following the injection of poly I:C than did normal mice. 

Suppression of the Serum Interferon Response to 
Polyriboinosinic:Polyribocytidylic Acid in 

Mice Treated with Rabbit Anti-Mouse 
Thymocyte Serum 

The administration of rabbit anti-mouse thymocyte 

(RAMT) serum to mice has been shown to result in lymphopenia 

depletion of periarteriolar areas of the spleen; depletion 

of cortical areas of lymph nodes; enhanced mortality due to 

virus infections (Blanden, 1970); and reduced circulating IF 

levels following virus or inducer challenge (Barth et al., 

1969). This study was initiated to determine the contribu

tion of lymphocytes to the serum interferon levels induced 

by poly I:C. 

Rabbit anti-mouse thymocyte serum (0.5 ml of 1:2 

dilution) or normal rabbit serum (NRS) was injected intra-

peritoneally into a group of CD-I mice on days minus 4 and 

minus 2. On day zero each mouse was 'challenged with 

100 ng of poly I:C intravenously. Sera were obtained at 3, 

24, 48, and 72 hours post injection for assay of interferon. 

The data obtained are presented in Table 4 and compared with 

data from normal mice. 

The mean serum interferon titers in RAMT serum or 

NRS treated mice at three hours following the injection of 

poly I:C was 203 units per ml. This value was significant 

at greater than the 99 per cent confidence level from the 



Table 4. Comparison of Serum Interferon Titers Produced in CD-I Mice Injected 
with Rabbit Anti-Mouse Thymocyte (RA.MT) Serum or Normal Rabbit Serum 
Prior to Injection with PolyriboinosinicrPolyribocytidylic Acid 

Normal Mice RAMT Serum-Treated Mice 

Timea Number Interferon Titers Number Interferon Titers 
(hours post injection) of Mice (Units per ml) of Mice (Units per ml) 

3 4 > 5,000 (+ 0) 6 203 (+ 212) 

24 6 203 (+ 212) 6 3 (+ 5) 

48 3 8 (+ 4) 3 7 (+ 5) 

72 3 7 (+ 5) 3 3 (+ 4) 

a 
Time serum collected following intravenous injection of Poly I:C 

(100 (ig). 

Values represent mean interferon titer of sera from three to six mice per 
group, with one standard deviation given in parentheses. 
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mean serum interferon value obtained at three hours (> 5,000 

units per ml) .in mice treated with normal rabbit sera. The 

serum interferon titer at twenty-four hours had declined to 

3 units per ml in RAMT serum treated mice compared to 203 

units per ml at this same time period in normal mice. The 

48 and 7 2 hour IF values for RAMT serum treated mice were 7 

and 3 units per ml respectively. Interferon was rapidly 

removed from the circulation during the intervening 24 hour 

period following the injection of poly I:C in RAMT serum 

treated mice. Thus RAMT serum significantly suppressed IF 

production in CD-I mice injected with poly I:C. Treatment 

of mice with normal rabbit serum did not depress the 

mitogenic response of spleen cells to PHA (Table l). 

Injections of normal rabbit serum has been shown by several 

groups to not alter the production of IF in mice following 

the injection of poly I:C (Barth et al., 1969; Stringfellow 

and Glasgow, 19 72). 

Physical-Chemical and Biological Characteristics of Serum 
Interferon in Mice Induced by Polyriboinosinic: 

Polyribocytidylic Acid 

The physical-chemical and biological characteristics 

of the antiviral activity observed in mouse serum following 

the injection of poly I:C was studied and compared with a 

virus induced serum interferon reference standard. The 

resulting data are presented in Table 5. The poly I:C 

induced antiviral activity observed in mouse serum was found 



50 

Table 5. Comparison of Physical-Chemical and Biological 
Characteristics of Polyriboinosinic:Polyribocy-
tidylic Acid Induced Mouse Interferon and 
Reference Standard Mouse Intex'feron 

Treatment 
Reference Standard 
Mouse Interferon 

Poly I:C Induced 
Mouse Interferon 

Control + + 

pH 2. 0a + + 

Trypsin13 
- -

DNAseC + + 

Heat^ + + 

Species Specificity: 
Protection of HeLa 
Cell Monolayer 

+ = VSV Plaque Reduction Observed 

- = VSV Plaque Reduction not Observed 

pH adjusted to 2.0 with IN HC1 and maintained for 
5 days at -4°C. 

Incubated with 0.25 per cent trypsin for 60 min 
at 37°C. 

°Incubated with 1.0 per cent DNAse at 37°C for 
60 min. 

^Heated at 60°C for 60 min. 
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to be stable and was not degraded at pH 2.0 for 5 days 

(4°C); resistant to degradation by deoxyribonuclease; sensi

tive to the action of trypsin (0.2 per cent at 37°C for 

sixty minutes); stable at 60°C for 60 min; and failed to 

demonstrate antiviral activity across species lines (i.e., 

failed to protect HeLa cell monolayers). The virus induced 

serum interferon reference standard gave identical results. 

Thus, the antiviral activity observed in mouse serum follow

ing the injection of poly I:C meets several of the criteria 

established by Lockhart (1966) for an interferon. 

Blastoqenesis and Interferon Production in Mouse 
Spleen Cell Cultures Incubated with 
Polyribo.inosin.ic : Polyribocy tidy lie 

Acid 

The production of interferon in leukocyte cultures 

has been shown to occur concomitantly with lymphocyte 

stimulation in response to general mitogens (Wheelock, 1965) 

or specific antigens (Green et al., 1969; Epstein et al., 

1971b). Serum interferon production 'likewise has been 

demonstrated in mice exhibiting cell-mediated immunity to a 

specific antigen following intravenous injection of that 

antigen (Stinebring and Absher, 19 70). Data from this 

present study indicated that the circulating interferon 

response in mice to poly I:C was depressed by splenectomy 

and the depletion of T-lymphocytes. In addition, several 

groups of research workers have indicated that some of the 

effects observed following poly I:C treatment of mice might 
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result from an enhancement of cell-mediated immunity (Levy 

et al., 1969; Cantor et al., 1970; Turner et al., 1970). 

This study was initiated to determine if poly I:C would 

induce lymphocyte mitogenesis and interferon production in 

mouse spleen cell cultures. Spleen cells from CD-I mice 

were cultured with varying concentrations of poly I:C (1, 

10, 25, 50, 100 Mg)• Cell cultures were also exposed to 

phytohemagglutinin (0.1 ml of 1:100 dilution of stock) to 

demonstrate lymphocyte activation. Lymphocyte stimulation 

was assessed after 48 hours of culture by the following 

parameters: (1) lymphocyte mitogenesis was assayed by 

3 
measuring the incorporation of H-TdR into acid-insoluble 

material; (2) cell suspensions from each culture were 

smeared, stained, and counts were made of the number of 

cells transformed into blast-cells; and (3) interferon 

production was measured in culture supernatant fluids using 

the VSV plaque-reduction assay. The data obtained are 

presented in Table 6. 

Smears from control cultures (i.e., non-treated) 

contained 5 per cent blast-cells. In contrast, cultures 

exposed to PHA contained an average of 34 per cent blast-

cells. Transformation of small lymphocytes into blast-cells 

in poly I:C treated cultures was concentration dependent. 

The highest percentage of blast-cells (i.e., 27 per cent) 

was found in smears from cultures exposed to 100 |ig of 

poly I:C. Cultures supplemented with 1, 10, 25, and 50 (Jg 
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Table 6. Mitogenesis and Interferon Production in Mouse 
Spleen Cells Cultured with Polyriboinosinic: 
Polyribocytidylie Acid 

Stimulant 
Per Cent 

Blast-Cells3 
3H-TdR 

Incorporation'3 
Stimulation 
Indexc 

Interferon Titer 
(Units per ml)" 

Poly I: C (1 ng) 5 ( + 3) 2 ,030 
(+ 972) 

1.11 0 

Poly 1: C (io Mg) 9 ( + 2 ) 3,142 
(+ 642) 

1. 73 0 

Poly I: C (25 pg) 19 ( + 4) 5,040 
(+ 1 ,340) 

2. 77 19 
(+ 9) 

Poly I: C (50 ̂ g) 21 (_+ 3 ) 5,542 
(+ 767) 

3.05 22 
(± 13 ' 

Poly I: c (100 ug) 27 ( + 4 ) 7,91? 
(+ 1 ,674) 

4. 36 41 
(+ 18) 

Phytohemagglutinin 
(0.1 ml of 1 :100 dil. 

34 ( + 
) 

6) 10 , 216 
(+ 2,476) 

5. G3 49 
U 28) 

Contro1 G ( + 2 ) 1 ,81 3 
(+ 976) 

1.00 0 

Per cent blast-cells were determined by counting 500 Wright-Giemsa 
stained cells from each culture. Values represent mean counts from five experi-
men U. 

Values represent moan CPM of H-TdR incorporated into acid-insoluble 
material in nine or more experiments, one standard deviation is shown in 
parentheses. 

c 3 
Stimulation index represents the ratio of H-TdR incorporation in 

stimulated cultures to •'H-TdR incorporation in control cultures. 

^Interferon values represent mean interferon titers of cultures from nine 
experiments, one standard deviation is shown in parentheses. 
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of poly I:C had 5, 9, 19, and 21 per cent blast-cells, 

respectively. 

Increased mitogenic activity, as reflected by 

enhanced incorporation of ^H-TdR into TCA-insoluble 

material, was likewise observed in mouse spleen cells 

cultured with poly I:C (Table 6). Stimulation index (SI) 

is a term often used to express the degree of enhanced 

"^H-TdR incorporation relative to control cell culture values 

and represents the ratio between the average counts per 

j Q 
minute (CPM) of H-TdR incorporated into the DNA of cells 

3 
from treated cultures to the average CPM of H-TdR 

incorporated into cells from control or non-treated cul

tures. The mitogenic response of mouse spleen cells to 

poly I:C was found to be concentration dependent. The 

3 
greatest enhancement of H-TdR incorporation over control 

cultures was found in spleen cells cultured with 100 ng of 

3 
poly I:C. The mean H-TdR incorporation in these cultures 

was 7,912 CPM which represented a 4.36-fold stimulation. 

The stimulation indices of cultures treated with 10, 25, and 

50 |Jg of poly I:C were 1. 73, 2. 77, and 3.05, respectively. 

Poly I:C at a concentration of 1 (icf demonstrated little 

mitogenic activity, as reflected in a stimulation index of 

1.11. The mitogenic response to PHA was stronger than that 

to poly I:C and resulted in a 5.63-fold enhancement of 

3 
H-TdR incorporation. Thus, poly I:C was actively mitogenic 

at concentrations between 10 and 100 |ag in cultures of mouse 
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spleen cells. In addition, there was parallel correlation 

3 
between mitogenesis as measured by H-TdR incorporation and 

morphologic blast-cell transformation in poly I:C treated 

cultures. The mitogenic response to PHA was stronger than 

that to poly I:C as measured by both the parameters of 

3 
H-TdR incorporation and blast-cell transformation. 

Interferon was also produced in mouse spleen cell 

cultures stimulated by poly I:C. Poly I:C treated cultures 

had mean IF titers of 19 units per ml in cultures containing 

25 |jg of poly I:C, 22 units per ml in cultures containing 

50 [ig of poly I:C, and 41 units per ml in cultures contain

ing 100 (ig of poly I:C. Interferon titers were less than 10 

units per ml in cultures treated with 10 |_ig of poly I :C or 

less, or in control cultures. PHA stimulated cultures gave 

a stronger interferon response than poly I:C stimulated 

cultures and had a mean titer of 49 units per ml. Thus, 

poly I:C induced the production of interferon in mouse 

spleen cell cultures. The amount of •interferon produced was 

dependent on poly I:C concentration and was less than the 

amount produced in PHA stimulated cultures. 

Poly I:C was also found not to be toxic for mouse 

spl een cells in culture. Cell viability as determined by 

the trypan dye exclusion test was greater than 81 per cent 

in cultures incubated with 100 |ig of poly I:C for 48 hours. 

Controls consisting of poly I:C (10 and 100 Hg) plus 

complete medium were incubated in the absence of cell 
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cultures and assayed for interferon in parallel with spleen 

cell cultures from each experiment. Plaque reduction was 

not observed with the medium from these controls when assayed 

at a 1:10 dilution. Thus, the reduction in number of VSV 

plaques following incubation of spleen cell cultures with 

supernatant fluids from poly I:C treated cultures was not 

due to residual poly I:C carried into the assay system. 

Temporal Production of Interferon in Mouse Spleen 
Cell Cultures in Response to Polyriboinosinic: 

i Polyribocytidylie Acid 

Mouse spleen cell cultures exposed to poly I:C were 

terminated at different times up to 72 hours after exposure 

and the amount of interferon present in the cell culture 

fluids was quantitated. These studies were initiated to 

examine the temporal production of interferon iri vitro. 

These data are presented in Table 7. 

Interferon was not detected in spleen cell cultures 

prior to twenty-four hours. The mean interferon titer at 

twenty-four hours was 13 units per ml. An increase was 

observed in the mean IF level of the cultures between 24 and 

48 hours. The mean IF titer at 48 hours was 44 units per 

ml. Between 48 and 7 2 hours there was very little increase 

in titer of interferon, from 41 to 49 units per ml. 
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Table 7. Temporal Production of Interferon in Mouse Spleen 
Cell Cultures Incubated with Polyriboinos.in.ic: 
Polyribocytidylic Acid 

Timea Interferon Titer*3 

(hours post exposure to poly I:C) (units/ml) 

12 0 

24 13 ( + 9 ) 

48 41 ( + 15 ) 

72 49 ( + 12 ) 

Culture supernatant fluids were harvested for 
interferon assay after exposure of cell cultures to poly I:C 
(100 ng/ml) for the time periods specified. 

Values represent mean IF titers of replicate 
cultures from four experiments, one standard deviation is 
shown in parentheses. 

Tritiated Thymidine Incorporation and Interferon 
Production in Mouse Spleen Cells Cultured 

with Statolon 

Serum interferon has been found in mice following 

the intraperitoneal injection of statolon (Kleinschmidt 

et al., 1964). The target organ for the production of 

interferon by statolon is thought by some workers to be the 

spleen (Glasgow, 1971). In addition, statolon has been 

shown to induce the production of interferon in mouse 

peritoneal cell cultures (Borecky et al., 1970). This study 

was initiated to determine if statolon might induce 
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mitogenesis or interferon production in mouse spleen cul

tures and to determine if lymphocyte stimulation was common 

to other interferon inducers. Spleen cells from CD-I mice 

were cultured with varying concentrations (1, 10, 50, 100, 

or 1,000 |ag) of statolon and after the appropriate incuba-

3 
tion period, cultures were assayed for H-TdR incorporation 

and interferon production. Cells were cultured with PHA and 

similar assays were performed in parallel. The data 

obtained are presented in Table 8. 

The mean stimulation indices for statolon treated 

cultures ranged from 1.32 to 1.96 with maximum stimulation 

being found in cultures containing 50 ng of statolon. The 

mean H-TdR incorporation value (i.e., 3,750 CPM) for 

cultures containing 50 (ig of statolon was not different 

significantly from the control cultures at the 95 per cent 

confidence level. The stimulation index for PHA treated 

3 
cultures was 4.93, representing a mean H-TdR incorporation 

value of 9,403 CPM. 

Some VSV plaque reduction was occasionally observed 

with supernatant fluids from spleen cell cultures containing 

100 and 1,000 ng of statolon. The mean interferon titer for 

cultures treated with 100 ng of statolon was 6 units per ml 

while the value for cultures treated with 1,000 |ug was 7 

units per ml. Supernatant fluids from spleen cells cultured 

with 50 |ig of statolon (i.e., stimulation index = 1.96) did 

not contain detectable interferon. Phytohemagglutinin 
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Table 8. Tritiated Thymidine Incorporation and Interferon 
Production in Mouse Spleen Cells Cultured with 
Statolon 

Inducer 
H-TdR 

Incorporation' 

Interferon 
Titerc 

Stimulation (units per 
Index*3 ml) 

Statolon (1 Hg) 2,630 (i 735) 1. 38 0 

Statolon (10 ng) 3,406 (+ 622) 1. 78 0 

Statolon (50 p.g) 3 ,750 (i 645) 1. 96 0 

Statolon (100 ng) 3,216 (+ 351) 1. 68 6 (± 9) 

Statolon (1,000 |ag) 2,526 (+ 1,581) 1. 32 7 ( + 5) 

Phytohemagglutinin 
(0.1 ml of 1:10 
dilution) 9 ,403 (+ 2,683) 4. 93 26 ( + 9) 

Control 1,906 (+ 1,226) 1. 00 0 

Values represent mean CPM of replicate cultures 
from four experiments with one standard deviation shown in 
parentheses. 

Stimulation index equals ratio of mean CPM experi
mental cultures to mean CPM in control cultures. 

Values represent mean interferon titers of repli
cate cultures from four experiments with one standard 
deviation shown in parentheses. 
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stimulated cultures responded with the production of 

interferon. Statolon was not toxic for spleen cells in 

culture as determined by the trypan blue dye exclusion test. 

After 48 hours in culture with 1,000 |J.g of statolon, the 

mean cell viability was 85 per cent. 

Some VSV plaque reduction was observed in the 

supernatant fluids from cultures containing 100 or 1,000 (ig 

of statolon which may have resulted from the antiviral 

activity of residual statolon. Fluids from control cultures 

containing complete media plus statolon (i.e., concentra

tions of 100 and 1,000 (ig) incubated in the absence of 

spleen cells for the same period as spleen cell cultures, 

induced occasional reduction in plaque numbers. 

Deoxyribonucleic Acid Synthesis and Interferon 
Production by Mouse Spleen Cell Cultures 
Challenged with Tilorone Hydrochloride 

Tilorone hydrochloride (Tilorone-HCl) was shown by 

Mayer and Krueger (1970) to induce the appearance of 

interferon in the serum of mice. Dennis et al. (1972) 

reported that tilorone-HCl induced the formation of 

interferon in human peripheral leukocyte cultures, although 

other workers (Fantes, Taylor, and Burman, 1972) have failed 

to substantiate this report. These experiments were initi

ated to determine if tilorone-HCl would induce-lymphocyte 

mitogenesis and the production of interferon in mouse spleen 

cell cultures. Mouse spleen cells were cultured with 
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tilorone-HCl at concentrations of 1, 10, 100, and 1,000 |ig 

per ml. Tritiated thymidine incorporation into acid-

insoluble material, interferon production, and cell via

bility were assayed after 48 hours of incubation. The data 

obtained are presented in Table 9. 

Tilorone-HCl at concentrations of 10 ng and above 

•a 
was found to suppress JH-TdR incorporation m mouse spleen 

cell cultures below control values. The mean stimulation 

index in spleen cell cultures treated with 10 p.g of tilorone-

HCl was 0.03 which indicated a 97 per cent suppression of 

3 
H-TdR incorporation as compared with control cultures. The 

toxicity of tilorone-HCl on spleen cells was confirmed 

further by the following observations made in cultures con

taining 100 ng of tilorone-HCl: Cell viability at forty-

eight hours.as determined by the trypan blue dye exclusion 

test was markedly reduced (i.e., 52 per cent of controls); 

much cellular debris was present; and red blood cell lysis 

had occurred. 

VSV plaque reduction was observed with supernatant 

fluids from cultures treated with 100 or 1,000 ng of 

tilorone-HCl. The same degree of VSV plaque reduction was 

found with control fluids consisting of tilorone-HCl (100 p.g 

or 1,000) plus complete media incubated simultaneously with 

the spleen cell cultures in the absence of cell cultures. 

Thus, the monolayer protection observed with the supernatant 

fluid from tilorone-HCl treated leukocyte cultures was 
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Table 9. Tritiated Thymidine Incorporation and Interferon 
Production in Mouse Spleen Cell Cultures 
Challenged with Tilorone Hydrochloride 

Inducer 
H-TdR 

Incorporation' 

Stimula
tion 

Index 

Interferon 
Titer0 

(units per 
ml) 

Tilorone (1 ng) 2 ,215 ( + 928) 0. 86 0 

Tilorone (10 |ig) 101 ( + 35) 0. 03 0 

Tilorone (100 jig) 72 ( + 4) 0. 02 5 ( + 8)d 

Tilorone (1,000 |ig) 70 ( + 7) 0. 02 40 ( + 28)d 

Phytohemagglutinin 
(0.1 ml of 1:100 
dilution) 12 ,022 ( + 1,589) 4. 67 70 ( + 17) 

Control 2 ,572 ( + 1,341) 1. 00 0 

Values represent mean CPM of replicate cultures 
from four experiments with one standard deviation shown in 
parentheses. 

Stimulation index equals the ratio of mean CPM in 
experimental cell cultures to mean CPM in control cell 
cultures. 

Values represent mean interferon titer of replicate 
cultures from four experiments with one standard deviation 
shown in parentheses. 

These values possibly represent direct toxicity of 
residual tilorone on interferon assay monolayers and not 
interferon. 
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probably due to a direct toxic action of this agent on VSV 

replication. 

Interferon Production and Tritiated Thymidine Incorporation 
in Response to Polyriboinosinic:Polyribocytidylie Acid 

by Mouse Spleen Cells from Different Density 
Fractions of Bovine Serum Albumin Gradients 

Bovine serum albumin (BSA) discontinuous density 

gradients, modified from the procedure of Dicke and associ

ates (Dicke et al., 1968), were used to separate mouse 

spleen cells into functionally different populations which 

were then challenged with poly I:C. These studies were 

initiated to determine if the spleen cells associated with 

enhanced mitogenesis in response to poly I:C were the same 

population of cells that produced interferon in response to 

this inducer. 

Mouse spleen cells were centrifuged through a six 

layer BSA gradient. The gradient was composed of successive 

layers of BSA starting with 33% BSA on the bottom, followed 

by 29, 27, 25, 23, and 21 per cent BSA. The cells at the 

density interface between the 21 and 23 per cent BSA layer 

were collected and labeled fraction 1, cells between the 23 

and 25 per cent BSA layer were collected and labeled frac

tion 2, and so on through fraction 6 which were cells which 

had sedimented through the 33 per cent BSA layer. Cells 

from each fraction were cultured with poly I:C (50 ng) or 

phytohemagglutinin (0.1 ml of 1:100 dilution). Tritiated 

thymidine incorporation and interferon production were 
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measured for each cell fraction. The data obtained for 

3 
H-TdR incorporation are presented in Figure 1 and the 

interferon data are in Figure 2. 

The largest mitogenic response to poly I:C was found 

3 
in cells from fraction three. The mean H-TdR incorporation 

value in this fraction was 4,672 counts per minute (CPM) 

over the control values. Fraction four cells also were 

stimulated to mitogenesis but to a lesser degree than frac

tion three cells. Fractions one, two, five, and six 

3 
incorporated very little H-TdR in response to poly I:C and 

had "^H-TdR incorporation values of 266, 650, 1,394, and 333 

CPM, respectively. In contrast, the peak mitogenic 

response to PHA was found in cells from fraction four, the 

mean H-TdR incorporation value being 8,292 CPM. Fraction 

three cells gave a weaker mitogenic response to PHA than 

fraction four cells. Fractions one, two, five, and six 

3 
incorporated very little H-TdR in response to PHA. Thus, 

poly I:C induced peak mitogenesis in fraction three cells 

while some stimulation also occurred in cells from fraction 

four. Phytohemagglutinin, in contrast, induced a stronger 

mitogenic response than poly I:C which was found to peak in 

the fourth fraction with the presence of some reactive 

cells being found in fraction three. 

The cells which produced interferon in'response to 

poly I:C were found to reside primarily in fraction five 

(Figure 2). The mean interferon value for fraction five 
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Bovine Serum Albumin Gradient Fractions 

3 
Figure 1. Tritiated thymidine ( H-TdR) incorporation in 

bovine serum albumin fractions of mouse spleen 
cells cultured with polyriboinosinic:polyribo-
cytidylic acid (50 |ig poly I:C) (•)., phytohemag-
glutinin (0.1 ml of 1:100 dilution of PHA) (•), 
and control (o) — Values represent mean ^H-TdR 
incorporation values of replicate cultures from 
four experiments with one sigma confidence level 
in brackets. 
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Figure 2. Interferon production in bovine serum albumin 
gradient fractions of mouse spleen cells cultured 
with polyriboinosinic:polyribocytidylic acid 
(50 fig poly I:C) (•), phy to hemagglutinin (0.1 ml 
of 1:100 dilution of PHA) (•), and control (o) — 
Values represent mean interferon level of repli
cate cultures from four experiments with one 
sigma confidence level in brackets. 
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cells cultured with poly I:C was 28 units per ml. Occa

sionally, a small amount of interferon was detected in 

fraction four cells. The mean interferon value for this 

fraction was 2 units per ml. 

Phytohemagglutinin also was found to induce 

interferon production in cells from fraction five. Inter

feron induced by PHA was greater than induction by poly I:C 

in this fraction and resulted in a mean interferon titer of 

60 units per ml. A small amount of interferon (i.e., mean 

value 5 units per ml) was detected, on occasion, in fraction 

four cells following PHA stimulation. 

Thus the mitogenic response to poly I:C, as measured 

by H-TdR incorporation, was greatest in cells from fraction 

three. In contrast, the interferon response to poly I:C was 

found to occur primarily in fraction five cells in the 

3 
absence of enhanced H-TdR incorporation, as was also true 

for the PHA response. Thus, cells undergoing enhanced 

3 
H-TdR incorporation in response to poly I:C were separated 

by BSA gradients from cells which respond to poly I:C with 

the production of interferon. The cells responding to PHA 

3 
with the greatest enhancement m H-TdR incorporation were 

found to reside in fraction four. 
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Effect of Removal of Thymus-Dependent Lymphocytes from 
Mouse Spleen Cell Populations by Treatment with 
Anti-Theta Sera on Interferon Production and 

Tritiated Thymidine Incorporation in 
Response to Polyriboinosinic: 

Polyribocytidylie Acid 

An isoantiserum directed against the theta antigen 

present on murine thymus-dependent lymphocytes was prepared 

according to the procedure of Reif and Allen (1964). This 

antiserum was used iri vitro in the presence of guinea pig 

complement to deplete spleen cell populations from CD-I mice 

of their thymus-dependent lymphocytes. Depleted spleen cell 

populations were incubated with poly I:C (25 and 100 jig) for 

48 hours to determine the effect of the removal of thymus-

dependent lymphocytes on the ability of the remaining cells 

3 
to produce interferon and incorporate H-TdR. Depleted 

populations also were cultured with PHA (0.1 ml of 1:100 

dilution) and PWM (0.1 ml of 1:10 dilutions) for 48 hours. 

These mitogens were included in these experiments because 

the PHA mitogenic response has been reported to require 

thymus-dependent lymphocytes (Raff, 1971), while the 

converse has been demonstrated for the PWM mitogenic 

response (Parkhouse, Janossy, and Greaves, 1972). NMS-

treated and normal spleen cells from the same animals were 

stimulated and assayed in parallel with thymus-dependent 

lymphocyte depleted populations. The data obtained from 

these experiments are presented in Table 10. 



Table 10. Effect of Anti-Theta Sera Treatment on Tritiated Thymidine Incorpora
tion and Interferon Production in Mouse Spleen Cells Following 
Challenge with PolyriboinosinicrPolyribocytidylic Acid, Phytohemagglu
tinin, and Pokeweed Mitogen 

Non-treated Spleen Cells 

3H-TdRa 

Normal AKR Sera Treated 
Spleen Cells 

3H-TdRa 

Anti-theta Sera Treated 
Spleen Cells 

Interferon" JH-TdR" Interferon" 3H-TdRa Interferon*" 
Stimulant Incorporation (units/ml) Incorporation (units/ml) Incorporation (units/ml) 

Poly I :C 
(25 ng) 

Poly IsC 
(100 pg) 

5,092 (+1,495) 15 (+5) N.D. N.D. 

6,882 (+2,183) 32 (+12) 6,312 (+1,650) 27 (+10) 

Phytohemagglu
tinin0 9,742 (+2,369) 40 (+24) 9,972 (+2,030) 

Pokeweed 
Mitogen*^ 

Control 1,625 (+352) 1,837 (+274) 

43 (+18) 

6,800 (+1,919) 20 (+12) 5,720 (+2,140) 24 (+8) 

392 (+156) 0 

532 (+192) 0 

850 (+47 5) 0 

5,122 (+2,283) 15 (+5) 

350 (+174) 0 

Values represent mean CPM of replicate cultures from four experiments with one sigma 
confidence level given in parentheses-

^Values represent mean interferon titer of replicate cultures from four experiments with-
one sigma confidence level given in parentheses. 

CPHA (0.1 ml of 1:100 dilution of stock). 

^Not determined. 

"PWM (0.1 ml of 1:10 dilution of stock). 

<Ti 
(D 
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3  
The mean H-TdR incorporatxon value in non-depleted 

spleen cell populations in response to poly I:C was 5,092 

CPM with 25 ug and 6,882 CPM with 100 |ag of poly I:C. In 

3 
contrast, the mean H-TdR incorporation values in anti-theta 

serum-complement treated spleen cells were 329 CPM with 25 

Mg and 532 CPM with 100 ng of poly I:C. The values repre

sent greater than a 93 per cent reduction in this response 

even though depleted cultures were restored to 5 x 106 

viable cells per ml following depletion. Similarly, the 

PHA response was reduced from 9,742 CPM in non-treated spleen 

cells to 850 CPM in spleen cell populations depleted of 

3 
thymus-derived lymphocytes. Conversely, the mean H-TdR 

incorporation value in non-depleted spleen cell cultures 

stimulated with PWM was 6,800 CPM and the anti-theta serum 

and complement treated populations had 5,122 CPM. The 

3 
mean H-TdR incorporation in control cultures was reduced 

from 1,625 CPM to 350 CPM by anti-theta sera treatment. 

Thus, the mitogenic response to poly I:C was severely 

depressed in mouse spleen cells treated with AKR anti-theta 

C^H sera and complement, suggesting a requirement for 

thymus-dependent lymphocytes (T-lymphocytes) in this 

response. The mitogenic response to PHA was similarly 

depressed. The mitogenic response to PWM was not signifi

cantly affected by such treatment and suggested that thymus-

dependent lymphocytes were not required for this response. 

Treatment of mouse spleen cell populations with normal AKR 
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mouse sera and complement did not alter the mitogenic 

response to any mitogen tested. 

Interferon was not demonstrable in spleen cell 

cultures depleted of T-lymphocytes following challenge with 

poly I:C. Non-depleted spleen cell cultures from the same 

mice produced 15 units per ml when challenged with 25 |ig of 

poly I:C and 32 units per ml in response to 100 |ag of poly 

I:C. The production of interferon by mouse spleen cells in 

response to PHA was reduced from 40 units per ml to less 

than 10 units in cultures treated with anti-theta sera and 

complement. In contrast, interferon production in response 

to PWM was not significantly affected by T-lymphocyte 

depletion. The mean IF titer of PWM stimulated normal 

spleen cell cultures was 20 units per ml, while depleted 

spleen cell cultures had a mean IF titer of 15 units per ml. 

These data indicated that cells producing interferon in 

response to PWM were not removed by treatment with anti-

theta sera. Thus, spleen cell cultures depleted of thymus-

dependent lymphocytes did not respond to poly I:C with the 

production of interferon, although IF producing cells were 

not apparently destroyed by T-lymphocyte depletion as 

evident from the production of IF in PWM stimulated cul

tures. These data suggest that thymus-dependent lymphocytes, 

although composed of different subpopulations of cells (as 

demonstrated by experiments shown in Figure 2), were 

required for mitogenic stimulation and the production of 
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IF in mouse spleen cell cultures following exposure to 

poly I:C. 

Interferon Production and Tritiated Thymidine Incorporation 
in Mouse Lymph Node Cell Cultures Challenged with 

Polyriboinosinic:Polyribocytidylie Acid 

Lymph node cells from CD-I mice were cultured in the 

presence of poly I:C (100 ug) and the general mitogen PHA 

(0.1 ml of 1:100 dilution) for 48 hours. Spleen cells from 

the same mice were cultured in parallel. After the pre

scribed incubation period, interferon production and 

3 
incorporation of H-TdR into TCA-insoluble material by cells 

were measured. These studies were initiated to determine if 

the mitogenic and interferon responses of mouse lymphocyte 

to poly I:C were confined to a splenic population of cells. 

The data obtained are presented in Table 11. 

Lymph node cells from CD-I mice demonstrated no 

significant stimulation of DNA synthesis when challenged in 

vitro with poly I:C. The mean stimulation index for these 

3 
cultures was 1.07 and the mean H-TdR incorporation value 

3 
was 3,422 CPM. The level of H-TdR incorporation in control 

cultures (i.e., unstimulated) was unusually high (3,320 CPM) 

3 
when compared with the mean H-TdR incorporation value of 

spleen cell controls (1,732 CPM) from the same animals. 

Poly I:C induced greater than a 3-fold stimulation of DNA 

synthesis in spleen cell cultures from the same mice. 



Table 11. Tritiated Thymidine Incorporation and the Production of Interferon in 
Mouse Lymph Node Cells and Spleen Cellsa 

Lymph Node Cells Spleen Cells 

Stimulants 

3H-TdR 
Incorporation 

Stimulation 
Indexc 

Interferon13 

(units/ml) 

3H-TdR 
Incorporation 

Stimulation 
Index 

Interferon 
(units/ml) 

Poly I :C 
(100 ^g) 3,422 (+ 498) 1.07 20 (+ 14) 6,253 <+ 895) 3.62 53 (+ 12) 

PHA (0.1 ml 
of 1:100 
d ilution 11,717 (+ 2,238) 3.53 42 (+ 10) 9,876 (+ 1,345 ) 5.70 61 (+ 10) 

Control 3,320 (+ 726) 1.00 0 1,732 (+ 532) 1.00 0 

aMouse lymph node cells and spleen cells from the same mice. 

^Values represent mean CPM from eight cultures with one sigma confidence level in 
parentheses. 

Stimulation index represents ratio of CPM in experimental cultures to CPM in control 
cultures. 

^Values represent mean interferon titer from eight cultures with one sigma confidence 
level in parentheses. 

U> 
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Interferon production was observed in spleen cell 

and lymph node cell cultures of the same mice following 

challenge with poly T:C. The mean interferon titer of 

spleen cell cultures was 53 units per ml while the mean 

titer of lymph node cell cultures was 20 units per ml. 

Interferon was not detected in control cultures. Thus, in 

these experiments significant mitogenesis was not observed 

in lymph node cells following challenge with poly I:C, 

although some interferon was produced. PHA induced similar 

titers of IF in either type of cell culture. 

Tritiated Thymidine Incorporation and Interferon 
Production in Human Peripheral Blood 
Leukocytes. Tonsillar Lymphocytes, 

and Spleen Cells in Response to 
Polyribo inosinic:Polyribo-

cytidylic Acid and 
Phytohemaqqlutinin 

These studies were initiated to determine if poly 

I:C would induce mitogenesis and the production of interferon 

in cultures of human leukocytes. 

Peripheral blood was obtained from donors by veni

puncture and the leukocytes were separated from the blood 

by the dextran sedimentation procedure (see Materials and 

Methods). Tonsillar lymphocytes were teased from tonsil

lectomy material. Spleen cells were teased from specimens 

obtained following splenectomy due to trauma. Leukocyte 

cultures prepared from these three sources of human 

lymphoid tissue were challenged with poly I:C and PHA and 
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3  
assayed for incorporation of H-TdR and production of 

interferon. The data obtained from these studies are pre

sented in Tables 12, 13, and 14. 

Spleen cell cultures obtained from spleen W.M. 

(Table 12) responded to poly I:C challenge, in a dose-

3 
dependent manner, with enhanced H-TdR incorporatxon. 

3 
Greater than a seven-fold stimulation of H-TdR incorpora

tion was observed in cultures supplemented with 25 ng of 

poly I:C. Cultures containing 100 (ag of poly I:C had a 

9.4-fold stimulation in H-TdR incorporation. PHA stimu

lated cultures had mean stimulation index of 18.4 which 

3 
represented a H-TdR incorporation value of 4,403 CPM. 

Thus, poly I:C was shown to be a potent mitogen in spleen 

cell cultures from this source. 

Spleen cell cultures obtained from spleen J.J. 

(Table 12) were likewise found to respond to poly I:C 

3 
challenge in a dose dependent manner, with enhanced H-TdR 

incorporation and a concomitant production of interferon. 

The stimulation indices for 1, 25, and 100 |ag doses of 

poly I:C were 0.9, 4.3, and 5.1, respectively. Interferon 

production was detected in both the 25 lag and 100 ng poly 

I:C cultures, with mean IF titers of 10 and 20 units per ml, 

respectively, when assayed on HeLa cell monolayers. PHA 

induced a stronger mitogenic response (i.e., stimulation 

index = 10.6) than poly I:C and likewise induced the produc

tion of more interferon (i.e., 40 units per ml). The 
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Table 12. Tritiated Thymidine Incorporation and Interferon 
Production in Human Spleen Cells Stimulated with 
Polyriboinosinic:Polyribocytidylic Acid 

Spleen 
Cell 

Source Stimulant 

3H-TdR 
Incorpora-

tiona 

Stimula-
tio n 

Index^ 

c 
Interferon 

(units per ml) 

HeLa Mouse 
Cells L-Cells 

W.M. Poly I: C 
(l Mg) 285 1.2 N.D. N.D. 

Poly I:C 
(25 (ig) 1,689 7.1 N.D. N.D. 

Poly I: C 
(100 ng) 2,237 9.4 N.D. N.D. 

PHA (0.1 ml 
of 1:100 
dilution) 4,403 18. 5 N.D. N.D. 

Control 238 1.0 N.D. N.D. 

J.J. Poly I:C 
(1 ng) 459 0.9 0 0 

Poly I:C 
(25 tag) 2,193 4.3 10 0 

Poly I: C 
(100 pg) 2,601 5.1 20 0 

PHA (0.1 ml 
of 1:100 
dilution) 5,406 10.6 40 0 

Control 510 1.0 0 0 

3 
Values represent mean CPM of four replicates from 

same specimen after 72 hours in culture. 

Stimulation index equals ratio of mean CPM in 
experimental cultures to mean CPM in control cultures. 

Values represent mean interferon titer of four 
replicates from same specimen after 72 hours in culture. 
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interferon induced by poly I:C or PHA in human spleen cells 

did not have activity on L-cell monolayer cultures and thus 

demonstrated species specificity. Thus, poly I:C was again 

found to induce mitogenesis in human spleen cells, but to a 

lesser degree than PHA, and in addition induced the produc

tion of interferon. 

Human tonsillar lymphocytes demonstrated little, if 

3 
any, enhanced H-TdR incorporation when cultured wxth poly 

I:C (Table 13). The greatest stimulation observed was 1.28-

fold in cultures containing 10 ng of poly I:C. In contrast, 

cultures incubated with PHA demonstrated a 4.49-fold increase 

3 
in H-TdR incorporation over control cultures. Although 

mitogenesis was not detectable in poly I:C treated cultures, 

significant amounts of interferon were produced in cultures 

containing 10 and 100 Mg of inducer, mean IF values were 25 

and 48 units per ml, respectively. PHA stimulated cultures 

produced larger amounts of interferon than poly I:C stimu

lated cultures with the mean interferon titer being greater 

than 160 units per ml. Interferon was not detected in 

control cultures. Thus, poly I:C induced appreciable amounts 

of interferon in human tonsillar lymphocyte cultures in the 

absence of significant mitogenesis. PHA, in contrast, 

induced both lymphocyte mitogenesis and interferon produc

tion in human tonsillar lymphocyte cultures. These data 

again suggested that mitogenic response and production of 
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Table 13. Tritiated Thymidine Incorporation and Interferon 
Production by Human Tonsillar Lymphocytes in 
Response to Polyriboinosinic:Polyribocytidylie 
Acid and Phytohemagglutinin 

Stimulants 

3H-TdR 
Incorporation 

Stimulation 
Index*5 

c 
Interferon 

(units per ml) 

Poly I: C 
(1 |ig) 1,644 ( + 212) 1.07 0 

Poly I:C 
(10 Mg) 1,958 (± 160) 1.28 2 5  ( + 9 )  

Poly I: C 
(100 ug) 1,691 <± 140) 1.10 48 (+ 32) 

PHA (0.1 ml 
of 1:100 
dilution) 6,862 (± 1,580) 4.49 > 160 

Control 1,527 (± 270) 1.00 0 

£ 
Values represent mean CPM of replicate cultures 

from four specimens after 72 hours in culture with one 
standard deviation in parentheses. 

b 
Stimulation index equals ratio of mean CPM experi

mental cultures to mean CPM control cultures. 

cValues represent mean interferon titers of repli
cate cultures from four experiments after 72 hours in 
culture with one standard deviation in parentheses. 
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interferon by cells in leukocyte cultures incubated with 

poly I:C.represent different cell subpopulations. 

Human peripheral leukocytes when cultured with poly 

I:C (1, 10, and 100 Mg) also did not respond mitogenically 

(Table 14). Stimulation indices in poly I:C_treated 

cultures ranged from 0.92 to 1.25 and were not different 

significantly than control cultures. The production of 

interferon, however, was detected in poly I:C-treated cul

tures in the absence of detectable mitogenesis. The inter

feron response to poly I:C was dose-dependent. Leukocyte 

cultures incubated with 10 |J.g of poly I:C had a mean 

interferon titer of 17 units per ml while cultures incubated 

with 100 ng of poly I:C had a mean interferon titer of 34 

3 
units per ml. PHA stimulated a larger amount of H-TdR 

incorporation in these cultures than did poly I:C, giving 

a 18.91-fold increase over control cultures. Interferon 

production was greater in PHA stimulated cultures (67 units 

per ml) than in poly I:C treated cultures. Thus, poly I:C 

induced detectable amounts of interferon in human peripheral 

leukocyte cultures, but failed to stimulate mitogenesis. In 

contrast, PHA stimulated mitogenesis and induced the produc

tion of interferon. 
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Table 14. Tritiated Thymidine Incorporation and Interferon 
Production by Human Peripheral Leukocytes in 
Response to Polyriboinosinic:Polyribocytidylic 
Acid and Phytohemagglutinin 

3H-TdR Stimulation 
Q  

Interferon 
Stimulants Incorporation Index*5 (units per ml) 

Poly I: C 
(1 Mg) 394 ( + 182) 1.10 0 

Poly I: C 
(10 Mg) 449 ( + 296) 1.25 17 (+ 5) 

Poly I: C 
(100 Mg) 332 ( + 167) 0.92 3 4  ( + 9 )  

PHA (0.1 ml 
of 1:100 
dilution) 6,751 (± 1,748) 18.91 67 (+ 19) 

Control 357 (± 217) 1.00 0 

Values represent mean CPM from replicate cultures 
of six patients after 72 hours with one standard deviation 
shown in parentheses. 

Stimulation index equals ratio of mean CPM experi
mental cultures to mean CPM control cultures. 

Q  
Values represent mean interferon titers of 

replicate cultures of six patients after 72 hours with one 
standard deviation shown in parentheses. 



DISCUSSION 

Little is known concerning the site or mechanism of 

interferon synthesis rn vivo following the injection of 

certain IF inducers such as poly I:C. Several studies have 

implied that the lymphoreticular system might play a major 

role in the serum interferon response following the injec

tion of poly I:C. It has been well established that 

interferon is produced in cultures of lymphocytes stimulated 

to mitogenesis by specific antigen or general mitogen. Thus, 

it is of interest to examine the role of spleen cells and 

different lymphocyte populations in the production of serum 

IF following challenge with the IF inducer poly I:C. 

Normal CD-I mice were found to respond rapidly 

following the intravenous injection of poly I:C with the 

production of large amounts of serum IF. Interferon titers 

in the sera of these animals exceeded 5,000 units per ml by 

three hours following the injection of 100 (Jig of poly I:C. 

Serum interferon titers had declined by 24 hours and no 

further increase in serum IF was observed during the next 48 

hours. The magnitude and temporal production of IF observed 

in CD-I mice following the injection of poly I:C correlated 

well with the IF response reported for Swiss mice following 

the intravenous injection of similar concentrations of poly 

I:C (Worthington and Baron, 1971). Stinebring and Absher 

81 
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(19 70) examined the appearance of serum IF in BCG-sensitized 

mice following intravenous challenge with the antigen PPD. 

They found that high levels of serum IF were produced by two 

hours following the injection of PPD, although maximum 

titers of IF were not found until four to six hours follow

ing intravenous challenge with PPD. Unsensitized mice did 

not produce serum IF when challenged intravenously with 

similar concentrations of PPD. Based on temporal data 

alone, the serum IF response to poly I:C injection might 

result from immune stimulation of lymphocytes, and thus, 

represent a cell-mediated type of immune response similar to 

that seen following the injection of PPD into sensitized 

mice. 

To examine the importance of lymphocytes in the pro

duction of serum IF following injection of poly I:C, 

splenectomized and RAMT-serum-treated mice were injected 

with poly I:C and sera were assayed for IF content. Serum 

IF titers in splenectomized mice were reduced by more than 

200-fold at three hours and by greater than 30-fold at 24 

hours compared to IF titers in normal mice challenged with 

poly I:C. Thus, splenectomy drastically reduced serum IF 

titers in poly I:C injected mice and indicated the 

importance of spleen cells in the production of IF following 

poly I:C challenge. Splenectomy has been shown to similarly 

suppress serum IF titers in mice following the injection of 

Newcastle disease virus (NDV) (Fruitstone et al., 1966). 
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Further corroboration of the importance of spleen cells in 

the production of IF came from studies by Ho and Ke (1970). 

They injected poly I:C intravenously into rabbits and then 

measured the amount of IF formed in vitro by tissue slices 

removed from various organs. Tissue slices from the spleen 

were found to contribute the major amount of IF (i.e., units 

per gram of tissue). Ho and Ke (1970) also found, using 

metabolic inhibitors, that IF produced in response to poly 

I:C, represented de novo synthesis and was not due to release 

of preformed IF as was once thought. 

The role of lymphocytes in the production of serum 

IF following poly I:C challenge was more clearly demon

strated when mice were treated with heterologous anti-

thymocyte serum (RAMT serum) prior to injection of 100 |J.g 

of poly I:C. RAMT serum treatment resulted in a 25-fold 

reduction in serum IF titers at three hours following 

challenge with poly I:C compared to serum IF titers in non-

suppressed mice. The mean IF titers in RAMT serum-treated 

mice were 20 3 units per ml at three hours and three units 

per ml at 24 hours following the injection of 100 ng of 

poly I:C. Barth et al. (1969) reported that treatment of 

mice with heterologous anti-lymphocyte serum (ALS) prior to 

injection with poly I:C or NDV decreased serum IF titers by 

four- to five-fold. There are several factors which might 

explain the difference in magnitude of suppression of the 
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serum IF titers reported in this present study and those 

reported by Barth et al. (1969): 

1. Barth et al. (1969) used an ALS prepared in a burro 

injected with lymphocytes from a methylcholanthrene-

induced lymphoma of DBA/2 strain mice. The anti

serum used in this present study was prepared by 

injecting thymocyte membranes of CD-I mice into 

rabbits. Thus, antisera used in the two studies 

might have had different specificities. 

2. The injection schedule and dose of ALS used was not 

the same in the two studies. Blanden (1970) has 

shown that heterologous ATS prepared by a method 

identical to the one used in this present study 

significantly suppressed cell-mediated immune 

responses in mice, although it failed to signifi

cantly affect the production of virus neutralizing 

antibody. In addition, histological studies demon

strated depletion of lymphocytes from thymus-

dependent areas of lymph nodes and spleens of mice 

•treated with anti-thymocyte sera (Blanden, 1970). 

Thus, heterologous anti-thymocyte serum would be expected to 

demonstrate a greater specificity for thymus-dependent 

lymphocytes and be more effective in suppressing cell-

mediated immunity than would an anti-lymphoma serum. The 

present data suggest that thymus-dependent lymphocytes play 

an important role in the inductive or productive stages of 
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IF production following the injection of poly I:C into mice. 

The suppression of IF production by RAMT sera may result 

from the preferential depletion of thymus-dependent 

lymphocytes or by blocking surface receptor sites on cells 

which react with poly I:C. Preliminary studies, examining 

the effect of RAMT serum treatment on the tnitogenic 

response of mouse spleen cells to PHA revealed that the 

regimen employed reduced the level of lymphocyte activation 

induced by this mitogen, but did not totally eliminate the 

reactive cell population (Figure 1). Thus, the small amount 

of IF produced following injection of poly I:C into RAMT-

serum-treated mice may have been produced by cellular 

components of the lymphoid system which had escaped the 

action of RAMT serum. In contrast, Worthington and Baron 

(1971) have found that certain chemical immunosuppressants 

(i.e., azathioprine and cyclophosphamide) did not affect the 

serum IF titers of mice in response to injections of poly 

I:C or Newcastle disease virus. The major criticism of 

their study was the failure to assay for degree of lymphocyte 

activity after exposure to immunosuppressants. Thus, their 

conclusion that immunosuppressants directed primarily 

towards proliferating lymphocytes have little or no effect 

on the synthesis of IF, would be invalid if under their 

conditions lymphocyte activity was not appreciably affected. 

Surgical removal of the spleen or preferential depletion of 

thymus dependent antigen-reactive lymphocytes with RAMT 
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serum were both found to suppress the production of serum IF 

in response to the injection of poly I:C. The iri vivo data 

suggest that spleen cells and, more specifically, cell types 

involved with cell-mediated immunity (i.e., thymus-dependent 

lymphocytes) play a major role in the production of IF in 

response to poly I:C. 

In vitro studies were initiated to examine the 

relationship between IF production, DNA synthesis, and 

transformation of small lymphocytes to blast-cells following 

incubation with poly I:C. These studies revealed that when 

spleen cells from CD-I mice were cultured with poly I:C they 

responded mitogenically with enhanced blast-cell transforma

tion, enhanced DNA synthesis, and the production of 

interferon. Poly I:C at a concentration of 10 (jg per ml 

was found to significantly stimulate mitogenesis while 

concentrations of 25 |ig per ml or greater were required to 

induce the production of interferon. Although this differ

ence may reflect a technical difference in assays the data 

also suggest that either a threshold level of mitogenesis 

was required for interferon production or that these two 

responses to poly I:C were dissociated. The greatest levels 

of mitogenesis and titers of IF were found in spleen cell 

cultures incubated with 100 pg of poly I:C. The mitogenic 

responses and titers of interferon produced in cultures 

treated with poly I:C were of a greater amount than those 

reported for cultures of spleen cells from sensitized mice 
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incubated with the antigen PPD (Wallen et al., 1972), 

although less than those induced by the general mitogen PHA. 

Thus, poly I:C was mitogenic in mouse spleen cells, as we 

have previously reported (Dean, Wallen, and Lucas, 1972). 

In the present study, the percentage of small lymphocytes 

transformed into blast-cells was found to correlate with the 

3 
amount of H-TdR incorporated. Blast-cell transformation 

3 
and enhanced H-TdR incorporation are both well established 

in vitro correlates of cell-mediated immunity directed 

against a specific antigen or resulting from stimulation by 

general mitogens (Ling, 1968). More recently IF production 

has been found by several groups of researchers to result 

from lymphocyte activation induced by mitogen (Wheelock, 

1965; Epstein et al., 1971a) or antigen (Epstein et al., 

1971b). Thus, poly I:C stimulates at least two in vitro 

correlates of cell-mediated immunity. 

Interferon was not detected in spleen cell cultures 

treated with poly I:C until 24 hours of incubation in 

contrast to the _in vivo experiments where IF was found at 

3 hours. Interferon may have been present at the 12 hour 

sampling period, but of insufficient titer to be detected by 

the assay procedure. Borecky et al. (1970) reported the 

production of interferon in response to 50 |ig per ml of 

poly I:C in mouse peritoneal cell cultures. They too were 

unable to detect IF prior to 24 hours of incubation at which 

time four to eight units per ml of IF was detected. They 
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also were unable to detect IF in cultures challenged with 

10 |ag per ml or less, of poly I:C, as was found in this 

study. Comparison of data between the present study and 

that of Borecky et al. (1970) revealed that less interferon 

was produced by peritoneal leukocytes than by spleen cells 

at comparable cell and poly I:C concentrations. 

In contrast to in vitro studies where IF was not 

found in spleen cell cultures until 24 hours after poly I:C 

challenge, interferon appeared in the sera of mice by three 

hours following injection of poly I:C. There are several 

possible explanations which might help to reconcile differ

ent time courses observed iri vivo and jji vitro: 

1. Newly cultured spleen cells may require a transient 

period for metabolic stabilization following the 

trauma of dissection during which IF may not be 

produced. 

2. The disruption of splenic architecture by dissection 

may make it more difficult for poly I:C to be 

processed or presented to the reactive cell type. 

3. Different mechanisms might be involved in the pro

duction of IF following poly I:C challenge in_ vivo 

than iri vitro. 

4. The intimate relationship of intact spleen cells 

might allow better concentration of poly I:C for 

presentation to the reactive cell-type than can be 

achieved in culture. 
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Bovine serum albumin (BSA) gradients were used to 

separate mouse spleen cells in order to determine whether 

cells producing interferon were different from cells under

going a mitogenic response. Spleen cells were separated 

into six fractions on BSA gradients and each fraction was 

challenged with poly I:C. Mouse spleen cells were func

tionally separated into those which respond to poly I:C 

with enhanced DNA synthesis and those which respond with the 

production of IF. Spleen cells which reacted mitogenically 

to poly I:C were found to reside primarily in fraction 

three, with some stimulation also occurring in fraction 

four. Cells of other fractions were not significantly 

stimulated mitogenically by poly I:C. This finding was of 

interest because spleen cells from BCG sensitized mice which 

reacted mitogenically to the antigen PPD, were also found to 

reside primarily in cells of fraction three (Wallen et al., 

1972). Thus, spleen cells which reacted mitogenically to 

poly I:C were found to reside in the same fraction of the 

BSA gradient as .spleen cells which responded mitogenically 

to the antigen PPD. These data imply that lymphocyte 

activation associated with poly I:C in culture might 

represent an antigenic type of stimulation. In contrast, 

3 
PHA stimulated H-TdR incorporation primarily in cells 

which resided in fraction four, with a reduced level of 

stimulation observed in cells of fraction three. PHA, 

3 
likewise, produced little enhanced H-TdR incorporation in 
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cells of other fractions. Spleen cells which produced 

interferon in response to poly I:C were found to reside 

almost exclusively in fraction five, a cell fraction which 

showed little enhanced mitogenic activity. Cells which 

produced IF in response to PHA stimulation, likewise, were 

found to reside in fraction five. Thus, spleen cells which 

respond mitogenically to poly I:C have a different density 

than cells which produce IF in response to poly I:C in 

culture, as has been reported for cells responding to PPD 

(Wallen et al., 1972), an antigen generally identified with 

cell mediated immunity. 

AKR anti-theta C^H sera and guinea pig complement 

were used to deplete mouse spleen cell populations of theta-

bearing (i.e., thymus-dependent) lymphocytes (T-lymphocytes). 

Thymus-dependent antigen-reactive lymphocytes have been 

shown to be required for immune recognition (Mitchell and 

Miller, 1968; Miller and Mitchell, 1968) and for response to 

certain mitogens (Raff, 1971). In addition, we have previ

ously shown that thymus-dependent lymphocytes are required 

for the mitogenic response and production of interferon by 

mouse spleen cells incubated with the mitogen PHA and the 

specific antigen PPD (Wallen et al., 1972). In the present 

study, the depletion of thymus-dependent lymphocytes from 

mouse spleen cell populations was found to eliminate 

mitogenic stimulation and the production of IF in mouse 

spleen cell cultures incubated with poly I:C. The mitogenic 
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response to poly I:C was reduced from 6,882 CPM in spleen 

cell cultures incubated with 100 ng of poly I:C to 532 CPM 

in T-lymphocyte depleted spleen cell cultures. The mitogenic 

response to PHA was depressed by the same magnitude. The 

interferon yield in cultures incubated with poly I:C was 

reduced from 32 units per ml in cultures incubated with 

100 (ag of poly I:C to less than 10 units per ml in T-

lymphocyte depleted spleen cell cultures. Cultures incu

bated with PWM were monitored in parallel, since this 

mitogen has been reported to stimulate bone marrow-dependent 

lymphocytes (Parkhouse et al., 1972). T-lymphocyte deple

tion did not significantly affect the level of mitogenic 

activity or the production of interferon in mouse spleen 

cells cultured with PWM. Treatment of mouse spleen cells 

with normal AKR sera and complement was not found to 

significantly affect the mitogenic response or the produc

tion of IF in cultures incubated with PHA, PWM, or poly I:C. 

These data demonstrated that thymus-dependent lymphocytes 

were required for mitogenic activation and the production of 

IF by mouse spleen cells challenged in culture with poly 

I:C. T-lymphocytes are not necessarily required for IF 

production by spleen cells because IF was produced in 

expected amounts in PWM activated spleen cell cultures 

depleted of T-lymphocytes. The IF response to only certain 

stimuli (i.e., poly I:C, PPD, and PHA) are initiated by 

T-lymphocytes. Thus, the specific requirement for 
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T-lymphocytes is an additional implication of poly I:C 

involvement in the cell-mediated immune response. 

The possibility exists that the mitogenic stimula

tion and the production of IF encountered in mouse spleen 

cells cultured with poly I:C may represent a specific cell-

mediated type of immune reaction directed against double 

stranded RNA's. However, since the vast majority of 

ribonucleic acids found in mammalian cells are single-

stranded, the obvious implication for the stimulus required 

to prime the cell-mediated defense mechanism would be viral 

nucleic acid. Double-stranded ribonucleic acids (dsRNA's) 

have been found to occur naturally in genomes of some 

viruses (i.e., Reovirus) and to be produced in host cells 

during the replication cycle of single-stranded RNA viruses 

(Montagnier and Sanders, 1963). Colby and Duesberg (1969) 

presented evidence that DNA viruses may also produce during 

their replication cycle dsRNA's which are active inducers 

of interferon. Since many strains of mice chronically 

harbor RNA viruses, such as the Gross-leukemia virus 

(Mellors, Aoki, and Huebner, 1969), ample antigenic stimula

tion might be achieved for the induction of cell-mediated 

immunity against virus components such as dsRNA's. 

Normally, lymph node cells respond to an antigen as 

well as or better than do spleen cells. However, when mouse 

lymph node cells were cultured with poly I:C, enhanced 

mitogenesis was not observed, although spleen cells from the 
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same animals were stimulated by poly I:C in culture. Lymph 

node cells, however, did produce moderate amounts of IF 

following poly I:C challenge in the absence of enhanced 

"^H-TdR incorporation. These data again indicate that dif

ferent cell types are involved in the mitogenic and IF 

responses to poly I:C. There might also be several 

explanations for the inability of mouse lymph node cells 

to respond mitogenically to poly I:C: 

1. T-lymphocytes of the spleen which react mito

genically to poly I:C might represent a subpopula-

tion of T-lymphocytes which were not present in 

adequate numbers in the circulating population to 

achieve the required number of T-lymphocytes 

necessary for mitogenesis. This contrasts with the 

distribution of cells reacting to established 

antigens. The number of this subpopulation of T-

lymphocytes within lymph nodes may have been 

sufficient either to induce IF synthesis directly 

or to present poly I:C to the interferon producing 

cells. The presence of discrete subpopulations of 

T-lymphocytes in the mouse with different functional 

properties and distributions has been previously 

reported. 

3 
2. The high level of background H-TdR incorporation 

observed in mouse lymph node cell cultures may have 

indicated that these cells were predisposed by a 
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recent antigenic stimulation and were thus unable to 

respond mitogenically to poly I:C. 

3. Perhaps some cell type present in spleen cell 

populations, but not present in lymph node, is 

required for processing or concentrating poly I:C 

for presentation to the mitogenically reactive 

lymphocyte. Present data do not clarify this issue. 

Two other interferon inducers (i.e., statolon and 

tilorone-HCl) were examined in mouse spleen cell cultures to 

determine if they might stimulate mitogenesis and the pro

duction of interferon, since both are believed to act in 

vivo on the spleen and have been shown to be sensitive to 

immuno-suppression (Glasgow, 1971). Supernatant fluids 

from mouse spleen cell cultures incubated with 100 or 1,000 

Hg per ml of statolon induced inconsistent and low level VSV 

plaque reduction. Control medium containing statolon 

incubated without spleen cells occasionally exhibited a 

similar level of VSV plaque reduction in the assay system. 

These data suggested that the VSV plaque reduction observed 

in spleen cell culture supernatant fluids was possibly a 

direct effect of residual statolon. Borecky et al. (1970) 

reported that mouse peritoneal cells incubated with 10 to 

500 ng per ml of statolon produced from 16 to 2,048 IF units 

per ml after 24 hours. There are several explanations which 

might reconcile the differences between these two studies: 
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1. Statolon has been shown to contain a mycophage in 

which the active component has been extracted and 

shown to be the dsRNA of the mycophage genome 

(Kleinschmidt et al., 1968). This would imply that 

the protein coat of the phage must first be degraded 

before statolon becomes active. Thus, peritoneal 

cell populations might be more effective in 

processing the mycophage protein coat and releasing 

the active component than are spleen cell popula

tions. 

2. The source of IF induced by statolon in peritoneal 

cell cultures might not be of lymphocyte origin. 

In addition, statolon induced little or no stimula

tion of mitogenesis in mouse spleen cell cultures. 

Tilorone hydrochloride has been shown to induce 

large amounts of IF when administered orally to mice (Mayer 

and Krueger, 1970) and to induce IF in human peripheral 

leukocytes cultures (Dennis et al., 1972). In this study, 

mouse spleen cells were cultured with tilorone-HCl (1 to 

1,000 ng per ml). Tilorone-HCl at concentrations of 10 to 

3 
1,000 |jg per ml was found to suppress the background H-TdR 

incorporation below levels in control cultures. These data 

indicate that tilorone-HCl was toxic to mouse spleen cells 

in vitro. The toxicity of tilorone-HCl on mouse spleen 

cells also was confirmed by the trypan blue dye exclusion 
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test. Supernatant fluids from mouse spleen cells cultured 

with high concentrations of tilorone-HCl (i.e., 100 to 1,000 

|ig per ml) produced a reduction in VSV plaque number on 

mouse L-cell monolayers. A similar level of VSV plaque 

reduction was observed in L-cell monolayers incubated with 

control medium supplemented with tilorone-HCl (i.e.,100 to 

1,000 |ig per ml). Thus, the VSV plaque reduction observed 

in L-cell monolayers incubated with culture supernatant 

fluids containing tilorone-HCl was possibly due to the toxic 

activity of this agent on the assay monolayer and not due to 

interferon. Since this study was completed, data have been 

presented which corroborate the toxicity of tilorone-HCl on 

L-cell monolayers. Fantes et al. (1972) observed that 

tilorone-HCl at concentrations of 10 ng per ml or greater 

3 
blocked the uptake of H-leucine into L-cell monolayers and 

was thus toxic for L-cells. They also failed to confirm the 

finding of Dennis et al. (1972) that tilorone-HCl induced IF 

in human peripheral lymphocytes cultures. Thus, the anti

viral activity observed by Dennis et al. (19 72) in culture 

supernatant fluids of human peripheral leukocytes incubated 

with tilorone-HCl was probably due to the direct toxicity of 

this agent on the assay monolayer and not due to interferon. 

No indication was given by Dennis et al. (1972) that the 

direct toxicity of tilorone-HCl on cells was examined. 

Stringfellow and Glasgow (1972) were likewise unable to 

demonstrate the production of IF in mouse peritoneal cell 
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cultures incubated with tilorone-HCl. Thus, it was found 

that neither statolon nor tilorone-HCl were similar to poly 

I:C when tested in vitro with mouse spleen cells. 

Studies on the mitogenic and interferon stimulating 

potential of poly I:C in human lymphoid cells were conducted 

to correlate these data with the mouse study and because of 

recent interest in using this compound for antiviral and 

antitumor therapy in man. Human peripheral leukocytes, 

tonsillar lymphocytes, and spleen cells were incubated with 

poly I:C and PHA to assay mitogenesis and the production of 

interferon. Poly I:C was found to stimulate mitogenesis 

(i.e., stimulation indices of 5.1 and 9.4) in human spleen 

cells at concentrations above 25 (jg per ml. The degree of 

stimulation of human spleen cell mitogenesis by poly I:C 

correlated well with data obtained with poly I:C in mouse 

spleen cell cultures. The production of IF was also demon

strated in human spleen cell cultures incubated with poly 

I:C concentrations of 25 or 100 ng per ml. Both the 

mitogenic response and the production of IP observed in 

human spleen cell cultures incubated with poly I:C were 

found to be dose-dependent. PHA. (0.1 ml of 1:100 dilution) 

was also found to stimulate lymphocyte mitogenesis (i.e. , 

stimulation indices of 10.6 and 18.5) and the production of 

IF in human spleen cell cultures as was found in mouse 

spleen cell cultures. 
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Human tonsillar lymphocytes did not respond 

mitogenically to poly I:C (stimulation index of 1.28) 

although IF was produced (48 units per ml) in these cul

tures. Human peripheral lymphocytes also did not respond 

mitogenically to poly I:C (i.e., stimulation index of 1.25), 

although IF was produced (i.e., 34 units per ml) in poly I re

treated cultures. In contrast, poly I:C was found to 

stimulate both mitogenesis and the production of IF in 

human and mouse spleen cell cultures. Interferon titers 

produced in cultures of human tonsillar lymphocytes 

incubated with poly I:C were of a greater magnitude than IF 

titers produced in cultures of other sources of human 

lymphoid cells incubated with poly I:C. The ability of 

poly I:C to induce IF in cultures of tonsillar lymphocytes 

would suggest that poly I:C might be instilled in the 

nasopharynx as a prophylactic agent against respiratory 

virus infections. 

The production of IF following incubation of human 

tonsillar and peripheral lymphocyte cultures with poly I:C 

in the absence of enhanced mitogenesis, closely paralleled 

results obtained with mouse lymph node cell cultures incu

bated with poly I:C. These data imply that more than one 

cell type is involved in the mitogenic and IF responses to 

poly I:C in human as was demonstrated in the mouse. 

Thymus-dependent lymphocytes have been shown to be 

required for both the in vivo (Blanden, 1970) and _in vitro 
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(Wallen et al. , 1972; Raff, 1971) expression of cell-

mediated immunity. Cell mediated immune reactions are 

believed to be initiated by the activation of thymus-

dependent lymphocytes (Raff, 19 71). This study demon

strated that: (l) the spleen and T-lymphocytes are 

important for production of serum IF in response to poly 

I:C iri vivo; (2) poly I:C induces mitogenesis and IF 

production in mouse and human spleen cells iin vitro; (3) 

thymus-dependent lymphocytes are required for both mito

genesis and IF production by mouse spleen cells in response 

to poly I:C; and (4) spleen cells responding to poly I:C 

are indistinguishable from those responding to the antigen 

PPD. Thus, these data imply that the response to poly I:C 

involves a cell-mediated type of immune response directed 

against poly I:C, and possibly all dsRNA's. This hypothesis 

is further supported by Cone and Johnson (1972) who recently 

presented indirect evidence for the activation of thymus-

dependent antigen-reactive lymphocytes by the polyribo

nucleotide poly A:U. They found that treatment of mice with 

poly A:U during immunization with sheep erythrocytes in

creased the percentage of anti-sheep erythrocyte rosette 

forming cells in spleen cell populations (i.e., thymus-

dependent lymphocytes). 

Several research questions and alternate experi

mental approaches were raised during the course of this 

study. 
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1. The effect of neonatal thymectomy on the serum IF 

titers of mice induced by the injection of poly I:C 

should be examined. This approach should also help 

to define the role of T-lymphocytes in the produc

tion of serum IF titers. 

2. Other synthetic and natural polyribonucleotides 

should be examined in vitro and in immunosuppressed 

animals to help define the role of lymphocytes in 

the IF response induced by these agents. 

3. The production of other mediators of cell-mediated 

immunity should be assayed in poly I:C stimulated 

cultures. 

4. The effect of poly I:C stimulated lymphocytes on 

tumor target cells should be examined jln vitro to 

explore the mechanism underlying the reported 

antitumor potential of poly I:C. 
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