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ABSTRACT

Dunton, Helen, Immunocompetence in the AKR Mouse.

Master of Arts (Biology), August, 1976. 46 pp.,

1 table, bibliography, 38 titles.

A model for the study of the relationship of immunity

to cancer is found in AKR mice which harbor Gross virus.

This genetically transmitted virus is present in a latent

form for months before it spontaneously induces leukemia.

Many investigators have demonstrated near normal humoral res-

ponses, but abnormal cellular immunity in the preleukemic

animal. With increasing age, pathology of the disease is

expressed, reflecting diminished immunity.

In this study, the ontogeny of humoral antibodies of

AKR/J and SWR/J mice was assayed by microagglutination tech-

niques in response to thymus-independent, thymus-dependent,

and solubilized antigens. Simultaneous injections of thymus-

dependent and -independent antigens provided data suggesting

an impaired humoral response in the AKR mouse.
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INTRODUCTION

The immune capacity of AKR mice presents a unique model

for the study of the relationship of immunity to cancer.

These inbred mice harbor the Gross murine virus, which is

transmitted vertically (15, 18). The Gross virus, an onco-

genic RNA virus, is present in a latent form for a period of

months before its transforming capacity induces formation of

a thymoma, eventually followed by disseminated lymphatic

leukemia (13, 14). Various aspects of the physiology of this

animal could be examined, although the functioning of the

immune system needs to be exhaustively studied. The

genetically impaired immune response to this virus, as well

as a defective immunity to a surface antigen, allows viral

replication while the host cell continues to multiply (1,

15, 22).

Studies of the effect of Gross virus on cell-mediated

immune responses in the AKR mouse have demonstrated no

diminished function in the preleukemic animal (22). However,

some workers who reported gamma-globulin and humoral anti-

body levels to be normal, while macrophage migration inhi-

bition was not, concluded that these mice possess an altered

immune mechanism relating to cellular immunity (9). Depres-

sion of cellular immunity in these mice has been related to

prolonged rejection times of syngeneic skin transplants (18).
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Also, injection of AKR parental spleen cells in AKR F1

hybrids failed to produce the usual graft-versus-host (GVH)

reaction (18).

Apparently the humoral antibody response of preleukemic

AKR mice, as judged by the appearance of hemagglutinins, is

normal; however, it is later depressed in the stages of lym-

phoma or generalized leukemia (9). Experiments with backcross

generations of AKR and non-leukemic mice show correlation

between histocompatibility (H-2) type and leukemia, and

between demonstration of virus and leukemia, but only a slight

correlation between H-2 type and presence of the virus (21).

The AKR mice possess cells with surface antigens for Gross virus

throughout their life; the only evidence of a natural immune

response to this antigen is the presence of antigen-antibody

complexes in the glomeruli, indicating an ineffective immune

response to the viral antigens (18).

This study was undertaken in an effort to demonstrate

the ontogeny and function of the humoral antibody response

in the AKR mouse.



LITERATURE REVIEW

Nature of Immune Response: The exact nature of the

immune response is unknown, but some of its prerequisites

can be demonstrated. There must first be an encounter

between an immunogen (antigen) and the responding cell in

the lymphoid system. By now, the evidence is convincing that

the responding cell is a lymphocyte and rightfully can be

referred to as an "immunologically competent" cell (19). A

most significant elaboration of this finding is that these

lymphocytes, rather than being one population, are two

populations of cells distinguished by characteristic func-

tions and properties. Each of these sub-populations evidence

distinctive immunological responses, giving rise to what is

referred to as "cell mediated" and "humoral" immunity. For

purposes of simple differentiation, cell-mediated reactions

are those in which immunologic responses reside in the

lymphocytes, and not in the serum (14). This study will be

primarily concerned with the humoral aspects of immunity.

Ontogeny and Role of T Lymphocytes: Bone marrow is the

origin of lymphocytes. Dense populations reside primarily

in the spleen, thymus, and lymph nodes, in addition to the

bone marrow. Those lymphocytes residing in the thymus ac-

quire a specific surface antigen, the theta antigen, and,
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following a period of maturation, are mostly found in the

cortex of the lymph nodes where they may proliferate upon

contact with an antigen. It is generally agreed that they

do not produce antibodies (2). In mice these T cells in-

clude 75-85 per cent of the nucleated free cells in the

lymph nodes (5). That the thymus is involved significantly

in body functions may be demonstrated in mice by neonatal

thymectomy. These mice survive for a short time, but even-

tually a wasting disease develops. The thymectomized adult

mouse reveals a less severe syndrome, due to activity of cir-

culating post thymic cells outside the thymus. The congenital

absence of the thymus in mice, and in man, reflects this

experimentally induced pathology (29). The low levels of

immunoglobulin found in the "nude" mouse remain low after

immunization (Rygaard, 1969), indicating a condition of immu-

nodeficiency (30).

In addition to their role in cell-mediated immunity, T

cells interact with antibody-producing cells, acting as

"helper" cells. The nature of the antigen or immunogen de-

termines the relationship of the T cell in this interaction.

For example, T cells will bind heterologous erythrocytes,

which are referred to as thymus-dependent antigens. Yet other

antigens, e.g., endotoxins and polymerized flagellin, are in-

dependent of T cell function. Recent evidence indicates two

distinct thymus dependent sub-populations (30). The bulk of

the evidence suggests that one sub-population of T cells
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augments, and another one suppresses antibody formation.

Thus, "two distinct lines of differentiation exist" (27).

The suppressive activity, which is most dominant in the

young, immature, theta-rich T cell, is predominately found

in the thymus and spleen, while the theta-poor T cells will

have migrated to certain peripheral areas such as the lymph

nodes. Mosier and Johnson (27) found newborn mice to respond

to DNP-Ficoll, a T cell-independent antigen, but not to sheep

red blood cells (SRBC), a T cell antigen to which the animals

respond later. It is assumed that B cells, the only cells

which respond to a T-independent antigen, mature earlier than

T cells. If, however, neonatal mouse cells are treated with

anti-theta sera to deplete the immature T cells, and recon-

stituted with mature T cells from adult peripheral lymph

nodes, a response to SRBC followed. The failure of response

to SRBC is interpreted as interference by T suppressor cells

together with helper function of mature T cells. B lympho-

cyte immuno-fesponsiveness matures soon after birth, although

this activity is modulated by suppressor T cells.

Ontogeny and Role of B Lymphocytes: The single most

important function of B lymphocytes is antibody production.

The B cell, which possesses many surface immunoglobulin re-

ceptors, arises from precursors in the bone marrow; further

differentiation depends upon the species of animal. In

birds the breeder organ is Bursa of Fabricus, but in mammals
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there are a number of tissues which function as a breeding

organ, i.e., bone marrow, spleen, tonsils, Peyer's patches

(34). In mice, B cells are first observed before birth,

reaching a population plateau at five weeks (35). It has

been a basic concept that only B cells secrete antibody, and

that this is their primary immunological function. According

to Spear, et al. (35), murine B cells first respond to anti-

gen by proliferation and antibody synthesis two weeks after

birth. Sidman and Unanue (34) found the percentage of immu-

noglobulin-bearing lymphocytes in the mouse spleen to be low

for the first ten days of life, reaching adult levels within

another week. During the first ten days the lymphocytes,

termed "null" lymphocytes, were found to have neither B or

T markers. Their numbers decline between one and four weeks

and are infrequent in the spleen. When the surface of B

cells are cleared of immunoglobulin (Ig), and followed by a

culture period in vitro, these lymphocytes regenerate more

Ig.

Another criterion of maturation of B cells is the ap-

pearance of a receptor site (C) for the C-3 fraction of com-

plement. These sites appear on B cells of mice at

approximately two weeks of age (34). It has been proposed

that the C receptor, which binds antigen-antibody complexes,

on immuno-competent B cells, concentrates the antigen, thus

promoting immune complex reactions (10).. Another possibility

is that activation of B lymphocytes requires interaction with
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a specific antigen plus another ligand, thus requiring two

signals (37). The second signal could be the C-3 fraction

binding to the C receptor as might occur in primary immuni-

zation. According to Gelfand, et al (10), there is a dif-

ferential in the temporal appearance of Ig and C receptors,

although this varies from strain to strain. Apparently, B

cell differentiation, and particularly the ontogeny of com-

plement receptors, is under genetic control (10).

The phenomenon of the so-called "capping" behavior,

as exhibited by the concentration of Ig in a single cap at

one pole of the cell--later interiorized is assumed to be an

index of maturity (34). Thus the quantity and quality of

capping distinguish the mature B cell. Although charac-

teristic changes occur in the B lymphocyte population which

distinguish the early and the mature cell, it is possible

that there are two sub-populations performing different

functions. The contrasting viewpoint is that the mature cell

replaces the early form.

.Macrophage and its Function: Whereas the T and B cells

are antigen-specific, a third type of cell, the macrophage,

functions in a non-specific role in immune response. Cur-

rent theory holds that an immunogen is taken up by a macro-

phage and is "processed" enzymatically. This is the

first step in antibody induction. According to Park and Good

(29), macrophages process the foreign substance without
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destroying its immunogenic specificity and/or competence.

This transformed component may then stimulate the synthesis

of RNA specific for the homologous antibody. It is also

theorized that the RNA complexes with the immunogen acting

as a super-antigen to facilitate the response of the lympho-

cyte. A secondary reaction could involve unprocessed anti-

body on the surface of macrophages on areas adjacent to

dendritic processes (29).

Characteristics of Cellular Interaction: While the

mechanism of interaction between T and B lymphocytes and

macrophages is not fully elaborated, certain specific re-

sponses have been demonstrated. Both T and B cells respond

to non-specific mitogens, agents that will induce both blast

formation and the replication of lymphocytes without regard

to immunologic properties. Greaves et al. (14) claim that

mitogenic activation of lymphocytes is primarily an initia-

tion reaction at the cell surface; however, it appears

that the initiating events are not the same for both T

and B cells. Evidence suggests that mitogens can imitate

immunogens, and that B cells stimulated by lipopolysaccharide

and the pokeweed mitogen secrete antibodies and develop in-

ternal cellular structures characteristic of antigen-activated

B cells (14). The mitogenic effect of lipopolysaccharide

(LPS) was attributed by Watson, et al. (37) to the comple-

tion of an inductive signal on the surface of B lymphocytes.
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This work revealed a two-signal immune response, in the

absence of T cells, to a monovalent hapten: the first signal

is delivered to the antigen-sensitive cells through an

antigen-receptor interaction; and the second signal is

delivered either directly upon binding of LPS to the antigen-

sensitive cell or by a LPS reaction with an accessory cell.

T cells, on the contrary, when activated by the mitogens

pokeweed or Concanavalin A, do not respond with antibody

synthesis. Rather, they release soluble mediators, such as

the migration inhibition factor, helper or potentiating

factor, and exhibit cytotoxic activity. It is significant

that the pattern of these reactions in the T and B cells, is

believed to be innate or preprogrammed (14).

Mechanism of Antibody Formation: The immunological re-

sponse is induced by the union of "processed" antigen with an

antibody receptor on the surface of the appropriate lympho-

cyte. The response of the lymphocyte is highly specific and

occurs at a single antigenic determinant. The consequent

cell proliferation yields a clone of cells with the same

immunologic specificity. T cells help in concentrating the

antigen through their antigenic determinants. Carpenter (5)

suggests that the helper effect is mediated by soluble fac-

tors released from T cells to activate appropriate B cells.

Another line of evidence supports the concept that the

mediator liberated by the T cell is a "carrier" antibody,
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cytophilic for the macrophage. The antigen-antibody complex

formed by the reaction of the antibody with the carrier

portion of the antigen attaches to the macrophage. When the

macrophage bears an adequate number of antigen molecules, it

activates the B cell.

Antigen Function: Since the T cells are helper cells

with a specificity of a lower order than that of the B cells,

they are assumed to serve as protein carriers which, unlike

B cells, are not hapten-specific. The chemical properties

of a soluble antigen probably may determine which lymphoid

cells are activated. Those antigens that consist of identical

repeating units, such as polymerized flagellin or polyvinyl-

pyrrolidone, are thymus-independent, i.e., they directly

stimulate B cells to antibodies. Thymus-dependent antigens

such as bovine serum albumin, may also be soluble, but react

with both T and B cells, resulting in synergistic cooperation

between the two populations (5). Thymus-dependent antigens

characteristically induce production of high affinity anti-

bodies which exert a negative feedback reaction on the

immune response. On the other hand, some antigens which are

immunogens may simply appear to be thumus-independent be-

cause they stimulate an excess of thymus-independent anti-

bodies in the absence of this feedback effect by the

thymus-dependent antibodies (12).
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The binding of an immunogen to a receptor site is con-

sidered fundamental to the selection theory of antibody

formation (Burnet, 1959). While there is compelling evidence

that the majority of B cells have detectable cell surface

immunoglobulins, the chemical nature of antigen receptors

on T cells has many unanswered questions. Difficulty arises

in demonstrating the T cell binding antigen. But the speci-

ficity of T cell response leads to the conclusion that T cell

receptors have at least a "variable sequence" peptide com-

parable to antigen-binding site of conventional antibodies

(14).

Development of Responses: The capacity to give enhanced

responses to an immunogen following prior immunization is

referred to as immunological memory. While there is evidence

that T cells have immunological memory in cell-mediated and

humoral responses, the primary response and early appearance

of IgM is relatively thymus independent, and two to three

week memory is thymus dependent (36). Some aspects of memory

might also be a reflection of qualitative maturational

changes in individual cells. There is little doubt that T

cell responses involve clonal proliferation resulting in in-

creased numbers of antigen-reactive cells. The probability

of qualitative linear maturational changes within individual

clones also supports evidence of maintenance of specificity.

B cell priming also involves clonal expansion reflecting
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qualitative changes with regard to specificity, avidity,

and affinity. In relation to the specificity-affinity

maturational effects, the antigens are multi-determinant

and stimulate "an asynchronous multiclonal response." A

shift of specificity from one determinant site to another

will produce antibodies of high affinity, though the indivi-

dual clone is not altered (14).

Tolerance Induction: In studies of tolerance by Basten

and coworkers (3), B cells reflect a deletion of specific

clones of antigen-reactive cells. However, with T cells,

tolerance is associated with increased numbers of antigen-

binding cells. Cells from tolerant donors have the capacity

to inhibit antibody production in non-tolerant hosts. This

kind of tolerance results from a positive suppressor effect

by thymus-derived tolerant cells, not to deletion of antigen-

sensitive cells. Tolerant mice have been found to actively

suppress the production of antibody, particularly IgG (3).

It can be assumed that most antigens possess molecular

sites which combine with surface receptors to initiate trans-

formation of both T and B cells. Presumably the antigen-

receptor complex may influence DNA synthesis, incorporating

the inducing component of the antigen into the new DNA

molecules. Thus newly-formed progeny from multipotential

cells would thereafter be unipotential, carrying the specific

antigen receptors. They will readily react with the inducing
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component and proliferate to produce progeny that carry the

same receptor, becoming a clone of immunocompetent cells

(29). B cells are able to differentiate into secretory cells

with specific induction of immunoglobulin molecules. As T

cells have no demonstrable capacity to synthesize Ig, their

immunologic functions are expressed by activating components,

i.e., macrophage migration inhibition, lymphokines, and

transfer factor.

Maturation of Responses: Antibodies belong to a class

of closely related serum proteins, and in 1961 Edelman and

Poulik demonstrated by reducing the disulfide bonds that the

small units were made up of two groups of polypeptide chains

differing in size (19). The heavy (H) chains reflect dif-

ferences between classes of Ig, while the light (L) chains

are very similar in one species. The two major classes of

Ig differ in many ways, and significantly by molecular weight

and sedimentation coefficient. Upon primary immunization,

IgM (19s) characteristically responds in the initial anti-

body formation, as it is found predominantly in the intra-

vascular pool because of its size. It is gradually replaced

by IgG (7s), which increases to a higher plateau, is maintained

longer and diminishes more slowly (5). Shinka and Uhr (33)

have demonstrated that not only is antigen the "driving

force", but the dose of antigen determines the amount of

biosynthesis of those cell populations involved in
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immunologic response. Above an optimal dose of antigen, the

relative rate of 19s antibody formation is independent of

the amount of antigen injected. IgG appears on the average

of seven to nine days after primary stimulation and increases

exponentially for four to five days and more slowly there-

after. The rate of IgG formation is directly related to the

amount of antigen administered (5). Reinjection of the

antigen produces an IgM response similar to the primary one;

however, IgG rises sharply within three to four days, giving

both a greater maximum response and a longer persistence than

seen for IgM (5).

Antibody Avidity and Cross Reactivity: In demonstrating

the sequence of events in primary antibody responses, potent

immunogens, such as sheep erythrocytes, are most often em-

ployed. Antibodies to SRBC combine with the inducing antigen

with extraordinary specificity. Forces binding these mole-

cules are due to action of opposite charges (ionic bonding)

together with Van der Waal's forces acting independently of

charge (19). The earliest antibodies are usually less avid

but are more highly specific in that they will not cross-

react readily with closely related antigens. If antigen stim-

ulation is repeated, the antibodies become more avid, but

there is a loss of specificity in cross reaction with similar

proteins. A plausible explanation for this loss of specifi-

city is that the first few antibodies are formed in response
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to only a few determinant groups; with subsequent stimula-

tion a larger proportion of determinant groups become a

part of the immune response which is common to related

antigens (19). An example of cross-reactivity is the immuno-

genicity of such related antigens as heterologous erythro-

cytes. Dietrick and Dukor (8) claimed that the best means

of assessing antigen stimulation is achieved when the dose

is based on total cell surface rather than on total numbers

of cells.

Gershon and Kondo (11) refer to loss of specificity as

degeneracy. They found that while mouse antibodies to SRBC

were highly avid, they also agglutinated horse erythrocytes

(HRBC), appearing either late in the primary response, in

secondary responses, or after multiple injections. Degener-

acy of the immune response accompanies a decline in carrier

specificity as well as cross reactions with unrelated haptens.

Those antibodies which have escaped from tolerance do not

cross react, lending support to the concept that the immune

response becomes less specific as it is successively stimu-

lated. In subsequent work, Gershon and Kondo (12) showed a

thymic dependency of SRBC antibodies cross-reacting with

HRBC. Mice deprived of T cell function (thymectomy, lethal

irradiation or injection of lysed cells) produced antibodies

of greater specificity than the controls with normal T cell

function. Solubilized antigens, which are capable of in-

ducing tolerance, and increased T cell activity may be
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necessary for cells to make cross-reacting antibodies.

Response to SRBC was greatly inhibited in mice after incuba-

tion of the T cells with anti-theta serum, suggesting that

T cells play a role in the formation of cross-reacting

antibodies (36). An additional dimension is the fact that

these antibodies shut off the immune response, as in a nega-

tive feedback reaction (12).

Genetic Control of Immune Response: The genetic control

of a specific immune response is considered as a selective

mechanism which requires the ability of antibody-producing

cells to recognize determinants on a specific antigen. The

response is proliferation by these cells and secretion of

antibody. A particular determinant group may fail to elicit

an immune response in one strain of animals and not in another.

Or a determinant group which is a potent immunogen attached

to one carrier molecule may not be immunogenic on another

carrier. This capacity to recognize a particular determinant

group and respond can be genetically controlled (19).

The capability of inbred mice to respond immunologically

to a multi-chain polypeptide antigen is determined by the

autosomal dominant gene, Ir-1, which lies in the major histo-

compatibility locus H-2 (16). The primary response of res-

ponder and non-responder strains can be related to significant

IgM levels. However, with a second antigen challenge, only

the responder strain shows immunologic memory by producing
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a high titer of IgG. The low responder strain produced low

levels of IgM and was unreactive to further antigen challenge.

This evidence indicates that the effect of the Ir-l gene on

antibody production occurs when there is a shift from IgM

to IgG response (16). Further work by Mitchell et al. (26)

suggests that non-responders do not adequately recognize the

antigen and its interaction with the T cell. They speculate

that the Ir-l gene exerts its effect at this level. Indica-

tions that reactivity to synthetic antigens and hyperreacti-

vity to environmental antigens may be linked to the

histocompatibility (HL-A) type of the animals were found

by Scher and coworkers (31); controlling these responses is

the Ir-l gene.

Significance of Gross Virus: The finding of impaired

immunity in conjunction with cancer leads to the question of

whether the pathology develops as a result of deficiency.

Useful in understanding this relationship is the study of these

responses in mice harboring genetically transmitted viruses

which spontaneously develop leukemia. AKR mice infected with

Gross leukemia virus (GMuLV), vertically transmit the

virus in a latent form from one generation to another (15).

Because of a genetically-impaired immune response to this

virus coupled with defective immunity to cell surface antigen,

viral replication results in a thymic lymphoma. The prolif-

eration disseminates to other lymphoid tissues, resulting
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in a mortality rate of more than 95% in inbred strains

(18).

Defective Response to Cell Surface Antigen: Mice in-

fected with GMuLV exhibit cell surface antigens which are

found on both normal lymphoid cells and lymphoma cells. Anti-

sera from allogenic mice injected with lymphoma cells from

AKR mice have been found to be cytotoxic for cells induced by

GMuLV. Conversely, (injection of allogenic lymphoma cells

into AKR mice), the antiserum is atoxic or weakly cytotoxic,

and transplantation resistance cannot be achieved. This is

indicative of a defective immune response to cell surface

antigens of Gross virus (18).

Oncogenic Viral Agents: In addition to the Gross virus,

several others are oncogenic in mice, viz., Moloney, Friend,

Harvey, and Rauscher. They are RNA viruses which mature by

budding of the cell membrane and are not cytopathic in the

host cell (12). In addition to oncogenic activity, the

replication of these RNA viruses proceeds together with the

multiplication of the host cell. Thus, the production of

virions by the transformed cell becomes an "excretory func-

tion" without death of the infected cell (1). It is not

known how the physiology of mice in which leukemic oncogenic

transformation occurs differs from that of other mice. Per-

haps the genetic make-up of those animal species that

transmit these viruses vertically in covert form requires
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additional external stimuli (mutagens, carcinogens, radia-

tion), or the natural aging process to activate the process

(20). This is a most complex problem in which prodigious

research efforts have already been expended.

Immunodepression: The results of studies of viral-

induced disease in animals reveals that these animals are not

fully immunologically competent. Cure and Cremer (6) found

that rats infected with Maloney virus had depressed levels

of IgG during pre-lymphamatous and lymphomatous stages of

disease. In studies with Gross, Moloney, Friend, and Rauscher

viruses, Mims and Wainwright (25) noted an immunodepression

of the antibody response to SRBC, T-2 bacteriophage, or

bovine serum albumin (BSA) to accompany the leukemia. This

response was often seen during the preleukemic period.

Neutralizing antibody is formed in response to viral infec-

tions, but during the chronic phase of infection sensitized

virus has been found in the circulation in the form of an

infectious virus-antibody complex. This sensitized virus

has been found to be resistant to further neutralization by

anti-viral antibody. The presence of these viral-antibody

complexes could explain the chronic nature of some viral

infections (33).

Cell--Mediated Response: The effect of Gross Virus on

cell-mediated immune responses was explored by Martig and

Tribble (22) with the preleukemic AKR mouse. They postulated
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that if a breakdown of the immune surveillance system is a

prelude to viral-induced malignancy, it should occur during

the period of four to six months prior to the appearance of

the thymoma. They concluded that no diminished cell-mediated

immunity accompanies Gross virus infection.

Immunocapacity: Humoral responses of AKR mice were

studied by Hays (18), who judged antibody formation to SRBC

normal, whereas the macrophage migration inhibition response

was impaired compared to the C3H mouse. In AKR x SJL F-1

hybrids, AKR-injected parental spleen cells failed to produce

normal graft-vs-host (GVH) reactions. A depression of cel-

lular immunity was anticipated because of the role of T

lymphocytes in these responses. Prolonged rejection times

of syngeneic skin was observed when compared with C57BL mice.

Immunosuppression was indicated because of a poor response

to GMuLV. The AKR strain exhibits Gross cell surface antigens

throughout their life, but humoral antibodies are not found.

These antibodies are found in mouse strains which do not

develop lymphoma. Antigen-antibody complexes are found in

the glomeruli, providing evidence of impaired immune res-

ponse to GMuLV antigens (18). Thus, viral replication is

hampered but not prevented.

Genetic Relationship: The relationship of histocom-

patibility type with the presence of virus and expression

of leukemia in the backcross generations of F-1 of
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BALB/c X AKR with AKR mice was studied by Lilly, et al (21).

They report a definite association between H-2 type and the

disease, and between demonstration of the virus with leukemia.

However, presence of the virus in relation to H-2 type was

seldom observed. The probability of young (6 weeks) F-1

mice developing leukemia at a later age was related to the

amount of antigen present. The correlation of H-2 type with

demonstrable levels of MuLV indicates a genetic association.

The author suggests that the viral agent is responsible for

the etiology of the disease, or it induces factors which give

rise to the disease (21).

Macrophage Migration Inhibition: Frey-Wettstein and

Hays (9) reported normal levels of gamma-globulin and humoral

antibodies in preleukemic AKR and Gross virus-injected

C3h/HeJ mice over a 10-12 month period. However, macrophage

migration inhibition was abnormal during the preleukemic

period, becoming more evident as the disease progressed.

They concluded that leukemic mice have an altered immune

mechanism relating to cellular immunity.

Responses of Preleukemic and Leukemic Mice: The agar

plaque technique of Jerne for detection of 19s-producing

cells was utilized by Metcalf and Moulds (23) to assay re-

sponses of preleukemic and leukemic AKR's to SRBC. While the

leukemic animal demonstrated a normal number of spleen cells

prior to immunization, these plaque-forming cells could not
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produce antibody following antigen stimulation. Observations

of responses in the preleukemic animals showed only a slight

diminished function of these spleen cells.

Assay of hemagglutinin response was normal in the pre-

leukemic mouse, but low titers were found in those mice

presenting disease symptoms. They concluded that many immune

responses are essentially normal in the preleukemic animals.

Hypersensitivity Reactions: Hargis and Malkiel (17)

reported that the AKR mouse has immunocompetent lymphocytes

functioning in immediate and delayed hypersensitivity reac-

tions in animals from one to eleven months of age. Determin-

ations made by GVH assays are not in agreement with evidence

reported by Metcalf and Moulds (23).

Challenge of the Problem: With the continued expansion

of information coupled with new and improved techniques, the

competency of the humoral responses of the AKR mouse asks

further exploration. Do these mice show normal B cell func-

tion and switchover from IgM to IgG production? If so, what

is the ontogeny and quantitation of these antibodies in

response to thymus-dependent and independent antigens. What

are the characteristics of these antibodies--their avidity,

specificity and cross reactivity? Will these animals show

normal immunologic memory when stimulated further with

antigens? Perhaps their deficiency lies with other faulty



23

cellular or genetic malfunction, but information is still

needed concerning their immune responses.



MATERIALS AND METHODS

Animals: Male AKR/J mice were obtained from Jackson

Memorial Laboratories,, Bar Harbor, Maine. Two age groups

of 2-3 months and 6 months (retired breeders) were used,

with a total of 94 experimental animals. Control animals of

corresponding age were male SWR/J also from Jackson Labora-

tories, totaling 50 animals.

Antigens: Whole sheep red blood cells (SRBC) collected

in Alsever's anticoagulant solution were centrifuged to

separate the red cells, which were then washed three times

in phosphate-buffered saline (PBS) (0.01 M P0 4 3- and 0.146 M

NaCl), pH 7.3 and resuspended at a density of 20 X 105/ml.

A volume of 0.2 ml of the washed SRBC was injected (i.p.)

in stimulating the primary immune response.

Lysed SRBC antigen was prepared from standardized cell

suspensions by addition of an equivalent volume of distilled

water.

Salmonella enteritidis was recovered in PBS washings

from trypticase soy agar slants after incubation for 24 hours

at 370 C, then heated at 60*C for 60 minutes, and washed three

times in PBS. A suspension of 109 organisms, as determined

by comparison with McFarland standards was injected in a

final volume of 0.3 ml.

24
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Brucella abortus S-19 solubilized antigen, was prepared

from heat-killed (60*C/60 min) organisms grown in trypticase

soy broth at 37C with 5-10% Co2 for 48 hours. The cells

were alternately centrifuged and resuspended in PBS twice.

Following a final washing in water and centrifugation, the

cells were suspended in water, 5 ml H2 0/gm wet cells. This

suspension was sonicated at 70 watts for 1 minute with a

Sonifier Cell Disruption, Model W185D and cooled in an ethanol-

ice bath for 2 minutes (-41C). This last step was repeated

three times. The sonicate was then centrifuged and the

soluble Brucella.antigen was decanted and dialyzed against

water at 4 C. Animals were injected with components of ap-

proximately 109 organisms (i.p.) in a final volume of 0.3 ml.

Secondary injections, given i.p. 21 days following pri-

mary injections were one-tenth the original concentration.

Bleedings: Animals were bled at 0, 4, 7, 14, 21, and

28 days with heparinized capillary pipettes placed in the

retro-orbital sinus. Serum was separated and stored at 40 C

and used for microagglutinations. Individual mice were marked

so that each could be identified and followed serially.

Microagglutination: Hemagglutinins were titrated in

microtiter plates, using 0.025 ml undiluted sera with doub-

ling dilutions in PBS (pH 7.3) and 0.025 ml 2% SRBC in saline.

The plates were incubated at 37 C for 1 hour. The titers

were expressed as the Log2 of the last well showing
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macroscopic agglutination; the first well had a final dilu-

tion of 1:4. After the results had been recorded, the red

cells were resuspended by vibrating the plates briefly on a

vortex mixer. To each well was added 0.025 ml of 0.1 M

2-mercapto-ethanol (ME). The plates were covered with ad-

hesive plastic, and allowed to stand overnight at room

temperature and read again for ME-resistant antibody (IgG)

(36).

For the titration of Salmonella and Brucella agglutinins,

the procedure differed only in that 0.2% safranin 0 in 0.9%

NaCl was employed as the diluent. These dilutions were

titrated against the same full-strength antigen as was used

in the injections. The plates were incubated overnight in

a covered 55C water bath and stored at 41C for 1 hour before

being read. The criterion of an end-point was a negative re-

action, which was more clear-cut than a positive reaction.

Treatment with ME followed in the same manner as with hemag-

glutination; the results of the ME-resistant titers were

recorded 24 hours later.



RESULTS

SRBC Response in Young Mice: The characteristic of

antibody responses of AKR/J mice of two differing age groups

were studied in relation to the four different antigens.

SRBC, as a whole cell, has been established as thymus-

dependent, while the solubilized, or lysed cells, have been

noted as particularly tolerogenic (12). The Salmonella spe-

cies was chosen as a representative thymus-independent

antigen (38). With these three antigens comparative deter-

minations of antibody titers of the AKR/J with the SWR/J were

carried out at intervals ranging from 4-28 days4- Not only

was total antibody response ascertained, i.e., IgM and IgG,

but the ME resistant antibody (IgG) was differentiated. The

initial appearance of the 19s (IgM) followed by 7s (IgG) in-

dicates the expected transition or switchover to IgG, par-

ticularly in response to whole or lysed SRBC. Since the

response to Salmonella antigens was very weak, the Brucella

antigen, also thymus-independent, was employed in hopes of

obtaining a stronger reaction. Swiss-Webster mice from my

own laboratory were the controls for the latter experiment.

Half of the animals were bled prior to immunization in order

to establish a baseline for measuring the immune responses.

Ontogeny of 19s and 7s antibodies in the 2-3 month

AKR/J and SWR/J mice is shown in Fig. 1. Generally, the AKR,

27
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as compared with SWR/J, responded with higher total antibody

production, but a greater portion was due to ME-sensitive

antibody (IgM). In all cases the secondary responses were

good and were similar in both strains. Response of the AKR

mice at day 4 was higher by two logs (base 2), but by day 7

both groups had approximately the same total antibody. A

sharp increase in ME-resistant antibody in the control ani-

mals comprised most of this response at the latter time period.

In studying lysed SRBC (Fig. 1), the remarkable dis-

tinction with this antigen is the inconsistent response of

the AKR/J. The range of individual titers is denoted by the

vertical bars. The mean overall titer revealed good total

antibody production. Again a striking feature of the SWR/J

response is the rapid switchover from IgM to IgG between days

4 and 7. These animals responded with a greater consistency,

and there is not the wide fluctuation in individual titers

that was observed with the experimental group. At day 21

with this solubilized antigen, the titer of SWR/J continued

to climb, due to an increase of ME-sensitive antibodies, while

the AKR/J responded with a definite drop in both IgG and IgM.

During the process of resuspending the red cells prior to

addition of ME, it was apparent that the agglutinated clumps

with whole cell anti-sera had much greater stability than

antisera to the lysed SRBC. Following agitation, clumps with

the anti-whole cell sera quickly reformed. Unfortunately,
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Fig. 2 -- Average total and ME resistant antibody titers
in 6 month old AKR/J and SWR/J mice bled at 4, 7, 14, 21 and
28 days after immunization with B. abortus or Sal. enteriti-
dis antigens, and of 2-3-month-61d animals after immuniza-
tion with Sal. enteritidis. Vertical bars indicate fluctuation
in individual titers at each time interval. Arrows at 0 and
21 days indicate time intervals at which initial and booster
injections were given.
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this observation could not be quantitated. It will be dis-

cussed later.

Salmonella and Brucella Response: The immune response

of the young ( 2-3 mos. ) mice to Sal. enteritidis is depicted

in Fig. 2). Here again the AKR/J produced an earlier and some-

what stronger response than the SWR/J, though it was disap-

pointing that higher titers could not be achieved with this

antigen. It was hoped that better results would be obtained

with the Brucella abortus preparation as a thymus-independent

antigen. A somewhat better response was noted with this

antigen, although it is certainly not remarkable; nor were

distinguishable differences in the experimental and control

animals noted.

SRBC Response in 6 month Mice: Looking at the antibody

production in the older group (Fig. 3), it will be noted that

AKR/J gave a slightly higher total antibody response at day

4 to whole SRBC, but after a gradual rise in titer, it

dropped off at day 21, and the response to the secondary in-

jection was less than 2 logs. The SWR/J responded with a

sharp rise in IgG from day 4 to 7, and maintained a gradual

total antibody production to day 28. This same consistent

rise in titer is also seen in the response of SWR/J to the

lysed cells, while the experimental animals were unable to

maintain the peak achieved at day 7. Again the sharp increase
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can be noted in 7s production between days 4 and 7, and con-

sistency of individual response of the SWR/J to day 28.

Simultaneous Injections: The antibody response of

simultaneous injections of SRBC and SaL. enteritidis was assayed

by microagglutination. The same amount of each antigen was

injected as in experiments with single antigens; all other

parameters were the same as described for experiments with

individual antigens. Serum from each bleeding was titrated

with SRBC and Salmonella separately. The titers obtained

with SRBC are seen in Fig. 4. Most interesting is the com-

pletely negative response of the AKR/J at day 4, while the

control animals responded with a respectable titer, approxi-

mately 4.5 logs, and by day 7 the SWR/J titer had increased

by 2 logs. Titer rise continued to day 14, with a slight

drop by day 21, followed by further antibody production in

response to the secondary injection. The AKR/J recovered

from this state of nonresponsiveness to produce good total

antibody titers, but could not match the levels achieved by

the control animals. This may be observed more directly in

the bar diagram, Fig. 5, noting a negative response of AKR/J

at day 4.

The antibody response to this simultaneous injection of

the thymus-independent antigen is neither definitive nor

dramatic. One observation of particular note is that the

total antibody response was found to be IgG; ME-sensitive



om
cg Cie

LC4

PIiing~

E E
m 4

<4

sI-___

S0
4:z

Nco

Valli2001 NVDW

36

IM01101111 ull.

co
(n

w
-j
0

I

z

-J
C')

C')

coC)

0
w
U')-J

O p

43 ()0 M 4-

0 r- mr: 0 H
6 O >:

Q0)

4 4 -H )
rd-H
ro(1)0

H 0 -H -H
O 04-)4-

-ri r.-H o

N cdU2
4-1 d

O -H 4U) -H

-z ro 

4 -P

4 -)-H

0)

0 4-4 0

O &

) >4 Hm

> wcd

0 m -o

-P 5 3r

>1 (i~

ro C4Q

-H Mr1 U(i

O

N.- r4 1

r->4 r-

4-) r- H

Q) md

sI4-4 9
0 1 0 ::$

~rd

u1 0

LFD QO

-)0
ro m 1dH

r.> r

dH U) I

i

usammen a

mammmmmmmmmmmmmmmme

e



37

TABLE I

CROSS REACTING ANTIBODIES

Mean Titer Mean Titer Mean Titer
No. of Day of Whole after ME Lysed
Animals Bleeding SRBC Whole SRBC SRBC

AKR/J 6 0 Neg Neg Neg
6 mo 12 4 Neg Neg Neg

12 7 1:4 Neg Neg
12 14 1:4 Neg Neg
12 21 1:4 Neg Neg
12 28 1:16 1:8 +

SWR/J 3 0 Neg Neg
6 mo 6 4 Neg Neg

6 7 1:4 1:4
6 14 1:4 1:4
6 21 1:4* 1:4*
6 28 1:4* 1:4*

AKR/J 6 0 Neg Neg Neg
2 mo 12 4 Neg Neg Neg

12 7 Neg Neg Neg
12 14 1:4 Neg Neg
12 21 1:4 1:4 Neg
12 28 1:32 1:16 +

SWR/J 4 0 Neg Neg
2 mo 7 4 Neg Neg

7 7 1:4 1:4
7 14 1:4 1:4
7 21 1:4* 1:4
7 28 1:4* 1:4*

*Strong positive reaction
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antibody was not detected. Hemagglutination with these sera

showed the expected initial 19s followed by 7s Ig.

Diminishing Response: The relative decline with age in

the immune response of the AKR/J (2-3 mos. vs 6 mos) can

be observed in Fig. 5. The decline is evident both with

whole and lysed SRBC from day 4 through day 28. By contrast,

the control mice maintained a good response at 6 months,

showing even a slight increase.

Cross Reacting Antibodies: An attempt was made to assess

the quality of the hemagglutinins by means of titrating for

cross reacting antibodies, using horse red blood cells as

antigen. In Table I are presented the accumulated results

obtained with pooled sera from animals bled 4-28 days after

immunization. The results are not remarkable, but it can be

noted that 2-month AKR/J produced the strongest reaction fol-

lowing the secondary injection with whole SRBC. While they

did not respond to lysed cells, the control animals managed

the minimal titer (one log).



DISCUSSION

Whole SRBC's are considered potent immunogens and for

this reason are useful in demonstrating immune responses (19).

Assay of the hemagglutinin titers produced by the young

( 2-3 mo ) AKR/J mice, revealed a normal overall antibody

response as compared with SWR/J mice. It appears that T and

B cells are functioning in the AKR/J stain, although the

shift of IgM to IgG is not as efficient as seen in the SWR/J

controls. The ability of AKR/J to produce antibodies to

solubilized sheep red cells is marked by a wider fluctuation

in individual response than in the control animals. This

suggests that they may be more susceptible to inducement of

a state of tolerance, since solubilized antigens have the

propensity to behave like thymus-independent antigens in

that the threshold of tolerance induction is higher than

with thymus-dependent antigens (12). The inability of AKR/J

mice to maintain a consistent response suggests that perhaps

there is a deficiency, not in quality but in quantity, of

germinal centers in the spleen cells.

Salmonella and Brucella antigens produced poor responses

in both strains of mice, providing no clues of a possible

immunodeficiency. However, approximately three days fol-

lowing primary injections of these antigens, the AKR/J

animals appeared dehydrated, were inactive, and lost weight,

39
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although they recovered within a week. The lack of good

antibody titer to these two antigens might be due to a con-

stant low level exposure to enteric bacteria, rendering them

tolerant to non-specific LPS stimulation. One wonders

whether there is a deficiency of LPS receptors on lymphocytes

and other cells types participating in antibody production.

Chedid et al (6) have shown that, in non-responder mice unre-

sponsive to LPS, macrophage activation is insufficient. These

mice will respond to the mitogenic and adjuvant activity of

antigens, related or unrelated to LPS, but do not increase

their non-specific resistance to infection. Considering that

the capacity to respond is under genetic control (19), and

that AKR mice have an impaired immune reaction to Gross

virus (18), their lack of antibody response to this thymus-

independent challenge suggests a deficiency in macrophage

activation. Since this could apply to the SWR/J animals, it

would be interesting to determine if both strains are non-

responders to LPS and related antigens. Adjuvant activity

requires adequate T cell function in regard to B cell in-

duction by macrophages which in turn are stimulated by T cell

interaction. Insufficient sensitization of cells by the

adjuvant, which is determined genetically, might explain

failure to induce non-specific resistance.

Results of simultaneous injection of sheep erythro-

cytes and Salmonella enteritidis evoked an initial contrasting
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reaction between the AKR/J and SWR/J mice. The uniform

lack of response by the experimental animals by the fourth

day is significant. This non-responsiveness indicates

paralysis or interference of the biosynthesis of antibodies.

White and Nielsen (38) found a modified SRBC antibody re-

sponse following simultaneous injection of SRBC and Salmonella

adelaide, where the response was limited to repeating cycles

of 19s production. They suspected interference of the T-

independent antigen with homeostatic mechanisms which result

in the switch from IgM to IgG. Salmonella endotoxin is noted

as exerting a suppressive effect on germinal center formation

(38). The combination of this effect coupled with a

genetically-determined malfunction in reacting to an induc-

tive signal by B cells suggests an explanation for the AKR

unresponsiveness. Simultaneous injections of both antigens

decreased the total antibody titers achieved by both groups.

Thus, this technique does not enhance antibody production,

and oddly enough, led only to the production of IgG Salmon-

ella enteritidis antibodies. This T-independent antigen did

not stimulate IgM, as was anticipated, and, instead, behaved

more as a T-dependent antigen. Is it possible that endotoxin

exerts a suppressive effect for 2-3 weeks before it is de-

toxified and antibody is produced? Or, perhaps these two

strains of mice are non-responders to LPS, and thus are

genetically impaired.
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Diminished antibody levels observed with increasing age

of the 6-mo. AKR mice have also been reported by Metcalf and

Moulds (23), who found that antibody cells were present in

normal numbers but were unresponsive to antigens. Therefore,

the progressive pathology induced by viral replication and

dissemination becomes overt, gradually overwhelming the

animal's immune functions.

While the stability of the agglutinated clumps of SRBC

suggested avidity of these antibodies, cross-reaction with

HRBC did not substantiate these observations. It was antici-

pated that cross-reacting antibodies, which have been shown

to be more avid, would appear late in the primary response

or following a second injection (12). However, a minimal

response by SWR/J to lysed SRBC can be noted, while the AKR/J

failed to react. Lysed cells are tolerogenic and require

increased T-cell activity to produce cross-reacting anti-

bodies (36), suggesting that AKR T cells have some diminished

function in this regard.



SUMMARY

Response of the AKR/J to whole SRBC was judged normal,

while the solubilized erythrocytes produced wide fluctuation

in individual titers, as compared with SWR/J. Poor response

to thymus-independent antigens provokes speculation as to

the adequacy of macrophage activation by LPS in both exper-

imental and control animals. Simultaneous injection of SRBC

and Salmonella antigen failed to evoke a response in AKR/J,

contrasted to the initial good response by the control SWR/J

mice. This non-responsive state indicates some paralysis

or interference in the biosynthesis of antibodies.

The question of the immune competence of the AKR mouse

remains unanswered. Evaluation of data gathered by this

suggests that the AKR/J mouse possesses deficiencies in B

cell induction of antibody synthesis. More sensitive, if

not more incisive, procedures than employed in this study

are required to ascertain the nature of this defect.
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