
REDUCED B{ATURAL AWTTÐDY A}qD

TI{CREASED TI]MOR SUSCEPTTETLITY IBü

XID-BEAR,II{G B-CELL DEFTCIE¡üT MTCE

BY

RITA D. BENNET

A thesis
Submitted to the Faculty of Graduate Studies
in Partial Fulfillment of the Requirements

for the Degree of

MASTER OF SCIENCE

Department of ImmunologY
University of l'lanitoba

t{innipeg, Manitoba

(c) August, I990



, m National Library
W of Canada

Canadian Theses Service

Ottawa Canada
K1 A ON¿

The author has granted an ¡nevocable non-
exclus¡ve lice nce al lowing the National Library
of Canada to reproduce, barì, distibute or sell
copiæ of his/her thesis by any means and in
any form or format, making this thesis available
to interested persons.

The author retains ownership of the copyright
in his/her thesis. Neither the thesis nor
substantial extracts from it may be printed or
otherwise reproduced without his/her per-
mission-

Bibliothèque nationale
du Canada

Service des thèses canadiennes

ISBl{ r¡-315-7176S-e

L'auteur a accordé une l¡cence irrévocable et
non exclusive permettant à la Bibliothèque
nationale du Canada-de reproduire, prêter,
distribuer ou vendre des copies de sa thèse
de quelque manière et sous quelque forme
que ce soit pour mettre des exemplaires de
cette thèse à la dispositíon des personnes
intéressées.

L'auteur conserve la propriété du droit d'auteur
quiprotQle sa thèse. Nila thèse nides extraits
substantiels de celle-ci ne doivent être
imprimés ou autrement reproduits sans son
autorisation.

Canadä



REDUCED NATURAL ANTIBODY AND INCREASED TIIMOR
SUSCEPTIBILITY IN XID-BEARING B-CELL DEFICIENT MICE

BY

RITA D. BENNET

A tl¡esis subnrined to thc Faculty of Craduate Studies of
the university of Manitoba in part¡al fulfìllment of the requirenrents

of the degree of

MASTER OF SCIENCE

@ 1990

Permision has been granted to the LTBRARY OF'THE UNIVER-

S¡TV OF MANITOBA to lend or sell copies of rhis thesis. to

thE NATIONAL LIBRARY OF CANADA tO ¡NiCrOfiIM this

thesis and to lend or æll copies oi thE film, and UNIVERSITY

MICROFILMS to publisir an abstracr of rhis thesis.

The author rese¡ves other publication rights, and neither the

thesis nor extensive extracts frorn it may be pnnteC or other-

wise reproduced without the author's written permision.



TABT.E OF CONTENTS

ABSTRACT

ACKNOI{LEDGEMENTS

LIST OF FIGURES

LIST OF TABLES

LIST OF ABBREVIATIONS

INTRODUCTION

Tumor Progression

Natural Immunity

Natural Effector Mechanisms

Page

V

vii

viii
ix

X

I

t

3

4

4

7

B

13

15

16

L7

I8

l9

20

2I

¿õ

(i) NK cells
( ii ) Activated Macrophages

( iii )Natural AntibodY

( iv) Interaction between Effector
Mechani sms

X-linked Immunodeficiency (xid) in .{ice

( i ) Thymic-independent Immune Responses

( ii ) Thymic-dependent Immune Responses

(iii)Immune Responses Lo Infectious
Agents

( iv) Serum Immunoglobulin Levels

(v) Functional properties of T-ceIIs,
macrophagês, NK cel1s and Accessory
cells in xid mice

(vi) B cells of xid mice

A Genetic l4odel for NAb Participation in Tumor
Surveillance



MATERIALS AND METHODS

Mice
( a ) Source

( b) B--eeding

Sera
( a ) Bleeding

( t ) Separation of sera and storage

Tumor CelIs
(a) o'igin
( b) Tumor cell maintenance

(c) Long term celI storage
(i) Freezing
( ii ) Thawing

(d) Cloning

(e) Cel1 centrifugation and washing

Tumor Frequency
(a) CBAIN and CBAIJ

(b) (cBAlN x CBAIJ) F1 male and female

FACS Detected NAb

Cytolysis Assays
(a) Natural antibody and complement

( i ) AssaY
( ii ) Specific absorption of

complement

(b) Natural killer cell cytolysis
(c) Activated MacroPhages

( i ) In vivo activated peritoneal
macrophages

( ii ) In vitro activated bone marrow
macrophages

(d) Calculations of Cytolysis

Page

27

27

27

30

30

3I

31

32
32

33

34

34

35

35

36

37

38

39

40

42

1l_



MATERIAL AND METHODS (continued)

Statistics
(a) Student¡s t-test
(b) Mantel-HaenszeI Chi-squared test
(c) Correlation coefficient. analysis

RESULTS

Page

43

44

44

45

Differences in tumor susceptibility in
CBA/N and CBAIJ Mice 45

NAb Analysis for CBA/J and CBA/N lr{ice 46

( i ) NAb and complement mediated
cytotoxicity 47

( ii ) NAb bound to RI-28 detected.
by FACS 47

Natural Ki1ler CelI Activity of CBA/J
and CBA,/N Mice 48

Activated Macrophage Activity of CBA/J
and CBA/N Mice 49

Tumor Frequency in Fl l4ale and Female Mice 51

NAb Analysis for FI Ì"Iice 52

( i ) NAb and complement mediated
cytotoxicity 52

( ii ) NAb binding to RI-28 52

Natural KiIIer Cell- Activity by FI MaIe
and Female ll4ice 54

Activated Macrophage Cytolysis by FI
I4aIe and Female Mice 55

Anti-RI-28 NAb and Tumor Incidence in
Individual Fl Mice 56

NAb and NK leve1s in Individual FI Mice 57

ttt



RESULTS (continued )

NAb and Activated Macrophage
in Individual FI Mice

Act ivity

NK Cell and Activated ùIacrophage Activity
in Individual Fl Mice

DISCUSSION

REFERENCES

Page

58

59

81

94

1V



ABSTRACT

Evid.ence that natural antibodies contribute to the

resistance against small tumor foci in vivo has been res-

tricted to correlative studies and Winn-type assays. The

low levels of IqG3 and IgM in the unstimulated serum of

CBA/N mice and male (CBA/N x CBA/J ) Fl mice associated with

the xid-mutation has provided a genetic model to further

test the hypothesis that natural antibodies are important

mediators in host natural resistance. RI-28, a radiation

induced leukemia of the CBA/H strain ' \.{as used to test the

tumor incidence exhibited by these mice" The tumor suscep-

tibility of threshold sc inocula in xid-bearing CBA/N and FI

male mice was significantly higher than that of the CBA/J

and Fl female mice. The differences in tumorigenicity

displayed by the xid and normal mice was inversely related

to their levels of anti-RI-28 natural antibodies. This

observation was further substantiated by comparing the NAb

binding activity and tumor fate in individual (CBA,/N x

CBA/J) FI mice. Tumors appeared in only 26"38 of the anim-

a1s exhibiLing high NAb activity compared to a tumor in-

cidence of 77 "38 in the animals with low NAb activity"

Natural killer cells and macrophages have been implicated as

mediators of tumor surveillance but no correspondence could

be demonstrated between the activity of these effector cells

and the differences in tumor incidence" The cytolysis by NK

v



cells and act.ivated macrophages as well as the levels of

anti-tumor NAb were t.ested whereby each of the mediators v¡as

isolated from the same individual Fl mouse" No consistent

correlaLions could be demonstrated between the cellular
effectors, therefore the differences in tumor susceptibitity
were probably not due to deficiencies in NK or macrophage

activity. The inverse relationship between anti-TI-28 NAb

levels and tumor incidence provide the first genetic evid-

ence that NAb is an important mediator in tumor surveil-
lance "
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TNTROD[rcTTON

Trmor ProEnessi-on

In 19350 while studying tar and virus induced papil-

lomas in rabbits, Rous and Beard concluded t.hat malignancy

was the result of a variety of influences which occur as the

cancerous state develops (I)" They suggested that both

types of tumors, namely, tar or virus induced, arose from a

single type of epidermal cell yet the resulting tumor cells

had a variety of forms due to cellular alterations of that

cell type. In subsequent studies, Rous and Kidd did a point

by point analysis of the tar and virus papillomas (2) " They

found that the two distinct tumors had similar neoplastic

effects and both exhibited the same limited diversity"

These early studies led researchers to speculate that all

tumor development followed a progressive series of necessary

changes "

L. Foulds defined tumor progression as a series of

permanent, irreversible changes occurring in one or more of

t.he characteristics of the tumor ( 3 ) . It had been shown

that two separate elements could be distinguished in car-

cinogenesis, namely, tumor initiation and tumor promotion

( 4 ) . Initiating agents caused normal cells to become latent

tumor cells and this process was found to be irreversible"

Promoting agents stimulated proliferation by producing
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conditions which were favorable for ceIl growth in general

and this process was reversible.

Other studies demonstrated that serial transplantation

of tumors into normal mice resulted in tumor cells which

vrere more aggressive than the original cells and that this
progression was not dependent on the action of the carcin-

ogen (5-7)" As a result of these and his own studies

Foulds suggested that neoplasms develop and progress

acquisition of new properties which are expressed in

'o, 
the

the ir
behaviour patterns (Foulds 8, 9)"

Tumor progression is a process of genetic and epigenet-

ic development and these steps occur before the tumor be-

comes biologically or cyLologically evident. Variants are

generated in the preneoplastic cells such that they possess

essential properties which allow them to proliferate. For

example, these cells may develop variant characteristics
which rend.er them independent from local growth factors"

The acquisition of these new, inheritable properties may be

influenced by various environmental and host factors. The

continuous operation of selective forces produce tumor

populations with reduced heterogeneity and this variation

and progression proceeds in the direction of freedom from

growth regulation mechanisms in vivo. The changes that

occur in the neoplasia may be the result of either genetic

or epigenetic phenomena ( 10 ) .



In this report a threshold tumor inoculum model is used

to simulat.e the evolution of a spontaneous tumor. Threshold

inoculum models have been used to support the tumor progres-

sion theory in that cloned tumors develop variants during

passage in vivo ( Il, L2) " By using a small number of Lumor

cells this should allow the growing foci to come in conLact

with specific and non-specific host immune mechanisms in a

way that is similar to a spontaneously arising nascent

tumor.

Natural In¡rnunity:

This laboratory has been primarily interested in the

early stages of neoplasia and thus has focused on natural

immune systetns which may ptay a role in tumor surveillance.

The theory of immune surveillance was first proposed by

Ehrlich in 1909 and it was later reformulated in 1959 by

Thomas ( 13, 14 ) . Foley provided correlative evidence for

this theory by showing that mouse tumors could be immunogen-

ic for their host ( 15 ) . These early studies leC resear-

chers to search for the underlying mechanisms that were

respons i bIe .

Induced, antigen-specific immunity and natural immunity

are thought to be the two major immune mechanisms Lhat play

a role in the defense against arising tumors (16)" Induced

ce1I-mediated immunity requires the expression of strong

specific Lumor-associated antigens which are recognized by T
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cells. These cells may be quite effective in mediat.ing

antit.umor responses, but some sort of priming is necessary.

Since athymic and euthymic mice do not exhibit. a higher in-
cidence of spontaneous and carcinogen-induced neoplasms, the

importance of these T cells is questionable (L7 u 19 ).
Therefore, researchers began to focus on naturally occurring

processes as the relevant mechanisms in tumor surveillance,

The t.hymus-independent processes which may be involved

in anti-tumor resistance include natural killer (NK) cells,
activated macrophages, and naLural antibodies (NAb)" The

presence of these natural resistance mechanisms has been

demonstrated in both in vivo and in vitro studies (20-27 I "

These effector cells as well as NAb do not require induction

for function and they can react against a broader range of

ceII surface markers compared Lo thymus-dependent mechan-

isms. This natural immunity may play an important role in

the hosts' first line of defense against tumors, or it may

contribute to the generation of more resistant and aggres-

sive tumor variants.

Nat.ura]- Ef,fector Mechanisms

(i) NK Cells

I''terest in natural killer

result of the discovery of the

and its associated T lymphocyte

(NK ) cells came about as a

autosomal recessive nu gene

defect in homozygote mice

focusing their attention on(28, 29) . Researchers had been
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T cells as t.he major cellular immune mechanism in surveil-
lance and cytorytic activity against growing tumors. The

search for another mechanism began when Rygaard and povlson

showed that homozygous nu/nu (nude) mice had a very low

incidence of spontaneous tumors (18). Additional evidence

for the presence of another tumor surveitlance effector q¡as

indicated when nude mice failed to exhibit an increased

incidence of malignant neoprasia (carcinogen induced) com-

pared to heterozygous rittermates or normal mice (30-32)"

Naturar kilrer cerrs are lymphocytes that are capabte

of lysing tumor targets without being specificalry induced.

These cerls stem from bone marrow and are found predominant-

1y in the spreen or peripherar blood" They are neither T-

or B-cells, are nonadherent and lack the characteristics of

phagocytic monocytes (33-36)" rn rodents, the expression of
NK cells is age-rerated and the cytorytic activity reaches a

maximum level during the second and third months of rife
( 35, 37 ) . The NK celI is under genetic control_ and high

reactivity is dominant over Iow reactivity in Fl crosses
( 38 ) . The human counterpart to these cells is thought to be

the large granular lymphocyte (LGL) which differs from the

murine NK cell in a number of ways, The LGL exhibit r-cerl
properties such as sensitivity to anti-T-serum and these

cell-s express Fr and complement receptors ( 39, 40 ) .

A number of host factors have been shown to infr-uence



t.he level of NK act.ivity" For example, agents which stimu-

late the production of interferon increase NK act.ivity,

enhance the range of sensitive targets and modulate the

morphology of NK cells (41, 42t " H^rberman demonstrated

that macrophages were a necessary component for the inter-

feron enhanced NK act.ivity ( 40 ) . [4acrophages can also medi-

ate the suppression of NK cells (43)" A regulat.ory function

for T cells has also been proposed since nude mice display a

wider range of specificities and show less restricted age-

dependence than conventional mice ( 44 ) .

Over the past two decades ' evidence has been accumulat-

ing which indicates that NK ce1ls play an important. role in

natural resistance against tumors. Kiessling reported that

normal mice had killer cells capable of rapid, cytolytic,

specific activity against in vitro grown mouse }foloney

leukemia cells (37)" They also demonstrated that "high" NK

strains were more resistant to a small inoculum of NK sensi-

tive (NKs) tumors than were "Iow" NK animals (45). Further

to this, Warner et aI demonstrated that tumor ceII lines

which were susceptible to in vitro NK cytolysis showed a

reduced growth rate in syngeneic nude mice (47). Talmadge

et al found that when beige mice (which are NK deficient)

were injected with a NKs tumor' they developed tumors which

grew more rapidly and displayed more metastases than the

same tumor inject.ed into normally NK-constituted (+/bg) mice

(46) " Karre and colleagues demonstrated that beige mice



exhibited faster growing tumors and died earrier when char-
lenged with t.hreshord s"c" inocula of 3 different syngeneic

Ieukemias compared to normal heterozygotes (+/bg) " They

arso showed t.haL bg/bg mice exhibit.ed depressed sprenic

killing of reukemia celrs in vit.ro ( 20 ). Though this evid-
ence is indirect, it does provide evidence for the impor-

t.ance of NK cells in natural resistance to tumors.

( ii ) Act.ivated MacrophaEe

The concept of macrophages being involved in antitumor

immunity $¡as suggested by Gorer in 1956 (49)" Later studies

demonstrated that macrophages could lyse tumor targets in
vitro in response to lyrnphokines ( 49 ) " Some of the lym-

phokines include specific lrfacrophage Arming Factor and

Macrophage Activating Factor which are capabre of rendering

macrophages specifically or non-specificarly cytotoxic to

tumor targets ( 50-53 ) " rt is also well known that macro-

phages can be activated in vivo by non-specific stimulants
such as endotoxin, peptone, CorynebacteriuE and Mycobac-

terium butvricum (54-56, 23) " After injection of these

stimulants, macrophages are capable of lysing syngeneic,

allogeneic and xenogeneic tumor cells in vitro.
Macrophages may participate in host defense against

tumors in one of two ways" They may mediate the processing

and present.ation of ceIlular antigens or they may cause

tumor cel1 lysis directly" Evans showed that macrophages
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infiltrat.e t.he tumor site in rarge numbers and Arexander

demonstrated that macrophages isorated from tumor-bearing

mice can inhibiL tumor growth in vitro (57 u 58 ) . A number

of investigators have shown that tumor growth in vivo could

be accererated by Lreating animars with agents that are

inhibitory to macrophages (23, 59, G0 ). conversery, agents

which stimulate macrophages such as C.parvum, Þl.butyricum

and proteose peptone, decreased the tumor frequency of small

t.umor inocula, inhibited tumor growth and reduced metastases

(23,6L,62)" In addition, Alexander et al found an inverse

correlation between the number of macrophages in the tumor

and metastases (63). This is just some of the evidence

which indicates the macrophages may inhibit tumor growth as

well as limit the metastatic spread of tumors.

(iii) Natural Antibody

A'tibodies which exist in the serum of animals which

have not been intentionally immunized are defined as natural
antibodies. The antigenic reactivity of NAb is extensive

and includes antigens found on normar cerl surfaces. For

exampre, NAb have been found which react with structural
virion proteins of human and murine retroviruses (64, 65) ,

human DNA virus antigens (56) , H-2 associated antigens (67 ) |

a large array of normal cell surfaces Ie"g. brain, fibro-
blasts, erythrocytes, lymphocytes (68-70)1, and finally



tumor cells such as plasma cell
73), and lymphomas (74 ). These

there is evidence which suggests

of NAb may be lower than that of

76) 
"

9

tumors ( 71 ) , leukemias (72 r

are Lrue antibodies although

that the binding affinity
induced antibodies (75 

o

It has been proposed that NAb production occurs as a

result of stimulation from external environmental antigens

and endogenous antigens" It has been well documented that
gut microorganisms and viruses can stimulate NAb production

(77,78). For example, antigenic challenge from viruses

might occur as a result of horizontal transmission of con-

tagious virus or vertical transmission by integrated pro-

viral DNA" The presence of extensive autoant.ibodies sug-

gests that auto-reactive B cel1 clones are not eliminated

during fetal life and instead there exists an active regula-

tory mechanism which controls these ce1Is.

In this report the focus is on antitumor NAb, therefore

a brief description of some of the properties of these

antibodies is necessary" Martin and Martin found that mice

had NAb which were direct.ed against type C viral envelope

antigens and this $/as interesting since type C viruses were

frequently found in murine tumors (79)" They suggested that

these antitumor NAb could assist in the immunological recog-

nition of neoplasia. Wolosin and Greenberg tested several

different tumor cell lines and they found Lhat these cells
acquired immunoglobulin (Ig) very rapidly after implantation
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int.o normal syngeneic mice. They demonstrated a high cor-

relation between the amount of Ig bound in vivo and the

amount of Ig bound to the same cells after in vitro incuba-

tion with normal syngeneic serum" These findings suggested

to them that the Ig acquired in vivo represented NAb binding

( B0 ) . Sì nce the capacity to reject syngeneic tumors occurs

only if a small inoculum is used, it seems reasonable to

suggest that an immune surveillance sysLem musL act quickly

before the tumor reaches a critical mass ( 8t ) " The acquisi-

tion of NAb occurs very quickly and this supports the idea

that NAb may play a role in tumor surveillance at an early

stage in tumor development.

Studies of the genetics of natural antitumor antibody

have found that high serum NAb leve1s are inherited reces-

sively (67, 82) " This differs from NK cells since high NK

cell activity is codominantly inherited; therefore, the NK

receptor is probably not passively acquired NAb. NK cell

activity declines in older animals, whereas the levels of

NAb remain relatively constant. Also, beige mice express

normal- levels of NAb despite their NK cell deficit. Despite

t.hese differences in the genetics of NAb and NK cells, Chow,

Wolosin and Greenberg demonstrated some common features in

the regulaLion of these activities. For example, int.erferon

inducers or microbial products such as proteose peptone and

Iipopolysaccharide can increase the levels of NAb and NK

cells (82)" Interestingly, if NKr tumor cells are treated
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with interferon (IFN) directly, the reactivity of tumor

cells to serum NAb increases in vitro and the in vivo, i"p.
acquisition of NAb also increases. That is, the host anti-
tumor resistance may be enhanced by IFN by increasing tumor

reactivity to antibody (83).

A number of studies have provided correlative evidence

which suggests that NAb contributes to host-mediated natural

resistance (NR) against neoplasia" For example, Gronberg et

al found that YAC lymphoma which had been gro\¡¡n in vivo

bound low levels of NAb and was resistant to NK cell cytoly-
sis and after 2 Lo 3 weeks of growth in vitro the YAC cell
line had become NKs but remained resistant to NAb" They

selected YAC variants for low NK sensitivity and the degree

of NAb able to absorb to these cel-Is varied considerably.

Tunicamycin treatment decreased the sensitivity to NAb lysis

but had no effect on NK cel1 cytolysis therefore they sug-

gested that the target structure recognized by NAb included

asparagine-linked saccharides (198). Chow et aI found that

animals treated with adjuvant, which r¡¡as known to increase

NAb leve1s, caused the mice to be more resistant to small sc

Lumor inocula " They also demonstrated in a Winn-type assay

that tumor cells coated with NAb were less tumorigenic than

control cells (25).

Finally, several reports have indicated that in vivo

grown tumor ce1ls display a decreased sensitivity to NR as

demonstrated by I131Il-5-iodo-2r -deoxyuridine elimination



L2

assays, NAb and complement lysis, NK cell cyt.olysis and

hypotonic lysis (12, L99-20I)" For example, L5I7BY-F9 grown

in vivo in syngeneic DBA/2 mice were not eliminated as

rapidly as t.he in vitro grown cells in the t131Il-dUra

elimination assay and the in vivo L5L7BY-F9 exhibited a

range of susceptibility to Nab and complement (J-2) " L5I7BY-

F9 grown ip or sc or removed from spleen, brain and lungs

after intravenous (iv) inoculation displayed a reduced

sensitivity to complement-mediated NAb lysis" L5I7BY-F9

passaged sc also bound less NAb consistent with growth in

vivo under the selective pressure of NAb mediated defense

mechanisms (200). This supports the hypothesis that NAb can

contribute to antitumor defense including the metastatic

spread of tumors " The decreases in susceptibility to NR

\^/ere sho\^/n to be time-dependent and the in vivo grown tumor

cell lines exhibited an increased tumorigenicity (199)"

Final1y, Brown et al demonstrated that in vivo grown L517BY-

F9 and SL2-5 lymphoma had reduced sensitivity to hypotonic

lysis and bound less NAb measured through fluorescence ac-

tivated ce1I sorting ( 201 ) "

NAb has the capacity to exert its antitumor effects in

one of two ways " The Ig might combine with complement to

lyse tumor cells or they may activate nonimmune lymphocytes

or macrophages to become killer cells in antibody-dependent

cellular cytotoxicity (ADCC ) reactions ( 84 ) . Unfortunately,
^-L:L -*LiL^J.:^- L---^ ^1-^ L^^- -L^--- L^dIrLILU.Il.l.(Jl crl¡LJ-rJL)(IIC5 IrdVe ctI5L) UCeIr 5Il(JwIl L() pI-(')LeÇU LUrltul-
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cells and enhance their growth" For example, Hellst.rom and

Helrstrom demonstrated that sera from mice whose tumors had

regressed were capable of tumor cell lysis in vit.ro whereas

sera from tumor bearing animals was not cytotoxic ( 85 o 86 ) .

These serum blocking factors were found in a number of other

ceII systems and proposals were made that they may be antig-
en-antibody complexes which bind to either the target or the

killer ceIl (87 , 88 ) " Antitumor antibodies may also induce

the release of tumor antigens which may block cell-mediated

cytotoxicity by binding to receptors on those cells (88).

These detrimental blocking antibodies are usually reactive
with specific tumor associated antigens" Since NAb are

reactive with a wide spectrum of antigens other than just

these specific tumor antigens it is likely that NAb assists

in the lysis of tumors rather than enhancing the growth of

tumors (16 ) "

(iv) Interaction beLween Effector Mechanisms

Antitumor immunity is obviously very complexr therefore

it would be unrealistic to believe that one effector popula-

tion was more important than another. tlany reporLs have

indicated that these effectors work together either by

direct contact or through communication via lymphokines.

This interaction among effector cel1 populations could

either result in an active antitumor response or result in

suppression of the antitumor response ( 16 ) "
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The following is a brief sunmary of some of the evid-
ence which indicat.es that antitllmor processes can be en-

hanced or require more than one of the effector systems

previously described:

(a) I"latthews et a1 found that a hyperimmune antitumor serum

could suppress the outgrowth of tumor and that this
effect could be enhanced by i.p. injection of C.parvum

which is known to increase intraperitoneal macrophage

numbers (89)"

(b) Haskill demonstrated that macrophages isolated from a

mammary adenocarcinoma had little cytotoxic effect
unless in the presence of antibody (90)"

(c) Greenberg, Shen and Medley found that different tumor

ce1ls could be kilted by non-immune spleen cells in the

presence of antibody but the effectiveness of the

kilting varied markedly. They also found that an aIIo-
antibody-coated SL2 lymphoma $ras sensitive to lysis by

non-phagocytic spleen ceIls. In addition, they

demonstrated that the growth of alloantibody-coated P-

815-Y mastocytoma could be inhibited in the presence or

normal spleen cells and antibody, yet these ce1ls were

relatively resistant to cytolysis (91).

(d) Tu:nor-activated human NK cells vrere found to rapidty

release factors which trigger a respiratory burst in

monocytes. A preformed macrophage-activating factor
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was released when LGL were incubated with a NKs tumor

cell or heat-killed Staphvlococcus aureus and this
factor enhanced t.he intracelrular killing of s.aureus

by rat and human alveolar macrophages (92, 93 ) "

(e) urban and schreiber demonstrated that tumors courd

develop macrophage resistance after passage in vivo but

this selection was dependent on the presence of func-

tional tumor-specific T cells (94).

The preceding reports indicate than an antitumor res-
ponse involves communication between T ceI1s, macrophages,

NK cells and antibody. This network probably arso reguires

as yet unidentified cell types and factors.

X-linked l¡nmunodeficiency (xid) in Mice

An abnormality was discovered in the CBA,/N mouse strain
when it was shown that the mice had an X-rinked deficiency
which affected their ability to respond to porysaccharide

antigens ( 95 , 96 ) " Studies of the CBA/N mice have iden-

tified the gene(s) responsibre for the immune deficiency and

this gene(s) 'as been named xid" The CBA/N (also known as

CBA,/IIN) subline \^ras derived from the CBA/HarwelI line. In

1963 a homozygous lethal autosomal recessive gene resulting
in foam cell- reticulosis (fm+) was found in the offspring of

a few breeding pairs of ]BA/H mice (97 ) . The CBA/N mice were

derived from fm+/fm- heterozygotes by mating fm-/fm-offspr-
ing. In 1968 the subline was almost lost, but one pregnant
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female survived and all subsequent CBA/N mice are derived

f rom her Iitter ( 98 ) . Hernizygoì.ts (xid/y ) males and homo zyg-

ous (xid/xid) females \'ùere found to be unresponsive to

certain T-ceI1 independent antigens and these mice exhibited

reduced responses to T-cel1 dependent antigens " These mice

have reduced serum IgM and IgG3 levels and they fail to

respond to B celI mitogens. The B ce1ls of xíd-bearing

animals lack several differentiation antigens usually found

on normal B cells. Conversely, the T-cell, macrophage and

NK cell activity of xid mice appear to function normally

( 99 ) . The following discussion wiII summarize these proper-

ties of xid-bearing animals.

(i) Thlmic-independent Immune Responses

Thymic-independent antigens (TI ) are those in which

antibodies are produced without T-cell help. These TI

antigens are large polymeric molecules which are slowly

degraded and persist a long time in vivo (100-102)" Adult

CBA/N mice expressing the xid defect were found to respond

differently to various TI antigens " Þlosier et aI charac-

terized TI antigens as type 1 (TI-1) or type 2 ,TT-z) by

their abilit.y to induce an antibody response in CBA/N mice

(103, 104). If a TI antigen can elicit an immune response

in CBA/N mice, then it is considered to be TI-1, and if no

response can be detected, then the antigen is classified as

IT-2. The antigens trinitrophenyl-conjugated lipopolysac-

charide (TNP-LPS) and TNP-Brucel-Ia abortus (TNP-BA) are TI-I
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antigens since CBA/N mice can respond immunologically to

them (105-107)" The response of xid spleen cells to TI-1

antigens results in the production of IgG2, IgG3 and IgM

antibodies and the presence of macrophages or T-ceIIs is noL

required since depletion of these ceII types from in vitro

cultures has no effect on the immune response" On the other

hand, the II-2 antigens, such as TNP-Ficoll, do not elicit

an immune response in CBA,/N mice" Responses to these Tf-z

antigens by non-xid mice are dependent on the presence of

macrophages and small numbers of T-celIs and the antibodies

produced are predominantly of the IgG3 and IgM class (I08-

lrl)"
( ii ) Thymic-Dependent Ï¡¡mune Responses

Thymic-dependent (TD ) antigens such as sheep red blood

cells (SRBC), and TNP keyhole limpet hemocyanin (TNP-KLH)

require T-cell help in order to elicit an immune response in

mice" B-cell deficient mice can develop measurable primary

responses to TD antigens such as SRBC but the levels of IgM

and IgG compared to normal mice are only 10-508 and I-108

respectively" Optimal concentrations of SRBC had to be used

in order to measure an immune response from xid-bearing

(CBA/N x DBA/2 ) Fl male mice. When these mice, normal FI

females and immune deficient FI males, vlere challenged again

with SRBC, the titers of Lheir sera were comparable (112)"

Stein demonstrated that after primary challenge with DNP-

KLH, the sera of Fl females had an antigen-binding capacity
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that. was greater than the Fl male sera" After secondary

challenge v¡ith t.he TD antigen, Lhe binding capacity of the

male and female sera hras the same (113). This data suggests

that some component of the primary response of the xid-
bearing FI male mice is impaired" Greenstein demonstrated

that (CBA/N x 810 ) FI male B cells were unresponsive to

erythrocyte bound antigens in the presence of nonspecific T-

cell helper activity but if the T-cells \¡/ere first primed

with RBC then an immune response was exhibited by the B

celIs from xid-bearing mice (114). I- =ddition, Boswell et

aI found that helper T-ceI1s and antigen-presenting acces-

sory cells from the FI male mice were functionalty as com-

petent as cells from normal Fl females (1I5)"

(iii) Irmnune Responses to Infectious Agents

CBA/N and xid-bearing mice appear to have an altered

immunity to naturally occurring infectious agents. O¡B-ien

et al found that CBA/N mice vrere more susceptible to Sal-

monella tvphimurium and Listeria monocytogenes than normal

mice (116). In another study, OrBrien et al- demonstrated

that the transfer of normal immune serum to xid Fl males

protected them from a lethal challenge of S.typhimurium,

therefore, it was suggested that xid B cells are the major

cause of the increased susceptibility of these mice ( 117 ) "

Ot-her infectious agents, such as malaria, have been tested

in xid mice. Hunter found that after malaria infection the

polyclonal IgM and IgG responses of (CBA x DBA/2) FI male
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mice were delayed and the sera levels of those immunoglobu-

lins were lower than normal- Ft female mice. Ho also demons-

trated that specific IgM antiplasmod.ial antibodies remained

depressed during the infection, whereas IgG antiplasmodial

ant.ibodies approached normal levels after some time (118).

SimilarIy, xid-bearing mice fail to produce antiphosph-

ocholine (PC ) antibody in response to the PC in the capsules

of Ascaris suum or the C5 variant of S.pneumoniae (11-9,

I20 ). In normal BALB/c mice, anti-PC antibodies are predom-

inantly of the T15 idiotype and IgG3 and Iglvl are the major

immunoglobulins produced ( 121 ) . The xid-bearing (CBA/u x

BALB/c) FI male mice fail to make these predominant antibod-

ies in response to PC antigens such as PC-KLH or PC-LPS

(I22, 123 ). Kenny et aI suggest that the T15 idiotype

dominance may be controlled by Lyb-s+ B cells since these

cells ere deficient in xid mice (L24) 
"

(iv) Sex'rlm Trnmunoglobulin Levels

In L974 Amsbaugh showed that the serum IgM levels of

CBA/N mice were only 202 of normal and the administration of

Boivin-LPS or phenol-LPS resulted in large increases in

those leve1s (125)" Further studies of serum Ig isotypes

revealed that IgG3 \¡¡as also low at about 158 of normal, but

that this isotype did not increase after LPS stimulation.

The levels of IgGt, IgGZa, I-gGZb, and IgA in immune-defec-

tive (CBA/N x DBA/2) FL male mice were found to be similar
to levels measured in normal FI females (121)"
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(v) Functi.onal- propert.íes of T-cel-ls, macroElhage, WK ceÏ-ts

and Ãccessory cel-l-s ín xi-d mice

S^her et al found that B-cell deficient. xid mice were

able to reject allogeneic skin grafts and t.hey were able to
kill allogeneic tumor cells as well as normal mice in in
vitro T-lymphocyte mediated cytotoxicity tests. Also the T-

cell- mitogen responses to ConA or phytohemagglutinin were

equivalent when xid-bearing (CBA/N x DBA/2) FI male mice

were compared to normal Fl femal-e mice ( 126 ) " As hras men-

tioned previously, xid-bearing mice have a low primary

response to TD antigens but Boswell demonsLrated by adoptive

transfer studies that the abnormality \¡ras not due to T

helper celIs or accessory celI presentation (115)" Similar-
ly, Scher et aI found that activated T cells from xid mice

were as competent as normal activated T cells from Fl fem-

ales in adoptive transfer experiments (112). Many of the

abnormalities exhibited by xid mice appear to be intrinsic
to the B cells and not due to T-cell abnormalities.

Macrophages are known to release lymphocyte-activating

factor (LAF) and prostaglandins when exposed to LpS" Rosen-

streich demonstrated that macrophages derived from both

(CBA/N x DBA/2 ) Fl male and female mice produced equivalent

amounts of these factors in response to various concentra-

tions of LPS (L27 ). The antigen-presenting functions of

macrophages have also been tested by using preparations of
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macrophage enriched, spleen adherent cells. These prepara-

tions may contain nonphagocytic accessory cells as well.
Boswell compared the ability of normal OBA/2 x CBA/N) Fl

male and immune defective (CBA/Iü x DBA/2) FI male spleen

adherent cells t.o present TNP-keyhole limpet hemocyanin or

TNP-Fico11 to normal (adherent cell depleted) spleen cells
and he found them to be equivalent (128).

Lastly, a number of researchers have tested Lhe abilit.y
of immune defective NK cells to lyse tumor cells or chicken

RBC in unprimed in vitro cytotoxicity assays" The NK cells
from normal and xid-bearing mice displayed equivalent cytol-
yLic activity (L26 | L29, I30 ).

These findings indicate that the X-linked defect found

in CBA/N mice and FI male mice has little or no effect on T-

cells, macrophages ¡ NK cells or accessory celIs. The xid
gene(s) affects the B ceIls of these animals and in par-

ticular, those B cells responsible for the production of IgM

and IgG3 antibodies "

( vi ) B ce]-Is of xid mice

The B ce1ls of xid-bearing mice display a variety of

abnormalities, some of which have already been discussed"

These immune deficient mice do not respond to TI-2 antigens,

display reduced primary responses to TD antigens, have an

increased susceptibility to infectious agents and exhibit
reduced serum IgG3 and IgM levels " The B cells from adult

CBA/N mice resemble the B cells from normal neonatal mice
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and some of t.hese similarities will be discussed.

Mitogens such as LPS and poryriboinosinic-polyribocyti-
dilic acid (^oIy r-c) or anti-rg antibodies are known to
directly stimulate proriferation in B celrs and not r cerrs.
It has been demonstrated that xid-bearing mice exhibit
greatly reduced responses to the above mitogens. suppressor

T cells were rured out since (CBA/N x DBA/2) Fl male immune

defective spleen cells depleted of T cells by anti-Thy

antibody and comprement treaLment displayed the sane reduced

response (L26, t05)" Similarly, cultures of B cells from

xid mice did not exhibit proliferation when exposec to ant.i-
K and anti- antibodies and this lack of response was

shown to be T-ce1l independent (131-134).

Ivletcalf et al were interested in the susceptibil-ity of
xid mice to tolerance induction when exposed to tolerogen in
vitro. rt was known that rgM producing adult bone marrow B

cells i¡rere reduced in their system and that both IgM- and

rgG-producing neonatar B cells vrere reduced. The splenic B

cerls of xid-bearing mice \^/ere found to resemble neonatar B

cells and not adult bone marrov/ B cells (135, 136)"

The in vitro B cell colony formation of CBA/N mice was

examined by Kincade. He found that these mice lacked the

ability to form B cell coronies and Lhat this inability was

not due to a lack of granulocyte-macrophage progenitors or

multipotential stem cells in the bone marrow of these mice.

He concluded that xid mice racked progenitor cerrs which
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represent a lineage of funct.ionally specialized B cells
(137)"

Since xid mice appear to lack a subpopulation of B

cells a number of researchers have examined the surface

determinants of the B cells from these animals. Surface im-

munoglobulin isotypes, I-region-associated antigens, minor

lymphocyte-stimulating determinants, complement receptors

and Lyb antigens have all been characterized for xid mice"

The splenic B cells of immune defective mice exhibit a

much higher to surface Ig ratio than B cells from

normal mice" This high ratio hlas not from a high incidence

of + cells which are the predominant type of cells found

in the spleens of neonatal (1 to 4 days old) normal mice"

Rather, the cells from xid mice have a relatively high

density of on their B cells, thus resembling the B cells

of developing immature (2 to 3 weeks old) normal mice (138).

Huber found that the B cells of xid-bearing mice lack

the surface Ia antigen Ia.W39 which is an I-A specific

determinant present on 50E of normal Lyb-3+ B cells (139)"

The mixed lymphocyte reaction (MLR) is under the genet-

ic control of the major histocompatibility complex and the

minor lymphocyte-stimulating (l4ls ) locus and t.hese MIs-

deterrnined markers are present on B cells and not T cells.

It has been demonstrated that CBA/N mice fail to induce an

Mls-determined MLR and this inability appeared to be due to
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t.he lack of t,hese determinanLs on the B cells of CBA/N mice

( 140, r41 ) .

l4ond et al- studied the presence of complement receptor

on the spleen cells of xid-bearing FI males and normal Fl

females. They found that only I0å of the B ceIls from adult

male Fl mice were CR* compared to 509 CR+ in Fl females

(reviewed in L42) 
"

Finally, several studies have detected determinants

which are found on normal adult B cells but not imnune-

defective B cells " That is, B cells from xid mice lack the

cell surface determinants Lyb-3, Lyb-5 and Lyb-7. It is

possible that the antisera used to detect Lyb-5 and Lyb-7

determinants were directed against l4ls-encoded antigens but

it. was shown that the genes coding for these determinants

segregated independently ( 143-I45 ) "

The absence of the Lyb-S determinant on xid B cells is

not absolute since a small percentage of splenic B cells are

Lyb-S+ (146). It was predicted that normal spleen cells

also have a subpopulation of B cells which express the Lyb

5- phenotype" By using anti-Lyb 5 antisera to kill the Lyb

5+ cells in normal spleen ceI1 preparations, the remaining

Lyb 5- cells could be analyzed" These normal Lyb 5- cells

were unable to stimulate MIs-encoded ÞILR, failed to respond

to TNP-Ficoll but made excellent responses to TNP-Brucella

abortus and therefore resemble the B cells from adult xid-

bearing and normal neonatal mice (L44, 140' 1I5' l-47)"



25

These findings suggest that the absence of Lyb 5+ B ce1ls in
xid mice is responsibl-e for the above immune defects.

In the early 1980's it was discovered that some B cells
express the Ly-I antigen which was previously thought to be

restricted to T cells (I8IrI82)" In normal and xid-bearing

mice the Ly I+ B cells appear early during ontogeny and

quickly reach adult levels but their frequency relative to

other lymphocyte populations decreases with age" The fre-
quency of Ly I+ B celIs coincides with the B ceII subpopula-

tion III (subpopulations I, II and III are designated ac-

cording to the quantitative expression of lgtr{ and IgD) in
normal mice but in xid-bearing mice the B cells found in

subpopulation III are comprised of mainly Ly 1- B cells
( 183 ) " Hayakawa et aI found that Ly 1+ B cells predominate

in the peritoneum of normal mice but CBA/N and (CBA/I¡ x

BALB/c) Fl males exhibit undetectable peritoneal Ly t+ B

cells (184)" Finally, Forster and Rajewsky suggest that

high levels of serum IgM are produced by Ly 1+ peritoneal B

ce1ls since the transfer of adult peritoneal celIs into
newborn o allotype-congenic mice results in the production of

serLlm IgM that is of donor origin (185) " Thereforer Iow

serum IgM levels found in xid-bearing mice may be a direct
result of t.heir lack of Ly 1+ peritoneal B celIs. The human

counterpart to murine Ly l+ B cells are thought to be Leu-I*

B cells since these cells share functional- and developmental

similarities (186)"
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A Genetic ModeI- f<¡r ldAb Participation in Tumor SurveilI-ance.

E"idence has accumulated which supports t.he hypot.hesis

that NAb may play a role in the host first. line of defense

against small tumor foci (25t 74, 148). The X-linked immune

deficiency in CBA/N mice provides a model for examining this

hypothesis" The xid mutation is characterized by deficien-

cies in serum IgG3 and IgM levels accompanied by the pres-

ence of a subpopulation of mature B cells which are charac-

terized by the absence of Lyb-3' 5' '7, and Ia"W39 deter-

minants (reviewed in L42) " These mice were found to possess

Iow or undetectable levels of NAb against a wide range of

tumor cell lines (149). Previous studies have indicated

that the T-ceIls, macrophagês r accessory cells and NK celIs

of these mice are unaffected by the xid mutation; therefore,

the CBAIN and (CBA/N x CBA/J ) Ft mice provide an in vivo

model in which only the NAb effector mechanisms are defec-

tive ( I15, L26, 128-130 ) "

A threshold., subcutaneous inocula of a

duced T cell teukemia (R1-28 ) of the CBA/H

to compare the tumor frequencies exhibited

mice and the hemizygous xid-bearing (CBA,/N

mice vs normal heterozygous Fl female mice"

levels of these mice were analyzed as well

cytotoxic functions of their macrophage and

radiation- in-

strain was used

by CBA,/N vs CBA/J

x CBA/J) Ft male

The NAb serum

as the in vitro

NK cells.
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MATERTATS ATüD ¡{ETHODS

Mi-ce

a) Source

Normal immune competent CBA/J mice (haplotype H-Zkl

were obtained from the Jackson Laboratory, Bar Harbor, ME

until they were unable to maintain promised delivery

dates. Thereafter, alI CBA/J stock were bred in the

University of Manitoba breeding facility" The B cell

deficient xid bearing CBAIN (haplotype H-2k) breeding

pairs \¡rere obtained from the National Institute of Health,

Bethesda, Md., housed in IB x 28.5 x 13 cm plastic mouse

cages, and placed in laminar flow containment hoods " The

CBA/J mice were placed in metal or plastic mouse cages and

no hoods were necessary " All animals hzere allowed food

and water ad libitum"

b) Breeding

CBA/N mice were bred by mating females homozygous for

the xid defect with males hemizygous for the same, and

CBA/J mice were bred by mating males and females of that

inbred strain. The (CBA/N x CBA/J) Fl animals were bred

by crossing xid homozygous CBA/N females with normal CBA/J

males. All the resulting FI male progeny will be xid

hemizygous and B-cel1 deficient since the immune deficient

marker is carried by the X chromosome and the female

progeny will be heterozygous for the recessive xid and

thereby display a normal phenotype"
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CBA/Nt CBA/J and (cBA/N x CBA/J ) F1 mice vlere bred

based on t,he methods outlined in a manual from t'he In-

stitute of Animal Technicians (IAT #1). Briefly, random

breeding vtas practiced in order t'o retain all the vari-

ables originally present in t.he colony and to keep them

evenly distributed throughout" Brother sister or cousin

matings were avoided when possible to decrease the level

of inbreeding resulting in t.he generation of parallel

lines which may lead to considerable genetic variat,ion

wit.hin a few generations " For experimental animals, two

male mice and two or t.hree female mice were placed in

opaque plastic mouse cages and allowed t'o breed freely.

After I - 2 weeks the females were exarnined and if preg-

nant they were removed to clean cages containing wood

chips and a small piece of cotton batting. If a large

number of litters were required, male breeders i¡¡ere re-

moved after 4-5 days from the breeding pairs and used to

fertilize additional female mice" The previously bred

females $¡ere monitored for a maximum of three weeks and if

not pregnant they !üere placed back into the breeding pooI.

If this scheme was unsuecessful it' was of some use to

place a larger number of male and female mice into a 25 "5

x 47 "5 x 16 cm rat cage and examine them after 1 2

weeks.
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The pregnant f emales r{ere removed t,o clean u separate

cages and left undisturbed meaning that. Lhe change of

cage, food and water was performed less frequent.ly to

minimize stress for t.he expectant mot,hers. Once the

litters klere born, a day or two was allocted to pass t.o

ensure survival of the of f spring, and t.hen t.he cages s¡ere

cleaned as usual. After t,hree four weeks the litters
r,r¡ere weaned and separated according to sex.

Highly inbred strains of mice are frequently difficult

to breed, therefore some special techniques v¡ere employed

when mating CBA/N mice together" To synchronize the

estrus cycle of the females o those to be bred \Arere placed

in a large cage within which was a wire cage containing

one male nouse. Aft.er 24 hours, the male was removed and

the females were bred as usual the following day" This

method causes many of the females to be on the same estrus

cycle and this is useful if large numbers of age-matched

litters are required ( 150 ) .

Pregnant CBA/N mice were treated with special care to

maximize successful pregnancies and parturition. The

females were placed one per cage or with a female known to

be a dependable mother" They htere left undisturbed,

except when given fresh food and water, and their cages

were placed a$ray from cages containing male mice"
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Sera

a) EJ-eed5-nE

t'lice s¡ere bled between the ages of 7 and 19 weeks,

unless otherwise stated" Mice were first anesthet,ized

rpith etherr ärr incision !{as made t'o expose the axillary

artery which slas cut through" The blood was quickly

collected with a Pasteur pipette, transferred t'o 5 ml

Falcon tubes (Fisher Scientific Ltd) and placed on ice in

a styrofoam bucket. Immediately fotlowing t.he bleeding of

each mouse, cervical dislocation vtras performed"

Testing sera on an individual mouse basiS v¡as achieved

by restraining t,he animals in a metal cone and an incision

r^¡as made in a tail vein"

collected per mouse and

This method of bleeding

further experiments L-2

A maximum of 300 ¡I of blood was

immediately transferred to ice"

allowed the mice to be used in

weeks later"

b ) Separat.i-on of sera and storage

Wit.hin 30 min. after bleeding the mice, t'he blood was

allowed to cIot. at 4'C, centrifuged at 2500 rPm, and the

Serum hras carefully removed and transferred to clean 5 ml

Falcon tubes for storing. The serum l¡¡as filtered through

a 0.22 m Millex-GV fitter unit (MilIipore Product.s Divis-

ion, Bedford, Mass) if it appeared cloudy. The tubes \^Iere

carefully labelled and stored at -20 C until needed"
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Trmor Cell-s

a) Origin

The RI-28 cell líne was obtained t'hrough two cloning

procedures (see d) in sloppy agar from the radiation

induced T celt leukernia cell line (Rl ) syngeneic to the

H-2k ]BA/H strain of mice (t5I). The RI-28 leukemia cell

culture was subcloned agaín to generate F.f'28/6, RT-'28/7

and RT-28/8 subclones. The RI-28 cell line was the only

clone utilized in vivo"

Three allogeneic cell lines were also used namely the

YAC-NIH t.umor which is a lymphoma induced by i4oloney virus

in A,/Sn mice (82) , the SL2-5 lymphoma syngeneic to DBA/2

strain which is a subclone of SLzt a methylcholanthrene-

induced lymphoma (80) and L5178Y-F9, a T cell lymphoma

also syngeneic to DBA/2 mouse strain ( 80 ) .

b) Tumor cell maintenance

The RI-28 leukemia cells as well as the subclones RI-

28/ø, R1-28/7 and F.f-28/ I were grohTn as suspension cul-

tures in sterily filtered Roswell Park Memorial Institut'e

(RPMI ) 1640 medium, supplemented with a I0B fetal bovine

serum (FBS ) penicillin ( 10 ,000 Ü/mL) , st,reptomycin ( I0 
' 
000

mcg/m|) solution for each litre of medium (Gibco Laborato-

ries, Grand Island' NY). The FBS \'ras heat inactivated
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prior to use in a 56@C waterbath for 45 min. The con-

centration of t,he cel1 culture v¡as adjust.ed by asept.ically

transferring an aliquot of 7.5 x I05 I"25 x 106 cells to

25 mls of 108 RPMI every two days t.o maint,ain the cells in

exponential growth between 3 - 5 x 104 to I x 106 per ml.

The cells were cultured in sterile 100 mI glass bottles

and incubated at 37*C in a 38 CO2, humidified atmosphere

incubator (Napco Controlled Environment Incubat.or, Port.-

land, Oregon) "

The YAC-NIH and SL2-5 lymphomas were maintained in

sterily filtered Fisher's medium (FÞl) supplemented with

10t FBS and penicillin: strept.omycin solution as for

RPMI. Cells were transferred every two rlays as indicat,ed

for the RI-28 leukemia cell line.

c) Long term ceLl sÈorage

i) Freezi-nE. AliquoLs containing 4-7 x 106 cells were

centrifuged and resuspended in I mI of IOt RPMI containing

108 dimethyl sulfoxide. To prevent cellular damage ce1Is

were frozen slow1y in an insulated container at -70€ C in a

Ultra Low Freezer (Revco Inc., West Columbia, S.C").

Cells $¡ere transferred to uninsulat.ed cardboard boxes

after 24 hours and stored at -70@C"

ii) Thawing" Every Lhree months cells htere removed

from the frozen stock of original cell lines and recul-

t,ured in suspension" Frozen cells were thawed quickly at
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37@C and washed once wiLh 109 RPMI to remove excess dim-

ethyl sulfoxide" A concentration of I x 106 cells/ml was

used to initiate growt.h in t,issue culture "

d) CJ-oning

A modification of the Chu and Fisher technique (I5l)
was made by Chow and Greenberg (11) and utilized to gen-

erate tumor cel1 clones. Agar Noble (Difco Laboratories,

Detroit, Nfrcn. USA) was mixed with double distilled and

deionized water (ddd H2O) by adding 100-200 mg to 5 mI

respectivery" This was autoclaved and diruted whire still
dissolved to 50 ml with 202 RpMr which had been heated to

44@C and concentrated agar was kept warm until ready to
use" The tumor celrs were serially diluted to zs cerrs/mI

and 5 cells/m1 " AIl cells were aseptically transferred in
a 2 mr vorume such that 5 sterile tubes received 50 celrs
each and 10 tubes received. t0 cells each. A volume of 3

ml of the agar solution was added to each tube producing a

final agar concentration of L-2 mg/mL" After gentle

mixing t.he Lubes were praced in a 4øc fridge for 7 minutes

to aIlow the agar to solidify slightly" The tubes were

then transferred to a 37*c incubator for 7-L4 days until
colonies were visibly embedded in t,he agar. Ten each of
small, medium and rarge sized colonies vì¡ere removed with
sterile Pasteur pipettes and transferred to l0 ml glass

culture tubes. onry the cloning procedures displaying a
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croning efficiency of 908 or more were used as sources for
subcloned cells " The cells \dere set to a concent.rat.ion of

1 x 106 cells/mI with 10S RPMI and monitored unt.i1 they

could be maint.ained as suspension cultures in 100 mI glass

bottle "

e ) Cell- centrif ugat.ion and wa.shínE

All cell washes were done in RP¡4I media or Hank, s

Balanced Salt Sol-ution (HBSS ) containing 0B fetal bovine

serum followed by centrifugation at 2l-0 g for t0 min

unless indicated otherwise.

Tumor Frequency

a ) CBA/N and CBA,/J

A titration of r01, L02, f03, 104, 105 Rr-2g cerls was

carried out. in CBA/J mice first to determine an inoculum

which would result in a tumor freguency of approximately

252" An aliquot of 100 I of RI-28 cells suspended in

HBSS was injected into the middle of a shaved area in the

lower back of each mouse" This threshold RI-28 inoculum

was injected into age and sex matched CBA/N and CBA/J mice

which k¡ere monitored for a minimum period of 2I days and

the Lumors and deaths s¡ere recorded for each experiment.

At the termination of each experiment, all mice \dere

ki1led quickly with chl-oroform gas 
"
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b) (CEA/N x CEA/,3) Fl- m¡ãI-e and femal-e

A titration of RI-28 cells to determine t.he t.hreshold

inoculum resulting in a Lumor frequency of 258 was also

carried out in Fl mice as described in a. Age matched male

and female Fl mice r¡rere inoculated with t.he RI-28 cell
line and monitored as in a. Prior to injection of RI-28,

each Fl mouse was ear-marked and individually tail bled as

outlined previously under Sera a) so that the serum could

be test,ed for NAb activity"

FACS Detected ÌdAb

Aliquots of 3-5 x 105 tumor cells were resuspended in

200 I of 508 RPMI or an equivalent amount of whole or

diluted serum obtained from age and sex matched CBA/J and

CBA/N mice or from age matched male and female Fl mice"

The cells and sera were incubated at 4@ C for t hour or f.or

2 hours at 37qc or twice for 45 min, at 4oC in 38 COz"

Cells were then washed once, and resuspended in 100 ¿al ofI
a L/LO d.ilution of fluorescein isothyocyante (FITC) con-

jugated goat Igc (7S) anti-mouse IgG (t"leloy, Springf ield,

Va) and a L/LO dilution of fluorescein conjugated FITC

goat F(ab')2 anti-mouse IgM (Tago, Burlingame, Ca).

The fluorescein conjugated second antibodies were

diluted with 108 RPMI containing 10-15 ml of a 1 M solu.
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tion of Hepes buffer (Gibco Laborat.ories, Grand Islando

NY) per 500 ml of media, Cells and second ant.ibody \.{ere

incubat.ed for 30 min at RT, washed once and fixed with 100

/À1 of cold FBS containing 13 formaldehyde for 5 min at. RT

and resuspended in SOO¡1 RPMI. Linear fluorescence of

the cells v¡as analyzed at 4 C using a Coulter Epics V MuI-

tiparameter Sensor system. If whole serum decreased the

cell viability, then serial dilutions \¡rere made and t.he

dilution displaying good fluorescence without the loss of

viability was used for that pool of serum. The background

fluorescence following incubation in t0g RPMI followed by

the second, FITC labelIed antibodies v¡as subtracted" Whil-e

Nab binding assays performed for comparison v¡ere carried

out at the same high voltage and gain, these parameters

were adjusted for each NAb binding experiment so t.hat the

mean channel total linear fluorescence of a positive

sample was in the center of the scale (channel 0-255)"

Cytolysis Assays

a ) l{at.ural- antibdy and complcment

i) Assay" A two step assay was used which has been

previously described by Wolosin and Greenberg (68)" The

RI-28 celIs and subclones were pelleted by centrifugation
and resuspended in 51"" (as NarCrO4)r approximately 100

Í^C|/LO7 ce1ls in 100 ÅÂ1. This cell suspension hras in-tt
cubated in a 37 C waterbath for 45 minutes. After IabeIl-
. 5]i na âv^ôcc --ftr r"lac ramn¡zaÁ hrz r.zrcl.ri n^ .|-r^ri ¡a =nÄ ¡ì i nrrn*.c
-'.Y I etrÀvv q¡¡s q¿lYsvur
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of 5 x 105 ce1ls were mixed in 5 mI Falcon tubes with 200

¡.¡¡1 of t.est serum as a source of natural antibody or an
I
equivalent amount of 508 RPMI for control cells, After

incubation at 37ÐC in 3E COZ for 1 to 2 hours, the cells
were washed once and resuspended in ZZO yl of 108 RPMI.

Using a 96 well V bottom microtitre plate an aliquot. of 20

pa.I of the cell suspension was added to 20 ¿r1 of a L/5 dil-
/t-

ution of RI-28-absorbed rabbit serum (Buxted R.bbit Co.,

Buxtedo Eng) as a source of complement. The complement

had been thawed quickly at RT and diluted I/S with 108

RPMI immediately before being added Lo the test serum

treated cells. The tests were carried out in quadrupli-

cate in V-bottom microtiter plates and incubated at 37@ C

for one hour. HBSS was then added to raise the total
volume to 200 ¡¡1 per weII, plates were centrifugedo and

I
aliquots of 100 Fl \rrere removed from the supernatant for
quantitation of 51Cr release in an LKB Wallac L2B2 Compu-

gamma Universal Gamma Counter" If whole serum caused a

decrease in cell viability the serum to be used was

serially diluted with RPMI and the dilution displaying the

best complement mediated NAb cytolysis was used in all
further assays with thaL particular pool.

ii) Specifi-c absorpt.ion of complement. In order to
gro$¡ large numbers of RI-28 cells for the specific absorp-

tion of rabbit serum I CBA/J mice were irradiated with 450

rads and then injected with 3 x 106 cells ip. Five t,o
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seven days later, the animals were sacrificed and ip cells

were harvested by injecting 5 mls of HBSS into the perit.-

oneal cavity and removing as much volume as possible.

This i^/as repeated 4-5 times per mouse" The resulting

cells v¡ere centrifuged and treated with 5 mls of a 0.838

ammonium chloride (NH4C1 ) solution at RT for 4 min to lyse

any red blood cells present " The cells were washed twice

and an aliquot of 3 x I08 cells was pellet,ed and incubated

at 4oc for I hour with I ml of the reconstitut,ed, Iyophi-

Iized rabbit serum (Buxted, etc ) " During the incubation

the cell suspension was gently vortexed at 20 minute

intervals" The cells were Lhen centrifuged at 2L0 g for I

min followed by 500 g for 2 min. The supernatant was

removed and aliquots of L25 yL were stored at -70èC for

use as a source of complement.

b) t{atural ki}ler cell cytolysis
In vitro natural killer cell cytolysis vlas tested by

using a method described by Greenberg et al ( 9I ) . The
tr1
"Cr labelling of the RI-28, RI-28 subclones, YAC-NIH and

SL2-5 cells was carried out as for the complement rnediated

cytolysis assay. After washing t.he concentration of each

cell line was adjusted to I x I05 cells/ml with l0B RPMï.

Spleens from age anC sex mat.ched CBA/J and CBA/N rnice

or age matched male and female FI mice i{ere removed and

the ce1ls obtained from 2 t-o 4 animals v¡ere pooled in a
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single cell suspension" The spleen cells were washed once

and red blood cells were lysed with NH4CI as described in

the specific complemenL absorption. After washing, the

spleen cells were adjusted to a concentration of 1.5 x 107

ceIIs/mI " Appropriate aliquots of spleen effector cells
were added to I x lO4 target tumor cells (100 Al of the tI
x I0'cell,/ml tumor cell suspension in V-bottom wells of a

96 well microtitre plate ) , so that effector lymphocytes to

tumor cell ratios (E:T) equalled I50:1, 75:l and 37.5:1

unless otherwise specified" The final volume per micro-

titer well was adjusted to 200 f.L with I0g RPMI, and the

plates were centrifuged at 35 g for 4 minutes to bring the

effector lymphocytes into contact with the target tumor

cel1s. The incubation was carried out at 37'C in 38 CO2

for t8 hours, the plates were centrifuged at 180 g for 10

min and I00 41 of supernatant from each well was tested
I

for 51ct in t.he gamma counter.

c) Activated macrophages

i) In vivo activat.ed peritoneal- mecrophages. q" parvum

(Wel1come Research Laboratories, Beckenham, E-g ) , at a

concentration of 2"5 mg/mouse was injected ip, in order to

activate their peritoneal macrophages ( 153 ) " After 5 days

the animals were sacrificed, peritoneal celIs were re-

moved, and red blood cells were lysed with NH4C1 as out
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lined previously" After washingo the cells were resus-

pended in I0? RP¡4I at a concentration of 2.5 x 106 ceLls/

ml and appropriate aliquots were added to flat. bottom, 96

wel1, microtiter plates (Gibco Canada Incu Burlington,

O-t. ) . Macrophages h/ere allowed to adhere by incubating

the plates at 37eC in 6Z COZ for 75 min after which the

cells \¡/ere washed by adding aliquots of I00 f 1 RPMI to

each well and suctioning off the supernatant. Finally,

I00 pl of 108 RPMI r,'ras added to each well including/
control wells which contained no macrophage celIs. Tumor

targets were labelled with 51cr, washed and resuspended to

a concentration of I x 105 cells/ml with IOE RPMI.

Aliquots of I x 104 tumor targets were added to each well

and the plates were incubated for 18 hrs to 36 hrs at 37 C

in 68 COZ" After the incubation, plates were centrifuged

at 180 g for 10 min and fOO 
¡f 

of supernatant from each

weII was analyzed for 51Cr release as outlined previously.

Effector to target ratios ranged from 90: I to 10: I "

ni) In vitro act.i-vat.ed bone îrrow macrophages " Proc-

edures for Con-A supernates of spleen cells containing

lymphokine, bone marrow culture for act.ivating macrophages

and macrophage cytolytic assays were modifications of the

techniques described by Roussel and Greenberg (154). Bone

marror^I from individual age-matched Fl male and female mice

was removed asceptically from their femures, washed with

HBSS and red blood cells were lysed with NH4C1" After
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washing, the cells were resuspended in RPI4I medium con-

taining I0B FBS, t08 horse serum and l0B t ceII condi-

tioned medium. The concentration of bone marrow cells was

adjusted to 3.2 x t04 cetls/ml. Aliquot.s of 25 ml were

transferred to petri dishes and incubaLed for 5 days at

37øC in I0B COZ. After 5 days the media was poured off

and the adherent bone marrov¡ cells were harvested from the

petri dishes by treatment with 3 mI of PBS containing

0.028 EDTA at pH 7"2 for 10 min at. RT" The adherent cells

were washed twice and adjusted to a concentration of I.5 x

106 cetls/ml in I0 B RPMI. Aliquots of 0. I mI hrere added

to flat bottom, 96 weII, microtiter plates anC the macro-

phage were allowed to adhere by incubating the plates at

37oC in lOt COZ for 2 hrs" The meCia was t,hen removed and

0. I ml of Con A supernatant was added to each well and

incubated for L2 hrs at 37ÞC in 68 COZ" The Con A super-

natant was removed and 0"I m1 of IOt RPMI containing 2

fø/nt LPS was added to each well and incubated for I hr at

37oC in l0B COZ" The supernatant was removed' RI-28 cells

labelled with tl3lrldurd were added to each well at an E:T

of l5:I and incubated for 48 hrs at.37@C in 6å COZ. The

RI-28 cells were labelled by incubating 106 cells in L /Ãcí
of tl3llldurd for 4 hours at 37eC in l0B RPMI, washed and

resuspended to an appropriate concentration. Finally, the

plates were centrifuged and 0. I ml of supernatant was

analyzed as per the 51c, release assays.
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The Con A supernatants $¡ere prepared by first removing

spleens from 3-4 DBA/2 mice and these were pooled in a

single ceII suspension" The red blood cells were lysed

with NH4CI as previously describedo and the remaining

spleen cells were washed in HBSS' resuspended to 5 x 106

ce1ls,/ml in I03 RPMI containing 2'5 pS/nL Con A and in-

cubated for 72 hrs at 376C. The cells were then removed

by centrifugation and the supernatant was collected. The

Con A was removed from the supernatant by adding G-25

Sephadex aL a concentration of L g/L00 ml and the Con A

was allowed to absorb for I hr at 4oC" The G-25 Sephadex

was removed by centrifugation and the remaining super-

natant v¡as passed through a filter and frozen in approp-

riate aliquots" The supernatant h¡as diluted l0E with

media for use in the macrophage cytolysis assay.

d) Calculations of cytolysis
Activated macrophage cytotoxicity and natural killer

cell cytoLoxicity vras determined by the amount of 5lct or

tI3lI ldurd released from lysed tumor target cells and

calculated as follows:

Sttcr release ( experimental ) - gstCr release ( spontaneous ) xlO O

10 0 BsrCr release ( spontaneous )

The spontaneous release of 5lct from tumor target cells

incubated with I08 RPMI ranged from 5 to 252"
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The complement mediated NAb cytot.oxicity $¡as calculated

as above except that lysis of tumor cells by complernent

alone was also incorporated into the calculation:

Bstcr release (NAb+C) - tnCr release (NAb) - ãÐCr release (C).,r.,.,-- 1õ0 - -trEr relãaGe-tuãEI - ts¡FereaGe-(cT- Ãrvu

The spontaneous release of 51ct by tumor cells in-

cubated with only NAb was comparable to control cells that

had been treated with tOB RPMI and ranged from 5 to 252"

The toxicity of specifically absorbed rabbit complement

was less than 3å"

Stat.istics

a) StudentEs t. test

All cytotoxicity assays were analyzed by the t-depen-

dent or t-independent Student's t-test to determine the

statistical significance for differences between the

percent cytolysis of the RI-28 leukernia cell line, sub-

clones of RI-28, YAC-NIH lymphoma ' L5L7 8Y-F9 lymphoma or

SL2-5 lymphoma exposed to CBA,/N vs CBA/J mediators or to

(CBA/N x CBA/J ) Fl male vs female mediators.

The presence of NAbs in the serum of the inbred and Fl

m.ice detected by FACS were also stalistically analyzed

with the t-dependent Student's t-test through a comparison

of mean fluorescence channels.
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The cumulative tumor frequencies of CBA/J vs xid-bear-

ing CBAIN mice or (CBAIN x. CBA/J ) Fl females vs xid-bear-

ing Fl males $rere analyzed using the St.udenlls L-indepen-

dent test.

b) Mant.el--Eaenszel Chi-squared test.

This test was used to analyze the maximum curnulat.ive

tumor frequency ín Fl mice which exhibited fluorescence-

detected NAb binding above 60 channels with the t.umor

frequency in Fl mice with NAb bind.ing below 60 channels

(lss).

c) Correlation coefficient analysis

This test was used to compare the NAb binding, NK

cytolytic activity and macrophage cyLolytic activity in

individual (CBA/N x CBA,/J)Fl male and female nice where

each mouse provided serumo spleen and bone marrov¡" Cor-

relation coefficients were determined for NAb binding vs

NK cytolysis, NAb binding vs macrophage cytolysis and NK

cytolysis vs macrophage cytolysis.
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RESIILTS

Dífferences in Lumor susce6rt.ibiJ-ity i-n CBA/N and CBA/J

mice

Mice expressing the recessive xid defect are known to

have low levels of circulating IgG3 and IgFi antibodies

compared to normal or heterozygous animals and the im-

munoglobulin classes IgG and IgM have been representative

of natural antibodies in normal unstimulated serum (80r-

L42 | 149 ) . Antitumor activity of NAb has been shown for

all tumors tested but the accumulating in vitro and in

vivo evidence for NAb as an important component of NR has

not so far been supported by in vivo genetic models

(25 ,72 t75 ,80 ,I57 ) " Therefore, by taking advantage of the

Ig deficiency in CBA/N mice, the fate of small tumor foci

of syngeneic RI-28 leukemia cells v¡as examined in both

normal and xid bearing mice and serum NAb levels vlere

determined initially for two separate st.rains" Menard,

Colnaghi and Porta showed evidence for an inverse

relationship between NAb levels and tumor frequency when

small numbers of tumor cells were used ( 156 ) "

There is evidence to suggest that tumors develop

through the growth and progression of a single or a few

transformed ce1ls and it seems likeIy that immune

surveillance would be optimal during the very early

development of the tumor mass (10r158)"
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An experimental protocol developed by Greenberg and

Greene (L976) involves injecting the lowest number of

cells that is capable of permitting Lhe growth of a sub-

cuLaneous tumor ( 81 ) " Since the CBA,/N mouse strain is

immunodeficient with respect to t.he Ievels of immunoglobu-

lin it vras worthwhile to determine if this would correlate

with their ability to handle threshold s.c. Lumor inocula.

In a series of four experiments CBA/J and CBA/N mice

between 7 and L4 weeks of age v¡ere administered the s.c.

RI-28 inoculum and the tumor frequency, Iatency and deaths

were monitored over periods of 3 weeks. It was found that

the CtsA/N mice always displayed a higher tumor incidence

than the CBA/J mice (Table I)" Since both CBA/N sexes

exhibited this phenomenon, the data was compiled and

revealed a two-fold increase in s"c" tumor occurrence for

the immune defective CBA/N animals which was statistically

significant (Fig. 1). The tumor frequency, â9ê, sex and

numbers of animals used in each experiment is given in

Table I" For each experiment, the appearance of RI-28

s.c. tumors was recorded and the average lat.ency for CBA/J

and CBA,/N mice was 15 days and I0 " 5 days, respectively

(Table II ) "

lü.Ab Analysis f.or CBA,/,J and CBA/N Mice

Once a significant difference was established between
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CBA/J and CBA/N mice with respect to the fate of a small

RI-28 s"c" tumor inocula, the normal serum of each strain
of mouse was analyzed for natural anti-RI-28 antibody.

The presence of tumor reactive NAb can be demonstrated in

a complement-mediated cytotoxicity assay or the tumor

bound NAb can be labelled with fluoresceinated anti-mouse

immunoglobulin and detected by FACS (72,75,L49,157)"

i) NAb and complpment. mediated cytotoxicity
In a two step assay, normal sera taken from mature mice

were incubated with the RI-28 leukemia cell line or

subclones of RI-28 and lysed with rabbit serum as a source

of complement. The CBA/N immunoglobulin deficient serum

displayed almost undetectable cytolysis of the tumor

targets whereas the activity of CBA/J serum was signifi-
cantly higher (Table III ) " The RI-28 and each of its
subclones varied slightly with respect to lysis by normal

CBA/J serum.

ii) NAb bound to RI-28 detected by FACS

Since the lytic procedure is designed to detect comple-

ment activity and tumor cell binding NAb, it was necessary

to analyze IgG and lglf anti-Rl-28 binding by FACS. Who1e

or diluted, â9ê and sex matched normal sera from CBA/J or

CBA/N mice was incubated with Rr-28 cells and the relative
levels of NAb bound to the tumor target srere detected by

fluoresceinated anti-mouse-IgG and anti-mouse-IgM. The
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fluorescence displayed by RI-28 cells treated with pooled

CBA/J serum \¡¡as 5 tirnes greater than RI-28 cells treated

with immune deficient CBA/N sera ( example of a typical
profile in Figure 2) " That is o CBA/J NAb derived from

mice of a variety of ages (6 weeks to I mos ) showed a

greater ability t.o bind RI-28 than the NAb derived from

CBA/N mice (Table IV) " Male and female littermates were

also examined and the same result v¡as found (Expt" 2ao 2b,

Table rv)" The ability of CBA,/J NAb to bind to the RI-28

target cells suggested that the presence of such NAb was

somehow inversely related to the tumor incidence exhibited

by CBA/J animals in vivo"

Wat.ural KiIIer CeIl Acti.vity of CBA,/J and. CBA/N ß4ice

Since effectors such as NK cells, and macrophages in

addition t.o NAb, have been implicated in tumor

surveillance and progression, comparisons of the

effectiveness of these cells derived from CBA/J and CBA,/N

mice were tested in vitro" The cytolytic activity of

splenic NK cells from CBA/N and CBA/J strain mice was

examined in vitro against both syngeneic and allogeneic

tumor cell lines. Initial experiments indicated that the

syngeneic RI-28 tumor target was NK resistant (NKr ) ,

therefore, subclones RI-28/ø and RT-28/8 were examined and

found to be NK sensitive (NKs ) . The allogeneic cell lines
LesLed included YAC-NIH and SL2-5 lymphomas and these \^¡ere

Salso NK
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The CBA,/N and CBA,/J splenic NK cells showed no significant

difference in their ability to lyse either the syngeneic

or the allogeneic tumor targets with the possible

exception of subclone RI-28/8 which was more susceptible

to the xid-bearing CBA/N effectors (Expt" 3' Table V).

The YAC-NIH cell line proved to be the most sensitive

to both CBA/N and CBA/J NK cells with maximtun lysis of

58"18 and 51"58 respectively, ât an effector to target

ratio I50:I (Tab1e V)" Thus, the NK activity in CBA/J

mice was never greater than thaL of the xid-bearing CBA,/N

mice "

The data presented here supports the hypothesis that NK

ce1Is were not the important contributing NR effector

responsible for the differences seen in the tumor frequen-

cy of RI-28 exhibiled by CBA/J and CBA/N mice. Since the

RI-28 tumor target appears to be NKr this lends further

evidence to suggest that the NAb differences in these two

strains of mice may be responsible for the tumor frequency

differences "

Activat.ed. Macrophage Aeti-vi-ty of CBA/J and CBA/N Mice

Many reports have indicated that macrophages may play a
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role in turnor cytotoxicity against tumors (159-163). It

has also been shown that soluble factors released by T

cells and NK cell-s that have been exposed to tumor targets

can activate macrophages (I64-L67)" Therefore, it was

important to determine if the cytolytic activity of ac-

tivated macrophages from the immune deficient CBA,/N mice

v¡as less than the cytolytic activity of activated macro-

phages from CBA/J mice"

The syngeneic RI-28 cell line was found to be fairly
resistant to cytolysis by activated peritoneal macrophages

from both mouse strains, therefore macrophage-sensitive

Largets subclone RT-28/8 and the allogeneic L517BY-Fg cell
lines $¡ere also assayed" No statistically significant

difference hzas found in the cytolytic activity of macro-

phages from the immune deficient CBA/N mice and the normal

CBA/J mice when the L5I78Y-F9 tumor target was used" The

cytolytic activity of activated peritoneal macrophages

from the immune deficient CBA/N mice was consistently

higher than the cytolytic activity of CBA/J macrophages

when tested against the syngeneic RI-28 tumor target and

the subclone Ptf-28/8 however, these differences were not

significant (Teþ1" VI ) " Since the xid-bearing CBAIN mice

displayed slightly increased macrophage activity t.his

could not account for their increased tumor frequency"
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Trsror Frequency in Fl Male and Fæale Wice

It was important to establish if the difference seen in

CBA/J and CBA/N mice tumor frequency was actually due to

the xid defecL" Thereforeo the two strains of mice were

bred so that the resul-ting male progeny \¡¡ere xid positive

and the female progeny were xid negative. Since the xid

defect is recessive and carried on the X chromosome, the

CBA/N females were cross-bred with CBA/J males to obtain

heterozygous, phenotypically normal Fl females and hemi-

zygous, deficient Fl males.

The results of four individual experiments indicated

that the tumor frequency of threshold RI-e8 sc inocula in
(CBA,/N x 7BA/J ) Fl male mice was twice as high as the

frequency in female Ft mice and the difference was sig-
nificant (Figure 3 ) " The mice tested were all between the

ages of 10 to 11 weeks and in each experiment the tumor

frequency was higher for the (CBA,/N x CBA/J ) FI male ¡nice

(Tab1e VII ) " The lat.ency of tumor occurence v¡as slightly
but not significantly lower in the Fl male mice at 12 days

compared to 14 days for the Fl female mice (Table VIII ) .

The differences found in tumor frequencies for t,he Fl

male and female mice coincided with the data obtained for
the CBA/N and CBA/J mice" That is, animals which exhibit
the xid defect display a higher tumor frequency as well as
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a slightly lower tumor latency compared. to t.heir normal

counterparts.

tdAb analysis for FI- mi-ce

NAb binding as well as NAb plus complement cyLotoxic

activity against the RI-28 tumor target was examined in

vitro in an attempt to add further support for the data

obtained in the CBAIN and CBA/J studies "

i ) NAb and complement medíat,ed cytoÈoxicity

The cytolysis of tumor targets RI-28 and subclone RI-

28/8 by serum NAb from (CBAIN x CBA/J ) Fl female and Fl

male mice was compared" The F1 female sera displayed

cytolytic activity that r¡¡as L2 times greater than the

cytotysis of RI-28 by sera from hemizygous imrnune defi-

cient FI male mice" The same result was found when the

subclone RT.-28/8 was tested except that cytolysis by Ft

female sera was 4 times higher t.han serum NAb obt.ained

from FI male mice (see Table IX). This data is comparable

to the results obtained for CBA/J and CBA/N mice. That

is, sera from the xid-bearing CBA/N mice and FI males

displayed a lower abilit.y to lyse the tumor targets than

sera from normal CBA/J and Fl female mice respectively.

ii ) Ìi[Ab Binding to Rr-28

Since the NAb plus rabbit complement assay only detects
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antibodies which are reactive with complement it. was

necessary t.o detect the anti-RI-28 NAbs by labelling with

fluoresceinated. anti-mouse immunoglobulin and measure the

fluorescence by FACS. An example of a typical FACS pro-

file is given in Figure 4" Sera from (cBAlN x CBA/J ) Fl

female mice contained IgG and IgM antibodies which bound

2 times better to the RI-28 tumor than sera from Fl male

mice (Table X). Individual mice were also Lested for

anti-Rl-28 NAbs and the same result was found" The twen-

ty-eight FI female mice that hlere examined showed an

average of 2 times more fIr¡orescence than the twenty-six

FI male mice"

Surprisingty, the B-cel1 deficient males displayed a

heterogeneity which overlapped with the expected hetero-

geneity of the normal females and this heterogeneity was

more evidenL in the (CBA/N x CBA/J ) FI mice than the CBA/J

mice (Figure 5 ) " Previous researchers have reported this

heterogeneity in NAb leve1s between members of the same

normal inbred mouse strain including CBA/J mice (68,75)"

The Fl male and fernale mice were tail bled separately at.

weekly int.ervals beginning L, 2 or 3 weeks prior to tumor

inoculation. Although the weekly bleeds from each set of

male and female mice h¡ere tested on different days ¡ cor-

relations were shown for 3 of the 4 possible comparisons

of sera from the same mice (Figure 5). This data suggests
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that the level of variability in the analysis of repeated

weekly bleeds is not inherent in t.he assay and probably

refl-ects the kinetics of the serum NAb variability"

This data supporLs the evidence obtained from the NAb

plus rabbit complement experiments " That is, sera from FI

female mice contains antibodies which are more reacLive

against the RI-28 tumor target than the antibodies found

in the sera of the B cel-I deficient FI male mice.

tdatural- Killer CeIl Activity by FI Male and Fsale Mice

As mentioned previously, it was necessary to examine

other NR effector cells to ascertain if differences in

tumor cytotoxicity by these cells could account for the

differences found in tumor frequency seen in the (CBA,/N x

CBA/J ) FI male and female mice.

Splenic natural killer cells from (CBA,/N x CBA/J) Fl

male and female mice \¡¡ere tested and effector to target

ratios of 150:1 and 75:1 are given in Table XI" There was

a tendency for higher NK activity in Fl male mice when NKs

targets were tested and the difference between males and

females reached significance in one experiment carried out

against the NKs YAC-NIH target (Expt. 6, Table XI). In

this case, spleens from 6 individual mice \^¡ere removed and

each mouse t{as tested for its NK cytolytic activity

against RI-28 and YAC-NIH tumor target.s. At an effector
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to target ralio of I50:1 the immune deficient

(CBA,/N x CBA/J) FI male mice displayed NK cytolytic

activity against YAC-NIH that was 1.5 times higher than

the NK cytolysis by normal Fl female mice"

This data supports the evidence compiled for the CBA/J

and CBA,/N splenic NK cytolytic activity " Since there was

a tendency for NK activity to be slightly higher in the

NAb deficient (CBA/N x CBA/J ) Ft male mice it is unlikely

that NK activity is responsible for the differences seen

in the tumor frequencies of the Fl mice.

Activated È{acrophage Cytolysis by Fl MaJ-e and Female ÈIice

The cytolytic activity of peritoneal macrophages from

(CBA/N x CBA/J ) Fl male and female mice was tested in the

same manner as the experiments performed on CBA,/N and

CBA/J mice. Tumor targets included the syngeneic cell

lines RI-28 and subclone RT-28/B as well as the alJ-ogeneic

L517BY-F9 ce11 Iine. After activation of intraperitoneal

macrophages by C. Parvum injection the adherent celIs were

harvested and incubated with the various tumor targets.

N^ statistically significant difference could be detected

between FI male and female activated macrophages (Table

XII). Since the macrophage activity of (CBA/N x CBA/J) Fl

male and female mice was equivalent in vitro this sug-

gested that these effectors are not the principal effector
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ceIls responsible for the increased tumor frequency ex-

hibited by Fl male mice"

Ã,nti-Rf-z8-NA,b and Tumon Tncidence in Individual- Fl- Míce

In three of the four (CBA/N x CBA/J ) Ft tumor frequency

experiments the animals were individually tail bled one

week prior to the sc RI-28 inocula and the sera were

tested for ant.i-Rl-28 NAb by FACS. The mice were ear

marked and the tumor incidence of each mouse was recorded

at the end of each tumor frequency experiment" The mean

percent tumor incidence in the immune deficient males \¡¡as

twice that of the females as stated previously ( see Figure

3 ) " There was litt1e variability in ranking from one

bleed to the next (Figure 5 ) therefore the last bleed

before tumor inoculation was plotted against the fate of

threshold tumor inoculum for each mouse (Figure 6, panels

A, B and C).

The individual sera revealed extensive and overlapping

heterogeneity for anti-RI-28 NAb binding activity for Fl

males and females, however, the females averaged a mean

channel fluorescence that was almost double thaL of the

males. A correlation was found between tumor susceptibil-
iLy from small foci and low fluorescence-detected NAb
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binding activities for male and female mice" That is,
Lumors developed in 77 "38 of the animals with low NAb

levels (mean binding below 60 channels ). Tumors also

appeared in animals with mean binding above 60 channels

but in only 262 of them.

The data suggests Lhat there was an inverse relation-
ship between tumor incidence and anti-Rl-28 NAbs and this
hlas found to be statistically significant by Mantel-

Haenszel Chi-squared analysis" Mice exhibiting low leveIs

of NAb displayed a higher tumor incidence than those mice

which had high levels of anti-Rl-28 NAbs 
"

Conversely, individual CBA/N mice displayed sera NAb

activity which appeared to be relatively low and homogen-

eous. The sera from CBA/J littermates showed NAb activity
which \^/as high and reÌatively heterogeneous similar to

reports of other normal inbred sLrains exhibiting NAb

heterogeneity. The mean binding of the CBA/J NAb was

approximately ten times that of t.he CBA/N (Figure 6, panel

D) "

ldAb and lûK levels ín individr¡a]- Fl mi-ce

Since Lhe (CBA/N x CBA/J ) Fl mice displayed an in-
creased heterogeneity in their levels of NAb, tests $rere

carried out to determine if their NK cytolytic activity
behaved in the same manner" If a correlation exists
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between the NAb levels and NK activity, such a relation-

ship might explain t.he differential tumor susceptibility

in Fl mice.

In three separate experiments in which individual FI

male and females provided serumu spleen and bone marro\ú, a

comparison was made between serum anti-RI-28 levels and

the percentage NK cytolysis (Figure 7)" As beforeo the

NAb binding by Fl males v¡as heterogeneous and overlapping

with the females in 2 of the 3 experiments " Among the FI

males, 23"52 (L2/5L) of them $/ere apparently NAb-positive

and 15.72 (8/5L) exhibited high activity" Yet, there was

no direct relaLionship between the NK cytolytic activity

and NAb levels" As before, the xid-bearing Fl males

displayed NK activity that was actually higher than the

norma1Flfema1esandthedifferencewaSsignificant(p<

0.0001 0"05)"

@b and act.ivated macrophage activity in individual Fl-

mice

A comparison was also made between the serum anti-RI-28

levels and the cytolytic activity of Con-A stimulated bone

marrow macrophages (Figure 8)" In only one of the three

experiments was there shown a direct. correlation between

NAb and macrophage activity. However, this relationship

i^Tas based on a large range of NAb bind.ing (6"3 25I"7
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mean channel fluorescence) compared to a small range of

macrophage activity (52"8 78.5ã cytolysis). The other

two experiments display a tendency toward an inverse

relationship between the NAb binding and macrophage ac-

tivit.y. Considering these experiments with the lack of

significant difference in macrophage cytolysis by male and

female Fl's, the data does not support a direct correspon-

dence between NAb and macrophage cytolysis '

&fK cell and activated macro¡rhage activity in individual FI-

mice

Lastly, a comparison was made between the NK activity

and activated macrophage cytolysis of individual male and

female Fl mice (Figure 9). None of the three experiments

displayed a correlation between these cellular effectors

of natural immunity" The data seems to suggest that Ehe

regulation of NK cells and macrophage cells occurs in-

dependently since there was a difference in lysis by male

and female splenic NK cells yet no difference in macro-

phage cytolysis,
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Dqrt" Sex

TAffiÆ r
Wm@lgEÏr irB@.T ard@?ðWi,æ

I T\¡rcr Fþuer¡:r¡
@,/J

+/+gor'+/- &
q4.{

xiq/xide or xíd/- &

i. ç so þ/rc)
z ç 33.3 (2/6)

3 d3 Lz.s (L/s)

4 I 28"6 (z/7)
O N.D"r

87.s (7/8)

80 (4/5)

s7.L (4/7)

L00 (3/3')
25 (V4)

a A tì::estrold s.c. inæ¡La of i-04 RI-28 celIs Ì,Jas afrn'inìstord ¡o
eadr rm¡se. Ihe rnice were age natchd in eadr elçerinent ard ttre
ages nrqd fircm 6 to 1-4 weeks old. Ihe ü¡rycr fræquencies tdere
recorrCed at 21 days after sc inocula" llre ratio of blrxcr-bearirg
aniln1s to total nice pr group is given in parentheses"
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Dryt'.

U\E[& TTT

e@errÈ *t*åålffilwb fL@@Æ ard

T\-rcrTarrEet ? Cv-to1fu
crut,/J q'/}{

+/+9;; +/- ê xiq/xidg'or xia/- &

P

l_

2

3

4

Rr-28 (7)

Æ-28/6 (3)

Rr-28/8 (7)

PJ-28/7 (1)

11"1_ + 3"0

L6.2 ! 4"L

zL.L ! 4"4

34"3

0"3 + 0"L

2"4 + 2.4

0,9 + 0"9

0.0

< 0"02

< 0.03

< 0"01_

N"S"

Target, cells were j¡rcr¡bated with sera fim age ard seN utatchd
hbrd nice 12 wk to 8 rm of age" The rn¡nlce¿s of irdeperdent
tests are given in pa:rentheses" Ifre results were arn.Ilzd with
tlre Str¡dentts t-deperdent tests ard significarrt diffe¡¡erces
þtween xid-beariJq ard nonrnl nice wele dernonsb:a.td"
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gxEmÆ vÏ
Ar:Lirmtd næmcerrry cytollpÍs W W/& a¡d @/3ü Mi@

Êpt" Tr¡ruor Tar¡et å C\/tolvsis t S"E" P
ctsA/J GA/N

+/+Qór +/- I xlq/xidg or xíQ/- S

L RI-28 (3) 5.6 t 3.0 15.4 t s"s N.S.

2 T-5178Y-F9 (3) 27.1, + I3"2 26.3 + I3"2 N"S.

3 RI-28/8 (1) 8.7 29.7 ¡ü.S"

a Data i-s given at an E/T r:atio of 5o/L for tlre RI-28 arxt the
subclone Pf,-28/8" Ttre I,5L78Y-fP is &cre sensítive to rmøcpürage
arxl the data is given at, an E/T r^atio of AO/L" No significant
differences were obsen¡ed r¡sirq ttre t-irdryrdent or t-deperxient,
SLtrdentrs tesL" Ttre rn¡nbr of irdryrdenÈ assalæ are given in
¡n::entheses.
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mHrÆ vffi

frm mry@'ry in (@Æü x @$] m-
M.Ie and F@-Ie Mid

Þq>t" å T\nPr @rencr¡
(q4{ x q/Ð Fl (ql.ü x @Æ) FL

I xid/+ I xñ/-

L

2

3

4

L4.3 (r/7)

75 (6/8',)

33.3 (2/6)

25 (r/4)

42"e (3/7)

83.3 (5/6)

7L"4 (5/7)

66"7 (4/6)

a A threstrold s.c. i¡rocrrla of 2 x l-04 RI-28 cells was adnri¡isted.
to eadr lMuse. The nice were l-L weeks of age in eadr
Ttre tr¡ror fr.equencies $¡ere rerrid at 2L days afÈer sc i¡æ,:Ia"
Tlre ratio of turor-bearìrq anj¡als to tcrEal nice pr grcn-çr i.s
given in parentheses"
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TnwÆ ffi

@ CyEolleÍs of Semm 3@ &@
(@/N x @a] ra mæ a¡d @l"e Kå@
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(q4{ x @/.r) FL
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1

2

Rr-28 (s)

PJ-28/8 (3)

27"6 + 7"4

l_6"0 + 6"6

2"2 ! L.O

3"6 + 2.5

< 0.04

< 0.04

ITre Fi- nale ard female rnice we¡:e age natrlrd in eadr eryrinerrt,
ard tlre ages of nice tesLd. rargd 9 - L3 rileeks. Ihe RI-28 ce1ls
ws:e incubatd with vihole or à dilutio¡ts of sel= ard the PJ-28/e
cells wer= i¡rcr.:bated with à dilutions of se¡:a. Statistically
significant diffe¡¡ences between nrale ard fc"rrale rrice we¡ie strcn¡r
bty analysis r,¡itÌr the Str¡dent¡s tde¡ærdent test" lhe rn¡nber of
irdeprdent assays are given jn parerrt¡teses"
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MtrE ffi
Mivðbd @ftry e¡ltulpis ry (@/4w x @Q m

Sbfe ars3 F@-le Míd

Bæt.. T\¡mr Target * Cr¡to1r¡isis + S"E" P
(q4'{ x @p) Et

R xid/+
(cts{/}{ x @/J) HtI *ar

L

2

3

Rï-28 (7)

pJ-28/B (1)

L,5L78Y-F9 (4)

7"8 + 2.4

47.O

30"2 + 3"2

l_0.5 + 2"5

49 "4

34,O + 4"2

N.S"

N.S"

N"S.

The data are given for RI-28 ard subalone RI-28/8 at, an E¡rI ratio
of SO/L ard for the I5178Y-F9 at LO/L" ltice were age rutc}rd arxt
between tlre ages of 10 to l-9 weeks. No significarrt, diffeærces
lrrere obsen¡d by arnlysi.s with tlre Sbrderrt,ts t-i¡deFrderrt, or t-
deperdent test. lhe nrmrlcen of irdeprxlent ass¿tys a:= given in
pa:¡entheses.
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Figure 1: Cumulative percentage tumor incidence in
CBA/J and CBA,/N mice" The CBA/J mice ( @ ) and xld-
bearing CBA,/N mice (e) \¡¡ere injected sc with 10= RI-28
cells in a 0"1 ml volume. the animals were tested in
four sex and age matched groups between 6 and L4 weeks
of age. In total, 31 CBA/J mice and 27 CBA/N mice were
tested" The cumulative percentage tumor frequencies
were significantly different as indicated using the
Studentr s t-independent test"

p <0.001

p <0.001
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Figure 2z Linear fluorescence profile of CBA,/J and
CBA/N normal serum NAb"
This is an example of a typical linear fluorescence
profile comparing CBA/J and CBA/N normal serum for
the presence of anti-RI-28 IgG and IgM antibodies.
Background fluorescence has been subtracted"
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Figure 3: Cumulative percentage tumor incidence in
(CBA,/N x CBA/J) Fl male and f emale mice. The Fl fe-
male mice (@) and xiÇ-bearing Fl males (e) were in-jected sc with 2 x 10= RI-28 ce1ls in a 0.1 ml volume"
Four experimenLs were performed. with age matched 1l
week old male and female littermates. In total , 25 FI
females and 26 Fl males were tested" The cumulative
percentage tumor frequencíes were significantly diff-
erent as indicated using the St.udent's t-independent
test.

15100

p<0.05
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Figure 4z Linear fluorescence profile of (CBA/N x CBATzJ)
FI normal serum NAb binding"
This is an example of a typical linear fluorescence pro-
file comparing Fl male and female normal serum for the
presence of anti-nI-28 IgG and IgM antibodies " Background
fluorescence has been subtracted.
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Figure 5: NAb binding from individual (CBA/N x CBATzJ) Fl
mice" Age matched mal-e and female Fl's were tail bled at
A) 8, 9 and 10 and B) 6\ and 7à weeks" MaIe and female sera
from each bleed were tested simultaneously. In experiment
A significant direct correlations v¡ere seen for NAb binding
for bleeds I and 3 (p< 0.03)" Bleeds 1 and 2 were not sig-
nificant (p(0"07). rn experiment B signifj-cant direct
correlation was achieved (p ( 0.001) .
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Figure 6: NAb hinding activity and tumor susceptibility ofindividual (cBAlN x CBA/J) r,1 mice. Age matched Fl micewere tail bled at A)11, B)10 and c)7\ weeks of age and Iweek later they hrere challenged with a sc inoculúm of2 x 10 ' RI-28 cells " Closed circl_es ( @ ) represent animalsthat deveJ-oped. a t-r';¡nor and open circles ( Õ j those the re-
mained tumor free. The maximum cumulative tumor frequencyfor Fl'mice which exhibited NAb binding above 60 chánnels(----) vs. the tumor frequency in mice wi-tfi NAb binding be-low 60 channels was significantly different (p<0"003) usingthe }4antel-Haenszel chi-squared test. panel D representsindividual bleeds from 6 week old CBA,/¡I and CBA/J mice(male,El and female, A littermates) which were not subse_quently exposed to a tumor inoculum. Mouse sera was d.iruted.\/5 in 10U RpMr.
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Figure 7 z NAb binding and NK cytolysis- of individual-
(CBA/N x CBA/J) Fl- mice. serum NAb, spleens and bone

marror¡/ were removed from groups of male and female mice
ages A) 9, B) 9 and C) B-9 v/eeks" Serum NAb binding against
RI-28 and NK celI cytolysis of SL2-5 cells were exam.bned
with male and female mice of each series being tested sim-
ul-taneously. Means + S"E" are indicated (+) 
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olysis and in vitro Con-A stimulated macrophage activity
of the sameffilïãual Fl mice described in Figure 7 were
assessed against SL2-5 and RI-28 cel1s respectively" MaIe
and female mice of each series were tested simultaneously.
Means + S.E" are indicated (+) 
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DÏSCUSSIONü

In this study mice expressing the xid defect, namely,

CBA/N mice and (CBA,/N x ]BA/J )FI male mice' were examined

for their ability to handle threshold sc tumor inocula

compared to their normal counterparts ' CBA/J and FI female

mice respectively" The xid-bearing mice are known to have

low levels of IgG3 and IgM antibodies in their serum (L42) t

therefore these mice were used as an in vivo genetic model

for examining NAb participation in tumor surveillance.

Since NK cetls, macrophages and NAb have been implicated in

the host first line of defense against smaIl tumor inocula '
r'rre also analyzed the function of these effectors in vitro"

The tumorigenicity experiments revealed that the B-cel-1

deficient mice had higher tumor frequencies than normal mice

following the sc inoculation of a threshold dose of the RI-

28 lymphoma " That is, t.he CBA,/N mice and the (CBA/N x

CBA/J ) FI male mice exhibited tumor frequencies which \^tere

twice as high as the CBA/J or FI female rnice" The average

latency of tumor development l¡las generally later in normal

mice, but this difference was more evident in comparisons of

the CBA,/N and CBA/J inbred mice than the Fl male and female

hybrids "

This inverse relationship between NAb and tumor in-

cidence has been alluded to by previous investigators. For

example, l"lenard etal, found that BALB/c mice which exhibited
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elevated levels of anti-trmor antibodies in their serum \¡¡ere

more resistant to tumor challenge ( 156 ) " Chow et al found

that the administration of adjuvants to DBA/2 mice increased

the NAb activity in addition to decreasing the tumor fre-
quencies of L5178Y or PBl5 lymphoma threshold sc inocula"

They also demonstrated that tumors which u/ere coated vüith

NAb were less tumorigenic than uncoated tumors (25) " Sim-

ilarly, Tough and Chow were able to isolate by cell sorting

high NAb binding SL2-5 and L5t78Y-F9 celts following L2-0-

tetradecanoylphorbol-I3-acetate treatment as well as high

and low NAb binding L517BY-F9 cells from a heterogenous cell
culture" The high NAb binding variants all exhibited re-

duced tumorigenicity of threshold sc inocula in syngeneic

DBA/2 mice (169). Finally, Agassy-Cahal-on et al prepared

hybridomas which secreLed IgM NAb that were reactive with

L517BY lymphoma cells. They found that one hybridoma secre-

ted monoclonal NAb that h¡as cytoboxic with only mouse lym-

phoma cell lines. Mice were first treated with urethane to

induce carcinogenesis, then they s¡ere given the IgM NAb's

two times a week for 5 months, after which time the tumor

foci in the lungs were examined" Those mice that had been

treated with the cytoLoxic monoclonal NAb displayed a re-

duced number of foci ( I70 ) " The above research, along with

the data herein of an inverse relationship between tumorig-

enicity and NAb levels in xid-bearing mice, suggests that
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NAb may play a key ror-e in the defense against small t.umor

foci .

The sprenic NK celr activity of normal and xid-bearing
mice was compared by in vitro cytorysis against syngeneic

and arlogeneic tumor celr lines. There was no statistically
significant difference in the NK activity displayed by the
mice and in general the B-cell deficient ceA/N and Fl mare

mice displayed slightly higher cytolysis of the tumor cerr
rines tested" Martin and Martin reported that even though

CBA/HN mice have reduced levels of anti-tumor reactive NAb,

these mice do not exhibit a higher incidence of spontaneous

tumors (149 ) " The slightly increased NK activity displayed
by the CBA/N and xid-bearing F1 male mice in this study may

provide a rationale for their observation íf, in fact, the
NK activity we observed is associated with xid expression.

chow et ar have shown that an NKr sL2 lymphoma subclone

displayed increased tumorigenicity in mice ( 25 ) . since the
Rr-28 leukemia was also found to be NKr, one might predict
that the tumor frequencies in both normal and xid-bearing
mice would arso be high. However, the normal C.BA/J and FI
female mice exhibited reduced tumorigenicity compared to
their xid-bearing counterparts; therefore, some other effec-
tor mechanism must be contributing to the difference. rt is
proposed that the serum NAb levers of the normal mice is
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Iikely responsible 
"

Similar results were obtained when C.parvum activated
peritoneal macrophages were tested for their ability to lyse

the syngeneic RI-28 leukemia cel1 and the allogeneic L5t78Y-

F9 lymphoma" The normal CBA/J and xíd/+ Fl females exhib-

ited activated macrophage activíty which v¡as essentially

equivalent to the activity displayed by the CBA/N and xid/-
Fl- males respectively" The RI-28 was also found to be

fairly resistant to activated peritoneal macrophages.

Again, this data suggests that the differences in tumor

frequency must be due to anti-tumor responses other than the

macrophage activity"
The serum NAb levels of xid-bearing mice and normal

mice were analyzed in vitro in complement-mediated cytolysis
assays as well as in assays which measured bound IgG and IgM

by FACS" As was predicted, the serum anti-RI-28 natural

antibodies from CBA/J and FI female mice v¡ere far more

capable of lysing the tumor target in the presence of com-

plement whereas the sera from xid-bearing CBA/N and FI male

mice exhibited very litt1e, íf afly, cytolysis of the RI-28

leukemia cell " Since this data represents only complement-

binding NAb, we measured the rgG and rg}4 which could bind to
the Rr-28 celr rine. The sera from normar 7BA/J mice crear-
ly exhibited a greater amount of bound IgG and IgM anti-Rf-
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28 antibodies than sera from CBA/N mice" This difference
was very apparent when age matched litters of CBA/N and

CBA/J mice were examined individually (Figure 6, panel D).

When the (CBArlN x CBA/J ) Ft male and female mice were

examined for bound NAb, it. \,sas found that the differences
\Ä¡ere noL as evident. That is, in two of the eight experi-
ments performed using pooled sera, the amount of bound anti-
Rr-28 rgG and rgM antibodies from Fl males was equivalent to
the FI females; however, sera from heterozygous females

still had a mean of the mean fluorescence channel which $ras

2"5 times higher than the hemizygous mares. These findings
prompted the assessment of the NAb revers of the Fl mice on

an individual- basis, and we found that the NAb binding

activity of sera from mare and femare mice was overrapping

and very heterogeneous.

Due to this observation of heterogeneity in NAb levels,
mice were indívidualry tail bled and tested for NAb binding

activity one week prior to the Rr-28 threshold sc tumor

inoculum in three of the four Fl tumorigenicity experiments.

This would enabre us to see if. there was a relationship
between tumor susceptibility in individual mice and their
anti-Rr-28 NAb levels. rt was found that Fl mice, either
mare or femare, which had low serum NAb exhibited a tumor

incidence that was approximatery three times that of the Fl
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mice displaying high serum NAb" Thus o t.his data based on

individuar mice, supported the hypothesis that NAb partici-
pates in the host defense against small tumor foci in vivo.

The heterogeneity demonstrated in Fl sera NAb activity
might arso be accompanied by similar variable macrophage and

NK activity which courd contribute to the increased tumori-
genicity displayed by the Fl males. This possibility was

tested in three separate experiments in which individual Ft

male and female mice provided bone marrow (as a source of

macrophage), spleen cell-s and serum.

The in vitro activated bone marrow macrophages dis-
played no consistent direct correlation with the NAb l-evels.

However, since the Rr-28 ceIl was found to be sensitive to

cytolysis by bone marrow macrophagês, it. is possible that
macrophages may have contributed to the resistance demons-

trated by tumor-free mice. rt has been shown that the anti-
tumor cytotoxicity exhibited by macrophages can be augmented

by the addition of antibodies from tumor bearing mice ( 90 ) .

Furthermore, the suppression of tumor growth by a hyper-

immune antitumor serum could be enhanced by stimulating
intraperitoneal macrophages ( 89 ) and NAb may arso act as an

opsonin for macrophages (168)"

In two of the three experiments in which NAb activity
was compared to NK activityr Do direct correlation could be
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demonstrated. In fact, one of the experiments exhibited an

inverse relationship between the NAb and NK levels of in-

dividual mice" This finding along with the NKr nature of

the RI-28 cell suggests that. NK cell act.ivity did not con-

tribute to the tumor resistance exhibited by those mice with

high serum NAb levels "

The heterogeneity and variaLion in NAb levels exhibited

by individual FI mice has been previously documented by

Pierotti and Colnaghi (157)" They found that natural anti-
EL4 lymphona antibodies could be detected in the serum of

C3Hf mice but not in C57BL mice. The FI hybrids of these

mice also had anti-tumor NAb and the variability demonstrat-

ed by individuals was evident whether or not they were caged

together or if they were derived from the same or different

Iitters. Martin and Martin also found that individual
(CBA/HN x DBA/2) Fl mice had variable levels of NAb detected

by cytotoxicity activity against an NBI neuroblastoma cel1

line (149).

In analyzing the NAb leve1s in individual B-cell defi-

cient FI males, it was surprising to find that some of these

mice had very high binding anti-Rl-28 NAb. It is possible

that these mice represent male responder mice which have

been examined by Kenny and Guelde ( 17I ) " As was mentioned
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previously, xid-bearing Fl males normally do not express an-

tiphosphocholine antibodies of the dominanL T15+ idiotype

(L22, I23 ), but rather they produce decreased levels of T15-

idiotype antibody. Kenny found that approximately 658 of

(CBA/N x BALB/c) Fl male mice express the T15- idiotype

anti-PC antibody, 252 produce very low levels of the T15+

idiotype and I0% respond as well as females to phospocholine

and the antibodies produced were of T15+ idiotype. These FI

male responder mice vlere found to have normal levels of

serum IgM and they could respond to TNP-FicolI. They sug-

gested that these mice had developed an Lyb5+ B cell popula-

tion normally absent in xid-bearing mice by a reversion of

the xid defect to the normal phenotype or that the X-linked

gene was "leaky" (171)" In addition to this, Dighiero et al

have shown that hybridomas derived from (CBA,/N x BALB,/c) Fl

male mice secrete natural autoantibodies " Therefore xid-

bearing mice have the genetic information needed to produce

these antibodies yet they do not secrete them normally

(I74)" If a reversion of the xid phenotype had occurred in

our Fl males it is possible that their high binding NAb

activity may be due to natural autoantibody production"

Finally, Kenny et al demonstrated that the xid gene may act
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synergistically with other genes since C3H/He"xid congenic

mice exhibited immune defects which were more extreme than

in the CBA/N mice (I72). An interaction between genes has

been shown in NZB"xid congenic mice whereby polyclonal B

cel1 activators can augment the production of autoantibodies

which normally are not produced in these congenic mice

(173 ) " Therefore, it is possible that the CBA,/J mice used

in this study possess a gene which can partiatly counteract

the xid defect in FI males 
"

The heterogeneous NAb binding exhibited by individual
Fl females may possibty be due to the inactivation of one of

the X chromosomes in the heterozygous females. Nahm et al

have found that splenic B celrs from Fr females exhibited an

unbal-anced mosaicism in favor of the normar non-xid chromo-

some, and conversely, other splenocytes and tissue cells
display balanced mosaicism. They concluded that if the xid
gene affects the B cells directly it would eliminate or

select against the xid+ g ceI1s. Therefore, they suggested

that the xid gene(s) only affects B cells which produce rgG3

since nearry ar1 of the rgG3-secreting hybridomas expressed

the normar x chromosome, whereas many of the rgGl-secreting

hybridomas could express the mutant xid x chromosome (r75)"

Forrester eL al confirmed these results and in addition they

demonstrated that pre-B cells revealed normal mosaicism and
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that non-random X chromosome inact.ivation increases with age

( 176 ) " This unbalanced mosaicism has also been demonstrated

in the B cells of humans suffering from X-chromosome-linked

severe combined immunodíficiency (I77). The variable NAb

levels of the (CBAIN x CBA/J ) FI females in this study may

be the result of a range of balance in the X chromosome

inactivation seen in B cells "

Several investigators have found that NAb are able to
cross-react with a wide spectrum of determinants (69 | 178-

180 ). For example, Colnaghi et al produced a panel of

hybridoma cells from normal murine spleen cells and a mouse

myeloma cell line in which they selected for high anti-El4

lymphoma responses. The resulting monoclonal NAbf s \¡¡ere

found Lo be cross-reactive with antigenic determinants found

on various tumor cell lines and normal tissue cells (69)"

This raises the possibility that the natural anti-RI-28

antibodies detected in the sera of CBA/J mice and (CBA,/N x

CBA/J) Fl mice included autoantibodies. Interestingly,
Hayakawa et aI have demonstrated that splenic Ly-I+ B ce1Is

from normal BALB/C mice and autoimmune NZB mice are largely
responsible for the production of IgM autoantibodies (187)"

In addition to this, Smith et aI found that CBA/N or NZB"xid

congenic mice have autoantibody producing LyI+ B cells which

are predominantly Lyb5+ B cel1s " Although this population
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of cells represents only a small percentage of the entire B

cell repetoire of xid-bearing animals, it may account for
some of the RI-28 tumor resistance demonstrated in the CBA/J

and responder (CBA/N x CBA/J ) Fl mice"

NAb can exert its antitimor effect.s by a number of

possible mechanisms. Several investigators have provided

evidence which suggests that antitumor antiserum can inter-
fere with tumor cell-s through antibody-dependent cellular
cytotoxicity reaclions (84, 9l)" The in vitro cytolysis by

NAb suggest that they might act on tumor cells direct.ly by

complement-mediated cytolysis (1BB) or NAb may act as an

opsonin to enhance phagocytosis of tumor cells (16B). NAb

may bind to growth factors which are required for tumor cell
proliferation (189) or may block ce1l surface structures to

inhibit the colonization, adherence or motilit.y of tumor

cells (190-192)"

The physiological importance of these circulating
antibodies remains uncertain, yet there is evidence which

suggests some of the possible functions of NAb" For ex-

ample, in J-975 Kay found that aged human red blood cells
could be phagocytozed when they were incubated in human IgG

NAb (193)" similarry, Khansari and Fudenberg demonstrated

that the phagocytosis of old platelets required the presence

of intact membrane bound rqG which had been eruted from
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senescent red blood cells (194). rn studying bone marrov¡

graft rejection, warner and Dennert found that NK celrs
appeared to be involved" However, t.he rejection of allog-
rafts is H-2 specific and it was known that NK cells do not

act against H-2 determinants " They found that mice have H-2

specific NAb and they suggested that the rejection may be

mediated by antibody-dependent cellular cytotoxicity (195) 
"

Hormberg et al found that rgM NAb derived from hybridomas

from 6-day-old BALB/c mice disprayed a high degree of cross-
reactivity with each other and they suggested that NAb may

be involved in an idiotypic network in the developing immune

system (196). Finalry, NAb has been shown to be polyspeci-
fic and demonstrates an extensive cross-reactivity with

cytoskeletal constituents (Ig7). In conclusion, NAb may

contribute to the removal of senescent or damaged cerls, or

NAb may be invorved ín some aspects of immune reguration

through an idiotypic network. since tumor cells are host

cells which exhibit some sort of abnormal behaviour the

antitumor responses of NAb are not surprising.
The data presented herein supports the hypothesis that

Nab are important mediators in the host defense against

small tumor foci. The xid-bearing CBA/N mice and (CBA,/N x

3BA/J ) Fl mate mice vrere more susceptible to threshold sc

inocula of syngeneic Rr-28 than the norm-aI 1BA/J and Ft
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female rnice" The tumor incidence in individual Fl hybrids

correlated inversely with their levels of anti-RI-28 anti-
bodies prior to tumor chalrenge" The NK celIs and activat.ed

macrophages derived from the xíd/- and xid/xid mice exhib-

ited normal levels of cytolysis in vit.ro but these mice

disprayed reduced complement-mediated Nab lysis and reduced

levels of fluorescence detected anLi-RI-28 antibodies"

Therefore, the differences in susceptibility to threshold

tumor inocula would appear to be due to Nab levels rather

than the NK and macrophage activity. This data represents

the first genetic evidence that NAb contribut.e to tumor

resistance in vivo.
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