This dissertation has been
microfiimed exactly as received 66—-8095

TEAGUE, Perry Owen, 1936~

A STUDY OF ANTI-NUCLEAR ANTIBODY
IN MICE,

The University of Oklahoma, Ph.D,, 1966
Bacteriology

University Microfilms, Inc., Ann Arbor, Michigan



THE UNIVERSITY OF OKLAHOMA

GRADUATE COLLHGE

A STUDY OF ANTI-NUCLEAR ANTIBODY IN MICE

A DISSERTATION
SUBMITTED TO THE GRADUATE FACULTY
in partial fulfillment of the requirements for the
degree of

DOCTOR OF PHILOSOPHY

BY
PERRY OWEN TEAGUE
Oklshoma City, Oklehoms

1966



A STUDY OF ANTI-NUCLEAR ANTIBODIES IN MICE

APPROVED BY

|7

m = \X&Np

D VY\ b\u &O

DISSERTATION COMMITTEE



PLEASE NOTE:

This is not original copy
with light and dark type through-
out. Filmed as received.

University Microfilms, Inc.




ACKWOWLEDGMENT

The author is deeply indebted to Dr. George J. Friou for his
constant advise and encouragement. Appreciation is extended to Dr.
Robert A. Patnode for his assisténce in the preparation of this manu-
script and to the Faculty of the Department of Microbiology for their
interest and pedagogical efforts.

The technlcal assistance of Mrs. Mita M. Ehn, Mr. Ronald L.
Hill, and Mr. Bill Deshpande was of immense value.

I express my gratitude to Dr. Stewart Wolf for granting
extended use of laboratory facilities during the latter phase of
this investigatiop aﬁd to Dr. M. Clinton Miller for his assistance
in the statistical analysis of certain data.

The financieal support provided by the National‘Institutes

of Health, U. S. Public Health Service grant A-4750 and‘Graduate
Training Grents 5 TLAT 162 and T1AM 5254 is acknowledged.
I am particularly gfateful to my wife, Nancy, and to my

Mother for their sacrifice, understanding, and encoursgement.

iii



TABLE OF CONTENTS

Page
LIST OF TABLES . st vvvvrneennnennsoannsanesasesonssrases ‘v
LIST OF FIGURES . . evverarannscnnssnnns et teieteiieeie e e viii
Chapter
I. INTRODUCTION AND HISTORY...es:.. Cerreeeieeeenaa, 1
II. MATERIALS AND METHODS.eeeeevearess e reerreeaeeaaes .. 22
III. RESULTS....... e et rer et Ceeenen 39
IV. DISCUSSION..:eeveevuaans Ceeeens e teeier e 105
V. SUMARY......eenn.. e e et e .o 12k
BIBLIOGRAPHY..... e erereier e e eeenre e Ceeeeenas 127

iv



Table
l.

2.

10.
11.
12.
13.
1k,
15.
16.

‘17.

LIST OF TABLES

Mouse Strains Tested for Anti-nuclear Antibody Activity.....
Anti-nuclear Antibody Activity in A/J Serum POOLS..venr..
Calf Thymus DNP Spot Test--Standardization of Antigen...
Rabbit Thymus DNP Spot Test--Standardization of Antigen.....
Calf Thymus DNP Spot Test--Titration of Lot 1 and Lot 2
Fluorescent Conjugates.veoeveeeeiiivreririierssosasssssonnsnns
Recovery of Anti-nuclear Antibody Activity from Starch
Blocks After Electrophoresis of A/J Serum POOLS..ccosesssess
Comparison of Anti-nuclear Antibody Activities in
8-month-old A/J Female Mice..... Ceereeeiaenos Cheerieananaene
Incidence of Anti-DNP Antibody Activity in Adult Female

BT ML et e eennneeeeeeeeeesoesnannennanseosssonnnnnnssens
Incidence of Anti-DNP Antibody Activity in Adult Male

A/T Miceeeevreeennnnn s eisisesesesaseaertescsausaaroansa Cha
Incidence of Anti-DNP Antibody Activity in All 9-month-old
A/T Mice EXamined....ueseeeerersreennarosacnaneanns Cereeeeas
Incidence of Anti-DNP Antibody Activity in Aging Adult
Female A/J MiCEeeerrererernnrans beereetriestioenne Ceerreeees
Incidence of Anti-DNP Antibody Activity in Aging Adult

Male A/T MiCE.eeronrecnnooonneereeeronsensannnns eesscans ceos
Incidence of Anti-DNP Antibody Activity in Female A/J

Mice of Various Ages..... Cesesssocssc e eseascsoan teoseaanas
Incidence of Anti-DNP Antibody Acthlty in Male A/J

Mice Of Various AZES..csecoosccsorenscoosasocenasnsas cessoens
Incidence of Anti-DNP Antibody Activity in Aging Virgin
Female A/T MICE.eoererorornonosnnoooosrooaaseeseon beoeeoees
Incidence of Anti-DNP Antibody Activity in Virgin Female
A/J Mice of Various AgeS........ Cereeenrcesann ebeeesesanons
Incidence of Anti-DNP Antibody Activity in Virgin Male

A/J Mice of Various AgeS......... Geesatvasataonstnennn coueas

b7
50
52
25
o7
29
61
63
66
67

68



Table

18.

19.

20.

21.

22.

23.

2k,

25.

26.

271,

8.

‘ ‘Negative ll-month-o0ld Isogenic DOnorS...sseeecsss srecoeneas ‘

30.

31.

LIST OF TABLES--Continued

Incidence of Anti-DNP and Anti-DNA Antibody Activities

in Aging Female A/J Mice....... evens et eraeeisecanoeeanos

Incidence of Anti-nuclear Antibody Activity in DBA/lJ

Mice of Various AgeS....voeevoss Cosssssrrsesessosasa coeseas

Incidence of Anti-nuclear Antibody Activity in AJDFL

Mice of Various AgeS.cosccassoococsy eaoscasacscacoas seoso e

Incidence of Anti-nuclear Antibody Activity in Aging

ANZBF] MiC@acooesrooeecooeassoooasasosonossesassoossoacoasssos

Incidence of Anti-nuclear Antibody Activity in 8-month-old

CSTBL/ 6T MiCE .t cveveonneenssonansenassosssensonncssnnssness

Serologic Results Following Immunization of Female A/J
Mice with 2 Weekly Injections of Calf Thymus DNP or

DNA in Complete Freund's Adjuvant....coeoeeeersecscocnssnns

Serologic Results Following Immunization of 8-month-old

A/J Mice Lacking Anti-DNP Antibody Activity....ccoeoececses

Serologic Results Following Immunization of 8-month-old

DBA/1J Mice Lacking Anti-DNP Antibody Activity.......... .

Anti-DNP Antibody Activity in 4-month-old Female A/J
Mice After Injection of Spleen Cells Derived from

Positive or Negative ll-month-o0ld Isogenic Donors..ce.ooess

Anti-DNP Antibody Activity in 4-month-old Male A/J Mice
After Injection of Spleen Cells Derived from Positive or

Negative l1ll-month-o0ld Isogenic Donors..cccesseoees sesencses

" Anti-DNP Antibody Activity in h-month-old Female A/J Mice

After Injection of Spleen Cells Derived from Positive or

"Negative 9-month-0ld Isogenic Female Donors.....,.,,..,.,..

Anti-DNP Antibody Activity in T-week-old Female A/J Mice
After Injection of Spleen Cells Derived from Positive or

Anti-DNP Antibody Activity in Seropositive 9-month-old
A/J Mice Injected with Isogenic Thymus Cells Derived

from b-week-0ld DONOTS.veereeoeeenss e e s oseeccenscoaneacnanan

Consistency of Anti-DNP Antibody Activity in Sera of

'Seropositive 9-month-01d A/J MiCe.ssssesoseososoosonnsossss

vi

Page

19

82

83

86

89

90

92

ok

92

97



Table

32.
33.

3h.

LIST OF TABLES--Continued
Page

Anti-DNP Antibody Activity in Seropositive 9-month-old
A/J Female Mice Injected with 6.8 x 10° Thymus Cells
Derived from T-week-old Isogenic-Female Donors......... ceeee 99

Anti-DNP Antibody Activity in Seroposigive 18-month-o0ld
Female A/J Mice Injected with 7.0 x 10° Isogenic Thymus
Cells Derived from 4-week-0ld Female DONOTS.::vsseveosaasnrss 101

Anti-DNP Antibody Activity in 9-month-old A/J Mice

Injected with Isogenic Thymus or Spleen Cells and

Immunized with Calf Thymus DNP in Complete Freund's

AR JUVENT - e e it err it eeceeotrnssrsecsrtotersteastrisnnnranne 102

vii



Figure

1.

LIST OF FIGURES
Page

Fluorescence of Calf Thymus DNP Spots After Treatment

with a Serum Containing Anti-DNP Antibodies (+++) and

a Normal Serum (-), and Fluorescein Isothiocyanate

Labeled Rabbit Anti-mouse Gamma-Globulin Congugate

(Lot L) eeteenesennoneenuoneesnneeesnnneennnns = o

Homogeneous Immunofluorescent Staining Pattern of
Human Peripheral Blood Leukocyte Nuclei After Treatment
with A/J Mouse Serum and Lot 1 Fluorescent Conjugate...... 4o

LE Cell Produced by an ll-month-o0ld Mouse of the
A/T Strain........... A X

viii



A STUDY OF ANTI-NUCLEAR ANTIBODIES IN MICE
CHAPTER I
INTRODUCTION AND HISTORY

Anti-nuclear Antibodies in Man

Characterization of Anti-nuclear Antibodies

The basis for the study of autoimmune anti-nuclear antibodies
reactive with autologous nuclear materials was provided by Hargraves
et al. (1948) in a report which described an unusual cell present in
samples of bone marrow derived from patients with systemic lupus ery-
thematosus (SLE). This cell was named the lupus erythematosus (LE)
cell. Typical LE cells were not found ip fresh samples of bone marrow
but appeared in samples of bone marrow after incubation at 370 C. They
were described as polymorphonuclear leukocytes containing a large mass
in their cytoplasm.which stained dark pink to purple with Wright's
stain. It was soon demonstrated that LE cell preparations could be ob-
tained also with peripheral blood samples (Fisher and Moyer, 1950;
Suksta and Conley, 1951;'Moffatt et al., 1950). Further investiéationé
suggested that the only factor contributed by the blood specimen was
serum. Leukocytes used in the test could be obtained from the blood of
ahother individuel, as well as from other mammalian species (Leeugz al.,
1951; Carrera et al., 1954; Haserick, 1956). Subsequent investigaéions

1
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‘revealed that the: serum factor responsible for LE cell formation was
associated with the gamma-globulin fraction of serum as shqwn by mov-
ing boundary electrophoresis (Haserick et al., 1950), starch electro-
phoresis (Holman and Kunkel, 1957), salt fractionation (Haserick and
Lewis, 1950), and cellulose column ion exchange (Willkens et al., 1958;
Fallet et al., 1958). It was also demonstrated by Fallet and associ--
ates (1958) that the LE cell factor was found only in the IgG fraction
of the immunoglobulins; Conflicting claeims have been made concerning
the role of complement in LE cell formation. Formijne and van Soren
(1958) reported that complement is required for the formation of LE
cells, although this had been denied earlier by Lee gﬁ al. (1951).

Following the reports that the serum of SLE patients would in-
duce LE cell formation, Miescher and Fauconnet (1954) showed that the
LE factor could be completely removed from SLE sera by sbsorption with
cell nuclei obtained from numerous animal and human tissues and sug-
gested that the LE cell factor was a true sutocantibody. The reaction
of the LE cell factor and cell nuclei was shown to fix complement
(Robbins et al., 1957; Holman and Kunkel, 1957). The serum facto:t: that
reacts with cell nuclei was shown to be antigenically similar to gamma-
globulin (Holborow et El.,.lgs'r; Friou et al., 1958). More recent
studieé'have shown that anti-nuclear antibodiesvmay exist in all classes
of immunoglobulins (Barnett et al., 196l4) in contrast to the LE'cell
factor which is found only in the IgG fraction. When deoxyribonucleo-
protein (DNP) prepared from cell nuclei of calf thymus was used in ab-
sorPtion tests, the results suggested that the LE cell antibody was

probably specific for DNP (Holman and Kunkel, 1957; Friou, 1958). DNP
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absorption completely removed the LE cell facﬁor, whereas absorptions
with deoxyribonucleic acid (DNA) and histone were ineffective. How-
ever, other immunologic tests have shown that the serum of patients
with SLE may contain a variety of anti-nuclear antibodies other than
the LE cell factor. The following components of cell nuclei have been
clearly identified as reactiné with different énti-nuclear antibodies:
DNP, DNA, and histone (Robbins et al., 1957; Aisenberg, 1959). The pre-
dominant methods that have been used to demonstrate the multiplicity of
anti-nuclear antibodies in SLE sera are complement fixation, precipitin
or agglutinin formation, and fluorescent antibody.

Anti-DNP antibodies have been found in almost all sera from
patients with SLE that have been tested with DNP in a complement fixa-
tion test (Holman and Kunkel, 195T7) or the DNP immunofluorescent spot
test (Friou, 1958; Friou et al., 1958; Casals et al., 1964). Sera con-
taining this factor produce the homogeneous type of nuclear immunofluo-
rescence (Lachmenn, 196L4). Absorption of these sera with DNP will re-
move the:pNP reactive antibodies and a speckled type of nuclear immuno-
fluorescénce will sometimes remain (Lachmann and Kunkel, 1961). Anti-
DNP antibodies have also been found in the serum of patients with other
connective tissue diseases, but the incidence and the titers are much
lover than in patients with SLE (Casals et al., 196k). |

. A smaller percentage of SLE sera have been shown to éontaiﬁ
anti-DNA antibodies in addition to anti-DNP antibodies. Anti-DNA anti-
bodies were first detected in complement fixation tesﬁs with calf thy-
mus DNA (Holman and Kunkel, 1957; Robbins gg al., 1957; Ceppéllini

et al., 1957; Casals et al., 1963). Absorption experiments have
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deménstrated that although DNA will remove the anti-DNA antibody, it
will not remove the LE cell promoting factor or the anti-DNP antibody
responsible for the homogeneous pattern of nuclear immunofluorescence.
Although the complement fixation test has been the most widely used
test to detect anti-DNA antibody activity, Casals et al. (19€3) found
that many SLE sera containing énti-DNA antibodies are anticomplementary
and thus unsuitable for the test. They also found that SLE sera con-
taining anti-DNA antibodies produced a "shaggy" pattern of nuclear
immunofluorescence which was not produced by sera lacking this anti-
body. By using antibody obtained from DNA-anti-DNA preciritates, they
found that anti-DNA antibody was responsible for the shaggy staining
pattern. The authors also suggested that anti-DNA antibodies never
occur in sera in the absence of anti-DNP antibodies. AThe reports of
Stollar and Levine (1961) and Stollar, Levine and associates (19€2)
indiéated that single-standed or denatured DNA is superior to double-
stranded DNA when used as an antigen in quantitative precipitin or
complement fixation tests with anti-DNA antisera. Inhibition of com-
plement fixation was obtained with a wide variety of nuclectides and
purine derivatives. The greatest inhibitor& activity wés obtained with
a pentanucleotide. Some sera had antibodies reactive primarily with
adenine; others were mofe reéctive with thymidine. Since these results
indicated that the aAtiLDNA antibbdies were specific for the purine
and byrimidine bases in DNA, Kunkel and Tan (1964) proposed that this
could‘expiain the greater reactivity of sera with single-siranded DNA,
due to the exposure‘of these groups in the single-stranded c§ﬁfigurétiona

DNA from 40 sources has been shown to react with certain SLE sera
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(Levine, 1963). Quantitative differences were observed in the extent
of these reactions. The differences were ascribed to variation in the
specificity of the antibodies and to variation in the DNA ﬁreparations
with respect to the extent of single-stranded areas on the DNA mole-
cules. Anti-DNA antibodies have been shown to be active in passive

cutaneous anaphylaxis (Deicher et al., 1960).

Pathologic States Associated with Anti-nuclear Antibodies

The results of several clinical studies have been intérpreted
to indicate that anti-nuclear antibodies are not significant in the
pathogenesis of SLE. Negative LE cell tests with the blood of SLE
patients have been reported by Dubois (1956). Many of the patients who
had negative teéts had high titers of anti-nuclear antibody activity in
their sera as indicated by various immunofluorescent tests (Friou et al.,
1958, and Casals et al., 1964). It has also been suggested that anti-
nuclear antibodies do not apparently cross the cell membrane into liv-
ing cells in a biologically active form to react with nuclear antigens
(Casals et al., 196k4). However, a claim to the contrary without pub-
lished data has been made in a review by Kunkel and Tan (196%). Beck
and Rowell (1963) have reported that newborn infants born of mothers
having SLE are usually not affected, even though the LE factor is pre-
sent in the infant's blood for approximately T weeks. Thg tfansfusion
of human serum containing anti-nuclear antibodies into normal individ-
uals (Bencze et él., 1958) and dogs (Bencze and Tudanyi, 1960) did not
result in detectable pathologic changes or discase other than LE cell

formation in vitro. These reports suggest that anti-nuclear antibodies
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are not involved in the pathogenesis of SLE and are therefore not im-
portant. Other reports, however, have stressed the possible signifi-
cance of specific anti-nuclear antibodies. It has been suggested, for
example, that the presence of anti;nuclear antibodies in an individual
indicates an asbnormality in the immunocompetent cells and & potential
cause of disease (Dameshek, 1963). Friou (1958) and Casals et al.
(1964) reported a high incidence of anti-DNP (calf thymus) antibodies
in the sera of SLE patients. Low titers of antibody activity were
also found in a small number of patients with other connective tis-
sue diseases. Although Casals et al. (1964) suggested that there
was a general correlation between high titers of anti-DNP antibody
activity and acute SLE, it had been shown previously that certain
patients may have high titers of antibody activity without showing evi-
dence of acute disease (Friou, 1958; Towneé et al., 1963). The possible
imporﬁance of anti-DNA antibodies in acute SLE has been discussed hy
Casals and associates (1964) and by others (Seligman and Milgrom, 1957;
Kayhoe et al., 1960). In support of the concept that anti-DNA enti-
bodies may be involved in acute disease, Casals et al. (1964) described
a study of 37 patients with SLE, of whom only 19 had anti-DNA antibodies,
and these were the only patients who were acutely ill or had a history |
of severe illness before treatmentl Anti-DNA antibody activity was not
found in the sera of either normal indi?iduals or those with other con-
nective tissue diseases. Considering the observations that serum comple-
ment levels ‘are low in patients with acute SLE (Townes et al., 1963) as
well as in serum sickness (Germuth, 1953; McClusky et al., 1966; Dixon,

1963), it has been suggested by Casals et al. (1964) that complement
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could have been removed by antigen-antibody complexes (possibly DNA-anti-
DNA) and "may play a causal role in the production of some of the mani-
festations of acute disease, glomerulonephritis and vasculitis". Dixon
(1963) demonstrated that chfonic glomerulonephritis develcped only in
animals making small amounts of antibody which allowed soluble antigen-
antibody complexes to develop during serum sickness. It was speculated
by the author that individuals maeking a small antibody response could

be particularly prone to develop certain pathologic lesions in tissues

that do not have any antigenic relationship to the antigen involved.

Anti-nuclear Antibodies in Experimental Animals

Antibodies Induced by Immunizations
A number of claims have been made that immunizations with DNP-
or DNA-containing materials induce certain experimental animals to pro-
duce antibodies réactive with autologous nuclear constituents or nuclei
from other sources. Blix et al. (1954) reported that the sera of rab-
bits hyperimmunized with crude preparations of DNA from calf thymus or

Mycobacterium tuberculosis contained antibodies that reacted in a com-

plement fixafion test with the specific maferial used for immunization,
but did not crosé-react with other DNA preparations. Phillips and
associates (1958) immunized rabbits ﬁith 12 injections of Brucella
abortus DNA extract containing 25% protein. In gel diffusion the anti-
sera produced precipitin bands that were Feulgén positive, indicating
thaﬁ the preéiﬁitate contained DNA, These antisera also showed cross
reactions with DNA from calf thymus and salmén sperm. The antibody

activity could not be absorbed with whole B. abortus beils or the



8
residue remeining after chloroform extraction. Successful immuniza-
tion with DNP was also accomplished by Goodmen (1959). He gave 9 rab-
bits a prolonged series of injections with human liver DNP extract in
complete Freund's adjuvent. All rebbits developed antibodies that re-
acted with both human and rabbit liver DﬁP extracts. Lachmann (1961)
attempted to characterize the LE cell antigen by injecting rabbits
with either mouse, human,.or guinea pig cell nuclei, calf thymus DNP
or DNA, or human sperm. Although the injections were given ovef 8
period of several months, none of the animals was positive in the LE
cell test. A similar experiment was conducted by Miescher et al. (1961)
in which rabbits were given 6 weekly injections of purified nuclear
constituents or intact cell nuclei. One-half of the rabbits produced
antibodies that reacted with the injected material in precipitin tests.
Cell nuclei were suggested as the best antigen for inducing anti-nuclear
antibody formation. All antisera were found to be cross-reactive with
heterologous preparations of DNP cr DNA in precipitin tests. Treatment
of the antigen with DNase inhibited precipitin formetion. None of the
antisera would produce passive cutaneous anaphylaxis with DNA, and only
1l of 29 immunized rabbits haed a positive LE cell test. This was, how-
ever, the first report of induced LE cell activity in experimental
animals. It was also found that human SLE serum would inhibit the re-
action of positive rabbit immune sera in immunofluorescent spot tests
with DNP. More recent experiments-by-Heid; ég al. (1963) have confirmed
that rabbits can be induced to produce the LE cell factor. 'In the latter .
studies animals were injected repeatedly until they had receilved a total

of 28 mg of either calf thymus DNP, heat denatured DNA (commercial),'or
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cell nuclei. The antisera reacted with nuclel of various mammals, in-
cluding rabbits, and LE cells were produced in whole blood. Purified
DNAicontaining less than 0.01% protein has also been used as an antigen
in attempts to induce rabbits to produce anti-DNA antibodies (Coulter
and Ellem, 1961). The DNA preparations were extracts of either mouse
liver or Ehrlich ascites tumor cells. All injections were given intra-
venously. Although the DNA preparations from both sources induced anti-
body activity which had the same specificity in complement fixation
tests, only the tumor DNA antisera would inhibit tumor growth. This
finding suggested that the antisera had differences in specificity.
Studies have also been made of the antigenicity of bacterial DNP and
DNA, viral DNA, and killed bacteria. Laéhman et al. (1941) found that
pneumococcus antisera would precipitate with calf thymus nucleic acids.
The reaction was inhibited by purine nuclectides, nucleosides, and

purine bases but not by pentoses. It has also been reported that sera

from rabbits immunized with a total 6f 1.8 mg of Salmonella typhimurium
DNA (0.07% protein and 10% ribonucleic acid) or heat kiiled cells con-
tained antibodies reactive with DNA (Timaskov et al., 1963). The rab-
bits injected with heat killed bactgria-had higher titers of complement
fixing antibody than the animals injected with purified DNA. Treatment
of the antigens with DNase caused a significant decrease in the titer.
Treatment with RNase, trypsin, or chymotrypsin was ineffective. It was
concluded that whole cells are more effective in inducing anti-DNA anti-
body production because the nuclear antigens are not susceptible to
serum nucleases. Christain et al. (1964) induced rabbits to produce

anti-DNA antibodies during hyperimmunization with a saline suspension
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of.formalin killed Escherichia coli or S. txphimurium. Immunization

with Bacillus subtilis was ineffective. Four of 28 rabbits produced

antibodies that would cross-react with various DNAs in complement fix-
ation tests. These antisera also reacted with rabbit DNA, but did not
combine with the nuclei of calf thymus or rabbit testis. Absorption of
the antisera with the bacterial DNA used for injection did not remove
all of the activity for host DNA. Absorption with adenylic acid, how-
ever, removed all antibody activity for host and bacterial DNA. Another
autoantibody was also produced by the rabbits that developed anti-DNA
antibodies, as evidenced by the fact that all of these animals became
sensitized to their own gamma-globulin. ILevine and associafes (1960)
and Levine (1963) presented conclusive evidence for the antigenicity

of bacteriophage T4 DNA in rabbits. The antisera did not cross react
with DNA from E. coli or calf thymus. The authors concluded that the
antibodies were specific for Th DNA and were directed, in part, to the
glucosyl moieties unique to this molecule. Recent investigations have
also indicated that purine or pyrimidine conjugates with bovine serum
albumin (BSA) or other proteins induce the production of anti-DNA anti- _
bodies when injected into rabbifs. The an£isera reacted with both
native and heat denatured DNA preparations in complement fixation tests
and passive cutaneous anaphylaxis (Butler et al., 1962;_Tanenbaum and
Beiser, 1963;4Plesc_:ia et al., 196k; Plescia et al., 1965). The imtﬁuno-
genicity of these preparations appears to be greater than that'of native
DNA since all sera collected after 3.inje§tibns contaihed antibodies re-

active with DNA from several bacterial sources. The antisera also in-

hibited the transformationmcapacitiés of DNA from Diplococcus pneumoniae.
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Inhibition tests with various known nucleotides indicated that ﬁhe hap- :
ten was a tetra- to a hexanucleotide. Although most of the evidence in
these studies indicates that DNP and DNA are immunogenic in some rabbits,
it will be noted that it was necessary, in most experiments, to give
numerous immunizations before the animals developed antibody to the in-
Jjected material.
Spontaneous Production of Anti-nuclear Antibodies
by Experimentel Animals

In the systematic study to determine the etiology of the hemo-
lytic anemia that occurs in NZB/BL mice, it was observed that some of
the animals had pathologic renal lesions similar to those found in SLE
patients (Bielschowsky et al., 1959). LE cell tests were performed and
L% of the mice were positive. The author considered that these find-
ings were suggestive of an autoimmune disorder enalogous to humen SLE.
Following this preliminary report, numerous investigastions of NZB/BL
and NZB/BL hybrids have been made to determine the similarities in sero-
logic and pathologic findings in these strains of mice and in humeans
with SLE. Norrins and Holmes (1964) reported that 45% of 8-week-old
NZB/BL mice have aﬁti-nuclear antibodies reactive with human leukocyte
nuclei. The antibody activity could be absorbed with calf thymus DNP.
Ultracentrifugation and mercaptoethanol treatment of positive sera in-
dicated that the anti-nuclear antibody activity was in the T S class of
immunoglobulins. Although there wasvno apparent difference in the in-
cidence of anti-nuclear antibody acpiyity according to sex, it was
found that those mice dying of renal disease had twice the incidence of

anti-nuclear antibodies as did those dying of other causes. A somewhat
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lower incidence of antibody activity in NZB/BL mice has been reported
by Mellors (1965). He found that 8 of 10 mice examined had glomerulo-
nephritis, but only 1 of 15 mice that were 4 to 12 months old had
anti-nuclear antibodies reactive with cell nuclei. None of these sera
agglutinated DNP coated latex particles. The only apparent difference
in these 2 experiments was in the immunofluorescent techniques used.
Mellors (1965) prepared his own fluorescent conjugate, whereas Norrins
and Holmes (1964) used a commercially prepared fluorescent antibody.
Both groups of workers stated that their antisera reacted only with
mouse gamma-globulin. Mellors {1965) also reported that: (1) 9 of 12
6-month-old mice had elevated serum 7 S gamma-globulin, (2) 2 of 28
mice had a rheumatoid-like factor in their serum that was sensitive
to mercaptoethanol, and (3) gamma-globulin extracted from kidneys
showing glomerulonephritis did not combine with mouse erythrocytes,
autologous or isologous cell nuclei, or normal, young, isologous mouse
kidney.

A higher incidence of anti-nuclear antibody activity has been
observed in most Fl hybrids in which one of the parents was an NZB/BL
mouse. Helyer and Howie (1961, l963a)‘conducted studies of a (NZB/EL
x NZY/BL)F1 hybrid sgrain. They found that 17 of 48 hybrids were posi-
tive in LE cell tests. None of the NZY/EL mice was positive. The in-
cidence of posiﬁive tests was found to be greater in females, and many
of the mice»died prematurély from renal failure. Another hybrid,
(NZB/BL x NZW/BL)F1l has also been studied extensively. These mice be-
ginlto die of renal failure at 2 to iO months of age &Helyer and Howie,

1963c; Dubois et al., 1965). The incidence of positive LE cell tests



13

in 6- to 10-month-old mice has been reported to range from T70% to 100%
(Hbiyer and Howie, 1963b, 1963c; Dubois et al., 1965; Chamning et al.,
1965). The incidence of antibodies reactive with cell nucle; in immunc-
fluorescent techniques is much higher in these hybrids than in NZB/EL
mice. Burnet and Holmes (1965) found the incidence to be 81% in sick
males and females. The incidence was slightly lower in healthy males
and females of the same age as the sick animals. ©Not all dead mice had
anti-nuclear antibody activity in their sera and it was suggested that
this finding lent support to the view that anti-nuclear antibodies were
probably not responsible for the kidney lesions (Burnet and Holmes,
1965). However, since these experiments did not include serologic
observations of the mice when they were younger, it appears that the
conclusion is not completely valid. |

Naturally occurring anti-nuclear antibody activity has also
been found in another Fl hybrid strain of mice which had an NZB/EL
mouse as one of the parents. Norrins and Holmes (1964) found that
(NZB/BL x C3H)FL mice spontaneously develop antibodies reactive with
the cell nuclel of various mammals.

Anti;nuclear antibodies have<a1so been found to appear spon-
v tgneously in some members of other strains of untreated mice. Inbred
strains in which this activity has been described include A/HeJ and
C57BL/6J (Shulman et al., 1964), C57 and C3H (Norrins and Holmes,
1964), and C5TBR (Holborow et al., 1965). Anti-nuclear antibody
activity has also been found in a large percentege of random bred

mice, strain HI (Norrins and Holmes, 196k4).
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The LE cell factor has also been found in other animal species.
Lewis et al. (1965) described a systemic disease in 7 dogs in vwhich all
animals had kidney lesions similar to those seen in human SLE. Al; of
the animels had the LE cell factor, rheumatoid factor, anti-thyroid
autoantibodies, and anti-erythrocyte autoantibodies with hemolytic
anemia, TFive of the dogs died in renal failure.

Theories of the Etiology of Anti-nuclear
Antibody Production

Although numerous theories have been proposed to account for
the spontaneous and persistent production of antibodies reactive with
nuclear antigens in man and experimental animals, none of them is
totally accepted. This could be que to the fact that the inducing
agent(s) is(are) unknown, pﬁyéiologic and genetic variables are not
completely understood, and complete knowledge of the mechanisms control-
ling and inhibiting antigen catabolism and induction of antibody synthe-
sis is lacking.

Some authors consider that microorgenisms might be responsible
for inducing the production of anti-nuclear antibodies. Bardawil et al.
(1958) and Seligman (1958) suggested that heterologous antigenié stimu-
lation from microbial nuclear componehts may induce anti-nuclear anti-
body formation. Sbarra et al. (1963) proposed that, following phago-
cytosis of mieroorganisms and lysosomal rupture, DNases attack nuclear
DNA of the phagocyte leading to the formation of a "disturbedrnucleus".
The partially degraded nucleus.was suggested as being the inducing
agent. The authors speculated that if the antibodies-could participate

in tissue destruction, additional altered antigen would be released and
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thus it woﬁld not be necessary to assume a need for the continued pre-
sence of the microorganism.

Another.theory of anti-nuélear antibody formation suggests
that it is a normal physiologic process mediated by antibodies which
are carriers of normal catabolic components of the host ( Boyden, 1964).
It was assumed by this investigator that antibodies reactive with auto-
antigens are normally present in all animals but in undetecteble con-
centrations in most animals. He suggested that the presence of auto-
antibodies, indicated by positive serologic tests, is the result of an
exaggeration of a normal immunologic process.

A possible explanation for the spontaneous production of anti-
bodies that react with nuclear antigens and other body constituents
normally accessibie to the lymphatic tissues has been developed by
F. M. Burnet and others. They suggested that the normal animal does
not initiate an immunological response to autologous (self) tissue
componenté in a recognizable form because of the existence of certain
normal homeostatic controls. Autoimmunity is explained as being the
result of somatic mutation in immunopoietic stem cells which allows
subsequent antibody producing cells ("forbidden" clones) to proliferate
and express their autoimmune activity (Burnet, 1958). In establishing
a working hypothesis, the author assumed that the essentiél genetiq
lesion is an increased lability of immunologically competent stem cells
to undergo somatic mutation toward resistance to immunologic homeo-
stasis (Holmes et al., 1961). Another possibility might involve a
generaliied weakness.of the homeostatic mechanism in certain animals

vwhich could allow "forbidden" clones of antibody forming cells
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to proliferate. These clones of cells would be eliminated in the normal
animal. In a recent modification, Burnet and Holmes (1964) suggested
that the thymus is the site of the primary homeostatic process by which
any cells which develop the capacity to react with antigenic determin-
ants present in accessible regions of the body are destroyed or inhib-
ited. If cells are capable of resisting the'intrathymic controls and
react with accessible antigens in the thymus, it was speculated that
germinal centers and plasma célls found in the thymus of NZB/BL mice
and some patients with autoimmune diseases would indicate an abnormal
condition. The significance of germinal cente}s in the thymus becomes
difficult to interpret in view of the report by Steiger (1965) show-
ing that germinal centers can also be found in the perivascular con-
nective tissues of numerous organs of NZB/BL mice and in the thymus of
aged Swiss mice. The Swiss mice were devoid of detectable autoimmunity.
Germinal centers are not found in the thymus of A/J mice which have
developed anti-DNP antibodies spontaneously (Myers and Friou, 1965).
Although the role of the thymus in autoimmunity is thus uncertain, it
does appear to be involved in the spohtaneous appearance of autoimmune
hemolytic anemia in certain mice. Helyer and Howie (1963b) and East
and Parrott (1965) reported that neonatal thymectomy -of NZB/EE mice
causes an eérlier appearance of. the aneMia. Once the autoimmune
condition developed, it could not be reversed by thymic grafts from
normal»CBA/T6 mice. These findings were interpreted as evidence that
abnormal clones of immunopoietic cells are not dependent upon the pre-
sence of a thymus for their immune functions. If the thymus were the

source of the "forbidden" clones, the cells had already left it before
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birth. The latter concept has also been supported by Holmes and Burnet
(1964).
Other investigators have‘published data which indicate that
the thymus and possibly other lymphoid organs might be involved in both
normal and autoimmune processes. Many of the thymic-associateé immune

functions have been reviewed by Good and associates (1965). Neonatally

thymectomized mice are unable to reject homografts and are defective in
the capacity to make circulating antibodies following specific antigenic
stimulation. Spleen cells derived from thymectomized mice are immuno-
logically inadeqﬁaté since they fail to induce a graft versus host re-
action in normally susceptible hosts. Such cells are also defective in
protecting syngénic recipients from radiation death. Neonatally thymec-
timized mice that have been fransplanted with syngenic thymus tissue in
the neonatal period develop normally with respect to their growth, de-
velopment, immunologic capacity, and longevity. Mice not receiving the
thymus graft develop a waéting disease and die. Syngenic thymus trans-
plants performed on heonatally thymectomized mice more than 4 to 6 weeks
of age fail to restore normal immunologic capacities and the mice die
with éymptoms that are similar to those seen in untreated thymectomized
mice. Although some cells of the thymic graft gain entfance into the
host's 1ymphoid tissues, the primery function of the graft is apparently
that of permitting the normal development of the host's own lymphoid |
cells. By using thymus grafts contained in Millipore chambe;s, it has
been concluded that‘the thymus elaborates a humoral.factor which is
necessary for the continued normal function of the immunopoietic tis-

sues of the thymectomized host. In contrast to the failures seen with
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' thymus grafté, the injection of dispersed cells into thymectomized mice
will completely repopulate the host and nearly always reverse the early
symptoms of the wasting disease. Studies with thymectom{zed adult ani-
mals also indicate that the thymus participates in the development of
immunologic potential far beyond the neonatal period.

Various theories have been advanced concerning the etiology of
the post-thymectomy syndrome that develops in young experimental ani-
mels. MecIntire et al. (196L4) found that germ-free mice do not develop
the wasting disease after thymectomy and proposed that it must be caused
by microorganisms. Other workers have postulated that the syndrome is
caused primerily by a lack of self recognition by the immunologically
competent cells of the host, and that the disease may represent an
experimentally induced autoimmune state. DeVries and associates (196L4)
studied neonatally thymectomized CBA/Rij and C5TBL/Rij mice. The tis-
sue reactions they observed were similar to those found in graft versus
host reactions and in SLE patients. Four of 102 mice had renal path-
ology identicel with that seen in SLE patients. A small number of the
mice were examined for the production of LE cells. Although typical
ALE cells were not found, erythrophagocytosis and other phencmena seen
in LE cell preparetions of SLE patiénts were observed. Many of the
mice had increased numbers of plasma cellé and macrophages and this was
‘interpreted to indicate intense immunologic reactivity. It was con-
cluded that infectious disease alone could not ekplain all of the path-
ologic findings. Results of the work of Kellum and associates (1965)
also support the theory that the post-thymectomy syndrome is partially

due to autoimmunity. Groups of adult rabbits were surgically treated
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to remove either the thymus, thymus and spleen, thymus and appendix,
spleen, or appendix. After 14 to 17 days all of the rabbits, plus
unoperated controls, were given 500 r total body irradiation. Some
members of all groups became positive in the direct Coomb's test.
The members of the thymectomized-appendectomized group showed the
highest incidence. One of 10 irrsdiated controls, but none of the
unirradiated controls was found to be positive. The lymph nodes and
spleen of the thymectomized-appendectomized group were almost devoid
of lymphatic follicles and were predominantly deficient in small lymph-
ocytes. Amyloidosis was also found in most of these animals. It was
proposed that the basic defect which leads to runting, wasting, auto-
immune processes, and amyloidosis is a deficiency in the amount and
organization of the lymphoid tissues, primarily the spleen and nodes.
The thymus and appendix in the rabbit appéar to be directly involved
in the maintenance of immunological homeostasis which prevents the
emergence of self-reactive "forbidden" clones of immunopoietic cells.
In contrast to these results, studies reported by East and Parrott
(1965) involving 63 neonatally thymectomized mice of 3 strains failed
to reveal evidence of autoimmunity expressed by the production of anti-
nuclear or anti—erythrdcyte antibodies.

The production of anti-nuclear antibodies by certein humans
has been ascribed to the consequence of genetically transmitted mech-
anisms which either normally inhibit the proliferation of "forbidden"
clones or predispose these individuals to a higher raté of somatic mu-
tations in immunologic stem cells. Holman (1963) compared the family

of an SLE patient with a group of control individuals. A high incidence -
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of clinical connective tissue diseases or serological abnormalities was

found in the family of the SLE patient but not in the controls. SLE .. .

was not found to be the predominating disease, and 60% of the family
were free of clinicsel disease. Another family study of SLE patients
has been reported by Pollak (196L4). Anti-nuclear antibodies were found
among the relatives in 25 of 43 families. Negative results were ob-
tained with 24 relatives of matched healthy subjects. Burch and Rowell
(1963)'have suggested that autoimmunity in SLE patients is the result
of sometic mutation in stem cells which leads to the development of
"forbidden" clones of lymphocytes and plasma cells. Further develop-
ment of this concept led to the proposal that anti-nuclear antibody
production and SLE are confined to individuals with a specific genetic
disposition (Burch and Rowell, 1965). It was suggested that the pheno-
tyﬁic expression of SLE requires the occurrence of 3 specific random
mutations. Their average rate was proposed to be constant throughout
post-natal life and independent of ordinery environmental factors.
The'mutatiqns were proposed to occur at 3 predisposing X-linked loci

in certain stem cells of the lymphoid series. The authors proposed
that an interval or latent peridd between the last somatic mutation
and the clinical énsét of the disease is usually about 5 years in fe-
.males and 2% years in males. They added that the latent period is
probably affected b& environmental factors such as drugs, infections,
or mental stress. All of the factors are suspected of precipitating
SLE in some individuals. It was suggested further that during the
latent period there is a proliferation of the "forbidden" clones, with

concomitant antagonism being mediated through the formation of humoral
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antibodies against autoantigens in the "forbidden" clones. The effi~
ciency of the elimination mechanism was proposed to be about twice as
high in males as in females.

Genetic factors have also been suggested as being involved in
the abillty of experimental animals to respond to immunization with
certain antigens. In studying induced autoimmune thyroiditis in experi-
mental animals, McMaster et al. (1965) . concluded that the incidence of
disease is greater in Hartley guinea pigs.and C5T7Bl mice than in strain
13 guinea pigs and Swiss mice. Levine and associates (1963) found that
the ability of certain guinea pigs to respond to simple chemical haptens
is transmitted as a unigenic Mendelian dominant character. Genetic fac-
tors also appear to be involved in the sbility of certain strains of
mice to respond to syntheti¢ polypeptides (McDevit and Sela, 1965),
tetanus toxoid (Ipsen, 1959), and bovine serum albumin (Farr et al.,
1963).

The purposes and objectives of the present research were to
(1) find a strain of mice in which anti-nuclear antibodies are pro-
duced spontaneously, (2) determine the incldence and types of anti-
nuclear antibodies produced by these mice, (3) detérmine if .the in-
cidence of anti-nuclear antibody activity is similar of different in
meles and females, (4) determine if specific immunization of seronega-
tive mige would induce the production of anti-nuclear antibodies, and
(5) determine if passive transfer of anti-nuclear antibody production
could be accomplished with spleen cells obtained from sefopositive

donors.



CHAPTER II
MATERIALS AND METHODS
Mice

Strains and Sources
A/J, C5TBL/6J, DBA/1J, and AJDF1l (Fl hybrid of female A/J and
male DBA/lJ) mice were purchased commerciallyl. Young A/J and DBA/lJ

mice (4 to 6 weeks old) were from production stocks, while 8-month-old

A/J, C57BL/6J, and DBA/1J mice had been retired from breeding colonies.

AJDF1 mice were obtained when they were 6 months old. Two pair of
NZB/BL mice (brother-sister pairs) were kindly provided by Dr. J. B.
Howie of the University of Otago Medical School, North Taieri, New
Zealand. Each pair produced a litter. The progeny were weaned at k4
weeks of age and separated according to sex. At 6 weeks of age, they
were brother-sister mated. By continuing this process approximately
100 NzB/Bl mice were obtained.

ANZEF1 mice were obtained by mating A/J females with NZB/BlL
males. The parental animals were 2 months old. Five males and 20 fe-
males were used. One male was placed in a cage with 4 females for 17
days. Each female was then isolated. The progeny, which were all

black, were weaned after Ut weeks and separated according to sex.

;R. B. Jackson Memorial Leboratory, Bar Harbor, Maine.
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Care and Handling

All of the mice were housed in the same isolated air-condi-
tioned mouse room. They were handled whenever possible with tongs
dipped in Amphyl. The diet consisted of Rockland Mouse-Rat diet2 and
autoclaved tap water. No more than 5 animals of the same sex were
housed in the same plastic disposable cage3o Every 7 days the mice
were placed in new cages with fresh sawdust. Animels in each cage were
grouped according to strain, date of purchase, age, sex, and an ear

punch code number.

Mouse Serum Pools

Five poolfs of serum from each of 17 inbred strains of mice were
obtained commerciallyl. A1l serum donors were from breeding stocks and
were 8 months old. Each pool contained 1 ml serum which was composed of
0.1 ml aliquots from 10 donor mice. Undiluted samples of each serum
..pool were tested for antibodies which would react with calf thymus DNP

spots and peripheral blood leukocyte nuclei.

Serum Samples from Individual Mice

Prior to bleeding, the mice were placed in a 370 C incubator
for 10 minutes. The mouse to be bled was then placed inside a 50 cc
syringe which was heid stationary at approximstely a hSo angle from
horizontal, with the head of ﬁhe mouse elevated. Tape was placed over
the large open end of the syringe and the mouse's tail was withdrawn.

A vein in the anterior ventral surface of the tail was cut with a

- 2Texlad Incorporated, Monmowth, Illinois.
3Aloe Sclentific, St. Louls, Missouri.
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sterile surgical blade and the blood was collected in capillary tubes .
Centrifugation was carried out for 5 minutes. 'The tubes were then
broken above the clot and the portion of the tube containing the clot
was discarded. The serum was either used immediately in serologic tests

o)
or was stored at -20 C.

serologic Tests for Anti-nuclear Antibodies

The indirect fluorescent-antibody technique was used for the
detection in mouse serum of antibodies reactive with calf and rabbit

thymus DNF, purified czlf thymus DNA, or leukocyte nuclei.

(Calf and Rebbit Thymus DNP

DNP extraction. DNP was extyacted from the thymus of a calf

and from thymus tissue collected from 10 young adult albino rabbits.
The extraction procedure was started within a few hours after the tis-
sue was obtained (Friou, 1958; Friou, 1962). All reagents were kept
at 4 to 60 C. Centrifugstion was also carried out at this temperature.
A 50 gm portion of thymus was cubt into small pieces and then added to
100 ml of é solution containing 0.05 M sodium chloride and 0.025 M
sodium citrate, pH 7.0. The mixture was triturated in & high-speed
blender and then centrifuged at 1,000 g for 30 minutes. The superna-
tant was discarded. The sediment wés suspended in 100 ml of the same
sclution, and centrifuged as above. The supernatant was discarded and
the Qeéiment was washed 3 times with 50 ml of distilled-deionized (D-D)
water, bH 7.0. The sediment was then blended for 15 seconds with 240

ml of pH 7.0 D-D water and shaken overnight on a rotary-horizontal

uClayoAdams, Inc., New York, New York.



25
shaker at 4 to 6° ¢. The viscous extract was blended briefly and
centrifuged for 30 minutes at 2,000 g. The sediment was discarded.
The supernatant was mixed with 5.66 volumes of 0.177 M sodium chloride
and incubated at 4 to 6° G for 30 minutes. The precipitate was col-
lected by centrifugation at 2,000 g for 30 minutes and resuspended in
0.15 M sodium chloride. The sediment, collected by centrifugation,
was washed with a small volume of pH 7.0 D-D water and recentrifuged.
Three-hundred ml of pH 7.0 D-D water was added to the sediment. The
nixture was then shaken overnight as before. The white, viscous,
opalescent solution was lyophilized in 30 ml volumes and stored at
room temperature.

DNP spot test standardization. To determine the optimal

amount: of DNP to be used in preparing DNP spots, aqueous solutions of
both calf and rabbit thymus DNP were prepared containing 5.0, 2.5,
1.25, and 0.675 mg/ml° DNP spots were made by placing 1 drop of each
of these solutions on clean, 3 x 1 inch microscope slides. After dry-
ing overnight at room temperature, the spots were tested with undiluted
mouse and human sera containing anti-DNP antibodies, and with normal
sera, using the standard spot test procedure. Five-hundred to 1,000
DNP spot slides were then prepared as needed and stored in microscope

slide boxes at -10 to -20° C.

Calf Thymus DNA
Purified calf thymus DNA (0.73% protein)’ was used to prepare

DNA spot slides. Spots were made by applying to formalin-fixed,

5Worthington Biochemical Corpn,'Freehold, New Jersey.
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gelatin coated microscope slides (1 x 3 inch) 2 drops of a solution con-
taining 90 mcg/ml bNA and 10 mcg/ml neutral detergent (Naccanol DB)6 in
pH 7.0 D-D water (Casals et al., 196k). The DNA was stirred overnight
at 4 to 6o C, and the detergent solution was then added to provide the
correct concentration of both components. The slides were dried at
room temperature, fixed in 95% ethanol for 30 minutes, and stored at

-20° ¢ in microscope slide boxes.

DNP and DNA Spot Tests

The procedure used in testing mouse sera for the presence of
antibodies reactive with DNP or DNA was similar to that described pre-
viously (Friou, 1962; Casals et al., 1964). One to 4 known positive
and known negative mouse sera were used as controls. Spot test slides
were removed from the freezer and allowed to dry thoroughly at room
temperature. A circle (inside diameter, 5 to 8 mm) was made on each
spot with a black-ink Mark-X-Tech pen7. After drying, the ink ring
served as a reservoir for serum and conjugate, made the spot easy to
identify, and provided contrast in determining the intensity of fluor-
escence in ultra-violet light. Each slide was numbered for identifi-
cation with the Mark-X-Tech pen. The area of the spot inside the black
ring was completely covered with serum (approximately 0.025 ml). Each
slide was placed over moist paper towels in an enélosed stainless-steel

container and incubated at room temperature for 30 minutes. The slides

were then removed from the container and washed gently with phosphate

6Microbiological Associates, Bethesda, Maryland.

TMark-Tex Corp., New York, New York.
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buffered saline (PBS) containing 0.15 M sodium chloride and 0.01
M NaEHPOu, pH 7.0. Additional washing was accomplished by placing the
slides in a glass tray which was then submerged in 1,000 ml of PBS for
30 minutes at room temperature while the Solution was under constant
agitation by a magnetic mixer. The slides were then removed and gauze
was_used to remove excess fluid from the slide outside the ring enclos-
ing each spot. The entire area of each spot inside the black ring was
covered with fluorescein-labeled rabbit anti-mouse gemma-globulin con-
jugate containing 1% BSA (fraction V)8 and incubated for 30 minutes at
room temperature as described above. Afpe; the slides were washed in
PBS as described previously, excess fluid was removed with gauze, and
the DNP spots were blotted gently with filter paper or washed by pour-
ing D-D water over them. DNA spots were mounted with phosphate buffered
glycerol, pH 7.0, and covered with a coverslip (l x 1 inch). Both DNP
and DNA spot slides were examined microscopically with an ultra-violet
light (Blak-Ray, B-100, lOO_watts)9 in a dark room. The intensity of
fluorescence of each spot was graded 3 plus (+++) to negative (-) by
comparison with positive and negative contrcls. An example of the
fluoreécence obtained with a positive (+++) and a negaéive (~) serum

is shown in Figure 1.

Peripheral Blood Leukocytes
Two mL of mouse (A/J), rabbit, or human blood was drawn di-

rectly into & glass syringe containing heparin and 1 ml of L4%

8Nutritional Biochemicals Corp., Cleveland, Ohio.

-‘9U1tra-Violet Products, Inc., San Gabriel, California.
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Figure 1. Fluorescence of calf thymus DNP spots after treat-
ment with either serum containing anti-DNP antibodies (+++) or normal
serum (-), and fluorescein isothiocyanate labeled rabbit and anti-mouse
gamma-globulin conjugate (Lot 1).




polyvinylpyrrolidone (molecular weight, lLO,OOO)lo (Casals et al., 1963).
A blunt needle was attached to the syringe and a tigﬂt fitting piece of
polyethylene tubing was placed over the needle. The tubing was then
closed with a clamp. The syringe was placed in a vertical ?osition at
4 to 6° C with thé needle upright. After the erythrocytes had com-
pletely'sedimented, the syringe was removed from the refrigerator in
the upright position, the clamp was remo?ed, and gentle pressure was
applied to the plunger. Drops of the leukocyte suspension were placed
on gelatinized slides in a moist chamber for 30 minutes at room tempera-
ture and then washedlin PBS for 30 minutes. The slides were fixed in
95% ethanol for 30 minutes and allowed to air dry. ﬁeukocyte prepara-
tions which were not used immediately were discarded. The preparations
were covered with undiluted mouse serum (approximately 0.025 ml) and
the spot test procedure was followed. After the final washing, the
slides were mounted with phosphate buffered glycerol, pH 7.0, and
covered with a 1 x 1 incﬁ coverslip. Each slide was examined micro-
scopically within 18 hours for fluorescence of the leukocyte nuclei.

The fluorescence was rated +++ to negative (-) by comparison with posi-
tive and negative controls. If the slides could not be examined immedi-
ately, they were stored at 4 to €° ¢. Micros¢opic observations were
made with a Leitz Ortholux microscope equipped with an ultra-violet

light source (Osram HBO-200 mercury vapor bulb), a 4 mm UGl filter,

and a Wratten 2A ocular filter.

LOantars Chemicals, New York, New York
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Rabbit Anti-mouse Gamma-Globulin
The two antiseras used in these experiments were purchased com-
merCiallyll- One preperstion (Lot 1) was obtained asAa-fluorescein.
isothlocyanate-labeled gamma-globuiin fraction of serum from rabbits
immunized with purified mouse gamma-globulin. The other preparation
. (Lot 2) was obtained as whole serum from rabbits that had been immunized
with purified mouse gamma-globulin.

Ammonium sulfate fractionation. A crude globulin fraction of

the serum was prepared by precipitation with (NHM)ESOh and was labeled
8

with fluorescein isothiocyanaﬁe by the method of Coons and Kaplan
(1950), as modified by Riggs et al. (1958) and Marshall et al. (1958).
The (NHﬂ)QSOu fractionation was carried out at 4 to 6° C. The serum
was first diluted with an equal volume of PBS. = Saturated (NHM)ESOu
was then added dropwise while the mixture was being stirred gently
until twice the original volume of serum was added. The mixture was
stirred for an additional 30 minutes after the last drop of (NHM)ESOA
had been added. The precipitate was collected by centrifugation at
1,000 g for 15 minutes, washed with one-half;saturatedA(NHh)asou, and
again collected by centrifugation. The crude globulins in the precipi-~
tate were éissolved in 0.01 M phosphate buffer, pH 7.0, in a volumg
equal to one-half that of the original serum, and dialyzed against
1,000 ml of volumes of the same buffer for 18 hours, using 3 changes of

buffer. The globulin preparation was stored at -20° C.

Protein assay. The protein content of the globulin prepara-

tion was determined with a modification of the method of Lowry et al.

llAntibodies Incorporated, Davis, California
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(1951). Stock solutions of a rabbit gamma-globulin8 standard were pre-
pared in PBS to contain 25, 50, 100, and 200 mcg/O.2 ml. These stand-
ards were stored at -20° C and were used in each protein determination.
A portion of the unknown immune globulin solution was diluted with PBS
to contéin 25 to 200 meg of protein per 0.2 m;° A series of tubes was
then set up céﬁt&ining 0.72 ml of 1N NeOH, 0.2 ml of the unknown glo-
. bulin or standard solution, and 0.28 ml of D-D water. Fifty ml of
reagent A (2% Na2003) were mixed with 1 ml of resgent B (1 gm NaKCyH, Og*
hHéO, 0.5 gm CuSOy .5H,0 per 100 ml D-D water) to form reagent C. Re-
agent C was prepared fresh for each protein determination. Six ml of
reagent C was added to each tube. The contents of the tubes were mixed
thoroughly and allowed to stand at room temperature for 10 minutes.
Six-tenths ml of Folin-Ciocalteau reagent12 was then added to the con-
tents of each tube. The tubes were incubated for 30 minutes at room
temperature for color development. Optical density was read at 500 mp
in a Coleman Universal Model 14 spectrophotometer using a reagent-PES
blank as the zero absorbancy. The standards were plotted on semilog
graph paper and the concentration of protein in the unknown globulin
soiution was determined by reference to the standard curve.

Fluorescent lebeling. For fluorescent labeling, a portion of

the globulin was diluted with 0.15 M saline and 0.5 M carbonate-bicarbo-
nate buffer, pH 9.0, until the final concentration in the mixture was
10 mg protein/ml and 10% (by volume) of the pH 9.0 buffer. The beaker

containing the globulin was placed in an ice bath and its contents were

l2Fisher Scientific Co., Fair Lawn, New Jersey.



mixed gently. When the temperature of the gidbulin solﬁtion was 1 to
20 C, fluorescein isothiocyanate8 (0.05 mg/mg of protein) was added.
The beaker containing fhé gluorescein-globulin mixture was transferred
to a refrigerator (4 to 6° ¢) where mixing was continued for 18 hours. -
The fluorescent conjugate was then dialyzed against 0.0l M phosphate
buffer, pH TuO,'for 18 hours and passed through a column of Amberlite
. CG oot (Friou, 1962). To prepare the Amberlite column, 4 gm of the
resin were washed in 300 ml of 3 N HCl and then in 0.01 M phosphate
buffer, pH 7.5, until the pH became T7.5. The resin was then poured
into a 10 ml serological pipette equipped with a glass wool plug and
allowed to settle by gravity flow. After passage through the coiumn,
the conjugate was centrifuged at 10,000 g‘for 20 minutes and the pre-
cipitate wés discarded. The conjugate was stored at -20° ¢ in 3 ml
volumes.

Standardization of conjugates. Both Lot 1 and Lot 2 conju-

gates were standardized by testing serial two-fold dilutions against
DNP and DNA spots and humsn leukocytes which had been exposed to un-
diluted mouse serum under the test conditions described above. Twice
the concentration of the highest dilution of conjugate which produced
maximum fluorescence with positive sera and no fluorescence with nega-

tive sera was used in each test.

Absorp;ioh'gg conjugates. Both conjugates were tested for
non-specific staining after absorbing them with an equal volume of
A/J mouse serum. For this purpose, a mixture consisting of equal
volumes of conjugate and serum was incubated for 30 minutes at room

temperature and then centrifuged for 30 minutes at 10,000 g. The
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absorbed conjugaté-was used, along with an unabsorbed control conjugate
(diluted to the same final volume), in serologic tests for anti-DNP
antibodies.

Specificity of conjugates. Immunoelectrophoresis‘(Scheidegger,

'1955) was used to determine the specificity of Lot 1 and Lot 2 conju-
gates. Clean glass microscope slides were layered with 2 ml of melted
0.75% Ionagar No. 213 iy barbital-acetate buffer (pH 8.6; ionic »
strength 0.05) and cooled in a moist chamber. A slide cutter and plas-
tic rack were used to cut 2 wells and 1 trench in each slide. The wells
>were filled with A/J or DBA/1J mouse serum. After 10 minutes absorp-
tion, the wells were sealed with a small amount of the warm agar-buffér
mixture. Electrophoresis was performed for 45 minutes at 4 to 6° C in
a Buchler microimmuncelectrophoresis chamber using barbital-acetate
buffer (pH 8.6, ionic strength 0.05). The potential was L0 volts
(approximately 6 volts/cm). The slides were then removed, the Lot 1

or Lot 2 conjugates were added to the trenches, and the slides were
incubated for 48 hours in a moist chamber. They were then examined

for specific precipitation patterns.

LE Cell Tests
Blood samples of A/J and ANZEFL mice were tested in vitro for
the formation of LE cells. The technique used was a modification of
the clot method (Rosenfeld et al., 1954). Blood was drawn into a
capillary tube (micro-hematocrit)u from a cut made in a tail vein.

The clot was fragmented with a 27-gauge stainless-steel wire and

13Consolidated Laboratories, Inc., Chicago Heights, Illinois’.
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incubated for 2 hours at 390 C. The tube was then centrifuged for 4
minutes in an Internationél Micro-Capillary centyzfqge, Model MB. A
smear was made of the leukocyte layer and the cells were stained with

12 and covered

Wright's stain. The slides were mounfed with Permount
with a coverslip (1 x 1 inch). Two to 6 smears were obtained from
each blood sample. The entire area of cells on each slide was exam-
ined microscopically and a given blood sample was considered negative
only wheh LE cells were not found on any of the slides prepared from
a single animal. The blood of A/J mice whose sera did not contain
anti-DNP antibodies was used as a control. The slides were coded by

a number and the microscopic examinations was made without knowledge

of the source of the slide.

Starch Block Electrophoresis

.Three serum pools from the A/J strain mice were sﬁbjected to
electrophoresis in starch blockg (Paigen, 1956). Starch blocks were
prepared in plastic trays by mixing 42 gm of purified ﬁotato starch
'powderle with 42 ml of barbital buffer (pH 8;6, ionic strength 6.05).
A l/h inch wide well was prepared and into it was placed a mixture of
0.5 ml serum and(O.S gm starch. Electrophoresis was carried out for
18 hours at 4 to 6° C using a 5arbital'buffer (pH 8.6, ionic strength
0.05) and aApotential of 60 volts per starch block. The serum protein
electrophoretic fractions were then locatéd by touching each/biock

L

with dry Whatman chromatographic filter paperl énd staining the pro-

teins absorbed into the paper with bromphenol blue. The major serum

o
W. H. Curtin and Co., Dallas, Texas
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protein components in the starch blocks were identified by comparison
with the stained preparatioﬁ° Each portion of the bloék'containiné a
major serum protein component was removed in 1 cm sections, washed with
2 ml of 0.15 M PBS, and eluted by vacuum filtration. BEach sample was
then dialyzed against 20%.polyvinylpyrrolidonelo until the volume was
reduced to 0.5 ml. BRach of the fractions was thenltestéd for its
gamma-globulin content with ring tests, using specific rabbit-anfi-
mouse gamma-globulin. The ring tests were done in small bore (4 mm)
tubes. Samples of each fractipn were layered over undiluted antiserum
with a capillary pipette. The tubes were then incubated at room tem-
perature and observed after 30 minutes. FXach fraction was also tested
for its reactivity with calf thymus DNP and human leukocyte nuclei.
Tests were performed with a sample éf each fraction, treating each as

if it were undiluted serum.

Antigens and Immunizations

A/J, DBA/1J, and AJDF1 mice were used to study the effect of
immunization on anti-nuclear antibody pro&uction. Injections were made
in 0.1 ml volumes usingha disposable plastic 1 ce tuberculin syringe
and & 1/2 inch, 24 gauge needlels. One to 3 injections were given;
multiple injections were administered at weekly intervals. Fresh anti-

gen preparations were prepared for each injection series.

Calf Thymus DNP

An aqueous solution of calf thymus DNP was prepared by mixing

15Becton, Dickinson and Company, Rutherford, N. J.
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20 mg of lyophilized DNP in 1 ml of D-D watef‘overnight at foom tempera-

ture.

Calf ?hymus DNP in Complete Freuﬁd's Ad juvent ‘
An aqueous solution (4 mg/0.1 ml) of calf thymus DNP was added
to an equal volume of complete Freund's adjuvantl6 and homogenized in
a high speed blender (Omni-Mixer)lT. Homogenizafion was carfied out

for 15 to 30 seconds at room temperature.

Calf Thymus DNA in Complete Freund's Adjuvent
Forty mg of purified DNA (0.73% protein)’ were dissolved in 1
ml PBS by stirring the solution overnight at 4t to 6° C with a magnetic
mixer. A portion of the solution was homogenized with an equal volume
of éomplete Freund's adjuvant. Another portion was heated at 100° ¢
for 15 minﬁtes and then cooled in an ice bath (Stolar and Levine, 1961).
The denatured DNA solution was then homogenized for 15 to 30 seconds

at room temperature with an equal volume of complete Freund's adjuvant.

Complete Freund's Adjuvant
Complete Freund's adjuvant was mixed with an equal volume of
D-D water. The mixtufe was then homogenized for 15 to 30 seconds at

room temperature.

Incomplete Freund's adjuvant. An equal volume of D-D water

was mixed with incomplete Freund's.adjuvantl6 and the mixture was

homogenized for 15 to 30 seconds at room temperature.

16Difco Laboratories, Detroit, Mich.

17Ivan Sorvall, Inc., Norwalk, Conn.
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BSA,
8

Solutions of BSA, fraction'V s were prepared in PBS to contain

40 mg/ml, 2 mg/ml, and 20 mecg/ml.

Cell Transfers

A/J mice were used as donors and recipients in studies of the
serologic changés«in recipient mice following the injection of viable

spleen or thymic cell suspensions, or spleen cell lysates.

‘Spleen or Thymic Cell Suspensions

Viable cell suspensions were obtained by using a modification
of the methed of Howard and Woodruff (1961). Donor mice were killed
by cervical dislocation. Cardiac blood was collected and tested for
anti-DNP activity to confirm previdus'serologic findings.' Two spleens '
or k4 thymuses (unless otherwise stated) were obtained from each group
of donor mice.. Aseptic techniques were used throughout. Similar organs
were pooled in 0.5 ml of Medium 199 tissue culture solution6 (without
antibiotics) and disrupted within a glass homeogenizer equipped with a
loose fitting piston. The resulting cell suspension was passed through
an 80-mesh stainless-steel wire screen. A viable cell count was made
by adding 0.1 ml 0.9% trypan blue to 0.1 ml of the suspensionband ob-
serving the number of unstained mononuclear cells in a hemocytometer
(Davis et al., 1958). Suspensions were diluted with Medium 199 to con-

tain 4 to 8 X 106: viable mononuclear cells per 0.1 ml.

Cell Lysates
Disrupted cells were prepared by subjécting.O.S to 1 ml of

viable cells (4 to 8 X lO6 per 0.1 ml of Medium 199) to 3 alternate
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cycles of freezing in a carbon dioxide-ethanol bath and thawing at
room temperature. The lysate was centrifuged at 1,000 g for 10 miﬁ-,
. utes and the sediment was examined microscopically for intact cells.

No intact cells could be found in 2 counting areas of a hemocytometer.

Injections
Recipient mice were injected intraperitoneally with 0.1 ml
volumes of cell preparations using a 1 cc sterile plastic disposable
15

syringe and a 25 gauge needle ”. Injections were made as soon as

boséible after the cells and cell lysates were prepared.

Photography
Photomicfographs of LE cells, and also the leukocyte nucleil
that'had been exposed to.mouse serum and Lot 1 or Lot 2 conjugates,
were made with a ILeice camere and a Leitz Ortholux microscope. Ex-

posures were made with Kodak Panatomic-X and Ektachrome film.



CHAPTER IIT .

RESULTS

-

Incidence of Anti-nuclear Antibody Activity
‘in Strains of Isogenic Mice

Mouse Strains Tested )

Pools of serum obtained from 17 isogenic strains of 8-month-
old mice were tested for anti-nucléér aqtibody. A1l of the serum donors
had been recently removed from commercial breeding stocks (retired
breeders). -The results, as shown in Table 1, iﬁdicated that 4 of the
5 pools of A/J mouse sefa‘contained anti-nuclear antibody activity.

The pools of serum from th¢ 16 ofher strains of mice did not have
anti-nuclear antibody activity.that could be detected with these tests.
Controls were not used in this preliminary survey, as it wés not known
whether or not mice developed anti-nuclear antibodies spontaneouély.

Table 2 contains results of tﬁe tests with each of the § ﬁools

- of A/J mouse serum. Pools 1, 2,l3, and 4 showed a ++ or greater reaﬁ-'
tion with both calf thymus DNP'spots and the nuclei of human peripheral
blood leukocytes. The pattern of nuclear immunofluorescence observed
is demonstrated in Figure 2. The nucleus, the only part of the cell

that fluoresced, was homogeneous in appearancé. The nuclei of leuko-

cytes treated with pool number 5 serum did not fluoresce.

39
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TABLE 1

MOUSE STRAINS TESTED FOR ANTI-NUCLEAR ANTIBODY ACTIVITY -

>Serum pools reactive with:
Strain
Calf thymus DNP® .Leukocyté nucleiP

/g Ly/s° ' L/s
A/Hed 0/5 0/5
AKR/J 0/5 0/5
C3H/Hed ' 0/5 ' 0/5
C5TL/J 0/5 0/5
c58/J 0/5 0/5
DBA/1J 0/5 o/5
SWR/J | o/5 o/5
129/3 o/5 /5
C3HeB/FeJ 0/5 0/5
CSTBR/Fed 0/5 0/5
C5TBL/6J 0/5 0/5
C5TBL/10J 0/5 o/5
RF/J | 0o/5 0/5
BALB/cJ’ 0/5 o/5
SJL/J : 0/5 0/5
CBA/J 0/5 « 0/5

8Calf thymus DNP spot test.
bHuman peripheral blood leukocytes.

CNumber of serum pools positive/number of serum pools tested.
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TABLE 2

ANTT-NUCLEAR ANTIBODY ACTIVITY IN A/J SERUM POOLS

Pool Number

Antigen preparations

Leukocyte nucleib

Calf thymus DNP™
1 _ +++
2 4+
3 : +H+
L ++
5 -

++

+++

++

++

8calf thymus DNP spot test.

'bHuman peripheral blood leukocytes.
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Figure 2. Homogeneous immunofluorescent staining pattern of
“human peripheral blood leukocyte nuclei after treatment with A/J mouse
serum and Lot 1 fluorescent conjugate.
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.Standardization of Antigens in DNP Spot Tests

Calf Thymus DNP Spot Test
Calf thymus DNP spots were prepared from L different concentra-
tions of DNP. The spots were treated with both human and mouse sera.
Then_the.appropriate fluorescent conjugate (Lot 1 conjugate, diluted
1:2; anti-hﬁman gamma-globulin.éonjugate, diluted 1:4) was added to
determine ﬁhe miniﬁal concentration of DNP that would yield a maximum
(+++) flﬁorescence with undiluted human and mouse sera containing anti-
DNP éntiﬁodies, but no fluorescence with undiluted normal sera. It was
also of interest to determine which one of these concentrations was
optimal for obtaining the highest titer of anti-DNP antibody activity
in human sera. All of these criteria were satisfied with spots pre-
pared from a solution containing 1.25 mg/ml of calf thymus DNP (Table
.3). Normal human sera number 1 and 2 were negative. The human serum
containing anti-DNP activity (DNP 1) had a titer of 1:64. A/J sera
number 25 and 36 yielded a maximum fluorescence while the normal sera
were négative. As the resu;t of these observations, all calf thymus

DNP spots were prepared from a solution containing 1.25 mg/ml of DNP.

Rabbit Thymus DNP Spot Test
A similar procedure wés used to determine the optimal amount
of rabbit thymus DNP to use in spot tests (Table 4). A 1:2 dilution
of Lot 1 conjugate was used. The anti-human gamma-globulin conjugate
was used in a 1l:4 dilutign. Both of the normal human sera (N 1 and
N 2) were negative. The highest titer of anti-DNP acfivity in human

serum was obtained in the experiment conducted with DNP spbts prepared




TABLE 3

CALF THYMUS DNP SPOT TEST--STANDARDIZATION OF ANTIGEN

Fluorescence of serum and,ponjugatea treated spots made
v from DNP solutions containing:
Serumb Serum
dilution
5.0 mg/ml 2.5 mg/ml 1.25 mg/ml 0.675 mg/ml

Human
N1 Undiluted - - - -
N2 Undiluted - - - -
DNP 1 Undiluted ++ +++ ++4 ++
DNP 1 1:l + ++ + +
DNF 1 1:16 - + + +
DNP 1 1:64 - + + -
DNP 1 1:256 - - - -
Mouse - '
A/J DNP 25 Undiluted + ++ +++ +
A/J DNP 36 Undiluted ++ +H+ F+ ++
A/T N 41 Undiluted - - - -
DBA/1J N 1 Undiluted - - - -
DBA/1J N 2 Undiluted - - - -

aSpecific anti-human gamma-globulin fluorescent conjugate

used with human serum treated

kit

spots; Lot 1 conjugate used with mouse serum treated spots.

bN = serum containing no anti-DNP antibodies; DNP = serum containing anti-DNP antibodies.




TABLE 4

RABBIT THYMUS DNP SPOT TEST—~STANDARDIZATION OF ANTIGEN

Fluorescence of serum and conjugatea treated spots made
from DNP solutions containing '

Serumb Serum
dilution _ .
\ .0 mg/ml 2.5 mg/ml 1.25 mg/ml 0.675 mg/ml
Human
N1l Undiluted - - - -
N2 Undiluted - - - -
DNP 1 Undiluted ++ ++ +++ ++
DNP 1 1:h ++ + ++ +
DNP 1 1:16 - + + +
DNP 1 126)4» - - + -
DNP 1 1:256 - - - -
Mouse
A/J DNP 25 Undiluted + ++ —— 4
A/J DNP 36 Undiluted ++ -+ I +
A/ N k1 Undiluted - - - -
DBA/1J N 1 Undiluted - - - -
DBA/1T N 2 Undiluted - - - -

aSpecific anti-human gamma-globulin fluorescent conjugate used with human

spots; Lot 1 conjugate used with mouse serum treated spots.

bN = serum containing no anti-DNP antibodies; DNP = serum containing anti-DNP antibodies.

serum treated

SH
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from the 1.25 mg/ml solution. A +++ fluorescence was also observed in
tests with positive mouse sera and DNP‘spots.prepared from the 1.25
mg/ml solution. The control mouse sera was negative. It was decided
that all rabbit thymus DNP spots should be prepared from a solution
containing 1.25 mg/ml of DNP.

. Standardization of Lot 1 and Lot 2
Fluorescent Conjugates

Conjugate Titration

Both Lot 1 and Lot 2 conjugatesvwere standardized by testing
serial £wo-fold dilutions against calf thymus DNP and DNA ggpots and
human leukocytes which had been exposed to undiluted mouse serum. All
sera used in this experiment were selected on the basis of a previous
+++ Or - result obtained with Lot 1 conjugate diluted 1:2. The results
of tests with calf thymus DNP spots (Table 5) indicated that all immuno-
fluorescent tests with this antiserum should be pefformed with a 1:2
dilution of the conjugate. The results of the test with Lot 2 conju-
gate indicated that it should be diluted l:ﬁ.' Fluorescence was not
observed when calf thymus DNA spots were treated witﬁ these same éera
and the same diluﬁions of conjugates.

When experiments were perférmed using human peripheral blood
leukocytes, together with the same sera and the same dilutions ofvcon; :
jugates, the results ﬁere similar to those seen in Table 5. All sub-
sequent serolqgic experiments using leukocytes as a source of nuclear
antigen were performed with Lot 1 conjugate diluted 1:2 and Loﬁ 2 con-

jugate diluted 1l:4. Sera that could nbt be shown to contain anti-DNP




TABLE 5

AND LOT 2 FLUORESCENT CONJUGATES

i

CALF THYMUS DNP SPOT TEST--TITRATION OF LOT 1

Fluorescence of serum and conjugate treated spots

Conjugate Lot 1 Lot 2
dilution :
A/J 422 A/T U8 | A/T 2 | A/T 3 A/T 25 | A/T 36 A/T 41 | DBA/1T 1
Undiluted +++ +++ + - +++ ++ - -
1:2 +4++ +++ - - +++ +++ - -
1:k +++ 4+ - - -+ e - -
1:8 + + - - 44 -+++ - -
1:16 - - - - ++ + - -
1:32. - - - - - - - -
old.

aMouse strain and number. All mice were 8 months

Ly
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‘antibodies with the calf thymus DNP spot test did not produce nuélear

fluorescence in this standardization procedure.

Non-spécific Staining of Lot 1 and Lot 2 Conjugates

To determine if either of the conjugates could prodﬁce non-
specific staining of calf thymus DNP spots and the nuclei of human
peripheral blood leukocytes; each conjugate was absorbed with an equal
volume of undiluted A/J mouse serﬁm, Duplicate céif thymus DNP spots
and human leukocyte slides were exposeq to the sera of 2 normal A/J
mice and 2 A/J sera that contained anti-DNP aﬁtibody activity. Follow-
ing this treatment both absorbed and unabsorbed conjugates were used
' to‘complete the test procedure. The results indicated that neither of
the conjugates caused non-specific immunofluorescent staining of the
DNP spots or human leukocyte nuclei. Absorption with A/J mouse serum
eliminated all of the fluorescence of both DNP spots and the nuclei of
human leukocytes which had been exposed to mouse sera containing anti-
DNP antiﬁody aéfivity. In contrast, fluorescence was observed in .
samples treated with the unabsorbed sera. All results were negative
in the experiment using normal mouse sera plus agbsorbed and unabsorbed .

Lot 1 and Lot 2 conjugates.

Specificity of Lot 1 and Lot 2 Conjugates
Both of the conjugates were examined by the immunoelectro-
phoresis technique to determine their specificity for mouse gamma-
globulin. The precipitin pattern that developed after the electro-
phoretic separation of both A/J and DBA/1J sera and the addition of

"either Lot 1 or Lot 2 conjugate indicated that the antisera were
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specific for mouse gamma-globulin. Only 1 precipitation band developed

in each test. The band formed at the cathodic end of the slide and was

a long, slightly curved arc, characteristic of gamma-globulin.

Electrophoretic Separation and Isolation
of Anti-nuclear Antibody Activity

- Fluates of starch blocks containing electrophoretically sepa-
rated mouse serum protein fractions were tested forvtheir gamma-globu-
lin‘content and also their reactivity with calf fhymus DNP spots and
human leukocyte nuclei. The results are shown in Table 6. A/Jlmouse
serum pools 1 and 2 were known to contain anti-nuclear antibody acti-
vity and péol 5 was known to be negative (Tébie 2). Eluates 1 and 2
of each of the sera were expected to contain predominantly gamma-
glbbulin since they were eluted ffom sections of the starch blocké
which were near the origin. The remsinder ofbthe eluates were ex-
pected to contain other serum proteins. Ring tests performed with
each eluate and anti-mouse gamma-globulin (undiluted Lot 1 conjugate)
revealed that eluates 1 and 2 of each serum pool contained most of
the gamma-globulin. Comparison of anti-nuclear antibody activity
with gamma-globulin content in each eluate indicated that the anti-
nuclear antibody activity migrated with gamma-globulin under the
conditions of this experiment. The eiuates from the starch blocks
prepared with pool 5 serum did not react in the 2 tests for anti-

' nuclear antibody aétivity.

Types of Anti-nuclear Antibody Activities in the Blood
of B-month-o1d A/J Female Mice {Retired Breeders)

Ten positive and 6 negative mice, selected on the basis of the
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TABLE 6

RECOVERY OF ANTI-NUCLEAR ANTIBODY ACTIVITY FROM STARCH
BLOCKS AFTER ELECTROPHORESIS OF A/J SERUM POOLS

Eluate tested with:
Pool Eluate
number | number?® ,
Anti-mouse Calf thymus Ieukocyte
gamma-globulin DNPC nuclei
-1 1 +++ +++ +H+
1 P4 ++ + +
1 3 + ) - -
1 4 - - -
1 5 - - -
1 6 - - -
1 7 - - -
1 8 - - -
1 9 - - -
2 1 +++ +++ +++
2 2 +++ ++ ++
2 3 + +
2 L - - -
2 5 - - -
2 6 - - -
2 7 - - -
2 8 - - -
2 9 - - -
5 1 ++ - -

5 2 + - -
5 1 3. - - -
5 b ) - - -
5 5 - - -
5 6 - - -
5 7 - - .
5 8 - - -

®Eluate number corresponds to the number given each 1 cm
section of the block from which serum proteins were eluted.

bIntensity of ring reaction in ring test.
®Calf thymus DNP spot test.

dHuman peripheral blood leukocytes.
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results obtained‘with the calf thymus DNP spof #est, were egamined to
determine if their anti-nuclear antibody would react with calf thymus
DNA spots, induce LE cell formation in vitro, and/or combine with the
nuclei of mouse, rabbit, and human'leukoé&tesa These results are shown’
in Table 7. None of the sera containéd‘anti-DNA aﬁtibody activity that
could be détected with the calf thymus‘DNA,spot test. Foﬁr of the 10
sera which contained anti-DNP &ntibodies did not produce LE cells.
Both mice that had a minimal amount (+) of anti-DNP antibody activity
failed to form LE cellé and 2 of the 4 that had ++ anti-DNP antibody
activity aléo<failed to form LE cells. 1In contrast, all of the mice
that were +++ in the DNP spot test formed LE cells. A typical LE cell
is shown in Figure 3. With one exception, mouse 45, the sera of all
mice that were determined to have anti-DNP antibody activit& also re-
acted with the nuclei of mouse, rabbit, and human leukocytes. The
amount of anti-nuclear antibody activity present in each sergm sample,
expressed as +++, ++, +, or -, is apparently estimated with abéuf the
same sensitivity with each of the immunofluorescent tests since in no
case was there a deviation of more than one + with any of the positive
serum samples. In contréét, the LE cell test does not appear to be as
sensitive as the immunofluorescent tests since it was observed that 4
of 10 mice whose sera containgd anti-nuclear antibody activiﬁy did not
form LE cells. Six sera which were negative by the calf thymus DNP

spot test were also. negative by all other tests used.
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COMPARISON OF ANTI-NUCLEAR ANTIBODY ACTIVITIES

52
TABLE T

IN 8-MONTH-CLT A/J FEMALE MICE

e

—

——

Calf . thymus

—

Mouse Calf thymus | LE cells | Mouse | Rabbit | Human
number DNP spots DNA spots N® LN IN
1 +;+ - posvb + +++ +++
lé ++ - .pos. ++ ++ 4
18 + - neg.© + + +
26 : - neg. - - -
2T - - neg. - - -
28 - - neg. - - -
34 +++ - PoS . +++ e+ i+
35 Rt - neg. + + +
37 ++ - PoOs . +++ ++ ++
Lz ot - pos, +++ +++ 4+
Lk - . - - neg. - - -
L5 + - neg. - - -
L6 - - neg. - - -

L7 - - neg. - -

L8 4+ - neg. ++ + +

61 4t - poS . o+ 44+ 4
a

LN = leukocyte nuclei.

bPos,,='positive LE cell preparation.

Cheg .

‘negative LE cell preparation.
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Figure 3. LE cell produced by an ll-mohth-old mouse of the
A/J strain.
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Incidence of Anti-nuclear Antibody Activity in Mice

Anti-nuclear Antibodies in A/J Mice

It was of interest to determine what percentage of'8—month-old
retired-breedé£ mice develop anti-nuclear antibody activity sﬁontane-
ously, whether or not additional mice develop antibody with increasing
age, and whether or not mice that becomé positive in thgse tests remain
positive permanently. I£ was also hoped that the age at which anti-DNP
antibody’acfivity.begins to appear in A/J mice could be determined by
studying the‘sera of aging virgin mice.

Fifty 8-m6nth-old A/J females and 50 males that had been re-
tired from breeding stocks were bled at weekly intervals for 4 weeks
and their sera were tested for the presence of anti-DNP antibody acti-
vity. The results of tests with the sera of the female mice are shown
in Table 8. Initially, 34% of the mice had anti-DNP antibody activity
in their sera. After 4 weeks, 36% were positive. Two mice that were
originally negative (numbers 7 and 24) became positive after 2 weeks.
With oﬁe.exception (number 17), all mice that were originally positive
at 8 weeks of age remainedApositive throughout the L-week observation
period. The results of the studieé with the male mice are presented
in Table 9. At the beginning of the study, 18% of the animals had
anti-nuclear antibody activity. At the end pf the observafion period,
20% of the mice were positive. None of the positive males bécamq nega-
tive during the experimental period, and only 1 negative mouse (number
L) developed anti-DNP antibody activity.

. The difference between males>and females iﬁ %he percéntége of

positive animals is clearly demonstrated in Table 10, which includes




25

TABLE 8

INCIDENCE OF ANTI-DNP ANTIBODY ACTIVITY®
IN ADULT FEMALE A/J MICE

Age in months

Mouse

number :
' 8- 8 1/b 8 1/2 8 3/k 9
1 - - - - -
2 - - - - -
3 - - - - -
L + +
5 - - - - -
6 - - - - -
7 - - T+ ++
8 - - - - -
9 o+ ++ ++ ++ ++
10 - - - - -
11 - - - - -
12 ++ ++ A+ +++ +++
13 - - - - -
1k ot ot o o+ +++
15 - - - - -
16 - - - - -
17 + + + - +
18 + + + +
19 ++ ++ ++ ++ ++
20 - - - - -
21 - - - - -
22 + + + + +
23 + + + + +
2l - - + + ++
25 + + ++ ++ ++
26 - - - - -
27 - - - - -
28 + + +
29 - - - - -
30 - - - -
31 + + + + -
32 ++ ++ ++ +++ ++
33 - - - - -
3k - - - - -
35 + + ++

@Determined with calf thymus

DNP spot test.




I S

.56

TABLE 8--Continued -

Mouse
number

Age in months

8 8 1/4 8 1/2

8 3/b

] [ | I TR |
1 [ | 1 1

+
+
+
+

++

+ 1 v

++ ++

[ T S S S S R

+++

+ 1.1 1

++

Percent
positive

349 3% 38%

36%

36%

®Determined with calf thymus DNP .spot test.
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TABLE 9

INCIDENCE OF ANTI-DNP ANTTIBODY ACTIVITY™
IN ADULT MALE A/J MICE . :

Mouse
number

Age in months

8 8 1/k 81/2

\O 00— O\ Fw o

®Determined with calf thymus DNP spot test.
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TABLE 9--Continued

Mouse
number

Age in months

8 1/4

8 1/2

8 3/k

[T D I I I SO

+

+

[ I I D S S R B SO |

[ T S T T B o

+

+

t t v s vty 4+ 1

++

+4+

| I SR A |

++

++

+

LI I I N R N BN SR |

+4+

+++

++

| I T R A A |

Percent
. positive

18% .

18%

18%-

18%

20%

8Determined with calf thymus DNP spot test.




TABLE 10

INCIDENCE OF ANTI-DNP ANTIBODY ACTIVITY IN ALL
9-MONTH-OLD A/J MICE EXAMINED

Sex Number of Number of Percent
mice tested mice positive positive
Female 505 : 181 - 35.8

Male 556 132 23.7
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the results seen with the sera of all 9-month-old mice that were tested
for anti-DNP antibody activity. It can be concluded that tﬁere is a.
significant difference at the 0.0l confidence level (t = 3.05) between
the percentage of positive females‘(35.8%) and the percentege of posi-
tive males (27;3%). '

Two groups of adult, retired-breeder A/J mice were studied to
determine if the incidence of anti-nuclear antibody activity increases
with age. In the first stu&y, allvmice (female; and males) were bled
at various inferﬁals during aging and the sera were examined fof anti-
. nuclear antibody activity.

The results with sera obtained by repeated bleedings of aging
females are shown in Table 11. Thirty-four percent of the mice had
anti-nuclear antibody activity in their sera when they were 8 months of
age3 When they were 13% months of age, 63% were positive. It appeared
that during the observation period there waé a gradual ilncrease in the
number of femele mice that had antl1-DNP antibodies in their sera. A
similer trend was observed in the data derived from testing the serum
of aging A/J male mice for anti-nuclear antibody activity (Teble 12).
Alﬁhough the percentége of positive 8-month-old males appeared to be
lower then the percentage of positive 8-month-old females (Table 11),
and even though it was demonstrated that there was a significant dif-
ference in the percentage of positive femaleé and males at 9 months of
age (Table 10), the diffefenée between meles and females apparently
diminishes as the mice become older. At 13% months of age there does
not eppear to be any difference between the percentage of positive males

and females (Tsble 11 and Teble 12; t = 0.45). It can also be seen that
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TARLE 11

INCIDENCE OF ANTI-DNP ANTIBODY ACTIVITY®
IN AGING ADULT FEMALE A/J MICE

Age in months
Mouse
number . '
8 9 10 3/k4 12 1/2 13 1/2

1 - - - - -
2 - - - - +++
3 - - - - -
L 4 ++ ++ ++
5 - - - - ++
6 ok ot ++ 4+ 4+
7 - - - - -
8 ++ o+ +
9 - - - - -
10 - - - - -
11 + + ++ ++ ++
12 +++ +++ +++ +++ +4+
13 ++ ++ ++ ++ +++
1k ++ ++ ++ + ++
15 - - - 4+ ++
16 ++ ++ ++ 4+ 4+
17 - - + + +
18 - + + ++ 4+
19 - - - +

20 + + + ++
21 - - - - +
22 - - - - -
23 - + + +
24 - - - - -
25 - - - - -
26 +
27 - - - - -
28 - - - - +
29 - - ++
30 - - - - -
31 ++ +++ +++ +++ +++
32 - - - - .
33 ++ ++ ++ 4+ +++
34 - - - + -

‘aDetermined with

calf thymus DNP spot test.




TABLE 11--Continued

™

Mouse
number

Age in months

10 3/h

13 1/%

+++

LI S S |

LI S B O |

4+

+

t 1 4+ 4+

+ 4+ 0+

4+

-+

-’

2R B Sl S

O

44t
44+
++

Percent
positive

34%

38%

Le%

5%

€3%

&Determined with calf thymus DNP spot test.

O = animal died between the 12 1/2 and the 13 1/Z month

bleedings.
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TABLE 12

INCIDENCE OF ANTI-DNP ANTIBODY ACTIVITY
IN AGING ADULT MALE A/J MICE

Age in months

Mouse
number
8 10 3/4 12 1/2 13 1/2

1 + - +
2 - + 0 0
3 ++ ++ ++ T+t
L - - - -
5 - - + +
6 ++ o+ +++ +++
T ++ ++ ++ ++
8 - - - -
9 +++ +++ +++ +++
10 - - - -
11 - - - -
12 - - +
13 - - - +
1k ++ At 4 ++
15 - - - -
16 - - -

- 17 - - - -
18 + + + ++
19 + + + +
20 + ++ +++ ++
21 - - + +
22 - - - -
23 - - - -
24 - ++ + +
25 - + + +
26 - + + +
27 - ++ + +
28 - ++ + ++
2 - L - - -
30 - +++ +++ +++
31 - - ++ ++
32 - - - -

8Determined with calf thymus DNP spot test.

O = animal died before 12 1/2 months.
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TABLE 12-~Continued

— ]

Age in months
Mouse
number ‘ . :
8 10 3/4 12 1/2 - 13 1/2
33 - - - +
34 - - - e+
35 - - - +
36 - - - +
37 - - ++
38 - - - ++
39 - - - +
Lo - - - -
L1 - + + +
42 - - - +
43 - - - -
Ly - - - -
L5 i ) ) .
L6 - - - -
L7 - - - -
48 - - + +
iTs) - - + +
50 ++ ++ ++ ++
Fercent
positive 20% - 38% 4l .9% 67.3%

8petermined with calf thymus DNP spot test.

0 = animal died before 12 1/2 months.




mice whose sera showed a ++ or greater reaction at 8 months of age did
not demonstrate any decrease in activity with increasing age. No consis-
tent pattern in the spontaneous conversion of micé to positive‘could be
observed. Some mice did not become poéitivé, some devéloped + reactions
and stayed at this level, and others aeveloped-+++ reactions and remained
.at this maximum level.

In the second study, .five groups of retired-breeder A/J females
and malesiwere bled and all sera were tested for the presence of anti-
nuclear antibody activity.‘ All mice in each group were the same age,>
but each group of mice was bled'when they were a different age. Table
13 contains the results obtained with the female mice. The incidence
6f>anti-DNP antibody activity in these mice increasea from 34% at 8
months of age to 90% at 23 months of age. The increase was statisti-
cally significant (p = 0.001). In Table 14 are shown data obtained with
sera from the various groups of male mice. The incidence of positive
animals in these groups increased from 18% at 8 months of age to 67.3%
at 13% months of age. This increase was also statistically significant
(p = 0.001).

It was also of interest to determine the age at which A/J mice
begin to produce anti-nuclear antibodies spontaneously. In the first
sfudy, 48 female virgin mice were bled when they were 1 3/h months old
and at intervals thereafter'unﬁil they were 19 3/4{months old. All sera
were tested for anti-nuclear antibody activity with the calf thymus DNP
spot test. The fesults of this study are contained in Table 15. None
of the females developed anti-DNP antibody activity between 1 3/h'and

5 1/2 months of age. When they were 8 1/4 months old, only 3 mice (6.3%)
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TABLE 13

INCIDENCE OF ANTI-DNP ANTIBODY ACTIVITY

IN FEMALE A/J MICE OF VARIOUS AGES

Total number
tested

Percent
positive

Age in months

8 10 12 13 1/2 23
50 50 L9 50 20
34% Lhd €3% 66% 90%
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TABLE 1k

INCIDENCE OF ANIT-DNP ANTIBODY ACTIVITY
IN MALE A/J MICE OF VARIOUS AGES

Age in months

8 9 10 12 1/2 13 1/2
Total number
tested 50 50 50 ‘ 50 L9
Percent
positive 18% 24% Lo% 544 67.3%
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TABLE 15

* INCIDENCE OF ANTT-DNF ANTIBODY ACTIIVITY®
IN AGING VIRGIN FEMAIE A/J MICE

Mouse -
number

Age in months

(oo - BRI N, TN SR NSy

13/ j21/=13y/) b fbu3/]s51/2

-

b

+++

e

+++

+ A
+
1O+ + 00O+ 1

%Determined with calf thymus DNP spot test.

0 = animal not available.
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TABLE 15--Continued

Age in months
Mouse
number
13/ 21/2 131/ 4 L3/ 1/21 8 1/4y 19 3/b
33 - - - -t - - - 0
3)4 - - - - - - )
3 5 - - - - - - PSS
36 - - - - - - s+ 4
37 - - - - - - - LR
38 - - - - - - - DR
39 - - - -] - - - -
Lo - - - - - - - +
L1 - - - - - - - ¢
L2 - - - - - - 444 0
L3 - - - - - - - 0
L4 - - - - - - - O
L5 - - - - - - - +
L6 - - - - - - 0
L7 - - - - - - - R
L8 - - - - - - +
Percent
Positive 0% 0% 0% | 0% 0% 0% €.3% {77-3%

ar\ 3 s ol ' b
Setermined with calf thymus DNP spot test,

0 = animal not available
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had become positive. At the end of 19 3/4 months, T6.6% had developed
anti-DNP antibody activity. Fifty male mice were also bled ét 3-week
intervals beginning when they were 1 3/h months o0ld and continuing until
they were 5 1/2 months old. None of the mice developed anti-DNP anti-
body activity. These animals Qere not studied beyond this age.

Alfhough the incidence of anti-nuclear antibod& activity in
'8 1/4-month-o0ld virgin female mice appeared to be lower than that of
the 8- fo 9-month-old retired-breeder A/ females, *he data in Table 16
indicate that the observed increase in incidence of anti-DNP antibody
activity in virgin females between 5-1/? and 19 3/4 months of agefis
statistically significant (p = 0.001). Observations weré aléo'made on
sera collécted from groups of virgin A/J male mice of various ages
(Table 17). Although none of the males in ‘he S 1/Z-month-old group
had anti-DNP antibody activity, the incidence in the 8 l/h7month-ola
group was 10%. The incidence increased ‘o 31.7% in the 10-month-old .
group. The increase between 5 1/2 and 10 months of age is statisti-
cally significant (p = 0.001). These data also indicute that the
spontaneous appearance of anti-nuclear antibody activity in the Virgin
male mice occurred at sbout the same rats as it did in retired-breeder
maies. This can be seen by comparing the data in this table with that
in Table 1k.

Although it was shown in Table 7 that 8-month-old A/J mice
apparently did not produce anti-DNA an*ibodies spontaneously, ittwas
of intefest to determine 1f older mice would develop antibody. For
this purpose, SO'female mice were bled periodically and_phei; sera

tested for both anti-DNP and antl-DNA antibodies. All of the mice
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TABLE 16

INCIDENCE OF ANTI-DNP ANTIBODY ACTIVITY IN
VIRGIN FEMALE A/J MICE OF VARIOUS AGES

— — re—

—— —— et

Age in months

5 1/2 8 1/L 19 3/4

Total number
tested 50 Lo 30

Percent
positive 0% 12.5% 76.6%




-3
N

TARLE 17

TNCIDENCE OF ANTI-DNP ANTIBOLY ACTIVITY IN
VIRGIN MALE A/T MICE OF VASIOUS AGES

Age in months

5 1/% 8 1/L 10

Total number
tested . 50 Lo Ly

Pefcent
positive 0% 10% 31.7%
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were retired bresders, The results of these tests are presented in
Table 18, I1though thesgs mice were found to have an incfease in inei-
dence of anti.INF antibody activity with increasing age, similar to
that seen iﬁ the eariier experimenfs with female mice (Tables.il and
13), they showed no anti-DNA antibody activity until they were 23
months 0ld. However, tests were not perforhed on these mice between
12 and 23 months of age. AL 23 months of sge, € of 19 mice (21.69)
had anti-INA ahtibodies detected with the INA spot test and 17 of 19
mice (89 4%} had ansi-TNF antinody in their sera.
Incid=nce of Anﬁi-nucl:ar Aritibody Acwivity
in mher Isogenic Strains cf Mice

“i-nucisar antibodies in aging DBA/L. mice. Frevious tes*s

with pooled sera { Table 1}

suggested *hat IBA/17 mice &id nat develop
anti-DNP antibodies spontanenusly befors +hey were 8 montns old. Since
it was desired zc use such a strain as a controi in certain experiments,
a group of retired-breeder DBA/L mice of varicus ages was obtained and
their individual sera were tested for anuti-nuclesr antibody activity.
The resui*s of these tests are shown ia Tavls 19. fme to the nature

of thé results, the data were pooled and not separated aéébfding.to

sex. It can be seen that none of the sera had anti-nuclear antibody
activity that could be detected with calf thymus DNF, INA, or the nuclei
of human peripheral blood leukocytes. It would appear that mice of this

strain do not develop the autoimmune condition épontaneously, at least

not before they are 18 months of age.

Anti-nuclear antibodies in aging ASTFL mice.. The incidence of

anti-nuclear antibodies in aging virgin AJDFL mice is shown in Table 20,
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TABLE 18

INCIDENCE OF ANTI-DNP AND ANTI-DNA ANTIBODY
ACTIVITIES IN AGING FEMALE A/J MICE

Age in months

8 10 12 23
Mouse X
number
pve? | pNAP | Dnp | Dwa ONE | DNA DNP | DNA
1 - - - - - - 0 0]
2 - - - - - - + +
3 - + - ++ - + +
L - - - - - - - -
5. - - - - - + ++
6 - - - - - - + -
T. - - - - - - ++ -
8 + - ++ - bt - + -
9 - - - - ++ - +4+ -
10 - - - - + - ++ . -
11 - - - - +t+ - 0 0
12 - - - - - - 0 0
13 - - + - + - 0 0
1k + - + - ++ - 0 C
15 - - - - - - 0 0
16 - - - - 4+ - - -
17 + - - - + - 0 0
18 + - + - ++ - + -
19 - - - - - - +++ -
20 + - + - ++ - 0 0
21 - - - - +++ - ++ -
22 ++ - ++ - ++ - ++ +
23 - - + - ++ - 0 0
2k - - + - ++ - 0 0
25 - - - - + - ++ -
26 - - - - - - 0 0
27 +4+ - +++ - +++ - 0 0
28 o+ - ++ - o+ - 0 0
29 + - ++ - ++ - 0 C
30 - - - - + - 0 0
8DNP = calf thymus DNP spot test.
°DNA = calf thymus DNA spot test.
O = animal not available.
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TABLE 18--Continued

?

Age ir mon*hs
8 10 1z 3
Mouse
number
re? DNAP DNP | INA DNF TNA oRe DNA
31 - - N * - | -
3 - - - - - -
33 - - - - - - i *
34 - - + - o+ - G ¢
35 - - ] o- ++ - g Z
36 - - - - - - P4 -
37 - - - - - - 0 O
38 - - + - + - DS G
39 - - ++ - dt - C
Lo + - - - ++ - < Y
L) - - - - - - O C
Lz T - 4+ - 44+ - « D
L3 - ++ - + - ( "
b - - - - - - Z 0
245 - - - - - - 3L -
LE - - + - + - } -
L - - - - - - O $)
48 - " - - - - 9 o
L9 e - + - 4t - o o]
50 bt - o+ - +++ - C C
Percent
positive | 32% 0% | 4u% | 0% 66% 0% | 89.4% | 31.6%

SINP = calf ﬁhymus NP spot test.

It

bpna

c¢alf thymus DNA spot test.

C = animal not available,



76 -

TABLE 19

INCIDENCE COF ANTI-NUCLEAR ANTIBUDY ACTIVITY
IN DBEA/1J MICE CF VARIOUS AGES®

Intensity of fluorescence
Age 1in Test
months
+++ ++ +
8 Calf thymus 0/106° 0/106 0/106
DNP spots
8 Human 0/106 0/106 0/106
leukocytes
18 Zalf thymus 0/50 0/50 - 0/50
DNP spots
i8 Calf thymus 0/50 0/50 0/50
DNA spots

®Pooled data for both sexes.
bNUmber of sera positive/number of sera tested.

CHuman peripheral blood leukocytes.
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TABTE 20

INCIZENCE OF. AN1I-NJCLEAR ANTIRIDY ACTIVILY
IN AJDFL MICE OF VARIOUS AGES®

Intensity of fluorescencs
Age 1n Test
months
bt 4o +
9 Calf thymus 0/8:% . 0/82 0/8z
DNP spots
9 Calf thymus 0/8z ' 0/8% 0/8:.
DNA spots
16 Calf thymus 0/80 0/80 0/80
DNF spots ‘
16 Calf 1hymus 0/80 0/80 0/80
{'NA spo's : :

a . )
Pooled dats for toth sexes.

Number of sera positive/numb&r of sera tested.
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These F1 hybrid mice were the progeny of A/J females and DBA/lJJmales,
None of the sera contained detectable anti-nuclear antibody activity.

Anti%nuclear antibodies in aging ANZEF1 mice. These hybrid

miqe were obtained by mating A/J femalss with NZB/Bl maies. “rbups

of the hybrid males and females were bled and their sera, or bloods,
were examined for the presence of anti-nuclear antibodies. The re-
sults of these experimeﬁts afe confained in Table Elgl I+ can be seen
thaﬁ‘lu of z0 females and 5 of lé’males had developed anti-LNP an®i-
bodies spontaneously by the time they were 3 l/E months old. These
sera were not examined fpr anti-DNA antibodies. Although no* alil mice
were bled when they were 5 l/i months old, sera from all of the 9 fé-
malss that were bled and tested for an<i-LNF antibody sctivity were
positive. Ail but 1 of the 9 males tested had anti-DNP antibody acti-
Yity, If can also be seen that all of the females tha* had anti-DNE
antivodies also had anti-DNA antibodies. None of the mice was found
to have anti-DNA antibody only. Sera from 6 of 9 male mice had anti-
DNA antibody activity. One of the 3 males tha*t did not develop anti-
DNA antibodies by 5 1/2 months of age wss the only one that was not
positive in tests with calf thymus DNP; Although *these results in-
dicate that‘anti-huclear antibodies were present in mos* of the hy-
brid mice at 5 1/Z months of age, only 1 female and none of the males
produced LE‘cells in vitro. Certain of the mize that were examined
when they were 3 1/2 mon*ths old were also bled when they were 11 months
0old. It can be seen that all females (9 of 9) hgd anti-nuciear antibody
activity detectable with both DNF and DNA spot tests, However, sera

from only 5 of 8 males had anti-DNP antibodiss and only 3 of these 5
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TARL.

B

1
e

)

INCIDENCE OF ANTI~NUCLEAR ANTIBODY ACTIVITY
IN- AGING ANZEBF1 MICE

Age in months .

31/2 5 1/2 11
Mouse-| Sex
number N ;
cT? T TP LE © 0T CT

DNP NP DNA cells DNP DNA
1l female - 0 0 0 ++ ot
2 + 0 ) 0 ++ +
3 ++ s + neg. 0 @,
i - b L neg. 9] C
5 + ++ + neg. N o
6 + + e neg . $) o
7 - + it { neg . 0 O
8 + 0 4 o) ++ ++
9 - -0 0 0 +t+ +
10 + D i O ++ ++
11 + o { 2 4+ ++
12 4+ bt iis pos . 0 o
13 ++ Lt 4+ neg. ¢ v
ll+ - 0 N 2 ++ ++
15 + G U e 4 +
16 + 0 0 2 s 4
i7 ++ 0 U 0 ] i
18 - 0 0 c < 0
= - + + neg. 0 G
2T +44+ + +++ neg. ¢ o

8T DNP = calf thymus DNF spob test.

bCT DNA = calf thymus DNA spot test.

0 = test not done.
Neg. = negative LE-cell preparation.
Pos. = positive LE cell preparation.
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TABLE £1--Continued

Age in months
3 1/2 51/2 11
Mouse Sex
number : a b
CT CT. CT E CT Cr
LNP DNF | DNA cells DNP DNA
10 male - + + neg. 0 O
11 - + + ‘neg . C 2
1= + + + neg. O z
13 G V 0 v S
14 - + - ‘neg. D 0
15 - + - neg. V] 0
16 + + + neg. 0 C
17 b + + neg. 0 9]
18 - - - | neg. 0 0
z - 0 0 0 0 C
25 + C 0 0] +4+ +4
26 - G ¢ o + -
27 + 0 0 0 - -
30 - 0 0 0 - -
31 - 0 0 0 N o
z - 0] 0 O - -
33 - 0 G ¢ + -
3k - 0 C 0 + +
35 - 0 D d 0 2
20T INP = calf thymus DNP spot test.
bCI DNA = c¢31f thymus DNA spot test.

Neg .

Pos .

it

[}

‘0 = test not done.

negative LE cell preparasion.

positive IE cell préeparation.
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sera -also had an~i-DNA acrivity.

Ansi-nuclear antibodies in CSTBL/éJ mice. The. incidence of

anti-nuclear antibody activity in the seras of CSTRI/6T r=-ired bresders
is shown in Table 7. These mi¢e wers 8 months of age and wzrg %2 be
used as negatiye controls in izter -experiments.  I- was aésumed'%ha{
their sera would be negative, since in earlier studies pocled sera from
mice of this strain did notvcontain detectable anti-nuciesr anfibody'.
activity (Iaﬁ*e 1). However, the results of the prasent. sTuily, -ob%ained
vith tests using individual samples, reveaied that CSTRL/€. mice do
develop autoimmune anti-nuclear antibodies spontaneousiy. As *he re-
galt of this finding, the idéa of using mice of this svrain as 3 nega-

+ive control was zbandoned, and the TBA/1J.s*rain was sel=cted as a

negative control strain.

Immunization Studies

Since it was estaﬁlished that A/J mice produce anti-nuclear
antibodies spontanéously and that bBA/lJ miée do not, it was of in-
terest to determine if members of either of these strains could be in-
duced to produce anti-nuclear antibodies following immunization with
various‘nuclear and ﬁonQnuclear substances.

Injection of 4 1/2- and 8-month-old A/J Mice
with Denatured Calf Thymus DNA or DNP
Complete Freund’s Ad juvant

In Table =3 are data showing the immunologic responses that
vere observed follewing the immunization of L4 l/?-month-old‘virgin
females or 8-month-old retired-breeder femaleéu None of the 4 1/7-

month-old mice had anti-nuclear antibody activity in their sera



TABLE =2

INCIDENCE CF ANTI-NUCLEAR ANTIRBODY ACTIVITY
IN 8-MONTH-OLD C57BL/6J MICE

Intensity of fluorsscence
Test,
+++ +4+ + -
Calf thymus i
LNF spots 6/100 9/100 10/100 75/100
Calf thymus
DNA spots 0/100 0/100 0/100 100/100

8Number of reactive sera/total number tested,
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TABLE 23
SEROZOGIC RESULTS FOLLOWING IMMINIZATION OF FEMALE A/J

MICE WITH 2 WEEKLY INJECTICNS CF CALF STHYMJIS LNP
OR DNA IN COMPLEIE FREUNT'S ADJUVANY

~“esults of serologic tests
Age |Mouse Antigen Befors After 1 . After =
' number | injected | injec*ion injection injections
) af. b e | N . G .pd
NP | DNA ONF{ DNA § CNPY INA | HIN LE
cell
|
43 mo.] 67 DNP - - - . - f - - | neg.
68 NP . . R - N - | reg.
69 DNE - - - - . - - | neg.
70 DNP - - - - - - - | reg.
71 DNP - - - - - - - | neg.
T2 DNP - - - - - - - neg.
1 mo.| 61 DNA - - - -] - - ineg.
. 62 DNA 1 - - - - - - - nsg.
63 TNA - - - - - - - | nzg.
n DNA - - R - - b - ineg.
65 DNA - - - - - - - {neg.
66 DNA - - - - - - - neg
L: mo.{ 55 none - C - - - - - - |neg.
56 none - - - - - - - | neg.
57 none - - - - - - - {neg.
58 none - - - - - - - |neg.
59 none - - - - - - - neg.
60 none - - - - - - - | neg.

8zair thymus DNP spot test,

bOalf thymus DNA spot ‘est.

c A .
HIN = nhuman leukocyte nuclei.

d. , . - . o
LE cell test; neg. = negative LE cell preparasion,

pos. = positive LE cell preparation.
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TABLE 23--Continued

Results of serologic tests
Age | Mouse An*igen Before - ter 1 Ter o
numbexr injected injection injection injections

SN - T SRR o T S e - c d

DNP™ | ONA JWP {DNA Y LNE | DNA{ HLN LE

cells

8 mo. L DNP + . i . Gt - ++ 1 DOS
5 DNF . - + - + - + pos

€ DNE 444 - 4k - es +++ I pos

7 NP 4 - + - +bt - 4ot pos
8 mo.! 1% LNA - + . + - + | pos.
1k CNA ++ [ - + - 0y o O N

15 TNA ++4 - 4= - et - b4 pos.

7 UNA + - ) - + - + pos.

, | F

8 mo Ly DNP - - - - 4 - + | pos.
LT DNP - - +4t - e - | 4+++ [pos.

py I'NE - - - - + - + | pos.

Se. NP - - - - ++ ++ | pos.,

53 DNP - - - - 2 b G S
8 mo. 2 DNA - - H - ++ - + | pos.
13 DNA - - - - + - 4+ | pos.
5 DNA - - + - et - ++4+  1pos,

L1 DNA - - - - +4 - ++ | pos.

50 DNA - - + - ++ - | +++ | pos,

8 mo 1 none . - - - - - - - lneg.
z none - - - - - - -~ | neg.

3 none - - - - - - - nag.

5 none - - - - - - - lneg.

€ none - - - - - - -. {neg.

T none - - - - - - - neg.

%Calf thymus
broie 4

Calf thymus
CHIN = human

4a. . - L . . ) .
LE-cell test; neg. = negative LE cell preparation,

DNF spot test.

DNA spot test.

pos. = positive LE cell preparation.

~.
o=

animal died.

leukocyte nuclei.
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before immunization. The clder mice Thad were to be immunized were din
vided into 2 groups. Cne group was compbsed of mice thai had developed
anti-nuclear antibody activity spontaneously. The other group was nega-
tive before immuhizafionq .Six negaﬂive.conﬁrois were used with‘each age
group. One week aftér the first injection of antigen, all mice were
bled; and‘each was given a second injection of the sprropriats antigen.

One wezek later the mice were bled again and all sera and blood were ex-

il

amined for anti-nuclear anmibody activity. Nonz of the mice of either

[

%ge’group produced énti-DNA aﬁiibody. None of the b 1/E‘month-old mice
was induced to produce anti-nuclezar antibbdies as the result of the in-
jections. It also seemed spparent that immunizations did not alter the
pre-injection status of positive mice. 1In contras® to the younger mice,
the negative 8-month-oldimice thav were immunized produced anti-LNP
antibodies. Although hot all of ~hese mice producea anti-DNP antibody
éfter 1 injecvion qf either antigen, they all developed anti-INF anti-
body after the second injection. Ail positive mice zlso produced LE
cells. The uninjected conmrol mice, which werz bled and tested along
with the experimental animals, did nct develop snti-nuci=ar anuibody
activity during the course of the experimsn+.
Injection of 8-monvh-old Sercnegative A/J
Mice with Various Substances

Groups of seronegative male =and female mice @ére injected with
the antigens indicated in Table 24. All of *he mice were retired
breeders. All mice were injected on the same day. One week later, they
were bled and then alil, exce?t those that were injected with BSA, were

injected a second time with the appropriats material. A second bleeding
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. TABLE-cu
SEROLOGIC RESULTS FOLLOWING IMMUNIZATICON

OF 8-MONTH-OLD A/J MICE- LACKING
ANTI-DNP ANTIBODY ACIIVITY

Sera reactive with calf (77 ) and
rabbi< { &} thymus INF spots after:

Anrigen Sex 1 injsction : ~ injections
CT DNP, RT I'NP C7 DNF FET LNP
CT DNP male L/6> u/é L6 1 u/6
CT DNP Female 3/6 3/6 L/6 L/6
CI DNP in complete
Freund's adjuvant (male 4/é L/6 L/6 L/6
CT DNF in complete
Freund's adjuvant |female 3/€ 3/6 £/6 6/6
CT DNA in complete
Freund's adjuvant [male 5/€ 5/ f 5/6 5/6
CT DNA in complete :
Freund ‘s adjuvant |female 0/5 0/5 3/5 3/5

DJenatured CT LNA in
compliete Freund's
adjuvant male | 4/5 L/5 3/5 3/5

Denatured (T DNA in
complete Freund's

ad juvant female 2/5 :/5 i 3/5 3/5
Complete Freund's '

ad juvant male L/6 L/6 L/6 L/6
Complete Freund's

ad juvan* female L/6 - L/6 L/6 L/6
Incomplete Freund's

adjuvant male 0/6 0/6 . 0/6 0/6
Incomplete Freund's | ‘

ad juvan® female 0/6 0/6 0/6 0/6
BSA, 40 mgP female 2/5 2[5 L/5 L/5
BSA, £ mgb female = 2/h e n
BSA, 20 megP female /4 /4 2/l 2/
Control, no injection|male 0/16 0/16 0/16 0/16
Control, no injection|female 0/16 0/16 0/1€ 0/16

&Number of positive mice/fotal number of mice immunized.

bOhly 1 injection of BSA was given; animuzls were bled when
those in all other groups were bled.



87
was performed 1 &eek later. 'Ail of the sera were examined for anti_DNP
antibody activifty with the caif and rabbit thqus TNr spow tests. 1
was found tha*t the serum of 21l mice tha* were induced to produce anti-
bodies that reacted with the calf *hymus DNP spovs aiso contained anti-
bodies that reacted with the rabbit thymus -NF spots., In contrast, none
of the uninjecrted control ﬁice deveioped anti-DNF antibo&y, A portion
of the mice in each group had anti-INP anvitodies in thelr ssra afrer
1 immunization, with the exception of the females that we:e injec-ed
with calf thymus UNA in complers Freund's 2djuvant, and both maiss and
females rthat were injec<ted with incompiste Freuni-s adjuvant. Ta= sero-
10gic resuits ob-ained with sera co..ecred aftzr the second injecvion
indicated tha® +*he number of positive mice eithsr remainsd the same or
increased. The only excep-ion to this observation was “hz group of male
mice that was injected with dena-ured calf thymus DNA 1in complste Freund
adjuvent . Four of 5 of these mic; produs=d an*i-INF an*ibodies after L
injection but only 3 of the L were positive afrer *the second injection,
In only 1 groupr did all :the mice producs an*i-LNF antibtodies This was
~he group composed of females that were injected with caif thymus TNP
in complete Freund s adjuvant. The groups of mice that were given 2
injections of incomplete Freund s adjuvant did not become positive.
Complete Freund's adjuvan’, however, ei*her alone or in combinations
with other antigens, appeared to be és effective as any of the c*her
antigéns injected. No sex differénces couid be detected.
Injection of 8-month-cld Seroﬁegative TEA/1F
Mice with Various Substances

Groups of 8-month-0ld retired-brecder DBA/lJ'mice'were injected
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with the same antigen preparations used with the A/J mice in the preced-
ing experiment. It had been shown previously that aging DBA/lJ did not )
produce anti-DNP antibodies spontaneously (Tabla 19). It can be con-
cluded from  the results shown in Table 25 that +hese mice were not in-
duced to produce anti-DNP antibodies under the experimsntal conditions
used. In another expgriment, 6 male and 6 female seronegative DBA/lJ
mice that were 20 months old wére given 2 injections of calf thymus
DNP in complete Freund;s adjuvant 1 week apart. Sera were obtained 1
week after each injection. Each animal was bled before it was given
the second injection. None of these sera contained detectabls anti-
DNP antibodies. It can be concluded from.the resul=s of these experi-
: menfs that DBA/1J mice do not produce anti-INP an“ibodies spontaneously
and they cannct be induced to produce them after specific or non-

specific immunizations.

Cell Transfer Studies

Transfer of Anti-DNP Antibody Production <o L-mon%h-old
A/J Mice with Spleen Cells from Isogenic Donors

In a preliminary experiment, male and femals mice were in-
jected with spleen cells derived from positive or negazive ll-month-old
donofs. All recipients lacked anti-DNP antibady activity before cell
transfer. Each animal was bled on a weekly schedule for 7 wazks after
the cell transfer. The results obtained with female recipients are
shown in Table 26. Four of 6 females injecfed with viable cells from

positive females had anti-DNP antibody activity in their sera 1 week

after cell transfer. In only 1 of these mice (number 5) did +the
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TABLE 25
SEROLOGIC RESULTS FOLLOWING IMMUNIZATION

OF 8-MONTH-OLD DRA/1J MICE LACKING
ANTI-DNP ANTIBODY ACTIVITY

-

~ Sera reactive witn calf (CT) and -
“rabbit (RT) thymus DNP spots after:

Antigen Sex ‘ 1 injection - & injections

T DNP | RT DNP | CT DNP | RT DNP

CT DNP male 0/62 '0/6 0/6 0/6
CT DNP female 0/6 0/6 0/6 0/6
CT DNP in complets

Freund's adjuvant male 0/6 0/€ 0/6 0/6
CT DNP in complete

Freund's adjuvant female 0/6 0/6 0/6 0/6
CT DNA in complete )

- Freund's adjuvant male 0/6 0/6 0/é 0/6
CT DNA in complete

Freund's adjuvant female | 0/6 0/6 0/6 0/6

Denatured CT DNA in
complete Freund's
ad juvant male 0/€ 0/6 0/6 0/6

Denatured CT DNA in
complete Freund's

adjuvant female 0/€ 0/6 0/6 0/6
Complete Freund's

adjuvant male 0/6 0/6 0/6 0/6
Complete Freund's

ad juvant ) female 0/6 0/6 0/6 0/6
Incomplete Freund's

ad juvant male 0/6 o/6 | 0/6 0/6
Incomplete Freund's ‘

ad juvant, female 0/6 0/6 0/6 0/6
BSA Lo m% female 0/6 0/6 0/6 0/6

z female | 0/6 0/6 0/6 .0/6

BSA, cO megP female 0/6 0/6 . 0/6 0/6
Control, no injection male 0/12 0/12 o/12 | 0/12
Control, no injection female 0/12 0/12 0/i12 | o/12

a e om .
Number of positive mlce/fofal number of mice immunized.

bOnly 1 1nJectlon of BSA was glven, anlmals were bled when
those in all other groups were bled.



ANTI-DNP ANTIBODY ACTIVITY IN L-MONTH-OLD FEMALE Al
MICE AFTER INJECTION OF SPLEEN CELI:S DERIVED
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TABLE 26

FROM POSITIVE OF NEGATIVE 11i-MCNTH-OLD

ISOGENIC DONORS

Anti-DNP antibody activitya in recipients
Material | Number of| Before [ Weeks after transfer
injected | recipient!| transfer

[
1 2 3 b 5 € 7
1 - - - - . - - +
Positive z - - - - - - -
viable 3 - + 4 + +4+ + PRNS P FUSEFY
female L - ++ + - +4 14 it
cells 5 - +4 + - - - - -
€& - +4t i+ + + s+ ++ ++
. 7 - - - - . - - -
Negative 8 - ++ + + + + ++ F
viable 9 - - - - - + - e
female 10 - - - - + + " +
cellis® 11 - - - - - . - -
1= - R B ER R B
13 - ++ - . - - - -
Negative L - +++ ++ e | e +=
lysed 15 - - - - - - - -
female 16 - Ft P+ SRS IR S BRSNS +
cells 17 - - - - - - -
18 - - - - - - - -
19 - - - - - - - -
20 - - - - - - - -
Medium 21 - - - - - - - -
199 Ze - - - - - - - -
23 . - - - - - - - -
2h - - - - - - - -

8Determined with calf thymus DNP spot test.

b6 .6 x lO6 viable mononuclear celis.

7.0 x 106 viable mononuclesr cells.
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anti-DNP antibody levei deérease with time. Tests with the serum of
mouse number 1 in this group were negative for 3‘weeks following the ‘
spleen cell injection, but a8ll sera collected after the third week were
positive. Mouse number 2 remained negative duriﬁg the. entire observa-
tion period. Twé of‘the 6 female mice injected with spleen cells from
negativé animals demonStratea apti-DNP antibodies in their sera 1 week
later. These animals remainedlﬁositive. Two other mice in this group,
numbers 9 and 10, became positive at the fifth and fourth weeks respec- -
ti&ely. Of the 6Afemales injected with the lysate of the negative
spleen cell suspension, 3 had anti-DNP antibody activity in their sera
1 week later. Two of these mice (number 1k and number 16) remained
positive while number 13 reverted to negative. None of the control
mice injected with Medium 199 developed anti-DNP entibody activity dur-
ing the experimental period.

The serologic changes seen in the sera of male recipients are
shown in Tagble 27. It can be seen that the results pbtained with the
animals which were injected with spleen cells obtainéd from positive
males were similar to those seen with female recipients (Table 26).
Thrée of the males had anti-DNP antibody in their sera 1 week after
cell transfer and 2 others beceme positive by the second weék; Three
of these 5 mice (numbers 1, 2, and 6) remained positive. Number 3 be-
pame’neéative after the second week and finally became consistently
bositive at the fifth week. Number 4 reverted to negative at the third
weék. Number 5 was negative throughout. None of.the males injected '
with viable cells from negative donoré developed entl-DNP antibodies

and only one of the group injected with a lysate of these cells became



TABLE 27

92

ANTI-DNP ANTIBODY ACTIVIIY IN L -MONTH-OLD MALE A/J MICE
AFTER INJECTION CF SPLEEN CELLS DERIVED FROM PCSITIVE
OR NEGATIVE 11-MONTH-OLD ISCGENIC DONORS:

Anti-DNP antibody activity® in recipients
Material | Number of | Before Weeks after transfer
injected | recipient | transfer
1 2 3 L 5 6 7

1 - ++ |+t ++ + ++ | At ++
Positive 2 - et ++ ) 4+ Sl I
viable 3 - - + - - + + +
male L - + + - - - - -
cells? 5 - - - - - - - -
6 - - | + + + + +
7 - - - - - - - -
Negative 8 - - o) 0 0 0 0
viable 9 - - - - - - - -
male 10 - - - - - - - -
cells® 11 - - - - - 0
12 - - - - - - - -
13 - +++ ++ | 4+ ++ ++ + +
Negative 14 - - - - - - - -
lysed 15 - - - - - - - -
male 16 - - - - - - - -
cells - 17 - - - - - - - -
18 - - - - - - - -
19 - - - - - - - -
.. 20 - - - - - - - -
Medium 21 - - - - - - - -
199 22 - - - - - - - -
23 - - - - - - - -
2h - - - - - - - -

o 8
Determined with calf thymus DNP spot test.

b7 8 x 10°

viable mononuclear cells.

C7.2 x 106 viable mononucleér cells.

0 = animal died.A
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positive. The controls that were injeéted with Medium 199 did not proQ
‘duce anti-DNP antibodies during the experimenpal period.

In further study of the ability to transfer antibody produc-
tion to DNP with spleen cells, groups of 4-month-old female A/j mibe
were injected with a suspension of viable spleen cells derived from 9-
monthfold positive 6r negative female donors, or a lysate of 1 of these
preparations. The results of this experiﬁent are shown 'in Table £8.
None of the recipient's sera, obtained the day before injection, con-
tained anti-DNP antibodies. The results obtained with mice injected
with viable positive cells, viable negative cells, or lysed negativé
cells appeared to be similar to those seen in earlier expériments
(Table 22) with 1l-month-old dondrsa Certain mice in each group had
anti-nuclear antibody agyiyity in their sera 1 week after transfer,
some became positive in subsequent weeks, and some remained negative
throughout the experiment; Seven mice were injected with Medium 199.
None of these mice had anti-DNP antibody activity in their éera.

Transfer of Anti-DNP Antibody Production to 7-week-oid

A/J Mice with Spleen Cells from Isogenic Donors

Groups of 6 female and 6 male mice (7 weeks old) were injeéted
with a suspension of viable or lysed spleég cells from positive or negé—
tive ll-month-old donors. As can be seen in Table 29, DNt antibodies
could not be detected'in any of the reciﬁients. Identical results were
also obtained with the male recipients. |

Inje;tion of Seropositive 9-month-old A/J Mice with Thymus
Cells Derived from k-week-old Isogenic Donors

Female and male retired—breeder.mice that had developed anti-DNP
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TABLE 28
ANTI-DNP ANTIBODY ACTIVITY IN 4-MONTH-OLD FEMALE A/J MICE

AFTER INJECTION OF SPLEEN CEILS DERIVED FROM PUSITIVE
COR NEGATIVE 9-MONTH-OLD ISOGENIC FEMALE DONOHS

- Anti-DNP antibody activity® in recipients

- Material |Number of | Before Weeks after transfer
injected |recipient | transfer .

1 2 3 4 5 6

6 1 - - Ea I B S o B

5.4 x 10 e - FI RTINS T I

viable 3 - - - - - - -

positive i - - ++ ++ + + +

cells 5 - + + + + e NS

, 6 - + - - - - -

lysed 7 - - o B R S

positive 8 - - - - - - -

cells 9 - e e e e T I = O s

10 - R 1 - - -

' € 11 - - - S IR S S B

€.1 x 10 12 - - - - - - -

viable 13 - + + ++ ++ ++ T+

negative 14 - - - - - - -

cells 15 - - - - - - -

1 - - - - - - -

lysed 17 - bt |t ++ ++ ++ ++

negative 18 - - - - - - -

cells 19 - - - - - - -

20 - + + + + + +

21 - - - - - - -

22 - - - - - - -

23 - - - - - - -

Medium 24 - - - - - - -

199 25 - - - - - - -

26 - - - C - - - -

27 - - -1 - - - -

®Determined with calf thymus DNP spot test.
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TABLE 29
ANTI-DNP ANTIBODY ACTIVITY IN 7-WEEK-OLD FEMALE A/J MICE

"TER INJECTION CF SPLEEN CELLS DERIVED FROM PISITIVE
OR NEGATIVE 11-MONTH-CLD TISOGENIC DONORS

Anti-DNP antibody activity® in recipients

© Material | Number of Before Weeks after transfer
injected | recipient | transfer

- 1 Lz 3 I 5 4

1 - - - - - - -

Positive z - - - - - - -

viable 3 - - - - - - -

female 4 - - - - - - -

cellsP 5 - - - - - - -

6 - - - - - - -

T - - - - - - -

Negative 8 - - - - - - -

viable 9 - - - - - - -

female 10 - - - - - - -

cells® 11 - - - - - - -

: 1z - - - - - - -

13 - - - - - - -

Negative 1k - - - - - - -

lysed 15 - - - - - - -

female - 16 - - - - - - -

cells 17 - - - - - - -

18 - - - - - - -

19 - - - - - - -

20 - - - - - - -

Medium zl - - - - - - -

199 z2 - - - - - - -

=3 - - - - ~ - -

2k - - - - - - -

aDetermined with calf thymus DNP spot test.
'bTaO X 106'viable mononuclear cells.

cT»l X lO6 viable moncnuclear cellsa
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antibodies spontaneously were injected with a suspension of viable fe-
male or male thymus cells. All of the recipients had +++ levels of
anti-DNP antibody activity initially. The sers used to make this deter-
mination were obfained from the mice *he day befor; they were to be in-
Jected. Pﬁstjinjection bleedings were made at 1 and = wesks, I% will
be seen (Table 30) that a significant decrease.ih the serum anti-DNP
antibbdy activity occurred during the tes®t period (compared with cén—
trols) in female mice numbers 6, 18, 32, and 35 and in male mice numbers
10, 13, and 14. In general, the anti-DNP antibody level decreased in
73% of the recipients. Nine female and 11 male seroﬁositive controls
(uninjected) showed no significaﬁﬁ alteration in serum an*ibody level
over a k-week observation period (Table_3l)n

Injection of Seropositive 9-month-old A/J Femaie.

Mice with Thymus Cells Terived from
T-week-old Isogenic Donors

Another experiment was performed in which 9-month-old seroposi-
tive (+++) retired-breeder miceswere injected with thymﬁs cells derived
from young mice. The donors of the thymuses were 7 weeks o0ld instead
of 4 weeks old as in the previoﬁs éxperiment= The results are shown in
Tablé‘32, Thfee recipient mice, number 29, 36, and 46, were observed
to have a decrease in anti-DNP antibody activity during the observation
period. In contrast, mice numbers 28 and 38 showed no significant con-
sistent change in the 1evelvof their aﬁti-DNP antibody activity.

Injection of Seropositive 18-month-old A/J Mice with
Thymus Cells Derived from L-week-old
. Isogenic Donors

It seemed of interest to determine if anti-INP antibody activity -
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TABLE 30
ANTI-DNP ANTIBODY ACTIVITY IN SERCPOSTTIVE 9-MINII- LT

A/3 MICE INJECTED WITH ISOGENIC THYMIS CELZS
DERIVED FROM 4-WEEK-JLT TONCAES

Anti-TDNP activitya in recipients
Mouse Sex Before Weeks aftsr transfer
number transfer
.
_ b '
3 -1 female +++ . Gt gt
6 femals 44 - -
18 female S+t ‘ - -
30 female +4L ++ ++
3z female +++ + +
.35 female +++ ' + +
c Ll .
3 male i + ++
9 male , bt ‘ + 4
10 - male +++ - -
13 male +++ . + F
1k male et + -

@letermined with calf thymus DNP spot test. -

baig females injected with 4.7 x 106 cells from female donors.

6

CA11 males injected with 4.4 x 10° cells from mele donors.
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TABLE 31

4

CONSISTENCY OF ANTI-DNP ANVIBODY ACTIVIIY IN SEFA

OF SEROPOSITIVE 9-MONTH-OLD A/ MICE®

Weeks on which sera were collected

Mouse Sex
number
1 z 3 i
b female S +ia +++ bt
nz 4 4t 4 et
c5 +4 bt e +i
29 +++ ek 4t ++4
31 +++ g b4 it
36 bk 4t + i
38 ot +4 i+ $44
L9 ot ot bt bt
61 ++4 Ta b Ft
8 male bt et e it
1h ot 4+ ++ et
0 bt 4+ +4 e
31 +++ +++ +bt et
£6 +t bt +++ .
68 it Fhd b b
73 T +i+ +dt 444
83 +++ +4t S Fad
9z +++ it +bt bt
93 +++ +4+t Fiod b
107 - Fodet 4t Akt e

8Determined with calf thymus DNP spot test.
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TABLE 32

ANTT-DNP ANIIBCLY ACIIVITY IN SERUPCSSIIIVE Q-MINIH.ILD
A/J FEMALE MICE INJECTED WITH 6.8 X l06 THIMIS
CELLS DERIVED FROM T-WEEK-C(IT
ISOGENIC-FEMALE TONTES

. AU - S -
Arti-DNP activi*y in recipien®s
Mouse Before Weeks after transfer
number transfer

1 z 3 4

28 44+ ++ + + 4
29 4+ + - - -
3€ 44 + - - -
38 4+ i 44 4 4+
L€ ++4 - - - -

8Tetermined with calf thymus LNP spoh test.
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in older A/J mice (retired breeders) would decrease after the injection
of thjmus cells from young mice.- The.résults of thils experiment are
presented in Table 33. Of the 17 female regipients used, 8 of them
(numbers =, 9, 11, 1%, 17, 19, 35, and 37) appesred *o héve decreased
antibody =activity by 1 to 3 weekS'gfter transfer. Two of'thes; animals
died before the ehd of the expefimentq The remaining € animals all '
eventually became ﬁegative for anti-LNF antiboiy. In cﬂnﬁgast, it can
be seen that 4 of the mice (numbers 7, =X, 30, and 38) wers'nof per-
manently effected by the injection of thymus cells.
Injection-of Seronegative 9-month-o0ld A/l Miée with
Isogenic Thymus or Spleen Cells and
Immunization with Calf Thymus DNP

Since it was observed that the injectiocn of thymus cells into
seropositive mice apparently interferes with the continued production
of énti-DNP antibodies, it 'seemed important to determine if the injec-
tion of thymus cells into ;eronegative mice could prevent them from
being induced to produce anti-DNP antibody following specific immuni-
zation. The results of *this study are shown in T=ble 34, Groups of
female and male retiréd-breeder A/J mice were injected with visble
suspensions ofvthymus or sﬁleen ce;ls, or Medium 199. ‘wo and 3 weeks
later all mice were bled and their sera were examined for the presence
of anti-INP antibody activity with the calf thymus TNP spot test.
Immediafely after all of the mice were bled on the third week they were
given an injection of calf thymus DNP in complete Freund's adjuvant,
One week later they were bled and reimmunizeda One week later they were
bied again. None of the sera oﬁtained on the second or third week after

the cell suspensions were injected contained anti-DNP antibodies. None



ANTI-DNP ANITRODY ACIIVITY IN SEROPISITIVE 18-MON 51D
FEMALE A/ MICE INSECTED WIZH 7.0 X 10 _
TYYMUS CEL™S TERIVE™ FROM L-WEEK-OZD
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TABIFE 33

FEMALE DONURS

ISCGENIC

Anti-DNP ac-ft:ivit-ya in recipients

Mouse Before Weeks after transfer
number transfer
1 2 3 L g £
z +4++ + - - - - -
7 +++ ++ + +4 G N
9 At + - - - - -
11 e + - 0 2 O
iz bt ++ - - - - -
17 +bd Lt & 2 ¢
19 ot + - - - - -
=21 4t ++ ++ + +it et bt
30 +4++ ++ ++ + s+ 44t Ldd
35 b + - - - = -
37 +t + + + - - -
38 et 4 ++ o it Fit +44

8Determined with calf thymus TNP spot test.

0 = animal died.



ANTI-DNP ANTIBODY ACTIVITY IN 9-MONiH-OLD A/ MICE
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TABLE 3k

INJECTED WITH ISOGENIC THYMUS (R SPLEEN CELLS
AND IMMUNIZED WITH CALF THYMJS DNP
IN COMPLEIE FREUNC'S ADLJUJVANT

ati-DNP activity® in recipients

Material Number of Sex Before Weeks after: Weeks after
injected . recipient transfer cell DNP -

transfer immanizationsb
i
3 1 2
L7 x 106 9 femals - - - -
female 10 female - - - - -
thymus 20 female - - - - -
cells, 2k female - - - -
7.4 x 106 2 female - - - - -
female 3 female - - - - -
spleen 2h female - - - - -
cells 27 female - - - - -
29 female - - - - -
L.2 x 1o6 8 male - - - . -
male 11 male - - - - -
thymus 15 male - - - - -
cells 16 male - - - - -
5.3 x lO6 26 male - - - - -
male 27 male - - - - -
spleen 28 male - - - - "
cells 30 male - - - - -
31 male - - - - -
8Determined with TNP spo’ test,

b,

A

calf thymus

wo injections given; the first, 3 weeks after cell transfer,
the second, 1 week later. -
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TABLE 34--Continued,

' R s e, 8 RV
Anti-DNP activity™ in recipients

Material Number of Sex Before Weeks after] Weeks after
injected recipient transfer cetl INP b
tracsfer | immunizations
3 1 c
Medium . 37 females - - - ' . o PRI
199 38 female - - . wee | orsa
control L female - - - - -+
L3 female - - . FUU
Medium 38 male - - . S
199 L2 male - - R - -
control 43 male - - - boaan Ly
bl male - - - . +

@Determined with calf thymus DNP spot test.

bTwo injections given; the first, 3 weeks after cell transfer,
the second, 1 week later.

-
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of the mice that received an injectioﬁ of viable thymus or spleen cells
was induced tc produce anti-DNP.antibodies following immunization with
DNPo However, the control mice, injected only with Medium 199, weré in-
duced to produce anti-DNP antibodies. §Six 6ther controls were not in-

jected. None of these mice became positive spontaneously .



CHAPTER TV
CISCSSTON

vhe originai intenr of these studies was 1o find a strain of
isogenic mice *tha® praduce anti-nuclesr antibody spontapeously. Five
poois of ssrum f?om each of i7 srrains of revired-bresder mice were
sxamined with thes indirecct immuwofluorescent rtschniqus for gamma-gicbu-
1in resctive with ca.f ~hymus ONF spa=s and the nuciel of numan pari-
pherai biosod leukocy: =s. he _Nb cpots were o7 sTandar dized fqr ez J-
logic *esvs wi+h mﬁuse seruam.  hey were prapared from a soiurion con-
taining 1..5 mg/ml >f calf whymus DNF.  ihais concentraninn had been
previously determined to5 be optimal for *ne det:zcticn of anti-INF anti-
bodies in human S.E sera ! friou, 196%;. Fositive scrologie Tests with
INF ara leukocyte nucle=l were produced only by serum pools from A/J
mice {lable L), Four of “he 5 pdils of A/J mouse serum wsre positbive
in ezach ftest. The results ottained with each porl of serum WETE

-~

approximately the same (Tabls 7). T% would appear =ns* rhe serum of
at least 1 donor mouse in each of the positive pools contain=d gamma-
globulin resctive with nuclesr material. Al*hough *he serum pozls from
other'sfrains did nct contain anti-nuclear factor detectable with these
tests, the possibilify exists that it could have been pregent in one or

more donor's sera used to make the pools. However, turough dilution

with negative sera, it would have been undetected with these serclogic

105
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tes*s (¥riou and Teague, 1964}, ALL cell nuciel showing immunofiuores-
cence at?%}.ﬁ?eéiment with serum containing anvi-nuclear facuor were
homogensous in agpearance. inis =ype of pattern has bsaen suggsstad to
[33 'h% moss predominant “one prﬂducad by human 51K szra
Arvhough 1t was demonstrars«d that some po2is of serum from A/J
mice can‘ainei.anfl-n;04 2r facmor acvivity de-ecvabie by fhe experi-

‘mental mevhods used, 1+ wag necessary 10 de~evmine The optimum amo.unt.s

Cj

=]

of INP ani fludrescens an~1-mouss gamma-g.obulin conjuga~e 1o be ussd
in serdiogic veers ihz é:ancazdizaﬂioz p:cc&aurﬁ_dSQ.A,y\d for use
with human 3.F se-2 was foliowed ‘fring, 19k »oand serum sampiz=s from
individual mice w-r: used. Human serum was 2is° used since i™ had bt%
used in the original ONF spom vzew evaniardizatizone [0 was found tha®

calf thymus [Ni spits prepared from a4 solution con-sining L. -5 mg/mi

of INF gave the desir:d results [akls 37, Ihis -oncentration was ‘he

Vu

lowest in which 1) normal human and mouse sers were negative, (1) a

(%) positive

high witer was Qb‘iinﬁi with 3 positive numan serum, and
mouse €214 gave “he greatest intenelity of fluorescencs, kesuits of
rabbit ?hymus LNE snandaxdization irdicaved that a 1 75 mg/ml ssiution
shouid be utilized =0 prepare ail INF spots (.atis b},
Experimen®s conczrned with standardization of 3% 1L oand Dot 2
fLu escent conjugatss indicat?d tha~ all experiments with both DNFP
spots (iable 5) and lsukocytes should be made using a 1l:i diiusion of

Low 1 conjugsze and a Ll:b diiution of Do conjugate.

Nor.-spscific fluorescent s*aining can be a critical factor in

—

he svalustion of results of immunof iuor escent experiments. Absorption

of each fluorescent conjugats with A/J mouse zerum removed all staining
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activity of the conjugates for calf thymus NP and DNA spots and the
nuclei of human peripheral blood leukocyhzs. These data suggest thatn
fluorescence of serum- and conjugats-treated spchts or lsukocyte nuclel
"is the result of the iateraction of mnuse.anti~nuclsar factor and anti-
gen and fluorescent rabbit snti-mouse gamma-globulin., Tmmurnoeliectro-
phoresis‘experiments with mouse sers ard Lot 1 and Iot =z conjugates
suggest that both conjugates contained antibody that precipivatad only
with mouse gamma-globulin.

B Serologic tests with starch %lock eluates arter elsctrophoresis
of positive and negative serum poois revsaled that the A/J mouse arnti-
" mucli=ar factor migrated only wi*th *h+s gamma-giobulin frachion of mouse
serum (Table 6). <hzse results, and he demonstration_ﬁhat‘the conju-
gates reacted only with mouse gamma-globulin in immunoelectrophhrésiﬁ,
suggested that anti-nuclear factor ir A/J mice is specific antibody.
Additional experiments were nct performed %o debtermine in which class
or classes of +he immunoglobulins anti-nuclear antibedies exist. bx-
periments with human SLE sers have revsalsd *that human anti-maclear
antibody migrates with gamma-glohbulin in siarch block electrophoresis
{Hciman snd Kunkel, 1957) and rsacts with specific rabbit anti-tumsr
gamma-globulin antibody (Friou, 1958, 19f%). More refined experimenbs
have shown that anti-nuclear antibodigs may be found in all of the hu-
man immunoglobulins (Barnett et al., 196L4).

Since most human SLE sera contain anti-DNP antibodygénd some
also have anti-DNA antibody acfivity, it was of interést.to determine
if a similar situation prevailed with A/T mice. Individual 8-month-old -

females were selected on the basis of having a positive or negative
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result in the calf thymus DNP spot tesst {labie 7). Although this was
a preliminary experiment, it was found that none 5f the sera contained
antibodies reactive with DNA. Some, bui no% all mice that were found
vo have antl-DNF antibody, were positive in the LE cell test. Similar
observations have been made in studies with the blood of humans with
SLE. A higher pesrcentage of SLE patients gre positive in the spot test
than in the LE cell test (Friou, 1958; Casals et al., 1964). It hes
been suggested that negstive LE cell teshs in SLE patients result, in
some instances, from the presence of an inhibitor of LE cell formation
in the serum of these patients (Friou et al., 1958). the level of anti-
DNF antibody coﬁld also be an importent factor 'in LE ceil formatior by
A/ mice. A positive ZE cell test was obtained with ali mice thét ware
+++ in the DNP spot test. None of the mice which were + or - in the
spot test were positive iﬁ the LE cell test. The ++ mice were Va?igble
in the LE cell test. Since it coﬁld be considered that immunofluores-
cen* tests are generally more sensitive than phagocytic tests, it is
possible that mice which had iow levels of INF ansibody did not have
enough antibody to effect the production cf dstectable LE cells.
Aithough the role of complémenﬁ in LE cell formation by human S_LE sera
is controversial,_inadeqpaté levels of complement could rossibly pfe-
vent detectable LE cell formationo. However, since all mice with high
levels of anti-DNP antibody were positive in the E cell “&sb, this
possibility seems to be remote. '

The LE cells appeared to be morphologically similar to humean -
LE éells stéined with Wright‘s stain. As shown in Fig. 3, the nucleus

of the polymorphonuclear leukocyte apprears to be displaced to a
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peripheral loca*ticn in %the cell and spparsstily surrounds a large, in-
gested inclusion, probably of nuclesr origin. ALl typical inclusions
appearsd o be haﬁogeneous 3nd were shalnsd dark pink BTo light purple.
Granuiar inclusions were nov s-un,  Neon-pnwgocyulZed, extracellular,
homogeneous material was dbserved rourin=ly i pcsifiV¢ CE el pre-
*parations; but not 1in negative prfparations, fosettes were observed
océaéionally, they were composed of w2 27 mors poLymorphonuclesr
leukoéytes which surrounded 2 homogeneo.s. body. In ad3iticn o the
reaction with autologous nuclesr mafsrial, aimost all sera containing
anti-DNP antibody produced 3 fAomogens sus immunofiiorescance with the

'nuclei of mouse, rabbin, and human p-ripheral biood leukocytes. Lhe

lack of spe=cies specificity of ftuis fact is similsxr 5> the hetsro-

,

reactivity of human anti-DNP antibody [rriosu e* al., 1958; Miescher

£

.5 19€1).

uU

al
The srontanesus agpearance of ceortain apti-nuaciesr antibodies

that react with both heterologous and sutsiogous antigens dces not

appear to be unique te A/J‘micev S$imilar serclogic reacticns have

been reportzd to occur invNZB/BL (Pielzschowsky £noal. , 1959}, E

hybrid progzsny of NAE/EW and certain ciher s*rains of mice (Helyer

and Howie, 1961, 19633; 1963c ), G:7B;/65 {Friou and Teagus, 19€4),

C5TBL and C3H (Norrins ana oime%, 196L}, and GSTER mic (H iborow

et al., 1965). Anti-nuclear antibody has alsc peen reportszd to occur

in an outbred strain of mice (Norring and Hoimes, 19AL) and in dogs

(Lewis et al., 196€5).

In the initial studies to determine. the incidsnce of an*ti-DNP

antibody activity in retired-breeder A/J'mice, it was found thst at 8
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months of age, 34% of 50 females (Table 8) and 18% of 50 malss (Table 9)
were ﬁositivee The incidence did not increase remarkably during the
next 4 wesks. Inspection of these data 2iso indicates that;‘with one
exception, all animals remained positive once they had begun producing
anti-DNP antibody. in general, the only change in the estimate of anti-
DNP antibody activity (expressed by +++, ++, +, Or -) was that of an
increase. “hese data suggest thab between 8 and 9 months of age *the
incidence of anti-DﬁP antibody activibty is greater in females. Data
rresented in Tabie § confirm *this observation. Accumulated serologic
dﬁta for all untreated 9-month-01d mice tested showed the incidence to
be 35.8% in femaies and =3.7% in mslss. Tne difference in the incidence
in females and males is significan® a5 the 0.0l confidence level

(t = 3.05). Although the incidence of anti-DNP antibody d4id not in-
cfease between 8 and 9 months of age, experiments with cother groups

of A/J mice indicated that there is a general tendency for negaﬁive
retired-breeder A/J mice to develop anti-INF antibody with incfeasing
age. The incidence of anti-DNF antibody in one group of females in-
creased from 34% at 8 months of age to 63%'by i3 1/2 months of age.

A similar trend was observed in a group of males (Table 1:). It appears
that the rate of spontaneous conversion is greater in aging males after
8 months of age, since by 13 1/2 months of age the iﬁcidence is approxi-
'mately the same in both sexes. Ouly 1 female and 2 malss reverted to
negative during this pericd. Ehereforg, it_is assumed that these data
reflect a tendency'of A/J mice to acquire the ability to rroduce anti-
DNP antibody in the absence of experimental immunization. Additional

experiments with other groﬁps of female A/J~mice bled at various ages
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showed the incidence increases from 3h%lat 8 months of age to 90% at
20 months of age. This change is highly significant (p = 0.001). Ex-
periments with groups of meles bled at different ages revealed the same
statistically significant trend.

Virgin female and male A/J mice were bled at intervals and @heir
sera were tested for anti-DNP antibédy activity. None of the females
(Teble 15) or males were positive betweén 1 3/k and 5 1/2 months of sage.
At 8 1/b4 months of sge, 3 of 48 females (6.3%) were positive. By 19 3/b
months of age, 73% of the females were positive. Statistical analysis
of serologic date derived from other groups of virgin females (Table 16)
and males (Table 17) reveeled that the increasc in ineidence in each
sex is significant. Since the percentsge of positive 8-month-o0ld virging
(male and temale) is lower than the percentage of positive retired-breeder
.. animals of the same approximate age, it appears that the events which
allow A/J mice to produce anti-DNP antibody develop at a slower rate in
virgin mice. This difference could be due to variables that are inherent
in the physiologic and/or environmental condiﬁions of breeder and virgin.
colonies of mice. | .

Pfeiiminary studies with the.sera of 8-month-old A/J retired
breéder mice indicaeted that anti-DNA antibody was not présent in these
sera. Additional experiments with the sera of individual A/J retired
breeders (female) obtained from bleedings at various intervals during
sging 1ndicated that some of these mice eventually gained tﬁe capacity
to produ;e anti-DNA entibody (Table 18). None of these animals produced
anti-DNA antibody before 12 months of age, but by the time they were 23

monthe old, 31.6% of the mice were positive in the DNA‘spot test{ The
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percentage of these females that had serum anti-DNF antibody at each age
tested was very similar to the pércentéges determined for various age
groups of other female A/J mice (Table 13). I% wouid thus appear that
some A/J mice develop anti-INA énﬁibody sgoﬁrineausly in the absence of
experimental immunizations. The rate of spontaneous conversion is appar-
.ently deiayed in comparison with the rate of conversion 4o an@i;DNF anti-
body production,

Serologic studies with the serum of individuai retired-breeder
DBA/lJ‘mice were also made. Anti-TNE antitody was not produced by these
mice up to 18 months of age. Members of this strain wers *herefore se-
lected for the produétion of Fl hybrids with A/J females, sand for»con-
trols in immunization experiments.

AJDF1 hybrids (virgins) did no% have an*i-nucizsr antibody in
their sera at 8 and 16 months of sge. Swudies with oldsr hybrids were
not performed, therefore, complets analysis of thess data conno® be made.
However, if it is assumed that anti-nuclear antibody never =appeared in
the sera of these hybrids during the remainder of their nstursl life
span, the data could then be interpreted -o mean that the capacity for
anti-DNP antibody production is transmitted‘by'genstic factors, possibly
as. a recessive character,

In contrast, some ANZBF1 hybrids (virgins) were found to be
posifivé'in tés%s for anti-nuclear antibédy. inese animals were the
progeny of A/< females and NZB/BL malss. The incidence of an%i-DNP
éntibody was found to be M9% at 3 1/2 months of age. This figure is
very close to the 45% ineidence reported to be standard for adult .

NZB/B. mice (Norrins and Holmes, 19€4). Since A/7 mice {virgias) did .
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not show posi?ive tests until after 5 1/ months of age, and the inci-
dence is no% as hlgh in 8-month-old A/ & breeders as in these
hyorids, it appears tha®t the ANZ:SL hytrid could bs =2 valuable shrain

for studying variablzs of anti-auclesr anhibody yproduction and patho-
logic conditions +hat could be assaciated with the sutoimmure state,

amalss were tested when the

=)

.Alﬁuuugh only small numbers of maies and
animais were 5 1/: months oid, all females {9 of 9) ard mos® msles (8
of 9) had antibody reactive with INP, 323 most also hal anti-INA anti-

¢

v animals (11 months

body. These incidence levels did not change in
014}, Since Norrins and Holmes (19€L) sugges: +hat *the anhtigen speci-
ficity of *he sntibody produced by NZB/BI mice is for I'NF, i% appears
+hat vhs ANZBFL hybrid‘s sbility to rroduce anti-INA anhitody was ine
herited from A./-J"mice° The results of “he yresent g-udy affoxd no
supporm for this hypothesis, however, since NZH/K. mice were not ex-
amined serologicall& for snti-DNA artibody. The finding +that only one
5 l/£~month-old animel was positive in the LE c=ll tzs% cannot be eéx-
pizined. LE cell tasts have been raported to be positive with both
parental strains (Rielschowsky et al., 1959; Friou and .eague, 19€k).

Anti-DNP an“ibody was 8lso found in the sers of cerﬁain;8~
month-old USTE./6J mice (retired bresders). However, “sshs with pooled
sera from mice of this strain wesrs dega,lv . If anti-INE antitody was
present in the serum pools of thesis mice it apparently was diluted by
the serz from negative animsls such as *o be bslow the level of sensi-
tivity of the immunofluorescent tesths.

“he ability of.A/&'mice to produce. antl-Lut artibody, eitvher

spontaneously or after immunizetion, is apparently related fo their age
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and *2 tnelr rhysiologic and gene®ic shatis, - 17 wag shown Phat anti-INE
£ i / =

“mon*ths of 4ge, and that the incidence »f ar-ibady in 8«manth-old snimals

antibody doss no* appear in the ssrs of vizgin animsls hafor

is Lower in virgias *han in rebired bresders.  Indections of TNE or DNA
into & 3/ -mon*t-5id =nimals did now induce the production of ds*zchable
anti-nuciear antibody | fabls o3). 0 Similar trestment of 8emonth-oid re-

tized breeders which had no’ developed ani-UNPE artibody spontansousiy

resuited in tae formarion of sntibody reactive witn aut:

nuclei | ZE <l furmatlcn)} -axf “hymzs N7, and the nuclizl of human
leukocy w3, Irirerted controis d4id not producs anti- A ariiboady dure-
ing *he &x;afimfn*aL period. ih:zsz d3ra sugges that tns ablilhy of
A/ mice *5 proiu:i- antibody reactive witn DITh AuTOlogous And hetsro-

L0gous INr 7oull resal™ from falluce oF tolsrance mechanisms

during -he aging process, a ~heary propo:ed by Rones (1978) f5temp1ain
aut clmrmunity in g-ueral,  Imualzation 2F mic= Shet were ;:3du¢iné grhi-
ONF an®iboay 2e the result of srontaneonus conversion did nst resull in
the appsarance of anti-INA axtibody. Sive- anti-INA zohibodv does not
appear spontansdusly in A/ mice until sfher & /7 months of agz, it
appears that the patantiai *2 respond immunologically +o ONF dis dis-
tinc= from “he potanthiar ©0 respond tO DNA, znd that *olerance ©o DNE

is Los® fired.

Since, in the latter experiments, both DNF and DNA were com-
bined wi*h vomplete Freund's adjuvsn® for injectian, additicanal experi-
ments Qere performed in an attempt to clarify the roie of the adjuvant
ia the production of'&nﬁi-ENP antibody {Iable ¢4). Each serum was

tested for ambibody activiy for both calf “hymus and rabbit *“hyvmus
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DNP. All sera that gave positive reactions with calf thymus DNP were
also positive with rabbit thymus DNFP. Ihus, the anti-LNE antibody
which appeared foiicwing the immunizations was ap?arently not directed
against an antigenic component unique %o c¢3if thymus INP. “tThe anbis -
body appears to have the same type of auto- and hetero-reactivity as
thét which appears spontaneously in baﬁh.A/:'mi:e and humsn SLE,
Aithough an5i-INE antibody was induced in 8 of 17 mice (malies and fe-

males) after injections of aquecus solutions of DNF, irjections of

complete Freund‘s adjuvant alone into othsre animals produced a similar
serologic response. Animals injecved with incompiete Freand's ad ju-
vant did not devzlop anti-ONP antibody. Thus, these experiments did
not compieteiy identify the antiéen or sntigens *o which these mice
responded. Immunologic responses could have been directed against
~one or more of the following: (1) the DNVF of the mycobacteria in the
adjuvan®, (3)‘the calf thymus DNF, (3) trace smounts of protein in ths
DNA preparations, (4) DNP which could have been a contaminant in BSA,
or (5) autologous DNP released from damaged tissue either during granu-
ioma formation or bylcirculating antigen-antibody (BSA-anti-BSA) com-
plexés,

Further evidence that:the ability of mice %o produce anbi-
nuclear antibody might te due to a chéracﬁeristic that exists.oﬁly
in certain strains was derived from immunizaSion siudies with DBA/LJ
retired-bresder mice that were 8 and =0 months 0ld. None of the mice
in these groups produced anti-bNP ansitody after either specific or
non-specific immunizations.

The trarsfer of lymphoid cells of the spleen and 1ymph nodes
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ﬁo normal animals has been used extensively to demonstrate that such
tissues contain cells with immunologic memory or potential for botn
immediate and delayed immunologic responses to various antigens. How-
ever, only recently has a spontaneously occurring autoimmune state been
transferred with viabie lymphoid cells. Holmes et al. (1961) reported
that L- fo 6-week-old NZB/BL mice developed a fatal autoimmune hemo-
-lytic anemia efter being injected with viable spleen cells derived -
" from Coomb's positive adult NZB/BL mice. Altnough it had been estab-
lished that NZB/BL mice elso develop anti-nuclear antibody spontane-
'ousl&, this parameter was not measured in either the donors or the
recipients. However, in the present study, certain experiments with
A/J mice established that recipients of spleen cells from retired
breeders developed anti-DNP antibody activity. This activity was pro-
duced by most h-month-oid recipients (Tables 26, 27, and 28). The "
presence or absence of anti-DNP antibody in the sera of the retired-
breeder donors did not appear to be a factor which determined the
type of serologic response exhibited by the recipients. ‘More than
one-half of the recipients in most groups btecame positive within 2
weeks after the injection of cells or homogenates derived from donors
that had serum anti-DNP antibody activity. The continued presence of
this antibody in most recipients for the duration of the experimental
period (7 weeks) suggests that the majority of.fhe anti-DNP antibody
detected_in the serologic tests was derived from active antibody syn-
thesis in the recipient rather than from passivelyvtransferred anti-
body. Additional evidence for this concept was the observation that

many animals injected with spleen cells obtained from mice which did
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not have detectablé anti-DNP éntibody in theif sera also developed anti-
DNP antibody. Lysates of cells from seropositive or seronegative donors.
appeared to be as effective as yiable cells in converting the 4-month-old
recipients,

The age of the recipient apparently influences the synthesis
of anﬁi—DNP antibody since it was féund the T-week-o0ld mice did not
have.anti-DNP antibody in their sera following the injection of viable
cells from seropositive or seronegative retired breeders. Homogenates
were also ineffective. These data indicate that the younger recipients
did not provide a suitable environment for the synthssis of anti-DNP
antibody .

The possibility that the appearance of anti-DNP antibody in
the sera of the A/J, recipients could have been due to an immune res-
ponse directed against nucléar materials present'in the cell free or
viable cell suspensions appears remote in view of the finding that
9-month-o0ld recipients did not develop anti-DNP antibody following the
injection of viable thymus or spleen cells from 7-week-0ld donors
(Table 34). The lack of anti-INP antibody production by immunized
b 1/2—month-old A/J mice adds additional support to this concepto.

Although the injection of homogenates of spleen cells from
Coomb ‘s pdsitivé NZB/BL mice did not induce Coomb's negative mice to
pro&uce autoantibody (Holmes et al., 1961), other investigators have
reported specific antibody'production by non-immmne animals or Jlymp-
hoid cells after treatment with cell-free lymphoid material from
immunized animals. Mannick and Egdahl (1962) found that an ribonucleic

acid (RNA) extract of immune rabbit lymphecid cells, when incubated
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in vitro with normal rabbit lymphoid cells and then injécted into normal
animals, induced the.recipients to develop thé specific‘homograft
immunity possessed by .the donor. Treatment of the” extract with Rlase
destroyed its transfer capacity. RNA from normal animéls was incapable
Qf transfer. "Immune RNA" injected intravenously without prior incuba-
tibn with cells in vitro was also ineffective (Mannick, 196k4). RNA-
treated cells were effective in inducing a homogréff immunity when
given up to 48 hours after skin transplantation (Manniék, 1964), sug-
gesting that both ahtigen and specific RNA could be involved in the‘.
iﬁmune response. Additional experiments revealed that ribosomal sites
for RNA could be completely saturated with donor RNA, arnd that this
prevented the appearance of specific immunity in the same test system
used in prévious experiments (Mannick and Egdahl, 1964).

RNA, purified from immune mouse spleens, has also been reported
to induce certain normal mouse spleen cells to produce sheep erythrocyte
hemolysins in vitro (Cohen and Parks, 196L4). Antibody was not produced
when the RNA extract was treated with RNase. Friedmasn (1964) performed
similar experiments and obtained essentialiy the same results. In
addition, he found that the RNA extract did not contain detectable anti-
gen and that pretreatment of the prospective donors with Actinomycin-D
inhibiﬁed the induction of antibgdy formationiby subsequently extracted
RNA.  This was interpreted‘by the author to indicate that the produc-
tion of specific new RNA i1s essential for antibody formation by the
hén-immune animal, but it is not known whether the RNA extracts con-
tained an antibody coding mechanism, an‘immunogenic antigen-nucleic

acid complex, or an antibody precursor which may have induced immune



119

activity by non-immune cells.

| ithough Weiler (1964%) reportsd “hat the injection’ of homo-
genaﬁes‘of mouse immune spleen cells did no% induce normal isogenic
animals %> produce anti-phage antibody, Friedméh (1963) found that
specific anti-bacterizal antibody was produced by normal rabbit
foilowing the intravsnous injection of crude preparations of nuclei,
mitochondria, iNF, or BNA from immune rabbit spiesno

A RNaée sznsitive filhrate of immuns rat lymphoid cells has

been reported to induce specific antibody synthesis by normal rat lymph
node celis in #issue culture (Fishman, 19€1) and in Miilipore chambers
placed in the peritoneal cavity of normal animals (Fishman and Adler,
1963). Studies Qitb tritiatad cytidine vevealed that ENA becomes - |
localized initracellularly in both lymphocytes and macrophages. Lympho-
cytes surrounding macrophéges contained more ERNA than did isolated
lymphocytes (Fishman and Adler, 1963). Aronson (1963) has reporied
ohserving *ritium-lsbeled RNA within cytoplésmic bridges formed between
macrophages. Observations of electron micrographs of spleen and lymph
nodes Of immune rabbits have also revealed cytoplasmic bridge formation
between macrophages and plasmg cells, as well as the passage through
them of particles which appeared to bhe ribosomes (Schoenberg et al.,
i9€L4). FExperiments tritium-labeled RNA also indicate that the SNA
of lymphoid cells has a long half life (Milier, 1964). The author
found that restimulation of immune re*s did not increase the amount
of stable RNA in plasma cells. He suggested that a single molecule
of messanger ENA might serve repeatédly 358 a template for a large

amount of specific coded antibody protein. Campbell and Garvey (1961)
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have suggested that antigens are catsbolized immediately by the host

and are retained for long periods of time as fragments which are inti-
mately associated with RNA of lymphoid cells. They speculéted that the
incomplete breakdown of antigehs and persistence of molecular fragments
indiqates the exiétence of linkages'in "foreign" molecules which are

not completely susceptible to total degradation by host cellular enzymes.
This lack of complete antigen catabolism was suggested to be the stimu-
lus for antibody formation. ~The authors ppoposed that, under these con-
di£ions, even autologous antigens could become immunogenic if they
developed a 'foreign" configuration, or if abnormal intracellular enzyme
caused incomplete breakdown of a potentially immunogenic agent. Thus,
the ability ﬁo induce animals or isolated lymphoid cells to produce
specific antibody following treatment with cell-free material appears

0 be well established under certain conditioné, Although specific

RNA appears to be involved in the prbcess, other factors have not yet
been excluded.

Burnet and Holmes (i96h) have proposed that the thymus is the
primary organ invelved in the homeostasis mechanism which inhibits the
expression of autoimmunity. ‘The preéenﬂ éxperiments with A/J mice |
appear to confirm this hypothesis, and also indicste that the spleen
has a similar function. A temporary decfease in the level of anti-DNP
antibody was observed in 6ne group of mice following the injection of
thymus cells from young A/J mice {Table 30). Other experiments indi-
cated that the disappearance of anti-DNP antibody frbm the sefa of
mice treated with thymus éells was not transient. Most members of two

groups ofmice remained negative for a 6-week period (Tables 32 and 33).
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Experiments were not perférﬁed to éetermine whether anti-ILNP antibody
would eventually reappear in the sera of these mice. "Other experiments
indicated that both the thymus and the spleen of young A/J mice have
the capacify to influence anti-DNP antibody synthesis. When‘séro-
negative, retired-ﬁreedernﬁce were injected With suspensions of viable
thymus or spleen cells from T-week-old %/J mice, and were subsequéntly
immunized with calf thymus DNP, none of them produced anti-DNP anti-
body. in contrast, controls that d4id nob receive a rrior injection

6f thymus or spléen cells‘produced anti-ENP ansibody after immunizea-
tion. These findings indicate that certain thymus and spleen cells

of young A/J mice revived the normal homeostatic mechanisms in old
recipientsu

‘ The.thymus is known to influence normal immunologic responses

in both neonatal and adult animéls (reviewed by Good et al., 1965) by
1 es; by the seeding of cells to the spleen and lymph ncdes to in-
fluénce immune fesponses in 5132, or by allowing cells from other
'lymphoid organs to gain entrance into the thymus and become immuno-
logically competent (Miller, 1962); Suggestions have also been advanced
that the post-thymectomy wasting syndrome in certain strains of mice
(Tevries et al., 1964) and in rabbits (Sutherlend et al., 1965; Kellum
et al., 1965) could be partially the resul:t of autoimmune processes.
The studies with rabbits indicated that the appendix and the épleen
also cqntribute to the theoretical homeostasis mechanisms. However,
since other investigators (East and Farrobtt, 1965) insist that'auto;
imunity did not oceur in'three strains of neonatally thymectomized

mice, it is possible that only certaln strains of animals are
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suéceptible to demonstrable autoimmunity following thymectomy.

With respect to A/J mice, 1t appears that these animals possess .
an inherent trait which allows eging animals to produce auto-reactive
anti~DNP and anti-DNA antibodies. The sbsence of this type of anti-
nuclear antibody in several other strains.of mice suggests that the
ability to produce this antibody could be governed by genetic mech-
 anisms. Preliminary exﬁeriments with F1 hybrids indicated that éenetic
transmission could involve a recessive trait.

Cells capable of anti-DNP antibody production were not pre- ‘
sent in the spleen of'?-wéek-old mice, bub they'were present in 8- %
month or older animals. Thus, these specific cells appear during aging
and could arise by somatic mutation, as proposed by Burnet (1958)° A
mechanism of immunologic homeostasis whose functbion is to inhibit the
‘biological activity of cells capable of autoimmune responses ( Burnet,
1958, 1962, 1963, 1964, 1965) is apparently fuﬁetional in A/J mice.

It apparently decreases in effectiveness with increasing age. Although
L l/2-month-old mice could not be induced to produce anti-DNP antibody
by immunization, indicating that thé inhibitor system was functionally
intact in these animals, the injection of 4-month-0ld animals with
viable cells or homogenates resulted in anti-DNP antibody production.
The existence or induction of cells capabie of resiéting homeostatic

~ controls could have béen respoﬁsible for this response. Alternatively,
the injection of dispersed spleen.cells into the peritoneal cavity
could have diminished the effectlveness of the inhibitor system long
enough to allow cells to escape permanently its influence.

The nature of the factor or factors in the cell lysates
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responsible for the appearance of antbibody in the recipients is unknown.
Treatment of the material with DNasé, RNase, and proteinases might indi-
cate whether any of these substances is involved. Since it appears that
the host responée following.the injection of the spleen cell homogenates
was.not an immune response directed against the nuclear materials con-
tained therein, other biologic mechanisms must be responsible for the
appearance of anti-DNP antibody under the experimental conditions used

in the present study.



CHAPTER V
SUMMARY

Immunofluorescent techniques revealed the presence of gamma-
globulin reactive with calf thymus DNP spots and the nuclei of human
peripheral blood leukocytes in serum pools of 8-month-o0ld retired-
breeder A/J mice. Similar serologic tests with serum pools from 16
other strains of mice were negative. The factor in the serum pools
migrated with gamma-globulin in zone electrophoresis and reacted with
specific raEbit anti-mouse gamma-globulin.

Serologic studies of sera of individual 8-month-old A/J mice
(retired breeders) refealed anti-nuclear factor reactive with DNP, but
not with calf thymus DNA, was present only in certain animals. These
data indicated that the factor is probably é specific antibody. Most

sera containing anti-DNP antibody also reacted with nuclei of mouse

(A/J), rabbit, or human leukocytes. Most mice that had anti-DNP. anti-

-

body produced LE éells.
| Young virgin A/J mice did not produce anti-DNP antibody be-

fore 5 1/2 months of age, and.£he incidence in these mice at 8 1/2

monthg of age (females, 12.5% positive; males, 10% positive) appeared

to be lower than that of 8-month-old retired breeders (females, 34%

positive; males, 20% positive).

A statisticélly significant sexual difference in the incidence
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vof anti-DNP antibody was found in 9-month-o0ld A/J retired breeders‘
(females, 35.8% positive; males, 23.7% positive). The incidence of
anti-DNP antibody in each sex was found to increase significantly with
age, irrespective of whether the animals were virgins or retired breeders,
and the sexual difference seemed to disappear with age.

Anti-DNP antibody, but not anti-DNA antibody, wes also found
in the serum of 25% of CS5TBL/6J mice (8-month-old retired breeders).
However, it was not produced by either AJDF1 hybrids up to 16 ﬁonths of
age o;:DBA/lJ retired breeders up to 18 months §f age. -

Although anti-DNA antibody was not detected in the sera of 8-
to 1%-month-old A/J retired breeders, 31.6% had anti-DNA antibody at 23
months of age. In contrast, most ANZBFL hybrids had both anti-LNP and

- anti-DNA antibody at 5 1/2 months of age.

Imﬁunization with calf thymus DNP or DNA in complete Freund's
adjuvant did not induce U4-month-old virgin A/J mice to produce anti-
nuclear antibody. Simiiar treatment of seronegative 8-month-old re-
tired Breeders induced the formation of antibody reactive with both
calf and rabbit thymus DNP and autologous nuclei (LE cells), but ﬁot
with DNA: -Non-specific immﬁnization or“cémplete Freund's adjuvant
alone was also effective in inducing the production of anti-DNP anti-
body. Untreated seronegative controls did not develop anti-DNP anti-
body spontaneously during the experimental periods.

Age and other factors apparently influenced the appearanée of
anti-DNP antibody in A/J mice that were injected with viable spleen
cells or lysates derived from seropositive or seronegative,isogenic

donors. Some L-month-old recipients developed anti-DNP antibody, but
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none of the T-week-old recipients became seropositive. When viable
, thymus cells from L-week-old A/J donors were transferred to groups of
seropositive isogenic recipients (retired breeders), anti-DNF antibddy
decreased or disappesred from most recipients, Untreated seropositive
controls did not show this variation, “éeronegative 9-month-o0ld recip-
ients of thymps or spleen cells from 4-week-old donors did not develop
anti-DNP antibody,'and it could not be induced in these animals by
specific immunization.

These observations support the hypothesis that in A/J'mice
(1) autoimmunity to DNP and DNA occurs as a result of failure of
normal homeostatic mechanisms during aging, (2).cells‘responsible-for
this control are found in the thymus and spleen of young mice, and
(3) *he ability of mice to producs anti-nuclear antibodyvis apparently

transmitted by genetic mechanisms.
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