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I. INTRODUCTION 

The autoimmune response of mammals to deoxyribonucleic 

acid (DNA) occurs naturally only in humans and the New Zea-

land strain of mice. The autoimmune response in hiimans, al-

most 95% of whom are women, causes a chronic disease called 

systemic lupus erythematosus (SLE). In clinically untreated 

cases or with severe relapse, SLE leads to glomerulonephritis 

and ultimately to renal failure. However, two clinical 

findings invariable precede the glomerulonephritis and are 

useful in diagnosis. The first of these clinical findings 

is the occurrence of the LE cell which arises as a result of 

the phagocytosis in vitro of a nucleus by a polymorphonuclear 

leukocyte. The second and more important clinical finding 

is the occurrence of antinuclear antibody. This serum factor 

is responsible for causing the death of a cell, the extrusion 

of a nucleus and the enhancement of phagocytosis (41). Im-

munoglobulin G (IgG) and Immunoglobulin M (IgM) appear to be 

equally able to cause the death of a cell and the extrusion 

of a nucleus, but IgG alone appears able to cause the LE 

cell phenomenon (4). The identified nuclear antigens which 

react with the various circulating antinuclear antibodies 

are nucleoprotein, a buffer extractable nuclear antigen, 

single stranded DNA (ssDNA), double stranded DNA, and double 

stranded RNA (29, 30, 49). 



In the presence of continued production of anti-

nuclear antibody, glomerulonephritis of some form invariably 

results. The glomerulonephritis is due to the deposition 

of immune complexes of two gamma G type antinuclear anti-

bodies (anti-nucleoprotein and anti-DNA antibodies) and their 

corresponding antigens in the renal glomeruli (30). This 

deposition leads to the fixation of complement and the sub-

sequent thickening and destruction of the glomerular base-

ment membrane. In turn, this destruction leads to deposi-

tion of fibrinoid material in the kidney glomeruli and 

eventually to complete loss of renal function. 

Although New Zealand mice have the same clinical 

findings (i.e. LE cells, antinuclear antibody, and 

glomerulonephritis) as those for the human counterpart (23), 

the degree of these findings seems to depend on the genetic 

background. New Zealand Black (NZB) mice have low inci-

dences of two of the three above immunopathological signs 

(10% LE cells at death and 6-40% antinuclear antibodies) 

but have a high age and sex dependent autoimmune hemolytic 

anemia (23) . Erythrocyte autoantibody commences at 3 months 

of age in virgin females and affects almost 100% of males, 

virgin females, and breeder females by 18 months (23). Two 

types of autoantibody are present: (i) initially a warm-

type 19S incomplete autoantibody; (ii) later in time, a 

warm-type 7S complete autoantibody (23). Significant pro-

teinuria of 1 mg/ml or more, indicative of renal pathology. 



occurs in 50% of males, 30% of breeder females, and 10% of 

virgin females all between 3-12 months of age (23). Further, 

renal pathology shows membranous glomerulonephritis, which 

is the cause of death (21). Males and breeder females sur-

vive for 3 months longer than do virgin females, even though 

all have renal disease (23). In addition to renal pathology, 

germinal center development in the thymus is present in over 

95% of NZB mice at 8 months or older (21) where none is 

present in control normal strains or in NZB mice 4 months 

or younger (6). 

An F^ hybrid of NZB mice and New Zealand White (NZW) 

mice shows symptoms more closely related to human SLE than 

either parent strain and is used as a model of SLE (16, 31, 

40) . Contrary to NZB mice, NZB X NZW F-ĵ  hybrid (B/W) virgin 

female mice die almost 5 months earlier than do males and 2 

months earlier than do breeder females due to renal collapse. 

The death is preceded by the development of circulating anti-

nuclear antibody, which is present in almost 100% prevalence 

by 6 months (36) or by 12 months (21). Positive LE cell tests 

never reach 50% incidence in all animals tested but begin 2 

months after antinuclear antibody appears and the LE cell 

tests are generally positive in all animals at least once 

during life (23) . Chronic membranous glomerulonephritis 

exactly analogous to the human counterpart also occurs (16, 

33, 36, 37). The deposition of immune complexes of anti-DNA 

(IgG) and DNA, IgG and Gross virus antigen, and complement 



is present along the glomerular basement membrane in a lumpy 

pattern as visualized by immunofluorescence and electron 

microscopy (16, 32, 33). An autoimmune hemolytic anemia 

occurs only in transitory form and only in a minor propor-

tion of B/W mice (23). Finally, immunization of B/W mice 

with ssDNA conjugated to methylated bovine serum albumin 

or with ssDNA alone hastens development and appearance of 

glomerulonephritis (32, 33). 

The underlying question in SLE is the etiology, 

which is unknown. If it is presumed that the etiology is 

exogenous, then the presence of anti-virus antibody would 

be highly suggestive of a natural stimulation of antinuclear 

antibody. Indeed, antibodies to virus double stranded RNA 

are found in the serum of patients having SLE (61, 62) . If 

on the other hand, the etiology is presumed to be endogenous, 

then the presence of a breakdown of self-tolerance (which is 

related to the genetic background) would be presumptive for 

autoimmunity. The actual presence of a whole spectrum of 

autoantibodies in SLE and the presence of antinuclear anti-

bodies in other autoimmune diseases indicates that a basic 

breakdown in self-tolerance has taken place and suggests a 

single etiological agent. The fact that a combination of 

these factors might give rise to SLE cannot be disregarded. 

Therefore, the overall purpose of my study is to define the 

breakdown of self-tolerance leading to the autoimmune disease 

by studying the normal imraune response. 



Relating to general information on the non-human 

model, New Zealand mice posses peculiar responses to a 

variety of antigens. Adult NZB mice are hyper-responsive 

to ovalbumin and Vi polysaccharide in comparison with con-

trol strains when serum antibody assays are performed (19). 

However, when responsiveness of NZB mice to sheep red blood 

cells is measured using an in vitro plaque assay of antibody 

producing cells, adult and 5 day old NZB spleen cells show 

no differences compared with both sets of cells of a con-

trol (18). Lymph node cells of 5 day old NZB mice are hyper-

responsive when compared with NZB adults, while such cells 

of a control strain are hypo-responsive compared to adults 

(18). Further, adult NZB spleen and lymph node cells pro-

duce no more antibody than does the adult cells of the con-

trol strain, while 5 day old NZB spleen and lymph node cells 

produce more antibody and earlier than do 4 control strains 

(18). Therefore, it appears that 5 day old NZB mice develop 

hyper-responsiveness, particularly in the lymph nodes, to 

some antigens at an early age but this hyper-responsiveness 

decreases with age. On the other hand, adult B/W mice are 

hyper-responsive to sheep red blood cells and bovine serum 

albumin, but are hypo-responsive to keyhole limpet hemocyanin 

by serum antibody assays (8). 

Of greater importance, New Zealand mice possess 

hyper-reactivity to nucleic acid antigens, both natural and 

synthetic. New Zealand Black and NZW mice can be induced to 



form anti-RNA but not anti-DNA antibodies to the synthetic 

double stranded polyribonucleotide polyinosinic-polycyti-

dylic acid (rl-rC) (56, 62). On the other hand, B/W mice 

naturally form high amounts of nucleic acid antibody and 

the effects of natural and synthetic nucleic acid antigens 

are more thoroughly known. Intraperitoneal injection of 

aqueous rI*rC sufficient to cause interferon induction in 

young B/W mice stimulates accelerated production of both 

anti-RNA and anti-DNA antibodies in male and female mice 

(7, 56). In addition, injection of rI*rC causes an accel-

eration of the deposition of immune complexes and complement 

in the kidneys, an increase in the severity of glomeruloneph-

ritis, and a decrease in the time of onset of symptoms (7, 

56). The antibody response to rl*rC is not due solely to 

the adjuvant effects of this polyribonucleotide since rl-rC 

injection into B/W mice with sheep red blood cells causes 

very little increase in antibody production to sheep red 

blood cells (25). The antibody response to aqueous solu-

tions of rl'rC in B/W mice initially is low in magnitude, 

largely IgM, of short duration, and unaffected by complex-

ing with a protein carrier (43). The antibody class shifts 

to IgG upon further injection of aqueous rl'rC but remains 

low in magnitude (43). When incorporated into Freund's 

complete adjuvant, rl'rC alone or complexed to a protein 

carrier causes significant amounts of IgG of long duration 

(43). However, 3 other strains of mice (DBA/2, BALB/C, and 



C57BL/6) show very similar responses to rI*rC when compared 

with B/W mice (43). Two other strains of mice (C3H/He and 

CBA/hN) are low responders when compared with B/w mice and 

to the other 3 responder strains (43). Therefore, B/W mice 

are not entirely unique in their responses to rI*rC but are 

unique in the genesis and very long duration of the antibody 

responses. 

A similar acceleration of antinuclear antibody pro-

duction occurs in B/W mice when immunized with ssDNA coupled 

to methylated bovine serum albumin (32). Other strains of 

mice (A/J, DBA/2, CBA, AKR, C3H/HeJ, C57BL/6, and BALB/c) 

produce antinuclear antibody in varying degrees when im-

munized with ssDNA coupled to methylated bovine serum al-

bumin (32, 60). Mice responding moderately well to ssDNA 

produce a transitory IgM of low magnitude as well as small 

amounts of IgG while low responding mice produce only small 

amounts of IgM (60). 

Since B/W mice as well as other mice can be iramunized 

with nucleic acids and since only B/W mice develop patholog-

ical symptoms, the breakdown of self-tolerance to these 

antigens may be the origin of antinuclear antibody. How-

ever, B/W mice possess unusual characteristics in tolerance 

induction, as in antigenic stimulation, to raany protein, red 

cell, and nucleic acid antigens. The hybrid B/W mice can be 

readily made tolerant and can remain tolerant to protein 

antigens such as ultracentrifuged human gamma globulin and 
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bovine gamraa globulin, norraal rabbit globulin, and rabbit 

anti-mouse lyraphocyte globulin (8, 47, 53, 57). This prop-

erty is sirailar to test results with other strains of raice. 

However, tolerance to bovine gararaa globulin in B/W and NZB 

raice is dependent upon the age of the recipient, since only 

mice 18 days or younger could be made tolerant (53). Loss 

of tolerance in NZB and B/W raice after challenge injections 

with bovine garama globulin is rapid while 3 other sirailarly 

aged control strains reraain tolerant (53). 

Induction of tolerance to sheep erythrocytes is pos-

sible in B/W raice of various ages by injection of the alky-

lating agent, cyclophosphamide (24, 54). This drug kills 

rapidly proliferating cells and appears to affect the re-

sults with those antigens requiring cooperation of T-cell 

populations with antibody producing cells (38). Young B/W 

mice (4 weeks or less) recover more rapidly from this type 

of tolerance induction in comparison with a control strain, 

while older B/W raice (2-4 months or older) recover more 

slowly than the control strain (54). Bone marrow cells 

from young non-tolerant donors can imraunologically restore 

older B/W raice with the ability to respond to sheep eryth-

rocytes while thymus cells from young non-tolerant donors 

can restore older raice only partially (54). Bone raarrow 

but not thyraus cells frora tolerant B/W mice can transfer 

tolerance to B/W mice immunologically incorapetent prior to 

transfer (24). Therefore, young B/W mice are immunologically 
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norraal for a relatively short period in their life (probably 

until 6 weeks old) but thereafter lose the tolerance induc-

ing capacity only in their thyraus cells and iraplicitly in 

all T-cells. 

Of greater importance is the ability to induce 

tolerance to nucleic acids in B/W mice. Injection of B/W 

raice with rl-rC and cyclophospharaide causes a significant 

reduction in antibody to both RNA and DNA (58, 62) . In ad-

dition, neonatal injection of B/W raice with 4 nucleosides 

covalently linked to isogenic IgG, but not to bovine serura 

alburain, causes tolerance to ssDNA and prevents chronic 

raerabranous gloraerulonephritis (5). Just as with the sheep 

red blood cell antigens, the thymus has the central role in 

the induction of tolerance to nucleic acids. Partial in-

duction of tolerance in older B/W raice to rl'rC is possible 

when older mice are restored with young thymus cells (57). 

However, tolerance to rl'rC is not induced by restoring 

young B/W raice with older thyraus cells (57). 

The thyraus organ itself of NZB raice shows a degener-

ative pathology when viewed by light and electron raicroscopy 

(1, 15). The NZB raice show abnorraal gerrainal center forma-

tion in the thymic medulla (1, 15). Lesions appear in 50% 

of NZB females at 175 days of life and 50% of males at 240 

days (6). In addition, B/W mice also show such lesions of 

the thymus by light raicroscopy (15). Accounting possibly 

for the lack of control on gerrainal center forraation is the 
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decrease in a serura thyraic horraone in NZB and B/W mice from 

normal birth levels to insignificant levels by 2 months of 

age (2). Neonatal thymectomy of NZB or B/W mice to elimi-

nate the lesions and the effects of the hormone does not 

prevent autoimraune disease but in fact accelerates autoira-

raune disease (17, 20, 21, 57) . Thyraus grafts of neonatally 

thyraectoraized NZB and B/W raice with neonatal non-autoimmune 

thyraus glands does not prevent autoiraraune disease (20) . In 

the reciprocal combination, the grafting of neonatal non-

autoiraraune mice with neonatal NZB or B/W thymus gland causes 

autoimraune disease in the non-autoiraraune raice (20). Thyraectomy 

at 6 weeks of age in B/W mice does not accelerate auiioiramune 

disease (57). However, grafting of 6 week old B/W mice, which 

were neonatally thyraectoraized, with young but not old B/W 

thymus prevents the acceleration of autoimraune disease (57). 

Accorapanying the thyraus changes, populations of 

lymphocytes derived from the thymus undergo changes. Recir-

culating long-lived lymphocytes from the thyraus are depleted 

in absolute nurabers in old NZB raice, but the depletion is 

not a lack of lymphopoiesis (13). Also, thymus-derived 

lyraphocyte (T-cell) subpopulations in the spleen which are 

responsive to phytohemagglutinin become depleted with age 

in NZB raice corapared to non-autoimmune mice (34, 45, 59). 

The overall frequency of thyraus-derived thyraocytes and 

splenic lymphocytes are very sirailar in neonatal to 6 week 

old NZB mice corapared with a control strain (59). But the 
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response of thyraocytes and splenic lyraphocytes to the mitogen 

Concanavalin A is less in 3 week to 1 year old NZB mice cora-

pared with cells frora a control (59) . In spite of this fact 

there appears to be no functional difference in T-cell popu-

lations between NZB raice and controls until 6 weeks of age. 

At 6 weeks of age the absolute number and f-anction of T-cell 

populations decreases. The B/w mice appear to respond 

similarly. 

Since the number and function of thymus-derived 

lyraphocytes decreases and the spontaneous autoimmunity in-

creases with age, the expectation is that NZB and B/W mice 

suffer frora the autoimraune disease due to lack of T-cells. 

The B/W mice receiving anti-lymphocyte globulin develop 

antinuclear antibody much earlier than untreated B/W mice 

(14). More particularly, a single injection of rl-rC with 

anti-thyraocyte serura (ATS) causes increased amounts of anti-

body in B/W mice (3, 10). Since ATS removes T-cells, then 

the selective elimination of a specific T-cell controlling 

antibody formation to nucleic acids would lead to higher 

antibody. In support of this conclusion, the decline in 

T-cells regulating antibody formation to rl-rC is age asso-

ciated (3, 10). Also, 1 raonth old NZB thyraus cells trans-

ferred to syngeneic NZB raice treated with ATS suppress 

antibody forraation (3). Finally NZB mice develop a naturally 

occurring antithymocytotoxic autoantibody (IgM) between 1-3 

raonths of age which would account for the age associated 
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loss of T-cells regulating antinuclear antibody formation 

(50, 51). 

Since rauch is known of the autoiramune response to 

DNA, the basic hypothesis employed in my study is that a 

norraal raouse possesses T-cells reactive with DNA and that 

these T-cells suppress antibody forraation by antibody pro-

ducing cells to DNA. Selective elimination of the T-cells 

should cause an increase in antibody to DNA and thus would 

artificially cause an autoimmune response in an otherwise 

norraal raouse. Therefore, the objective of my study is to 

monitor normal raice injected with ssDNA for the suppression 

and the enhanceraent of antibody forraation upon eliraination 

of the regulative T-cells. Detection and selective elimina-

tion of such T-cells resulting in enhancement of antibody 

forraation will provide strong evidence on the etiology and 

prevention of SLE. 



II. MATERIALS AND METHODS 

Three sources of nucleic acid were used in this 

study. Calf thyraus DNA (Type V) was purchased frora Sigma 

Cheraical Corp. Rabbit liver nucleic acid was isolated by 

a raodification of the raethod of Kirby (27). Bacillus sub-

tilis W23 DNA was isolated by a modification of the method 

of Marmur (39). 

Diced rabbit liver, or rabbit liver nuclei isolated 

by the method of Steele, Okaraura, and Busch (55), was ground 

at 4^0 in a Waring blender for 2 rainutes at top speed, then 

in a tissue grinder with a solution of 0.24 M para-araino-

salicylate (sodiura salt), 0.04 M sodiura dodecyl sulphate, 

0.1 M EDTA (pH 8.0) using 2 voluraes of extraction solution 

per grara of tissue (or per volurae of rabbit liver nuclei). 

An equal volurae of a solution of 90% phenol and 10% raeta-

cresol was added and stirred at roora teraperature for 1 hour. 

The solution was centrifuged at 5,000 x g for 30 rainutes at 

4°C and the upper aqueous layer was collected by suction. 

A half volurae of phenol-cresol mixture was added to the 

aqueous layer and stirred again at room temperature for 10-

15 rainutes. The solution was centrifuged as above and the 

upper aqueous layer removed. To the aqueous layer an equal 

volume of cold 2-ethoxyethanol was layered on top and the 

nucleic acid wound onto a glass rod. The precipitate was 

placed in a very sraall volume of 3 M sodium acetate (pH 6.0) 

13 
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to allow the DNA to redissolve. The solution was centri-

fuged at 10,000 x g for 10 rainutes at 4°C and the super-

natant reraoved. The DNA was precipitated with an equal 

volurae of cold 2-ethoxyethanol. The precipitate was dis-

solved in a very small volume of distilled water and an 

equal volume of 2.5 M phosphate buffer (0.95 ml 2.5 M 

K2HPO4 and 0.05 ml 33% H3PO4, pH 7.5, per ml dissolved DNA) 

was added. One-half volurae of 2-raethoxyethanol was added 

quickly and shaken vigorously. The layers were separated 

by centrifugation at 10,000 x g for 1 hour at 4*̂ C. The 

upper aqueous layer was reraoved and dialyzed in the cold 

against water twice and against 1% aqueous sodiura acetate 

twice. The contents of the dialysis bag were removed and 

adjusted to 4% sodium acetate. The DNA was precipitated 

with 2-ethoxyethanol, washed with 100% ethanol, and then 

air dried. The DNA was then dissolved in phosphate buf-

fered saline (0.15 M saline, 6 raM Na^HPO^, 3 raM KH^PO^, 

pH 7.2) . 

Bacillus subtilis W23 DNA was isolated by a raodifi-

cation of the raethod of Marraur (39). A stationary phase 

culture of B. subtilis was grown in Trypticase Soy broth at 

37°C overnight. The cells were centrifuged and washed once 

in 0.15 M saline containing 0.1 M EDTA (pH 8.0). The cells 

were resuspended in saline-EDTA at approxiraately 1 mg of 

cells per ral (wet weight) and enough crystalline lysozyme 

was added to give a concentration of 40 rag/ral. The mixture 
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was incubated at 37°C with occasional shaking until lysis 

had occurred. An equal volurae of a solution containing 

0.48 M para-arainosalicylate, 0.08 M sodiura dodecyl sulphate, 

0.2 M EDTA (pH 8.0) was added and heated at 60°C for 10-15 

rainutes. The solution was cooled to roora teraperature and 

an equal volume of a mixture of 90% phenol and 10% meta-

cresol was added. The mixture was shaken for 30 rainutes at 

roora teraperature and then centrifuged at 5,000 x g for 5-10 

rainutes at 4^C. The upper aqueous layer was recovered and 

an equal volurae of cold 2-ethoxyethanol was layered on top. 

The precipitate was wound onto a glass rod and dissolved 

in a small volume of 0.015 M saline containing 0.0015 M 

sodium citrate, pH 7.0. After dissolution enough 1.5 M 

saline plus 0.15 M sodium citrate, pH 7.0, was added to 

bring the concentration back to 0.15 M saline and 0.015 M 

sodiura citrate. An equal volume of phenol-cresol mixture 

was added, stirred at roora teraperature for 15 rainutes, and 

then separated as above. The nucleic acid was again pre-

cipitated with cold 2-ethoxyethanol and dissolved in 0.015 

M saline containing 0.0015 M sodiura citrate. Ribonuclease 

was added to give a concentration of 50 ug/ral and incubated 

at 37*̂ C for 30 rainutes. The DNA was precipitated with cold 

2-ethoxyethanol and dissolved in 0.015 M saline plus 0.0015 

M sodiura citrate. The solution was brought to 0.3 M sodiura 

acetate, 0.5 raM EDTA (pH 7.0) using a lOx concentrated solu-

tion of acetate-EDTA and the DNA was precipitated with cold 
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2-ethoxyethanol. The DNA was washed with 95% ethanol, air 

dried, and redissolved'in phosphate buffered saline (0.15 

M saline, 0.01 M Na^HPO^, 0.01 M KH^PO^, pH 7.2). 

Analysis of the isolated and coramercial DNA was made 

by the following methods: (i) the araount of DNA was assayed 

by the diphenylaraine method (9) using previously isolated 

B. subtilis DNA as standard or by OD^go readings; (ii) the 

araount of RNA was assayed by the orcinol method (9) using 

Sigraa yeast RNA (Type II-S) as standard or by OD^^Q ^ead-

ings; (iii) the araount of protein was assayed by the raethod 

of Lowry et al. (35) using bovine serum albumin as standard; 

and (iv) the amount of carbohydrate was assayed by the method 

of Roe (46) using ^(D+)-glucose as standard. The results 

of these assays is shown in Table 1. Rabbit liver material 

was predominantly RNA with moderately large amounts of con-

tarainating protein and carbohydrate but negligible araounts 

of DNA. Bacillus subtilis material was more heterogeneous 

while calf thymus material was nearly free of protein and 

carbohydrate but contained moderately high amounts of RNA. 

Bacillus subtilis nucleic acid was not used as an immunogen 

since it was so heterogeneous but was used in antibody 

assays. Rabbit liver and calf thymus nucleic acids were 

used as imraunogens even though there was significant con-

taraination with RNA, protein, and carbohydrate. 

Swiss Webster CF-1 mice (Carworth Farms) were 

started frora a breeding nucleus of 2 pregnant feraales and 
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maintained by randora breeding throughout the study. They 

were housed in raetal or plastic cages and allowed food and 

water ad libitura. 

TABLE 1 

Analysis of the constituents of the three 
nucleic acid preparations 

Nucleic acid rag DNA/ral 
preparation preparation 

rag constituent/ral DNA 
preparation 

RNA Protein Carbohydrate 

Coraraercial 
Calf thyraus 

1.0 0.2 <0.05 0.005 

Bacillus 
subtilis 

Rabbit 
liver 

0.08 

0.001 

0.2 

22* 

0.08 

8.8 

0.008 

4.4 

'deterrained by OD^gQ readings 

Mice were ether anesthetized and bled frora the retro-

orbital plexus. The blood was allowed to clot at roora tem-

perature, the serura was separated, and the serura was stored 

at 4°C until assayed for antibody activity. 

The iraraunogen was prepared according to the raethod 

of Plescia, Braun, and Palczuk (44) in which heat denatured 

DNA was conjugated to an equal weight of raethylated bovine 
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serum alburain (raBSA). This conjugate was eraulsified in cora-

plete Freund's adjuvant (CFA) and injected intraperitoneally 

once weekly. Rabbit liver raaterial was injected at a con-

centration of 100 ug OD^gQ absorbing raaterial per injection. 

Calf thyraus DNA was injected at a concentration of 125 ug 

per injection. 

To study the effect of the carrier on antibody syn-

thesis, huraan O red blood cells (RBC) were coated with nu-

cleic acid. Washed huraan O RBC, forraalinized by the raethod 

of Csizmas (11), were resuspended to a 10% suspension in a 

solution of 0.1 M citric acid, 0.1 M Na^HPO^, 0.15 M saline 

(pH 4.9) containing heat denatured rabbit liver RNA at a 

concentration of 0.8 mg OD^^n "^aterial/ml. The cells and 

the single stranded RNA were incubated for 4 hours at 37°C, 

eraulsified in an equal volurae of CFA, and injected intra-

peritoneally at 100 ug OD^gQ niaterial per weekly injection 

for 4 weeks. Control injected raice received 0.25 ral of a 

5% suspension of sham coated formalinized human O RBC in CFA. 

In another experiraent on the effect of the carrier 

on antibody synthesis, a 10% suspension of washed sheep RBC 

in 0.15 M saline, 0.01 M Na^HPO^, 0.01 M KH^PO^, pH 7.2 

(PBS), was added to an equal volurae of 0.1 rag of tannic acid 

per ral PBS and incubated at 37*̂ C for 30 rainutes. The cells 

were washed once by centrifugation at 500 x g for 10 rainutes 

with PBS. The cells were resuspended to a 10% suspension 

in PBS containing 1 rag heat denatured calf thymus DNA per 
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ral and incubated for 3 hours at 37°C followed by 4°C over-

night. The coated RBC were emusified in an equal volume 

of CFA and injected intraperitoneally at 125 ug DNA per 

weekly injection for 4 weeks. Control injected raice re-

ceived 0.25 ral of a 5% suspension of sham coated tanned 

sheep RBC in CFA. 

The passive hemagglutination assay of Jokinen and 

Julkenen (26) was used unmodified in the initial part of 

the study, but was then modified. Initially, sheep RBC 

were forraalinized by the raethod of Csizmas (11) and stored 

as a 25% suspension at 4°C until used. Washed formalinized 

sheep RBC were brought to a 10% concentration with a solu-

tion of 0.15 M saline, 0.1 M citric acid, 0.1 M Na^HPO^ 

(pH 4-9) containing 0.1 mg heat denatured B̂ . subtilis 

nucleic acid per ral. The cells were coated for 4 hours at 

37°C, washed 3 times in PBS containing 1% normal rabbit 

serum (NRS), and resuspended to a 2% suspension in PBS with 

1% NRS. This final concentration of coated RBC was equiva-

lent to 1 ug ssDNA per dilution of test antiserum. Bacillus 

subtilis DNA was used as a test antigen rather than rabbit 

liver nucleic acid. Both rabbit liver and B. subtilis DNA 

have a similar raolar ratio of A + T/G + C (1.20-1.38 for 

rabbit liver DNA and 1.36-1.38 for B. subtilis DNA) (52). 

Later, tanned sheep RBC were substituted for forraal-

inized RBC and the coating with DNA was carried out at neu-

tral pH instead of acid pH with the sarae incubation period. 
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Therefore, the passive heraagglutination assay was raodified 

as follows: a 10% suspension of sheep RBC was tanned by 

adding an equal volume of tannic acid solution (0.1 rag/ral 

PBS) to the RBC suspension and incubated at 37°C for 15-30 

rainutes. The cells were separated by centrifugation at 500 

X g for 10 rainutes and washed once in PBS. The cells were 

resuspended to a 10% concentration in PBS containing 0.1 mg 

heat denatured calf thymus DNA per ml and incubated at 37°C 

for 4 hours. The cells were washed 3 tiraes in PBS contain-

ing 1% NRS and resuspended to a 1% suspension. This final 

concentration was equivalent to 0.5 ug ssDNA per dilution 

of test antiserura. 

Antibody was assayed in a raicrotiter systera (Cooke 

Engineering Co.) on serially 2-fold diluted test raouse anti-

serura against antigen coated sheep RBC. The effect of re-

duction of IgM antibody titer with 2-raercaptoethanol was 

also tested by incubating antiserura with 0.1 M 2-raercap-

toethanol (final concentration) for 1 hour at roora terapera-

ture in raicrotiter plates. The treated antiserura was then 

serially diluted as above in PBS with 1% NRS and then tested 

against antigen coated sheep RBC. The titer of the raouse 

antiserura is expressed as the log^ of the reciprocal of the 

raean titer plus or minus 1 standard deviation unit (log^ 

1/mean titer 4̂  1 S. D.) . 

Human serum containing high titer imraunofluores-

cent antinuclear antibody activity was used as a source of 
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positive control antiserura. Using human antinuclear anti-

serum, coating RBC with a 10-fold higher concentration of 

nucleic acid did not raise the titer. Therefore, coating 

the RBC for the antibody assay as above with 1 rag ssDNA per 

ral packed RBC volume gave a titer of log^ 1/raean titer = 

3.0. This amount of coating was adopted for the assay. Use 

of 1% NRS in PBS had no effect on the titer. Later rabbit 

anti-DNA antiserum produced in one rabbit was used as posi-

tive control antiserum. The rabbit received 2 mg ssDNA 

conjugated to mBSA in CFA subcutaneously in 4 separate in-

jections over 4 weeks. Then, the rabbit received 8 mg ssDNA 

conjugated to mBSA intraveneously in 4 injections over a 3 

raonth period. The rabbit was bled by cardiac puncture, the 

blood was allowed to clot at room temperature, and then the 

serum was separated. The titer of this antiserum was the 

same as the huraan antinuclear antiserura (i.e. log^ 1/raean 

titer = 3.0). 

To test for the reactivity of specifically activated 

T-cells, the Migration Inhibition Factor assay (MIF) of David 

et al. (12) was used with only rainor modification. Two to 

three days before the assay, mice were injected with 1-2 ral 

sterile heavy raineral oil intraperitoneally to induce the 

accuraulation of peritoneal exudate cells. Mice were anesthe-

tized with ether, bled frora the retro-orbital plexus, and 

sacrificed. An incision of the skin was raade and retracted. 

Using sterile apparatus, a 16 gauge needle attached by 
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rubber tubing to a 125 ral separatory funnel was inserted 

into the peritoneura. Then in a separate spot, 10-15 ral of 

sterile Hank's balanced salt solution was injected in sraall 

araounts. The peritoneal cell washings were allowed to drain 

into the separatory funnel, allowed to separate frora the oil, 

then drained into a 250 ral Nalgene centrifuge bottle. The 

peritoneal washings were centrifuged at 450 x g for 15 

rainutes, the supernatant discarded, and the cells trans-

ferred to glass conical centrifuge tubes in fresh Hank's 

solution. The cells were washed twice with Hank's solution 

by centrifugation as above and resuspended to a 10% con-

centration in Eagle's rainiraal essential raedium with 10% 

fetal calf serum and 50 units penicillin and 50 ug strep-

tomycin per ml of growth raediura (final pH 7.0-7.2). The 

cells were drawn into capillary tubes, sealed with an inert 

clay (Critoseal), then packed by centrifugation at 120 x g 

for 2 rainutes. The capillaries were cut at the cell-liquid 

interface and placed in charabers which were prepared by the 

raethod of Scheetz et al. (48). The chambers containing 5-6 

capillaries each were filled with Eagle's mediura (5% fetal 

calf serum and 25 units penicillin and 25 ug streptomycin 

per ml) with or without 1 mg heat denatured nucleic acid 

per ral, sealed with warra Vaspar, and incubated for 18-72 

hours at 35°C. In the first part of the study, photoraicro-

graphs at 35x raagnification were taken of each capillary 

tube, projected at a constant distance, and the area of 
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raigration was measured. In the later part of the study, 

the area of migration was calculated from measurements raade 

with a filar raicroraeter at lOOx raagnification. The percent-

age of raigration was calculated by the following formula: 

area of raigration with nucleic acid ^ -1.00 
area of raigration without nucleic acid 

Cyclophospharaide (Mead Johnson and Co.) was injected 

intraperitoneally as a solution of 20 mg/ral in 0.15 M saline 

at a concentration of 150 rag/kg body weight 24 hours after 

injection of the antigen. This raethod of injection kills 

rapidly proliferating cells responding to the antigen. If 

the imraune response requires such thymic helper cells (T-

cells), cyclophosphamide kills these cells (38). Therefore, 

cyclophosphamide was injected to kill T-cells responding to 

the antigen and to eliminate the suppressive effects of such 

cells in order to induce antinuclear antibody. 

Hydrocortisone is well known as an immunosuppres-

sive agent having effects on both T-cells and antibody pro-

ducing cells. Therefore, hydrocortisone acetate was in-

jected to achieve a similar effect on T-cells as cyclo-

phospharaide. Hydrocortisone acetate was injected as a 

solution of 1 rag/ral water at a concentration of 5 rag/kg 

body weight at the tirae of antigen injection. On the first 

and third weeks of the iraraunization schedule, mice were 

injected with hydrocortisone acetate subcutaneously at the 
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time of antigen injection. On the second and fourth weeks, 

mice were injected with 5 rag/kg body weight hydrocortisone 

acetate subcutaneously followed 3 days later by injection 

with the drug intraperitoneally. 

Salraonella typhirauriura lipopolysaccharide (LPS) was 

purchased from Difco and reconstituted in PBS (pH 7.2) . 

Assays of the LPS by the methods above indicated that there 

was sufficient DNA (40 ug/mg LPS), RNA (160 ug/mg LPS), and 

protein (140 ug/mg LPS) to warrant purification. Therefore, 

85 mg of LPS (dry weight) in 36 ral of 0.075 M saline, 3 mM 

Na^HPO^, and 1.5 mM KH^PO^ (pH 7.2) was centrifuged at 

95,000 X g for 4 hours at 4°C in a Beckman L3-50 ultra-

centrifuge using a 50.1 Titanium rotor. The supernatant was 

assayed for DNA, RNA, and protein and then subtracted from 

the dry weight of LPS. The amount of contaminating con-

stituent after centrifugation was as follows: (i) DNA 14 

ug/rag LPS; (ii) RNA 80 ug/rag LPS; (iii) protein 36 ug/rag 

LPS. Lipopolysaccharide has been reported to activate 

raacrophages nonspecifically and cause the raitogenesis and 

antibody production of antibody producing cells nonspeci-

fically. Therefore, 10 ug purified LPS suspended in PBS 

(pH 7.2) was injected intraperitoneally with a separate 

syringe at the tirae of intraperitoneal injection of 125 ug 

heat denatured calf thyraus DNA in order to nonspecifically 

promote anti-DNA antibody production. 
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Rabbit anti-raouse thyraocyte serura (ATS) was pur-

chased frora Microbiological Associates Inc. in order to 

specifically eliminate suppressor T-cells. The ATS was 

injected intraperitoneally at a concentration of 3 mg per 

raouse 48 hours before antigen (heat denatured calf thymus 

DNA or PBS) into mice previously made tolerant to normal 

rabbit serum. Control injected raice received 3 mg NRS 48 

before injection of PBS or antigen. Mice injected with 

ATS or NRS received 125 ug heat denatured calf thymus DNA 

or 0.25 ral of PBS per weekly intraperitoneal injection for 

4 weeks. Tolerance to NRS and ATS was induced by injection 

of 4 week old mice with 3 mg NRS ultracentrifuged for 2 

hours at 95,000 x g at 4^0 in a Beckraan L3-50 ultracentri-

fuge using a 50.1 Titanium rotor. Twenty-four hours fol-

lowing NRS injection, the raice were injected with 150 rag 

cyclophosphamide per kg body weight. This method induces 

tolerance in adult mice rapidly and thus was chosen because 

of its siraplicity and speed. 



III. RESULTS 

Originally, the isolation of DNA from rabbit liver 

was intended but subsequent analysis showed that the product 

of isolation contained large amounts of RNA. By this time, 

prelirainary experiraents were corapleted and were of suffici-

ent interest to preclude their exclusion. Therefore, the 

experiraents on rabbit liver RNA were included iraraediately 

below. 

Two groups of 4 raice per group were injected with 

either 100 ug ssRNA conjugated to raBSA in CFA or with 0.25 

ral PBS in CFA once weekly for 5 weeks. Each mouse was bled 

prior to each weekly injection and the serum was assayed by 

the passive hemagglutination procedure. The antibody re-

sponse of these raice is shown in Fig. 1, The raice injected 

with ssRNA forraed small amounts of antibody in weeks 1 and 

2 while the mice injected with PBS did not. However, this 

anti-RNA antibody response in raice injected with ssRNA was 

not significantly different frora the antibody present in 

the control injected raice. On weeks 3 and 4, the raice in-

jected with PBS possessed significantly raore araounts of 

anti-RNA antibody than did the raice injected with ssRNA. 

By the fifth week, the response of raice injected with ssRNA 

had surpassed the control group and had reached its peak. 

The antibody present in both groups of raice had decreased 

to near zero by week 8. 
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Figure 1. Anti-RNA antibody determination. Closed 

circles represent the antibody response of 

4 CF-1 mice to 5 weekly doses of 100 ug 

single stranded rabbit liver RNA conjugated 

to mBSA. Open circles represent the anti-

body response of 4 CF-1 mice to 5 weekly 

doses of 0.25 ml PBS. 
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To assay the T-cell reactivity with ssRNA, a group 

of 5 raice was injected as above with 100 ug ssRNA conjugated 

to raBSA in CFA once weekly for 5 weeks. A group of 3 raice, 

injected with 0.25 ral PBS in CFA once weekly for 5 weeks, 

served as controls. At the end of the iramunization, the 

peritoneal exudate cells were tested for the ability to 

forra MIF. Mice injected with ssRNA produced significant 

araounts of MIF (see Table 2) in comparison with raice in-

jected with PBS. The antibody response of these mice was 

also tested by the passive heraagglutination procedure after 

sacrifice for the MIF assay. There was no significant anti-

body response to ssRNA (log^ 1/raean titer =0.8+0.4) in 

coraparison with the response of control injected mice (log^ 

1/mean titer = 0.7 ± 0.9). 

To study the effect of the carrier on anti-RNA anti-

body forraation, a group of 5 raice was injected with 100 ug 

ssRNA coated forraalinized human O RBC once weekly for 5 

weeks. A control group of 4 mice was injected with 0.25 ral 

of a 5% suspension of sham coated formalinized human 0 RBC 

once weekly for 5 weeks. Each group was bled prior to each 

injection and the serum assayed by the passive heraagglutina-

tion procedure. The antibody response of these raice is 

shown in Fig. 2. Each group responded to the immunogen but 

there was no significant difference in the antibody response 

of the two groups, except at week 3 when mice injected with 

ssRNA coated human O RBC formed higher amounts of antibody. 

The MIF response of the peritoneal exudate cells frora both 

groups of mice was not assayed. 
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TABLE 2 

Effect of various agents on Migration 
Inhibition Factor production 

Imraunizing 
antigen 

Treatraent % Migration 
(no. of raice) 

ssRNA'raBSA 
Saline 

ssDNA'raBSA 
Saline 

ssDNA'mBSA 
Saline 

ssDNA'SRBC 
ssDNA-SRBC 
Saline-SRBC 
Saline-SRBC 

LPS 
LPS 

hydrocortisone 
hydrocorti sone 

cyclophosphamide 

cyclophosphamide 

73% (5) 
93% (3) 

62% (8) 
256% (8) 

75% (8) 
108% (8) 

127% (8) 
78% (9) 
89% (6) 

128% (7) 
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Figure 2. Determination of the effect of the carrier 

on anti-RNA antibody formation. Closed circles 

represent the antibody response of 5 CF-1 mice 

to 5 weekly doses of 100 ug single stranded 

rabbit liver RNA coated formalinized human 0 

RBC. Open circles represent the antibody 

response of 4 CF-1 mice to 5 weekly doses of 

0.25 ml of a 5% suspension of sham coated 

formalinized human 0 RBC. 
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Single stranded calf thymus DNA was then used as 

the iraraunogen to test the suppressor T-cell hypothesis 

previously stated. Three groups of 6-8 raice each were 

injected once weekly for 4 weeks with the following im-

munogens: (i) 125 ug single stranded calf thyraus DNA con-

jugated to raBSA in CFA; (ii) 125 ug single stranded calf 

thyraus DNA conjugated to raBSA in CFA followed 24 hours 

later with 150 rag cyclophospharaide/kg body weight; (iii) 

0.25 ral PBS in CFA. Each group was bled prior to immunogen 

injection and the serum was assayed by the passive hemag-

glutination procedure. The antibody response of these mice 

is shown in Fig. 3. The antibody levels were very low in 

each group and were not significantly different from each 

other, except at week 1. At week 1, the mice injected with 

ssDNA formed no antibody to ssDNA while mice injected with 

PBS and with ssDNA plus cyclophosphamide formed small 

amounts of antibody. 

To assay the MIF response, three groups of 18-37 

raice each were injected once weekly with the following ira-

munogens: (i) 125 ug single stranded calf thymus DNA con-

jugated to mBSA in CFA; (ii) 125 ug single stranded calf 

thymus DNA conjugated to mBSA in CFA followed 24 hours later 

with 150 rag cyclophospharaide/kg body weight; (iii) 0.25 ml 

PBS in CFA. One-third of the mice in each group were sac-

rificed on each of weeks 1, 3, and 4 and the peritoneal 

exudate cells from each group were assayed for MIF activity. 

The results of this MIF determination are shown in Fig. 4. 
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Figure 3. Anti-DNA antibody determination. Closed 

circles represent the antibody response of 

6-8 CF-1 mice to 4 weekly doses of 125 ug 

single stranded calf thymus DNA conjugated 

to mBSA. Open triangles represent the anti-

body response of 6-8 CF-1 mice to 4 weekly 

doses of 125 ug single stranded calf thymus 

DNA conjugated to mBSA followed 24 hours 

later by 150 mg cyclophosphamide/kg body 

weight. Open circles represent the antibody 

of 6-8 CF-1 mice to 4 weekly doses of 0.25 ml 

of PBS. 

J 
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Figure 4. Formation of MIF during injection of single 

stranded DNA. Closed circles represent the MIF 

response of CF-1 mice to 4 weekly doses of 125 

ug single stranded calf thymus DNA conjugated 

to mBSA in CFA. Open triangles represent the 

MIF response of CF-1 mice to 4 weekly doses of 

125 ug single stranded calf thymus DNA conjugated 

to mBSA followed 24 hours later with 150 mg cyclo-

phosphamide/kg body weight. Open circles represent 

the MIF response of CF-1 mice to 4 weekly doses 

of 0.25 ml PBS in CFA. Each point of the figure 

is the mean of 6-9 mice. 
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The only group whose peritoneal exudate cells produced MIF 

were the group of mice injected with ssDNA conjugated to 

mBSA. In addition, cyclophospharaide treatment of mice in-

jected with ssDNA eliminated the MIF activity of their 

peritoneal exudate cells. 

To nonspecifically activate the immune system in-

volved in antibody production, a group of 8 mice was in-

jected with 125 ug single stranded calf thymus DNA conju-

gated to raBSA in CFA and in a separate site with 10 ug £. 

typhirauriura LPS. Another group of 8 mice was injected with 

0.25 ml PBS in CFA and with 10 ug Ŝ. typhimurium LPS as 

controls. Each group was bled prior to immunogen injection 

and the serum was assayed by the passive hemagglutination 

procedure. The antibody response of these mice is shown 

in Fig. 5. There was no significant level of antibody in 

either group throughout the duration of the experiment. On 

the fifth week, each group was sacrificed and the ability 

of the peritoneal exudate cells to form MIF was assayed. 

The peritoneal exudate cells of mice injected with ssDNA 

plus LPS showed a significant inhibition of migration (see 

Table 2) in comparison with the peritoneal exudate cells of 

mice injected with PBS plus LPS. 

To eliminate the suppressive effects of T-cells on 

antibody formation to ssDNA with a drug other than cyclo-

phospharaide, a group of 8 raice was injected with 125 ug 

single stranded calf thyraus DNA conjugated to raBSA in CFA 
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Figure 5. The effect of Ŝ. typhimurium LPS on anti-DNA 

antibody production. Closed circles represent 

the antibody response of 8 CF-1 mice to 4 weekly 

doses of 125 ug single stranded calf thymus DNA 

conjugated to mBSA in CFA plus 4 weekly doses of 

10 ug LPS. Open circles represent the antibody 

of 8 CF-1 mice to 4 doses of 0.25 ml PBS in CFA 

plus 4 weekly doses of 10 ug LPS. 
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once weekly for 4 weeks. A control group of 7 mice was 

injected with 0.25 ml PBS in CFA once weekly for 4 weeks. 

On the first and third weeks, both groups of mice were in-

jected subcutaneously with 5 mg hydrocortisone acetate/kg 

body weight at the time of antigen injection. On the second 

and fourth weeks, both groups of mice were injected with the 

above drug dose at the time of antigen injection followed 3 

days later by the injection with the same dose of drug in-

traperitoneally. Each group was bled prior to each immuno-

gen injection and the serum was assayed by the passive hemag-

glutination procedure. The results of this assay are shown 

in Fig. 6. There was no significant difference in antibody 

levels between the two groups throughout the experiment. 

On the fifth week, both groups of mice were sacrificed and 

the peritoneal exudate cells were assayed for the ability 

to produce MIF. The peritoneal exudate cells of mice in-

jected with ssDNA plus hydrocortisone acetate showed sig-

nificant inhibition of migration (see Table 2) in comparison 

with the peritoneal exudate cells of mice injected with PBS 

plus hydrocortisone. 

To study the effect of the carrier on anti-DNA anti-

body forraation, 4 groups of 6-9 raice each were injected once 

weekly for 4 weeks with the following immunogens: (i) 125 

ug single stranded calf thymus DNA coated tanned sheep RBC 

in CFA; (ii) 125 ug single stranded calf thymus DNA coated 

tanned sheep RBC in CFA followed 24 hours later with 150 mg 
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Figure 6. The effect of hydrocortisone acetate on the 

anti-DNA antibody response. Closed circles 

represent the antibody response of 8 CF-1 mice 

to 4 weekly intraperitoneal doses of 125 ug 

single stranded calf thymus DNA conjugated to 

mBSA in CFA plus 5 mg hydrocortisone acetate 

per kg body weight. Open circles represent the 

antibody of 7 CF-1 mice to 4 weekly intraperi-

toneal doses of 0.25 ml PBS in CFA plus 5 mg 

hydrocortisone acetate/kg body weight. 
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cyclophosphamide/kg body weight; (iii) 0.25 ral of a 5% sus-

pension of shara coated tanned sheep RBC in CFA; (iv) 0.25 

ml of a 5% suspension of sham coated tanned sheep RBC in 

CFA followed 24 hours later with 150 rag cyclophosphamide/kg 

body weight. Each group was bled prior to each injection 

and the serum was assayed by the passive hemagglutination 

procedure. The results of this assay are shown in Fig. 7. 

Both groups of mice injected with the coated and sham coated 

sheep RBC formed antibody but there was no significant dif-

ference in antibody levels between these groups except at 

week 3 when raice injected with ssDNA coated sheep RBC formed 

slightly raore amounts of antibody. The antibody produced 

by both these groups of mice was assayed after the final 

bleeding for resistance to reduction with 2-mercaptoethanol. 

The titer of the serum from raice injected with ssDNA coated 

sheep RBC after reduction was log^ 1/raean titer = 8.5 +_ 2.8 

while the titer of the serum frora raice injected with sham 

coated sheep RBC was log^ 1/raean titer = 8.0 ± 2.6 after 

reduction. Therefore, the antibody produced to both ssDNA. 

coated and shara coated sheep RBC was 2-mercaptoethanol 

resistant and probably was Imraunoglobulin G to sheep RBC. 

Both groups of raice injected with coated and sham coated 

sheep RBC plus cyclophosphamide produced no antibody through-

out the experiraent and were significantly tolerant to both 

imraunogens. A significant difference in antibody levels 

between the groups of cyclophosphamide treated and the 
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Figure 7. The effect of the carrier on the anti-DNA 

antibody response. Closed circles represent 

the antibody response of 8-9 CF-1 mice to 4 

weekly intraperitoneal doses of 125 ug single 

stranded calf thymus coated tanned sheep RBC 

in CFA. Open circles represent the antibody 

response of 6-7 CF-1 mice to 4 weekly doses 

of 0.25 ml of a 5% suspension of sham coated 

tanned sheep RBC in CFA. Broken lines repre-

sent mice treated with 150 mg cyclophosphamide/ 

kg body weight 24 hours after antigen injection, 

Solid lines represent mice not treated with 

cyclophosphamide. 
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non-treated groups of raice occurred at weeks 1, 2, and 4. 

However, at week 3 the antibody level of the group injected 

with ssDNA coated sheep RBC exceeded that of the other 

groups. On week 5, all 4 groups of raice were sacrificed 

and the ability of the peritoneal exudate cells to form MIF 

was assayed. The results of this assay are shown in Table 

2. Cyclophosphamide treated mice injected with ssDNA coated 

sheep RBC produced significant amounts of MIF. Mice in-

jected with shara coated sheep RBC produced small amounts 

of MIF although not significantly. The raice injected with 

ssDNA coated RBC and cyclophosphamide treated mice injected 

with sham coated RBC did not produce MIF. 

As a more specific test of the suppressor T-cell 

hypothesis, 4 groups of 3-7 mice per group were injected 

intraperitoneally once weekly for 4 weeks with the following 

immunogens: (i) 3 rag rabbit anti-raouse thymocyte serum fol-

lowed 48 hours later with 125 ug single stranded calf thymus 

DNA conjugated to mBSA in CFA; (ii) 3 rag norraal rabbit serum 

followed 48 hours later with the above DNA antigen; (iii) 

3 rag rabbit anti-raouse thymocyte serum followed 48 hours 

later with 0.25 ml PBS in CFA; (iv) 3 rag normal rabbit serum 

followed 48 hours later with PBS in CFA. Each group was 

sacrificed on the fifth week and the ability of their peri-

toneal exudate cells to form MIF was assayed. The MIF 

response of these mice is shown in Table 3. After incuba-

tion for 18 hours with ssDNA alone, the only group producing 



48 

MIF was the group injected with ssDNA and normal rabbit 

serura. However, after 40 hours incubation with ssDNA alone, 

the raice injected with ssDNA and ATS produced small amounts 

of MIF, although not significantly. Also, the MIF response 

of mice injected with ssDNA decreased slightly after 40 hours 

incubation although not significantly. 

TABLE 3 

Effect of rabbit anti-mouse thymocyte 
serura on the MIF response 

Iraraunizmg Serura 
antigen pretreatment 

% Migration 

18 hours 40 hours 

DNA 

DNA 

Saline 

Saline 

ATS 

NRS 

ATS 

NRS 

102% 

65% 

109% 

133% 

89% 

73% 

113% 

141% 

To assay for the antibody response, four groups of 

5-10 raice per group were injected intraperitoneally once 

weekly for 4 weeks with the same iraraunogens as directly 

above. Each raouse was bled prior to each ssDNA or PBS in-

jection, the serura was isolated, and the serum was assayed 
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by the passive heraagglutination procedure. The results of 

this assay are shown in Fig. 8. There was no difference in 

antibody levels throughout the duration of the experiment. 

In addition, all sera were assayed for sensitivity to re-

duction by 2-raercaptoethanol. All hemagglutinating activity 

was corapletely reduced by 2-mercaptoethanol at each week 

tested, indicating that the serura produced was igM. Mice 

injected with ssDNA and NRS as well as raice injected with 

saline and NRS were sacrificed on the fifth week and their 

peritoneal exudate cells were assayed for MIF production to 

single stranded yeast RNA (Sigma type II-S). Mice injected 

with ssDNA plus NRS showed 0% migration inhibition (105% 

migration) when tested against ssRNA while mice injected 

with saline plus NRS showed 25% migration inhibition (75% 

migration) when tested against ssRNA. This experiment 

shows that mice injected with and tested against ssDNA in 

the MIF assay produce no cross reaction with RNA contaminat-

ing the DNA preparation. 
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Figure 8. The effect of rabbit anti-mouse thymocyte 

serum on the anti-DNA antibody response. Closed 

circles represent the response of 15 CF-1 mice 

to 4 weekly doses of 125 ug single stranded calf 

thymus DNA conjugated to mBSA in CFA. Open 

circles represent the response of 15 CF-1 mice 

to 4 weekly doses of 0.25 ml PBS in CFA. Solid 

lines represent mice injected with 4 weekly 

doses of 3 mg ATS 48 hours before injection of 

ssDNA or PBS. Broken lines represent mice in-

jected with 4 weekly doses of 3 mg NRS 48 hours 

before injection of ssDNA or PBS. 
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IV. DISCUSSION 

The magnitude and characteristics of the antibody 

response to single stranded DNA and RNA are quite different 

in normal and autoimmune mice. In normal CF-1 mice, the 

data in Fig. 1 show that there was significant antibody 

production to ssRNA but none to ssDNA, as the data show in 

Fig. 3. This finding is in contrast to that of Morse etal. 

(42) who found that congenitally athymic mice spontaneously 

produce significantly more amounts of antibody to DNA than 

RNA in comparison with phenotypically normal littermates. 

This apparent contradiction is best explained by the suppres-

sor T-cell hypothesis previously presented. In the hypothe-

sis, normal mice contain a suppressor T-cell reactive with 

ssDNA which causes the suppression of antibody production to 

ssDNA. But norraal raice do not contain a suppressor T-cell 

reactive with ssRNA. The difference in antibody levels be-

tween mice injected with ssDNA and ssRNA was confirmed in 

CF-1 mice since there was antibody production to ssRNA but 

not to ssDNA, as the data in Fig. 1 and 3 show. However, 

since athyraic raice corapletely lack a thyraus gland and thus 

lack suppressor T-cell populations, these raice produce anti-

body to DNA in excess of that to RNA as Morse et al. reported, 

The data in Fig. 4 and Table 3 show that normal mice 

contain a T-cell population reactive with ssDNA. The data 

in Fig. 4 show that mice contain a lymphocyte reactive in 
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the MIF assay with ssDNA. The data in Table 3 show that 

this lymphocyte is sensitive to the in vivo action of ATS 

and hence the cell measured in the MIF assay is a T-cell. 

Morse et al. (42) found that grafts of athymic mice with 

thymus cells from phenotypically normal littermates causes 

a reduction in antibody titers to DNA, thus indicating a 

DNA suppressor function for thymus cells. However, in the 

case of normal CF-1 mice, the data in Fig. 8 could not con-

firm the suppressor function for T-cells since ATS did not 

cause any elevation of anti-DNA antibody titers. The in-

sensitivity of the passive hemogglutination assay used in 

this study compared with radio-imraunoassay used by other 

workers may account for the lack of detectable differences 

in antibody levels seen in Fig. 8. 

The data in Table 3 also show that mice injected 

with ssDNA plus ATS produced slight though insignificant 

amounts of MIF after 40 hours incubation with ssDNA alone. 

This fact may be due to the suppression in vivo of the T-

cell population by ATS and not the coraplete elimination of 

these cells. This suppression raay explain why there was no 

elevation of antibody titers by raice injected with ssDNA plus 

ATS in Fig. 8. Chused, Steinberg, and Parker (10) and 

Barthold, Kysela, and Steinberg (3) found that a suppressor 

T-cell population reactive with rl-rC is present in non-

autoimmune mice (BALB/c, CBA, and BALB/c X DBA/2) . However, 

since rl-rC and DNA are quite different antigenically, their 



54 

results may or may not be strictly applicable. The antibody 

produced by these non-autoimmune mice to ssDNA and rl-rC is 

IgM antibody almost exclusively (43, 60). it is reasonable 

to postulate that once the suppressor T-cell population is 

eliminated then there would be enhancement of the igM anti-

body production to ssDNA and rl-rC in these non-autoimmune 

mice. It could be concluded from this postulation that the 

suppressor T-cell population may be a population regulating 

the antibody forraation of IgM antibody-producing cells. By 

the same argument, CF-1 mice could possess the same charac-

teristics. 

Data in Table 2 and Fig. 1 show that there is a 

lymphocyte reactive with ssRNA in the MIF assay but that 

this cell is not a suppressor cell. Since the MIF assay 

was confirmed as a measure of T-cell function in experi-

ments using ATS, the ssRNA reactive lymphocyte population 

is probably a T-cell though this fact was not confirmed by 

experimentation. However, this ssRNA reactive T-cell 

population is not a suppressor cell since there was no 

reduction in antibody titers even when the cell population 

is present in the norraal aniraal. 

There was no MIF production to the RNA contamina-

tion of the ssDNA antigen used in the MIF assay. The 

peritoneal exudate cells of mice injected with ssDNA were 

tested against single stranded yeast RNA and showed no 

reactivity. 
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The antibody response to ssDNA is probably specific 

since there was no difference in antibody titers between 

ssDNA injected and control injected mice (Fig. 3) . if there 

was antibody produced to the RNA contamination in the calf 

thymus DNA, then anti-RNA antibody would have appeared in 

Fig. 3 and would have approached the levels seen in Fig. 1. 

The data in Fig. 2 show that the antibody response 

to ssRNA is masked by changing carriers from the weakly 

immunogenic mBSA to the highly immunogenic red blood cells. 

The response of mice injected with ssRNA coated red blood 

cells showed no differences compared to sham coated cells 

except at week 3. This difference at week 3 probably is not 

significant. The data in Fig. 3 and 7 show that changing 

carriers from mBSA to sheep RBC has no apparent effect on 

the anti-DNA antibody response. Since the antibody response 

in Fig. 7 to ssDNA coated and sham coated sheep RBC is not 

sensitive to reduction with 2-raercaptoethanol, the response 

to ssDNA, if any, is probably raasked by the iramunogenic RBC 

and probably is IgG to the sheep RBC antigen. The MIF 

response in Table 2 of mice injected with ssDNA coated and 

sham coated RBC shows that the T-cell reactive with ssDNA 

is also carrier dependent. Changing carriers to sheep RBC 

completely destroys the MIF response. However, injection 

of cyclophosphamide 24 hours after antigen injection causes 

the slight but significant production of MIF to ssDNA. This 

fact indicates that when the strong iraraunogenicity of the 
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red blood cell is eliminated by cyclophosphamide, the sub-

sequent unmasking allows recognition by the ssDNA reactive 

T-cell population and thus allows MIF production. Clearly 

then, the T-cell reactive to ssDNA is carrier dependent in 

terms of the size and immunogenicity of the carrier molecule. 

The effect of the carrier on the T-cell reactivity to ssRNA 

is probably similar. 

The data in Fig. 5 and Table 2 show that antibody 

producing cells and T-cells are not affected by the non-

specific effects of lipopolysaccharide. Injection of 10 ug 

LPS per mouse did not cause any activation of antibody pro-

duction to ssDNA even though the MIF response showed that 

the T-cell population was still present. This fact indi-

cates that the T-cell population reactive with ssDNA exerts 

strong control over antibody producing cells even in the 

presence of strong activating agents such as LPS. 

The use of the iramunosuppressive drugs hydrocorti-

sone and cyclophospharaide have a profound effect on the T-

cell response but no apparent effect on the antibody re-

sponse. The data in Fig. 3 and 4 show that the T-cell popu-

lation reactive with ssDNA is sensitive to cyclophosphamide 

but that the antibody producing cells are apparently refrac-

tive to cyclophosphamide. The data in Fig. 6 show a similar 

effect by hydrocortisone on antibody producing cells. How-

ever, the data in Table 2 show that a T-cell reactive to 

ssDNA still reraains after hydrocortisone treatment but is 
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reduced to minimal though significant levels. A larger 

dose of hydrocortisone might have caused a more significant 

reduction in the T-cell response. 

Anti-thymocyte serura, hydrocortisone, and cyclo-

phosphamide all have similar effects on the T-cell response 

to ssDNA. All these agents have little effect on lympho-

cytes inside intact lymphoid organs. It appears possible 

therefore that the T-cell population affected by thése agents 

is one that recirculates in the bloodstream after short peri-

ods of residence inside the lyraphoid organs. 

The puzzling problem is the lack of enhancement of 

antibody production upon eliraination of the recirculating 

suppressor T-cell population. A possible reason is that 

ATS, hydrocortisone, and cyclophosphamide did not completely 

destroy the suppressor T-cell population in vivo but merely 

reduced the number and not the suppressive effects of these 

cells. This lack of destruction may also be due to the fact 

that another T-cell population resides in lymphoid organs, 

does not recirculate, and therefore is refractive to immuno-

suppressive agents. A second possible reason is that the 

suppressor T-cell exerts its control through a soluble 

product of unknown nature upon contact with ssDNA in vivo. 

A third possible reason is that the antibody producing cells 

were immunologically paralyzed by high doses of ssDNA and 

thus could not respond even in the absence of suppressor 

T-cell populations. A fourth reason raay be the insensitivity 
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of the passive hemogglutination assay when compared to the 

radio-immunoassay used by other workers. These questions 

would be topics for interesting and possibly fruitful re-

search in the future. 

In summary, a recirculating T-cell population speci-

fically reactive with ssDNA is present in normal mice. This 

T-cell population is carrier dependent, is not affected by 

LPS, and is sensitive to ATS, cyclophosphamide, and possibly 

hydrocortisone. Also, this T-cell population possibly is a 

cell clone which suppresses antibody production to ssDNA. 

In addition, a T-cell population specifically reactive with 

ssRNA is present in normal mice that is also carrier depen-

dent and that is not a suppressor T-cell. 
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APPENDIX 

List of Abbreviations 

ATS: anti-thymocyte serum 

B/W: Fn hybrid of New Zealand Black and New Zealand 
Wnite mice 

CFA: complete Freund's adjuvant 

DNA: deoxyribonucleic acid 

IgG: Immunoglobulin G 

IgM: Immunoglobulin M 

LPS: lipopolysaccharide 

mBSA: methylated bovine serura alburain 

MIF: Migration Inhibition Factor 

NRS: norraal rabbit serum 

NZB: New Zealand Black 

NZW: New Zealand White 

PBS: phosphate buffered saline 

RBC: red blood cell 

rl'rC: polyinosinicpolycytidylic acid 

RNA: ribonucleic acid 

ssDNA: single stranded deoxyribonucleic acid 

SLE: systemic lupus erytheraatosus 

ssRNA: single stranded ribonucleic acid 

T-cell: thyraus-derived lyraphocyte 

other strains of mice mentioned: A/J, AKR, BALB/C, CBA, 
C B A A N , CF-1, C57BL/6, C3H/He, C3H/HeJ, DBA/2 
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