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NZB and NZB/W F; mice spontaneously
develop a disease resembling human systemic
lupus erythematosus (SLE). In the human
disease antibodies to native DNA are a char-
acteristic finding (1-3), and they appear to
be involved in the initiation of renal injury
(4, 5). Previous studies have indicated that
similar antibodies are found in NZB/W mice
(6-8); however, less information is avail-
able concerning the specificity of these anti-
bodies in various strains of mice. Recently it
was demonstrated that antibodies reactive
with double-stranded DNA are closely res-
tricted to SLE patients while antibodies to
single-stranded DNA and RNA are found in
other diseases as well (9). The possibility
that antibodies to these polynucleotides
might be present in multiple strains of mice
was suggested by their occurrence in several
human diseases characterized by infection or
active tissue destruction, The present study
indicates that, while antibodies to native
DNA occur selectively in NZB/W mice, an-
tibodies to other polynucleotides are more
widely distributed among different strains of
mice. The antigenic potential of synthetic
double-stranded RNA in mice is also demon-
strated.

Materials and Methods. NZB, NZB/W F;
hybrid, and SWR mice were obtained from
colonies maintained at the Rockefeller Uni-
versity, Strain RF/Un mice were obtained
from Simonsen Laboratories, Gilroy, Califor-
nia. All other mice were obtained from Jack-
son Laboratories, Bar Harbor, Maine.

Hemagglutination procedures as previously
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described (9) were used for the detection of
antibodies to native DNA, single-stranded
DNA, and double-stranded RNA. The spec-
ificity of the reaction was tested by blocking
experiments. Antibodies to native DNA and
poly A:poly U were blocked by native DNA
and poly Arpoly U, respectively. For detec-
tion of single-stranded DNA antibodies,
serums were absorbed with excess native
DNA. Additional specificity was shown by
rabbit antisera prepared to complexes of sin-
gle-stranded DNA and methylated bovine
serum albumin. These rabbit antisera reacted
only with cells coated with single-stranded
DNA, but not with native DNA. Special pre-
cautions were taken with mouse serum to
prevent release of DNA from cell breakdown.
Cell hemolysis was avoided and all cells
were removed immediately from the serum
specimens. Without these steps release of
DNA was often observed.

Five-month-old SWR female mice were im-
munized intraperitoneally with poly A-poly U
or poly I'poly C. Mice were divided into two
groups and each mouse received 100 pg of
one of the polynucleotides in phosphate
buffered saline. The immunization schedule
consisted of eight weekly injections. After a
rest period nine additional injections were
given every other day.

In a second experiment, SWR mice were
given intraperitoneal injections of poly I*poly
C with native DNA, poly I'poly C with
single-stranded DNA, single-stranded DNA,
or native DNA in phosphate buffered saline.
Each mouse received 100 ug of each antigen
used. A total of 10 injections were given on
an alternating day schedule. Animals were
bled periodically by orbital sinus puncture.

Results. Distribution. The distribution of
hemagglutinating antibodies to DNA in
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TABLE 1. Distribution of Antibodies to DNA in NZB/W F,; Mice.

Native DNA

Single-stranded DNA

Male Female Male Female
Age
(months) No. % No. % No. % No. %
15 6/15 40 (5.7)¢ 2/6 33 (4.0) 7/156 47 (6.0) 3/6 50 (5.0)¢
12 1/18 6 (4.0) 4/19 21 (6.0) 2/18 11 (4.0) 5/9 26 (5.0)
8 0/28 0 6/30 20 (5.3) 1/17 6 (4.0) 11/30 37 (4.7)
5 0/10 0 1/10 10 (5.0) 1/10 10 (4.0) 5/10 50 (4.8)
2 0/5 0 0/5 0 1/9 11 (4.0) 3/9 33 (5.0)

¢ Mean titer of group of serums expressed as log base 2, shown in parentheses.

NZB/W F; mice of various ages is shown in
Table I. Antibodies to native DNA appear
earlier in female mice and the incidence of
these antibodies increases with age. Over one-
third of the 15-month-old mice have anti-
bodies to native DNA. In this older group
the incidence of native DNA antibodies was
similar in both sexes, but they were rarely
seen in younger male mice. Antibodies to
single-stranded DNA appeared earlier and
were found more frequently than native
DNA antibodies. Half of the 15-month-old
mice had antibodies to this polynucleotide.

The frequency of antibodies to DNA in
eight strains of 7-12-month-old female mice
are shown in Table II. Antibodies to native
DNA were found in one-fifth of 12-month-old
female NZB/W mice as indicated above.
These antibodies were not found in other
strains except for the rare occurrence in older
A/]J and A/He] mice.

Antibodies to single-stranded DNA were

found in five of the eight strains studied and
they did not appear more {requently in
NZB/W and NZB mice than in three other
strains of mice tested. Table II also shows
the results of analysis for antibodies to dou-
ble-stranded RNA. Thirty percent of 1-year-
old female NZB and A/He]J strains had anti-
bodies to poly A-poly U. These antibodies
were also found to a lesser extent in other
strains of mice. These serums were also
tested with poly Irpoly C coated cells and
there was generally less reactivity than with
poly A-poly U. Serums from CS57BR/6],
SWR, and RF strains rarely contained anti-
bodies to these polynucleotides.

Immunization. The results of immuniza-
tion of mice with poly A-poly U and poly
I'poly C without adjuvant or protein carrier
are shown in Fig. 1. Five of the 12 mice
developed hemagglutinating antibodies reac-
tive with poly Ipoly C and 4 of 12 had
antibodies reactive with poly A-poly U after

TABLE II. Distribution of Antibodies to Polynuecleotides in Several Strains of Female Mice.

Positive (%)

N Native DNA Single-stranded DNA Poly A «poly U
ge

Strain (months) No. %% No. % No. %
NZB/W 12 4/19 21 (6.0)° 5/19 26 (56.0) 2/10 20 (4.0)
NZB 12 0/20 0 5/15 33 (4.0) 6/20 30 (4.0)
A/ 8-12 1/25 4 (4.0) 6/22 27 (5.5) 2/10 20 (5.0)
A/HeJ 7-12 1/23 4 (4.0) 5/23 22 (6.0) 3/10 30 (5.5)
C57BL/6J 12 0/13 0 8/18 44 (5.8) 1/10 10 (4.0)
C57BR/6J 12 0/8 0 0/8 0 0/8 0
SWR 12 0/10 0 0/15 0 0/13 0
RF/Un 12 0/12 0 0/12 0 1/12 8 (4.0)

¢ Mean titer of group of serums expressed as log base 2.
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F1c. 1. Results of immunization of SWR mice with
poly A-poly U and poly I*poly C using poly I*poly C-
sensitized cells in hemagglutination.

eight weekly injections. All animals had anti-
bodies to these polynucleotides after nine ad-
ditional injections administered every other
day. In certain instances mice immunized
with one polynucleotide had a higher hemag-
glutinating titer to the other polynucleotide.
Both of these polynucleotides proved to be
potent immunogens even without Freund’s
adjuvant or protein carrier.

In the second immunization experiment,
antibodies to poly Ipoly C were detected
after 10 injections given every other day. No
antibodies reacting with native or single-
stranded DNA were found including those
mice that received DNA and poly I-poly C
together. Antibodies to double-stranded RNA
were also detected in a rabbit after four
weekly injections of poly I'poly C in com-
plete Freund’s adjuvant.

In addition to the above findings certain
other observations were made. No glomerular
staining was demonstrated with a fluores-
ceinated rabbit antiserum to poly A+poly U in
these immunized mice. In selected NZB/W
mice with antibodies to poly A+poly U no
inhibition could be demonstrated by blocking
with single-stranded DNA. In one serum
from an immunized mouse with high titer
antibody to both polynucleotides, there was
no difference in the inhibitory capacity of
poly I'poly C or poly A-poly U; single-
stranded DNA had a weak inhibitory effect.

Discussion. There is a considerable similar-
ity in the distribution of antibodies to poly-
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nucleotides in certain strains of mice and in
human disease. Native DNA antibodies are
selectively found in NZB/W F; mice and in
human SLE, while antibodies to single-
stranded DNA and double-stranded RNA are
found in several other strains of mice and in
certain other human disorders. Infection or
active tissue destruction appears to underlie
their appearance in man, but even less is
known about their presence in various strains
of mice. That several strains of mice had
antibodies to polynucleotides is not surprising
since antinuclear antibodies have been found
in certain strains (10, 11).

The incidence of antibodies to native DNA
in this study was lower than reported by
Steinberg ef al. (8) where the Farr ammoni-
um sulfate precipitation test was employed.
This group of mice may be less severely
affected by the underlying disease process as
suggested by some female mice surviving to
age 15 months. Other reports have indicated
that female NZB/W F; mice usually suc-
cumb to their disease by 6 to 10 months of
age (8, 12). On the other hand, the ammoni-
um sulfate precipitation test using radioac-
tive DNA is somewhat more sensitive than
the hemagglutination assay and may account
for the lower incidence.

Precautions to remove all cellular material
and avoidance of hemolysis are essential in
making an accurate assessment of antibody
titers to DNA and possibly other polynucleo-
tides. When this was not done, free DNA
could often be observed in the serums of
several strains of mice by employing the he-
magglutination inhibition technique. With a
proper adjustment of the agglutinating an-
tiserum, DNA could be detected in quantities
below 1 pg/ml and was not found in these
sera.

It was of interest that poly Apoly U sensi-
tized erythrocytes gave a higher incidence
and titer of antibodies than poly I-poly C
sensitized cells in both mouse and human
serums. This polynucleotide appears to cross-
react more effectively with the naturally oc-
curring RNA immunogen or relate to the way
these polynucleotides are coated on erythro-
cytes.

Synthetic polynucleotides appear to have
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multiple biologic actions including interferon
production, cytotoxicity, adjuvant effect, and
immunogenic potential. The data reported
here show that both poly A-poly U and poly
Ipoly C are potent immunogens in mice
without the use of Freund’s adjuvant or in
vitro binding to a protein carrier. These sera
did not contain antibodies to DNA as has
been shown to occur in NZB/W T; female
mice after immunization with poly I-poly C
(13). Tt is also known that RNA and DNA
containing viruses can accelerate the produc-
tion of DNA antibodies and nephritis in
NZB/W mice (14). Both single-stranded
DNA when coupled to a protein carrier and
double-stranded RNA are immunogenic in
animals, while the immunogenicity of native
DNA has not been clearly demonstrated. The
factors eliciting native DNA antibodies in
the NZB/W F; mice are unknown, but RNA
and DNA viruses as well as synthetic dou-
ble-stranded RNA appear capable of aug-
menting the response and stimulating disease
activity. It seems likely that a specific genet-
ic predisposition for formation of antibodies
to native DNA may occur in NZB/W F;
mice and in human SLE.

Summary. Hemagglutinating antibodies to
native DNA were found to occur selectively
in NZB/W mice and rarely in other strains.
In contrast, antibodies to single-stranded
DNA and double-stranded RNA have a more
widespread distribution. They occur in NZB
and NZB/W mice as well as other strains of
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mice. Poly A+poly U and poly I-poly C are
shown to be immunogenic in mice without
the use of Freund’s adjuvant or iz wvitro
coupling to a protein carrier.
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