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Abstract. The results from several studies examining the effects of DMSO on autoimmune
phenomena have been inconclusive, possibly because of differences in experimental models, treat-
ment regimens and doses employed. In the present investigation, autoimmune strain MRL/lpr,
C3H/Ipr, and male BXSB mice were placed on a continuous treatment regimen with 3% DMSO
or 3% DMSO, in the drinking water, ad libitum, commencing at 1 to 2 months of age, before
spontaneous disease development could be detected. This represented doses of 8-10 g/kg/day of
DMSO and 6-8 g/kg/day of DMSO,. Both compounds were observed to extend the mean life
span of MRL//pr mice from 5 months to over 10 months of age. All strains showed decreased
antinuclear antibody responses and significant diminution of lymphadenopathy, splenomegaly,
and anemia development. Serum IgG levels and spleen IgM antibody plaque formation, however,
did not differ from control values. There was no indication of involvement of systemic immu-
nosuppressive or antiproliferative effects, and treated animals were observed to remain healthy
and vigorous with no signs of toxicity. These results demonstrate that high doses of both DMSO
and its major in vivo metabolite, DMSO,, provide significant protection against the development
of murine autoimmune lymphoproliferative disease. Possible mechanisms of protection are dis-

cussed. © 1986 Society for Experimental Biology and Medicine.

It has been difficult to draw definitive con-
clusions regarding the effects of dimethyl sulf-
oxide (DMSO) treatment on the development
of autoimmune phenomena, possibly because
of differences in species employed, experi-
mental models of disease selected, and/or the
treatment protocols. Previous studies from this
laboratory (1) have demonstrated that ip in-
jection of 0.10 ml of 50% DMSO, three times
a week for 20 weeks, had little effect on the
spontaneous development of antinuclear an-
tibodies (ANA) or on abnormal lymphopro-
liferation in autoimmune strain NZB, MRL/
Ipr, or male BXSB mice. However, where rats
have been induced experimentally to develop
myasthenia gravis (2), collagen arthritis (3), or
autoimmune thyroiditis (4), autoantibody ti-
ters were found to be decreased with DMSO
injection.

One possible explanation for the observed
differences may be that adequate prophylactic
levels of DMSO were not achieved in the case

! This study was supported by the Gerlinger Research
Fund, the Ronald J. Purer Foundation, the DMSO Foun-
dation, and the Oregon Arthritis Foundation.

of the autoimmune mouse strains. To explore
this possibility, autoimmune-prone mice were
treated with DMSO as a 3% solution in the
drinking water, ad libitum. The experiments
were also extended to include 3% drinking
water solutions of dimethyl sulfone (DMSO,),
the major in vivo metabolite of DMSO, with
separate groups of mice. The dosages achieved
in this manner were 8—10 g/kg/day of DMSO
and 6-8 g/kg/day of DMSO,. Treatments were
started at 1 to 2 months of age, before disease
was evident, and animals were examined for
disease development 4 months or more later.
All strains showed significant decreases in the
development of anemia, lymphadenopathy,
and antinuclear antibodies; in addition, the
MRL//pr mice studied over the long term
manifested marked life span extension.
Materials and Methods. Colonies of MRL/
Ipr, C3H/Ipr and BXSB mice were originally
obtained from Dr. E. Murphy and J. Roths,
The Jackson Laboratory (Bar Harbor, Maine)
and have been continuously maintained in this
laboratory. Mice were housed in shoeboxes on
hardwood bedding and fed Purina Laboratory
Chow. Three percent solutions of DMSO
(Merck) and of DMSO, (Showa Chemical Co.,
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Osaka, Japan) were administered ad libitum
as drinking water. These solutions, kindly
provided by Dr. S. W. Jacob, Oregon Health
Sciences University, showed only one peak on
chromatographic analysis. Plasma antinuclear
antibodies were analyzed employing an indi-
rect immunofluorescence assay with chicken
erythrocyte nuclei as substrate as previously
described (5). Responses were graded on a
scale of 0 to 4, with 3 and 4 considered strongly
positive. Serum IgG was measured by radial
immunodiffusion utilizing a quantitative im-
munodiffusion kit (Miles Laboratory, Elkhart,
Ind.). Direct antibody plaque formation was
measured (6) using spleen cells from C3H/Ipr
mice that had been injected ip with 5 X 108
washed sheep erythrocytes (SRBC) 5 days pre-
viously.

Results and Discussion. MRL//pr strain
mice have an average life span of approxi-
mately 54 months (7). As noted in Fig. 1, sur-
vivals were extended beyond 10 months of age
in the case of mice ingesting 3% solutions of
DMSO or DMSO; continuously, starting at 5
to 7 weeks of age. DMSO treatment also re-
sulted in a reduced incidence of strong ANA
positivity and significant decreases in spleen,
thymus, and lymph node weights (Table I).
Eighteen-week-old DMSO-treated MRL/Ipr
mice showed significantly diminished lym-
phoid organ enlargement compared to water-
drinking controls but were clearly still abnor-
mal. On the other hand, lymphadenopathy
was virtually absent in the 43-week-old group
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of animals and only one-sixth showed strong
ANA reactivity (Table I). The reason for the
occurrence of decreased disease in older com-
pared to younger MRL//pr mice treated with
DMSO is not known, but could conceivably
be associated with a diminution in lympho-
proliferative activity with age. It should be
noted that lymphoproliferation induced by the
Ipr gene does not fit the generally accepted cri-
teria of malignancy such as transplantability
(8). In this connection, the enlarged nodes
have been observed to consist of accumula-
tions of resting cells resulting from migration
into the area of cells which have undergone
proliferation at other sites (9).

C3H/Ipr strain mice, like the MRL//pr, are
congenic for the somatic recessive lympho-
proliferation (/pr) gene and develop similar
lymphadenopathy. However, due to different
interacting background genes, development of
antinuclear antibodies and immune complex
renal disease is less pronounced than in the
MRL//pr (8) and survivals are longer, often
up to | year of age. In Fig. 2A, the massive
lymphadenopathy obtaining in a representa-
tive untreated 6-month-old C3H//pr mouse is
illustrated by way of comparison to a similar
animal which had been treated with 3%
DMSO from 2 months of age (Fig. 2B).
Treated mice appeared healthy and vigorous
with little or no external signs of lymph node
enlargement and with no evidence of drug
toxicity. Similar effects were noted with 3%
DMSO,; administration. In addition to reduc-
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FIG. 1. Numbers of male MRL/Ipr mice alive at given ages are shown for animals drinking tap water, 3%
DMSO, or 3% DMSO,, ad libitum. DMSO and DMSO, treatments were started at 35 to 45 days of age.
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TABLE I. EFFECT OF ORAL DMSO ON IMMUNE DISEASE IN MALE MRL/1pr MICE

Water controls 3% DMSO* 3% DMSO
Parameter (18 weeks old) (18 weeks old) (43 weeks old)

Survivals 10/17 8/8 6/9
Strong ANA response? 10/10 3/8 1/6
Hematocrit (%) 47.7+1.0 47.9 +0.46 47.8+£0.91
Spleen wt (mg) 5459 +51.6 201.8 +24.9° 243.2 +44.5¢
Thymus wt (mg) 366.1 +42.8 167.0 £ 23.6¢ 88.9 +28.7%
Node wt (mg) 3680 +330 996 + 350° 102 +43°%

“ Mice terminated at 18 weeks of age were started on 3% DMSO v/v in the drinking water at 24 days of age. Mice
terminated at 43 weeks of age were started on 3% DMSO at 35 to 45 days of age. Data are expressed as means + SEM.

¢ Different from water control at P < 0.001.
¢ Different from water control at P < 0.005.

4 Serum antinuclear antibody (ANA) responses were evaluated by indirect immunofluorescence assay (5).

ing lymph node mass, DMSO significantly di-
minished anemia and decreased the incidence
of strong ANA reactivity from 46 to 17% (Ta-
ble II).

Male BXSB mice, which develop a lupus-
like immune complex renal disease as the re-
sult of an autoimmune accelerator on the Y
chromosome (7), also showed diminished dis-
ease development when drinking 3% DMSO
(Table II). Here, splenomegaly was signifi-
cantly reduced, anemia was prevented, and the
incidence of strong ANA positivity decreased
from 64 to 11%.

The mechanisms for the protective effects
of DMSO and DMSO, on the spontaneous
development of autoimmune-lymphoprolif-
erative disease in the different mouse models
have not been established. We have found
DMSO and DMSO, to be virtually identical
in their ability to diminish the severity of these

disorders, including the rheumatoid arthritis-
like joint lesions characteristic of the MRL/
Ipr strain (10). It is conceivable that DMSO,,
which is the major in vivo metabolite of DMSO
(11), may be the biologically effective molecule
in these reactions. Lending support to this view
is the observation that BALB/c mice chroni-
cally ingesting 3% DMSO manifested approx-
imately equivalent serum levels of DMSO and
DMSO, (200-400 ug/ml) (Layman and Mor-
ton, unpublished results).

While autoimmune-lymphoproliferative dis-
ease was diminished with continuous ingestion
of 3% DMSO and DMSQ;, the primary IgM
response of DMSO-treated C3H/Ipr mice fol-
lowing SRBC immunization was not altered,
and serum IgG levels in C3H//pr and BXSB
male mice remained unchanged (Table II). In
other studies from this laboratory (12), similar
treatment of nonautoimmune strain BALB/c

FIG. 2. The gross appearance of representative 6-month-old male C3H//pr mice drinking tap water (A)
and drinking 3% DMSO (B) continuously from the age of 2 months.



230

DMSO AND DMSO, REDUCE MOUSE AUTOIMMUNITY

TABLE II. EFFECT OF ORAL DMSO ON IMMUNE DISEASE IN MALE BXSB AND C3H/1pr MICE*

BXSB C3H/lpr
Parameter H,0 DMSO H,0 DMSO

Hematocrit (%) 39.1+0.72 45.3+0.83% 41.5 +£0.62 44.1 +0.63°
Thymus wt (mg) 64.9+12.0 34.6 £5.9° 71.2+9.5 38.4+4.6°
Spleen wt (mg) 530.2 £ 101 269.0 + 38.3% 526.4 +29.3 316.9 = 19.6°
Node wt (mg) 41.3+11.0 350+6.0 4500.0 £ 170.0 1830.0 +220.0°
Primary antibody

(IgM PFC/spleen) — — 45851 +11,300 46,081 + 8,200°¢
Serum IgG (mg%) 739 £80.4 589 +33.8°¢ 633 £65.7 570 +£79.1¢
Strong ANA response? 9/14 (64%) 2/18 (11%) 5/11 (46%) 2/12 (17%)

“Male BXSB and C3H/1pr mice were started on 3% DMSO v/v in drinking water at 2 months of age and assays

performed 4 months later.

¢ Difference between mice on DMSO and water significant, P < 0.05.
¢ Difference between mice on DMSO and water not significant, P > 0.05.
4Serum antinuclear antibody (ANA) responses were measured by an indirect immunofluorescence assay using

chicken erythrocyte nuclei as substrate (5).

mice was without significant effect on lym-
phoid organ, liver, or body weights; also T-
dependent and T-independent spleen antibody
plaque-forming cell responses manifested little
or no differences from those of water-drinking
controls. Systemic immunosuppressive and/
or antiproliferative effects would not appear,
thus, to be the mechanisms by which DMSO
and DMSO,; provide protection. Possible
changes in such factors as antibody subclasses
produced, immune complex formation and
clearance, and serum complement levels could
be implicated. Conceivably too, alterations in
the activity of immunoregulatory molecules,
such as prostaglandins and lymphokines,
might contribute to the protective action of
these compounds. Clarification of the role of
one or more of these factors in disease devel-
opment and its modulation by DMSO or
DMSO, treatment should be obtained from
further investigations.
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