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Adjuvant Arthritis in T Lymphocyte Depleted Rats1 (39356) 
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Adjuvant arthritis in rats, induced by in- 
jection of oil and tubercle bacilli, is me- 
diated through lymphoid cells. Passive 
transfer into syngenic recipients of cells 
from lymph nodes of rats with adjuvant dis- 
ease transferred the disease (1, 2) .  Simi- 
larly, transfer of the disease followed infu- 
sion of thoracic duct lymphocytes from sen- 
sitized donors (3).  From these observations, 
it seemed likely that the T lymphocyte was 
the important cell in induction of adjuvant 
arthritis, and the disease has been consid- 
ered as some type of delayed sensitivity re- 
action in which T cell function is crucial. 
Against this general hypothesis, however, 
was the finding of Arnason et al. that neo- 
natal thymectomy markedly suppressed tu- 
berculin skin sensitivity but had little if any 
effect on adjuvant arthritis (4). Also, recent 
studies have indicated definitely that rat 
thoracic duct lymph contains both T lym- 
phocytes and long-lived recirculating B cells 
( 5 ,  6). Finally, Lennon and Byrd (7) re- 
cently reported adjuvant arthritis occurring 
after attempts to develop allergic encepha- 
lomyelitis (EAE) in rats, but with arthritis 
developing only in neonatally thymecto- 
mized animals. In those experiments, adju- 
vant arthritis developed in rats with lympho- 
penia, evidence of depressed T cell func- 
tion, and poor humoral antibody responses 
to myelin protein used to produce EAE. 

Our experiments were designed to study 
adjuvant arthritis in a highly susceptible rat 
strain, in animals made specifically T cell 
deficient but with normal B cells. 

Materials and methods. Male and female 
Long-Evans rats, inbred at the University of 
Kentucky by Dr. Katherine Sydnor, were 
used in these experiments, because studies 
in our laboratory revealed that this strain 
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regularly developed severe adjuvant dis- 
ease. T lymphocytes were defined by their 
unusual affinity for uptake of tritiated uri- 
dine by methods described in previous stud- 
ies from this laboratory (6). 
7: depleted rats were prepared by the 

method of Howard and colleagues (8), 
somewhat modified as described below. At  
age 7 or 8 days, a time when thymocytes in 
rats have migrated to nonthymic sites, thy- 
mectomy was performed using hypothermic 
(crushed ice) anesthesia, as described for 
newborn rats (9). The animals were re- 
turned to their mothers and grew normally. 
At about 3 months of age, blood was drawn 
for T cell determinations by [3H]uridine in- 
cubation, and 1 week later the rats received 
850-rad total body irradiation from a cobalt- 
60 source. Within a few hours of otherwise 
lethal irradiation for rats of this age, hema- 
topoietic cells and B lymphocytes were re- 
populated by intravenous injection of lo7 
viable bone marrow cells from a syngenic 
donor that had been depleted of T lympho- 
cytes by 5 days of thoracic duct drainage. 

Blood counts and [3H]uridine studies 
were followed for 6 weeks until the total 
lymphocyte count and T and B populations 
were stable. At that point, the left hind paw 
of 14 rats was injected with 0.1 ml of 
Freunds complete adjuvant (3 mg tubercle 
bacilli/ml). Normal Long-Evans rats of the 
same age and sex (about 43 months) were 
injected at the same time. Every other day 
thereafter, the animals were observed for 
the onset of arthritis and the severity quanti- 
tated by a cumulative severity index using a 
slight modification of the scoring technique 
described by Pearson (10). 

At the end of the experiment, when the 
arthritis was inactive, rats were again stud- 
ied for T and B lymphocytes in blood, and a 
few animals underwent thoracic duct drain- 
age for evaluation of quantitative and quali- 
tative changes in cells of their thoracic duct 
lymph. 

Results. A .  Studies of the extent of T cell 
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depletion. Unlike neonatal thymectomy 
which leads to near absence of T cells with 
runting disease and severe defects in cellular 
immune reaction, these animals were less 
severely depleted and appeared grossly nor- 
mal. In Table I blood small lymphocytes and 
total T and B cells are shown for normal 
Long-Evans rats, and for the experimental 
group 3 months after thymectomy and be- 
fore irradiation, at 6 weeks after irradiation 
and bone marrow repopulation, and again 8 
weeks later at the end of the arthritis experi- 
ment. In looking closely at the data in Table 
I, T cell depletion by thymectomy at 8 days 
of age was only slightly enhanced by thy- 
mectomy + irradiation + reconstitution 
with T depleted bone marrow. B cells re- 
mained relatively intact in all groups. At 
least 22 weeks after thymectomy , irradia- 
tion, reconstitution, and arthritis, T cells 
remained low. 

Thoracic duct lymph drainage, performed 
16 weeks after thymectomy , irradiation, 
and marrow replacement in a few rats, con- 
firmed the significant and persistent T lym- 
phocyte depletion. Total cell count declined 
from about 12,000/mm3 to about 3000/ 
mm3, and percentage T ( [3H]uridine-labeled 
small lymphocytes) from 70 to about 8%.  

B .  Severity and incidence of adjuvant ar- 
thritis. All 12 T-depleted rats and their 10 
controls developed some degree of arthritis, 
and the severity index is plotted in Fig. 1 .  At 
all points, the T-deficient rats had less se- 
vere arthritis. Statistical validity was 
checked for the Day 20 scores, and the 
differences were significant ( P  = < 0.05). 

Tuberculin sensitivity was checked in all 
rats on Day 14 by intradermal injection of 
0.1 ml of P.P.D. (720 pg/ml) in saline, and 

8/10 control animals and 6/12 T-depleted 
rats reacted. In those rats who did develop 
tuberculin sensitivity, the size of the reac- 
tion 48 h after test was similar in both 
groups (12 and 11 mm erythema, respec- 
tively). 

Discussion. Adjuvant arthritis is as 
unique to rats as rheumatoid arthritis is to 
man, and continued study of the immuno- 
logical mechanisms involved in the rat 
model may prove helpful in understanding 
the human disease. In this study, highly sus- 
ceptible Long-Evans rats were made T cell 
deficient by thymectomy at about the end of 
the first week of life, and by later irradiation 
and reconstitution with small numbers of 
bone marrow cells from syngenic donors de- 
pleted of marrow T cells. As evidenced by 
avid [3H]uridine uptake and radioautogra- 
phy, a label quite specific for T cells in the 
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FIG. 1 .  Arthritis severity index of normal and T 
lymphocyte depleted Long-Evans rats. All rats in both 
groups (10 normal and 12 T-depleted) developed ar- 
thritis. 

TABLE I .  LYMPHOCYTE STATUS (T + B CELLS) OF RATS AT DIFFERENT STEPS IN THE STUDY. 
Total small 
lymphs per 

Rat status Number mm3 ( X  lo?) 

Normal 6 3.6 * 0.8 
Normal, 6 weeks post adjuvant 8 3.6 ? 0.9 
Normal, 16 weeks post adjuvant 6 3 . 8  ? 1 . 1  
Post T Y ,  12 weeks 10 1.8 0.5 

Post Tx, irrad. + recon., 6 weeks post adjuvant 8 1.3 ? 0.5 
Post Tx, 6 weeks post irrad.6 + recon." 

Post Tx, irrad, + recon., 16 weeks post adjuvant 

6 1.6 2 0.9 

6 1.7 2 1.0 
Tx = thymectomy. 
irrad. = 850 rad irradiation. 
recon. = Reconstitution with lo7 T-depleted marrow cells. 

Total T per 
mm3 ( x lo3) 

Total B per 
mm3 ( X  lo3) 

1.3 * 0.4 
1.8 * 0.5  
1.9 2 0.7 
0.4 ? 0.2 
0.2 ? 0.05 
0.2 * 0.1 
0.3 * 0.2 

2.4 ? 0.6 
1.6 f 0.5 
1.9 ? 0.5 
1.4 * 0.5 
1.4 ? 0.6 
1.2 ? 0.6 
1.4 ? 0.9 
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rat (6), such rats maintained about 20-30% 
of normal T cells during the 7-8 months of 
study. All experimental animals developed 
adjuvant arthritis, but with modest decrease 
in severity of the disease when compared to 
normal rats. 

Lennon and Byrd (7) tumbled onto a sys- 
tem in which T cell depletion actually en- 
hanced adjuvant arthritis. Their methods 
were different; a relatively resistant Lewis 
strain of rats, slightly different quantity of 
tubercle bacilli in the adjuvant, presence of 
myelin basic protein in the Freund’s adju- 
vant, and booster adjuvant in the form of 
pertussis vaccine. Taken together with our 
results, however, it is evident that the im- 
munological mechanisms for adjuvant ar- 
thritis are complicated. Paterson (1 1) has 
reviewed the role of adjuvants in allergic 
encephalomyelitis (EAE), and also con- 
cludes that mechanisms are much more 
complex than simply a generalized enhance- 
ment of T cell function. He suggests that 
some adjuvants may work by enhancing 
penetration of the target organ, and others 
may markedly influence different functional 
subclasses of T lymphocytes. Lennon and 
Byrd (7) conclude that their results might be 
explained by immune complexes formed in 
the area of antigen excess. Continued work 
on humoral antibody production and spe- 
cific T lymphocyte subpopulations may help 
unravel the growing complexity of the 
mechanism by which adjuvants produce a 
rheumatoidlike arthritis specifically in rats. 

Summary. Markedly T lymphocyte de- 
pleted rats were prepared by thymectomy, 
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irradiation, and repopulation by bone mar- 
row hematopoietic and lymphoid cells. Such 
rats had persistent T lymphopenia of about 
20% of normal. When T depleted and nor- 
mal rats were injected with adjuvant, all 
animals developed arthritis but with slightly 
less severity in the T depleted animals. Such 
experiments, and other observations, sug- 
gest a complex immunological mechanism in 
the pathogenesis of adjuvant arthritis in the 
rat. 
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