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A b s t r a c t . In \ e i t eb ia tes , tlrvioid hoimone and its cognate nuc leai icceptois aie 
i m o h e d HI a complex ai iangement of physiological and de\elopmental function 
Since t l m o i d hoimone has also been shown to affect immune íesponses we m-
\estigated the D W binding status of T j leceptois of spleen nuc leai extracts m a) 
lats with a d p n a n t a i th i i t i s ( \ A ) b) adienalec tonnzed ta ts (ADX), and c) animals 
with ad jmant a i thi i t is followed bv adrenalectomy (AA+ADX) A marked diminu­
tion m the functional binding of nuclear thyioid hoimone íeceptors to DR4 th j io id 
hoimone lesponsive DNA element was found m the spleens of A.A and A \ + A D X 
lats when compaied to a contiol group oi ADX lats The da ta based on in viuo ex­
pel uiients suggest that the nuclear receptor thyroid hoimone responsrve element 
complex status within the cell nucleus may be alteied m adjuvant a r thnt i s 

K e y words: Rat — Adjuvant arthritis — Adrenalectomy — Spleen — Nucleai 

receptors — Thyroid hormone responsive element 

Introduct ion 

The biologically active th j io id hormone, 3,5,3'-trnodothyionme (T3), is involved 
m the regulation of cell differentiation and is essential for normal development 
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and homeostasis of veitobiates (Evans 1988) Thyroid hoímones exeit then action 
\ia nuclear receptors lrgand inducible transcription factors One of the most 
important pi open ties of T3 nuclear receptor complex is its abiht} to stimulate 
01 inhibit t ranscnpt ion of hgand-iesponsive genes (Glass et al 1989, Glass and 
Hollow ax 1990) T h u o i d hormone nucleai leceptors (TRs) bind as monomers or 
dimers to specific hgand response elements (thyioid hoimone íesponse elements. 
TREs) containing one 01 two half-sites related to the 4.GGTCA. motif (Foiman 
et al 1992) T R binding was found to be augmented by TR heteiodimeiization 
with 9-cis retmorc acrcl receptors (RXRs) or other not vet chaiactenzed auxihaix 
protems (Beriodm et al 1992) 

AA 111 la t s is a chiomc mfiammatoix joint disease lesemblmg rheumatoid 
aithiit is 111 humans It is accompanied b> peisistent pain hmd paw edema lo­
cal a c t u a t i o n of monocytes producing a whole a n ay of lymphokmes which leads to 
c artilage destine hem ( Arend and Daxer 1990) Dining AA stimulated production 
of inteileiikin-1 r1 was obser\ed 111 the lat spleen which was fuithei potentiated bx 
adic nale < tomx demonstiat ing dnect involvement of glucocorticoids in the regula­
tion of the mfiammatoix piocess (Stephanou et al 1992) Among the mfiammatoix 
hmphokmes tumoi nee IOSIS fae tor-ec, mterleukm-1 ft and mteileukin-G weie found 
to dee lease nue leai t h u o i d hoimone capacity 111 a lixer cell line, leax nig the afhn-
it\ of leceptors unchanged (Wolf et al 1994) Recently, it has also been shown 
that membeis of the nuclear icceptoi farmlx themsehes max inhibit sxnthesis of 
collagenase-1 ( m a t n x mctalloprotemase-1), an en/yme pioduced in large quant 1-
ties In iheumatoid tissue causing the connective tissue degradation (Selnoen et al 
1997) Theiefoie we focused 0111 attention on the evaluation of the erf en t of A 4 
and/01 of adienalec tomx in la t s on the status of functional T R E binding 3 5 3'-
t inodothxionme ieceptois in the spleen 

M a t e r i a l s a n d M e t h o d s 

In the stuďy, we used 11 weeks old male Long Evans nits weighing 180 215 g Then 
weie house el G or 7 to a (age with free access to food and water, and were kept at 
12 12 h light daik excle On dax 0, thev were injected wrth 50 /d of heat-killed 
MijrolxKtpuum hvtyiiriim (Difco Lab , USA) 111 mineral oil (5 mg/ml) into the tail 
base 

The studx consisted of fom groups Contiols (C), adienalectorrrr/ed (ADX) 
adjuvant injected (AA) animals, and adjuvant injected subsequenth adienalec -
tomi/ed (A 4 + A D X ) animals Adienalec tomy was peifoimed on dax 12 aftei the 
induction of AA On dax 24, the animals weie killed by decapitation t iunk blood 
was collected seium was separated and stored at —20°C Spleens were removed 
snap ho/en rrr liquid mtiogen and stored at —70°C for subsequent c jxtiaction of 
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nucleai proteins Hmd paw edema was measured volumetrically on dax 24 mi-
mechatelx aftei the decapitation Seium albumin (ALB) levels were measured bx 
spectiophotometrrc method as descnbed eaihei (P iokopovae t al 1992) 

TRs functional bnrdrng to T R E was evaluated bx clectrophoretrc mobihtx shift 
analxsis (EMSA) Nucleai piotems were extracted from rat spleenocytes m a buffei 
containing 20 mmol/1 HEPES (pH 7 9), 25°/ ghceiol , 0 42 mol/1 NaCl, 1 5 mmol/1 
MgCE 0 2 mmol/1 EDTA, 0 2 mmol/1 phenvlmcthxlsulfonylfluorrde (PMSF), and 

0 5 mmol/1 ditlnothieitol (DTT) (Anehews and Fallei 1991) The oligonucleotide 
used foi EMSA was derived fiom hormone u spouse element found at position — G97 
in the 5' regulatory region of human t>pe I rodotlryromne 5' deiodmase which íep-
resents an ideal DR4 t h u o i d hoimone response element (Jakobs et al 1997) A 
5' labelling reaction with the T4 polynucleotide kinase (Piomega USA) and [̂  

"P] ATP ( Ameisham England) xv.is used foi the piepaiat ion of a labelled double 
stiandcd oligonucleotide (Mamatis et al 1982) Nucleai piotems weie then men 
bated m a binding buffei containing 10 mmol/1 Tns-HG'l (pH 7 5) 50 mmol/1 NaCl 

1 ininol/1 EDTA 5 ' / (x/x) glyceiol 0 2 mmol/1 DTT 0 75 mg/irrl bovine scium 
albumin with 25 ng / /d pol>[d(I-C)] (Phaimacia Biotech USA) 250 pg of labelled 
oligonucleotide with or without a 100 fold excess of unlabelled oligonucleotide (as 
eompctitoi) on ice foi 1 h Then 20 //l of the samples containing 20 fjg nucleai 
proteins was loaded into mdixidual wells Spec ihe nucleai piotem DNA complexes 
formed d m m g the leaction weie sepaiatcel on 7VÍ non-denatuimg polxaciylamicle 
gels m a 1 x T B E (0 089 mol/1 Tns base 0 089 mol/1 boric acid 0 002 mol/1 
EDTA) as an eleetiophoiesis buffei 

Statistical analysis was peiformcel bx one wax ANOVA followed by Dunn s 
test 

R e s u l t s 

First e lrnic al sx mptoins of hmd paw edema occurred on dax 11 after indue t ion of ad 
juxant ai thi i t is in the expeinnental rats By dax 24, sexere polyarthritis elexeloped 
in both A A and AA+ADX animals as measuied bx hmd paw xohnne and seium 
albumin levels ( ALB) Aithntie animals exhibited a maiked body weight i eduction 
as compared to control rats Adrenalectomy lesulted m body weight retaielation 
to the same extent as adrenalectomy in combination wrth AA The spleen mass 
was enhanced m A A and AA+ADX grouj^s as an indicator of excessix'e immune 
leaction (Table 1) 

As shown in Fig 1, a marked diminution of the 3 J P signal rrr retarded bands 
indicating the binding of TRs to labelled oligonucleotide which represents DR4 
TRE was found in the spleen of rats with adjuvant arthrrtrs in comparison with the 
control gioup of í a t s A simrlar drminution of the signal of letarded bands indicating 
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Table 1. Effect of adjuvant arthritis (AA) and/or aelrenalectomv (ADX) on selected 
parameters in male Long Evans rats 

Gioup ol iats 
(n) 

(7) Contiol 
(5) ADX 
(7) AA 
(4) AA+ADX 

Hmd paw volume 
[mil 

1 16 ± 0 03 
1 23 ± 0 08 
2 40 ± 0 1 0 " 
2 05 ± 0 23+Ť 

Seium albumin 
[g/1] 

32 37 ± 0 01 
29 50 ± 0 95 
25 60 ± 0 6 3 " 
25 00 ± 0 76+ + 

Bodv mass 
[g] 

343 ± 5 75 
219 ± 9 5 3 " 
229 ± 5 7 3 " 
230 ± 14 80 

S])leen mass 
[mg] 

862 5 ± 45 3 
779 4 ± 48 6 

1118 1 + 732 
1297 0 ± 189 1++ 

Results aie expressed as means ± S E M ** indicates p < 0 01 \s control gioup 
tl indicates p < 0 01 v s ADX gioup 

Arbitrary 
units 

0 1 000 OltlS 0 362 1 2"0 0 2SS 

I 1 i t 

oligo­
nucleotide 

O V \A V\ A A 
+ A \ 

Figure 1. A repiesentative autoiadiogiam jiattern of the functional DNA binding of 
thvioid hormone íeceptois horn nuclear extract of the spleen of rats with adjuvant arthri­
tis (A A) aelrenalectomv (ADX) and adienalec tomized rats with adjuvant aithritis (AA 
+ ADX) when compaied to non treated contiol group of rats (C) (0) Free oligonucleotide 
lacking nuclear piotems Quantitative evaluation of the autoradiogram from EMSA of 
TRs TRE complex formation was peifoimed In lasei densitometry (AU aibitrar^ 
units) 
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the foimation of TR T R E complex was also found m the spleen of adrenalee tomi/ed 
lats aftei the t reatment with the adjuvant in comparison wrth the contiol giouji 
or adieiialexľtomrzed animals The d a t a weie confirmed in two independent series 

D i s c u s s i o n 

The adrenocortical steroids are known to be irrvolxed in piotectmg the oiganisnis 
from immune challenges Harbu/ et al (1993) showed that the absence of glue o 
coitrcoida potentiated the seventy of AA in lats leading to high mortahtx In oui 
experiments 50% of AA+ADX animals did not suivivc up to da> 24 of arthritic 
condition suggesting an oveiexcessixe immune reactions 

An essential pa i t of the acute phase leaction is a fall of seium ALB to pievent 
osmotic imbalance (Billmgham and Gordon 1976) Under our expe rime rrtal c ondi 
turns AA arrel AA+ADX groups drd not drffei in the levels of ALB as well as othci 
paiameters We assume that onlx more resrstant mdrviduals having better host 
cle fc irse mechanisms suixived the adienalec tomx which followed aftei the adjuvant 
t icatmcnt and thciefoic the expected moic íobust sxmptoms in AA+ADX lats 
wc íe not pi c sent 

The hx pothalamo pituitaix adicnocortical axis and thxioidal hoimone s 
aie functionallx mteiconnected Administration of thxioidal hoimones at tenuated 
streptococcal cell wall a i t h n t i s in rats bv the mechanisms of activation of en 
dogenous glucocorticoids (Rittenhouse and Redei 1997) Geistei e t al (1985) have 
suggested that hypotlryioidism max induce destiuctivc aithiopathx of the hngci 
joints and tlryioid hormone max rexerse the rheumatic complaints most probablx 
x ía its cognate nuclear receptors It has been shown that thyroid hoimone receptors 
bound to T R E can function eithei as t r a n s n a t i o n a l íepiessors in the absence of 
3 5 3' t inodothvionine (T3) 01 as potent a c t u a t o r s ujion binding of tlryioid hoi 
moiK (Bamahmad et al 1992) The piesent íesults indicate a marked diminution 
111 the TRs T R E complex foimation 111 spleen extiacts of lats with adjuvant 
ai thi i t is 01 of adienalectorm/ed rats followmg the adjuvant treatment as eompaied 
to mtact rats In comparison with the control group of rats aelrenalectomv itself 
did not haxe airy remarkable effect on the functional TR binding to T R E 111 the 
íat spleen A possible explanation for these results rs that alter atron m binding 
of thxioid hoimone inducible transcription factors to tlryiord hoimone lcsponsrxc 
element max represent one earlx event 111 thyioid hoimone action on the immune 
sxstem subsequently leading to alteiation in taiget gene expiession 

In conclusion it is suggested that beside the thyroid hormone level 111 the 
oigamsm its counteipai t the status of the- thxioid hormone receptor tlryioid 
hoimone icsponsive element complex withm the e ell nucleus, responsible for thxrord 
hormone action may also play a consequentral role rn adjuxant arthrrtrs 
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