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Adjuvant Arthritis in the Rat is Associated With
Decreased Binding of Nuclear Receptors to Thyroid
Hormone Responsive Element in Spleen Extracts
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Abstract. In vertebrates, thyioid hormone and its cognate nuclear 1eceptors ate
mvolved i a complex arrangement of phvsiological and developmental function
Smce thyiod hormone has also been shown to affect immune responses we m-
vestigated the DN A binding status of Ty receptors of spleen nuclear extracts in a)
rats with adjuvant arthirtis (AA) b) adrenalectonuzed rats (ADX), and ¢) animals
with adypvant arthutis followed by adienalectomy (AA+ADX) A marked diminu-
tion 1n the functional binding of nuclear thyroid hormone 1eceptors to DR4 thyroid
hormone responsive DNA element was tound i the spleens of AA and AA+ADX
1ats when compaied to a control group or ADX rats The data based on 1 vivo ex-
perunents suggest that the nuclear receptor thyroid hormone responsive element
complex status within the cell nucleus may be altered in adjuvant arthiitis
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Introduction

The biologically active thyroid hormone, 3,5,3'-truodothyromne (Ts), 18 involved
in the 1egulation of cell differentiation and 1s essential for normal development
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and homeostasts of vertebrates (Evans 1988) Thytowd hormones exert their action
v1a nuclear 1eceptors  higand mducible transcription factors One of the most
mportant properties of T3 nuclear receptor complex 15 1ts ability to stimulate
ot mhibit transcription of ligand-1esponsive genes (Glass et al 1989, Glass and
Holloway 1990) Thyioid hormone nuclear 1eceptors (TRs) bind as monomers or
ciners to specific hgand response elements (thyrowd hormone 1esponse elements.
TREs) contammg one or two half-sites related to the AGGTCA motif (Forman
et al 1992) TR binding was found to be augmented by TR heterodimernization
with 9-c1s retmole acid receptors (RXRs) or other not yet characterized aunahiany
protems (Beriodin et al 1992)

AA 1 1ats 16 a chronwe inflammatory jomt disease resembhng rheumatoid
arthiitis 1w humans It 15 accompanied by persistent pain hind paw edema lo-
cal activation of monocytes producing a whole array of Iymphokines which leads to
cattilage desttuction (Arend and Daver 1990) During AA stumulated production
of mterleuhin-1 4 was observed m the rat spleen which was fnther potentiated by
adrcnalcctomy demonstiating duect mvolvement of glucocorticords i the regula-
tion of the mflamimatory process (Stephanou et al 1992) Among the mflammatony
Iy mphokimes tumor necroses factor-cr, mterleukin-1 4 and mterleukin-6 werc found
to decrease nuclear thyrowd hormone capacity m a hiver cell ine, leavmg the athn-
1ty of receptors unchanged (Wolt et al 1994) Recently, 1t has also been shown
that members of the nudlear 1eceptor family themselves may mhibit svathesis of
collagenase-1 (matiiy metalloprotemase-1}), an enszyme produced 1 large quanti-
ties by theumatoid tissue causimg the conunec tive tissue degradation (Schroen et al
1997) Theretore we tocused our attention on the evaluation of the effect of AA
and/or of adrenalectomy 1n 1ats on the status of functional TRE bindng 3 5 3'-
tinodothyionmne receptors i the spleen

Materials and Methods

In the study, we used 11 weeks old male Long Evans rats weiglung 180 215 g They
were housed 6 01 7 to a cage with fiee access to food and water, and were kept at
12 12 h ight  daik (vcde On day 0, thev were mjected with 50 pl of heat-killed
Mycobacterium butyrscum (Difco Lab , USA) mn muineral o (5 mg/ml) mto the tail
base

The study consisted of four groups Contiols (C), adienalectomized (ADX)
adjuvant myected (AA) ammals, and adjuvant mjected subsequently adrenalec-
tomrzed (AA+ADX) amimals Adienalectomy was petformed on day 12 after the
mduction of AA On day 24, the anmimals were killed by decapitation trunk blood
was collected serum was separated and stored at —20°C Spleens were 1cmoved
suap frozen m hquid mtrogen and stored at —70°C for subsequent extraction of
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nuclear proteins Hind paw edema was measured volumetrically on dayv 24 1m-
mediately after the decapitation Serum albumin (ALB) levels were measured by
spectiophotometiic method as desciibed eatlier (Prokopova et al 1992)

TRs functional binding to TRE was evaluated by electrophoretic mobility shift
analvas (EMSA) Nuclear protemns were extiacted fiom 1at spleenocytes mn a bufter
contamng 20 mmol/l HEPES (pH 7 9), 25% glycerol, 0 42 mol/l NaCl, 1 5 mmol/]
MgCly 02 mmol/l EDTA, 0 2 mumol/l phenvlmethy lsulfonylfluoride (PMSF), and
0 5 mmol/l ditluothreatol (DTT) (Andiews and Faller 1991) The oligonucleotidc
used for EMSA was derived from hormone 1¢sponse element found at position —697
1 the 3’ 1egulatory region of human type I iodothyronine 5" deiodinase which rep-
resents an 1deal DR4 thyvrowd hormone response element (Jakobs et al 1997) A
5" labelling reaction with the T4 polynucleotide kimase (Promega USA) and [y

‘P] A1P (Awmersham England) was used for the preparation of a labelled double

stianded oligonudeotide (Maniatis et al 1982) Nuclcar protems were thon mcu
bated o hindg buffer containing 10 mmol/1 Tuis-HCL (pH 7 5) 50 munol /1 NaCl
I mmol/l EDTA 3% (v/v) glycerol 02 wmmol/l DTT 075 g/l bovine serum
albunun with 25 ng/pul poly [d(I-C)] (Phaimacia Biotech USA) 250 pg of labelled
oligonuclcotide with or without a 100 fold excess of unlabelled ohgonucleotide (as
competitor) on 1ce for 1 h Then 20 gl of the samples contamng 20 pg nuclear
protems was loaded mto mdividual wells Specific nuclear protein DN A compleves
formed during the 1eaction were separatcd on 7% non-denatuing polyactvlamide
gels m a1 x TBE (0089 mol/l Tus base 0089 mol/l bouc aad 0002 mol/l
EDTA) as an electiophotesis buffer

Statistical analysis was performed by one way ANOVA followed by Dunn s
test

Results

Fust chinical sy mptoms of hind paw edema occurred on day 11 after induc tion of ad
juvant arthiitis in the experunental 1ats By dav 24, severe polyarthiitis developed
m both AA and AA+ADY anunals as measured by hind paw volume and serum
albumun levels (ALB) Aithritic amimals exhibited a marked body weight 1eduction
as compared to control tats Adrenalectomy resulted mm body weight retardation
to the same extent as adrenalectomy in combination with AA The spleen mass
was enhanced in AA and AA+ADX groups as an indicator of excessive immune
reaction (Table 1)

As shown mn Fig 1, a marked duninution of the *P signal mn retarded bands
mdicating the binding of TRs to labelled ohgonucleotide which represents DR4
TRE was found 1n the spleen of 1ats with adjuvant arthritis in comparison with the
control group of 1ats A similar diminution of the signal of 1etarded bands indicating
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Table 1. Effect of adjuvant arthritis (AA) and/or adrenalectomy (ADX) on selected
parameters 1n male Long Evans rats

Gioup of rats  Hind paw volume Serun albumnin Bodv mass Spleen mass
() (ml] [g/1] [g] [mg]

(7) Contiol 116 + 003 3237 £ 0061 343 £ 575 8625 + 453
(3) ADX 123 +£008 2950 £ 095 219 + 953" 7794 £ 486
(7) AA 240 £ 01077 2560 £ 063" 229+ 573" 11181 £ 732
(4) Av+aDN 205 £ 02317 2500 £ 07617 230+ 1480 12070 % 189177

Results are eapressed as means £ SEM  ** indicates p < 001 s control group
1
T indicates p <001 v ADX gioup

Competitin
Monc - - - - - -

Speaific -t e .

Arbitrary O 1960 0018 63621270 0288
units

free
oligo-
nucleotide

O C € AA A% Aa
+AN

Figure 1. A repiresentatnne autoradiogram pattern of the functional DNA binding of
thyioid hormone receptors from nuclear extract of the spleen of rats with adjuvant arthr-
t1s (4A) adrenalectomy (ADX) and adienalectomized rats with adjuvant arthritis (AA
+ADY\) when compared to non treated contiol group of rats (C') (0) Free oligonucleotide
lacking nuclear proteins Quantitative evaluation of the autoradiogram from ENSA of

TRs TRE complex formation was petformed by laser densitometiy (AU arbitrarm
units)



Adjuvant Arthritis/T; Recoptors 345

the formation of TR TRE complex was also found 1n the spleen of adrenalectomized
1ats after the treatment with the adjuvant in compaiison with the contiol group
or adrenalectomized animals The data were confirmed 1 two mdcpendent series

Discussion

The adrenocortical stcroids are known to be mvolved i protecting the organisms
from immune challenges Harbus et al (1993) showed that the absence of gluco
cotticoirds potentiated the severity of AA 1n 1ats leading to hugh mortality In owr
expetiments 50% of AA+AD\ animals did not suivive up to day 24 of arthritic
condition suggesting an overexcessive unmune reactions

An essential part of the acute phase reaction 1s a fall of scium ALB to prevent
osmotic mibalance (Billingham and Goidon 1976) Under omr experimicntal condi
tions AA and AA+ADN gioups did not difter 1n the levels of ALB as well as otha
patameters We assume that only mote 1csstant individuals having better host
dcfense mochanisims survived the adrenalectomy which followed after the adjuyant
tfrcatment and thaeforc the expocted more 1obust symptoms m AA+ADN rats
Wele not present

The hypothalamo  pituitary  adrcnocortical axis and thyrowdal hormones
arc functionally mterconnected Admmistiation of thyioidal hormones attenuatcd
stieptococcal cell wall arthntis i rats by the mechamisms of activation of en
dogenous glucocorticonds (Rittenhouse and Reder 1997) Gerster ¢t al (1985) have
suggested that hypothyroidism masy induce destructive arthropathy of the fingar
jonts and thyroid hormone may reverse the theumatic complamts most probably
via 1ts cognate nuclear 1eceptors It has been shown that thyroid hormone receptors
bound to TRE can function cither as transcrptional 1epressors n the absence of
35 3" tinodothyvionine (T3) o1 as potent activators upon binding of thyioid hor
monc (Bamahmad et al 1992) The present results indicate a marked dumimution
m thc TRs  TRE complex formation m spleen extiacts of rats with adjuvant
arthritis o1 of adrenalectomized rats following the adjuvant treatment as compared
to mtact 1ats In comparison with the contiol group of rats adrenalectomy itself
did not have any remarhkable effect on the functional TR binding to TRE m the
tat spleen A possible explanation for these results 1s that alteration i binding
of thyvroid hormonc mducible transcription factors to thyroid hormone 1¢sponsive
element may 1epresent one early event i thyioid hotmone action on the nnmune
system subsequently leading to alteration in taiget gene eapression

In conclusion 1t 15 suggested that beside the thyroid hormone level m the
organism 1ts counteipait the status of the thyroid hoimone receptor  thyroid
hormone responsive element complex within the cell nucleus, responsible for thyroid
hormone action may also play a consequential 10le in adjuvant arthuitis
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