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Identification of &Iodolactone in Iodide Treated
Human Goiter and its Inhibitory Effect on Proliferation
of Human Thvroid Follicles*

A. Dugrillon. IrL! M. Uedelhoven, M. A. Pisaret,**, G. Bechtner and R. Gcirtner
Medizinischc Klinik and Institut fiir Prophylaxe dcr Kreislaul'crkrankungcn. Klinikurn Inncnstaclt. Univcrsitdt Miinchcl.
Miinchen. Gcrmany

Summary

There is cvidence that iodoarachidonates are
mediators of iodide in thyroid autorcgulat ion, however, their
occurrence lt lllo has not yet been demonstratcd. We there-
forc tr ied to identi fy 6-iodolactone (5-Hydroxy-6-iodo-
8,1 l , l4-eicosatr icnoic 6-lactone, IL-5) in thyroid t issue f iom
a patient with Gravcs' disease treated with high doses of
iodide. Lipids wcre extracted from thyroid t issuc, puri f ied by
revcrsed phase chromatography and analyzed by gas chro-
matography - tandem mass spectrometry (GC-MSMS). The
retention t ime in gas chromatography and fragmentation pat-
tern in tandem mass spectrometry werc determincd with bi-
ochemical ly synthcsized non-deuteratecl and deutcratcd IL-
6. According to retcntion t irnc ( 13.44 r l in) ancl spccif ic {r 'ag-
ments (mi z 303, n.r/z 259) the occurrcnce ot ' lL-6 could be
demonstrated in the extract of iodide treated goiter. In vitro,
po tass ium iod ide  (40 t r rM)  as  wc l l  as  IL -5  ( l .0pM)  s ign i f i -
cantly inhibitcd the prol i ferat ion of hurnan thyroid fbl l icular
ccl ls induccd by phorbol ester TPA ( I  2-Otetradecanoylphor-
bol I3-acetatc). These rcsults den.ronstrate fbr thc f irst t i rnc
that l l -6 is present in iodidc trcated human thyroid. As ccl l
prol i f-erat ion is undcr ncgativc control ol ' lL-6, a crucial rolc
in thyroid involut ion lbl lowing iodidc treatmcnt ntay bc
possible.
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* Portions of tliis uork were presented in abstract lbrm at the 37. Sym-
posium Deutsche Gesellschaft fiir Endokrinologic, Berlin, March 3 6.
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Introduction

As thyroid growth and l irncrion are nrocl i l - icd
by organif ied iodide, iodocompounds havc becrr posrularcd to
act as intr insic mediators of iodine. Thyroid honroncs and iodi-
nated anrino acids have only l i t t le el- ibcts on thyroid . lutorcsu-
lation (for revicw sce Pi.sarcv l9U5 and llblf/ 19891. Iodinatcd
derivatives of polyunsaturatcd fatty acids. howe'"'cr. causcd in-
hibit ions comparable to thc effects ol '  iocl idc. 5-t lydroxy-6-
iodo-8 ,1  l . l4 -c icosat r ieno ic  6 - lac touc  (5 - iodo lac tonc .  lL -6y  as
well  as other dcrivativcs ofthc arachidonic acid iodinatcd at thc
to -doub le  bond (e  .g .  I4 -hydroxy-  I5 - iodo-5 .13 . I  I -c icosar r icno ic
o-lactone. lL-at).  inhibitccl iodide uptakc and organil- icat ion in
calf thyroid sl iccs and wcrc inhibitors of prol i f 'crat iorr of rhc
FRTL-5 rat thyroicl ccl l  l ine (( 'hu:anhulk. Ihl: ;atclt i .  Kruyit ' r ' ,
Bttr ' lort .  ,Jtrvt ' tr tr l ,  trhtntcugtrt lo. ( 'hc.stt ' r '  ancl Pi sr l .r ,r ,  lgl l l i :
Pisurev', Bocuncru, L-hc.;ter Kleinun tla Pisuray. .Jrrvanul. l,t.t'-
gliasco and Krav,iac I992). We rcccntly dcmonstratcd that Il-6
inir ibi ts cpidcrmal growth f 'actor (ECiF )- induccd prol i lerat ion ol '
isolated porcinc thyroid lol l ic lcs in a 50-1bld louer conccn-
trat ion than is requircd 1or iodidc to cxcrt the santc inhibitory
clfcct.  This inhibit ion was cvclt  dcmonstratccl in thc pr-esutcc o1'
rncthimazolc (MMI), indicating thal nu ntorc iodidc or-gani l ' ica-
tion was requircd (Dugrillon, BaL'htnar, Latlclhtn.t'n. llclx'r antl
Gtirtner 1990). In a f lrst rr uiuo-study, IL-6 and IL-ro inhibircd
MMI-induccd goitcr fbrmation and dccrcascd thyroidal cycl ic
adcnosine 3'.5'-rnonophosphatc (cAMP) content in rat (Pi.r 'art,r i
C ha:en ha I k, Va Lset' c h i. B u rl o n, K ru v' i e r., M o n t e ugtul t t, .Ju t,e n u !.
Boudo and, Chaster 1988\.

Thc formation of iodol ipids in thyroid t issue
has been known for a long t imc, but thc chentical structurcs as
well  as their physiological rolc rcrnained unclear. lodol ipids in
calf  thyroid sl ices wcre characterized as rodinatcd f ice fatty
acids and neutral l ipids. Supprcssion of iodide organif icat ion as
well  as phospholipase ,A2 strongly decrcased thcir f i trnrat ion.
whereas inhibit ion of prostaglandin synthesis increascd l ipid
iodination, suggesting a strong corrclat ion to the arachidonic
acid metabolism (Chazenbalk, Pi:;uret,, .Juyenul. Klcinrun tle
Pisarev, Merc'uri and De Tontas 1985\. Thc lbrmation of an
unpolar iodol ipid was observed in vitro and idcnti f ied as 2-
i odohexadecanal ( Perei ra, B ra e ltn u n, D u n t o n I tn td B o e.t. n u e m s
1990). In rat thyroid lobes the conversions ofarachidonic acid
and docosahexaenoic acid into the corrcsponding 6- ( lL-6) and
y-iodolactone, respectively, were observed (Boqvtuems and
Hubbard 1980; Boevnaems, Watson, Oates and Huhbunl l98l\
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as well as the formation of IL-6 in isolated porcine thyroid

follicles (Dugrillon et al. 1990). The occurrence of IL-6, how-

ever, has only been demonstrated in vitro and in the presence of

arachiclonic acid therefore its physiological relevance remained

unclcar (Dur,tottt, Lann', Roger and Maenhatrt 1992). Therefore,

we now trie<l to demonstrate the occurrence of IL-6 in human

thyroid tissuc. The content of endogenous IL-6 fiom goiter

tissue of a patient suffcring from Graves' disease pretreated

with h igh doscs of  iodidc was invest igated.  For analysis we used

the highly speci f ic  method of  GC-NICI-MSMS (gas chromato-

graphy negat ive ion chcmical  ionizat ion -  tandem mass spec-

trometry). Gas cl.rromatography (GC)-retention time, parent and

daughter ions werc c lassi f ied wi th b iochcmical ly  synthesized

non-deuterated and deutcrated IL-6.  Furthermore we tested

iodidc and IL-6 on prol i fcrat ion of  thyroid fo l l ic les in a prer i -

ously described in vitro-system (Gcirtner, Greil, Sttibner', Per'-

ntunatt(r, Ilorn and Pickurdt 1985a), now adaptcd to human

thyroid.

\ later ia ls and Methods

Slrlie.ii.r q/ IL-6 and tissue c.rtru('tion

II--5 standards rvcre synthesizocl by hctopcroxidasc
ca ta l yzcd  i o t l i na t i on  o l ' a rach idon i c  ac i d  o r  [ 5 , 6 ,8 , c ) , 1  l , l 2 , l ; 1 . 15 - r l { r ] -
arachic lonic acid (Bionrol .  Gcrnrany) as prcviously descr ibcd lBot ' r '
r i r r i , r r .s  and l l t rhhurt l  1980. I )ugr i l lon ct  a l .  1990).  Thyroid t issuc ( l -5g)

l ionr iodidc t rcatcd goi tcr  o1'Cravcs'c l iscasc (15 mg iodidclday Ibr  l0
days).  *as coolcd on icc and proccsscd imrrcdiatc ly.  T l re t issuc samplcs
w'crc nr inccd and hor logcnizcd i r r  35 ml of  PUS (pf  l  7.4) .  I - i l tcrcd and
cxtractcd at  .1 ( '  ovcrnight  wi th 70ml of  cthanol /acct ic  acid (9: l .

v i r ' ) .  Thc cxtracts u,crc ccntr i fugcd ( l500xg,45rnin)  and thc supcr-
natants werc rccxtractcd by adding onc volumc ofcach. chlorolbrm and
watcr. Thc lt'rwcr phascs wcrc cvaporatcd and rcsolvcd in I ml of
chk r ro l i r r r n .  S i l i ea  gc l  c l r l o rn l r t t u r - l r p l r v  a r rd  h i gh  pc r l i r l r r l r r c c  l i q r r i d
chrornatosraphr ( l l l ' t - (  )  r icrc pcr l i r r r rct l  as i t  r . i ,crc i l i th  thc in v i t ro
svnthcsizcd IL-6 st lndart ls .

Deriyu|i:u|ittn und gus c'hrcntutrtgruph.r'

negutive ion <'hemk'al ionizution

nt u,\ s .\ pe ct ro nt ct r.t, u n cl t u n d e nt

r t I d.\.\ .\ I )( ( I t'( ) nt ( I t'.t'

To obtain thc opcn lbrm o1' 5-hydroxy-(r-iodo-
l i . l  l . lJ-c icosatr icnoic acid thc sanrplcs wcre t rcatcd wi th 50pt l  of
wa t c r  py r i d i nc ' t r i c t hy l am inc  ( l 0 /  l 0 /  l ,  v / v ;  p t t  12 .0 )  l o r  I  h  a t  r oo r . n
tcrrpcrature.  Al jcr  cstcr i l - icat ion wi th pcntal luorobenzylbrornidc (PFB-
Br.  Signra) and t r iurcthyls i ly lat ion wi th t lSTfA (N,O-bis( t r imethyl-

s i ly l l t r i l luoroacctamid.  Picrcc,  IL,  USA) thc sarnplcs wcrc measurcd by
gas chrornatography nlass spcctromctry.  Al tcr  pur i f icat ion by t IPLC
thc sar.nplcs \\'crL- L-\'aporatcd and acidiflcd with 200p1 of rncthanol /

lbrrn ic acid (9:1.  r ' r ' ;  pt l  3.0)  for  I  h at  room temperature to obtain
quant i tat ivc l ) '  thc lac lone of  5-hydroxy-6- iodo-8,  I  I ,  I  4-eicosatncnoic
acid. (i(l rr'as perlbnned on a Varian 3400 gaschromatograph (Palo

Al to.  C'A.  USA) in the spl i t less mode using a J&W fused s i l ica capi l -
lary colurnn 1DB-l ;  30m; 0.25 mn-r  in d iameter;  coat ing th ickness
0.25 ptm: ICT. Frankfurt. (icrmany). For mass spectrometry a Finnigan
TSQ 70 (San Josc.  CA, USA) was used in the negat ive ion chernical
ronizat ion lNICI)-modc.  Thc condi t ions for  gas chrornatography mass
spcctrornctry/-cxpcrirnents wcre described earlier (Dugrillon er aL
1990). For the tandern mass spectrometry-experiments argon was used
as collision gas. Opcrating conditions were: source temperature.
130'C: e lectron energy.  70eV; emission current ,  0.2mA; methane
chcrnical ionization gas pressure, 1.0 Torr; electron multiplier. 2000 V;
col l is ion cel l  pressure.  l .8mTorr ;  col l is ion energy,  l6eV For ident i f l -
cation ol thc obtaincd daughter fragn-rents of lL-6 the mass spectra of
thc non-dcucratcd and the deuterated standard were compared. Frag-
mcnts of  m'z 303,31I  andmi z 259 1261 were chosen as character is t ic
ions of non-deuterated and deuterated IL-6. respectivelv

Grow,th experinents y'ith isolated /itllicle.s
ctnd c' yc li c ctd e no s i n e - 3', 5' - m o n o p h o s p h a t e -

determination

Isolated lolliclcs from human paranodular th1'roid
t issue were preparcd according ro Gcir tner ct  a l .  (1985a).  u i th l i t t le
modi f icat ions.  Sl iccs ( l  mm ma.r imal  th ickness) uerc incubatcd fbr  90
min at  37'C in mediunr contain ing col lagenase (2.5rng ml.  c los-
t r id iurr- r  h isto lyt icum, Bochr inger)  and dispasc (15 rng, 'ml .  neutra l  pro-
tcase. bacillus polymyxa, gradc II. Bochringcr). The digested tissue *'as
filtercd through 500 ptm-nylon mesh, ccntrifuged fbr 10 min at 50 x g
and furthcr proccsscd as dcscribcd. Aftcr a 218 h-rcconstitution phasc all
folliclcs wcrc closcd and singlc cclls as wcll as lblliclc fragmcnts u'crc
rcmoved by washing thc intact folliclcs tu'icc in ficsh mcdium. About
90% of  r ight-s idc-r ight  fo l l ic lcs wcrc obtaincd as vcr i f icd bv phasc-
contrast r.nicroscopy. Vital stairring rl,ith cthidiunr bromidc acridino
orange revealed over 95 %r of  cel ls  a l i . "e.

Thc prolifcration assay \\'as pcrtorrned according to
thc r .nct l rod dcscr ibcd by Dugr i l lon ct  a l .  (1990).  

' fhc 
lo l l ic lcs v ' ,erc

distr rbutcd into 2.1-wcl l  cul turc p latcs (50.000ccl ls  gcl l .  (ostar"  Cicr-
many). Aftcr 7 days thc mcdium supcrnatant *'as changcd togcthcr \\'ith
tcst  substanccs,  and af lcr  l4 days thc ccl ls  u 'crc t rypsinatcd ( l  h at
37 'C .  t r yps i n  75  pg /m l .  EDTA 25  n rM .  Boch r i ngc r ) .  r c su l t i ng  i n  so l i -
tary ccl ls  as proofcd by v isual izat ion ol - thc normal  d ist r ibutcd ccl l  s izcs
dur ing dctcnninat ion of  cc l l  counts using an adaptcd ccl l -countcr
(Coul tcr  Mul t is izcq Cloul tcr  I l lcctronics.  ( icrr .nan_" '  ) .

For cycl ic  aclcnosinc-J ' .5 ' -nronophosphatc (cAVP)
dctcrnr inat ion thc l i r l l ic lcs (30 U1 lo l l ic lcs i . l00 gl  mcdiunr '  tubc) ucrc
incubatcd wi th 3- isobuty l - l - rncthyl -xanthinc ( lBMX. 0.5 mM. Signra)
lor  2 rn in bcforc thc tcst  substanccs wcrc addcd.  Thc incubat ion u,as
stoppcd af icr  5 rn in by adding 6 '2,  o1' t r ichloroacct ic  acid (TC'A) and
cool ing thc tubcs on icc.  Total  cAMP was thcn cxtractcd and dctcr-
rnincd by radioinrnrunoassay (NIiN. (icrrnany) as dcscribcd by Giirtncr,
( i t  t , i l ,  I ) t , t t t Inr t  t t , r '  tutL l  I  I t t r t t  (  I9 l i5b).

(irowth cxpcrimcnts \\'erc pcrlirrmctl in quacf iplicatc
or t r ip l icatc valucs.  Rcsul ts f rom indcpcndcnt cxpcr in lcnts n 'crc poolccl
a l icr  pcr lbrnr ing ANOVA-analysis of 'var iancc and cxprcsscd as rrcan I
standard dcviat ion (SD).  Signi l ' icant  d i f lcrcnccs ol 'group mcans \ \ 'crc
lhcn calculatcd according to S( ' t l l rFFE a1 p<0.05.

Resu l ts

C h u rut t e r i :u t i o n o/ i n v i t tr t -.s.t'n I h e.s i:e d
IL-6 bv gus chronrutogruph.v ilL'gLttit( i()tt
chemic'al ioni:ulion muss spcdt'ontalrr
and tandem moss speclromeln'

Thc  CCl - rc ten t ion  t i rnc  o f  thc  PFB,  TMS (pen-
taf luorobcnzyl/ tr imcthylsi lyl)-dcrivativc of 5-hydroxy-6-iodo-
8 . l l . l4 -c icosat r i cno ic  ac id  was 11 .33  rn in .  thc  lac tonc  o f  th is
compound ( lL -6)  c lu tcs  a t  a  Gc- rc ten t ion  t imc o f  13 . ,14min .
The equil ibr ium ofthe open form and the lactone form depends
on the acidity: treatment with acid quanti tat ir ,ely results in the
lactone forrr.  whereas treatment with tr iethylamine mainly
leads to the open form of5-hydroxy-6-iodo-8,1 l . l4-eicosatr ie-
noic acid (data not shown). Measuring the non-deuterated lL-6
standard by GC-NICI-MSMS fragments of my, 'z 127 . n Iz 302
andmlz 303 were obtained (Fig. I  a). The fragment of m,z 303
can be explained by the ioss of iodidc. thc l iagment of m.z 302
by the loss of hydrogen iodide. The fragment of m,i z 127 goes
back to the separated iodide and therefore is characteristic for
iodinated compounds. Under analogous gas chrornatography
mass spectrometry-conditions the mass spectrum of

[5 ,6 ,8 ,9 ,1  1 ,12 ,14 ,15-2H8] - lL -6  shows the  cor respond ing  f rag-
ments of m/z 311, mlz 310 and mlz 127 in comparable inten-
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sit ies (Fig. l  b). Using thc fragments of mlz 303 and m/23 I I  as
parent ions in the tandem mass spectrometry experiment
daughter ions of m/z 285 1293 andmlz259 1267 were obtained
beside t l ie corresponding parent ions, resp. (Fig.1c and d). The
fiagments of mlz 285 1293 can be explained by the loss of
water. those of mrz 2591267 by the loss of CO2. Beside the
rcmaining parcnt ions, the latter daughter ions were chosen as
characteristic lragrnents for identification of IL-6 because of
their higher intensity compared with the daughter ions of mi z
285 t 293.

Itlenti/icution ol IL-6 in
hunrun th.t,roid tissue

Lipid extracts were prepared fiom hr.unan
goiter obtained aficr surgcrJ. Corrcsponding to thc IL-6 stan-
dard the extract of thyroid t issue pretreated with iodide showcci
a signif icant GC-peak at 13.41 min by detecting thc spccif ic
f iagrnents of mrz 303 and mlz 259 in tandem-mass spcc-
trometry (Fig.2). These results were obtained in two samples.

G rotylh cxperimcnts with isolcrtcc{
lnrnrun th.t'ntitl lbl I icles

lntact lol l ic les with preserved polari ty wcrc
seeded into culturc wells togcther with I  '% of f 'etal calf  serum
and were st inrulatcd with test substances. Thyroid cel l  monolay-
ers grew rvithin a f-cw days around the rnother fbl l ic les and ccl l
cor-urts wcrc dctcrrnined after l4 days. The cel l  count seeded
into thc u,cl ls was 4l+7' l i '  comparccl to ccl l  count obtained
fl 'orr basal control af icr incubation ( l(X).0 + l l  I  ()6) E(;F
( - 5 n g  r t t l )  s i g n i f  i c a n t l l  c n h u n c c t l  l o l l i c l c  p n r l i l c l a t i o n  t o  I 1 9 . 0
+14.0% and thc  phorbo l  es te r  TPA ( l00nM)  s ign i f i can t ly
s t imu la ted  to  138.0+ 14 .1  "1 , ,  whcrcas  TSH ( l .0nrU/ml )  a lonc
as well  as tosetlrcr with EGF cl icl  not changc growth ratcs 92.I
+  17  .0 '11 '  anc l  l2 '1 .5  +  1 ,5 .2 .  rcsp .  ) .  IGF- I  (  100 ng /ml )  a lonc  as
rvc l l  as  togc thcr  rv i th - fS l l  a lso  had no  c f - fcc t  on  fb l l i c l c  cc l l
p r o l i l c r a t i o n  ( 9 7 . 1 + 2 0 . t i ( ) i r  a n d  9 l  . 5 ! 1 2 . 2 % , ) .  K I  ( 4 0 t r t M ) s i g -
nif icantlv inhibitccl TPA ( 100 nM ) st imulatcd fol l ic lc prol i f 'cra-
t i o n  t o  1 1 3 . 7 t 3 . 5 ' l , i ' u s .  1 3 8 . 0 t  1 4 .  l ' ) { , .  I L - 5  s t a n d a r d  ( 0 . 1  a n d
1.0  p tM)  a lso  s ign i f i can t ly  and dosc  dcpcndcnt ly  inh ib i tcd  TPA
st imu la tcd  pro l i f c ra t ion  to  l l l .0+4.4(Zr  anc l  94 .3+5.096.  rcsp .
(Fig.3). Although TSH had no el l 'ect on thyroid fbl l ic lc pro-
l i f 'crat ion. st irnulat ion of total cAMP fbrmation in isolatcd fbl-
l ic lcs incrcascd l iom 0..18 t 0.08 to 0.68 + 0.04 and I .  l0 +

0 .08  prno l  cAMPi  pg  DNA wi th  0 .1  and 0 .5  n rU i  ml  o f  TSH
wi th in  5  min .

Discussion

For the f irst t ime we were ablc to dcmonstrate
thc occurrcncc of IL-6 in human thyroid in vivo. The application
of a highly specif ic and highly sensit ive method is cspccial ly
important in the case of detern.rination of cndogcnously pro-
dr-rced. lorv abundance compounds, such as IL-6. Tandern rnass
spectrometry (MSMS)-detection of daughtcr ions has several
adr,'antages over the mass spectrometry (MS) of parcnt ions. For
every signal appcaring in a MSMS-chromatogram at a celtain
mi z value the follorving parameters have to be coordinated to
one another: the rni z value ofthe parent ion; thc nr/z value of
thc daughter ion; t l .re col l is ion cel l  pressure; the kinetic energy
of daughter ion. Compared with dctcct ion in the MS-mode.
where only the first of the above conditions has to be met.
MSMS-detection produces chromatograms with specif ic sig-

1 0 0
%

1 0 0 1 0 0 mlz

Fig. ' l  Gas chromatography - negative ion chemical ionization -
mass spectra (GC-NlCl-MS) of the non-deuterated (A) and
[5,6,8, 9, 1 1,1 2,1 4,1 5-2Ha]-deuterated (B) S-hyd roxy-6-iodo-8, 1 1, 1 4-
eicosatr ienoic 6-lactone ( lL-6) at GC-retention t ime 13.44 min, and
the tandem mass spectra (MSMS) of the non-deuterated (C) and
deuterated (D) lL-6 standards, using the fragments of mylz 303
and 31 1 as parent ions, resolving addit ional specif ic daughter
f ragments  a Im/2259 and267 as  we l l  as  m/2285 and 293,
respectively.

' E  + 0 4
3  9 1 7

1 0 0 RT ls€n r l

Fig .2  Se lec ted  ion  mon i to r ingatm/z  259 (upper  I race l  and m/z
303 ( lower trace) of gas chromatography - negative ion chemical
ronization - tandem mass spectrometry (GC-NlCl-MSMS) of l ipid
extracts from iodide trated human goiter, with significant peaks
at 1 3.44 min corresponding to S-hydroxy-6-iodo-8, 1 1, 1 4-eico-
satr ienoic 6-lactone ( l  L-6).

nals in addit ion to the cornpound of intcrcst. Thc increased
sclcct ivi ty of MSMS therefbre leads to nrorc rcl iablc rcsr.r l ts. In
addit ion, measurement in thc ncgativc ion chemical ionization
(NICI)-mode has the advantagc of thc highcr sensrt ir  i t1 ovcr
the measurement in thc EI (clcctron ionization)-rnode: becausc
of the lower energy during the ionization process only f'eri,' ancl
high intensive parent ions were produccd using the NICI-mode.
whereas in the high energetic El-proccss a lot of l iagments of
at least lower intensities were produccd (Boe.vtuenrs and Huh-
bard 1980). The analysis by MSMS docs not al lo* '  to dist in-
guish between 6- and oiodolactonc. Because of i ts specif ic
retention time in HPLC and GC. however. r.',,hich diffels fiorn
that of other iodocompounds, lL-6 could be clearlv identi f ied
in our study.

300

' E + 0 5

257

1 3  4 4  1  3 0 6

/\ /\ |t l
r+i'--r--,--'',rffi#
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r P A  l n [ a ]  1 a  1 0 0  1 0 0  1 0 0  1 0 0  1 0 0  1 0 0
r l  [ ' . ] l  o  d 0
;  L l L L l r ' ] ]  -  O i  0 4  t 0

\ \c l i rcusscd on IL-6. bccausc arachidonic acicl
is thc nrl jor polyunsaturatcd lntty acicl in thyroid rr-rulbrancs
(IIol l l  1t) l l9). Furthcfnrolc. IL-6 is thc nrajor prodr.rct of 'cnzymc
catalvzcd and thvloidal iodination of 'arachiclonic acid in vitro
ancl is clccrcascd b1' thc pcroxiclasc inhibitor MMI (Brl,r ' lacl i ,s
and l lul i lunl l9tt0t Dugri l lorr ct al.  1990). whcreas ro-iodinatccl
compounc ls  occur  dur ing  chcnr ica l  iod ina t io t r  and thc i r  fb rnra-
t ion in thyroicl has not bccn f irLrnd yct. Thc occurrcltcc ol ' IL-6
in iocl iclc trcatcd qoitcr inrpl icatcs thc convcrsion o{ ' iodidc into
lL-ii irr li lr.r.

l l t c  r r rnor rn t  o l  l [ - - i i  cou l t l  r ro t  be  c lLu tn t i l i c r l .
beclruse rro intclnal stur)( l l l l ' ( l  * 'as cntployctl  in our slucly. Thc
rlcutcratcrl  sturtclald uas usccl as a clual i tat i i , 'c cxtcrnal stanclard
and rnay scr\c as intcrnal standard in f ir tulc i trvcst igatinns. Thc
pcnta l luorobcnz l , l  (PFI3) -c lc r i va t i vc  was madc to  p roo f ' thc  6 -
lac ton iza t ion  a t  lo r r  p l l  anc l  to  conrparc  w i th  car l i c r  f inc l ings
obtainccl l l i th thc PFll-clcr ivat ivc (Dtrcri l lon ct al.  l9(.X)).

As  shown in  cxpcr imcnts  w i th  porc inc  thyro id
tb l l rc lcs .  conccnt ra t ions  in  thc  rangc  o f  lpM arc  su f f i c icn t  to
conrplctcly inhibit  prol i t 'crat ion (/) lgl i l lon ct al.  1990). In
FRTL- -5  cc l l s  l0p tM o f ' IL -6  wcrc  nccessary  to  inh ib i t  cc l l  p ro -
l i lL ra t ron .  * 'h i l c  lL - t r t  i vas  c t l cc t i vc  a t  lp rM.  Th is  may cont r ib -
utc to thc l i rct that lL-6 has no cf lcct on cAMP accunrulat ion at
lp tM (1) r rg l l11r . , r r  c t  a l .  1990) .  wh i lc  g rowth  in  FRTL-5  cc l l s  i s
cAMP-clcpcndcnt (. / iu. Ltornicck, Nc.t, lun, Ztthuri . ju and
.l lcKt 'n-i t '  l9f i(r).  Thc antiprol i tcrat ivc cl ' fbct of tL-6 could nou
bc dcnronstratccl in hunran thyroicl tbl l ic les. Biochernical ly syn-
thcsrzc-cl IL-5 inhibited TPA st imulatcd prol i f 'erat ion of isolatcd
hunran thy'roid lbl l ic lcs in the santc low concentrat ion ransc as
it  was obserrcd in porcinc fol l ic les befbre. dcspitc thc know'rr
low mitot ic act ivi ty of primary human thyroid fbl l ic lc cultures.
On the assur"nption that cndogenor.rsly IL-E is produced near the
site ol 'act ion. cxtrcnrely low concentrat ions of lL-6 arc esti-
rnatcd to occur under norrnal iodine intake. Treatmcnt with
iocliclc may' incrcase lL-6 ancl thcrcfore mny le;rd to thyroid
qland involut ion. The acute toxic cf l 'cct of high doses of iodidc
obscrru-d in r i tro. uhich is prcvcnted when iodide oxidation or
organification is inhibited (Mant', Mestdagh, van den Hove and
Detrel 1992\. n.ray bc car.rsed by free radical action and seem not
to bc caused by lL-5, because in vitro no signs of ccl l  damage
could be obsen ecl.
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Thyroid autoregulat ion inrolres a dif fercn-
tiated network of factors modulated by ',arious iodide effects
(fol review scc Pisarzv l9tt5 and LI:ol// 1989\. The inhibition of
cAMP-fbnration. which also has been attr ibuted to organic
iodine ( Van Santle, Grenier, Willenrs and Dunrtnt 1975 ). should
be mcdiatcd by another iodocornpound, as IL-6 has been shou'n
not to irrhibit  cAMP formation (Dugri l lon ct al.  1990). In rso-
lated porcine thyroid fol l ic les. whcrc cAMP-lbrntat ion inhrbits
ccl l  prol i ferat ior"t (Giir tnet- et al.  1985b: I lhtutrube, . l t t t i rro,
Ttrtrruki.  IwLttut l i  and Mit 'ui  1985). this unidenti f ied rodoconr-
pound should increase cel l  grouth. lnhibit ion of cAMP-produc-
tion. howcr,'cr, alters the fbrmation of rodocontpcrunds tltror.rgl'r
ciou'n-r 'cgulat ion of thyroid peroxidasc and iodide transport.
Furthernrore. high concentrat ions of iodidc. probably throuuh
tbrrnatior.r of I2. direct ly inhibit  thc catalyt ic act ir  i ty o1'thyroid
peroxidase (sur.nmarizcd in l tbl / /  1989). These conrplex intcrac-
t ions lead either to growtlr inhibit ion of high doscs ol '  rodidc
(Bet'ks. Eggr., and Burntu' lL)88, Trunuttttutut. Ii,trc:iutri, Lrtrr-
hunli. lillonc and Ingbur 19139) or to -urou,'th induction (lIt,ldin,
Kurl.s.sott and l lastarnturl i  l9l t7). dcpcncl ing on thc culturc sys-
tcr l  usccl.  Wc prcr" iously dcscribcd a biphasic action o1- iodidc
on porcinc thyroid lbl l ic lc growth, incrcasing at lou doscs and
dcclcasing at higher conccntrat iorrs of iodrdc. Wc sus{. lcstcd a
dose-dcpcndcnt dual act ion of iot l ic lc by l i r lnrat ion o1'di l l t rcnt
iodoconrpounds acting on cAMP-dcpcndcnt and - indcpcnclcnl

pathrvays (Giit'ltu'r ct al. l9tl5b, Giirtnt'r, Rt'chtnet', Rulft'r:t'tlt,r,
Dttgt'illon. Grail antl Pitkunlt li)1313: Drrglll/ori and Gi)r'trtt'r'
1992: Giir tnal 1992). A cAMP-indepcudcnt nrcchanisrr ol '
i od idc- induccd inh ib i t ion  o l ' thy ro id  cc l l  p ro l i l c ra t ron  rv ls  a lso
suggcslcd by Trunutntuno ct al. (l9tt9) and BccA.s. 1:'.ggo ancl
Bunr t r  ( l98 t l ) .  In  th is  hypothcs is .  lL -6  n ray  reprcscnt  thc
iodocompound. nrcdiat ing thc inhibitory cf lect on thyroid ccl l
pnr l i lL ' r 'a t ion  i r r t luccd  by  loca l  g ro \ \  th  I i rc to rs .  s  i thou t  u l ' l cc t ins .
c A M P  l s c l s .

No data arc ar, 'ai lablc on thc sitc ol '  act ion ol '
IL -6 .  A  loca t ion  o t ' iodo lac toncs  a t  thc  cc l l  n tc r lb ranc  lc rc l  n tav
bc suggcstcd f ion'r 1hc sitc ol-arachit lonic acid rclcasc as *cl l  as
t}onr thc inhibit ion by organic fbntrs ol ' iodinc at or ncar thc
ac lcny la tc  cyc lasc  complcx  anc l  thc  inh ib i t ion  o l ' inosr to l
phosphalc gcncration (l:ilctti antl Ruytlxtrt 1t)83. Lurrt't'rtt.
,\lotkel, ThktLrtu, Iirnau.r uttd Durnont l9tt9). Indccd. IL-to
was lbund to act at thc ccl l  mcmbranc lcrcl (Arurl lcr ' ,  ( ' l tastct ' ,

Botttneru, Pregliu.st'o, Juvanul and Pl.rara' 199 I ).

For thc pathophysiolosical nrcchanisnts o1'
goitcr devclopn-rcnt thcsc l ' indings may bc o1'grcat rrnnt '11;11.1cc
bccause inadequate fbrmation of iodolactoncs could lcad to a
predorrinant prolifbrativc cllcct ol- local gror'"th ihctors. \\ic
thcrcfore postulate that iodinc dcficicncy. through a dccrcasc ol '
iodolactones, may causc goitcr development l i  l i  l r ; .
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