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1. Introdpction

Evidence has been accumulated that long-acting
thyroid stimulator {LATS} is an immuonoglobulin G
having the property io reproduce most of the meta-
bolic and morphologic effects elicited by thyrotropin
{TSH) on thyroid tissue [1-4]. Several recent daia
support the concepl that both LATS and TSH exert
their stimulatory actions by activaling the adenyl
cyclase—cyclic AMP gysiem, suggesling a common Ie-
eeLtor site on the plasma membrane of the thyroid
follicular cells [57. Previous reports have shown that
TSH induces appregation and reorganization into fol-
licles of isolated poreine thyroid cells via the adeny-
Iate cyclase—cyclic AMP system [6—8]. In view of the
afprementioned similarity between TSH and LATS
the present investigations were nnderiaken 1o ascer-
tain whether such a morphogenetic effect counld be re-
produced by LATS, In addition, the effect of LATS
on the binding of radioiodinated TSH by cultured
porcine thyroid cells as deseribed recently [9] was in-
vestigated.

Z. Materials and methods

- LATS-positive sera were obiained from patients
with active Graves” disease. The potencies of the seven
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samples used in these experiments ranged from 55 to
401 MEC mU/m], as assessed in the wmouse bicassay
by the use of the LA'TS MRC Research Standard B.
in two different asssys, 18.5 and 27.1 MREC mL | re.
spectively, were Tound o be eguivalent to 1 Kriss
Unit [10]. LATS-negatize seya were drawn from 15
paiients with varions thyroid disorders, includi.g 5
with toxic adenoma, 4 with idioparhic myxedems, 4
with goitrous o1 ncn-goitreus congenitzl hypothyroid-
ism, and 2 with Hashimoto’s thyroiditizs. Serum T8H
levels, determined by radicimmunosssay, were nnde-
teciable in all thyrotoxic snbiects, moderately sls-
vated in those with Hashhnoto's dissase and greatly
increased (up to 630 pUjml) in both hypothyroid
groups. Pooled human thyroid tissue from surgical
specimens was used for newtralization of LATS, as
previously describsd [11). Brisfly, the sediment sep-
araied from the whole thyroid nomogenate by cenini-
fugation for 1 hr at 105,000 g, was washed twice angd
then edged to LATS serum. In the study reporisd
here, approprizie experimental condiiions were Gzed
to provide a concentration of 0.22 mg of tissue pro-
tein per MRC mU, After incubation for 1 hr at 37°
and for 1Z hr at 4, the Insohible material was 7e-
moved by centrifegation. The resplting supernatant
waz tested for residual LATE activity and then used
for ferther sxperiments. LATS sermam incubated in
the absence of thyroid tissue was used as control.
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Isolated cells were obtained by trypsinization of
porecine thyroid glands as previously described [12]
and seeded in 25 em? Faleon plastic flasks ot 4 con-
centration of 3 X 106 cells per ml of Eagle’s minimum
essential medium at pH 7.4 containing 207 caif se-
o, penieiliin (200 Ujml) and streptomycin sulphate
(50 pg/mb), - r in Falcon Microtest 11 tissue culture
plates at a concentration of 7.5 X 105 eells per mi of
the same mmedinm { 1.3 X107 cells in 0.2 ml medinm
per cupule). Both flasks and plates were inenbaled at
35" in 95% air-— 5% CO». Reorganization of eells in-
to follicles was observed by light microscopy (X 100)
as pravionsly deseribed [6,73. Control TSH- or dibu-
tyryl cyclic AMP-induced reorganized culfures were
obtained by the addition of 40 mU RSH/mi or 0.4
mM dibutyryl eyclic AMP at the onset of culiuring.
Binlogically active porcine [12513TSH was prepared by
Dr. P. Jaguet using the lactoperoxidase method of
iodide oxidation.

3. Resulis snd discnssion

3. 1. Effect on aggregation and organizaiton of thyroid
cells

Each of the seven LAT3-positive sera tested in this
study proved to be able io indnce an aggregation of
isplated poreing thyrold c2lls followed by reamrange-
ment into histiotypic follicular structures. The mor-
pPhology and the time cowvrss of these changes weie
similar to those observed in parallel experiments with
porcine TSH. Cell agrregation and reassociation into
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follictes cowld be uspally detected by the second day
of culture and lasted for 3 to 6 days in the case of
LATS.stimmlated cells and 5 to 7 days in the case of
TSH-stirmuiated cells, The minimuzm concentrations
of LATS-serum producing a positive response in Fal-
con bottles {6] or in Mictotest plates as described in
1331, i.e., the reorganization of celis into follicles,
ranged from 1 io 20 pffml, respectively. No effect on
cell reassociation was observed with either normal
hivpnean seruim or any of the 15 LATS-negative sera,
tested in concenlzations of 50 g®/ml. The faci that
several sera eliciting no responses had elevated TSH
levels should not be regarded as surprising, since the
maximal comeentration of thyrotropin which counid
be provided by their addition to the cell culture was
= 34 pU/ml. Previous studies with poreine THS show-
2d that at least 60 pUfml were required for a posi-
rvive effect on ofll reassociation.

From the resolts fisted m tabls 1, it is apparsnt
that the activities of the different LATS sera observed
in the present system, expressed In terms of minimal
t ffective concenirations, showed no satisfactory cor
relation with the LATS sctivities measured on the
sams specimens by the mounss bioassay, expressed in
terms of MRC mU. A possible explanation for this
diserepancy may reside in the different sensitivity of
the two assay systems, involving the use of separate
animal species, i.e., porgine and mnrine, respectively.
Recent svidence indicates that the sera from patients
with Graves® disease mmay coniam variabie amounts of
thyroid-stimulating immunoglobins which are effec-
tive on hnman, but not on murine dhyroid tissue

‘Table 1
Activities of different specimens of LATS serom on the reassociation of isplated porcine thyroid cells and the levels of LATS 25

assessed by The mouse bicassny

Minimal conceniration prodarcing

. LATS level
Specimen no. ‘ cellreassociation
(MRC mlijml (u%/ml of medim)

1 401 20

2 351 10

3 234{136)* 10 {20

% 217 10

5 187 1

6 163 2

7 55 20

f szdues observed after incubation gf LAYS serum ‘with human thyroid sediment (0.32 mg of tissue protein per MRC m).
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{14,15]. Thus, it is conceivable that the relative con-
centration of human immunoglobir s cross-reacting
with either poreine pr mmrine thyroid :=lls, or both,
may vary in different seranm specimen:. Consistent
with this Interpretaiion is the apparent parallelism: of
the two assay sysizms gbserved in an ndividual sam-
ple after partial nentralization of LATS by human
throid tissue, Preincubation of LATS serum: Mo, 3
with gppropriate amounis of human <-yroid sediment
led to a 58 x 17% loss of activity in the mouse bip-
assay, and increased from 10 to 20 p@/mi the minimsal
concentration regrired for reassociation of izsolated
pourcine thyrold cells.

Preliminary experimenis showed that LATS-in-
duced reassopiated cells were able 1o take vp and or-
ganify jodide after two days of culture as shown pre-
vionsly far TSH-stimulated celis [7].

3.2 Effect on binding of { 1221ITSH 1o reqssociated
thyroid cells

Recent experiments [9] showed that one-day old
unstimulated cells o1 dibutyryl cyclic AMP-induced
reaszocizted cells cultvred for 2 10 4 days were abile 10
bind specifically radiciodinated TSH with the sane
K. Cells cultured in both conditions exhibited the
sam2 number of sites per cell. Cell bound radivactivity
could be displaced by increasing amounts of native
TSH, complete displacement baing observed with an
exeess of the latier. A dose-relaisd inhibition of
12511 TSH binding to dibutyryl syclic AMP-reassoei-
ated cells was also observed when LATS-serum rather
than native TSH was added io the systemn (fig. 1}. In
the presence of excess LATS serum 64 + 9% {mean
*8.1 ) imhibition was obzerved whereas, undar simi-
lar conditions, an excess of native TSH produced at
least 90% inhibition. Among other poscibilities, the
Qifference in animal species between the target cells
=nd radiciodinaled TSH on the one side and the
LATS specimen on the wiher, may acconnt for the
faiture to obiain complete displacement with an ex-
cess of LATS seram.

The present data provide forther snpport to the
goncepl that LATS and TSH might compete for the
same o7 closely related binding sites on the plasma
membrane of the thyroid epithelial cell. indirect evi-
dence Favoring this hypothesis have previously been
reported by Buzke {16} who demonstrated that pre-
incubation of thyroid microsomes with TSH limited
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Fig. 1. Effect of LATS on the binding of {1 Z5HTSH 1o cul-
tnred isolated thyroid cells. Cells (2.8 ¥ 30%) were incubated
in 0.5 ml REPES-mediza E [9] for 13 mn 2t 35° with 4.3
ng| EQSIBTSH {specilic aclivity: 2.5 Cifpz1ols) and ncreasing
amounts of LATS seram no. 4, Cells were washed ftwice with
the sam= medim as deseribed in [9] and redivactivity count-
ed. In the presence of 10 pg of native pormne TEH, 220 cpm
remained bound to celis. Typieal experiment on three. Con-
trols melnding normal human serum and 1LATS-negative sera
fzom hyperthyroid patients were anable to displace [12511T3H.

their ability to nentralize LATS. From a study of the
combined effscis of TSH and LATS on iodide trap-
ping by isclated thyroid celis, he alse showed [17]
that the thyroidal sites of action of boih stimulators
might be Smiar or identicnl, However, Yamashi‘a
angd Field {18] recently reported that LATS inhibited
non-commpetitively the TSH-induced stimulation of
adenylate cyclase in thyroid plasma membranes. They
interpreted this finding as seggesting that LATS might
act on tne latter by cheanging their conformmation rath-
er than binding 10 a specific recepior site. The present
data do not allow 1o exclade this possibility.
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