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JOURNAL OF IMMUNOASSAY, 1(2), 175-194 (1980) 

VALIDATION OF THE CYTOCHEMICAL SECTION BIOASSAY 

FOR THYROID STIMULATING ANTIBODIES 

P.A.Ealey and P.P.A.Smyth, Endocrine Laboratory,  
Department Medicine & Therapeu t i c s ,  Un ive r s i ty  
Co l l ege ,  Woodview, B e l f i e l d ,  Dublin.4. I r e l a n d  

ABSTRACT 

A cytochemical bioassay f o r  t h y r o i d  s t imu l -  
a t o r s  which u t i l i s e d  1 2  um s e c t i o n s  of guinea p i g  
thy ro id  as  t h e  t a r g e t  t i s s u e  w a s  v a l i d a t e d  and 
app l i ed  t o  t h e  measurement of t h y r o i d  s t i m u l a t i n g  
a n t i b o d i e s  (T.S.Ab.) i n  human plasma. T.S.H. and 
T.S.Ab. could be d i s t i n g u i s h e d  i n  t h e  a s say  by t h e  
t i m e s  a t  which they produced maximal responses:  90 
seconds f o r  T.S.H. and 180 seconds f o r  T.S.Ab. 
Homogeneity of response t o  s t i m u l a t i o n  was r e l a t i v e l y  
uniform throughout t h y r o i d  t i s s u e  enab l ing  simul- 
taneous measurement of s e v e r a l  plasma samples per -9 guinea pig. S e n s i t i v i t y  of t h e  assay w a s  1 . 5  x 10  
mU/l  MRC L.A.T.S.-B. Antiserum t o  H-T.S.H. produced 
no s i g n i f i c a n t  change i n  T.S.Ab.-like a c t i v i t y  when 
added t o  plasma from a t h y r o t o x i c  p a t i e n t .  Both 
anti-IgG and a l i q u o t s  of a homogenate of t h y r o i d  
t i s s u e  from a thy ro tox ic  p a t i e n t  diminished responses  
of t hy ro tox ic  plasma i n  a concen t r a t ion  dependent 
manner. T.S.Ab. was p r e s e n t  a t  t i t res  of 1/100 t o  
1/100,00 i n  13 hyperthyroid p a t i e n t s  t e s t e d  t o  d a t e .  

Since t h e  discovery by Adams and Purves (1) t h a t  
serum from a thy ro tox ic  p a t i e n t  e x e r t e d  a prolonged 
e f f e c t  i n  t h e  bioassay of T.S.H. many a s says  have been 
developed t o  measure t h i s  e n t i t y .  These a s says  may 

be d iv ided  i n t o  two m a i n  

Copyright 0 1980 by Marcel Dekker, Inc. 

c a t e g o r i e s :  t hose  which 
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176 EALEY AND SMYTH 

measure a stimulatory effect on the thyroid gland and 
others which depend on binding to a component of human 
thyroid tissue. 

The best known of the "stimulatoryn assays, the 
mouse bioassay of the long acting thyroid stimulators 
(LATS) ( 2 ) ,  yielded a relatively low number of posit- 
ive results although concentrates of such sera 

increased the frequency of detection ( 3 ) .  The 
description of a LATS protector (LATS-P) ( 4 )  re- 
sulted in a greatly increased frequency of det- 
ection of abnormal thyroid stimulators in the sera 
of hyperthyroid patients (5, 6). Other "stimulat- 
ory" assays for thyroid stimulating antibodies 
(T.S.Ab.) have been developed using human thyroid 
tissue as the target organ and measuring entities 
such as colloid droplet formation, adenyl cyclase, 
activity, or cyclic AMP formation (7-10). These 
assays resulted in increased detection of T.S.Ab. 
compared to the McKenzie assay. 

The second category of assays for T.S.Ab. are 
the radioreceptor or displacement assays (11,12). 

1251 These assays depend on the displacement of 
labelled T.S.H. from human thyroid membranes by 
T.S.Ab. Using such assays T.S.Ab. has been detected 
in almost all sera from thyrotoxic patients tested 
(12-13). 

The application of cytochemical bioassay (C.B.A.) 
to the measurement of thyroid stimulators in human 
plasma (15) provided a "stimulator" assay which could 
detect both T.S.H. and LATS with much greater sensit- 
ivity than currently available bioassays. The C.B.A. 
as originally described measured the effects of thyroid 
stimulators on lysosomal membrane permeability in 
guinea pig thyroid segments. This method has restrict- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
4
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



THYROID STIMULATING ANTIBODIES 177 

e d  a p p l i c a t i o n  i n  t h a t  it p e r m i t t e d  t h e  e s t i m a t i o n  of 
o n l y  one plasma sample per an ima l .  A p r e l i m i n a r y  
contrnunica t i o n  on t h e  deve lopnen t  of a cy tochemica l  

b i o a s s a y  for t h y r o i d  s t i m u l a t o r s  which u t j  l i z e d  1 2  um 
s e c t i o n s  r a t h e r  t h a n  segments  of t h y r o i d  t i s s u e  and  

t h e r e f o r e  p e r m i t t e d  t h e  s imul t aneous  a s s a y  of larger 

numbers of specimens per a s s a y  was r e p o r t e d  by G i l b e r t  

e t  a 1  ( 1 6 ) .  The p r e s e n t  r e p o r t  d e s c r i b e s  t h e  v a l i d a t -  

i o n  and a p p l i c a t i o n  of such  a s e c t i o n  a s s a y  w i t h  

p a r t i c u l a r  r e f e r e n c e  t o  t h e  measurement of T.S.Ab. 

i n  human plasma. 

MATERIALS HND METHODS 

A comparison of t h e  p r o c e d u r e s  used  i n  t h e  
segment a n a  s e c t i o n  cy tochemica l  b i o a s s a y s  i s  shown 

i n  Tab le  1. The methodology is i d e n t i c a l  up t o  t h e  

t h i r d  step. I n  t h e  s e c t i o n  a s s a y  it i s  s e c t i o n s  

TABLE 1 
PROCEDURES FOR THE SEGMENT AND SECTION BIOASSAYS 

1, 

2 .  

I REMOVE THYROID GLAND FROM A GUINEA- 
P I G  AND CUT INTO SIX SEGMENTS 

SEGMENTS MAINTAINED I N  VITRO FOR F I V E  HOURS 

SECTIONS TREATED WITH THE 

5 .  SECTIONS REACTED FOR NAPHTHYLAMIDASE A C T I V I T Y  

I NAPHTHY MI DASE ACT I V I  TY QUANTITATED 
BY MICRODENSITDMETRY 

6, I 
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178 EALEY AND SMYTH 

r a t h e r  t han  s e g m e n t s  of t h y r o i d  t i s s u e  t h a t  are t reat-  
ed wi th  t h e  thy ro id  s t i m u l a t o r .  

C u l t u r e  and F reez inq  

I n  t h e  sect ion a s s a y  each l o b e  of a t h y r o i d  g l and  

removed from a female guinea pig ( H a r t l e y  s t r a i n :  

weight(30Cg) was b i s e c t e d  and maintained i n  v i t r o  
f o r  5 h r s - i n  Trowells T-8 m e d i u m  i n  an incubator  a t  
37OC ( 1 7 ) .  Af t e r  5 h r s .  each of the segments was 

c h i l l e d  t o  - 7C°C i n  a beaker con ta in ing  n-hexane 

suspended i n  an ice  b a t h  p repa red  by adding crushed 
s o l i d  C 0 2  t o  methanol. 

temperature  i n  a thermos f l a s k  con ta in ing  s o l i d  C 0 2  

and used w i t h i n  2 aays.  

The t i s s u e  w a s  s t o r e d  a t  t h i s  

P repa ra t ion  of Sec t ions :  

S e c t i o n s  ( 1 2  um t h i c k )  w e r e  c u t  i n  a c r y o s t a t  
w i t h  motorized c u t t i n g  a c t i o n  (Slee Model HRM) w i t h  

c a b i n e t  temperature  a t  -3OOC i n  which t h e  k n i f e  w a s  
cooled w i t h  s o l i d  C 0 2 .  The s e c t i o n s  w e r e  picked up 
from t h e  k n i f e  on to  g l a s s  s l i d e s  and s t o r e d  i n  t h e  
c r y o s t a t  chamber u n t i l  ready f o r  r e a c t i o n .  S l i d e s  
with s e c t i o n s  mounted w e r e  al lowed t o  d ry  a t  room 

temperature  immediately b e f o r e  u s e  and w e r e  then 

c l i p p e d  back t o  back i n  d u p l i c a t e  i n t o  the l i d  of a 

box made up of 24 chambers so t h a t  each p a i r  of s l i d e s  

f i t t e d  i n t o  one chamber. Th i s  appa ra tus  w a s  s i m i l a r  
t o  t h a t  developed f o r  t h e  ACTH cytochemical s e c t i o n  
bioassay (18) .  The slides w e r e  allowed t o  w a r m  up t o  
37OC f o r  not  less than 5 minutes be fo re  they  w e r e  
exposed t o  t h e  s t i m u l a t o r .  
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THYROID STIMULATING ANTIBODIES 179 

Cytochemical Methods: 
The chambers of t h e  s e c t i o n  apparatus  w e r e  f i l l e d  

with 4 m l .  of t h e  appropr ia te  d i l u t i o n  of e i t h e r  T.S.H., 

LATS-B o r  a plasma sample. The thyro id  s t i m u l a t o r s  
w e r e  d i l u t e d  i n  a " c a r r i e r  medium" a t  37  C c o n s i s t i n g  
of 0.1% gum t ragacanth  and 0.05 M sodium a c e t a t e  i n  
T-8 medium a t  pH 7.6 ( 1 6 ) .  This  pH was achieved by 
adding 1.6 m l  of I M  HCL per  100 m l  of carrier medium 

and mixing thoroughly t o  remove t h e  bicarbonate  a s  C02. 

The pH w a s  checked and a d j u s t e d ,  i f  necessary,  j u s t  

p r i o r  t o  use.  

0 

The s e c t i o n s  w e r e  next exposed t o  e i t h e r  s t a n d a r d s  
o r  plasma d i l u t e d  i n  c a r r i e r  medium. A f t e r  exposure 
f o r  t h e  appropr ia te  per iod  t h e  sec t ions  w e r e  r e a c t e d  
f o r  naphthylamidase a c t i v i t y  as previous ly  descr ibed  
( 1 5 ) .  A f t e r  6 minutes t h e  r e a c t i o n  was stopped by 
immersing t h e  s e c t i o n s  i n  0.85% sodium c h l o r i d e .  The 
s l i d e s  w e r e  unclipped and p laced  i n  Coplin j a r s  con- 

t a i n i n g  0.1M copper su lpha te  f o r  not  less than 2 minutes 
and t h e  s e c t i o n s  w e r e  mounted i n  F a r r a n t ' s  medium 
pH 6.5. These cytochemical methods have been previous ly  

descr ibed  ( 1 9 ) .  The s l i d e s  w e r e  s t o r e d  i n  t h e  dark  f o r  
up t o  one week before  t h e  r e a c t i o n  product  was measured 

a t  550 nm using an M-85 scanning and i n t e g r a t i n g  
microdensitometer (Vickers  Ins t ruments ) .  Readings 

obtained by microdensitometry can be expressed d i r e c t l y  
a s  r e l a t i v e  absorpt ion which i s  an a r b i t r a r y  machine 
u n i t .  However, t o  permit comparison between readings  

obtained a t  d i f f e r e n t  t i m e s  o r  on d i f f e r e n t  ins t ruments  

r e s u l t s  may be q u a n t i t a t e d  i n  absolu te  t e r m s  as 
i n t e g r a t e d  e x t i n c t  ion .  
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180 EALEY AND SMYTH 

Exposure of sec t ions  t o  the thyroid s t imula tors  

and the  subsequent naphthylamidase r eac t ion  w e r e  
c a r r i ed  out i n  a spec ia l ly  constructed incubator 
permit t ing easy handling of t h e  s l i d e  holder and 
react ion chambers while maintaining a constant 
temperature. 

Subjects : 
P l a s m a  samples w e r e  obtained from 13 p a t i e n t s  who 

w e r e  both c l i n i c a l l y  and biochemically thyrotoxic .  None 
of t he  pa t i en t s  had undergone previous therapy f o r  thyroid 

disease.  Eight w e r e  females and f i v e  males. Ages ranged 
from s i x  months t o  s ix ty- f ive  years. Five non-hospital- 
i s ed  euthyroid volunteers ,  th ree  females and two males, 

served a s  controls .  Blood samples w e r e  co l l ec t ed  i n t o  
lithium-heparin tubes.  The plasma w a s  separated immed- 
i a t e l y  following venipuncture, snap frozen a t  -7OOC i n  
methanol containing s o l i d  C 0 2 ,  and s to red  a t  -7OOC i n  

a f reezer .  

S t a t i s t i c a l  Methods: 

S t a t i s t i c a l  ana lys i s  was performed using Student ' s  
I t '  test. 

RESULTS 
I n  order t o  e s t a b l i s h  homogeneity of response of 

sec t ions  of thyroid t i s s u e  i n  t e r m s  of naphthylamidase 
a c t i v i t y  the following s t u d i e s  w e r e  c a r r i e d  out on 

sec t ions  which had been s t imulated with mU/l  T.S.H. 

Naphthylamidase a c t i v i t y  was measured a s  descr ibed under 
"Methods" and r e s u l t s  a r e  expressed as  r e l a t i v e  absorption. 

I n t r a - f o l l i c l e  var ia t ion :  

The naphthylamidase a c t i v i t y  of every cell from 
each of 4 f o l l i c l e s  i n  one sec t ion  was measured. The 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
4
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



THYROID STIMULATING ANTIBODIES 181 

coe f f i c i en t s  of va r i a t ion  w e r e  7.0%,8.9%.9.7% and 5.9% 
respec t ive ly  (Mean 7.9%). 

In t ra -sec t ion  var ia t ion :  
The in t ra -sec t ion  va r i a t ion  was achieved by measuring 

one cel l  from each i n t a c t  f o l l i c l e  (n=24) within a 
sect ion.  The coe f f i c i en t  of va r i a t ion  w a s  9.2%. 

I n t r a  and Inter-seqment var ia t ion :  

A t o t a l  of 24  sec t ions  were c u t ,  s ix from each 
of 4 segments of a guinea p ig  thyroid gland. Mean 

values - S.D. and intra-segment coe f f i c i en t s  of 
va r i a t ion  i n  sec t ions  cu t  from the  3 segments a r e  
shown i n  Table 11. The mean inter-segment coef f ic -  
i e n t  of va r i a t ion  was 8.35% 

+ 

These r e s u l t s  showed t h a t  t h e  response throughout 
s t imulated thyroid t i s s u e  was r e l a t i v e l y  homogeneous, 

and when necessary, sec t ions  could be used from any 
of t h e  four segments  from a guinea p ig  thyro id  gland. 

Routinely two 1 2  um sec t ions  w e r e  cu t  f o r  each s tandard 
or  d i l u t i o n  of plasma assayed. Measurements of individ-  
ua l  sec t ions  w e r e  c a r r i e d  out on one ce l l  from each of 

10 f o l l i c l e s .  Thus, readings from a t o t a l  of twenty 
c e l l s  w e r e  u t i l i s e d  fo r  each s tandard point  o r  d i l u t i o n  

of plasma assayed. To prevent operator  b i a s  i n  perform- 
ing  microdensi tometric readings a "bl ind" assay design 

was always used. 

Inf luence of T i m e  on Response of Thyroid Sect ions t o  

T.S.H. and LATS: 

T.S.H. and thyroid s t imula t ing  an t ibodies  can be 
dis t inguished i n  t h i s  assay by t h e  d i f f e r e n t  t i m e s  a t  
which they cause maximal l a b i l i z a t i o n  of thyroid 
lysosomal membranes (15,161. Sect ions of thyroid gland 
w e r e  exposed t o  e i t h e r  T.S.H.(10-2mU/l) o r  t o  MRC LATS-B 
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THYROID STIMULATING ANTIBODIES 183 

(1 .5  x 10-6mU/l) f o r  varying t i m e s .  
F ig .1  t h a t  t h e r e  w a s  a s i n g l e  peak of T.S.H. a c t i v i t y  

occur r ing  a t  90 seconds. I n  c o n t r a s t  t o  t h e  e f f e c t s  

observed f o r  T.S.H. t h e  m a x i m a l  response t o  LATS-B 

occurred a t  180-210 seconds. The e f f e c t  of t h e  carrier 
medium w a s  minimal up t o  1 2 0  seconds bu t  a f t e r  t h i s  it 
w a s  beginning t o  exert an in f luence  on t h e  lysosomal 

membranes as shown by t h e  gradual  i n c r e a s e  i n  

naphthylamidase a c t i v i t y  f r o m  1 2 0  t o  2 1 0  seconds.  

I t  can be seen from 

- 
0 0 4 

v 
50 - 

40 - 

30 I , 1 I I 1 

0 30 60 90 120 150 180 210 
T I M E (SECONDS) 

Figure 1. In f luence  on naphthylamidase a c t i v i t y  of t i m e  
of exposure t o  T.S.H. (10-2 m U / l )  and M.R.C. L.A.T.S.-B 
(1.5 x 10-6rnU/l). 
va lues  of t e n  r ead ings  from d u p l i c a t e  s l i d e s .  The s o l i d  
d o t s  r e p r e s e n t  t h e  average value of t h e  d u p l i c a t e s .  

The h o r i z o n t a l  bars r e p r e s e n t  t h e  mean 
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/I 
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/ 
1 - 
100 , I I 

4 PLASMA POOL z - j l  (NORMAL SUBJECTS) 

P--------- I-------- 
1 - 1 

lo,OoO, 1,000 ' 

LATS-B Standard Curve: 
The response of thyroid sec t ions  t o  graded 

concentrat ions of M.R.C. LATS-B s tandards are shown 
i n  Fig.2. The s e c t i o n s  w e r e  exposed t o  t h e  s tandard  

preparat ion f o r  180 seconds. The lower l i m i t  of 

detect ion of t h i s  preparat ion was 1.5 x 10 m U / l .  The 

standard curve w a s  l i n e a r  from 1.5 x 10 mU/l t o  

1 .5  x m U / l  b u t  a s  shown i n  Fig.2 an apparent 

decrease i n  a c t i v i t y  was observed a t  higher concent ra t -  

ions. A plasma pool obtained from 4 euthyroid volunt-  
eers  d id  no t  show any de tec tab le  s t imulatory a c t i v i t y  

a t  t he  d i l u t i o n s  t e s t e d ,  nor d id  the  ' c a r r i e r  medium' 
alone. 

-9 
-8 

T 

MU/L LATS-B 

Figure 2. L.A.T.S.-B s tandard curve. The horizontal  bars  
represent t h e  mean values of t e n  readings from dupl ica te  
s l i d e s .  The s o l i d  dots  represent  t h e  average value of t h e  
dupl icates .  
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P a r a l l e l i s m  of r e s p o n s e s  i n  human plasma: 
Naphthylamidase a c t i v i t i e s  expressed as i n t e g r a t e d  

e x t i n c t i o n  o b t a i n e d  f o l l o w i n g  s t i m u l a t i o n  of t h y r o i d  

s e c t i o n s  by  v a r i o u s  d i l u t i o n s  of plasma f r o m  t h y r o t o x i c  
p a t i e n t s  a re  shown i n  F ig .3 .  A s  w i t h  the s t a n d a r d  pre- 
p a r a t i o n  of LATS, h i g h e r  c o n c e n t r a t i o n s  of T.S.Ab. 
( i .e. lower d i l u t i o n s  of p lasma)  s o m e t i m e s  r e s u l t e d  i n  an 

appa ren t  d e c r e a s e  i n  s t i m u l a t o r y  a c t i v i t y .  I n  o n e  p a t i e n t  
i n  whom a r a n g e  of d i l u t i o n s  of  plasma f r o m  t o  

1 C - 6  w e r e  tested t h e  b i p h a s i c  n a t u r e  of r e s p o n s e  t o  

T.S.Ab. i s  c l e a r l y  demons t r a t ed .  Apparent  maximal s t i m -  
u l a t i o n  o c c u r r e d  w i t h  a d i l u t i o n  of lC-* of t h i s  sample 

and h i g h e r  c o n c e n t r a t i o n s  of plasma r e s u l t e d  i n  a dec- 

EUTHYROID PLASMA POOL 

L I I I I 

c- 

10-6 10-5 1 0 - ~  10-3 10'2 
T . S .  As. T lTRE 

Figure  3. Assay r e sponses  of plasma d i l u t i o n s  f r o m  i n d i v -  
i d u a l  t h y r o t o x i c  p a t i e n t s .  
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186 EALEX AND SMYTH 

rease in integrated extinction which at a dilution of 
1C-2 fell below that of the euthyroid plasma pool. 

arci f ici t y : 
The specificity of the assay for thyroid stimulat- 

ing antibodies was investigated by adding to a 1/1,OOC 
dilution of plasma from a thyrotoxic patient varying 
dilutions of anti-H-T.S.H., anti-human IgG or human 
thyroid homogenate. 
was prepared from the thyroid gland of a patient who 
had undergone surgery for hyperthyroidism (20). 
(1) Antiserum to H-T.S.H.af 1/10,000 and 1/500,000 
dilutions did not significantly alter the stimulatory 
response of the thyrotoxic plasma observed at 180 
seconds. The T.S.H. antiserum alone did not possess 
significant stimulatory activity over the control 
euthyroid plasma pool at either dilution of anti- 
serum used. 
(2) The effects of anti-human IgG or human thyroid 
homogenate are shown in Fig.4a. Anti-human IgG at 
1/1,000 and 1/100 dilutions almost abolished the 
stimulatory effects of the thyrotoxic plasma. A re- 
duction in stimulatory activity was also observed at 
a 1/10,000 dilution of anti-human IgG but this was 
not significant. Anti IgG alone did not produce 
significant stimulatory activity. The human thyroid 
homogenate diminished the stimulatory effect of the 
thyrotoxic plasma at all concentrations of homogenate 
used as shown in Fig.4b. However, the homogenate 
itself had a stimulatory effect on the thyroid sections 
which was significantly greater than that produced by 
the euthyroid plasma pool at the highest concentration 
of homogenate used (50 ul/ml) (P (0.005). 

The human thyroid homogenate 
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- 1 - 1 1 
10,000 1,000 100 

@ ANTI - IGG 

-F 

5 10 20 50 

@ HUMAN THYROID EXTRACT (JL/ML CARRIER EDIUM ) 

Figure 4. Effect of (a) anti-human IgG and (b) aliquots 
of a homogenate of thyroid tissue from a thyrotoxic patient 
on stimulatory activity in plasma from thyrotoxic patients. 
Variation between duplicate sections is shown by the horiz- 
ontal bars. 
control plasma pool*or from the thyrotoxic plasma alone 
not significant ) . 

Statistical analysis refers to differences*$rom 
( N . S . =  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
4
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



188 EALEY AND SMYTH 

Measurement of T.S.Ab. i n  Human Plasma: 
T.S.Ab. measurements on an i n i t i a l  group of 13 

pa t i en t s  who had Graves' d isease a r e  shown i n  Fig.5. 
R e s u l t s  a r e  expressed a s  the  maximum d i l u t i o n  a t  which 

a response s i g n i f i c a n t l y  e levated with respect  t o  the  
cont ro l  plasma pool (P<0.05) was obtained i n  t h e  assay. 

T i t r e s  var ied from 1/100 t o  1/100,000. 
from 5 euthyroid volunteers showed no s t imulatory 

a c t i v i t y  a t  1/100, 1/1,000 o r  1/10,000 d i l u t i o n s  and 
the pooled plasma from these  subjects w a s  consequently 
used i n  the  assays a s  a control .  

Plasma samples 

Col lect ion of Plasma Specimens: 
Para l le l i sm of response t o  T.S.Ab. i n  the sec t ion  

assay may be dependent on the method of sample co l l ec t ion .  

Responses t o  plasma from a thyrotoxic  pa t i en t  w e r e  found 
t o  be p a r a l l e l  t o  a standard preparat ion when t h e  plasma 
was separated from red cells  and c h i l l e d  t o  -7OOC immed- 
i a t e l y  a f t e r  venipuncture. 
ed if the plasma was separated immediately and allowed 
t o  s tand a t  room temperature f o r  2% hours. 
non-parallel  responses occurred i f  t h e  blood sample w a s  

Similar  f ind ings  w e r e  observ- 

However, 

EUTHY RO I D 
VOLUNTEERS 

t -  
I-- 10,000 

w 

c,j 1,000 
I- 

100 4 

GRAVES' 
DISEASE 

Figure 5. T.S.Ab. titres i n  euthyroid volunteers  and i n  
pa t i en t s  who had Graves' d isease.  
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THYROID STIMULATING ANTIBODIES 189 

allowed t o  s tand a t  room temperature f o r  2% hours before  
separat ion.  The reproducib i l i ty  of t h i s  f ind ing  has  not 
been es tab l i shed  and pending such s tud ie s  it seemed 

preferab le  t h a t  the  blood samples be separated a s  soon a s  
poss ib le  a f t e r  venipuncture. A l l  samples inves t iga ted  
i n  t he  present study w e r e  t r e a t e d  i n  t h i s  way. 

DISCUSSION 

These s tudies  have shown t h a t  t h e  response t o  

s t imula t ion  i n  t e r m s  of intralysosomal naphthylamidase 

a c t i v i t y  was r e l a t i v e l y  uniform throughout guinea p i g  

thyroid t i s s u e .  The f ind ings  of coe f f i c i en t s  of 
va r i a t ion  f o r  such a c t i v i t y  of less than 10% both 

within and between segments of thyroid t i s s u e  p e r m i t s  
the  u t i l i z a t i o n  of  sec t ions  from d i f f e r e n t  segments of 
t i s s u e  within a s ing le  assay. This f ind ing  g r e a t l y  
increases  the  scope of cytochemical bioassay i n  t h a t  it 
allows simultaneous measurement of much l a r g e r  numbers 
of specimens than w a s  possible  using t h e  e a r l i e r  segment 

assay. The segment assay f o r  T.S.H. as descr ibed by 
Bitensky et  a1  (15)  permitted t h e  est imat ion per guinea 

p ig  of only one plasma a t  two d i l u t i o n s  together  with 

four standards.  Similar ly  two plasmas could be assayed 

fo r  T.S.Ab. The sec t ion  assay described above can 
comfortably include i n  one T.S.Ab. assay f i v e  plasmas a t  
th ree  d i lu t ions  or seven plasmas a t  two d i lu t ions .  Large 

numbers of samples could be processed i n  a s i n g l e  assay 
but operator f a t igue  i n  car ry ing  out microdensitometric 
readings represents  a l imi t ing  f ac to r .  

Previously reported cytochemical bioassays f o r  

T.S.H.(15,15,21)yielded a s e n s i t i v i t y  considerably 
grea te r  than other  bioassays f o r  t h i s  hormone and i n  

f a c t  a t  m U / l  t h e  s e n s i t i v i t y  was approximately 
10 times grea te r  than cu r ren t ly  ava i lab le  T.S.H. 4 
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-9 
radioimmunoassays. The s e n s i t i v i t y  of 1 . 5  x 1 0  m U / l  

f o r  M.R.C. L.A.T.S.-B achieved i n  t h e  p r e s e n t  s tudy  i s  
a l s o  d rama t i ca l ly  more s e n s i t i v e  than comparable " s t i m -  
u l a t o r y "  a s says  f o r  T.S.Ab. Examples of o t h e r  b ioas says  
f o r  T.S.Ab. with s e n s i t i v i t i e s  r epor t ed  i n  terms of 
L.A.T .S ,-B w e r e  a modif icat ion of t h e  McKenzie assay ( 2 2 )  
which y i e lded  a s e n s i t i v i t y  of 6.25 mU/animal while  

Sh i sh iba  e t  a 1 , ( 2 3 )  measuring c o l l o i d  d r o p l e t  formation 

r e p o r t e d  a s e n s i t i v i t y  f o r  L.A.T.S. of 0.24 mU/animal. 

Although t h e  s e n s i t i v i t y  of cytochemical s e c t i o n  

bioassay f o r  T.S.Ab. i s  e x q u i s i t i v e l y  low t h e  working 

range of 1 . 5  x m U / l  t o  1 . 5  x mU/l  i s  somewhat 

narrow. The reason f o r  t h i s  i s  t h a t  t h e  lysosomal 

membranes w e r e  probably maximally l a b i l i s e d  a t  1 . 5  x 

m U / l  and t h a t  f u r t h e r  i n c r e a s i n g  t h e  concen t r a t ion  

of L.A.T.S. r e s u l t e d  i n  supra-optimal l a b i l i s a t i o n  wi th  

leakage of enzyme from t h e  lysosomes and a f a l l  i n  

i n t e g r a t e d  e x t i n c t i o n  ( 1 5 ) .  Such supra-optimal 

l a b i l i s a t i o n  probably accounts f o r  t h e  l a c k  of p a r a l l -  

e l i s m  shown by some of t h e  plasma from thy ro tox ic  
p a t i e n t s  i n v e s t i g a t e d  i n  t h e  p re sen t  s tudy and emphasises 

the  n e c e s s i t y  f o r  assaying T.S.Ab. a t  a number of 
d i l u t i o n s  i n  o rde r  t o  e s t a b l i s h  a p o s i t i v e  dose-response 
r e l a t i o n s h i p  and t h u s  prevent  f a l s e  negat ive r e s u l t s .  

This f i n d i n g  is i n  keeping w i t h  t h e  r e p o r t  of Loveridge 

e t  a 1  ( 2 4 )  who demonstrated b i p h a s i c  responses t o  

T.S.Ab. i n  human plasma using a cytochemical segment 

bioassay.  

The s p e c i f i c i t y  f o r  T.S.Ab. of t h e  cytochemical 
s e c t i o n  bioassay has been e s t a b l i s h e d  us ing  a n t i s e r a  

t o  H-T.S.H., anti-human IgG and an  e x t r a c t  of human 

t h y r o i d  t i s s u e  from a thy ro tox ic  p a t i e n t .  From t h e s e  

r e s u l t s  it i s  apparent t h a t  t h e  s t i m u l a t o r y  a c t i v i t y  
observed a t  180 secs. i s  independent of  T.S.H. and 

r e s i d e s  i n  a substance inmunologically s i m i l a r  t o  I g G .  
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THYROID STIMULATING ANTIBODIES 191 

The neutralisation of T.S.Ab. stiinulatory activity by 
homogenate of human thyroid tissue offers further 
evidence that the activity being measured binds to a 
component of human thyroid tissue. However, the demon- 
stration that the human thyroid homogenate itself 
possessed stimulatory activity was a surprising finding. 
The origin of such stimulatory activity is currently 
under investigation but it may represent endogenous 
T.S.Ab. bound to the thyroid tissue or some cellular 
mterial released during homogenisation which caused 
labilisation of lysosomal membranes. 

The finding of positive titres of T.S.Ab. in all 
hyperthyroid patients investigated to date in the sect- 
ion assay is an encouraging finding. The exquisite 
sensitivity of the technique, its specificity, together 
with the new found possibility of simultaneously assay- 
ing larger numbers of specimens should provide a useful 
contribution to the investigation of hyperthyroidism. 
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