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Monoclonal  a n t i b o d i e s  (TCM-7, -9 and -12) a g a i n s t  human t h y r o i d  
d i f f e r e n t i a t e d  cance r s  were e s t a b l i s h e d  by s c r e e n i n g  wi th  human t h y r o i d  
c a n c e r s ,  normal and benign  t h y r o i d  t i s s u e ,  and normal human serum p r o t e i n .  
A monoelonal  a n t i b o d y  (TCM-9) wi th  s t r o n g  s p e c i f i c i t y  f o r  human t h y r o i d  
cance r  but  not  f o r  Graves '  d i s e a s e ,  adenoma or normal t h y r o i d ,  was shown to  
r e c o g n i z e  a 300 K p r o t e i n  but  not  to  b ind  to n a t i v e  or  mature  human 
t h y r o g l o b u l i n .  When  TCM-9 was used in immunohis tochemical  s t a i n i n g  t e s t s  
on more than 30 types  of  n o n - t h y r o i d  l e s i o n s ,  no r e a c t i v i t y  of  TCM-9 was 
obse rved  excep t  wi th  sk in  immature t e r a toma ,  l i p  squamous carc inoma and 
stomach adenocarc inoma,  which r e v e a l e d  weak r e a c t i v i t i e s .  TCM-9  a l s o  
showed s t r o n g  r e a c t i v i t y  wi th  two u n d i f f e r e n t i a t e d  t h y r o i d  cance r  c e l l  
l i n e s  and one t i s s u e  specimen.  Thus TCM-9 i s  a nove l  monoclonal  a n t i b o d y  
a g a i n s t  the  t h y r o i d  cance r .  ©1992Ao~d~miopress,~no. 

Current diagnosis of differentiated thyroid cancer relies on 

palpation, various imaging techniques (ultrasonography, computed X-ray 

tomography, radioisotope scintigraphy and/or magnetic resonance imaging) 

and detection by needle or aspiration biopsy. Although these methods have 

greatly improved the accuracy of diagnosis, i t  is s t i l l  quite difficult to 

distinguish follicular cancer from benign follicular adenoma. After the 

development of hybridoma technology, a variety of monoclonal antibodies 

(MoAbs) are established and found to have wide applications including the 

diagnosis of various cancers (1-3). Our aim in this study was to produce 

MoAbs that were capable of distinguishing human thyroid cancer (especially 

follicular cancer) from other benign thyroid nodules. 

* This  work was p a r t i a l l y  suppor t ed  by g r a n t s  in a i d  from the  M i n i s t r y  of  
Educa t ion  (No. 62480252 and 63614512), the  Japan s o c i e t y  f o r  the  promot ion  
of  s c i e n c e  f o r  Japanese  J u n i o r  S c i e n t i s t s ,  the  Mochida memorial  f o u n d a t i o n  
f o r  med ica l  and p h a r m a c e u t i c a l  r e s e a r c h  and f o u n d a t i o n  of  Osaka Cancer 
Research  Founda t ion .  
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MATERIALS AND METHODS 

1. Membrane p r e p a r a t i o n  
Var ious  t h y r o i d  t i s s u e s  were o b t a i n e d  a t  s u r g e r y ,  homogenized in  0.25M 

s u c r o s e ,  10 mM Tris-HC1,  pH 7 .6 ,  4 mM MgC12, then  gauze f i l t e r e d ,  and 
c e n t r i f u g e d  a t  180 x g f o r  5 min a t  4°C. The s u p e r n a t a n t  was r e c e n t r i f u g e d  
a t  15,000 x g f o r  30 min and the  p r e c i p i t a n t  was suspended in  phospha te  
b u f f e r e d  s a l i n e  and s t o r e d  a t  -80°C u n t i l  use .  

2. C e l l s  
Mouse myeloma c e l l s  X63-Ag8.653 and human embryonal lung  f i b r o b l a s t  

c e l l s  (HEL) were p r o v i d e d  by P r o f .  Tsuyoshi  Uchida ( I n s t i t u t e  f o r  Molecu la r  
and C e l l u l a r  B io logy ,  Osaka U n i v e r s i t y ) .  The human u n d i f f e r e n t i a t e d  
t h y r o i d  cance r  c e l l  l i n e  (HTC/C3) was i s o l a t e d  in  our l a b o r a t o r y  (4) .  Other  
human cance r  c e l l s  of  g a s t r i c  cance r  (AZ-251), human u n d i f f e r e n t i a t e d  
t h y r o i d  cance r  (5 -C-0) ,  r e n a l  c e l l  cancer  (Thomas-Wir ts ) ,  and f i b r o s a r c o m a  
(HTI080) were p r o v i d e d  by the  Japanese  Cancer Research  Resources  Bank. 

3. T h y r o g l o b u l i n  p r e p a r a t i o n  
Human t h y r o g l o b u l i n  (hTg) was p r epa red  a c c o r d i n g  to  the  method 

d e s c r i b e d  by B i l s t a d  e t  a l .  (5) wi th  minor m o d i f i c a t i o n s .  Human t h y r o i d  
t i s s u e  was homogenized,  and then  c e n t r i f u g e d  a t  15,000 x g f o r  30 min. The 
s u p e r n a t a n t  was p r e c i p i t a t e d  wi th  1 . 4 - 1 . 8  M ammonium s u l f a t e  and the  
p r e c i p i t a n t  was d i s s o l v e d  in 2 x condensed PBS (2 X PBS) and d i a l y z e d .  
Then the  sample was a p p l i e d  to  HPLC G3OOOSW column (Tosoh, J apan ) ,  and the  
v o i d  f r a c t i o n  was c o l l e c t e d  and s t o r e d  a t  -80°C u n t i l  use .  

4. P r o d u c t i o n  of  hybridomas 
Spleen  c e l l s  were p r e p a r e d  from Ba lb / c  mice immunized wi th  membrane 

f r a c t i o n s  of  the  d i f f e r e n t i a t e d  t h y r o i d  cance r ,  and fused  wi th  X63-Ag8.653 
as d e s c r i b e d  p r e v i o u s l y  (6) .  ELISA p l a t e s  were c o a t e d  wi th  p u r i f i e d  
membranes'  p r e p a r a t i o n s  from 25 cance r s  (17 p a p i l l a r y  cance r  and 8 
f o l l i c u l a r  c a n c e r ) ,  6 adenoma, 6 Graves '  t i s s u e s  and 5 normal human 
t h y r o i d s ;  gu inea  p i g  f a t  c e l l  membrane, normal human serum p r o t e i n  and hTg 
p r e p a r a t i o n s  and used f o r  s c r e e n i n g .  The c l a s s  and s u b c l a s s  of  each MoAb 
were i d e n t i f i e d  by an i s o t y p i n g  k i t  f o r  mouse monoelonal  a n t i b o d i e s  
( S e r o t e c ,  Oxford.  U.K). 

5. Immunohis tochemica l  s t a i n i n g  
Immunohis tochemical  a n a l y s i s  was per formed f o l l o w i n g  the  methods of  De 

Micco e t  a l . ( 7 ) .  T i s s u e  s e c t i o n s  were i n c u b a t e d  wi th  MoAb a t  a 1:100 
dilution of ascites with normal mouse serum used as a control, and ABe- 
alkaline phosphatase staining (Vector laboratories) was performed. 

6.Thyroglobulin specificity of MoAbs 
Specificity of MoAb against thyroglobulin was evaluated by: i) anti- 

thyroglobulin and anti-thyroid microsomal antibody measurement using a 
passiv~gglutination kit (Fujirebio, Tokyo, Japan), 2) Immunoprecipitation 
with Iz~I-labelled human thyroglobulin (Midorijuji, Osaka, Japan) by 
Affigel Protein A (Bio-Rad), and 3) absorption of standard thyroglobulin 
preparations in an IRMA kit (Midorijuji, Chiba, Japan). In the IRMA kit, 
various concentrations of standard hTg were incubated with or without 
monoclonal antibodies or controls in anti-hTg MoAb coated tube  Then the 
solutions were removed and 1~Ol-MoAb directed against another hTg epitope 
was added, then the bound radioactivities were measured. 

RESULTS 

1. Immunohis tochemica l  s t a i n i n g  of  t h y r o i d  g land  

E x t e n s i v e  c l o n i n g  was per formed u s i n g  membranes from 25 t h y r o i d  c a n c e r s ,  

6 adenoma, 6 Graves '  t i s s u e s  and 5 normal t h y r o i d s ,  and f i n a l l y  t h r e e  

c l o n e s  (TCM-7, -9 and -12) t h a t  produced MoAbs wi th  r e a c t i v i t y  a g a i n s t  
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t h y r o i d  c a n c e r  membrane  ( b u t  n o t  adenoma an d  human se rum p r o t e i n )  were  

s e l e c t e d  f rom t h e  58 c l o n e s  s c r e e n e d .  A l l  3 MoAbs were  i d e n t i f i e d  t o  b e  

IgG2b .  F u r t h e r  i m m u n o h i s t o c h e m i c a l  s t a i n i n g  was p e r f o r m e d  as  d e s c r i b e d  

( T a b l e  l a ) .  The MoAbs TCM-7, -9  and  -12  were  f o u n d  t o  r e a c t  s t r o n g l y  w i t h  

human t h y r o i d  f o l l i c u l a r  c a n c e r  t i s s u e ,  p a p i l l a r y  c a n c e r ,  h u t  d i d  n o t  r e a c t  

w i t h  G r a v e s '  o r  adenoma t i s s u e .  The s t a i n i n g  was e x c l u s i v e l y  i n  

c y t o p l a s m a ,  n o t  i n  c o l l o i d  n o r  i n t e r s t i t i a l  t i s s u e s  ( F i g . l ) .  The h i g h e s t  

l e v e l  o f  b i n d i n g  was c o n s i s t e n t l y  s e e n  i n  t e s t s  w i t h  TCM-9. The a n t i b o d y  

TCM-9 r e a c t e d  s t r o n g l y  w i t h  t h e  u n d i f f e r e n t i a t e d  c a n c e r  c e l l  l i n e s  HTC/C3 

and  5 - C - 0 ;  TCM-7 r e a c t e d  w e a k l y  w i t h  HTC/C3; and  TCM-12 b o u n d  t o  

Fig .  1. 
Immunohis tochemical  s t a i n i n g  of t h y r o i d  t i s s u e  s e c t i o n s  by TCM-9. 

1, f o l l i c u l a r  c ance r ;  2, p a p i l l a r y  cance r ;  3, Graves '  d i s e a s e ;  4, adenoma; 
and 5, u n d i f f e r e n t i a t e d  t h y r o i d  cance r  c e l l  l i n e  HTC/C3. 
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T a b l e  1. I m m u n o h i s t o c h e m i c a l  s t a i n i n g  

a) To t h y r o i d  l e s i o n s *  

Number o f  
T h y r o i d  d i s e a s e  p o s i t i v e  s t a i n i n g  

R e a c t i v i t y  
TCM-7 TCM-9 TCM-12 NMS 

F o l l i c u l a r  c a n c e r  2 + + +++ + 

P a p i l l a r y  c a n c e r  1 + + + ± 

G r a v e s '  d i s e a s e  0 - 

Adenoma 0 - 

b) To o t h e r  c a r c i n o m a  c e l l  l i n e s * *  

c e l l  l i n e  o r i g i n  TCM-7 TCM-9 TCM-12 NMS 

AZ521 g a s t r i c  . . . .  

5 -C-0  t h y r o i d  - ÷ + - - 

T h o m a s - W i r t s  r e n a l  ± ± ± ± 

HTC/C3( l l )  t h y r o i d  ± ÷ ÷ - - 

OG-90 l u n g  . . . .  

Normal  mouse se rum (NMS) was s i m u l t a n e o u s l y  u s e d  as  a c o n t r o l .  
*:  Two human t h y r o i d  f o l l i c u l a r  c a n c e r s ,  one p a p i l l a r y  c a n c e r ,  one G r a v e s '  
t i s s u e  and  one adenoma were t e s t e d .  
** :  TCM-9 shows c r o s s - r e a c t i v i t y  w i t h  u n d i f f e r e n t i a t e d  t h y r o i d  c a n c e r ,  b u t  
n o t  w i t h  g a s t r i c  and  l u n g  c a n c e r  c e l l s .  

n e i t h e r ( T a b l e  l b ) .  The  r e a c t i v i t y  o f  MoAbs w i t h  t h y r o i d  c a n c e r  was  n o t  

r e d u c e d  b y  100% m e t h a n o l  f o r  30 m i n  o r  50mM p e r i o d a t e  t r e a t m e n t  a t  r o o m  

t e m p e r a t u r e  f o r  30 m i n ( d a t a  n o t  s h o w n ) .  N e i t h e r  n o r m a l  m o u s e  s e r u m  n o r  a 

m o u s e  MoAb a g a i n s t  h u m a n  a l p h a  a t r i a l  n a t r i u r e t i c  p e p t i d e  ( a - A N P ) ( 6 )  g a v e  

a p o s i t i v e  r e s u l t  w i t h  t h e  t h y r o i d  c a n c e r  c e l l s  t e s t e d .  

2 .  B i n d i n g  o f  MoAbs w i t h  o t h e r  c a n c e r  c e l l  l i n e s  a n d  n o n - t h y r o i d a ]  t i s s u e s .  

A l l  t h e  3 HoAbs  ( T C M - 7 , - 9 , - 1 2 )  a n d  t h e  n o r m a l  m o u s e  s e r u m  c o n t r o l  

r e a c t e d  w e a k l y  w i t h  a r e n a l  c a n c e r  c e l l  l i n e  ( T h o m a s - W i r t s ) .  T h e y  d i d  n o t  

r e a c t  w i t h  g a s t r i c  o r  l u n g  c a n c e r  c e l l  l i n e s .  As s h o w n  i n  T a b l e  2 ,  m o s t  o f  

t h e  n o n - t h y r o i d a l  t i s s u e s  d i d  n o t  r e a c t  w i t h  TCM-9,  r e g a r d l e s s  o f  w h e t h e r  

t h e y  w e r e  b e n i g n  o r  m a l i g n a n t .  Some c a s e s  o f  s t o m a c h  c a n c e r ,  i m m a t u r e  

t e r a t o m a  a n d  s k i n  s q u a m o u s  c e l l  c a r c i n o m a  d i d ,  h o w e v e r ,  e x h i b i t  w e a k  

r e a c t i v i t y  w i t h  TCM-9.  

3 .  R e a c t i v i t y  w i t h  Tg  a n d  t h y r o i d  m i c r o s o m a l  a n t i g e n  

I n  SDS-PAGE a n d  e l e c t r o b l o t t i n g  a s s a y s ,  f o l l i c u l a r  c a n c e r  m e m b r a n e  

r e a c t e d  w i t h  TCM-9 a n d  g a v e  a s i n g l e  b a n d  w i t h  r e l a t i v e  m o l e c u l a r  w e i g h t  o f  

a p p r o x i m a t e l y  300  K u n d e r  r e d u c i n g  c o n d i t i o n s  ( F i g . 2 ) .  The  r e a c t i v i t y  o f  

TCM-9 was  s t r o n g e r  t h a n  t h a t  o f  TCM-7,  w h i c h  s h o w e d  a s i m i l a r  b a n d  a t  300  K 

( d a t a  n o t  s h o w n ) .  T he  l a c k  o f  p o s i t i v e  i m m u n o s t a i n i n g  o f  t h e  c o l l o i d ,  

4 0 8  
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Table 2. React ion  of TCM-9 with  va r ious  benign and mal ignant  l e s i o n s  

Malignant l e s i o n s  Benign l e s i o n s  

U te r ine  ce rv ix  
Squamous c e l l  ca.  case1 c e r v i c a l  polyp 

case2 

Ovary 
se rous  cys t  adenocarcinoma 
adenocarcinoma 

Liver  
h e p a t o c e l l u l a r  ca.  e a s e l  

case2 

+ 

Sof t  t i s s u e  
synov ia l  sarcoma 
immature te ra toma 

ep idermis  ÷ 
serous  e p i t h e l i u m  ÷ 
sweat gland ÷ 

Bone 

Stomach 
adenocarcinoma e a s e l  ÷ 

case2 ± 
case3 

Large i n t e s t i n e  
adenocarcinoma case1 

case2 

P i t u i t a r y  gland 

Skin 
squamous c e l l  c a . ( l i p )  
mal ignant  melanoma 

P r o s t a t e  
adenocarcinoma 

Lymph node 
non Hodgkin 's  lymphoma 

Kidney 
r e n a l  c e l l  ca.  

Nasopharynx 
nasopharyngeal  ca.  e a s e l  

case2 

c i r r h o s i s  

neurof ibroma e a s e l  
case2 

neurinoma e a s e l  
case2 
case3 

g ranu la r  c e l l  tumor 
angiol ipoma 
hemangioma 
pyogenic granuloma 
leiomyoma 
dermatofibroma 
desmoid tumor 

osteochondroma 
f i b r o u s  d y s p l a s i a  +? 

ATP 
inf lammatory polyp 

£ adenoma e a s e l  
case2 

adenoma 

normal lymph node 

The bone f i b r o u s  d y s p l a s i a  specimen con ta ined  abundant c a l c i f i c a t i o n .  

membrane p r e p a r a t i o n  o f  G r a v e s '  t i s s u e ,  and p u r i f i e d  hTg i n d i c a t e d  t h a t  

t h e s e  MoAbs l i k e l y  do n o t  b i n d  to  hTg, o r  a t  l e a s t  t o  i t s  n a t i v e  fo rm.  

T h i s  was f u r t h e r  c o n f i r m e d  by s e v e r a l  m e t h o d s .  A n t i b o d i e s  TCM-7 and 9 d i d  

n o t  a g g r e g a t e  l a t e x  b e a d s  c o a t e d  w i t h  hTg or  t h y r o i d  m i c r o s o m a l  

a n t i g e n ( d a t a  n o t  shown}.  When 1 2 5 I - l a b e l e d  hTg was i n c u b a t e d  w i t h  TCM-7 or  

409 
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Fig. 2. 
Western b l o t t i n g  with TCM-9. SDS-PAGE of a follicular carcinoma 

membrane reac ted  with TC~4-9 showing a s ing le  band (300 K). Lines i n d i c a t e  
the p o s i t i o n  of s tandard  molecular markers; 19S thy rog lobu l in  (660 K), 
reduced thy rog lobu l in  (330 K), myosin (200 K) and E. co l i  /3- 
g a l a c t o s i d a s e  (116 K). 

Fig. 3. 
Ef fec t  of TCM-9 on the b ind ing  of hTg with an t i -hTg a n t i b o d i e s .  
Addit ion of TCM-7 (open c i r c l e )  or TCM-9 (closed c i r c l e )  did not 

i n f luence  the s tandard  b ind ing  curve when compared to the add i t i on  of 
c on t r o l  MoAbs (anti-human A•P ant ibody) (closed t r i a n g l e )  or bu f f e r  (open 
t r i a n g l e ) .  

-9  and p r e c i p i t a t e d  by A f f i - G e l  P r o t e i n  A, no s i g n i f i c a n t  i n c r e a s e  in  t h e  

p r e c i p i t a t e d  r a d i o a c t i v i t y  was o b s e r v e d  when compared to  a n t i - h u m a n  ~-ANP 

MoAb (a n e g a t i v e  c o n t r o l ) ,  or  p o l y c l o n a l  hTg a n t i b o d y  (a p o s i t i v e  c o n t r o l ,  

d a t a  no t  shown).  F u r t h e r ,  i n c u b a t i o n  of  s t a n d a r d  hTg p r e p a r a t i o n s  w i t h  

TCM-7, -9 and c o n t r o l  MoAb d id  no t  a f f e c t  t h e  s t a n d a r d  c u r v e s  of  hTg IRMA 

{Fig.  3 ) .  The IRMA sys tem i s  composed of  two a n t i - h T g  MoAbs, which  

r e c o g n i z e  d i f f e r e n t  e p i t o p e s  on t h e  hTg m o l e c u l e .  I f  TCM-7 or  TCM-9 bound 

to  t h e  same or  p r o x i m a l  s i t e  as t h e  IRMA a n t i - h T g  MoAbs, t h e  s t a n d a r d  c u r v e  

would s h i f t .  The a b s e n c e  of  t h i s  r e s u l t  i n d i c a t e s  t h a t  no i n h i b i t i o n  of  

t h e  b i n d i n g  of  hTg w i t h  t h e  p r o v i d e d  monoc lona l  a n t i - h T g  a n t i b o d y  o c c u r r e d .  

The u n d i f f e r e n t i a t e d  t h y r o i d  c a n c e r  c e l l  l i n e s  (HTC/C3 and 5-C-0)  

were n o t  immunos t a ined  w i t h  a n t i  human Tg {da ta  n o t  shown).  As d e s c r i b e d  

above ,  TCM-9 r e a c t e d  w i t h  t h e  u n d i f f e r e n t i a t e d  t h y r o i d  c a n c e r  (two c e l l  

l i n e s  and one t i s s u e  l e s i o n ) .  Thus,  TCM-9 r e c o g n i z e s  a n o v e l  t h y r o i d  

c a n c e r  s p e c i f i c  e p i t o p e  no t  a m o l e c u l e  of  t h y r o g l o b u l i n .  

DISCUSSION 

I m m u n o h i s t o c h e m i c a l  s t u d i e s  of  v a r i o u s  t h y r o i d  t i s s u e s  w i t h  t h e s e  

MoAbs r e v e a l e d  t h a t  a l l  t h r e e  s t a i n e d  d i f f e r e n t i a t e d  c a n c e r  c e i l s .  
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R e c e n t l y ,  t h e r e  have been many r e p o r t s  i n d i c a t i n g  t h a t  cancer  c e l l s  are  

un ique  in  t h a t  they  have v a r i o u s  a b n o r m a l i t i e s  i n  the  ca rbohydra t e  moie ty  

of the s t r u c t u r e  of p r o t e i n s  t h a t  can be d e t e c t e d  by MoAb (8) .  P e r i o d a t e  

and m e t h a n o l  t r e a t m e n t s  of the membrane p r e p a r a t i o n  d id  not  a f f e c t  the 

b i n d i n g  of TCM-9. These o b s e r v a t i o n s  i n d i c a t e  t h a t  TCM-9 r e c o g n i z e s  the 

p c p t i d e  p o r t i o n  but  not  the  ca rbohydra te  nor l i p i d  component of the  a n t i g e n  

molecu le .  Many MoAbs produced by immuniza t ion  with p u r i f i e d  hTg have been 

r e p o r t e d  (9 -14) ,  and a c e r t a i n  amount of s t r u c t u r a l  h e t e r o g e n e i t y  of Tg i n  

cancer  t i s s u e s  or s e r a  of p a t i e n t s  have been i n d i c a t e d  by these  MoAbs. 

These p r e v i o u s  r e p o r t e d  MoAbs l i k e l y  r e a c t  wi th  n a t i v e  hTg, whereas our 

r e s u l t s  i n d i c a t e  t h a t  TCM-7, -9 and -12 do not  r e a c t  wi th  n a t i v e  hTg from 

b e n i g n  t h y r o i d  t i s s u e s .  A l l  the Tg s p e c i f i c  monoclonal  a n t i b o d i e s  r e p o r t e d  

p r e v i o u s l y  r e c o g n i z e s  the  pep t i de  p o r t i o n  of the molecule  p r e d o m i n a n t l y  

(15) or a c o n f o r m a t i o n a l  s t r u c t u r e  of Tg (11) .  The monoclonal  a n t i b o d i e s  

i n  t hese  s t u d i e s  were s e l e c t e d  to r ecogn ize  n a t i v e  Tg, a l though  some showed 

d i f f e r e n t  r e a c t i v i t i e s  a g a i n s t  serum Tg in  t h y r o i d  cancer  p a t i e n t s  and 

p a t i e n t s  wi th  n o n - m a l i g n a n t  t h y r o i d  d i s e a s e s  (9) .  The monoclonal  a n t i b o d y  

TCM-9 was s e l e c t e d  not  to r ecogn ize  n a t i v e  Tg. Fur thermore ,  to  our 

knowledge, t h e r e  i s  no r e p o r t  about  the  monoclonal  a n t i b o d y  a g a i n s t  human 

u n d i f f e r e n t i a t e d  t h y r o i d  cance r .  Thus, TCM-9 i s  a nove l  MoAb a g a i n s t  

t h y r o i d  cancer  s p e c i f i c  a n t i g e n .  I t  w i l l  p o t e n t i a l l y  have a p p l i c a t i o n  in  

f u t u r e  s t u d i e s .  
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