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Summary. Thyroid tissue specimens from 27 patients with thyroid tumors 
were examined for thyroxine (T4) and triiodothyronine (T3) by the peroxi- 
dase-labeled antibody method. The result revealed localization of T4 in 12 
of the 14 follicular adenomas, in all the 8 papillary carcinomas and in 
1 of the 3 follicular carcinomas studied, and of T3 in 13 of the 14 follicular 
adenomas, in all the 8 papillary carcinomas and in all the 3 follicular carcino- 
mas. 

In the tumor tissue, the thyroid hormones were demonstrated in the 
colloid substance, on the luminal surface of tumor cells and in their cyto- 
plasm. Compared with nontumorous thyroid tissue, the tumor tissue showed 
localization of the hormones predominantly in the cytoplasm and to a lesser 
extent in the colloid substance, with conspicuous variations in tissue distribu- 
tion of positive areas and intensity of staining. This tendency was more 
marked in thyroid carcinomas. 

The demonstration of T~ and T3 in routine histological paraffin sections 
of formalin-fixed thyroid tissues in this investigation indicates potential 
usefulness of thyroid hormone detection by the peroxidase-labeled antibody 
technique. It is an effective diagnostic tool for evaluating the functional 
activity of thyroid tumors as well as for determining whether a malignant 
growth under examination originates from the thyroid. 
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Introduction 

Most tumors of the thyroid are regarded as non-functioning since they rarely 
produce clinical manifestation of thyrotoxicosis, except in the case of Plummer's 
disease (Werner 1978). However, it is suggested from results of scintigraphical 
analysis of 131I uptake (Lobo et al. 1965 ; Miller and Hamberger 1965), immuno- 
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his tochemical  demons t r a t ion  of thyroglobul in  local izat ion in tissues (Dralle and 
B6cker 1977; B6cker et al. 1978; Lo Gerfo et al. 1978; B6cker et al. 1980) 
and detect ion of various enzyme activities (Lindsay and Arico 1963; Harcour t -  

Webster  and Stott  1966) that  thyroid tumors  are by no  means  literally nonfunc -  
t ioning in respect of h o r m o n e  produc t ion  and ma in t a in  some, though no t  exces- 
sive, thyroid func t ion  (Valenta 1976; Valenta  and Michel-B~chet 1977). 

Recently,  immunoh i s tochemica l  demons t r a t ion  of thyroid ho rmones  in 
tissues from labora tory  animals  was reported (Wilson et al. 1978), and subse- 
quently,  we were successful in the detect ion of the ho rmones  in paraff in sections 
of biopsy and surgical thyroid tissue using an immunoperox idase  technique 
(Kawaoi  et al. 1981). The purpose  of this study was to evaluate thyroid funct ion  
in thyroid tumors  clinically diagnosed as non tox ic  using immunohis tochemica l  
detect ion of hormones .  At  the same time we in tended to compare  the f indings 
with those noted  for n o n t u m o r o u s  thyroid tissues. 

Materials and Methods 

Materials. Biopsy or surgical specimens of thyroid tumors obtained from 27 patients were studied. 
These included 14 cases of follicular adenoma, 1 case of papillary adenoma, 8 cases of papillary 
carcinoma, 3 cases of follicular carcinoma and 1 case of anaplastic carcinoma. Eleven other speci- 
mens, colloid goiter (1 case), adenomatous goiter (2 cases) and goiter of Basedow's disease (8 
cases) were also investigated as controls. All tissues were fixed in 10% neutral formalin, embedded 
in paraffin and cut into thin sections by the routine histological procedure. 

Antisera and Peroxidase-Labeled Antibody. Anti-thyroxine (Tr and anti-triiodothyronine (T3) rabbit 
antisera were products of E.Y Laboratories, Inc. San Mateo, Cal., and Cappel Laboratories, Coch- 
ranville, PA. Both antisera, which had been prepared by the use of bovine serum albumin (BSA) 
as a carrier protein for the-hapten, were completely deprived of anti-BSA activity by incubation 
with BSA prior to use for staining. Concomitantly, absorption tests of the antisera were also 
carried out with T4 and T 3 to confirm specificity of the immune staining, of which the procedure 
was described elsewhere (Kawaoi et al. 1981). Peroxidase-labeled anti-rabbit IgG goat gammaglobu- 
lin was prepared in this laboratory by the method of Nakane and Kawaoi (Nakane and Kawaoi 
1974). 

Immune Staining. The indirect peroxidase-labeled antibody technique was employed. After deparaf- 
finization, tissue sections were immersed in 0.01M phosphate buffered saline, pH 7.2 (PBS), for 
10-15 rain, and incubated with anti-T4 or anti-T3 rabbit antiserum (diluted to 1:40 in PBS containing 
1% BSA) at room temperature for 60 rain. After thoroughly rinsing with sufficient PBS, the sections 
were incubated with a 1:40 dilution of peroxidase-labeled antibody at room temperature for 30 rain, 
and finally incubated with 3,3' diaminobenzidine (DAB) containing 0.005% hydrogen peroxide 
(Graham and Karnovsky 1966) for 10-15 min, followed by dehydration and sealing for microscopic 
observation. Tissue sections treated by using antisera specifically absorbed with the antigens or 
nonimmune rabbit serum in place of the antisera, or incubated merely with the substrate solution 
were observed as controls for staining. None of these control tissues proved positive except for 
reactivity due to endogenous enzyme activities of the erythrocytes. No thyroid peroxidase activity 
in follicular epithelium was demonstrated in any of the controls studied. 

Results 

The results of i m m u n e  s ta ining for T4 and T3 are summar ized  in Table  1. 
Of the 15 cases of adenoma,  12 were positive for T4 and  the remain ing  3 
(papillary adenoma,  Htir thle cell a d e n o m a  and  tubu la r  adenoma)  negative. Thir-  
teen cases of a d e n o m a  were positive for T3 and one case of Hiir thle  cell a de noma  
showed negative staining. 
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Table 1. Result of Immune Staining of Nontoxic Thy- 
roid Tumors for T 4 and T 3 

Tumors Cases Positive for 

T4 T3 

Follicular adenoma 14 12 13 
Trabecular adenoma 1 1 1 
Tubular adenoma 10 9 10 
Colloid adenoma 2 2 2 
Hiirthle cell adenoma 1 0 0 

Papillary adenoma 1 0 n.d. 
Papillary carcinoma 8 8 8 
Follicular carcinoma 3 1 3 
Anaplastic carcinoma 1 0 n.d. 

Total 27 21 24 

n.d. : not done 

All the eight papillary carcinomas gave positive reactions for both T~ and 
T3, and the three follicular carcinomas for T 3. The anaplastic carcinoma showed 
no appreciable reaction for T4. 

Localization in Normal and Hyperplastic Thyroid Tissues. In normal  and hyper- 
plastic thyroid tissues, T 4 was demonstrated chiefly in the colloid substance 
of follicles although the intensity of staining varied f rom follicle to follicle, 
some being completely negative (Fig. 1). The luminal surface of follicular epithe- 
lium was often intensely stained and, in cases of hyperplasia, some follicular 
epithelial cells were found stained within the cytoplasm. 

T 3 tended to be localized not so much in the colloid substance as in the 
epithelial cytoplasm, the staining being generally less conspicuous than that 
for T 4 (Fig. 2). 

Localization in Thyroid Adenoma. Both T4 and T3 were demonstrable in the 
majority of cases as described above though the intensity of staining differed 
markedly among the cases. Localization of T 4 was not limited to the colloid 
substance in follicles but, frequently, follicles with negative reactivity of colloid 
substance showed positive staining in the epithelial cells (Fig. 3a). Occasional 
follicular epithelia had a linear positive staining along their inner aspect while 
epithelial ceils uniformly positive in the entire cytoplasm were not infrequently 
encountered (Fig. 4). 

The adenomas with well differentiated follicular structures showed remark- 
able staining for T4 (Fig. 3a). T 4 specific staining was evident, nevertheless, 
even in tissues with poorly developed follicles. 

The intensity of epithelial staining for T4 varied not only from one follicle 
to another but also among the cells within the same follicles (Fig. 4). Markedly 
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Fig. 1. Normal thyroid tissue. T~ immune staining is localized mainly in colloid substance with 
variable intensity, x 185 

Fig. 2. Diffuse hyperplasia. T3 positive cells are irregularly distr ibuted The lumina of the colloid 
follicles are negative, x 370 
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Fig. 3. a Tubular adenoma. Most of the follicles show positive staining for T~ in colloid substance 
as well as epithelial cytoplasm, x 185. b Tubular adenoma. T 3 positive epithelial cells are scattered 
among the negative ones. The colloid substance is not stained for T3. x 370 

Fig. 4. Tubular adenoma. The intensity of T4 staining varies among the epitheIial cells within 
the same follicles. • 370 
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Fig. 5. a Papillary carcinoma, T4 positive cells disperse in the tissue, x 370. b Papillary carcinoma. 
One glandular structure composed of T4 positive cells is seen surrounded by negative area. The 
content of the gland is also stained, x 370 

Fig. 6. a Papillary carcinoma. Cytoplasmic staining for T4 is evident, leaving negative nuclear 
site. • 740, b Papillary carcinoma. T 3 positive cells are scarce and scattered in the tumor  tissue. 
x 370 
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positive cells were intermixed with completely negative cells in occasional folli- 
cles. Moreover, not infrequently even the epithelium of a follicle with a narrow 
lumen, almost devoid of colloid substance, was stained for T4. 

The study also revealed localization of T3 in adenomas, with a less conspicu- 
ous degree of staining for T4 than in normal thyroid tissues. T3 was likely 
to be localized more in the epithelium than in the colloid substance (Fig. 3). 

Neither T 4 nor T a was demonstrated in the case of H/irthle cell adenoma. 

Localization in Thyroid Carcinoma. Both T 4 and T 3 were demonstrated in thyroid 
carcinomas with essentially the same frequencies as in the adenomas. However, 
generally, areas positive for these hormones were considerably limited and sparse 
in the tumor (Figs. 5, 6). The mode of their localization in carcinomas was 
comparable to that observed in the adenomas, but the malignant tissues dis- 
played a distinct trend for localization in the epithelial cytoplasm and more 
pronounced varieties in intensity of staining within the same tissue (Fig. 5b). 
In most instances, the hormones were distinctly demonstrated in relatively small 
areas of tumor tissue, most of which was negative (Fig. 6). 

Discussion 

Histological evaluation of the function of the thyroid gland is usually achieved 
by such techniques as autoradiographic study of i25I uptake (Fujita 1969), 
histochemical detection of various enzymes (Lindsay and Arico 1963; Harcourt- 
Webster and Stott 1966; Strum and Karnovsky 1970) and immunohistochemical 
demonstration of thyroglobulin (Pelletier et al. 1976; Paiement and Leblond 
1977), which have been generally regarded as effective diagnostic tools for detect- 
ing latent function in thyroid tumors (Dralle and B6cker 1977; B6cker et al. 
1978; B6cker and Dralle 1980). 

Immunohistochemical demonstration of thyroid hormones which are the 
final products of thyroid function is considered to be the most direct means 
for evaluating the thyroid hormone production, but it has only recently been 
reported that T4 and T 3 can be detected by immunofluorescence in frozen 
sections of the rat thyroid gland (Wilson et al. 1978). We have successfully 
demonstrated T~ and T 3 by immunoperoxidase method in formalin-fixed, paraf- 
fin-embedded tissue sections of human thyroids (Kawaoi et al. 1981). 

In the present investigation, an attempt was made to detect these thyroid 
hormones by the use of peroxidase-labeled antibody method in series of nontoxic 
thyroid tumors. The hormones were demonstrated in the majority of the cases 
studied, regardless of whether the tumors being benign or malignant. The results 
indicate that many of the so-called nonfunctioning thyroid tumors have potential 
ability for hormone synthesis. 

Compared with nontumorous thyroid tissues including hyperplasia, the tu- 
mor tissues showed a marked tendency for intracytoplasmic localization of 
T4, with conspicuous inter-follicular and inter-epithelial variation. These immu- 
nohistochemical features of the thyroid tumors might suggest some disturbance 
in mechanism of hormone secretion in tumor cells as well as functional hetero- 
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genei ty of  the t u m o r  tissue ( T h o m a s - M o r v a n  et al. 1974). Whi le  there have 
been repor t s  o f  m a r k e d  inter-cel lular  differences in t hy rog lobu l in  loca l iza t ion  
in t umors  (B6cker  et a l .  1980), the  t endency  observed  in this s tudy for  local iza-  
t ion of  cells p roduc ing  T4 was m a r k e d ,  f rom which  it m a y  be pos tu la t ed  tha t  
these cells represent  only  a pa r t  of  the t u m o r  cell p o p u l a t i o n  tha t  are func t iona l ly  
d i f ferent ia ted  to an extent  tha t  permi t s  t hy rog lobu l in  p roduc t ion .  

The s imi lar i ty  of  the loca l iza t ion  of  T4 and T 3 to tha t  of  t hy rog lobu l in  
(Dra l le  and  BScker  1977; B6cker  e t a l .  1980) suggests tha t  these h o r m o n e s  
mos t ly  occur  b o u n d  to t hy rog lobu l in  in t u m o r  tissues. I t  c anno t  be de te rmined ,  
except  by  a de ta i led  i m m u n o e l e c t r o n  mic roscop ic  analysis ,  which  stage in the 
process  f rom biosynthes is  in the t hy rog lobu l in  molecule  to re ten t ion  in the 
fo l l icular  space,  r e abso rp t i on  into  the ep i the l ium and f inal  hydro ly t i c  b r e a k d o w n  
the T 4 and T 3 immunoreac t iv i t i e s  in t hy ro id  tissue migh t  be. 

The  i m m u n o h i s t o c h e m i c a l  d e m o n s t r a t i o n  of  t hy ro id  h o r m o n e s  in the rou t ine  
h i s topa tho log i ca l  p r epa ra t i ons  of  thyro id  tumors  in the present  s tudy indicates  
the po ten t i a l  usefulness of  the technique  in p a t h o l o g y  of  the thy ro id  tumors .  
I t  permi ts  the d iagnos is  o f  la ten t  h o r m o n e  p roduc ing  act ivi ty of  thyro id  tumor ,  
conf i rming  whe ther  the n e o p l a s m  under  examina t ion  or iginates  f rom the thy ro id  
gland,  and  he lp ing  to classify thy ro id  t umors  on a func t iona l  basis.  

Acknowledgements. The authors wish to thank Miss H. Sato for technical assistance and Miss 
H. Tajima for preparing the manuscript. 

This study was supported in part by Grant-in-Aid 457104 from the Ministry of Education, 
Science and Culture, Japan. 

References 

BScker W, Dralle H, Koch G, de Heer K, Hagemann J (1978) Immunohistochemical and electron 
microscope analysis of adenoma of the thyroid gland. II. Adenomas with specific cytological 
differentiation. Virchows Arch A Path Anat and Histol 380:205-220 

BScker W, Dralle H, Hiisselmann H, Bay V, Brassow M (1980) Immunohistochemical analysis 
of thyroglobulin synthesis in thyroid carcinomas. Virchows Arch A Path Anat and Histol 
385 : 187-200 

Dralle H, B6cker W (1977) Immunohistochemical and electron microscope analysis of adenoma 
of the thyroid gland. I. A comparative investigation of hot and cold nodules. Virchows Arch 
A Path Anat and Histol 374:285 301 

Fujita H (1969) Studies on the iodine metabolism of the thyroid gland as revealed by electron 
microscopic autoradiography of 12sI. Virchows Arch B Zellpathol 2:265-27 9 

Graham RC, Karnovsky MJ (1966) The early stages of absorption of injected horseradish peroxidase 
in the proximal tubules of mouse kidney: Ultrastructural cytochemistry by a new technique. 
J Histochem Cytochem 14:291-302 

Harcourt-Webster JN, Stott NC (1966) Histochemical study of oxidative and hydrolytic enzymes 
in the human thyroid. J Pathol Bacteriol 92:291-302 

Kawaoi A, Okano T, Nemoto N, Shikata T (1981) Immunohistochemical demonstration of thyroid 
hormone in paraffin embedded human thyroid tissues. Acta Histochem Cytochem 14:in press 

Lindsay S, Arica IM (1963) Enzyme histochemistry of the human thyroid gland. Arch Pathol 
75:627-647 

Lobo LCG, Rosenthal D, Fridman J (1965) Evolution of autonomous thyroid nodules. In: Current 
topics in thyroid research. Academic Press, New York-London, p 892 

Lo Gerfo P, Li Volsi V, Colacchio D, Feind C (1978) Thyroglobulin production by thyroid cancers. 
J Surg Res 24 : 1-6 

Miller JM, Hamberger JI (1965) The thyroid scintigram. I. The hot nodule. Radiology 84:66-74 



Immunohistochemical Detection of T 4 and T 3 in Nontoxic Thyroid Tumors 257 

Nakane PK, Kawaoi A (I974) Peroxidase labeled antibody. A new method of conjugation. J 
Histochem Cytochem 22:1084--1091 

Paiement J, Leblond CP (1977) Localization of thyroglobulin antigenicity in rat thyroid sections 
using antibodies labeled with peroxidase or 12Sl_radioiodine. j Cell Biol 74:992-1015 

Pelletier G, Puviani R, Dussault JH (1976) Electron microscope immunohistochemical localization 
of thyroglobulin in the rat thyroid gland. Endocrinology 98:1253-1259 

Strum JM, Karnovsky MJ (1970) Cytochemical localization of endogenous peroxidase in thyroid 
follicular cells. J Cell Biol 44:655 666 

Thomas-Morvan C, Nataf B, Tubiana M (1974) Thyroid proteins and hormone synthesis in human 
thyroid cancer. Acta Endocrinol 76:651 669 

Valenta LJ (1976) Thyroid peroxidase, thyroglobulin, cAMP and DNA in human thyroid. J Clin 
Endocrinol Metab 43:466 469 

Valenta LJ, Michel-B+chet M (1977) Ultrastructure and biochemistry of thyroid carcinoma. Cancer 
40 : 284-300 

Werner SC (1978) Hyperthyroidism. In: The thyroid, Harper & Row, Hagerstown-Maryland-New 
York-San Francisco-London, p 589 

Wilson M, Hitchcock KR, DeLellis RA (1978) Immunohistochemical localization of thyroid hor- 
mone in rat thyroid gland. J Histochem Cytochem 26:1121-1124 

Accepted October 13, 1980 


