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Expression of Fibroblast Growth Factor-2 and Fibroblast 

Growth Factor Receptor-1 in Thyroid Diseases: 

Difference between Neoplasms and Hyperplastic Lesions
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Abstract. We studied the expression of both fibroblast growth factor-2 (FGF-2) and FGF receptor-1 

(FGFR-1) in various histological types of human thyroid neoplastic and hyperplastic tissues to clarify the 
biological behavior of FGF-2. A total of 37 malignant tumors (24 papillary carcinomas, 10 follicular 

carcinomas, 3 anaplastic carcinomas), 8 follicular adenomas, and 12 adenomatous goiters were examined 

by immunohistochemical methods. With immunohistochemical staining, both FGF-2 and FGFR-1 were 

frequently detected in human thyroid carcinoma (79.2 to 100% and 80 to 100%, respectively). In thyroid 

hyperplastic lesions such as adenomatous goiter, the FGF-2 immunoreactivity in follicular cells was 

detected in 2 of 12 adenomatous goiters (16.7%). In contrast, FGFR-1 immunoreactivity was detected in 

66.7% of cases of this disease. The endothelial cells of microvessels in the stroma adjacent to the 

neoplasms and hyperplastic lesions also showed cytoplasmic FGF-2 immunoreactivity. The difference 

between FGF-2 and FGFR-1 expression in adenomatous goiters was statistically significant (P<0.05). 

Furthermore, the difference in FGF-2 immunoreactivity between carcinoma and adenomatous goiter was 

statistically significant (P=0.0001). The present investigation demonstrated the possibility of an 
autocrine mechanism of action of FGF-2 in human thyroid carcinoma. Moreover, in thyroid hyperplastic 

lesions, FGF-2 derived from the stroma might be involved in the formation of nodular and/or diffuse 

goiters.
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THE fibroblast growth factor (FGF) family consists 

of polypeptide growth factors characterized by 

amino acid sequence homology, heparin-binding 

activity, the ability to promote angiogenesis, and 

mitogenic activity toward cells of epithelial, 

mesenchymal, and neural origin. At present, nine 

members of this growth factor family are known. 

Several FGFs were isolated as oncogenes from 

various tumors, and overexpression of different
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members of the FGF family can lead to cell 

transformation [1, 2]. FGF-1(acidic FGF) and FGF-

2 (basic FGF) are the first and best characterized 

members of this family. These prototypic FGFs 

are widely distributed in adult tissues [1, 3]. We 

[4] previously demonstrated a close correlation 

between the expression of FGF-2 and the degree of 

malignancy in human thyroid neoplasms by 

immunohistochemical and biochemical procedures, 

and suggested that FGF-2 plays an important role 

in promoting lymph node metastasis. 

 In general, polypeptide growth factors mediate 

their mitogenic responses by binding to and 

activating specific cell-surface receptors. A large 

family of growth factor receptors possess
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cytoplasmic domains with intrinsic protein tyrosine 

kinase activities [5-7]. The FGF receptor (FGFR) 

family, which includes at least four species, also 

belongs to the tyrosine kinase receptor gene family 

[8]. 

 To clarify the biological behavior of FGF-2 in 

human thyroid diseases, we investigated the 

expression of both FGF-2 and FGFR-1 (FLG), one 

of the high-affinity FGFRs for FGF-2, in various 

histological types of human thyroid neoplastic and 

hyperplastic tissues by immunohistochemical 

procedures.

Materials and Methods

Tissue preparation

 Surgically removed thyroid tissues were utilized 

in this study. We examined 37 malignant tumors 

(24 papillary carcinomas, 10 follicular carcinomas, 

3 anaplastic carcinomas), 8 follicular adenomas, and 

12 adenomatous goiters. Histopathological 

diagnosis of the tumors was made according to 

the World Health Organization criteria [9]. Normal 

tissues, histologically confirmed, obtained from the 

noncancerous portion of papillary carcinomas in 

five patients were also used as controls. None of 

the patients received any medical treatment prior 

to our surgical intervention. 

 Small pieces of the removed tissues were 

immediately fixed in 10% phosphate-buffered 

f ormalin solution, dehydrated through a graded 

ethanol series, cleared in xylene, and embedded in 

paraffin. 4 pm thick sections were cut on a sliding 
microtome and collected on glass slides coated with 

ovalbumin.

Immunohistochemical staining methods

 After deparaf f inization with xylene and passage 

through a graded ethanol series, one section was 

stained in hematoxylin and eosin, and the others 

were used for immunostaining. Immunoperoxidase 

staining was performed according to the avidin-

biotin-peroxidase complex technique [10]. 

Endogenous peroxidase activity was inactivated by 

incubation with 0.3% H2O2 in 100% methanol for 

30 min. Tissue sections were washed three times 

in 0.02 M phosphate-buffered saline (PBS; pH 7.4)

for 5 min each and then incubated with blocking 

serum [5% normal goat serum in 0.02 M PBS (pH 

7.4)] for 30 min. All incubations were performed 

at room temperature in moist chambers. The 

sections were then reacted in the following 

solutions for 1 h each: (1) A solution of an anti-

human basic FGF monoclonal antibody (WAKO 

Pure Chemical Industries, Osaka, Japan) diluted 

1:100 and an anti-human FGFR (FLG) monoclonal 

antibody (Upstate Biotechnology Incorporated, 

Lake Placid, NY, USA) diluted 1: 200; (2) 

Biotinylated anti-mouse IgG solution and avidin-

biotinylated peroxidase complex solution from a 

Vectastain ABC Kit (Vector Laboratories, 

Burlingame, CA, USA). All the antibody solutions 

were diluted with 0.02 M PBS (pH 7.4). After 

incubation in the antibody solutions, the sections 

were soaked in medium containing 0.05% 3,3'-

diaminobenzidine tetrahydrochloride and 0.01% 

H2O2 in 0.05 M Tris buffer (pH 7.2) for 10 min. 

The reaction was stopped by rinsing the slides with 

distilled water. The sections were then 

counterstained with hematoxylin, dehydrated, 

cleared in xylene, mounted under glass coverslips 

and examined and photographed under an 

Olympus Vanox AHB-LB light microscope 

(Olympus Optical, Tokyo, Japan). 

 The specif icities of immunostaining were checked 

by omitting the single steps in the immuno-

histochemical protocol and replacing the primary 

antibody with non-immune serum or by incubation 

with the primary antibody preabsorbed with an 

excess of antigen [recombinant human basic FGF 

(Sigma, St. Louis, MO, USA), human FGF receptor 

preparation (Upstate Biotechnology Incorporated, 
Lake Placid, NY, USA)]. 

 For statistical analyses, Fisher's exact test was 

employed. Differences were considered to be 

statistically significant when the P value was < 0.05.

Western blotting analysis

 Papillary carcinomas and adenomatous goiters 

showing positive immunohistochemical staining for 

FGF-2 were further examined by Western blotting 

analysis to confirm the specificity of the staining 

according to the method described in our previous 

report [4]. Briefly, samples of these tissues had 

been frozen immediately after removal and stored 

at - 80 °C until used. Tissue extracts were prepared
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by homogenization in 0.01 M Tris-HC1(pH 7.4), 

1M NaCI, 0.1% w/v 3-[(3-cholamidopropyl) 

dimethylammonio]-1-propanesulfonate (CHAPS), 

leupeptin 0.2 mg/ml, and 0.001 M phenylme-

thylsulfonylfluoride on ice. The homogenate was 

centrifuged and the supernatant was applied to a 

heparin-Sepharose column (Pharmacia, Piscataway, 

NJ, USA). FGF-2 was eluted with 2 M NaCI in 

0.01 M Tris-HC1(pH 7.4) at 20 °C and 0.1% w/v 

CHAPS. This solution was dissolved in sodium 

dodecyl sulfate (SDS) sample buffer and electro-

phoresed on an SDS-polyacrylamide gel. 
Recombinant human basic FGF was electro-

phoresed simultaneously. Samples were blotted 
from gels onto nitrocellulose membranes by 

electrotransfer. Blots were then incubated at 20 °C 

for 30 min in buffer containing the same primary 

antibody used for immunohistochemical staining. 

Immunoreactive proteins were visualized by 

successive incubations with goat anti-mouse 

immunoglobulin conjugated with horseradish 

peroxidase (WAKO Pure Chemical Industries, 
Osaka, Japan) and 3,3'-diaminobenzidine 

tetrahydrochloride/H2O2. The method for 

detection of FGFR-1 expression in papillary 

carcinomas employing Western blotting analysis 

was much the same as that described above except 

without using a heparin-Sepharose column.

Results

FGF-2 and FGFR-1 expression in thyroid diseases

 The results of FGF-2 and FGFR-1 immunostaining 

of tissue sections obtained from patients with 

various thyroid diseases are summarized in Table

1. FGF-2 immunoreaction products were observed 

in the cytoplasm of tumor cells in 19 of 24 cases of 

papillary carcinoma (79.2%) (Fig. 1), and those of 
FGFR-1 were observed in the cytoplasm in 22 of 

the 24 cases (91.7%) (Fig. 2). Tumor cells were 

positively stained for both FGF-2 and FGFR-1 in 8 
of the 10 cases of follicular carcinoma (80.0%). The 

reaction products of FGF-2 were mainly observed 

in the cytoplasm and some in the nucleus (Fig. 3), 

while those of FGFR-1 were mainly seen in the 

cytoplasm (Fig. 4). In all 3 cases of anaplastic 

carcinoma, immunohistochemical assays revealed 

positive staining for FGF-2 and FGFR-1 in the tumor 
cells. FGF-2-positive cells were stained more 

intensely than those in papillary and follicular 

carcinoma (Fig. 5). FGFR-1 staining was also found 

in the cytoplasm (Fig. 6). 

 With follicular adenomas, both FGF-2-positive 

cases (62.5%) and FGFR-1- positive cases (50.0%) 

showed similar staining to those of well-

differentiated follicular carcinoma. Immuno-

reaction products of FGF-2 were observed in the 

cytoplasm of the follicular cells in 2 of the 12 cases 

of adenomatous goiter (16.7%) (Fig. 7). FGFR-1-

positive cells were found in 8 of the 12 cases (66.7%) 
(Fig. 8). 
 The endothelial cells of microvessels in the stroma 

adjacent to the neoplasms and hyperplastic lesions 

also showed cytoplasmic FGF-2 immunoreactivity 

(Fig. 9). On the other hand, the endothelial cells 
away from the lesions did not show any 

cytoplasmic FGF-2 immunoreactivity. All of the 5 

normal thyroid tissues were negative in these 

immunohistochemical assays. Controls using 

nonimmune serum instead of the primary antibody 

and the primary antibody preincubated with excess 

antigen showed no staining.

Table 1. Results of FGF-2 and FGFR-1 immunostaining in thyroid diseases
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Comparison of FGF-2 and FGFR-1 expression in 
neoplasms and hyperplastic lesions

 According to the histopathological diagnosis, 

thyroid diseases were divided into three groups: 

carcinoma, adenoma, and adenomatous goiter. 

FGF-2 and FGFR-1 expression in these three groups 

was compared. As shown in Table 2, the positive 

rates of FGF-2 and FGFR-1 in carcinoma were more 

than 80%. Those in adenoma were more than 50%. 

In contrast, in adenomatous goiter, although the 

FGF-2-positive rate was 16.7%, that of FGFR-1 was 

66.7%.

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

Light microscopic photograph showing the 
immunohistochemical localization of FGF-2 in 

papillary carcinoma. Reaction products were 
observed in the cytoplasm of the tumor cells 
(arrows) (x 400). 
Light microscopic photograph showing the 
immunohistochemical localization of FGFR-1 in 

papillary carcinoma. Reaction products were 
observed in the cytoplasm (arrows) (x 400). 
Light microscopic photograph showing the 
immunohistochemical localization of FGF-2 in 
follicular carcinoma. Reaction products were 
mainly observed in the cytoplasm and some were 
seen in the nucleus (arrows) (x 400). 
Light microscopic photograph showing the 
immunohistochemical localization of FGFR-1 in 
follicular carcinoma. Reaction products were 
mainly observed in the cytoplasm (x 400). 
Light microscopic photograph showing the 
immunohistochemical localization of FGF-2 in 
anaplastic carcinoma. Reaction products were 
mainly observed in the cytoplasm and some were 
seen in the nucleus (arrows)(x 400). 
Light microscopic photograph showing the 
immunohistochemical localization of FGFR-1 in 
anaplastic carcinoma. Reaction products are 
observed in the cytoplasm (x 400). 
Light microscopic photograph showing the 
immunohistochemical localization of FGF-2 in 
adenomatous goiter. No immunoreactivity was 
evident in the cytoplasm of the follicular cells (x 
400). 
Light microscopic photograph showing the 
immunohistochemical localization of FGFR-1 in 
adenomatous goiter. Reaction products were 
observed in the cytoplasm (x 400). 
Light microscopic photograph showing the 
immunohistochemical localization of FGF-2 in 
normal thyroid tissue adjacent to papillary 
carcinoma. Both the endothelial cells of 
microvessels in the stroma (arrows) and the 

papillary carcinoma cells invading the stroma 
showed positive staining for FGF-2 in the cytoplasm 

(x 200).
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 In neoplasms (carcinoma and adenoma), there 

were no significant differences between FGF-2 and 

FGFR-1 expression, but the difference between FGF-

2 and FGFR-1 expression in adenomatous goiter 

was statistically significant (P< 0.05). Furthermore, 

the difference between carcinoma and adenomatous 

goiter in FGF-2 immunoreactivity was statistically 
significant (P=0.0001). The differences between 

carcinoma and adenomatous goiter and between 

adenoma and adenomatous goiter in FGFR-1 

expression were not significant.

FGF-2 and FGFR-1 expression demonstrated by 

Western blotting analysis

 By Western blotting analysis, FGF-2 

immunoreactivity was specifically detected at a 

molecular weight of 18 kDa (Fig. 10). Recombinant 

human FGF-2 was reacted with monoclonal anti-

FGF-2 antibody in the region of the 18 kDa form 

(Fig. 10, lane 1). In all of the papillary carcinomas 

examined, immunoreactive FGF-2 was also 

observed as an 18 kDa band (Fig. 10, lanes 3 and 

4). The 18 kDa band was also observed in all cases 

of adenomatous goiter examined (Fig. 10, lanes 5 

and 6). On the other hand, no immunoreactivity 

was seen in normal thyroid tissues (Fig. 10, lane 

2). Furthermore, FGFR-1 expression was confirmed 

by Western blotting analysis (Fig. 11). In all of the 

papillary carcinomas, FGFR-1 immunoreactivity 
was observed as a band of approximately 95 kDa 

(Fig. 11, lane 3) or bands of 95 and 120 kDa (Fig. 

11, lane 2). These bands corresponded to those of 

FGFR-1 [11]. Normal thyroid tissues showed no 

FGFR-1 immunoreactivity (Fig. 11, lane 1).

Discussion

 FGFRs have been previously identified in 

chicken, mouse and human [12-17], and have been 

shown to contain an extracellular domain with 

either two or three immunoglobulin-like domains, 

a transmembrane domain, and a cytoplasmic 

tyrosine kinase domain. Four genes have been 

recently shown to encode FGFRs [8]. FGFR-1 is a 

protein encoded by the flg gene, a high affinity 
receptor for FGF-1 and FGF-2 [18]. 

 In the present immunohistochemical 

investigation, both FGF-2 and FGFR-1 were 

frequently detected in human thyroid carcinoma. 

FGF-2 immunoreactivity was mainly located in the 

cytoplasm with some reaction products in the 

nucleus. Four forms of FGF-2 with molecular

Table 2. Comparison of FGF-2 and FGFR-1 expression in neoplasms and hyperplastic lesions

Fig. 10. Western blot of FGF-2 in thyroid tissue extracts. 

Lane 1, recombinant human bFGF; Lane 2, normal 

thyroid tissue extracts; Lane 3, 4, papillary 

carcinoma tissue extracts; Lane 5, 6, adenomatous 

goiter tissue extracts.



FGF-2 AND FGFR-1 IN THYROID DISEASES 41

weights of 18, 22, 22.5 and 24 kDa have been 

identified [19, 20]. All these forms of FGF-2 are 

derived from a single messenger RNA (mRNA). 

The high molecular weight species appear to be 

the NH2-terminal-extended form derived from a 

single FGF-2 mRNA via the use of three CUG initial 

codons instead of the usual AUG codons. In 

addition, the NH2-terminus in the high-molecular-

weight form of FGF-2 was shown to contain the 

nuclear localization signal [21, 22]. In our 

immunohistochemical study, FGF-2 immuno-

reactivity in the nucleus was observed in a minority 

of both follicular and anaplastic carcinoma cells 

and follicular adenoma cells. With papillary 

carcinomas, no immunostaining was seen in the 

nuclei of the tumor cells. Although FGF-2 localized 

in the nucleus may play an important role directly 

in tumor growth, it seems that FGF-2 in the nucleus 

is not always concerned with the aggressiveness 

of the tumor. The FGFR-1 immunostaining pattern 

was similar to that of FGF-2. FGFR-1 

immunoreactivity was expected to be present on 

the cell surface, but it was mainly observed in the 

cytoplasm with some on the cell surface and in the 

nucleus. There are two possible explanations for 

these unexpected results. One is the expansion of 

FGFR-1 into the cytoplasm in the process of making 

thin sections, and the other is FGFR-1 taken into

the cytoplasm after combination with FGF-2. 

Moreover, Maher [23] demonstrated that there was 

a time- and dose-dependent increase in the 

association of FGFR-1 immunoreactivity with the 

nucleus when cells were treated with FGF-2. 

  Even if both growth factor and receptor are 

present in some tumors, the autocrine mechanism 
is not always acting on the tumor growth, because 

it is not evidence that the growth factor functions 

as the growth signal directly. Nevertheless, as both 

FGF-2 and FGFR-1 immunostaining showed high 

positive rates in thyroid carcinoma and FGF-2 
expression was significantly increased as compared 

with that in adenomatous goiter (P=0.0001), it is 

possible that the autocrine mechanism of action of 
FGF-2 plays an important role in the growth of 

this type of tumor. Moreover, as shown previously 

[24, 25], FGF-2 secreted from cytoplasm by some 
mechanisms may be involved in tumor growth by 

promoting tumor angiogenesis. 
 In thyroid hyperplastic lesions such as 

adenomatous goiter, FGF-2 immunoreactivity in 

follicular cells was detected in 2 of 12 cases (16.7%). 

On the other hand, FGFR-1 immunoreactivity was 

detected in 66.7% of cases of this disease. The 

difference between FGF-2 and FGFR-1 expression 

in adenomatous goiters was statistically significant 

(P< 0.05), but in most adenomatous goiters, the 
endothelial cells of microvessels in the stroma 

adjacent to the nodular lesions also showed 

cytoplasmic FGF-2 immunoreactivity similarly to 

other neoplastic diseases. Therefore, in 

adenomatous goiters, FGF-2 derived from the 

stroma might be involved in the formation of 

nodular and/or diffuse goiters. 

 In the present study, no FGF-2 or FGFR-1 

immunoreactivity was detected in normal thyroid 

tissue, but we cannot exclude the possibility that 

relatively small amounts of FGF-2 and FGFR-1 in 

normal thyroid tissue were undetectable by our 

methods. Kodama et al. [26] reported weak 

immunoreactivity or none at all in normal thyroid 

tissue (follicular cells and other tissue elements such 

as peripheral nerve, smooth muscle and fibroblast). 

Eggo et al. [27] reported that there was no specific 

staining for FGF-1 or FGF-2 in normal thyroid 

tissue. 

 Our immunoblotting FGF-2 and FGFR-1 studies 

supported the results of immunohistochemical 

examinations. Some FGFR-1 extracts from papillary 

carcinomas showed two molecular weight bands-

Fig. 11. Western blot of FGFR-1 in thyroid tissue extracts. 

Lane 1, normal thyroid tissue extracts; Lane 2, 3, 

papillary carcinoma tissue extracts.
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95 and 120 kDa. Heterogenity of FGFR-1 due to 

alternative splicing of the mRNA was reported 

previously [14]. 
 Recently, Fujimoto et al. [28] reported that serum 

FGF-2 could be useful in the diagnosis of patients 

with renal cell carcinoma and was a prime 

candidate as a tumor marker with a high specificity 

for this malignant disease. In patients with thyroid 

carcinoma, the serum FGF-2 level might be high 

because of the high detection rate of FGF-2 in tissue 

immunostaining. With the exception of medullary 

carcinoma, there are no effective tumor markers

for malignant thyroid diseases, so that the serum 

FGF-2 level is worth measuring in patients with 

thyroid carcinoma. 

 The findings of the present immunohistochemical 

study suggested that FGF-2 plays an important role 

in promoting tumor growth and the formation of 

hyperplasia in the thyroid gland, but the cause of 

tumor growth or hyperplasia cannot be explained 

by the actions of this one growth factor alone. 

Further molecular oncological studies are necessary 

to clarify the actions of FGF-2 in tumor growth 

and hyperplasia.
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