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Abstract

Objectives: This study aims to investigate the role of IGF-1 in the development of nodular thyroid

disease.

Patients and Methods: A total number of 100 consecutive patients operated for nodular thyroid
disease in our institution were included in this prospective study. In addition to classical
pathological examinations, nodules and extranodular healthy tissues were sampled and
immunochemically stained for IGF-1. The materials were independently evaluated by using an
Allred Scoring System ranging from 0 to 8. If the score was >1, the tissue was accepted as IGF-1

positive.

Results: IGF-1 positivity was observed in 88% and 58% of the samples obtained from nodules
and extranodular healthy tissues, respectively. Allred 8-unit scores were higher in benign nodules
(n=89; 4.1+2.3) and papillary carcinomas (n=7; 6.7+1.3), than in extranodular healthy tissues in
the same patients (2.342.3 and 3.3£1.9, respectively); and higher in papillary carcinomas than in
benign nodules, when the scores were compared to each other (p<0.01 for all comparisons).
Conclusions: Allred 8-unit scores for IGF-1 increase in the presence of benign thyroid nodules,
papillary cancer. The results of our study support the findings of previous studies demonstrating

the role of IGF-1 in the development of thyroidal nodules.

Key Words: IGF-1; Thyroid Nodules; Thyroid Cancer
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Amag: Bu ¢aligmanin amaci tiroid nodiillerinin gelismesinde IGF-1’in roliinii aragtirmaktir.
Yontem: Klinigimizde nodiiler tiroid hastaligi sebebiyle ameliyat edilen ardisik 100 hasta
caligmaya dahil edilmistir. Bu hastalardan alinan tiroid dokular riitin patolojik degerlendirmelerin
yanisira, nodiiller ve nodiil dis1 alanlar ayr1 ayr1 olmak tizere IGF-1 i¢in immiinokimyasal olarak
boyanmiglardir. Boyanan materyaller iki ayr1 tecriibeli patolog tarafindan Allred Skorlama Sistemi
kullanilarak 0 dan 8’¢ kadar puanlanarak degerlendirilmistir. Skor 1’in tizerindeki tim dokular
IGF-1 agisindan pozitif kabul edilmislerdir.

Bulgular: IGF-1, nodiillerden alinan 6rneklerde %88 oraninda pozitif ¢ikarken, nodiil dis1 tiroid
dokularindan alinan Orneklerde %358 oraninda pozitif ¢ikmistir. Allred skoru gerek selim
nodiillerde (n=89, 4.1+2.3) gerekse papiller kanser saptanan nodiillerde (n=7; 6.7+1.3), ayni
hastalarin nodiil dis1 dokularindan alinan orneklere oranla anlamli diizeyde yiiksek cikmistir
(strastyla 2.3£2.3 ve 3.3+1.9). Bunun yaninda papiller kanser saptanan dokularin Allred skorlar
selim nodillerin skorlarindan anlamli  diizeyde yiliksek c¢ikmistir (bahsedilen tiim
karsilagtirmalarda p<0.01).

Sonu¢: Calismamiz gerek selim, gerekse papiller kanser iceren tiroid nodiillerinde IGF-1
tutulumunun nodiil dist ¢evre tiroid dokularina oranla daha yogun oldugunu ortaya koymustur.
Calismamizda elde edilen bulgular IGF-1’in tiroid nodiilleri patogenezinde rol oynayan 6nemli bir
faktor oldugunu bildiren literatiirdeki diger ¢alismalar1 desteklemektedir.

Anahtar kelimeler: IGF-1; Tiroid nodiilleri; Tiroid kanserleri
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Introduction

Goiter is a non-specific term describing enlargement of the thyroid gland. Nearly all
disorders of the thyroid result in some enlargement of the gland and the non-specific term ‘goiter’
embraces them all. Goiters can be classified as toxic or nontoxic, diffuse or nodular and nodules
can be solitary or multiple. Many nodular goiters arise from simple diffuse goiters, especially if
iodine intake or availability is compromised. The initially diffuse hyperplastic process then
becomes localized to one or several areas of disorganized thyroid metabolism in which the
hyperplastic acini undergo colloid involution while others demonstrate cystic degeneration,
hemorrhage, or necrosis. Some degree of nodular fibrosis and calcification may also be present
and may determine macroscopic features of nodules. The prevalence of palpable thyroid nodules
is 3% to 7% in North America and 10% to 30% in areas of endemic iodine deficiency; the
prevalence of thyroid nodules can reach as high as 50% based on ultrasonography (US) or autopsy
data in even non endemic regions [1].

A significant amount of patients with nodular thyroid glands develop thyrotoxicosis, this
progress is directly related to the duration of the goiter. The correlation between iodine intake and
prevalence of nodular non-toxic nodular goiter can similarly be applied to toxic multinodular
goiter. The status of TSH suppression in nodular goiter does not only mean clinical consequences
of disease, it also indicates a crucial level of thyroid autonomy as well. Constitutive activation of
the cAMP signaling pathway is widely accepted as the biochemical driving force of thyroid
autonomy. This may be indicated by the presence of somatic activating TSH receptor (TSHR)
mutations in scintigraphically non-suppressible areas in euthyroid goiters in iodine-deficient
regions, or less frequently, by Gs protein mutations in macroscopic toxic thyroid nodules both in
solitary nodules [2].

The relationship of thyroid cancer with nodular goiter is still debated. Carcinomas may
arise from a benign nodule while this must happen rarely and it is not the ordinary course of

events. If carcinomas arise from benign nodules, it might be expected that the majority would be
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follicular rather than papillary, and this is not the case. Also, although carcinomas, papillary type
mostly, occur in nontoxic nodular goiters with a reported frequency of 4-17% of cases, the age of
diagnosis for papillary carcinomas does not follow that for nontoxic goiter [3,4]. Papillary
carcinomas occur in children and adolescents, and reach their highest frequency during the middle
decades of life. Multinodular goiter, by contrast, is infrequent in childhood, but increases with
each decade. The high frequency of carcinomas detected in nodular goiter appears to reflect the
effectiveness of selection of patients for operation on the basis of suspicious clinical signs in the
gland. Although it remains unproven, it is likely that in many or most thyroid nodules and
carcinomas, one specific mutational event conducts directly to the development of the specific
neoplasm [3,4].

Insulin like growth factor (IGF) has two types (1 and 2), and both were isolated and
characterized in 1970’s [5]. Body structures of the molecules are similar to that in insulin, and all
are believed to derive from a common ancestral gene. However, in contrast to insulin, which acts
as a catabolic hormone, IGFs promote proliferation, survival, and/or differentiation in the cellular
basis. IGF-1 synthesis is regulated by growth hormone (GH) [6]. IGFs are shown to have a role in
the development of a number of diseases including breast cancer [7].

The IGF-1 receptor and a variety of IGF-binding proteins (IGFBPs) are expressed in
thyroid tissue [8]. Thus, it may be possible that IGF may affect thyroid cells, and play a role in the
development of thyroidal diseases. Studies have revealed that this molecule facilitates thyroid
epithelium proliferation, induced by thyroid stimulating hormone in animal studies [9, 10].
Increased expression of IGF-1 receptors has been documented in thyroid tissue in patients with
Graves’ disease and thyroid cancer [11, 12] and the relationship between the tissue and serum
levels of IGF-1 and the development of multinodular goiter has also been shown [13, 14].
Additionally, thyroid cancer has been reported as the most common cancer type in the patients

with acromegaly [15].
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The link between IGF-1 and thyroidal diseases deserves to be extensively investigated.
Besides, synchronized analyses of the diseased (nodules or cancer) and healthy tissues has never
been evaluated. Thus, the current study aims to assess the tissue levels of IGF-1 in diseased
(nodular) and healthy (extranodular) tissues in nodular thyroid disease, and inspect the link
between IGF-1 and thyroid nodules.

Methods

A total number of 100 consecutive patients who underwent total thyroidectomy for nodular
thyroid disease in our institution between May and September 2007 were included in this
prospective study. The study design was approved by Institutional Education and Planning
Committee, and written informed consent was obtained from all patients or from legal guardians
for cases younger than 18 years of age.

All patients had routine preoperative evaluation including blood levels of hormones (free
T3, free T4 and sensitive thyroid stimulating hormone [sTSH]), and thyroid ultrasound and
scintigraphy. If active nodule(s) were present in the scintigraphic examination, the nodule(s) were
defined as ‘hot’. If a patient necessitated an anti-thyroid drug regime preoperatively due to
elevated thyroid hormones, the status was named as toxic nodular disease. Cases were excluded, if
they underwent a procedure less than total thyroidectomy (lobectomy, subtotal or nearly total
thyroidectomy).

Specimens were immediately examined and fixed in 10% formaldehyde solution.
Macroscopic features including size of the specimens and nodule(s) were recorded. The paraffin
blocks were prepared using standard histological procedures. The sections of the samples were cut
in 3 um thick and stained with Hemotoxilen-Eosine. Besides classical pathological examinations,
largest nodule was sectioned in 2 um thick samples, immunochemically stained with an IGF-1
specific material (H-70, sc-9013 rabbit polyclonal antibody dilution 1:200; Santa Cruz
Biotechnology, Santa Cruz, CA) following the manufacturer’s instructions. Similarly, healthy

tissues far from the primary nodules were sampled (extranodular sampling) and stained for a
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possible IGF-1 positivity using the same technique in all patients. The materials were
independently evaluated by two experienced pathologists using a semi-quantitative scoring system
(Allred 8-unit Scoring System) ranging from 0 to 8 [16]. In case of a disparity in scores between
two clinicians, they discussed and agreed. If the score was >1, the tissue was accepted as IGF-1
positive. The IGF-1 positivity rates and scores were compared between healthy and pathologic
tissues, and between different pathological diagnoses.

Allred 8-unit Scoring System [16]

This system evaluates the proportion and intensity of the IGF-1 staining. The proportion
score represents the estimated fraction of positive staining cell nuclei (O = none; 1 = less than one
hundredth; 2 = one hundredth to one tenth; 3 = one tenth to one third; 4 = one third to two thirds; 5
= greater than two thirds). The intensity score represents the estimated mean staining intensity of
positive cell nuclei (0 = none; 1 = weak; 2 = intermediate, 3 = strong). Total score is expressed as

the sum of the proportion and intensity scores (ranges from 0 to 8) (Figures 1-2).

Statistics

All statistical analyses were carried with SPSS for Windows 15.0. Descriptive statistics
included mean and standard deviation for continuous variables and frequencies using percent for
categorical variables. Student'’s t-test was used to determine whether the differences between the
mean values of continuous variables based on weight were significantly different. Chi-square test
or Fisher exact test, if appropriate, were performed to determine overall differences in frequencies
of categorical variables among the groups and for pair-wise comparisons of frequencies. The
correlation between two continuous variables was studied with the Pearson's bivariate test. P <

0.05 was considered as statistically significant.

Results

A total number of 100 patients who underwent total thyroidectomy in our institution were

enrolled to the study. There were 83 (83%) females and the mean age (+standard deviation) was
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47.1+13.6 years. IGF-1 positivity was detected in 88 (88%) and 58 (58%) of the samples obtained
from nodules and extranodular healthy tissues, respectively. When demographic data were
compared according to the findings in nodules; age (47.8+13.9 vs. 42.0+9.0 years; P=0.16) and
gender (73 [86.9%] vs.11 [91.7%] females; P=0.685) were similar in IGF-1 positive (n=88) and
negative cases (n=12), respectively. Alike, age (46.2+£15.3 vs. 48.5+10.7 years; P=0.405) and
gender (51 [87.9%)] vs. 38 [90.5%] females) IGF-1 positive (n=58) and negative (n=42) patients,
respectively, were not statistically different, when the records were analyzed according to the data
obtained from extranodular tissues (Table 1). In addition, no correlations were observed between
patients’ age and Allred scores of the samples obtained from nodules and extranodular tissues

(p=0,359 and p=0,959, respectively).

The pathological examination revealed benign nodules (n=89, 89%), and papillary (n=7,
7%), or other cancers (hurtle cell [n=2, 2%)], follicular [n=1, 1%] and medullary [n=1, 1%]). Mean
Allred scores and positivity rates of the samples obtained from the nodules and extranodular
tissues in patients with benign nodular disease, papillary cancer, and other cancers were presented
in Figures 3 and 4. Allred scores of the benign nodules and papillary cancers were significantly
higher than those of the extranodular healthy tissues obtained from the same patients (p<0.01 for
both) (Figure 3). Likewise, the rate of IGF-1 positivity was significantly higher in benign nodules
than in extranodular healthy tissues in the same patients (89.9% [80/89] vs. 57.3% [51/89] ,
respectively, P<0.001) (Figure 4). In addition, the Allred scores of papillary cancers (n=7) were
significantly higher than those of benign nodules (n=89) (P=0.01) (Figure 3). The Allred scores in
the malign nodules was significantly more than those in extranodular healthy tissues taken from

all pooled cancer patients (n=11) (4.94+3.3 vs 2.6+2.4, P=0.08).

According to scintigraphic examinations, there were 32 hot and 68 cold nodules. Allred
scores and IGF-1 positivity rates in the samples taken from the nodules and extranodular healthy

tissues were similar within the patients with hot and cold nodules (4.4£2.7 vs. 4.3£2.3, p=0.57,
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and 87.5% [28/32] vs. 88.2% [60/68], P=1.0 [Fisher’s exact test] in nodules; 2.4+2.2 vs. 2.0£2.5,

P=0.41; 84.4% [27/32] vs. 60.2% [41/68], P=0.522 in extranodular healthy tissues).

The patients were also classified as hyperthyroid or euthyroid according to the necessity of
preoperative antithyroid drug use. A total number of 45 cases were identified as hyperthyroid.
Further analysis revealed that Allred scores and IGF-1 positivity rates were significantly higher in
hyperthyroid patients than euthyroid cases, when the samples were taken both from the nodules
and extranodular healthy tissues (5.0+£2.3 vs. 3.9+2.7, P<0.05; and 95.6% [43/45] vs. 81.1%
[45/55], P<0.05 in nodules; 2.2+2.2 vs. 2.3£2.5, p=0.836 and 55.6% [25/45] vs. 60.0% [33/55],

P=0.688 in extranodular healthy tissues).

Finally, no correlation were observed both between Allred 8-unit scores of nodules
(4,31+2,38) and volumes of nodules (8,9+11,7 cm®) (p=0,778), and between Allred 8-unit scores
of healthy tissues (mean = 2,29+2,34) and total thyroid volumes ( mean = 56.7+51.7 cm?)

(p=0,971).

Discussion

IGFs are insulin like peptides, two thirds of which are constructed with amino acids, and
they were isolated in 1970s [5]. They promote proliferation, survival and differentiation of cells,
and are regulated by growth hormone [6]. Although the relationship between IGF levels or
positivity and some diseases such as breast cancer has been studied, the effect of IGFs on the
development of thyroid diseases is worth analyzing extensively, since IGF-1 receptor and a variety
of IGF-binding proteins are expressed in thyroid tissue [8]. Experimental investigations have also
suggested that IGF-1 may have a role in the development of goiter. An animal study has shown
that high levels of IGF-1 concentrations have mitogenic effects in PC CI3 and FRTL-5 cell lines,
thereby enlarging the size of thyroid cells [17]. Similarly, in a murine model, thyroid enlargement
secondary to an increase in follicular elements and decreased blood TSH levels were demonstrated

in transgenic mice over-expressing human IGF-1 and IGF-1 receptor [18]. The elevation of IGF in
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diseased human thyroid tissue was first showed by Minuto et al in 1989 [19]. They also showed
higher concentrations of IGFs in nodules than in normal tissues in patients operated for nontoxic
goiter. Similar results have been reported by others presenting increased tissue-specific IGF-1
concentrations in thyroid diseases [20-22]. However, the necessity of a prospective well-designed
study with adequate number of patients has been stated for a more accurate analysis of the
relationship between IGF and thyroid diseases. As far as we know, current data are the first to
assess the proportion and intensity of IGF-1 positivity with a scoring system. Both nodules and
healthy tissues in a total number of 100 patients were sampled for Allred 8-unit scores and IGF-1

positivity in this study.

The current study analyzed the relationship between the demographic data and the tissue
levels of IGF-1 in patients with nodular thyroidal diseases. But, both analyses, which were done
according to sampling locations including nodules and extranodular tissues, failed to reveal a
correlation between age and gender, and IGF-1 positivity. In our opinion, IGF-1 positivity is not
affected by patients’ demographics, but seems to be related to the nature and intensity of the
disease. These results were similar to those quoted by Maiarano et al, who denied the presence of
a link between the demographic data and the tissue levels of IGF-1 in thyroidal cancer patients
[20]. Additionally, besides controversial data in the literature, we have observed no relationship

between the tissue levels of IGF-1 and the volumes of thyroid tissues or nodules [20, 23].

In this study, we have investigated the expression level of IGF-1 in nodules and
extranodular healthy tissues in patients who underwent total thyroidectomy for nodular thyroidal
disease. The proportion and intensity of IGF-1 staining were assessed with 8-unit Allred scoring
system, and our data have suggested that the scores and IGF-1 positivity were significantly higher
in the samples obtained from benign nodules than those from healthy tissues in the same patients'
specimens. This finding, stated as high as 66% to 100% in previous investigations, validates that

IGF-1 may have a role in the dysfunctional growth of thyroidal cells [19-21].
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Our study has also shown higher tissue levels of IGF-1 in nodules than in healthy tissues in
the patients with papillary cancer. Cell culture experiments and clinical studies revealed that GH
and IGF-1 axis may have a role in neoblastic activity, and overproduction of IGFs acts as
stimulators of malignant cell proliferation [7, 20, 24, 25]. A previous study showed IGF-1
positivity in 38 out of 53 patients with thyroidal cancer, and current data confirmed the link
between the papillary cancer and elevated tissue levels of IGF-1 [20]. In fact, the number of
papillary cancer patients (n=7) in our study limited the adequacy of our conclusion, but we still
believe that the link between IGF-1 and papillary cancer may be equally or more intense than that
between IGF-1 and benign nodules, since our study revealed that IGF-1 levels were also higher in
papillary cancer tissues than in benign nodules in other cases. In addition this hypothesis may be
strength with another exciting finding: the IGF-1 positivity rates and levels were similar in
extranodular tissue samplings in patients with benign diseases and with papillary cancers. These
data show that the elevated IGF-1 levels do not extent to the comparison of extranodular tissues,
S0 is not related to entire thyroid tissue; but limited to the difference between nodular or cancer
tissue samplings. In our opinion, this information is an important result may confirm the intensity
of the link between IGF-1 to papillary cancer, but deserves to be analyzed in further high volume

studies.

In contrast to the results obtained from the patients with papillary cancer, other types of
cancers seem not to have a correlation with the tissue levels of IGF-1. Our study does not expose
the cause of this finding, and it may be because of the limited number of the patients in this group
(n=4). Chakravarty et al. reported that the expression of IGF-I reseptor in differentiated thyroid

cancers was significantly higher than the poorly differentiated thyroid cancers [12].

The relationship between the hyperthyroidism and the tissue levels of IGF-1 has been
rarely investigated. Eszlinger et al. have found elevated IGF-1 levels in hot nodules, and suggested

that this peptide may play a prominent role for selective growth advantages of hot or cold nodules
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[26]. Our study has revealed no difference in the tissue levels of IGF-1 between hot and cold
nodules. However, more importantly, our study has shown that the tissue levels of IGF-1 are
higher in hyperthyroid patients. Although elevated tissue levels of IGF-1 have been demonstrated
in Graves’ disease in previous investigations [27]; to our knowledge, our study is the first one
declaring the link between tissue levels of IGF-1 and hyperthyroidism. In our opinion, this is also
an important result showing that the effect of elevated tissue levels of IGF-1 levels is not limited
in changes of anatomical and histological features, including the development of nodules or
papillary cancer, but also may produce some functional outcomes including increased secretion of
thyroid hormones.

Current data have some limitations. First, IGF-1 positivity was observed in 58 out of 100
specimens obtained from healthy tissues, lessening the difference between the diseased and
normal tissues. This problem not only limits the value of the conclusions of the study, but
decreases the possibility of using the tissue levels of IGF-1 as diagnostic tools in thyroid diseases
as well. It is unknown, but deserves to be investigated whether or not IGF-1 levels in healthy
thyroid tissues in healthy patients are as high as in healthy tissues neighboring benign or malign
nodules. Secondly, although our study has analyzed 100 patients, there were only 11 cases with
thyroid cancer, which limits our conclusions on the relationship between the tissue levels of IGF-1
and malignancy. Thus, our results on malignant tissues need to be validated in high volume series.
Conclusion

Our prospective study has shown that IGF-1 levels are higher in nodules than in healthy
tissues in the same patients. Similarly, IGF-1 levels are elevated in hyperthyroid patients. These
results support the findings of previous studies demonstrating a link between these diseases and
IGF-1. In our opinion, these findings may be used in further researches investigating the treatment

of benign and malign thyroidal nodules.
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Table 1: Different variables and Allred 8-unit scores

Mean +SD p IGF-1 (+) IGF-1 ()
Comparison Variables p
(%) (%)
a
Age 47.1+13.5 47,8+13,9 42+9,0 0.16
a b
_ Male (n=16) 50,6+14,8 0,26 15(94,8) 1(5,2) 0,685
Demographics
Female 46,5+13,3
73(86,9) 11(13,1)
(n=84)
Nodules 41423 <0.001%
80(89,9) 9(10,1)
(n=89)
Benign
Normal 2.34+23
Nodules vs <0,001°
Tissue in the
normal tissue 51(83,1) 38(16,9)
same patient
(n=89)
Papillary 6.7+1.3 <0,005°
7(100) 0(0)
cancer (n=7)
Papillary
Normal 3,3+1,9
cancer vs 1,0°
Tissue in the
normal tissue 6(85,7) 1(14,3)
same patient
(n=7)
Cancer 49433 0,08?
8(72,7) 3(27,3)
(n=11)
Cancer vs Normal 2,624
0,667"
normal tissue | Tissue in the
7(63,6) 4(26,4)
same patient
(n=11)
Benign Nodules 4.1+2.3 <0.005*
80(89,9) 9(10,1) 1,0°
Nodules vs (n=89)
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papillary cancer

6.7£1.3

Papillary
7(100) 0(0)
cancer (n=7)
Nodules 4,1+2.3 0,305%
Benign 80(89,9) 9(10,1)
(n=89)
Nodules vs 0,125"
Cancer 4,9+3,3
cancer 8(72,7) 3(27,3)
(n=11)
Hot nodules 4.4+2.7 0,57
28(87,5) 4(22,5)
Hot vs cold (n=32)
1.0°
nodules Cold nodules 43423
60(88,2) 8(21,8)
(n=68)
Hyperthyroid 5.0+2.3 <0.05%
43(95,6) 2(4,4)
Hyperthyroid (n=45)
<0.05°
vs hypothyroid | Hypothyroid 3.9+2.7
45(81,8) 10(18,2)
(n=55)

(*Student’s t test, "Fisher’s exact test, “Pearson’s Chi-square test )

Figure Legends

Fig. 1: A colloidal nodule with IGF staining proportion score= 3 and intensity score= 3 (Allred

Score=6) (x400).

Fig. 2: Medullary cancer with no IGF staining (Allred Score=0) (x200).

Fig. 3: Mean Allred scores of the nodules and extranodular tissues in patients with benign nodular

disease, papillary cancer, and other cancers. Mean Allred 8-unit scores were significantly higher in

benign nodules (4.1+2.3) and papillary cancer nodules (6.7+1.3) than extranodular tissues in the

same patients (2.3+2.3 and 3.3+1.9, respectively) (p<0.001 and p<0.005, respectively). IGF-1

levels were also higher in papillary cancer tissues than in benign nodules (6.7£1.3 vs. 4.1£2.3, p

<0.005) There was not statistically difference between IGF-1 levels of extranodular tissues
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obtained from papillary cancer cases and IGF levels of extranodular tissues and IGF levels

extranoular tissues obtained from benign cases (p=0.277). (Error bars: £SD).

Fig. 4: Allred score positivity rates of the samples obtained from the nodules and extranodular
tissues in patients with benign nodular disease, papillary cancer, and other cancers. IGF-1
positivity were significantly higher in benign nodules (n=89; 89.9% IGF-1 positive) than
extranodular tissues in the same patients (n=89; 57.3% IGF-1 positive) (p<0.01). No other

comparisons were statistically significant.
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