in vivo 34: 3069-3091 (2020)
doi:10.21873/invivo.12141

Review

IGF Bioregulation System in Benign and Malignant
Thyroid Nodular Disease: A Systematic Review

APOSTOLOS KARAGIANNIS!, EVA KASSI?, ANTONIOS CHATZIGEORGIOU! and MICHAEL KOUTSILIERIS!

!Department of Physiology, Medical School, National & Kapodistrian University of Athens, Athens, Greece;
’Department of Biological Chemistry, Medical School,
National & Kapodistrian University of Athens, Athens, Greece

Abstract. Background/Aim: The insulin-like growth factor
bioregulation system is implicated in cancer biology. Herein,
we aim to review the evidence on the expression of the
insulin-like growth factor 1 and 2 (IGF1 and IGF2), their
receptors (IGF-Rs) and IGF-binding proteins (IGFBPs) in
thyroid tissue and their possible association with benign and
malignant thyroid nodular diseases. Materials and Methods:
We systematically reviewed Pubmed and Scopus databases
up to May 2020. A total of 375 articles were retrieved and
analyzed. Results: Among 375 articles, 45 were included in
this systematic review study. IGF1 was investigated in 31
studies, IGF2 in 1, IGF1 receptor in 15 and IGF-binding
proteins in 13 articles. IGF1 expression in humans was
dependent on the number and compound of benign nodules
as well as the method of measurement. In differentiated
thyroid carcinoma, a positive correlation between IGF1 and
immunohistological stage was documented in some studies
while in others only a positive trend was observed. IGF-1R
and IGFBPs expression was higher in malignant rather than
benign lesions. There was only a positive trend for increased
IGF?2 expression in malignancy, while IGFBPs were in most
studies statistically increased in various cancer types
compared to benign nodular disease. Conclusion: The
present data demonstrate that in most studies there is
statistically positive expression of IGF-1 and less of IGF-2
in thyroid cancer compared to normal thyroid tissue.
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Thyroid cancer is the most common endocrine neoplasia.
Over the last decades its rate has developed rapidly because
of the multiple, congregate environmental factors and the
highly advanced radiology diagnostic tools that detect small
size tumors, which would have otherwise remained
undiagnosed. Thyroid cancer is classified in 4 main
categories: i) the differentiated carcinoma (papillary and
follicular thyroid carcinoma), ii) the poor differentiated, iii)
the medullary carcinoma, which derives from parafollicular
C cells of the thyroid and iv) the anaplastic carcinoma,
which has the poorest prognosis (1). Nowadays, several
common oncogenes, such as RAS, RET, BRAF and p53
have been involved in thyroid carcinogenesis; however, they
are rarely used as a prognostic factor in everyday clinical
practice. Of note, their frequency varies among different
populations, reflecting the different genetic and
environmental factors implicated in carcinogenesis (2).

Insulin-like growth factor 1 (IGF1) is mainly synthesized
and secreted by the liver under the control of growth
hormone (GH) that is, in turn, produced and secreted by the
anterior pituitary lobe. There are two main IGF molecules,
namely IGF1 and IGF2. For the time being, it is known that
the IGFs bind to the following receptors: i) IGF1 receptor
(IGF-1R), ii) IGF2 receptor (IGF-2R), iii) insulin receptor
(IR), and iv) the hybrid IGF-1R/insulin receptor (1, 2). IGF1
has higher affinity for the IGF1 receptor and lower for the
IGF2 receptor, while IGF2 binds only to IGF2 receptor. IR
and the hybrid receptor have lower binding affinity for IGF1
and IGF2, while the IGF1 receptor, a tyrosine kinase
receptor, is considered the main receptor of the IGF
complex. IGF1 receptor is found in bones, vascular smooth
muscle, cartilage, and several organs, included prostate,
thyroid, breast and uterus (3).

In the circulation, IGFs bind to IGF-Binding Proteins
(IGFBPs). Until now there are seven well characterized
IGFBPs (1-7). These proteins play a regulatory role for IGFs
either by inhibiting the binding of IGFs to their receptors,
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thus decreasing their bioactivity, or by promoting the IGFs
binding to the receptors, thus increasing their half time and
activity. Among the increasing number of IGF binding
proteins, a large group of novel RNA binding proteins,
defined as IGF2BPs or IGF2 mRNA-binding proteins
(IMPs), is also included (4).

IGF1 plays an important role in cancer and its action is
involved in several functions related to carcinogenesis, such

as cell proliferation, apoptosis, migration and
neovascularization. In thyroid cancer, binding of IGF1/2 to
IGF-1R  triggers the RAS/RAF/MEK/ERK  and

PI3K/AKT/mTOR pathways that causes the inhibition of
apoptosis and favors cell proliferation (5). In parallel, the
activation of the above-mentioned pathways increases the
function of Na/lI symporter (NIS) in primary tumor
thyrocytes. Moreover, the high levels of these growth factors
correlate positively with thyroid stimulation hormone (TSH)
levels, which in turn exerts growth effects on thyroid.
Finally, the IGF complex interacts with other tyrosine kinase
receptors, such as the vascular endothelial growth factor
receptor (VEGFR) and the epidermal growth factor receptor
(EGFR), which participate in the mechanism of
carcinogenesis, further increasing the complexity of the
signaling pathways involved in the process (5).

The gene that encodes IGF consists of 6 exons and can
develop multiple heterogeneous copies via an alternative
splicing mechanism that takes place during the encoding
process. Apart from IGFs, IGF-1Ec is an IGF1 transcript of
49 base pairs, which is part of exon 5 (6). This molecule
also shows increased bioactivity in cancer and has been
recently shown to be involved in the mechanism of
carcinogenesis (6).

Herein, we aimed to systematically review the available
evidence in bibliography in order to investigate the role of
IGF system (IGF1/IGF2/IGF1 receptors/IGFBPs) in thyroid
cancer as well as in benign thyroid nodular disease in
humans.

Materials and Methods

Literature search. We systematically reviewed the literature in
Pubmed and Scopus databases up to May 2020. Moreover, the
bibliographies of all relevant articles were searched manually in
order to retrieve additional studies. The following search terms were
used without a year of publication threshold: (“IgF” OR “IgF1” OR
“IgF2” OR “Insulin-like growth factor” OR “IGF Binding Protein”
OR “IGF Receptor”) AND (“thyroid cancer” OR “thyroid nodules”
OR “thyroid goiter” OR “thyroid nodular disease”). Only articles in
English were evaluated.

Study selection. Any original article presenting data on the existence
of IGF1, IGF2, its receptors and binding proteins in patients with
either benign nodules, goiter or thyroid cancer of any type, was
evaluated. Studies conducted to experimental animals and cell lines
were excluded. Case reports were also excluded.

3070

Data extraction. The demographic data collected for each study
included the author’s name, the year of publication, the study design,
the country of origin, the number of patients involved and the type
of thyroid cancer they had. We also referred the studied molecule
and its presence in either benign or malignant disease, the method
of its measurement and any potential relationship with other factors,
such as age, sex, tumor size and invasion to surrounding tissues.

Results

Our search revealed 375 articles, 146 articles from PubMed
and 229 from Scopus. Additionally, 12 articles from the
manual searching of article’s bibliographies were retrieved.
After applying the inclusion criteria (Figure 1), 45 studies
were included in this review (7-51). Of those, 4 were
prospective (9, 11, 16, 19), 10 were retrospective (8, 10, 14,
15,17, 22, 25, 40, 42, 44), 2 were case-control studies (20,
24) and for the rest of the studies the design method was not
referred.

There was a heterogeneity regarding the studied molecules
among the several studies. IGF1 was investigated in 31
studies (7-25, 27-38) and IGF2 in one (26). The receptor of
IGF1 was measured in 15 studies (7, 15, 18, 22, 27, 29, 31,
34,35, 39-44) and its binding proteins in 13 (11, 13, 20, 24,
35, 36, 45-51), while 3 articles studied the binding proteins
of IGF2 (46, 48, 49). Each molecule was measured using
different assays: i) ELISA-like assays such as
radioimmunoassay (RIA), immune radiometric assay
(IRMA) and chemiluminescence were used in 16 studies (7,
9,11-13, 16, 17, 21, 24, 28, 31-33, 36, 38, 39), ii)
immunohistochemistry (IHC) in 22 (8, 10, 14, 15, 18, 19, 22,
25, 27, 29, 30, 34, 35, 37, 40-42, 44-46, 48, 49), iii)
polymerase chain reaction (PCR) in 6 (14, 15, 20, 34, 43,
47), iv) reverse transcription polymerase chain reaction in 7
(8,18, 26, 31, 48, 50, 51), v) immunolight in one (23), vi)
northern analysis in 3 (29, 33, 36), vii) in situ hybridization
in one (34), viii) western blot in 2 (36, 41) and ix) guanidium
thiocyanate method in one (36). Eight of them referred only
to benign thyroid diseases (9, 11, 12, 17, 19, 21, 24, 33), one
to medullary thyroid carcinoma (MTC) (39), one to
anaplastic thyroid carcinoma (ATC) (32), 7 to papillary
thyroid carcinoma (PTC) (15, 23, 30, 40, 41, 43, 44), and the
rest to combinations of benign and malignant tumors.
Nineteen studies performed correlation analyses between the
studied molecule and factors, such as tumor size, sex, age,
aggressiveness, capsular, muscular, vascular or lymph nodes
invasion (8-11, 13, 17, 18-21, 27, 29, 34, 40, 42-44, 47, 49).

IGF in benign thyroid diseases. The characteristics of the
included studies are described in Table I. Regarding benign
diseases, Du et al. have concluded that the serum IGF1
levels are significantly decreased in patients with nodules
compared to the control group (p<0.001) (9). Among patients
with benign lesions, the incidence of nodule development
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Articles identified and
screened in PubMed
database (N=146)

Articles identified and
screened by hand
research (N=12)

Articles identified and
screened in Scopus
database (N=229)

Articles excluded (N=342)

e Duplicates (n=127)
e No data for our subject (n=141)
e Language other than this indicated from the

authors (n=7)
e Review articles (n=33)
e Animal studies (n=3)
e Cell lines (n=20)
e (ase reports (n=11)

Studies included in the
systematic review
(N=45)

Figure 1. Flow diagram of the systematic search and study selection process.

was negatively correlated with the IGF1 levels; specifically,
when divided into 4 groups with different IGF1 levels,
namely: 1) Q1<83.34 ng/l, ii) Q2=83.35-120.01 ng/l, iii)
Q3=120.02-222.3 ng/l, and iv) Q4>222.31 ng/l, there was a
significant difference in the number of nodules between
groups Q1 and Q4. Additionally, IGF1 levels were positively
correlated with 25-hydroxyvitamin D [25(OH)D3] levels
(r=0.123, p=0.037) and negatively with fasting blood glucose
(r=0.207, p<0.001). A study by Atlas er al. in 2017,
measured prospectively the intranodular IGF1 levels using
ELISA after ultrasound- (U/S) guided fine needle aspiration,
as well as serum IGF1 levels in male and female patients
with nodular goiter (11). They found that serum IGF1 levels
were significantly higher than the intranodular ones
(p=0.001), and were also statistically higher in subjects with
multinodular goiter compared to single nodules (p=0.001).
Regarding serum IGF1, there was no difference between the
two groups. Serum IGF1 was significantly lower in males
than females (p=0.028), while there was no significant
correlation with age or body mass index (BMI).

Another study in that same year compared patients with
thyroid nodules with and without metabolic syndrome and
patients without thyroid nodules and with metabolic
syndrome. They found no significant correlation between
IGF1 and the presence of thyroid nodules (12). Dogan et al.,
retrospectively analyzed with immunoradiometric assay
(IRMA) the IGF1 levels in acromegalic patients with or
without nodules (17). There was no significant difference
between the two groups. Importantly, the post-treatment
IGF1 levels were higher in patients with uncontrolled
acromegaly compared to those with controlled disease
(p=0.001) and were positively correlated to thyroid volume
(r=0.423, p=0.004). Basturk et al. have concluded that IGF1
is significantly higher in benign nodules than in extranodular
healthy tissues and does not correlate with any feature,
including hot or cold nodules (19).

Another study in patients with thyroid adenoma versus the
control group, showed a statistically significant difference in
IGF1 levels between benign lesions and healthy tissue (21).
Higher IGF1 levels were also found in patients with solid
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cold nodules compared to hot ones (p<0.05). Regarding
patients with cystic cold nodules, IGF1 levels in serum and
cystic fluids were significantly lower than in normal thyroid
tissue (p<0.05). Another study conducted on subjects without
a history of thyroid disorders, showed that those with IGF1
levels above the upper tertile had higher odds for goiter
development compared to those with IGF1 levels below the
lower tertile (24). Finally, a study of 20 patients found that
both IGF1 mRNA and protein levels were statistically higher
in those with multinodular disease compared to controls (33).

IGF in malignant thyroid diseases. The characteristics of the
included studies are described in Table I. In the first study,
Lawnicka et al., measured serum IGF1 levels in i) 36 subjects
with PTC, ii) 11 with FTC, iii) 9 with ATC and iv) 19 with
multinodular nontoxic goiter (7). When compared to 20
controls, IGF1 was significantly higher in PTC patients
(300.6+-13.7 vs. 216+-27.6, p<0.01), but no significant
difference regarding the other groups. In a study by
Karagiannis et al., IHC analysis of IGF1-Ec has shown that
it is expressed in PTC, FTC and MTC, while in differentiated
cancer it correlates with TNM staging, as well as muscular
and capsular invasion (p<0.05) (8). PCR was assessed only
in 6 PTC samples and was positive in more aggressive
cancers. Keskin et al., have compared patients with i) PTC
and acromegaly, ii) PTC only and iii) others with
adenomatous nodules; and have found serum IGF1 levels in
acromegalic subjects with PTC to be statistically higher
compared to patients with PTC only or benign nodules (10).
Nevertheless, no correlation was found with any other factor
in this study. In a study including 179 patients with PTC,
FTC and MTC, serum IGF1 levels were similar among
different histological types or stage of disease and there was
a trend towards higher levels of the IGF1 to adiponectin ratio
and IGF1 to “adiponectin X IGFBP3” ratio in FTCs compared
to PTCs (13). These markers were correlated with tumor size
and marginally with intrathyroid invasion.and introduced by
the authors since IGF-1 showed a positive and adiponectin a
negative correlation with thyroid cancer.

A multicenter study including 345 patients with
differentiated thyroid carcinoma versus 735 controls,
demonstrated a higher mean serum IGF1 concentration in
patients as compared to controls (p=0.03) (16). Similarly, in
a small cohort study, patients with follicular adenoma and
nodular goiter had higher levels of serum IGF1 than controls
(»<0.01) and those with PTC had higher levels compared to
those with the benign diseases measured by THC and PCR
(»<0.01 and p<0.05, respectively for each method) (18). Xu
et al., studied a CA repeat polymorphism in the promoter
region of the IGFl gene and more specifically the
homozygous genotype 19/19. In this case-control study they
found no significant association regarding IGF1 levels in
patients with DTC, benign thyroid disease (BTD) and

healthy controls (20). Karaca et al. have compared two
groups, those with DTC and those with nodular goiter; they
found similar levels of serum IGF1 in the two groups, but
the immunostaining scores of those with DTC were
statistically higher (p<0.001) compared to nodular goiter
(22). Furthermore, Tita et al., have studied 7 acromegalic
patients with DTC, and have found similar IGF1 levels in
patients with and without DTC (25). Moreover, Gydee et al.,
comparing patients with PTC, FTC and normal controls have
found that the staining for IGF1 was more abundantly
detected in PTC patients compared to controls but almost the
same as in patients with FTC (27). In contrast, in another
trial including individuals with PTC, benign nodule, as well
as healthy subjects, the serum IGF1 levels were significantly
lower (p=0.02) in patients with thyroid adenoma compared
to healthy controls (28). Additionally, IGF1 levels were
higher in healthy subjects compared to those with PTC;
albeit, not significantly.

Two studies have identified the mutation BRAFV0'E The
first one compared paraffin-embedded surgical specimens of
PTC patients with or without acromegaly and found that this
mutation does not play an important role in carcinogenesis
(15). In the other one the presence of that mutation was
analyzed by direct sequencing in thyroid samples and showed
that the DTC risk is associated with the aforementioned
mutation and is not correlated with GH/IGF1 levels (14).

In a study with patients with adenomas and carcinomas,
serum IGF1 was increased in both populations as compared
to healthy individuals, while a positive correlation with tumor
diameter and wide intrathyroidal extension was shown (29).
Another trial investigated the expression of mRNA IGF1 in
the epithelium and stroma of tumor cells and found that the
epithelium of PTCs but not stroma cells expressed it, with the
exception of 5 PTCs with lymphoid infiltrate, which were
found to express more IGF1 in the stroma than in the
epithelium (34). In FTCs, mRNA IGF1 expression was
stronger in epithelial cells than in the stroma (34). Additional
studies have also revealed a higher expression of IGF1 in
thyroid malignancies compared to healthy controls (30, 31, 35,
37, 38). In contrast, Yashiro et al. have found no increased
IGF1 mRNA in cancer compared to normal thyroid tissues
(36). A trial in which 4 anaplastic and 2 poorly differentiated
thyroid carcinoma cell lines were investigated, showed that
IGF1 protein levels were not detected in any cell line (32).

Finally, only one study has evaluated mRNA IGF2
expression in benign and malignant thyroid nodules, which
showed a tendency for lower levels in nodular tissues (26).

IGFR in thyroid diseases. The characteristics of the included
studies are described in Table II.

A study including 11 patients with MTC and 20 healthy
controls demonstrated that serum IGF-1R levels were
significantly higher in MTC (39). Another study including
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19 patients with multinodular nontoxic goiter, 36 with PTC,
11 with FTC, 9 with ATC and 20 controls, showed that IGF-
IR levels are significantly higher in patients with PTC and
ATC versus controls or multinodular nontoxic goiter (7).

Other studies have investigated the IGF-1R expression in
subjects with PTC (40, 41). One of them aimed to compare
the IGF-1R between patients with PTC and diabetes mellitus
type II and patients with PTC but not diabetic (40). In the
first group, the IGF-1R stained stronger than in the second
one (p=0.037). The tumor size was correlated significantly
with the immunoreactivity of IGF-1R. In the other study,
IGF1-R positive staining was found more frequently in PTCs
with a higher immunoreactivity score than in healthy
controls (p<0.05) (41).

Chakravarty et al., studied i) 12 PTC, ii) 18 MTC, iii) 13
Hurtle cell carcinoma, iv) 30 FTC, v) 15 ATC and vi) 6
normal thyroid epithelium individuals (42). The expression
of IGF-1R in malignant thyroid tissues was remarkably
higher as compared to normal thyroid tissues, while its levels
were significantly higher in PTC and FTC than ATC and
MTC (p<0.001). Lymph node metastasis was significantly
correlated with lower IGF-1R levels in differentiated cancer,
but there was no correlation in poorly differentiated
carcinoma. Another trial has estimated the presence of IGF-
1 receptor 3 (IGF-1Rp) in acromegalic patients. According to
their findings, IGF-1R levels were not differed significantly
between PTC patients with or without acromegaly, but there
was a significantly increased expression in adjacent normal
tissue of those with acromegaly compared to those without
(15). Liu et al., have found that IGF-1R levels were higher in
tissues from patients with benign disease than in healthy
tissues by both IHC and PCR analysis (p<0.01), but its
mRNA expression was significantly lower than PTC in
follicular adenoma and nodular goiter (p<0.01 and p<0.05,
respectively) (18). Additionally, IGF-1R levels were
positively correlated with thyroid nodule diameter (p<0.01),
although in thyroid cancer there was no correlation with
cervical lymph node metastasis and staging (p<0.05). Patients
with PTC versus controls were studied by Cho er al., who
investigated 2 Single Nucleotide Polymorphisms (SNPs) of
IGF-1R and found the rs2229765, Glul043Glu to be
significantly associated with PTC. The 2 SNPs were,
however, not associated with clinical characteristics of the
patients (43). Moreover, in another trial including 83 PCTs,
IGF-1R levels were increased in 40% of the specimens and
there was also no correlation with patient’s characteristics or
tumor stage (44). A separate study by Maiorano et al. showed
increased levels of IGF-1R in both adenomas and carcinomas,
as well as a positive correlation with tumor diameter and
wide intrathyroidal extension (29).

The expression of IGF-1R in DTC and nodular goiter has
also been explored. According to IHC analysis, a score was
determined by a pathologist as i) grade 0: no staining, ii)

grade 1: mild, iii) grade 2: moderate, iv) grade 3: intense
staining. This study concluded that the IGF-1R
immunostaining score was higher in patients with DTC
compared to those with nodular goiter (p<0.001) (22). When
Gydee et al., compared the expression of IGF-1R between
patients with PTC, FTC and normal controls under 21 years
old by IHC, and found that the presence of IGF-1R was
more common in PTCs than in normal tissues (p=0.03) (27).
There was no difference in immunostaining between PTCs
and FTCs, but the expression of IGF-1R was significantly
higher in more aggressive tumors (p=0.029). Another study
has demonstrated that IGF-1R is expressed in epithelium of
PTCs and FTCs but not in the stroma (34).

Finally, a smaller study, in contrast with the previous ones,
did not show any significant difference of IGF-1R expression
between PTC, FTC and ATC and normal subjects (31). In
addition, a study from Van Der Laan et al. in 1995 found no
expression of IGF-1R in nodular hyperplasia and adenoma,
PTCs, FTCs, ATCs and MTCs (35).

IGFBP in thyroid disease. The characteristics of the included
studies are described in Table III.

A recent study investigated the presence of IGFBP7 in
thyroid neoplasias and found that it was expressed in 66.7%
and 65% of thyroid adenomas and PTCs, respectively, and
in only 13.4% and 12.5% of FTCs and ATCs, respectively
(45). IGFBP3 expression was studied in the Atlas’ trial
comparing men and women with benign thyroid disease (11).
IGFBP3 serum levels were significantly higher than
intranodular ones (p=0.001). The intranodular levels were,
however, significantly higher in subjects with multinodular
goiter compared to those with single nodules (p=0.043)
while serum levels did not differ between the 2 groups.
Additionally, there was a weak positive correlation between
nodule size and IGFBP3 serum levels (p=0.042, r=0.23).
Pazaitou-Panayiotou et al. have studied 129 PTCs, 26 FTCs
and 24 MTCs (13). They found that IGFBP3 levels were
similar among different histological types or stages of
thyroid cancer. Similar IGFBP3 levels have also been shown
in another trial that compared 93 DTCs and 111 normal
controls (47), where no correlation of IGFBP3 with TNM
staging, tumor diameter or lymph node metastasis was found.

Another trial that included subjects with benign thyroid
disease found no association between IGFBP3 and benign
thyroid disorders (24). Xu et al., studied 4 SNPs in the
promoter region of the IGFBP3 gene (rs2132571, rs2132572,
rs2854744 and rs13241830) in 173 patients with DTC, 101
with BTD and 401 cancer-free controls (20). IGFBP3
rs2132572 was associated with decreased risk of BTD and
DTC, while the rs2854744 genotype was associated with
increased risk of both BTD and DTC. This correlation was
more evident to those with a first-degree family history of
cancer and to non-drinkers.
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Kulakoglu et al. have shown that IMP3, a member of the
IGF2 mRNA binding protein, was expressed in 50% of
nodular hyperplasia, 92.9% of follicular adenoma, 82.1% of
PTCs, 77.8% of FTCs and 66.7% of ATCs (46). The same
molecule was studied by Jin ef al. in 2010 (48). This group
showed that IMP3 was slightly higher in follicular adenomas
and hypeplastic nodules than in the normal thyroid cells, but
significantly lower than PTCs (p<0.01), follicular variants of
papillary thyroid carcinomas (FVPTCs) (p<0.05), and FTCs
(p<0.01). Its expression was increased in all PTCs and FTCs
evaluated by both PCR (conventional and quantitative RT-
PCR) and IHC. Positive immunoreactivity for IMP3 was
found in 10/15 PTCs and 5/8 FTCs. On the contrary, a study
by Slosar et al. found that IMP3 was not expressed in all
benign diseases examined, while it was expressed in 22/32
of FTCs, only in 4/37 PTCs and in 23/60 FVPTCs (49).

Alderd et al. studied serum IGFBP6 levels in patients with
PTC and FTC (50). According to them, IGFBP6 was
increased in PTCs and decreased in all but one FTC.
According to another study, IGFBPS5 had similar expression
in goiter adenoma and FTC and higher expression in PTCs
compared to patients with goiter and normal tissues (51).
Van Der Laan et al., have studied the expression of different
IGFBPs in normal tissue, nodular hyperplasia, follicular
adenoma, PTC, FTC, ATC and MTC (35). IGFBP3 stained
positively only in MTCs, IGFBP4 in MTCs as well as in
ATCs and in cases of nodular hyperplasia and IGFBP1
stained positively in MTCs and variably in benign lesions,
PTCs, FTCs and ATCs. Finally, IGFBPs expression has been
found higher in PCTs than in the normal thyroid tissue
(p<0.01) (36). Specifically, IGFBP3 did not differ between
cancer and normal tissue, while IGFBP1 was higher in
cancer, as evaluated by Western blot.

Discussion

IGF1 is a well-known growth factor involved in
tumorigenesis. At the same time, the IGF bioregulation
system plays a physiological role in the development of the
thyroid gland (52, 53). Although, insulin and IGFs share
common receptors and there is evidence that obese people
with insulin resistance have increased incidence of thyroid
cancer (53); however, the exact role of IGF1/2 in thyroid
cancer has not been fully elucidated yet. In this study we
investigated the role of IGF complex in thyroid tumors as
well as in benign lesions.

In a study by Du et al., normal subjects had higher levels
of IGF1 than the group with thyroid nodules and the
incidence of nodules was higher when the IGF levels were
lower (9). On the contrary, Basturk et al. as well as Liu et
al. have both shown statistically significant higher IGF1
levels in thyroid nodules compared to the control group
while Liu et al. have found increased levels of the IGF1 in

solid adenomas compared to cystic lesions (18, 19, 21).
Volzke et al. designed a different study where they showed
that among patients with benign thyroid pathology, the ones
with higher IGF1 levels also presented with a higher
probability for thyroid goiter and nodules (24). Another
retrospective study by Atlas et al. showed that between a
group with multinodular disease and a group with single
nodular disease, the IGF1 as well as the IGFBP3 levels
intranodularly were greater in the first group (11). In the
same study, however, when they measured IGF1 and its
binding protein levels in serum there were no differences
between the two groups. Similarly, Rekvava et al., who
investigated IGF1 levels in subjects with metabolic
syndrome and nodules as well as subjects without metabolic
syndrome found normal or lower levels of hyperinsulinemia,
due to possible hyperglycemia in these patients (12). Perlino
et al. ended up with similar results in the Atlas study
demonstrating increased levels of IGF1 in multinodular
disease compared to the control group (33). In a study by
Dogan et al., acromegalic patients before receiving any
therapeutic intervention had higher levels of IGF1 in the
group with nodular disease compared to the control group,
even though the relationship of IGF1 and thyroid nodules
was not the primary endpoint in this study (17). Overall, the
abovementioned results show a preferential expression of
IGF1 in thyroid nodules, especially when they are solid and
their number is greater than one. These results align with
evidence obtained from other endocrine adenomas, such as
adrenocortical (54, 55) as well as colorectal adenomas (56),
in which the expression of IGF1 is increased as compared to
normal tissues. On the other hand, the study by Du et al.
concluded in controversial results demonstrating a negative
correlation between IGF1 expression and thyroid nodular
disease; however, due to the fact that the nature of the
nodules (benign or malignant) was not known this posed a
limitation in the study (9). Nevertheless, in line with Du et
al., Ersoy et al. showed lower IGF1 serum levels in children
with goiter compared to children without goiter (57).

As far as thyroid cancer is concerned, most studies have
concluded that the IGF molecular pathway is more highly
expressed in thyroid cancer than in benign lesions and
normal tissues. Specifically, IGF1 expression is higher in
PTC according to the findings of a multicenter study with
345 patients enrolled (16). Moreover, according to Maiorano
et al. as well as Pazaitou et al., IGF1 expression is higher
and consistently related to tumor size and intrathyroidal
invasion (13, 29), even though, in the later study the studied
marker was not IGF1 alone, but a combination of IGF1,
IGFBP and adiponectin. Of note, Asakawa et al. showed no
detection of IGF1 in anaplastic and poorly differentiated
thyroid carcinomas, on one hand highlighting the complexity
of carcinogenesis in undifferentiated cancer and on the other
pinpointing the preference of IGF1 expression in well
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differentiated cancer (32). This evidence is in line with
studies in other types of cancer, such as colorectal, in which
the tissue IGF1 expression gradually increases during disease
progression from normal tissue to colorectal adenoma and
finally to colon cancer (56). Similarly, serum IGF1 levels are
significantly higher in patients with ovarian cancer compared
to normal subjects (58).

Interestingly, only a few studies, such as the one by Xu et
al., have not found any significant differences in IGF1 levels
among patients with differentiated thyroid cancer, benign
nodules and healthy controls, while they have revealed a
correlation between IGFBP3 levels and the risk for either
benign lesion or differentiated thyroid cancer with a specific
IGF1 polymorphism, respectively (20). In this study, the
authors included ten different alleles for CA-repeat
polymorphism in the promoter region of the /GF-1 gene and
IGFBP3 polymorphisms that included four small SNPs in the
promoter region of the /[GFBP-3 gene. However, CA repeat
polymorphism was not found to be a genetic biomarker for
thyroid cancer susceptibility. Similarly, Karaca er al. have
found no differences in serum IGF1 levels between patients
with differentiated thyroid cancer and nodular goiter but
these findings were not confirmed by an immunostaining
score, which was significantly higher in patients with
differentiated cancer (22).

Similar to the aforementioned studies, when PTC patients
with or without acromegaly were compared, the obtained
data showed statistically higher expression of IGF1 serum
levels in the group of acromegalic patients (10). Tita et al.
have shown similar IGF1 serum levels in acromegalic
patients with and without DTC (25). However, when IHC
analysis was performed, although the quantity of cells that
stained for IGF1 did not differ among groups, in the group
without acromegaly the intensity of staining was weak.
Altogether, these studies show a possible tendency towards
thyroid cancer when patients are exposed to higher IGF1
levels, such as in cases of acromegaly. Regarding the role of
the BRAFVO9E mutation in the development of thyroid
tumor, the results are controversial since the study by Kim
et al. showed that this mutation does not play crucial role in
the development of carcinogenesis in the acromegalic
population, while a study by Mian et al. showed that the
thyroid cancer risk was associated with BRAFVGOOE, further
implying that the GH/IGF system cannot trigger thyroid
tumorigenesis by itself (14, 15).

Of note, two studies have evaluated the expression of
molecules that share great similarity to IGF1. Karagiannis et
al. have studied an isoform of IGF1, the IGF1Ec, which is
derived by alternative splicing in the igf gene during the
transcriptional process (8). This study demonstrated the
expression of the Ec isoform in differentiated thyroid
carcinoma, positively correlating with TNM staging,
muscular and capsular invasion. Similar results regarding the

3088

expression of the IGF1Ec variant were also obtained in
prostate cancer (59). A study by Fuhren et al. have measured
decreased mRNA expression of IGF2 in thyroid nodules,
both benign and malignant, compared to normal thyroid
tissue (26).

Regarding the receptor of IGF, the majority of studies has
concluded that it is highly expressed in DTC. Moreover, a
study by Gydde et al. have demonstrated higher levels of
IGF-IR in children with DTC positively correlating with the
aggressiveness of the tumor (27). Despite this, Liu et al.
have shown higher mRNA expression of the receptor in
malignant tumors compared to benign lesions (18), positively
correlated with the tumor nodule diameter. This is in contrast
with the majority of papers, where there is no positive
correlation with either staging or lymph node metastasis.
Indeed, in a study by Chakravarty et al., lymph node
metastasis correlated with lower levels of IGF1 in DTC,
while no correlation was found with poorly differentiated
thyroid carcinoma (42). This evidence possibly demonstrates
the complexity of metastatic process, which is perhaps
IGF1/IGFR-independent.

According to the majority of studies, undifferentiated and
medullary carcinoma does not express the IGF receptor.
However, Motylewska et al. have demonstrated its
expression in MTC (7) and Lawnicka et al. in ATC and PTC,
(39), while Chakravarty er al. in all types of cancer (42).
Notably, IGF-1R expression was higher in DTC compared to
anaplastic carcinoma (42). In contrast to all previous studies,
a study from Canada in 1995 found no IGF-1R expression
in either benign or malignant tissues (35), while others may
have confirmed its expression, but with no significant
differences among normal tissues, differentiated and
anaplastic tumors (31). The expression of IGF-1R has been
localized either in the epithelium or in the stroma of thyroid
cancer cells (34). Faical et al., have demonstrated mainly
cytoplasmic and less perinuclear staining for the receptor,
which is in agreement with its pattern in other endocrine
organs, such as the adrenal gland (55). Moreover, IGF-1R
staining seems to be stronger when diabetes mellitus type 2
is present (40), possibly due to the concomitant
hyperinsulinemia and hyperglycemia.

The IGFBP family consists of 7 proteins and most of them
have already been studied in thyroid cancer as well as in
benign nodular disease. In general, most studies have shown
higher expression of IGFBPs in cancer and especially in
DTC compared to benign nodular disease and normal thyroid
tissue. Regarding the type of carcinoma, Van Der Laan et al.
show that the expression of IGFBPs is persistently higher in
MTC and variable in other types of thyroid cancer (35),
which, for IGFBP2-3 this could be expected since these
isoforms are produced by neuroendocrine cells (60). IGFBP3
levels have appeared similar among different types of thyroid
cancer in two trials (13, 47), while IGFBP3 has not been
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found to correlate with benign lesions (24). IGFBP7 seems
to be expressed more in PTC than in other types of thyroid
cancer as well as in thyroid adenomas (45). Similar results
were excluded from 3 other publications that studied IMP3,
a member of IGF2 mRNA binding protein 3 (46, 48, 49).

In conclusion, the IGF complex is involved in thyroid
development and seems to play an important role in thyroid
cancer. IGF1, rather than IGF2, is preferentially expressed in
nodular thyroid disease and especially when the nodule is
solid or more than one. Regarding thyroid cancer, there is an
enhanced expression of IGF-1 system in DTC compared to
MTC and ATC. Moreover, IGF1 receptor staining is more
intense in PTC than in other types of thyroid cancer and
mainly cytoplasmic. IGFBPs are also mostly expressed in
differentiated thyroid carcinoma, and specifically in PTC.
Altogether, several studies point towards an important role of
IGF system in thyroid disease since it is expressed in both
benign and malignant thyroid nodules, however, the
conclusions should be interpreted with caution: i) the IGF
system and its relationship with thyroid cancer was not the
primary endpoint in all the studies and in some cases it was
just measured among other molecules; ii) the method used to
evaluate the expression of the molecules involved in the IGF
system varied between studies (i.e. RT-PCR, IHC, Elisa etc.);
iii) due to the rarity of undifferentiated tumors, conclusions
cannot be drawn for anaplastic and poor differentiated
carcinomas. Furthermore, we included studies with different
design and size population varying from twenty patients to
multicenter studies with hundreds of patients. Well-designed
large clinical studies with the relation of IGF system with the
thyroid neoplasm as a primary endpoint as well as ongoing
basic research pertinent to the pathophysiological role of this
system may lead to the development of useful diagnostic and
therapeutic tools in the future.
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