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Abstract: It is extremely difficult to discriminate between follicular thyroid carcinoma (FTC) and follicular thyroid
adenoma (FTA) before surgery, because the morphologies of carcinoma cells and adenoma cells obtained by fine
needle aspiration biopsy (FNAB) are similar. Molecular markers may be helpful on this issue. The purpose of this
study was to assess the role of GPER1, EGFR and CXCR1 in differential diagnosis between FTC and FTA. GPER1,
EGFR and CXCR1 mRNA expression levels were examined in 15 FTCs and 10 FTAs using real-time RT-PCR. FTC
showed to have significantly increased mRNA levels of the three molecules compared to FTA (P < 0.001 for all the
three molecules). GPER1, EGFR and CXCR1 protein expression in 106 FTCs and 128 FTAs were analyzed using immunohistochemistry. The rates of GPER1, EGFR and CXCR1 high expression were 73.6%, 72.6% and 70.8% in FTC
and 30.5%, 28.1% and 27.3% in FTA, respectively. Statistical analysis showed that GPER1, EGFR and CXCR1 protein
expression were correlated with one another in FTC and concomitant high expression of the three molecules had
stronger correlation with the occurrence of FTC than did each alone. The positive predictive values (PPV) for concomitant high expression of the three molecules for discriminating between FTC and FTA were 91.0% for GPER1/
EGFR, 93.8% for GPER1/CXCR1, 92.3% for EGFR/CXCR1 and 98.2% for GPER1/EGFR/CXCR1, respectively. These
results indicated that the evaluation of GPER1, EGFR and CXCR1 concomitant high expression may be helpful in
differential diagnosis between FTC and FTA.
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Introduction
Follicular thyroid carcinoma (FTC) is the second
most common thyroid cancer after papillary
thyroid carcinoma (PTC). It accounts for 10-20%
of all thyroid malignancies, and similar to PTC, it
is more prevalent in women than in men [1].
FTC is more aggressive than its papillary counterpart with hematogenous spread as its metastatic signature [2]. It is classified into two categories based on the degree of invasion: widely
invasive FTC (WI-FTC) and minimally invasive
FTC (MI-FTC). The former has widespread infiltration of adjacent thyroid tissue and/or blood
vessels whereas the latter has limited capsular
and/or vascular invasion. It is extremely difficult to differentiate between malignant FTC
and benign follicular thyroid adenoma (FTA)

before surgery, because the morphologies of
carcinoma cells and adenoma cells obtained by
fine needle aspiration biopsy (FNAB) are similar
[3]. The final diagnosis should be determined by
postoperative pathological examination by the
evaluation of the specific characteristics of FTC
such as capsular infiltration and/or vascular
invasion [4]. If we could preoperatively diagnose FTC, it would facilitate determination of
surgical indication for follicular tumor. To date,
studies have been intensively performed to
find molecular markers able to discriminate
between FTC and FTA, which can be applied to
preoperatively obtained specimens, such as
immunostaining of FNAB samples.
G protein-coupled estrogen receptor 1 (GPER1),
formerly known as GPR30, is a novel seven-
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transmembrane receptor belonging to the G
protein-coupled receptor family, binds estrogen
with high affinity and functions alongside the
traditional nuclear estrogen receptors (ERα
and ERβ) to regulate cellular and physiological
responsiveness to estrogen. Activation of
GPER1 leads to multiple intracellular responses related to proliferation, invasion and migration. GPER1 is widely expressed in numerous
tissues throughout the body and is often highly
expressed in cancer cell lines, particularly
those from aggressive tumors [5], and has
been shown to be an important prognostic factor in breast, endometrial, ovarian cancers
[6-8]. High expression of GPER1 in these estrogen-related tumors has been associated with
metastases and poor survival.
Epidermal growth factor receptor (EGFR) is a
receptor tyrosine kinase important in transducing extracellular signals from the cell surface to
the cell interior. Studies have shown that EGFR
is transactivated through stimulation of GPER1
to generate a survival response, facilitating proliferation, invasion and migration in several
types of cancer [9-11]. Over expression of EGFR
is frequently found in epithelial cancers such as
breast cancer [12], esophageal squamous cell
carcinomas [13] and papillary thyroid cancer
[14], and high expression of EGFR occurs at an
advanced stage of malignancy characterized by
metastatic competence and poor prognosis.
CXCR1 is one of two high-affinity receptors for
the CXC chemokine interleukin-8 (IL-8), a major
mediator of immune and inflammatory responses implicated in many disorders, including
tumor growth [15]. CXCR1 is mainly expressed
in neutrophils and is originally characterized by
its ability to induce chemotaxis of leukocytes.
However, CXCR1 has been shown to act on multiple cell types, as our recent study showed that
CXCR1 is involved in invasion and migration of
ER-negative breast cancer cells through crosstalk with GPER1 via EGFR-ERK/PI3K pathway
[16]. Moreover, it was found that over expression of CXCR1 is correlated with drug-resistance, invasion, and metastasis in several solid
tumors [17].
Recently, our group examined the expression of
GPER1, EGFR and CXCR1 in PTC, and found
that high expression of GPER1, EGFR and
CXCR1 was significantly correlated with lymph
node metastasis in PTC. Concomitant high
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expression of the three molecules had stronger
correlation with lymph node metastasis than
did each alone, demonstrating that the evaluation of GPER1, EGFR and CXCR1 expression in
PTC may be useful in predicting the risk of
lymph node metastasis [18]. In the present
study, we will examine GPER1, EGFR and CXCR1
expression in FTC and FTA, and evaluate potential usefulness of the three molecules in discriminating between FTC and FTA.
Materials and methods
Case selection and tissue sample preparation
Tumor specimens for real-time RT-PCR were
obtained from 25 patients who underwent initial thyroidectomy in the Department of Surgery,
the First Affiliated Hospital, Chongqing Medical
University, between March 2013 and March
2014, including 10 FTAs, 10 MI-FTCs and 5
WI-FTCs. The benign thyroid hyperplasia specimens were obtained from 10 patients with adenomatous nodule. For controls, 10 normal thyroid tissue specimens were taken from the contralateral lobe of FTC specimens. All specimens
were immediately snap-frozen in liquid nitrogen
and stored at -80°C up to subsequent real-time
RT-PCR.
Tumor specimens for immunohistochemical
analysis were obtained from 106 pathologically
proven FTCs and 128 FTAs between March
2008 and March 2014. In FTAs, there were 33
men and 95 women, 62 patients with the age
of < 45 years and 66 with the age of ≥ 45 years,
42 with tumor size of ≤ 2 cm, 52 with tumor size
of > 2 and ≤ 4 cm, 34 with tumor size of > 4 cm.
All these tumors were encapsulated, exhibited
a follicular architecture and lacked either vascular or capsular invasion. Relatively, in FTCs
there were 27 men and 79 women, 51 patients
with the age of < 45 years and 55 with the age
of ≥ 45 years, 35 with tumor size of ≤ 2 cm, 42
with tumor size of > 2 and ≤ 4 cm, 29 with
tumor size of > 4 cm. Moreover, in FTCs, 35
were WI-FTCs and 71 were MI-FTCs, and 34
had vascular invasion only, 16 had capsular
infiltration only and 56 had both. Besides,
benign thyroid hyperplasia specimens were
obtained from 115 patients with adenomatous
nodule, 90 normal thyroid tissues were taken
from the contralateral lobe of FTC specimens,
which exhibit apparently normal morphology as
a control. The study protocol was approved by
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Tissue microarray

Table 1. Primers used for real-time RT-PCR
Product
size
240 bp

Formalin-fixed, paraffin-embedded
blocks were routinely prepared
GPER1 Forward: 5-AGTCGGATGTGAGGTTCAG-3
from surgical specimens of FTC,
Reverse: 5-TCTGTGTGAGGAGTGCAAG-3
FTA, adenomatous nodule and norEGFR Forward: 5-AGCTTCTTGCAGCGATACAGCTCAGAC-3 106 bp
mal thyroid tissue. Representative
Reverse: 5-TGGGAACGGACTGGTTTATGTATTCAGG-3
areas containing FTC, FTA, adenoCXCR1 Forward: 5-GCAGCTCCTACTGTTGGACA-3
214 bp
matous nodule and normal thyroid
tissue were identified by a patholoReverse: 5-GGGCATAGGCGATGATCACA-3
gist. Duplicate tissue cores with a
GAPDH Forward: 5-GGAGTCCACTGGCGTCTTCA-3
191 bp
diameter of 0.6 mm were taken
Reverse: 5-GGGGTGCTAAGCAGTTGGTG-3
from each specimen (Beecher
Instruments, Silver Springs, USA)
the Research Ethics Committee of Chongqing
and arrayed on a recipient paraffin block, using
Medical University and informed consent was
standard procedures [20]. Serial 5-μm-thick
obtained from all patients.
sections were cut with a Leica microtome (Leica
Microsystems, Wetzlar, Germany) and mounted
RNA extraction, reverse transcription, and realonto polylysine-coated slides.
time PCR
Immunohistochemical staining
Total RNA was extracted from frozen thyroid tissues using TriZol reagent (Invitrogen, Camarillo,
Sections from tissue microarray blocks were
CA, USA), and residual genomic DNA was elimidewaxed and hydrated. Antigen retrieval was
nated by DNase I digestion (Ambion, USA). RNA
achieved by microwaving in 0.01 M citrate bufpurity was confirmed by spectrophotometry.
fer (pH 6.0) for 10 min. After microwave treatTotal RNA was reverse transcribed to cDNA by
ment, the slides were treated with 3% hydrogen
using Super Script III Reverse Transcriptase
peroxide for 30 min to block the endogenous
(Invitrogen, USA) according to the manufacturperoxidase and followed by blocking with 10%
er’s protocol. The final cDNA product was
normal goat serum (50062Z, Invitrogen, USA)
amounted to 25 μL and stored at -80°C.
in PBS at room temperature for 1 h. The slides
were then incubated overnight at 4°C in the
Real-time PCR was performed by using SYBRprimary rabbit polyclonal anti-GPER1 antibody
Green real-time PCR method on the ABI-Prism
(1:100 dilution, ab39742; Abcam, USA), anti7000 sequence detector (Applied Biosystems,
EGFR antibody (1:100 dilution, BS1533; BioUSA). The primers are shown in Table 1. The
world Technology, USA), or anti-CXCR1 antibody
predicated product size of the primers for
(1:100 dilution, bs-1009R; Bioss, China). For
GPER1, EGFR and CXCR1 was 240 bp, 106 bp,
negative isotype controls, the sections were
and 214 bp, respectively. Quantities of gene
incubated in rabbit immunoglobulin G (1:1000,
specific mRNA expression were determined by
NI01-100UG; Merck Millipore, Germany). After
the CT method. Samples were analyzed in triplidefrosting at 37°C for 30 min, the slides were
cate. Average threshold cycle (CT) values for
washed with PBS and incubated with a secondglyceraldehyde-3-phosphate dehydrogenase
ary biotinylated goat-anti-rabbit antibody (ZB(GAPDH) were used as an internal calibrator.
2010; Zhongshan Golden Bridge Biotechnology,
The 2-ΔΔCT method was used for relative quantiChina) for 30 min, peroxidase-labeled streptation [19]. Results are presented as the mean
tavidin (ZB-2404; Zhongshan Golden Bridge
± standard deviation of three independent
Biotechnology, China) for 20 min and diaminoexperiments. The real-time PCR mix was made
benzidine chromogen substrate (Sigma, USA)
on the basis of the prescription from the supfor 5 min. Slides were counterstained with
plier: 6 μL sterile water, 1 μL sense and 1 μL
hematoxylin, dehydrated, and mounted.
antisense primers, 10 μL Platinum SYBR Green
QPCR Super Mix-UDG w/ROX (Invitrogen, USA)
Immunohistochemical scoring
and 2 μL target cDNA in a total volume of 20 μL.
A semi quantitative assessment of immunohisRun conditions were: 50°C for 2 min, 95°C for
tochemical (IHC) scoring was performed by two
10 min, followed by 40 cycles at 95°C for 15 s
observers blinded to the diagnosis. The IHC
and 60°C for 1 min.
Gene
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Table 2. mRNA expression of GPER1, EGFR and CXCR1 in FTC, FTA, adenomatous nodule and normal
thyroid tissue specimens
GPER1
ΔCT, mean ± SD P value
Normal thyroid tissue 10
3.91 ± 1.28
Groups

n

Adenomatous nodule 10

EGFR
ΔCT, mean ± SD P value
3.70 ± 0.70
-

CXCR1
ΔCT, mean ± SD P value
3.03 ± 1.29
-

5.19 ± 2.14

0.123a

4.45 ± 1.08

0.082a

3.92 ± 1.16

0.121a

< 0.001b
< 0.001c
0.179d

16.36 ± 1.36
33.18 ± 7.96
32.33 ± 8.07

< 0.001b
< 0.001c
0.077d

14.48 ± 2.17
29.94 ± 7.32
29.30 ± 6.17

< 0.001b
< 0.001c
0.174d

FTA
FTC
MI-FTC

10
15
10

18.31 ± 3.40
35.22 ± 8.28
34.41 ± 9.25

WI-FTC

5

40.69 ± 4.34

40.43 ± 6.80

36.72 ± 14.25

Mean ± SD of GPER1, EGFR and CXCR1 mRNA expression levels in FTC, FTA, adenomatous nodule and normal thyroid tissue
specimens after normalized to GAPDH (Mann-Whitney U test, aadenomatous nodule vs. normal thyroid tissue; bFTA vs. adenomatous nodule; cFTC vs. FTA; dWI-FTC vs. MI-FTC).

score was assigned based on staining intensity
and percentage of positive cells. The intensity
score was assigned as 0 (no staining), 1 (weak
staining), 2 (moderate staining), and 3 (strong
staining). The proportion score was assigned
as 0 (< 5% positive cells), 1 (6-25% positive
cells), 2 (26-50% positive cells), 3 (51-75%
positive cells), and 4 (> 75% positive cells).
Multiplication of the intensity and proportion
scores gave rise to the final staining score: 0
(negative), + (1-4), ++ (5-8), and +++ (9-12). For
statistical analysis, a final staining score of negative or + was combined into the low expression group, and a final staining score of ++ or
+++ was combined into the high expression
group.
Statistical analysis
Statistical analysis was performed using SPSS
18.0 statistical software. Data are presented
as percentages and mean and standard deviation, according to the distribution. Significance
was assessed using Chi-square, Spearman
rank and Mann-Whitney U test as appropriate,
to compare the groups. P value < 0.05 was considered statistically significant.
Results
GPER1, EGFR and CXCR1 mRNA expression
in FTC, FTA, adenomatous nodule and normal
thyroid tissue specimens
To compare gene expression of GPER1, EGFR
and CXCR1 in FTC and FTA, 10 FTA, 10 MI-FTC
and 5 WI-FTC tissue specimens were collected
to analyze GPER1, EGFR and CXCR1 mRNA levels using real-time RT-PCR. 10 adenomatous

11239

nodule and 10 normal thyroid tissue specimens were used for comparison and as a control. As shown in Table 2, GPER1, EGFR and
CXCR1 mRNA levels were significantly higher in
FTA compared to adenomatous nodule (P <
0.001 for all the three molecules), while there
were not statistically significant differences
in GPER1, EGFR and CXCR1 mRNA levels
between adenomatous nodule and normal thyroid tissues (P = 0.123, P = 0.082 and P =
0.121, respectively). Obviously, FTC showed to
have increased mRNA levels of GPER1, EGFR
and CXCR1 compared to FTA. The differences
in GPER1, EGFR and CXCR1 mRNA levels
between FTC and FTA were statistically significant (P < 0.001 for all the three molecules).
However, there were not statistically significant
differences in GPER1, EGFR and CXCR1 mRNA
levels between WI-FTC and MI-FTC (P = 0.179,
P = 0.077 and P = 0.174, respectively), while
WI-FTC showing a little higher mRNA expression levels of the three molecules than that of
MI-FTC.
Immunohistochemical expression of GPER1,
EGFR and CXCR1 in FTC, FTA, adenomatous
nodule and normal thyroid tissue specimens
GPER1, EGFR and CXCR1 protein expression
were examined by immunohistochemical staining and illustrated in Figure 1. The immuno
reactivities of GPER1, EGFR and CXCR1 were
detected in the cytoplasm and cell membrane.
In adenomatous nodules, there were only a few
follicular cells with weak staining for GPER1
(Figure 1A), EGFR (Figure 1B) and CXCR1
(Figure 1C). However, in FTA, there were a number of follicular cells with moderate staining for
the three molecules (Figure 1D-F), and in FTC,
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Figure 1. Immunohistochemical staining for GPER1, EGFR and CXCR1. Columns correspond to immunostaining
for GPER1, EGFR and CXCR1, respectively. The first row exhibits weak staining of adenomatous nodules with the
indicated antibodies (A-C); the second row shows moderate staining of FTA (D-F); and the third row displays strong
staining of FTC (G-I). All the pictures are in high-power fields (×400).

there were a lot of follicular cells with strong
staining for the three molecules (Figure 1G-I).
As shown in Table 3, like normal thyroid tissues, the majority of adenomatous nodules
have negative or 1 IHC score, no cases showed
high expression (≥ 5) of the three molecules. In
FTA, more than half of cases have 0~4 IHC
score, only a few cases (far less than half of
cases) have ≥ 5 IHC score, high expression was
present in 39 (30.5%), 36 (28.1%) and 35
(27.3%) of 128 cases for GPER1, EGFR and
CXCR1, respectively. However, in FTC, more
than half of cases have ≥ 5 IHC score, high
expression was present in 78 (73.6%), 77
(72.6%) and 75 (70.8%) of 106 cases for
GPER1, EGFR and CXCR1, respectively. Clearly,
the rates of GPER1, EGFR and CXCR1 high
expression were significantly higher in FTC than
in FTA. Statistical analysis for GPER1, EGFR
and CXCR1 immunostaining for discriminating
between FTC and FTA was shown in Table 4.
The positive predictive values (PPV) were
66.7%, 68.1% and 68.2%, respectively.
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Correlation of GPER1, EGFR and CXCR1 protein expression with clinicopathological features in FTA and FTC
The correlation of GPER1, EGFR and CXCR1
protein expression with clinic pathological data
was assessed by Chi-square test and summarized in Table 5. No significant correlation was
detected between protein expression of the
three molecules and age, gender and tumor
size in FTA and FTC cases. However, GPER1,
EGFR and CXCR1 protein expression were associated with degree of thyroid follicular lesions.
Obviously, the rates of GPER1, EGFR and CXCR1
high expression were significantly higher in FTA
compared to adenomatous nodule as well normal thyroid tissue (P < 0.001 for all the three
molecules). Likewise, the rates of high expression of the three molecules were significantly
higher in FTC than in FTA (P < 0.001 for all the
three molecules). However, similar to mRNA
expression, there were not statistically significant differences in protein expression of the
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Table 3. Immunohistochemical analysis of GPER1, EGFR and CXCR1 expression in 106 FTC, 128 FTA,
115 adenomatous nodule and 90 normal thyroid tissue specimens according to the scoring system
Score

EGFR

GPER1
Normal
thyroid
tissue (n)

Normal
Adenom-atous FTA FTC
thyroid
nodule (n)
(n) (n)
tissue (n)

CXCR1

Normal
Adenom-atous FTA FTC
Adenom-atous FTA FTC
thyroid
nodule (n)
(n) (n)
nodule (n)
(n) (n)
tissue (n)

0
Negative

48

66

24

3

50

63

22

2

53

61

25

5

1

39

43

17

6

38

48

20

4

35

49

21

5

2

3

5

20

5

2

4

19

7

2

4

19

7

3

0

1

15

6

0

0

16

8

0

1

15

8

4

0

0

13

8

0

0

15

8

0

0

13

6

6

0

0

12

25

0

0

14

25

0

0

12

27

8

0

0

12

23

0

0

10

28

0

0

10

23

9

0

0

10

19

0

0

7

16

0

0

9

14

12

0

0

5

11

0

0

5

8

0

0

4

11

90

115

89

28

90

115

92

29

90

115

93

31

39

78

36

77

35

75

+

++

+++

Total
Low
High

The immunohistochemical scores in FTC, FTA, adenomatous nodule and normal thyroid tissue specimens were determined as the multiplication
of proportion score and intensity score.

Table 4. Discrimination between FTA and FTC
by high expression of GPER1, EGFR, and CXCR1
alone
High expression rate
GPER1 EGFR CXCR1
Sensitivity
73.6% 72.6% 70.8%
Specificity
69.5% 71.9% 72.7%
Positive predictive value (PPV) 66.7% 68.1% 68.2%
Negative predictive value (NPV) 76.1% 76.0% 75.0%
Diagnostic accuracy
71.4% 72.2% 71.8%
Variables

three molecules between WI-FTC and MI-FTC (P
> 0.05), while WI-FTC showing to have a little
higher rates of GPER1, EGFR and CXCR1 high
expression than that of MI-FTC (82.9% vs.
69.0% for GPER1, 82.9% vs. 67.6% for EGFR
and 80.0% vs. 66.2% for CXCR1, respectively).
Correlation of GPER1, EGFR and CXCR1 protein expression with one another in FTA and
FTC
The correlation of GPER1, EGFR and CXCR1
protein expression with one another was
assessed by Spearman rank test. As shown in
Table 6, only 6/128, 4/128 and 5/128 FTAs
showed high expression for both GPER1 and
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EGFR, both GPER1 and CXCR1, both EGFR and
CXCR1, respectively. There was not statistically
significant positive correlation between GPER1,
EGFR and CXCR1 expression in FTA. In contrast, 61/106 FTCs showed high expression
and 12/106 displayed low expression for both
GPER1 and EGFR. The correlation between
GPER1 and EGFR expression in FTC was
statistically signiﬁcant (rs = 0.208, P = 0.032).
Similarly, there was a statistically significant
correlation between expression of GPER1 and
CXCR1 (rs = 0.226, P = 0.020) in FTC. For both
GPER1 and CXCR1, 60/106 FTCs showed high
expression. In addition, high expression for
both EGFR and CXCR1 was present in 60/106
FTCs. A significantly positive correlation (rs =
0.257, P = 0.008) was also present between
expression of EGFR and CXCR1 in FTC.
Correlation of GPER1, EGFR and CXCR1 concomitant high expression with the occurrence
of FTC
Given that GPER1, EGFR and CXCR1 protein
expression were correlated with one another in
FTC, we further evaluated the correlation of
GPER1, EGFR and CXCR1 concomitant high
expression with the occurrence of FTC. As
shown in Table 7, the occurrence rate of FTC is
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Table 5. Correlation of GPER1, EGFR and CXCR1 protein expression with clinicopathological parameters in 106 FTCs and 128 FTAs
Characteristics
Normal thyroid tissue
Adenomatous nodule
FTA
Age (years)
< 45
≥ 45
Gender
Male
Female
Tumor size (cm)
T1 ≤ 2
2 < T2 ≤ 4
>4
FTC
Pathological type
MI-FTC
WI-FTC
Age (years)
< 45
≥ 45
Gender
Male
Female
Tumor size (cm)
T1 ≤ 2
2 < T2 ≤ 4
>4

Case (n)

GPER1
High P-value
0
0
39
< 0.001a
< 0.001b

Low
90
115
89

62
66

43
46

19
20

0.966

45
47

17
19

0.863

44
49

18
17

0.678

33
95

21
68

12
27

0.393

22
70

11
25

0.440

22
71

11
24

0.370

42
52
34
106

33
36
20
28

9
16
14
78

0.177

34
37
21
29

8
15
13
77

0.179

34
38
21
31

8
14
13
75

0.175

71
35

22
6

49
29

0.128

23
6

48
29

0.098

24
7

47
28

0.142

51
55

16
12

35
43

0.265

16
13

35
42

0.372

17
14

34
41

0.373

27
79

9
19

18
60

0.345

9
20

18
59

0.420

10
21

17
58

0.303

35
42
29

14
9
5

21
33
24

0.077

14
11
4

21
31
25

0.063

15
11
5

20
31
24

0.069

< 0.001c

Low
90
115
93

CXCR1
High P-value
0
0
35 < 0.001a
< 0.001b

90
115
128

< 0.001c

Low
90
115
92

EGFR
High P-value
0
0
36
< 0.001a
< 0.001b

< 0.001c

P-values derived using Chi-square test to compare the expression of GPER1, EGFR and CXCR1 between subgroups defined
by each clinicopathological parameter. aStands for significant difference between FTA and normal thyroid tissue; bStands for
significant difference between FTA and adenomatous nodule; cStands for significant difference between FTC and FTA. P < 0.05
was considered statistically significant.

signiﬁcantly higher in cases (91.0%) with
concomitant high expression of GPER1/EGFR
than in those cases (34.4%) with high expression of only one of the two molecules, or in
those cases (16.9%) without high expression
for either of the two molecules. Similar results
were observed in cases with concomitant
high expression of GPER1/CXCR1 and EGFR/
CXCR1. There were statistically signiﬁcant
differences in the occurrence rate of FTC
between cases with high expression of only one
and any two of the three molecules (P < 0.001
for GPER1/EGFR, GPER1/CXCR1 and EGFR/
CXCR1). In addition, statistical analysis showed that concomitant high expression of all the
11242

three molecules is signiﬁcantly associated
with the occurrence of FTC as compared
with cases not showing such expression (P <
0.001). As demonstrated in Figure 2A-C is a
representative of FTA showing low expression
of GPER1, EGFR and CXCR1; Figure 2D-F is
a representative of FTC showing high expression of all the three molecules. Statistical
analysis for GPER1, EGFR and CXCR1 concomitant high expression for discriminating
between FTC and FTA was shown in Table
8. The PPVs were 91.0% for GPER1/EGFR,
93.8% for GPER1/CXCR1, 92.3% for EGFR/
CXCR1 and 98.2% for GPER1/EGFR/CXCR1,
respectively.
Int J Clin Exp Pathol 2015;8(9):11236-11247
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EGFR can promote the invasion
and migration of nuclear estrogen
receptor-negative breast cancer
GPER1
CXCR1
cells [16]. To date, studies have
Proteins
Low High
rs
P value Low High
rs
P value
shown that GPER1 is over expFTAs
ressed in several estrogen-relatEGFR
ed tumors such as breast, endometrial and ovarian carcinoma,
Low 59 33 -0.188 0.034
62 30 -0.189 0.033
which, independent of ERα and
High 30
6
31
5
ERβ, is associated with invasion,
CXCR1
metastasis, drug resistance and
Low 58 35 -0.254 0.004
poor prognosis of these tumors
High 31
4
[6-8]. EGFR and CXCR1 have
FTCs
been observed to be up-regulated
EGFR
in human tumors [12-15, 22].
Low 12 17 0.208 0.032
14 15 0.257 0.008
Recently, our group examined the
expression of GPER1, EGFR and
High 16 61
17 60
CXCR1 in PTC, and found that high
CXCR1
expression of GPER1, EGFR and
Low 13 18 0.226 0.020
CXCR1 was significantly correlatHigh 15 60
ed with lymph node metastasis in
P values for Spearman rank test. GPER1, EGFR and CXCR1 were tested pair
PTC. Concomitant high expreswise. P < 0.05 was considered statistically significant.
sion of the three molecules had
stronger correlation with lymph
Discussion
node metastasis than did each alone, demonstrating that the evaluation of GPER1, EGFR
The differential diagnosis between FTC and FTA
and CXCR1 expression may be useful in preis difficult and it is often based on the presence
dicting the risk of lymph node metastasis in
of definitive capsular infiltration and/or vascuPTC [18]. However, almost no studies examined
lar invasion [3]. Application of these histomorGPER1 expression in follicular thyroid tumor,
phologic criteria requires extensive sampling of
moreover, no study investigated simultaneousthe specimen, frequently with the need for
ly the expression of GPER1, EGFR and CXCR1 to
additional deeper tissue sections. Such pracevaluate potential usefulness of the three moltice can be expensive and time-consuming,
ecules in discriminating between FTC and FTA.
but often necessary [4]. Therefore, molecular
In our present study, we first analyzed GPER1,
markers to facilitate accurate discrimination
EGFR and CXCR1 mRNA expression levels in
between FTC and FTA are needed.
FTC, FTA, adenomatous nodule and normal thyroid tissue specimens using real-time RT-PCR.
In the past decade, GPER1 has been identified
The results showed that GPER1, EGFR and
as a new member of the estrogen receptor famCXCR1 mRNA levels were significantly higher in
ily which binds estrogen with high affinity and
FTA than in adenomatous nodule as well normediates response to estrogen through transmal thyroid tissues. Moreover, there were sigactivation of EGFR [5, 10, 11, 21]. The activanificantly higher mRNA levels of the three moltion of EGFR leads to downstream signaling
ecules in FTC than in FTA, while there were not
events such as production of CAMP, intracellustatistically significant differences in GPER1,
lar calcium mobilization, activation of ERK1/2
EGFR and CXCR1 mRNA levels between MIand PI3K, which is strongly associated with the
FTCs and MI-FTCs. These results suggested
proliferation, invasion, metastasis, and drug
that GPER1, EGFR and CXCR1 may play imporresistance of various cancer cell lines. CXCR1,
tant roles in proliferation and invasion of thyone of two high-affinity receptors for IL-8, has
roid follicular cells, and in the occurrence of
been found to be associated with drug resiscapsular infiltration and vascular invasion of
tance, invasion, and metastasis in several
FTC.
types of solid tumor [17], especially, our previThen, we examined GPER1, EGFR and CXCR1
ous study showed that the cross-talk between
protein expression in FTC, FTA, adenomatous
GPER1 and CXCR1 through transactivation of
Table 6. Correlation of GPER1, EGFR and CXCR1 protein expression with one another in 106 FTCs and 128 FTAs

11243

Int J Clin Exp Pathol 2015;8(9):11236-11247

GPER1, EGFR and CXCR1 in FTC and FTA
Table 7. Correlation of concomitant high expression of GPER1, EGFR and CXCR1 with the occurrence
of FTC
GPER1/EGFR
Both GPER1/EGFR were low expression
One of GPER1/EGFR was high expression
Both GPER1/EGFR were high expression
GPER1/CXCR1
Both GPER1/CXCR1 were low expression
One of GPER1/CXCR1 was high expression
Both GPER1/CXCR1 were high expression
EGFR/CXCR1
Both EGFR/CXCR1 were low expression
One of EGFR/CXCR1 was high expression
Both EGFR/CXCR1 were high expression
GPER1/EGFR/CXCR1
Not all of GPER1/EGFR/CXCR1 was or were high expression
All of GPER1/EGFR/CXCR1 were high expression

FTA n (%)

FTC n (%)

59 (83.1)
63 (65.6)
6 (9.0)

12 (16.9)
33 (34.4)
61 (91.0)

P value
< 0.012a
< 0.001b
< 0.030a

58 (81.7)
66 (66.7)
4 (6.2)

13 (18.3)
33 (33.3)
60 (93.8)

< 0.001b
< 0.020a

62 (81.6)
61 (65.6)
5 (7.7)

14 (18.4)
32 (34.4)
60 (92.3)

127 (70.9)
1 (1.8)

52 (29.1)
54 (98.2)

< 0.001b

< 0.001c

Correlation of concomitant high expression of GPER1, EGFR and CXCR1 with the occurrence of FTC was measured by Chisquare test. aStands for significant difference among the three groups; bStands for significant difference between group (2)
and group (3); cStands for significant difference between groups with and without concomitant high expression of all three
molecules. P < 0.05 was considered statistically significant.

Figure 2. Association of concomitant high expression of GPER1, EGFR and CXCR1 with the occurrence of FTC. Columns correspond to immunostaining for GPER1, EGFR and CXCR1, respectively. The first row is the immunostaining
of a representative of FTA showing low expression of all three molecules (A-C); the second row is the immunostaining
of a representative of FTC showing high expression of all three molecules (D-F). All the pictures are in high-power
fields (×400).

nodule and normal thyroid tissue specimens
using immunohistochemical staining and
assessed the correlation of protein expression
of the three molecules with clinic pathological
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indicators. The results showed that GPER1,
EGFR and CXCR1 protein expression were not
associated with gender, age and tumor size in
FTC as well FTA, and no cases of adenomatous
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ported that EGF is able to activate the GPER1 promoter and
accordingly up-regulate mRNA
Concomitant high expression
and protein level of GPER1
GPER1/
Variables
GPER1/ GPER1/ EGFR/
via transactivation of EGFR in
EGFR/
EGFR
CXCR1 CXCR1
cancer cells. Furthermore, it
CXCR1
is reported that stimulation of
Sensitivity
83.6%
82.2%
81.1%
93.1%
GPER1 by estrogen transactiSpecificity
90.8%
93.5% 92.5%
97.0%
vates EGFR which, albeit indiPositive predictive value (PPV)
91.0%
93.8% 92.3%
98.2%
rectly, is able to activate NF-κB
Negative predictive value (NPV) 83.1%
81.7%
81.6%
88.9%
via ERK and PI3K signaling [16,
27]. Then, NF-κB can serve as a
Diagnostic accuracy
87.0%
87.4%
86.5%
94.5%
transcriptional activator to upregulate CXCR1 expression [28,
nodule and normal thyroid tissue showed to
29]. Doubtlessly, it is necessary to further
have high protein expression of GPER1, EGFR
explore and elucidate the mechanisms underlyand CXCR1. However, high protein expression
ing these correlations in FTC. In contrast, there
was present in 30.5%, 28.1% and 27.3% of FTA
were not statistically significant positive correcases, and 73.6%, 72.6% and 70.8% of FTC
lations between GPER1, EGFR and CXCR1
cases for GPER1, EGFR and CXCR1, respectiveexpression in FTA. It is suggested that the posily. The rates of GPER1, EGFR and CXCR1 high
tive correlation between GPER1, EGFR and
expression were significantly increased in FTC
CXCR1 expression is associated with malignant
when compared to FTA (P < 0.001). When we
transformation of follicular thyroid tumor.
calculated PPV for GPER1, EGFR and CXCR1
Given that GPER1, EGFR and CXCR1 protein
immunostaining for discriminating between
expression in FTC were positively correlated
FTC and FTA, using surgical specimens in our
with one another, we farther evaluated the
series, the PPV was 66.7%, 68.1% and 68.2%,
association of concomitant high expression of
respectively. However, these values are likely
GPER1, EGFR and CXCR1 with the occurrence
to further decrease when GPER1, EGFR and
of FTC. The results showed that concomitant
CXCR1 staining is applied to preoperative diaghigh expression of any two of the three molenosis of FNAB specimens, because the incicules had stronger correlation with the occurdence of FTA is much higher than that of FTC
rence of FTC than did each alone. Concomitant
at that stage of thyroid nodule screening.
high expression of all the three molecules
Therefore, GPER1, EGFR and CXCR1 should not
strongly correlates with the occurrence of FTC.
be alone suggested as a diagnostic marker for
When we performed statistical analysis for
FTC in preoperative screening using FNAB
GPER1, EGFR and CXCR1 concomitant high
specimens.
expression for discriminating between FTC and
Subsequently, we assessed the correlation of
FTA, the PPVs were 91.0% for GPER1/EGFR,
GPER1, EGFR and CXCR1 protein expression
93.8% for GPER1/CXCR1, 92.3% for EGFR/
with one another in FTA and FTC. As shown in
CXCR1 and 98.2% for GPER1/EGFR/CXCR1,
Table 6, similar to our previous study in PTC
respectively. This result indicated that concom[18], GPER1 expression is positively correlated
itant high expression of GPER1, EGFR and
with EGFR expression (rs = 0.208, P = 0.032)
CXCR1 should be suggested as a valuable
and CXCR1 expression (rs = 0.226, P = 0.020)
armamentarium in the preoperative differential
in FTC. In addition, a significantly positive cordiagnosis between FTC and FTA, such as FNAB.
relation (rs = 0.257, P = 0.008) was also presIn summary, our results demonstrated that
ent between expression of EGFR and CXCR1 in
GPER1, EGFR and CXCR1 may play important
FTC. These positive correlations could be suproles in proliferation and invasion of thyroid folported by the following data. Firstly, previous
licular cells. The rates of GPER1, EGFR and
studies have shown that EGF and EGFR are
CXCR1 high expression were significantly highhighly expressed in FTC, which is associated
er in FTC than in FTA. However, GPER1, EGFR
with capsular infiltration and vascular invasion
and CXCR1 should not be alone suggested as a
of FTC [23, 24]. Subsequently, Vivacqua A at al
diagnostic marker for discriminating between
[25] and Albanito L et al [26] respectively reTable 8. Discrimination between FTA and FTC by concomitant
high expression of GPER1, EGFR and CXCR1
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FTC and FTA in preoperative diagnosis. Concomitant high expression of any two or all of the
three molecules had stronger correlation with
the occurrence of FTC than did each alone.
Consequently, concomitant high expression of
GPER1, EGFR and CXCR1 should be suggested
as a valuable armamentarium in the preoperative differential diagnosis between FTC and
FTA. Our results provided a possible basis for
discriminating between FTC and FTA. Due to
limited cases, future studies in larger cohort of
cases will be necessary to determine the utility
of these molecules as molecular markers for
differential diagnosis between FTC and FTA.
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