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Abstract Growth hormone-releasing hormone (GHRH) is a
peptide hormone secreted by the hypothalamus that regulates
the synthesis and secretion of growth hormone (GH) in the
pituitary. The extra-hypothalamic GHRH and its cognate re-
ceptors (GHRHR and splice variants) play a mitogenic role by
stimulating cell proliferation and preventing apoptotic cell
death. It is well established that GHRH antagonists inhibit
the growth, tumorigenicity, and metastasis of various human
malignancies. In this work, we studied the effect of two new
GHRH antagonists, MIA602 and MIA690, on thyroid cancer.
We studied the effect of MIA602 and MIA690 on thyroid
cancer in vitro, using human thyroid cancer cell lines, and
in vivo, using chicken embryo chorioallantoic membrane
(CAM) assays. We found that mRNA for GHRH and
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GHRH receptor is expressed in thyroid cell lines and in sam-
ples of thyroid tumors. Immunohistochemistry confirmed the
expression of GHRHR protein in specimens of thyroid tumor.
We observed that GHRH antagonists inhibited the growth and
increased apoptosis of thyroid cancer cells. In vivo, the antag-
onists inhibited growth and angiogenesis of engrafted thyroid
tumors. Our results suggest that GHRH expression may play a
role in growth of thyroid cancer and that GHRH antagonists
can be a therapeutic option for thyroid cancer patients.
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Introduction

Thyroid carcinoma is the most frequent endocrine cancer
[9, 22] and comprises a group of tumors with different
features. It includes papillary thyroid carcinoma (PTC),
the most common type, and follicular thyroid carcinoma
(FTC), both considered differentiated thyroid carcinomas,
usually indolent, with low rates of morbidity and mortality;
poorly differentiated thyroid carcinoma (PDTC), with in-
termediate prognosis, and anaplastic thyroid carcinoma
(ATC), the most aggressive and invasive type of thyroid
carcinoma and the least responsive to treatment [22].

Growth hormone-releasing hormone (GHRH) is a peptide
hormone, secreted by the hypothalamus, which regulates
the synthesis and secretion of growth hormone (GH) in the
pituitary [18, 19]. GHRH and its receptor, GHRHR, are
also expressed in various extra-hypothalamic normal and
malignant tissues, immune cells, and cancer cell lines [1, 3,
8, 19, 25]. In normal and neoplastic tissues, the extra-
hypothalamic GHRH plays a mitogenic role by stimulating
cell proliferation and preventing apoptotic cell death.
These effects are mediated through the pituitary type of
the GHRHR (pGHRHR) and possibly through some of its
four splice variants (SV1-4) [5, 14]. SV1 is the variant that
has the highest structural homology with GHRHR and
probably is the main splice variant that mediates the effects
of GHRH and of GHRH antagonists in tumors [14].

Several hundred peptide analogs were synthesized that
exert an antagonistic effect on the GHRHR [19, 25], and
their effects on cell growth were tested. GHRH antagonists
inhibit the growth, tumorigenicity, and metastasis of various
human malignancies, including prostatic, breast, ovarian,
endometrial, and brain cancers [19], through blocking the
stimulatory effect of tumoral GHRH. This effect can be
indirect, by the suppression of the axis between pituitary
GH and hepatic insulin-like growth factor (IGF-1), or
direct, by the blockade of action of autocrine and/or
paracrine GHRH on GHRH receptors on tumors [8, 19]. The
targeting of GHRH receptors (GHRHR and SV1) is a
potential anticancer therapy, as GHRH antagonists can compet-
itively block the binding of tumoral GHRH to the pGHRHR
and its splice variants on tumors [3, 7, 13]. The expression of
GHRHR and SV1 had already been reported in normal thyroid
and PTC cell lines, and it was observed that treatment with the
GHRH antagonist, MIA602, led to a reduction of the tumor
invasion marker MMP2, in a PTC cell line [2].

In this study, we evaluated the expression of messenger
RNA (mRNA) for GHRH and GHRHR in thyroid cell lines
and human papillary thyroid carcinoma samples and the pres-
ence of a GHRHR protein by immunohistochemistry in hu-
man papillary thyroid carcinoma samples. In addition, we
evaluated the effect of the new GHRH antagonists, MIA602
and MIA690, both in vitro, using three human thyroid cancer

cell lines, 8505C, C643, and TPC1, by assessing the viability
and apoptosis and in vivo, using the chicken embryo chorio-
allantoic membrane (CAM) assay, and by analyzing tumor
growth and angiogenesis.

Materials and Methods
Human Tumor Samples

Thirty-three frozen tissue specimens and 41 paraffin tissue
samples of classical papillary thyroid tumors (cPTCs) and
follicular variant papillary thyroid tumors (fvPTCs) were col-
lected in Hospital Sao Jodo, Porto, Portugal. Areas of adjacent
non-tumor thyroid tissues (n = 25) were also analyzed. All the
procedures involving samples were approved by the Local
Ethical Committee and were in accordance with the National
Ethical rules and Helsinki declaration.

Quantitative Real-Time PCR

Total RNA was extracted from PTC frozen tissues and cell
lines using the Trizol method (Invitrogen) followed by
cDNA conversion (Thermo Scientific) according to the
manufacturer’s instructions. RNA quality was assessed
through (-actin amplification. Quantitative real-time PCR
reactions were performed with the TagMan Real-Time
PCR Master Mix (ThermoFisher Scientific), using
hGHRH primers (reverse: 5'-GCTCTCCAATTCCA
TTTGCTTT-3'"; forward: 5'-CTGCTCCAGGACAT
CATGAG -3'; Probe: 5'-/56-FAM/CTCTTGGTT/ZEN/
GCTCTCTCCCTGCT/31ABKFQ/-3"); hGHRHR primers
(reverse: 5'-CAGCAGCTCCAGAGGCA-3'; forward: 5'-
TCTCACTTCAGCTCAGAGTCA-3'; Probe: 5'—/56-
FAM/AGGGTAAGG/ZEN/TGGAAAGGGCTCAGA/
3IABkFQ/-3"); and human TATA Box-Binding Protein
(TBP) primers (reverse: 5'-CAAGAACTTAGCTG
GAAAACCC-3'; forward: 5'-GATAAGAGAGCCAC
GAACCAC-3’; Probe: 5'-/56-FAM/CACAGGAGC/ZEN/
CAAGAGTGAAGAACAGT/31ABKFQ/-3"). RNA from
human pituitary was used as a positive control. The cycling
conditions were as follows: 3 min at 95°, 3 min at 95°, and
1 min at 60° for 45 cycles. Negative control samples were
run in each reaction. Quantitative real-time PCR reactions
were performed using 7500 Real-Time PCR system
(Applied Biosystems). Samples were run in triplicates.
The relative quantification of target genes was determined
using the AACT method [11].

Immunohistochemistry

Sections were deparaffinized and rehydrated, followed by
heat-induced antigen retrieval procedure in a steamer, with

@ Springer



316

HORM CANC (2017) 8:314-324

10 mM sodium citrate buffer at pH 6.0. The sections were
incubated overnight at 4 °C in a humidified chamber with
the primary antibody GHRHR (1:2000; Abcam, CB4 OFL
Cambridge), which detects both full-length GHRHR and
SV1 variant. The detection was performed with a labeled
streptavidin—biotin immunoperoxidase detection system
(Thermo Scientific/Lab Vision, Fremont, USA), and the
immunohistochemical staining was developed with 3,3'-
diaminobenzidine substrate. Human stomach tissue was
used as negative (omission of primary antibody) and pos-
itive control. Three observers (P.S., H.P., and T.B.G.) eval-
uated tumor cell immunoreactivity without the knowledge
of any clinical data of the cases. Adjacent non-tumor tissue
immunoreactivity for GHRHR was used as an internal con-
trol. An IHC score was settled as previously reported [6]
and results from the multiplication of the intensity score of the
staining (negative = 0, weak = 1, moderate = 2, and strong = 3)
and the extension score of the immunohistochemical staining
of tumor cells (0-5% = 0, 6-25% =1, 26-50% = 2, 51—
75% = 3, and 76-100% = 4).

Cell Lines and Culture Conditions

The human thyroid cancer cell lines 8505C, C643, hTh74,
T238, BCPAP, K1, and TPC1 were maintained in RPMI me-
dium (Gibco/BRL, Invitrogen) supplemented with 10% fetal
bovine serum, 100 U/mL penicillin, and 100 pg/mL strepto-
mycin (GIBCO, Invitrogen, Carlsbad, CA). XTCl1 line was
maintained in DMEM HAM-F12 medium (Gibco/BRL,
Invitrogen) supplemented with 10% fetal bovine serum,
100 U/mL penicillin, and 100 pg/mL streptomycin (GIBCO,
Invitrogen, Carlsbad, CA), 10 pg/mL insulin and 0.01 U/mL
TSH. Cell lines were maintained in a humidified atmosphere,
with 5% CO2, at 37 °C.

Treatment of Thyroid Cancer Cell Lines with MIA602
and MIA690

The GHRH antagonists, MIA602 and MIA690, were synthe-
sized in the laboratory of one of us (A.V.S.) as previously
described [25, 26]. MIA602 and MIA690 were dissolved in
DMSO and added to the culture medium, with reduced sup-
plement of fetal bovine serum (1%). Each GHRH antagonist
was used at 1 M concentration for 48 and 72 h of treatment.
Thyroid cancer cell lines incubated in culture medium supple-
mented with 0.1% DMSO, served as controls.

Cell Viability Assay
The effect of MIA602 or MIA690 on the viability of thyroid
cancer cell lines was analyzed by Presto Blue (PB) assay.

Cells were seeded in 96-well plates at a density of 3 x 10°
(C643) or 5 x 10* (8505C and TPC1) in 200 pL medium.
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After 24 h, the medium was replaced by medium containing
either MIA602 or MIA690 at the concentration range of 0.1—
10 uM. Cells were then incubated for 24 or 48 h, washed with
PBS, pH 7.4, and assayed for cell growth using PB according
to the manufacturer’s instructions. The fluorescence was mea-
sured using a microplate reader (Synergy HT Multi-Mode
Microplate Reader, BioTek Instruments Inc., Winooski, VT,
USA) at excitation and emission wavelengths of 560 and
590 nm, respectively. The absorbance of the wells containing
culture medium and tumor cells only were used as control, and
each experimental condition was evaluated in triplicate and
repeated twice.

TUNEL Assay

Cells were plated in six-well plates at a final density of
7.5 x 10* (C643) or 5 x 10* (TPC1 and 8505C) cells/well
and incubated at 37 °C for 24 h. Cells were then treated with
1 uM concentration of MIA602 or MIA690. As controls, cells
were incubated with the vehicle compound alone (0.1%
DMSO). Forty-eight and seventy-two hours after treatment,
cytospin preparations of all cells (floating and attached) were
collected. Cytospin preparations were fixed with 4% parafor-
maldehyde at room temperature, washed in PBS, and perme-
abilized with 0.1% Triton X-100 in 0.1% sodium citrate on ice.
TUNEL analysis was performed using the “in situ cell death
detection kit, fluorescein” from Roche® (Roche, Germany),
following the manufacturer’s instructions. The proportion of
TUNEL-positive (apoptotic) nuclei was determined by
counting at least 500 cells. Each experimental condition was
evaluated in triplicate and repeated twice.

Western Blot Analysis and Antibodies

Forty-eight and seventy-two hours after treatment with GHRH
antagonists, cells were lysed for 15 min at 4 °C using RIPA
buffer (1% NP-40 in 150 mM NaCl, 50 mM Tris (pH 7.5),
2 mM EDTA) containing phosphatase and protease inhibitors.
Proteins were quantified using a modified Bradford assay
(BioRad). Protein samples (40 png) were separated in 10%
SDS/PAGE gels and electroblotted to Hybond ECL mem-
brane (Amersham Biosciences). GHRHR antibody, detecting
both full-length GHRHR and SV1 variant (1:3000; Abcam)
and peroxidase-conjugated-secondary antibody (Santa Cruz
Biotechnology) were used. Specific-protein bands were visu-
alized by the ECL detection solution. Membranes were re-
stained with a goat polyclonal antiactin (Santa Cruz
Biotechnology) or a mouse monoclonal antitubulin (Sigma)
for loading protein control. All experiments and quantifica-
tions (using BioRad Quantity One 1-D Analysis software
(4.6.6 version)) were performed in triplicate.
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In Vivo Chicken Embryo CAM Tumorigenesis
and Angiogenic Assay

Briefly, fertilized chicken (Gallus gallus) eggs, with ascertained
embryonic day (E), were obtained from commercial sources
and incubated horizontally at 37.8° in a humidified atmosphere.
On day E3, a square window was opened on the shell after
removal of 1.5-2 mL of albumin to allow detachment of the
developing CAM. This window was sealed with transparent
adhesive tape, and the eggs were returned to the incubator.
On day E10, C643 cells were re-suspended in complete medi-
um containing 1 uM concentration of MIA602 or MIA690, or
0.1% DMSO (2 x 10° cells per egg), and were placed on the top
of growing CAM using a 3-mm silicon ring under sterile con-
ditions. The eggs were re-sealed and returned to the incubator
for 2 days. The treatment was repeated after 48 h. The eggs
were incubated for an additional 2 days. The embryos were
then euthanized by adding 2 mL of fixative in the top of the
CAM. After removing the ring, the CAM was excised from the
embryos, photographed ex ovo under a stereomicroscope, at
%20 magnification (Olympus, SZX16 coupled with a DP71
camera). The number of new vessels (less than 20 mm diame-
ter) growing radially towards the inoculation area was counted
by a blinded observer. The area of CAM tumors was deter-
mined using the Cell A (Olympus) software. Each experimental
condition was evaluated in ten eggs and repeated three times.
The experiments were done according to European Directive
2010/63/EU and Portuguese law on animal welfare.

Statistical Analysis

Statistical analysis was performed using GraphPadPrism5.0
(GraphPad Software, Inc., La Jolla, CA). The data from the
cell line experiments were analyzed by the nonparametric
Kruskal-Wallis test and comparisons of two groups were per-
formed by Mann-Whitney test. In the evaluation of the results
of CAM assays, ANOVA test was used to calculate the sig-
nificance at 95% confidence level and multiple-comparison
corrections were performed using the post hoc Dunnett’s test.
A p value < 0.05 was considered statistically significant.

Results
Expression of mRNA for GHRH and GHRHR in PTC

To verify the expression of GHRH and GHRHR in thyroid
cell lines and human thyroid carcinomas, the mRNA expres-
sion levels were evaluated by qRT-PCR in thyroid cell lines
and PTCs. The expression of mRNA for GHRH and GHRHR
was found in a high percentage of the eight thyroid cell lines
analyzed (Table 1). The expression of mRNA for GHRH was
found in 14/32 (44%) of PTC samples and 10/24 (42%) of
adjacent thyroid samples. The expression of mRNA for
GHRHR was present in 14/31 (45%) of PTC samples and
9/14 (64%) of adjacent thyroid samples (Table 2;
Supplementary Table 1). No significant differences in the ex-
pression of mRNA for GHRH and GHRHR were observed
between PTCs and adjacent thyroid (data not shown). The
expression of mRNA for GHRH was present in most of the
patients older than 45 years; in male patients, the expression of
mRNA for GHRH was generally below the detection limit, as
well as in patients with lymph node metastasis. Similarly, the
expression of mRNA for GHRHR was in most cases below
the detection limit in patients with lymph node metastasis and
also in patients with multiple tumors. The expression of
mRNA for both GHRH and GHRHR was mostly below the
detection limit in patients with RET/PTC rearrangements
(Table 2; Supplementary Table 1).

Immunohistochemical Expression of GHRHR in PTC

Adjacent thyroid tissue had a weak immunohistochemical
staining of GHRHR (Fig. 1). Cytoplasmic immunobhisto-
chemical expression of GHRHR was observed in 31/41
(76%) of the PTC cases (Fig. 1; Supplementary Table 1).
The immunohistochemical expression of GHRHR was
positively correlated with the expression of mRNA for
GHRHR, although it was not statistically significant
(95% CI, —0.10-0.65; p = 0.13). The majority of tumors
with <2 cm presented immunohistochemical expression of
GHRHR, as well as all the tumors without lymph node

Table 1 Expression of mRNA

for GHRH and GHRHR in Thyroid cancer cell line Histotype MAPK alterations GHRH (274¢T) GHRHR (27 2¢T)
thyroid carcinoma cell lines

8505C ATC BRAFV600E 0.000130 nd

BCPAP PTC BRAFV600E 0.003431 0.000052

C643 ATC HRASGI3E 0.000180 0.000123

hTh74 ATC BRAFV600E 0.000170 nd

K1 PTC BRAFV600E 0.000810 nd

T238 ATC WT 0.000471 0.001847

TPC1 PTC RET/PTC1 0.000657 nd

XTC1 FTC (Hurthle) WT nd 0.000446

Legend: WT'wild type, nd not detectable
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Table2  Clinicopathological features of thyroid cancer, mRNA expression for GHRH and GHRHR, and immunohistochemical staining for GHRHR

Clinicopathological features

mRNA expression GHRH

mRNA expression GHRHR

Protein expression GHRHR

Not detectable Positive Not detectable Positive Negative Positive

Number of cases (1) 18 14 17 14 10 31
Age at diagnosis (n (%))

<45 14 (46.7) 7 (23.3) 11 (37.9) 10 (34.5) 7 (17.5) 18 (45.0)

>45 3(10.0) 6 (20.0) 4 (13.3) 4(13.8) 3(7.5) 12 (30.0)
Gender (n (%))

Female 12 (40.0) 12 (40.0) 13 (44.8) 11 (37.9) 8 (20.0) 26 (65.0)

Male 5(16.7) 13.3) 2 (6.9) 3(10.4) 2 (5.0) 4(10.0)
Tumor size (n (%))

<2cm 7(24.1) 6 (20.7) 6(21.4) 7 (25.0) 1(2.5) 14 (35.9)

>2cm 8 (27.6) 8 (27.6) 10 (35.7) 5(17.9) 9(23.1) 15 (38.5)
Number of tumors (1 (%))

Single 6 (24.0) 7 (28.0) 5(20.0) 8(32.0) 3(8.1) 19 (51.4)

Multiple 6 (24.0) 6 (24.0) 9 (36.0) 3 (12.0) 5(13.5) 10 (27.0)
Vascular invasion (n (%))

Absent 29.1) 8 (36.4) 8(30.8) 6 (23.1) 3 (8.6) 13 (37.1)

Present 9 (40.9) 3 (13.6) 7 (26.9) 5(19.2) 5(14.3) 14 (40.0)
Lymph node metastasis (n (%))

Absent 2 (12.5) 5(31.3) 3 (20.0) 4(26.7) 0 (0.0) 12 (48.0)

Present 8 (50.0) 1(6.2) 6 (40.0) 2 (13.3) 5(20.0) 8 (32.0)
Extrathyroidal invasion (n (%))

Absent 8 (26.7) 9 (30.0) 9(32.1) 8 (28.6) 7(21.2) 16 (48.5)

Present 9 (30.0) 4(13.3) 7 (25.0) 4 (14.3) 39.1) 7(21.2)
Lymphocytic infiltrate (n (%))

Absent 9 (30.1) 7 (23.3) 9 (30.1) 7 (23.3) 7(17.5) 12 (30.0)

Present 7 (23.3) 7 (23.3) 7 (23.3) 7 (23.3) 2 (5.0) 19 (47.5)
MAPK alterations (n (%))

Absent 6 (18.7) 8 (25.0) 6(19.4) 8 (25.8) 4(10.0) 9 (22.5)

Present 12 (37.6) 6 (18.7) 11 (35.4) 6 (19.4) 5(12.5) 22 (55.0)

Legend: The number of cases varies along features, according to the number of patients with the clinical information available

metastasis and the majority of tumors with lymphocytic
infiltrate (Table 2; Supplementary Table 1).

Effects of MIA602 or MIA690 on the Viability of Thyroid
Cell Lines

C643, 8505C, and TPC1 thyroid cell lines were exposed to
increasing concentrations of MIA602 or MIA690, and the
effects on cell viability were evaluated using the
PrestoBlue assay. Treatment with GHRH antagonist re-
duced the viability in a dose-dependent manner after 24 h
(results not shown) and 48 h treatment (Fig. 2) in C643 and
8505C. No effect on the viability was observed in TPCI
cells at the maximum concentration of either GHRH antag-
onist (Fig. 2). The ICs, values were estimated as 3.6 uM
for C643 and 1.8 uM for 8505C after 48 h of treatment
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with MIA602 and 2.5 uM for C643 and 2.0 uM for 8505C
after 48 h of treatment with MIA690. The ICs, values for
TPC1 were not reached for either of the two antagonists
(Fig. 2).

Effects of MIA602 or MIA690 on Apoptosis of Thyroid
Cell Lines

To evaluate the effects of GHRH antagonists on apoptosis,
TUNEL assay was performed after 48 and 72 h of treatment
with 1 uM of MIA602 or MIA690, in each of the three thyroid
cell lines. MIA602 treatment induced 3.8-, 1.9-, and 1.6-fold
increase of the number of apoptotic cells in C643, 8505C, and
TPCl1 lines, respectively, after 48 h (p =0.01, p=0.01, and not
significant, respectively) and 2.6-, 1.2-, and 2.2-fold after 72 h
(p = 0.04, p = 0.04, and p = 0.03, respectively) of treatment
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Fig. 1 Representative
microphotographs of
immunohistochemical staining
for GHRHR expression observed
in a case of a classical papillary
thyroid tumor (cPTC) (/eff) and
the corresponding adjacent
thyroid tissue (right), b a case of
follicular variant papillary thyroid
tumor (fvPTC) (leff) and the
corresponding adjacent thyroid
tissue (right). DAB x 200 (a, b)

(Fig. 3a, b). The same tendency was observed after treatment
with MIA690. There was 0.5-, 0.5-, and 1-fold increase of the
number of apoptotic cells in C643, 8505C, and TPC1, respec-
tively, after 48 h and 0.9-, 0.4-, and 1.5-fold increase of the
number of apoptotic cells in C643, 8505C, and TPC1, respec-
tively, after 72 h, although statistical significance was only
reached in TPC1 at 72 h (p = 0.03) (Fig. 3c, d).

Fig.2 The percentage of cell growth inhibition of C643, 8505C, and
TPC1 thyroid cancer cell lines treated with various concentrations up
to 10 uM of MIA602 (a) and MIA690 (b) for 48 h, determined by
Presto Blue assay. For 8505C cell line, the maximum concentration

otl)’ 'i
ﬁ’ ﬁ;;

Effects of Treatment with MIA602 or MIA690
on GHRHR and SV1 Protein Expression in Thyroid Cell
Lines

The expression of GHRHR and the splice variant type 1 (SV1)
in basal conditions was observed by Western blot analysis in
all the three cell lines, with similar levels of expression for

a
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used was 2 uM of both MIA602 and MIA690. The black line marks
the ICs, values obtained. The data are presented as mean £ SD.
*p < 0.05, significant differences between cells treated with
MIA602 or MIA690 and untreated cells
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Fig. 3 The mean percentage of apoptotic cells in C643, 8505C, and
TPC1 thyroid cancer cell lines treated with 1 uM MIA602 for 48 h (a)
and 72 h (b) and 1 uM MIA690 for 48 h (¢) and 72 h (d), determined by

GHRHR; a higher expression of SV1 was found in 8505C
than in C643 and TPC1 cells in basal conditions.

After treatment with MIA602, a decreased expression of
GHRHR (p = 0.01 at 48 h; not significant at 72 h) was ob-
served in C643 cell line, compared with untreated cells. An
increase in GHRHR and SV1 expression was found in 8505C
line at 48 h (»p = 0.01 and p = 0.03, respectively) and at 72 h
(p =0.02 and p = 0.01, respectively). In TPC1 cells, GHRHR
and SV1 expression levels also increased (p = 0.01 at 48 h and
not significant at 72 h) (Fig. 4a—d).

After treatment with MIA690, C643 cells showed a signif-
icantly decrease of GHRHR expression (p = 0.03 at 48 and
72 h), and no change in SV1 expression, in comparison with
untreated cells. An increase in GHRHR and SV1 expression
was found in 8505C (p = 0.01 at 48 h and not significant at
72 h), and no significant alterations were observed in TPC1
cells (Fig. 4e—h).

Effects of MIA602 or MIA690 on In Vivo Tumorigenesis
and Angiogenesis

To shed light on the mechanism of antitumor action of
GHRH antagonists in thyroid cancer, the tumorigenic and
the angiogenic responses of C643 thyroid cancer cells were
evaluated using the chicken embryo chorioallantoic membrane
(CAM) assay. Untreated cells and cells treated with MIA602 or
MIA690 were inoculated into the CAM. Treatment with
MIA602 and MIA690 was repeated on CAM tumors after
48 h, and the experiment was ended 96 h after inoculation.
Tumor sizes were evaluated for each condition in three
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independent experiments, including a large number of replicas,
in order to diminish the variability associated to the in vivo
experiments: control (23 eggs), MIA602 (26 eggs), and
MIA690 (26 eggs). When possible, the angiogenic responses
were also quantified for each condition: control (11 eggs),
MIAG602 (19 eggs), and MIA690 (13 eggs). A significant de-
crease in tumor size was observed after treatment with MIA602
(p =0.02) when compared with the tumors formed by untreated
cells, and a non-significant decrease was observed after
MIA690 treatment (Fig. 5a, b). In addition, a significant de-
crease in the number of vessels was observed in the CAM
tumors treated with MIA690 (p = 0.01) when compared with
the untreated CAM tumors, whereas a non-significant decrease
was observed after MIA602 treatment (Fig. 5a, c).

Discussion

GHRH antagonists have been already reported to affect
some of the signaling mechanism involved in cell proliferation,
survival, and metastasis, through an indirect effect (inhibition
of pituitary GH/IGF1 hepatic axis) and/or a direct effect (auto-
crine/paracrine blockage) on GHRH receptors [19]. Catanuto
et al. [2] described the presence of GHRHR and SV1 proteins
in PTC samples and proposed that either receptor could be a
potential target for anticancer therapy [19, 21]. The same au-
thors [2] also suggested that the presence of these GHRH re-
ceptors could indicate a potential for response to the effect of
GHRH antagonist in the treatment of thyroid carcinoma.
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Fig. 4 a, b, e, f Representative Western blot analysis of GHRHR and
splice variant (SVI) observed in thyroid cancer cell lines treated with
1 uM MIA602 for 48 h (a) and 72 h (b) and after treatment with 1 uM
MIA690 for 48 h (e) and 72 h (f). ¢, d, g, h Mean protein expression level
observed for GHRHR (47 kDa) and SV1 (39.5 kDa) after treatment with
1 uM MIA602 for 48 h (¢) and 72 h (d) and 1 uM MIA690 for 48 h (g)

However, this hypothesis and the mechanism of action of
GHRH antagonists in thyroid cells lines and tumors remain to
be fully clarified. In this study, we established, for the first time,
that GHRH antagonists inhibit the growth of thyroid cancer
cells, both in vitro and in vivo.

The expression of GHRH and GHRHR at mRNA and
protein levels in thyroid cell lines and PTC, in agreement with
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and 72 h (h). The data are presented as mean + SD. *p < 0.05, significant
differences between cells treated with 1 pM MIA602 or MIA690 for 48
and 72 h and untreated cells. The images in (a), (b), (e), and (f) are from
cropped blots. Vertically sliced images with juxtaposed lanes that were
non-adjacent on the gel are separated by a white line. The samples derived
from the same experiment and the gels/blots were processed in parallel

results of Catanuto et al.’s [2], led us to evaluate the effect of
treatment with the new GHRH antagonists MIA602 and
MIA690 on thyroid cancer cell lines. Inhibition of GHRH
receptors has been shown to reduce proliferation and increase
apoptosis in several cancer types [8, 16, 20, 23-25]. Our re-
sults show that the growth of thyroid cancer cells seems to
depend, at least in part, on GHRHR signaling, as GHRH
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Fig. 5 a Representative microphotographs of the CAM xenografts and
vascular branches obtained 4 days after inoculation of C643 thyroid
cancer cell line untreated and treated with 1 uM MIA602 or MIA690,
into the chicken embryo chorioallantoic membrane (CAM). b Mean
CAM tumor size obtained after inoculation of C643 treated with 1 pM
MIA602 (n = 26 eggs) or MIA690 (n = 26 eggs), compared with

antagonists decreased cell growth and increased apoptosis of
thyroid cancer cell lines. It was reported that in prostate and
breast cancers, the effect of GHRH antagonist on tumor
growth involves the inhibition of PI3K/AKT and RAF/
MEK/ERK pathways [16, 23]. A similar mechanism may
be operating in thyroid cancer, where both pathways are
activated and interconnected, as reported by our group and
others [4, 12, 17].

‘We observed that treatment with GHRH antagonists led to
different effects on the expression of GHRHR and SV1 in the
three thyroid cancer cell lines. A decrease in GHRHR and
SV1 expression was observed in C643 and an increase in
8505C and no change in TPC1 were noticed after treatment
with MIA602 or MIA690. These variations seem to be inde-
pendent of the basal levels of expression of these proteins,
which are higher in TPC1 and 8505C comparing with C643.
The variation in GHRHR and SV1 expression observed in
these cell lines upon treatment does not exclude the sensitivity
to the antagonists, as we observed in treated cells, and also as
reported in other tumor models [10, 16, 25].

The effect of the antagonist treatment in GHRHR and SV1
expression is not clear, and variable results have been published
between groups. Specifically in thyroid, Catanuto et al. [2]
observed that tumor cells exposed to MIA602 demonstrated a
greater expression of GHRHR and SV1, in agreement with our
results in 8505C and TPC1. Kovacs et al. [10] reported that
both JV163 and MZJ7138 antagonists upregulated the
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GHRHR and downregulated the SV1 expression, and they
suggest that negative signals by the full-length GHRHR might
suppress SV1 expression, which results in inhibition of tumor
cell proliferation. Different effects (decreased, increased, or no
alterations in GHRHR and SV1 expression) between MIA313,
MIA602, MIA604, and MIA610 antagonists, where reported
by Klukovits et al. [8]. All the analogs that were used in the
study were powerful antagonists of GHRH but led to different
effects. Others [15] did not detect significant changes in protein
levels of GHRHR and SV1 in PC-3 tumor xenografts after
JMR132 treatment. In summary, it seems that the variations
in GHRHR and SV1 expression under antagonist treatment
are cell line/tissue dependent and are not a direct readout of
the sensitivity of the cells to the antagonist.

The expression of mRNA for GHRH and GHRHR in
thyroid cancer cell lines seems to be independent of the
presence of MAPK alterations and is similar to what we
observed in the PTCs in which no association between BRAF
or NRAS mutations and GHRHR immunohistochemical
expression was observed. However, we noted a low expression
of mRNA for GHRH and GHRHR (below the detection limit)
as well as low immunohistochemical scores in the PTC cases
with RET/PTC rearrangements (Supplementary Table 1).
Curiously, the expression of mRNA for GHRHR was below
the detection limit in the PTC cell line TPC1 (that also harbors
RET/PTC rearrangement). TPC1 was less sensitive to treatment
with GHRH antagonist, with only minor decrease in growth.



HORM CANC (2017) 8:314-324

323

Taken together, these results can imply that patients with thy-
roid tumors harboring RET/PTC rearrangement could be less
sensitive to treatment with GHRH antagonists.

Due to the limited number of PTCs analyzed in our
study, we cannot elaborate on a possible association be-
tween GHRH and GHRHR expression and clinicopatho-
logical features of PTCs. We are aware that our series is
small and mainly composed by primary tumors and that
further studies in larger series with advanced (metastatic)
tumors are necessary in order to clarify this issue.

The in vivo CAM assay was performed with C643 cell line,
which presented detectable levels of expression of mRNA of
GHRH and GHRHR and was very sensitive to GHRH antag-
onists. In accordance with the in vitro results, we observed that
both antagonists diminish the tumor size, although statistical
significance was only reached for MIA602. In addition, the
effect of the antagonists on the angiogenic response of
thyroid cancer cells was evaluated for the first time and a
decrease in the angiogenic response was observed, notably
(and statistically significant) for MIA690. Our results sup-
port the hypothesis that the antitumor effect of GHRH an-
tagonists can be due, at least in part, to the inhibition of
angiogenesis. This mechanism had been reported for ovar-
ian cancer, in which a decrease of VEGF production, after
antagonist treatment, was observed [8].

In conclusion, our results support the efficacy of GHRH
antagonists in inhibiting thyroid cancer cells growth both
in vitro and in vivo and suggest a potential therapeutic
application of GHRH antagonists in thyroid cancer patients.
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