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Background: Certain human carcinomas have demonstrated a distinct expression of somatostatin recep- 

tors. Data on somatostatin receptor expression in follicular thyroid cancer and anaplastic thyroid cancer 

has been limited and conflicting. This study seeks to characterize somatostatin receptor expression in fol- 

licular thyroid cancer and anaplastic thyroid cancer and to assess the effects of somatostatin analogues. 

Methods: Anaplastic thyroid cancer (Hth7 and 8505C) and follicular thyroid cancer (FTC-236) (Sigma- 

Aldrich, St. Louis, MO) cells were cultured. Capillary immunoblotting and reverse transcription poly- 

merase chain reaction (RT-PCR) were used to determine the basal expression of protein and mRNA of 

SSTR1–SSTR5. Cells were treated with the somatostatin analogues octreotide, pasireotride (SOM230), and 

KE-108 for 48h. IC 50 was determined via 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide 

(MTT) assay, and cell proliferation was measured by viable cell count. Presence of SSTR2 was assessed by 

immunohistochemistry. 

Results: Immunoblotting analysis demonstrated that most cell lines expressed SSTR1–SSTR3 and SSTR5 in 

varying degrees. Reverse transcription polymerase chain reaction analysis showed that mRNA expression 

for SSTR2 and SSTR3 correlated with protein expression. MTT assays showed that KE-108 and SOM230 

were able to inhibit cell proliferation. Tissue microarray (TMA) showed that SSTR2 was highly expressed 

in human tissues of aggressive thyroid carcinomas. 

Conclusion: Follicular thyroid cancer and anaplastic thyroid cancer express SSTR1-3 and SSTR5 in distinct 

fashions both at a message and protein level. Our results suggest that somatostatin receptors are still a 

relevant and promising drug target against non-medullary thyroid cancers. 

Published by Elsevier Inc. 
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Introduction 

With a rapidly increasing incidence around the world, thy-

roid carcinomas are the most prevalent endocrine malignancy. 1,2 

Common therapies for these malignancies include treatment

with radioactive iodine ablation, thyrotropin hormone suppressive

therapy with thyroxin, or thyroidectomy. Still, approximately 20%

of the patients will not respond well to therapy because thyroid
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alignancies de-differentiate and lose capacity for radioactive

odine uptake. Further de-differentiation limits therapeutic options

nd leads to poor prognosis. 3 Therefore, alternative treatments for

hese nonresponsive patients are needed. 

Many carcinomas have been shown to express somatostatin re-

eptors (SSTRs). Of these, SSTR2 is overexpressed commonly in en-

ocrine tumors. 4 Furthermore, thyroid carcinomas are known to

xpress SSTR2 and SSTR5. The presence of SSTRs in tumors pro-

ides the possibility of diagnostic imaging and therapy with radi-

labeled SST analogs such as the FDA-approved analog octreotide

nd lutetium Lu-177 dotatate. 5,6 Thyroid tumors are known to ex-

ress SSTRs distinctly depending on whether they are medullary

hyroid cancer tumors or nonmedullary tumors: papillary thyroid

ancer (PTC), follicular thyroid cancer (FTC), or anaplastic thyroid

ancer (ATC). 7,8 
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FTC is a malignant epithelial tumor that accounts for 10%–32%

f differentiated thyroid carcinomas. 1,9 Although it is uncommon,

TC has a greater rate of distant metastasis (29%) and can ulti-

ately lead to death (17%) compared to PTC (9% and 8%). 10 ATC

s the least common of all thyroid carcinomas ( < 1%). Still, ATC ac-

ounts for about 40% of thyroid cancer deaths. The mean survival

ate of ATC is less than 6 months after diagnosis with a 5-year sur-

ival rate of 0–25%. Current aggressive, multimodal therapies fail to

mprove this survival rate. 11 Roughly 50% of patients exhibit metas-

asis to lungs (80%), bones (6%–15%), and brain (5%–13%). There-

ore, there is a clear need for novel therapies for these aggressive

hyroid cancers. The limited and conflicting data on SSTR expres-

ion for FTC and ATC hinders the application of somatostatin ana-

ogues as a potential treatment. Our study seeks to characterize

STR expression in FTC and ATC and to assess the effects of so-

atostatin analogs in these thyroid carcinomas. 

aterials and methods 

ell culture and reagents 

Hth7 cells, an ATC cell line, were obtained from Dr Re-

ecca Schweppe (University of Colorado, Denver, CO). FTC-236, a

etastatic FTC cell line, and 8505C, an ATC cell line, were pur-

hased from Sigma Life Science/European Collection of Cell Cul-

ures (Sigma-Aldrich, St. Louis, MO). All cell lines were authen-

icated and confirmed with their unique identity by DNA profil-

ng. 11 Hth7 cells were maintained in glutamine ( + ) RPMI-1640

edium (Invitrogen Life Technologies, Carlsbad, CA) with 10% fe-

al bovine serum. FTC-236 cells were maintained in glutamine ( + ),

MEM:F-12 medium (Invitrogen Life Technologies) with 10% fe-

al bovine serum, 10 μg/ml insulin, and 10 mIU/ml of human thy-

oid stimulating hormone (Sigma-Aldrich). 8505C cells were main-

ained in glutamine ( + ) EMEM medium (Sigma-Aldrich, St. Louis,

O) with 10% fetal bovine serum and 1% non-essential amino

cids (Sigma-Aldrich). All media were supplemented with 10% fetal

ovine serum, 100 IU/mL penicillin, and 100 μg/mL streptomycin.

ll cell lines were grown in a humidified environment of 5% CO 2 

t 37 °C. 

Octreotide (OCT), an SSTR2 specific agonist, was purchased from

igma-Aldrich. Pasireotride (SOM230), an SSTR5, SSTR3 >> SSTR2

gonist, and KE-108, a pansomatostatin receptor agonist SSTR1–

STR5, were purchased from Biomatik USA (Wilmington, DE). OCT,

OM230, and KE-108 were dissolved in dimethyl sulfoxide and

tored at −20 °C as 50mM stock solutions. 

ellular proliferation assay 

FTC-236, Hth7, and 8505C were treated with OCT, SOM230,

nd KE-108 in varying doses to determine the half-maximal in-

ibitory concentration (IC 50 ) of each compound using the 3-(4,5-

imethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) as- 

ay. Each cell line was plated in quadruplicate on 96-well plates

t a density of 5,0 0 0 cells per well. Plated cells were incubated

vernight to allow cell attachment; treatment medium was pre-

ared in serial dilutions for various concentrations of OCT (0–200

M), SOM230 (0–200 μM), and KE-108 (0–128 μM). Each quadru-

licate of cells was exposed to only 1 compound at a time. Quad

ell viability was measured 48 h after treatment. On the day of

easurement, treatment medium was removed before cells were

ncubated at standard conditions in 25 μL of serum-free RPMI-

640 containing 0.5 mg/ml −1 MTT for 3 h. To dissolve the MTT

ormazan, 75 μL of dimethyl sulfoxide was added to each well

nd mixed thoroughly. Absorbance was measured at 562 nm us-

ng a spectrophotometer (μQuant; Bio-Tek Instruments, Winooski,
T). The IC 50 value was calculated by GraphPad Prism 6 (GraphPad

oftware, La Jolla, CA). 

uantitative real-time PCR 

Thyroid cancer cells were cultured 2 days before total RNA was

solated using an RNeasy Plus Mini Kit (Qiagen, Valencia, VA). Total

NA concentration was determined by NanoDrop 10 0 0 spectropho-

ometer (Thermo Scientific, Wilmington, DE). Complementary DNA

as synthesized from 2 μg of total RNA using the iScript cDNA

ynthesis Kit (Bio-Rad Laboratories, Hercules, CA). The quantitative

eal-time PCR was performed in triplicate on MyiQ Thermal Cycler

Bio-Rad Laboratories). Target gene expression was normalized to

27 levels in respective samples as an internal standard, and the

omparative cycle threshold method was used to calculate relative

xpression levels of target genes. 

apillary immunoblotting 

Thyroid cancer cells were cultured 2 days before protein lysates

ere isolated, as described previously. 12 Protein lysates were pre-

ared at a concentration of ∼1.5 μg/μL and delivered to RayBiotech

Norcross, GA) for capillary immunoblotting. Target protein expres-

ion was normalized to beta-actin levels in respective samples as

n internal standard. A densitometry analysis was carried out with

he band intensity data provided by RayBiotech (Norcross, GA). 

uman tissue microarrays 

The human tissue microarrays consisted of 159 samples dis-

ributed as follows: 10 normal thyroid samples, 10 nodular goi-

er samples, 10 Hashimoto’s samples, 32 adenoma samples, 57

TCs, 28 FTCs, 2 poorly differentiated thyroid cancers, and 10 ATCs.

STR2 expression was quantified within the nucleus and cytoplasm

f each core with the Vectra 3.0 workflow as described previously

sing an anti-SSTR2 monoclonal antibody (Abcam, San Francisco

A; CAT#ab134152). 13 Total SSTR2 staining was used to stratify pa-

ients into low- and high-expression groups using the median of

.15 as the cutoff. Spectral libraries were assembled using Nuance

.0.0 and inForm 1.2 (Caliper Life Sciences, Hopkinton, MA). 

esults 

RNA expression of SSTR1-5 

To elucidate the expression of the SSTR1-5 isoform in ATC and

TC mRNA, we employed quantitative reverse transcription poly-

erase chain reaction (qRT-PCR) analysis ( Fig. 1 ). There are varying

egrees of mRNA expression for SSTR1, SSTR2, SSTR3, and SSTR5

mong cell lines. SSTR1 mRNA was only detected in the FTC-236

ample ( Fig. 1 , A ). SSTR2 mRNA ( Fig. 1 , B ) was greatest in the ATC

ells (8505C and Hth7) and least in FTC-236. SSTR3 mRNA ( Fig. 1 ,

 ) was highly expressed in Hth7 and moderately expressed in all

ther cell lines. SSTR5 mRNA ( Fig. 1 , D ) was detected in all cell

ines and was greatest for FTC-236. SSTR4 mRNA was not detected

n any of the cell lines. 

rotein level expression of SSTR1-5 

Western blots and densitometry analysis were used to charac-

erize the protein expression of SSTR1-SSTR5 in ATC and FTC cell

ines ( Fig. 2 ). All thyroid cancer cell lines expressed SSTR1, SSTR2,

STR3, and SSTR5 in varying degrees. SSTR3 was highly expressed

hrough all cell lines; however, none of the cells analyzed ex-

ressed SSTR4 at a protein level. 
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Fig. 1. mRNA expression of somatostatin receptors (SSTR1-SSTR5) varies between FTC and ATC cell lines. SSTR1 (A) is only expressed by FTC-236. SSTR2 (B), SSTR3 (C) and 

SSTR5 (D) are variably expressed by all cell lines. 

Fig. 2. Densitometry analysis was carried by normalizing target protein expression to betaactin levels. SSTR3 showed the highest expression of all SSTRs followed by SSTR1 

> SSTR2 > SSTR5. 
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Antiproliferative effect of OCT, SOM230, and KE-108 in ATC and FTC 

cell lines 

MTT assays were performed to determine the effect of somato-

statin analogs on ATC and FTC cellular proliferation. ATC (Hth7,

8505C) and FTC (FTC-236) were treated with varying dosages of

OCT ( Fig. 3 , A ), SOM230 ( Fig. 3 , B ), and KE-108 ( Fig. 3 , C ). OCT,

an SSTR2 specific agonist, showed little effect on cell growth in-

hibition with a less than 20% decrease in viability for all cell

lines. Treatment with both SOM230, an SSTR5, SSTR3 >> SSTR2 ag-

onist, and KE-108, a pansomatostatin (SSTR1–SSTR5) receptor ag-

onist, demonstrated effective and distinctive antiproliferative ef-

fects on malignant cell lines. Treatment with SOM230 was most

effective on FTC-236 (IC 50 = 50μM) followed by Hth7 (IC 50 = 55μM)

and 8505C (IC 50 = 90μM). KE-108 treatment was most effective on

8505C (IC 50 = 30 μM) followed by Hth7 (IC 50 = 70 μM) and FTC-236

(IC 50 = 100uM). 
uman tissue microarrays 

Tissue samples were formalin-fixed, paraffin-embedded, core

hyroid biopsies mounted in triplicate ( Fig. 4 ). The Vectra plat-

orm was employed to acquire images and measure SSTR2 staining

ntensities within the nuclear and cytoplasmic segments of each

ore. SSTR2 was absent in 10 normal thyroid tissues but present in

 aggressive human thyroid cancers. 

iscussion 

There is an existing clinical challenge for the treatment of ag-

ressive thyroid cancers, such as metastatic FTC and ATC. 1,14 FTC

nd ATC represent 19% and 1%–2% of all thyroid cancers, respec-

ively. Coupling the poor differentiation of ATC with its frequent

etastasis, however, accounts for over half of thyroid cancer–

elated deaths. 15,16 All patients with ATC are classified as having
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Fig. 3. Somatostatin analogs show varying effects on the viability of ATC (Hth7, 8505C), FTC and (FTC-236). Cells were treated with varying doses of OCT (0–200 μM), SOM- 

230 (0–200 μM) and KE-108 (0 – 128 μM) for 48 h. Cell viability was measured by the MTT assay. The data is presented in mean percent viability ± standard error of the 

mean (SEM). OCT (A) showed very limited cytotoxicity. SOM-230 (B) and KE-108 (C) showed effective and distinctive potencies in inhibiting malignant cell proliferation. 

Fig. 4. SSTR2 was strongly expressed on (A) poorly differentiated thyroid cancer tissue and moderately expressed on a (B) PTC thyroid cancer tissue. No SSTR2 expression 

was found on normal thyroid samples. 
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 stage IV disease. Although most well-differentiated thyroid can-

ers can be cured via thyroidectomy and radioactive iodine abla-

ion, approximately 20% of patients present a more aggressive phe-

otype with distant metastasis or recurrence associated with in-

reased mortality. 17,18 Therefore, there exists a pressing need for

lternative therapies for aggressive thyroid cancers. 

Thyroid tumors are known to express SSTRs distinctively de-

ending on whether they are medullary thyroid cancer or the non-

edullary tumors, PTC, FTC, or ATC. 7,8 Current literature, however,

uggests conflictive data on SSTR expression for the aggressive thy-

oid cancers ATC and metastatic FTC. 

In an effort to unite these conflicting views, our study demon-

trated that ATC and FTC cell lines expressed SSTR1, SSTR2, SSTR3,

nd SSTR5 in varying degrees. SSTR3 was highly expressed through

ll cell lines, followed by SSTR1, SSTR2, and SSTR5. None of the

ells analyzed expressed SSTR4 at a protein or message level.

oreover, we found that there is a clear correlation between

RNA and protein expression for SSTR3, SSTR2, and SSTR5. We fur-

her attest the presence of a varied expression of SSTRs via the use

f SST analogs OCT, KE-108, and SOM230. KE-108, a pansomato-

tatin receptor agonist, SSTR1–SSTR5, and pasireotride (SOM230),

n SSTR5, SSTR3 >> SSTR2 agonist, exhibited the best antiprolif-

rative activity among these de-differentiated thyroid cancer cell

ines. These results suggest that SST analogs could indeed be uti-

ized as therapeutic agents for aggressive thyroid cancers. Although

CT was seemingly ineffective in our thyroid cancer cell lines, we

annot rule out its potential therapeutic efficacy against aggressive

hyroid cancers given that our human thyroid tissues had substan-

ial SSTR2 expression. 

In conclusion, our results suggest that somatostatin receptor

ubtypes (SSTR1–SSTR3 and SSSTR5) are pertinent and potentially

romising therapeutic targets for aggressive thyroid cancers. Our

tudy is limited by the scarcity of both ATC and FTC cell lines

s well as human thyroid samples of ATC and FTC. Further stud-

es should look to characterize the role of SSTRs and somato-

tatin analogues on these aggressive thyroid cancers, for instance,

o continue working on TMAs to further characterize expression
f other SSTRs subtypes and to conduct biochemical assays to as-

ess the inhibitory effects of SST analogues (eg, cell cycle arrest

ersus apoptosis). The characterization of the expression of SSTRs

mong thyroid cancer patients will permit a tailored, targeted

herapy using radiolabeled peptides and improve patient survival

ates. 
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istry and prostate tissue microarrays. Hum Pathol . 2013;44:29–38 . 
14. Are C , Shaha AR . Anaplastic thyroid carcinoma: biology, pathogenesis,

prognostic factors, and treatment approaches. Ann Surg Oncol . 2006;13:
453–464 . 

15. Cornett WR , Sharma AK , Day TA , Richardson MS , Hoda RS , van Heerden JA ,
et al. Anaplastic thyroid carcinoma: an overview. Curr Oncol Rep . 2007;9:

152–158 . 

16. Jang S , Yu XM , Odorico S , et al. Novel analogs targeting histone deacetylase sup-
press aggressive thyroid cancer cell growth and induce re-differentiation. Cancer

Gene Ther . 2015;22:410–416 . 
17. Pacini F , Castagna MG , Brilli L , Pentheroudakis G . Differentiated thyroid cancer:

ESMO clinical recommendations for diagnosis, treatment and follow-up. Ann
Oncol . 2009;20:143–146 . 

18. Mazzaferri EL , Jhiang SM . Differentiated thyroid cancer long-term impact of ini-

tial therapy. Trans Am Clin Climatol Assoc . 1995;106:151–170 . 

Ms Danilea M Carmona-Matos : We will hopefully be able to

o translational work later on to determine if it’s possible and if

o, what would be the appropriate dosage. 

Dr James Howe (Iowa City, IA): Has anybody tried it for imag-

ng? 

Ms Danilea M Carmona-Matos : I am not sure. 

Dr Emad Kandil (New Orleans, LA): For your initial in vitro

tudy, you used follicular and anaplastic thyroid cancer cell lines

ut there was no mention of any papillary thyroid cancer cell lines.

ill you please clarify why you excluded aggressive PTC while you

ncluded FTC? 

Ms Danilea M Carmona-Matos : The reason why we targeted

nly anaplastic and follicular tumors was because we knew there

as a lot of work already conducted in PTC and we wanted to in-

estigate these areas that were less understood. For example, many

f the papers I reviewed were from 20 0 0 to 20 05 and perhaps only

onducted RT-PCR, but not western blotting. We wanted to bring

ttention back to this area. 

Dr Emad Kandil (New Orleans, LA): How did you decide to

tudy SSTR2? Also, you mentioned that you used 3 aggressive PTC

pecimens while you excluded PTC from your in vitro studies. Can

ou please clarify what you meant by aggressive PTC? Also, please

larify how the scoring was performed by your pathologist. 

Ms Danilea M Carmona-Matos : The reason why we used only

STR2 for our immunohistochemistry is because upon our litera-

ure review, it was the one that was consistently expressed in prior

ork. It’s something that we can find in neuroendocrine tumors as

ell as different types of thyroid cancers. We also found that of the

ntibodies that were previously used, it was the one that yielded

ore consistent results. Because of limited availability of samples,

e wanted to concentrate on something we thought may work, if

t was positive or not. 

In terms of the aggressiveness of the tumors, our pathologist

hat conducted these experiments was Dr Lloyd in Wisconsin. I am

ot sure how he scored them because this was a pre-made TMA

hat he was providing us in collaboration. 
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