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Cell lines 

NTHY-ORI 3-1 cell line was originally obtained from normal human primary thyroid follicular epithelial 

cells transfected with a plasmid containing an origin-defective large T antigen SV40 genome. They express 

thyroid epithelial specific features, such as iodide-trapping and thyroglobulin production; Although they 

acquired growth factor-independency they remain non-tumorigenic in nude mice [1]. NTHY-ORI 3-1 

presents diploid status with additional tetraploid clones together with very low frequency of spindle 

abnormalities and normal centrosomes [2]. They do not present common thyroid carcinoma genetic 

alterations. 

TPC1 cells are derived from a papillary thyroid cancer [3]. TPC1 cells presents diploid status together with 

an additional minor tetraploid clone with very low frequency of spindle abnormalities and normal 

centrosomes [2, 4]. They express the thyroid specific transcription factors PAX8, TTF1 and TTF2 [4-5]. 

They harbour the RET/PTC1 rearrangement, a complex t(1; 10; 21) translocation and a pathogenic TERT 

promoter point mutation as well as a silent polymorphism in H-RAS and wild-type status for PTEN, BRAF, 

CTNNB1, EGFR, K-RAS, N-RAS, RAF-1, PI3K, TP53, and TRHB [6-9]. 

K1 cells were derived from a primary papillary thyroid carcinoma; they share the same genetic profile of the 

papillary thyroid cancer derived line GLAG-66 [5, 10-11]. They retain thyroglobulin and PAX8 expression, 

and significant response to TSH stimulation [5, 12]; they are tumorigenic after inoculation in nude mice [12].  

presents mainly tetraploid status with with very low frequency of spindle abnormalities and normal 

centrosomes [2].  

They harbour a heterozygous BRAF
V600E

 variant, PI3K p.E542K hyperactivating mutation, silent 

polymorphisms in EGFR, H-RAS and TP53 with wild type status for RET, PTEN, CTNNB1, K-RAS, N-RAS, 

RAF-1 and TRHB [3-4, 13-14]. 

HTC/C3 were derived from cancer cells disseminated in the pleural fluid of a 44-year-old woman with a 

PTC-derived undifferentiated thyroid carcinoma highly resistant to chemotherapy [13]. They secrete IL1α, 

TGFα and PTH-like substance and have lost responsiveness to TSH; they have near-triploid karyotype with 

23% polyploidy [13]. HTC/C3 express high levels of EGFR, they have heterozygous BRAF
V600E

, TERT 

promoter pathogenic mutation, p53 p.P152L point mutation and wild type status of RET, K-RAS, N-RAS and 

CTNNB1 [9, 14-15].  

SW579 are derived from a squamous cell carcinoma of thyroid origin from a 59-year old caucasian male [16-

17]. They have p53 p.I255S point mutation and wild type status of BRAF, RET, K-RAS, N-RAS and CTNNB1 

[14]. 

FRO are derived from a patient with a large cell undifferentiated thyroid carcinoma [18]. Although they have 

WT TP53 they have a markedly decreased p53 mRNA content and do not express p53 at protein level [18-



19]. They express high levels of p27 and cyclin D3, intermediate to low levels of PTEN and harbour 

BRAF
V600E

 variant and CDKN2A c.238C>T nonsense mutation causing premature stop codon [15, 20-22].  

SW1736 were established from an anaplastic thyroid cancer of a female patient. They have undetectable 

levels of TTF1 but high expression of several stem markers, like SOX2, OCT4, NANOG, C-MYC, SSEA4, 

and the ABCG2 transporter [23-24]. They harbour a heterozygous BRAF
V600E 

variant, TERT promoter 

pathogenic point mutation and have wild status for RET and PI3K [7, 9, 25-26]. Moreover they do not 

express p53 at protein level and express high levels of Δnp73α [20, 27-28]. 

Hth74 cells were established from an anaplastic thyroid carcinoma [29]. They express low levels of TSHR 

and have undetetable levels of TTF1 and PAX8 [5, 29-30]. They harbour TERT promoter mutation, p53 

K286E  point  mutation, and overexpress TAp63α and TA/ΔNp73α [20, 27-28]; in addition they express low 

levels of PTEN [30-31]. Hht74 cells have silent polimorphisms in EGFR and TRHB genes and wild type 

status for RET CTNNB1, BRAF, H-RAS, K-RAS, N-RAS, RAF-1, PI3K [7, 9].  

 

p53, BRAF and TERT sequencing 

PCR amplification of exons 2-11 of the TP53 gene was performed with primer pairs described in the protocol 

of IARC (http://p53.iarc.fr/Download/TP53_DirectSequencing_IARC.pdf) as listed below. 

Exons 2-3: forward TCTCATGCTGGATCCCCACT, reverse AGTCAGAGGACCAGGTCCTC 

Exon 4: forward TGAGGACCTGGTCCTCTGAC, reverse AGAGGAATCCCAAAGTTCCA 

Exons 5-6: forward TGTTCACTTGTGCCCTGACT, reverse TTAACCCCTCCTCCCAGAGA 

Exon 7: forward CTTGCCACAGGTCTCCCCAA, reverse AGGGGTCAGAGGCAAGCAGA 

Exon 8: forward TTCCTTACTGCCTCTTGCTT, reverse AGGCATAACTGCACCCTTGG 

Exon 9: forward GACAAGAAGCGGTGGAG, reverse CGGCATTTTGAGTGTTAGAC 

Exon 10: forward CAATTGTAACTTGAACCATC, reverse GGATGAGAATGGAATCCTAT 

Exon 11: forward AGACCCTCTCACTCATGTGA, reverse TGACGCACACCTATTGCAAG 

Additionally, an exon alternatively contained by some of the TP53 transcripts was also examined and PCR 

amplified with forward and reverse primeres 5’- CAATGGCTCCTGGTTGTAGC – 3’ and 5’- 

AGCAGGCTAGGCTAAGCTATG – 3’, respectively.  

PCR amplification of TERT promoter and exon 15 of the BRAF gene were performed as previously reported 

[9, 32]. 

All of the PCR reactions were performed with GoTaq G2 Hot Start Polymerase (Promega) in a final volume 

of 20 μl, containing 50 ng genomic template DNA, 1,5 mM Mg2+, 0,2 mM of each of the 2'-

deoxynucleoside 5'-triphosphates, 0,4 μM of the forward and the reverse primer as well, and 0.025 U/μl 

GoTaq G2 Hot Start Polymerase. PCR reaction conditions for exons 2-11 of the TP53 gene is described in 

the IARC protocol and “PCR program B” of the IARC protocol was used for the amplification of the 

alternatively used TP53 exon as well. PCR reaction condition used for the amplification of exon 15 of the 

BRAF gene was as follows: initial denaturation - 95 °C for two minutes; denaturation - 95 °C for 30 seconds, 

annealing - 54 °C for 30 seconds, elongation - 72 °C for 30 seconds. The amplification stage was repeated 35 

times overall. Final elongation - 72 °C for 5 minutes. 



PCR products were cleaned up with ExoSAP-IT (Affymetrix) according to the manufacturer’s protocol. 

Dye terminator cycle sequencing was performed with BigDye Terminator v3.1 Cycle Sequencing Kit (Life 

Technologies) according to the manufacturer’s instructions and, following gel filtration cleanup of the 

reaction products, sequencing was performed on Applied Biosystems 3500 Genetic Analyzer (Life 

Technologies). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Supplemental Figure 1: human phospho-kinase antibody array. 

Graphic representation of Human Phospho-Kinase Antibody Array. Kinase levels are plotted as fold change 

of 10 μM SP vs. DMSO treated HTC/C3 cells. Kinases with high significant changes (p<0.01 vs. reference 

control) are shown. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Supplemental Figure 2: additional senescence markers. 

Whole-cell confocal microscopy images acquired after 10 μM SP (SP10), 20 μM SP (SP20) or equivalent 

amount of DMSO (CTRL) treatment for 96 hours. Scalebars: 30 μm. A) Lysosome (red) and nuclear (DAPI, 

blue) stainings. B) Membrane (red) and nuclear (DAPI, blue) stainings. C) γ-HA2.X (red) and nuclear 

(DAPI, blue) stainings. 



Supplementary Table 1: SP activity in relation to thyroid cancer pathogenetic pathways. 

Cell lines were grouped on the basis of literature reported abnormalities in p53 (WT: NTHY-ORI 3-1, TPC1 

and K1; point mutations: HTC/C3, SW579 and Hth74; pseudo-null: SW1736 and FRO), BRAF (WT: 

NTHY-ORI 3-1, TPC1, SW579 and Hth74; V600E: HTC/C3, SW1736, K1 and FRO), PI3K/Akt pathway 

(WT: NTHY-ORI 3-1, HTC/C3, SW579 and SW1736; hyperactivated: TPC1, K1, Hth74 and FRO). Average 

values for growth inhibition at 10, 20 and 30 μM SP were extrapolated from each growth-inhibition curve 

with GraphPad Prism Software, version 5.04, and grouped accordingly to cell line status. **p<0.01, 

***p<0.001 against respective WTs. 

 Status SP 10μM SP 20μM SP 30μM 

p53 WT 84.16 ± 3.290   82.41 ± 3.556 76.64 ± 3.604 

 Non functional 34.92 ± 6.065  *** 21.58 ± 4.124  *** 15.74 ± 3.188  *** 

 Pseudo null 78.42 ± 1.885   62.80 ± 1.957  ** 52.95 ± 3.682  *** 

BRAF WT 67.51 ± 5.049 59.70 ± 7.026 51.73 ± 8.579 

 V600E 67.47 ± 8.494 57.83 ± 8.384 49.06 ± 6.840 

PI3K/Akt WT 60.57 ± 6.545 50.03 ± 6.212 44.18 ± 6.173 

 Hyperactivation 77.30 ± 6.069 71.42 ± 9.306 60.76 ± 10.14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table 2: Human Phospho-Kinase Antibody Array. 

Human Phospho-Kinase Antibody Array data expressed as fold change of 10 μM vs. DMSO treated HTC/C3 

cells. Results are reported as mean ± SEM. *p<0.05, **p<0.01 and ***p<0.001 vs. reference control. 

 

 60 hours 96 hours 

Akt S473 1.74 ± 0.31 0.97 ± 0.03 

Akt T308 1.09 ± 0.01 1.37 ± 0.85 

AMPKα1 T184 1.90 ± 0.39 1.02 ± 0.03 

AMPKα2 T172 1.77 ± 0.29 0.98 ± 0.02 

β-catenin 2.66 ± 0.51 *** 1.91 ± 0.06 ** 

Chk-2 T68 1.64 ± 0.30 0.94 ± 0.04 

c-Jun S63 0.90 ± 0.04 1.14 ± 0.39 

CREB S133 0.99 ± 0.25 0.95 ± 0.01 

EGFR Y1086 1.70 ± 0.36 0.96 ± 0.04 

eNOS S1177 0.87 ± 0.09 1.60 ± 0.88 

ERK 1/2 T202/Y204. 

T185/Y187 
2.17 ± 0.70 0.95 ± 0.02 

FAK Y397 1.86 ± 0.40 *** 2.36 ± 1.07 *** 

Fgr Y412 2.20 ± 0.42 *** 1.67 ± 0.67 

Fyn Y420 1.53 ± 0.18 0.99 ± 0.09 

GSK-3α/β S21/S9 1.83 ± 0.22 *** 0.94 ± 0.04 

Hck Y411 1.71 ± 0.27 1.02 ± 0.13 

HSP27 S78/S82 1.74 ± 0.33 0.97 ± 0.04 

HSP60 1.08 ± 0.02 1.28 ± 0.17 

JNK pan T183/Y185. 

T221/Y223 
1.80 ± 0.36 1.00 ± 0.07 

Lck Y394 2.49 ± 0.39 *** 1.63 ± 0.39 

Lyn Y397 1.52 ± 0.21 0.99 ± 0.03 

MSK1/2 S376/S360 2.00 ± 0.22 * 0.95 ± 0.05 

p27 T198 0.95 ± 0.12 1.03 ± 0.08 

p38α T180/Y182 1.84 ± 0.28 0.96 ± 0.08 

p53 S15 1.32 ± 0.12 2.56 ± 1.33 *** 

p53 S392 0.99 ± 0.12 1.14 ± 0.20 

p53 S46 1.16 ± 0.07 1.20 ± 0.35 

p70 S6 K T389 1.13 ± 0.09 1.00 ± 0.05 



p70 S6 K T421/ S424 1.59 ± 0.33 1.06 ± 0.03 

PDGF Rβ Y751 1.82 ± 0.34 1.06 ± 0.09 

PLC-γ1 Y783 0.89 ± 0.16 1.45 ± 0.46 

PRAS40 T246 1.47 ± 0.18 0.94 ± 0.03 

PYK2 Y402 0.95 ± 0.13 1.67 ± 0.50 

reference 1.04 ± 0.01 0.98 ± 0.06 

RSK 1/2/3 

S380/S386/S377 
0.91 ± 0.19 1.55 ± 0.75 

Src Y419 1.46 ± 0.23 1.59 ± 0.39 

STAT2 Y689 1.75 ± 0.26 0.94 ± 0.05 

STAT3 S727 0.92 ± 0.02 1.47 ± 0.31 

STAT3 Y705 1.60 ± 0.21 1.52 ± 0.46 

STAT5a Y694 2.50 ± 0.70 ** 1.00 ± 0.05 

STAT5a/b Y694/Y699 1.77 ± 0.17 0.97 ± 0.06 

STAT5b Y699 2.54 ± 0.54 *** 1.00 ± 0.03 

STAT6 Y641 1.76 ± 0.25 0.98 ± 0.01 

TOR S2448 1.75 ± 0.23 1.07 ± 0.21 

WNK1 Y402 0.78 ± 0.10 1.35 ± 0.10 

Yes Y426 1.42 ± 0.29 0.96 ± 0.03 
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