
 

 

 

Supplementary Figure 1. Poorly differentiated thyroid cancer (PDTC) with both KrasG12D and 

Cdkn2anull mutations from 13-month-old mouse. (A) Histology of PDTC. (B) Genotyping of 

PDTC cell line derived from the primary tumor: M, 1kb ladder; lane 1, Wt Kras from a control 

mouse tail; lane 2, LSL-KrasG12D/+ from a control mouse tail (not activated by Cre-mediated 

recombination); lane 3, LSL-KrasG12D/+ activated from the PDTC cell line by Cre-mediated 

recombination; lane 4, Wt Cdkn2a from a control mouse tail; lane 5, Cdkn2aflox/flox from a control 

mouse tail; lane 6, Cdkn2a deleted from PDTC cell line by Cre-mediated recombination; lane7, 

Cre from a control Wt Kras mouse tail; lane 8, Cre from a control LSL-KrasG12D/+ mouse tail; lane 

9, Cre from a control Cdkn2aflox/flox mouse tail. 



 

 

 

Supplementary Figure 2.   ‘Don’t eat me’ signal expression in Met1 and Met 2 cells. Log2 fold 

change vs control of DEGs (simple fold change vs control in parentheses). Cd274 (PD-L1) 

overexpression was not uniformly found in Met1 cells (not detected in KGD-Met1 and BVE-Met1 

cells), but was present and enriched in all Met2 cells. Similar pattern was observed for Cd52 and 

Tbxas1, indicating immune elimination of metastatic cancer cells with lower expression of Cd274, 

Cd52, and Tbxas1 by NK cells. Strictly speaking, Tbxas1 is not a “Don’t eat me’ signal”, but it 

indirectly helps cancer cells evade immune elimination via platelets activation and aggregation. 



 

 

Supplementary Figure 3. Kaplan-Meier plot showing disease-specific survival of PTC patients 

(n=499, TCGA-THCA mRNA expression dataset). Kaplan–Meier analysis was performed using 

cBioPortal For Cancer Genomics (https://www.cbioportal.org/). 

 



 

 

Supplementary Figure 4. Effect of BRAFV600E inhibitor PLX4720 on tumorsphere formation. 

Reduction (10%) of tumorsphere formation was observed in BVE-Met2 cells after 2µM 

PLX4720 incubation. No significant inhibition was found in BVETrp53null-Met2 cells treated with 

2µM PLX4720.  



 

Supplementary Table 1. 110 DEGs present in all Met2 cell lines  

Gene ID 
Gene 

Symbol 
KGD-Met2 

KGDCDKN2A_null -
Met2 

BVE-Met2 
BVETrp53_null-

Met2 
BVETrp53_null-

Met2 

11421 Ace 4.445818619 6.163230349 2.321928095 7.592457037 9.269126679 

13733 Adgre1 3.584962501 8.224001674 11.02097994 10.02928723 7.22881869 

107747 Aldh1l1 8.596189756 3.680857928 3.378511623 7.294620749 4.584962501 

11690 Alox5ap 5.285402219 4.834576391 5.994579724 12.09242682 9.016808288 

105827 Amigo2 3.906890596 5.321928095 8.044394119 4.087462841 8.108524457 

77531 Anks1b 2.475733431 5.523561956 3.357552005 3.672425342 3.087462841 

75761 Apol7a 3.421463768 2.5360529 4.754887502 3.321928095 2.925999419 

11846 Arg1 5.392317423 11.55650605 11.2179577 15.65079933 11.85018684 

216445 Arhgap9 5.209453366 6.64385619 6.725001003 8.056637715 5.022367813 

219144 Arl11 2.30580843 3.902512155 8.670656249 5.317593505 2.526068812 

74008 Arsg 2.099535674 5.209453366 4.280107919 5.345774837 3.584962501 

12259 C1qa 4.64385619 9.231221181 11.57695666 12.49660415 10.49884921 

12351 Car4 4.321928095 10.6926155 10.52552081 8.511752654 7.303780748 

108723 Card11 2.584962501 4.459431619 7.312882955 5.491853096 3.906890596 

12424 Cck 5.977279923 8.21916852 5.7642862 12.64069684 10.33650656 

20302 Ccl3 5.196397213 10.43879185 13.10901442 12.06676193 9.682994584 

20305 Ccl6 4.66106548 12.2822197 14.45545566 11.40118722 7.84862294 

60533 Cd274 2.622437206 4.392317423 5.080373416 6.453956489 4.087462841 

23833 Cd52 5.700439718 7.714245518 12.10394343 12.76155123 9.350939182 

17064 Cd93 5.087462841 2 4.353636955 5.260235772 2.294834434 

56620 Clec4n 3.070389328 11.68606275 13.83249448 13.46454575 10.59058705 

170571 Cntnap4 5.087462841 4.247927513 4.584962501 8.523561956 8.326429487 

12835 Col6a3 9.285402219 3.499146534 11.37123213 6.95419631 7.451211112 

12978 Csf1r 4.087462841 2.350497247 8.543805176 6.261423356 3.727364824 

12983 Csf2rb 2.263034406 4.341219433 11.56938096 10.68270204 8.080373416 

13040 Ctss 2.142957954 10.90162116 12.90388185 12.87670878 9.082149041 

13058 Cybb 4.700439718 7.21916852 10.07146236 10.36632221 6.523561956 

227929 Cytip 4.311586151 5.357552005 6.392317423 7.276124405 6.554588852 

13586 Ear1 5.491853096 10.07146236 12.15323534 11.7232343 8.599912842 

503845 Ear12 6.942514505 10.72109919 12.60894781 12.27699674 9.337621902 

13587 Ear2 5.672425342 10.2467406 11.62067804 10.30947635 7.826548487 

66892 Eif4e3 3.44625623 2.20469042 5.247927513 3.235216462 2.142957954 

14127 Fcer1g 7.90000421 5.064718273 9.735146536 13.74336181 11.21067134 

246256 Fcgr4 4.523561956 5.562242424 9.968666793 9.977279923 5.807354922 

14182 Fgfr1 3.72377697 2.20650938 4.237669608 2.573841461 3.395694503 

14652 Glp1r 7.857980995 5.709658248 5.523561956 8.409390936 10.59339112 

217122 Gm11545 4.247927513 5.087462841 4.539158811 7.62935662 4.64385619 

93695 Gpnmb 4.523561956 12.12734954 13.42232762 10.70090649 8.292498618 

106512 Gpsm3 2.791099031 2.797484678 6.627821838 4.821880254 2.600904045 

68713 Ifitm1 6.794415866 3.855556767 5.682278733 9.923327485 6 



 

16012 Igfbp6 7.111464155 6.212574646 7.982845454 3.242428034 3.916706849 

16170 Il16 3.169925001 5.357552005 9.95419631 6.554588852 3.169925001 

16181 Il1rn 5.129283017 3 4.320223117 5.689868588 2.68182404 

16186 Il2rg 7.95419631 3.215874587 10.22400167 5.828990836 2.700439718 

16331 Inpp5d 4.087462841 3.491853096 3.275634443 9.328674927 6.977279923 

15900 Irf8 4.481557281 2.396475048 4.240746339 9.418455019 9.071462363 

16414 Itgb2 2.102361718 6.034423831 5.863118194 5.551758848 2.688710426 

223272 Itgbl1 5.106915204 4.156504486 8.871135184 9.194756854 6.857980995 

16792 Laptm5 8.900866808 11.28915435 11.55090708 13.23187117 10.36996079 

77889 Lbh 2.144920995 2.385493224 3.066790087 3.327173397 2.882481103 

18826 Lcp1 4.95419631 8.199672345 9.262094845 12.87152026 10.15608308 

14728 Lilrb4a 6.426264755 4.487265827 4.84434913 6.355859296 2.612443237 

107321 Lpxn 3.879145605 6.807354922 4.745954377 6.925124944 4.490164746 

74511 Lrrc17 5.491853096 6.820178962 4.807354922 3.584962501 4.906890596 

17105 Lyz2 3.144771524 15.92942024 12.28517207 18.38606035 14.72818626 

74490 Mamstr 5.781359714 4.283383051 3.938599455 4.857980995 5.169925001 

17167 Marco 4.169925001 11.91251514 9.991135289 4.599912842 4.209453366 

68279 Mcoln2 2.05626822 3.700439718 5.614709844 5.832890014 4.247927513 

17289 Mertk 4.372554168 3.584962501 4.285402219 2.159198595 2.736965594 

17381 Mmp12 4.68182404 4.851749041 9.917869303 13.25841881 10.53138146 

68774 Ms4a6d 4.459431619 7.971543554 10.74399286 10.98726401 8.055282436 

17916 Myo1f 2.807354922 7.906890596 10.19967234 10.49785184 8.383704292 

17969 Ncf1 2.807354922 7.554588852 10.07012094 9.063395081 6.132713922 

105855 Nckap1 5.426264755 4.437405312 9.638435914 10.3858624 7.876516947 

407790 Ndufa4l2 3.911357147 5.882643049 5.614709844 10.6183855 10.72280753 

216799 Nlrp3 4.392317423 5.058893689 9.027905997 8.918863237 6.50779464 

107607 Nod1 5.604862058 2.512166675 7.22881869 4.541373232 2.192645078 

224109 Nrros 3 7.599912842 8.087462841 5.765126687 3.81526012 

14726 Pdpn 2.187255581 7 5.882319139 11.94727165 8.515699838 

218194 Phactr1 2.95419631 3.027480736 2.807354922 4.357552005 4.044394119 

104759 Pld4 4.307428525 2.839959587 11.3858624 9.205060111 5.87282876 

235527 Plscr4 3.150941898 2.538419915 6.539158811 4.64385619 4.459431619 

72324 Plxdc1 7.357552005 4.619608644 6.548436625 4.14974712 3.285402219 

19222 Ptgir 3.459431619 3.155278225 5.683696454 7.044394119 4.459431619 

19731 Rgl1 2.318698007 2.667855509 4.061296179 5.800703842 4.949251941 

380713 Scarf1 3.169925001 5.375039431 7 5.392317423 2.938599455 

58234 Shank3 2.271596419 2.717856771 6.06608919 4.022367813 5.184875343 

20612 Siglec1 2.807354922 7.118941073 10.2632692 8.965784285 5.523561956 

620235 Siglec15 2.38466385 3.654864514 4.56193706 2.339850003 4.430452552 

65221 Slc15a3 4.058893689 2.450056088 11.85018684 11.71467483 10.04302728 

13602 Sparcl1 4.431845787 4.392317423 10.41785251 5.614709844 6.845490051 

21391 Tbxas1 5.357552005 7.894817763 9.224001674 10.32755264 7.303780748 

23965 Tenm3 7.163901214 3 5.807354922 5.569855608 4.922832139 

23966 Tenm4 3.459431619 5 2.807354922 3.218423519 3.302375297 



 

21926 Tnf 4.169925001 3.574908836 8.977279923 3.972692654 2.510961919 

22041 Trf 5.906890596 5.071587082 11.58824615 13.98708633 9.259743264 

22376 Was 2.632268215 3.886132035 9.177419538 6.037089319 3.039528364 

100034251 Wfdc17 8.164906927 8.583082768 14.81217731 11.87651695 8.596189756 

74328 
1700047E
10Rik 

-3.10433666 -2.511819645 -2.203807686 -2.838381818 -4.361943774 

71874 
2310007B
03Rik or 
Mab21L4 

-4.350497247 -8.768184325 -10.72536626 -12.34346334 -11.34346334 

57278 Bcam -2.295092622 -4.565257091 -7.58954712 -6.451623252 -6.882780416 

67445 C1qtnf4 -5.426264755 -6.456149035 -6.129283017 -5.028408415 -3.843983844 

66371 Chmp4c -2.561878888 -5.459431619 -5.390407833 -5.501439145 -10.82336724 

12804 Cntfr -5.584962501 -6.108524457 -5.934673752 -3.361456459 -4.94641896 

12829 Col4a4 -2.550197083 -3.700439718 -5.033423002 -2.892570924 -6.325530332 

13106 Cyp2e1 -3.96212482 -5.842350343 -7.328674927 -2.469726414 -2.043681924 

14073 Faah -3.584962501 -4.459431619 -6.894817763 -5.205548911 -6.527477006 

64339 Fndc4 -4.340368678 -6.222112368 -2.782233809 -2.496874538 -2.244790432 

319167 Hist1h2ag -8.654636029 -4.312239804 -2.342035668 -7.434628228 2.255369744 

17388 Mmp15 -5.285402219 -6.209453366 -5.194756854 -7.436711542 -6.851749041 

50873 Park2 -11.77941158 -3.169003667 -4.921570491 -8.161111227 -4.207678046 

18510 Pax8 -3.321928095 -4.321928095 -7.577428828 -4.024946357 -6.451211112 

19208 Ptcra -4.182203331 -2.574470127 -4.135159583 -2.7589919 -4.343954401 

19268 Ptprf -2.775473414 -3.147643554 -4.840761007 -5.06463135 -4.557671361 

72433 Rab38 -5.459431619 -2.347923303 -7.082149041 -4.380821784 -7.965784285 

234214 Sorbs2 -5.101538026 -5.129283017 -4.584962501 -8.586214297 -8.586214297 

20666 Sox11 -6.189824559 -3.029747343 -4.584962501 -7.108524457 -7.108524457 

66260 Tmem54 -4.614709844 -4.26497221 -11.00457162 -12.31061278 -9.14068778 

21912 Tspan7 -8.988684687 -9.299208018 -2.523754946 -5.849162407 -5.824500353 

665976 
Vmn2r-
ps129 

-3.641344971 -2.007494537 -2.648288436 -3.469114172 -3.317111079 

 



 

Supplementary Table 2. Hub genes in thyroid cancer metastasis 

 Gene 
symbol 
(degree of 
node) 

Description FDA approved 
drug targets 

Biological role in cancer Reference 

1 Tnf (47) Tumor Necrosis 

Factor 

Etanercept, 

Infliximab, 

Certolizumab, 

Adalimumab 

A multifunctional 

proinflammatory cytokine. 

Involved in the regulation of a 

wide spectrum of biological 

processes including cell 

proliferation, differentiation, 

apoptosis, lipid metabolism, 

and coagulation. High TNF 

levels impede tumor growth 

and low levels would promote 

cancer development and 

progression 

(1) 

2 Fgfr1 (46) Fibroblast Growth 

Factor Receptor 1 

Lenvatinib 

(multikinase 

inhibitor, 

inhibiting 

FGFR1-4, 

VEGFR1-3, RET, 

KIT and 

PDGFR-β) 

A member of the fibroblast 

growth factor receptor family 

of receptor tyrosine kinases, 

and functions mainly via PI3K 

and MAPK pathways. It 

promotes cell proliferation, 

epithelial–mesenchymal 

transition, and metastasis via 

FGFR1-ERK1/2-SOX2 axis. 

(2) 

3 Was (30) WASP Actin 

Nucleation 

Promoting Factor 

NA Wiskott-Aldrich Syndrome 

protein (WASp) is an actin 

nucleation-promoting factor 

and is a key regulator of actin 

polymerization involved in 

cancer metastasis. 

(3,4) 

4 Itgb2 (27) Integrin Subunit 

Beta 2 

NA heterodimeric leukocyte 

adhesion molecule essential 

for adhesion, trafficking and T 

cell effector function. 

Expression in cancer cells 

promotes invasion and 

metastasis in a manner 

mimicking leukocytes via 

YAP1, a downstream nuclear 

effector of the Hippo signaling 

pathway and PRDM4 

(5) 

5 Ncf1 (25) Neutrophil Cytosolic 

Factor 1 

NA a cytosolic component of the 

NADPH oxidase 2 (NOX2) 

complex required for the 

(6) 



 

production of reactive oxygen 

species (ROS), which 

promotes metastatic 

colonization 

6 Fcer1g (20) Fc Epsilon Receptor 

Ig 

NA a key molecule involved in 

allergic inflammatory 

reactions. Up-regulated in 

most tumour and closely 

related to tumour 

microenvironment and 

tumour immunity. High 

expression of FCER1G in 

ccRCC is closely related to 

TAMs infiltration and 

suppression of T cell 

activation and proliferation. 

FCER1G-associated partners 

were enriched in pathways 

associated with neutrophils 

activation 

(7) 

7 C1qa (19) Complement C1q A 

Chain 

NA C1q is the activator of the 

classical complement 

pathway. C1q acts in the 

tumour microenvironment as 

a cancer-promoting factor 

unrelated to complement 

activation 

(8,9) 

8 Inpp5d 

(19) 

Inositol 

Polyphosphate-5-

Phosphatase D or  

Src homology 2 

domain containing 

inositol 

polyphosphate 5-

phosphatase 1 

(SHIP1) 

NA Promote cancer cell survival, 

metastasis and growth by 

enhancing AKT activation 

through production of 

PI(3,4)P2 

(10) 

9 Il2rg (18) Interleukin 2 

Receptor Subunit 

Gamma 

NA an important cytokine 

receptor sub-unit that is 

common to at least six 

different interleukin 

receptors: IL-2, IL-4, IL-7, IL-9, 

IL-15 and interleukin-21 

receptor. Its overexpression 

mediates cancer cell growth 

through the JAK/Stat pathway 

(11) 



 

10 Shank3 

(15) 

SH3 And Multiple 

Ankyrin Repeat 

Domains 3 

NA A synaptic scaffolding protein 

and a regulator of integrin 

activity. Act as integrin 

activation inhibitors by 

sequestering active Rap1. 

SHANK3 silencing triggers 

increased plasma membrane 

Rap1 activity, cell spreading, 

migration and invasion.  

Shank3 protein mediates 

sustained Erk–MAPK and PI3K 

signaling in epithelial cells 

A novel tumor suppressor that 

binds to overactive mutant 

KRAS to limit oncogenic KRAS 

signaling and maintain RAS 

activity at an optimal level. 

SHANK3 directly interacts with 

KRAS and competes with RAF 

for KRAS binding to sustain 

oncogenic RAS-MAPK/ERK 

signalling at an optimal level 

(i.e. below toxic oncogenic 

signalling) in KRAS-mutant 

cancers 

(12,13) 

https://www

.biorxiv.org/

content/10.

1101/2022.0

9.21.508660

v1.full.pdf 

11 Nckap1 

(13) 

NCK Associated 

Protein 1 

NA Part of WASF regulatory 

complex including CYFIP1, 

NCKAP1, ABI1 and BRK1. 

Promote metastasis by 

regulating EMT 

(14,15) 

12 Nod1 (13) Nucleotide Binding 

Oligomerization 

Domain Containing 

1 

NA A cytoplasmic pattern 

recognition receptor. Its 

activation augments cancer 

cell adhesion, migration and 

metastasis via p38 mitogen 

activated protein kinase 

(MAPK) pathway. Nod1 and 

Nod2 activation initiates a 

pro-inflammatory 

response downstream of the 

nuclear factor kB (NF-kB) and 

mitogen-activated protein 

kinase (MAPK) pathways 

(16,17) 



 

13 Card11 

(12) 

Caspase 

Recruitment 

Domain Family 

Member 11 

NA A scaffold protein specifically 

interacting with BCL10 to 

activate NF-κB. Aberrant NF-

κB activation leads to 

lymphoma and skin cancer. It 

also activates the mTOR 

pathway in lung and renal cell 

carcinoma, resulting in 

suppressed autophagy. 

 

(18,19) 

14 Csf2rb (12) Colony Stimulating 

Factor 2 Receptor 

Subunit Beta 

NA CSF2RB; CD131) is the 

common subunit of the type I 

cytokine receptors for 

granulocyte-macrophage 

colony-stimulating factor 

(GM-CSF), interleukin (IL)-3 

and IL-5. FOXP3+ regulatory T 

cells (Tregs) highly 

overexpress CSF2RB. Involved 

in pro-inflammatory TAM 

activation in brain metastasis. 

(20) 

15 Cybb (11) Cytochrome B-245 

Beta Chain 

NA A primary component of the 

microbicidal oxidase system of 

phagocytes that generates 

superoxide  or reactive 

oxygen species (ROS). Genetic 

depletion of any of the NOX2 

subunits Cyba, Cybb, Ncf1, 

Ncf2 and Ncf4 reduced the 

formation of lung metastases 

(21) 

16 Fcgr4 (11) Fc receptor, IgG, 

low affinity IV that 

is closely related to 

human FCGR3A (Fc 

gamma RIIIA , 60% 

amino acid identity) 

NA Enables IgE receptor activity 

and IgG receptor activity. 

Involved in neutrophil 

activation and tumor 

immunity. High expression of 

FCGR3A was associated with 

poor prognosis for patients 

with prostate cancer 

(22,23) 

17 Nlrp3 (11) NLR Family Pyrin 

Domain Containing 

3 

NA The NLRP3 inflammasome is a 

multimeric cytosolic protein 

complex and functions as an 

upstream activator of NF-

kappaB signaling. It plays a 

role in the regulation of 

inflammation, immune 

response, and apoptosis. It is 

(24) 



 

involved in the activation of 

caspase-1, leading to 

secretion of inflammatory 

cytokines IL1B and IL18 and 

inflammatory cell death, 

pyroptosis. 

18 Csf1r (10) Colony Stimulating 

Factor 1 Receptor 

Pexidartinib 

(PLX3397) 

Intratumor CSF-1/CSF-1R 

signaling is known to be 

overexpressed in many tumor 

types and associated with 

poor prognosis. Its activation 

causes recruitment of TAMs 

and development of pro-

tumor inflammatory 

environment, leading to 

tumor growth and metastasis 

(25,26) 

19 Irf8 (272) Interferon 

regulatory factor 8 

NA a transcription factor of the 

interferon regulatory factor 

family and functions as tumor 

suppressor  

(27) 
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