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Supplemental Information S1.  
211At characterization and considerations for biodistribution and absorbed dose 
 
It is established knowledge that 211At can take different chemical states in aqueous solution. 211At- is 
taken up into the thyroid, most likely via NIS. Our earlier studies indicate, however, that 211At can be 
taken up through other mechanisms which can also apply to other chemical states (Lindencrona et al., 
2001). At first, 211At in aqueous solution is in 211At- state, but over time, other chemical states are 
formed. This is why we handled 211At in non-polar phase upon extraction and transferred it to aqueous 
solution only right before injection, i.e. in order to ensure that 211At was in 211At- state as much as 
possible. We have followed this protocol in all of our studies with 211At. Nevertheless, it is possible 
that the distribution among different chemical states may vary between experiments leading to 
somewhat different biodistribution and absorbed dose. However, the dose relation between groups 
within an experiment would remain the same. For small tissues such as the thyroid, it should be noted 
that it is not possible to measure activity concentration at the same time as sampling enough tissue for 
microarray analysis. Therefore, absorbed dose had to be estimated based on separately acquired 
biodistribution data. 
 



SUPPLEMENTAL TABLE 1. List of ionizing radiation-associated genes  

Gene symbol Synonym(s) 
Known RNA expression of  

human homolog* 
(Mus musculus)  Kidney Liver Lungs Spleen Thyroid 

  Expression (FPKM) 
Amy2a5  Amy2, Amy-2 15 9 18 19 17 
Apaf1  Apaf1l 5 4 7 10 5 
Bag1  Rap46 84 31 52 38 54 
Batf3  1 1 4 10 1 
Bax  39 27 51 77 26 

Birc2  Api1, cIAP1, HIAP1, IAP1, 
MIAP1, MIHB 24 27 23 25 23 

Birc3  Api2, cIAP2, HIAP2, IAP2, 
MIAP2, MIHC, RNF49 6 19 16 58 3 

Ccnb1  Ccnb1-rs13, Cycb-4 4 3 5 8 10 
Ccnd1  bcl-1, cD1, CycD1 36 91 72 37 51 
Ccne1 CycE1 1 1 1 2 2 
Ccng1  101 73 37 36 74 
Cdc25c Cdc25 0 1 0 0 0 
Cdkn1a  CAP20, CDKI, P21 18 58 36 11 44 
Akr1c21   26 116 13 1 4 
Ddb2 p48 5 16 14 13 6 
Ephx2  Eph2, sEH, sEP 139 132 14 14 25 
Fen1  5 6 5 8 5 
Fhl2  SLIM3 18 15 8 13 21 
Flt3  CD135, Flk2, wmfl 2 0 1 8 0 
Fos  cFos, D12Rfj1 288 223 444 153 676 
Gadd45a  Ddit1 68 116 14 10 47 
Gadd45g  CR6, OIG37 8 36 5 1 3 
Gja1  Cx43 14 8 63 3 144 
Gjb2  Cx26 8 28 1 0 2 

Irf8  ICSBP, Icsbp1, IRF-8, 
Myls 5 14 21 113 3 

Jun  c-jun, Junc 80 127 72 78 132 

Mapk8ip1  IB1, Jip1, MAPK8IP1, 
mjip-2a, Prkm8ip, Skip 6 2 2 1 3 

Mapk1  Erk2, MAPK2, p42mapk, 
Prkm1 40 23 38 40 42 

Mapk3  
Erk1, Esrk1, Mtap2k, 
p44erk1, p44mapk, 
Prkm3 

47 12 81 52 70 

Mdm2  12 30 18 18 21 
Mycbp  Amy-1 19 8 15 12 18 
Naa35  Mak10 11 5 8 7 16 
Pmaip1  Noxa 1 1 2 5 3 
Ogg1  Mmh 32 7 11 13 11 
Pcna  40 31 35 40 40 
Plcg2  25 13 12 47 10 
Rad23b  mHR23B 54 120 50 43 66 
Rad51b  mREC2, R51H2, Rad51l1 6 2 5 4 12 
Rhoa  Arha, Arha1, Arha2, RhoA 204 128 346 257 280 
Rhoh  Arhh 1 2 4 36 1 
Tgfb3  4 7 13 5 7 
Tgfbr2  TbetaRII, TBR-II 77 33 152 104 62 



Tnfaip8 Gg2-1, Gm10539, Nded, 
Ssc-2 11 6 16 57 23 

Tnfrsf10b  
DR5, KILLER, TRAILR2, 
TRICK2A, TRICK2B, 
TRICKB 

15 28 27 25 25 

Tnfrsf19 TAJ, TAJ-ALPHA, 
TRADE, Troy 15 0 19 5 3 

Tnfrsf21  DR6, TR7 39 6 13 15 5 
Trp53  p53 12 9 15 28 17 

Trp53inp1  SIP, Teap 10 43 21 29 8 

Trp53inp2  Tp53inp2 22 27 13 5 18 
Vegfb Vrf 62 20 54 44 50 
Wee1  12 33 13 9 34 
Xab2  18 7 17 26 18 

Xiap  Aipa, Api3, Birc4, IAP3, 
ILP-1 15 9 11 11 18 

Xpc   27 15 22 23 28 
Xrcc1  16 7 19 19 25 
Xrcc6  Ku70, G22p1 85 63 72 71 83 
 
*according to Human Protein Atlas (http://www.proteinatlas.org; retrieved 2014-08-14) 
FPKM, fragments per kilobase of exon per million fragments mapped 
 
The table has been adapted from:  
Langen B. (2015). Systemic effects after ionizing radiation exposure:  

Genome-wide transcriptional analysis of mouse normal tissues exposed to 211At, 131I, or 4 MV photon beam 
(Doctoral dissertation). Chalmers University of Technology, Gothenburg, Sweden (ISBN 978-91-7597-194-0). 

 

The list is composed of data presented in: 
Snyder AR, Morgan WF. Gene expression profiling after irradiation: clues to understanding acute and 

persistent responses? Cancer Metastasis Rev. 2004;23:259–268. 
Chaudhry MA. Biomarkers for human radiation exposure. J Biomed Sci. 2008;15:557–563. 
 



SUPPLEMENTAL TABLE 2. List of thyroid hormone-responding genes  

Gene symbol Synonym(s), comment 
 Known RNA expression of  

human homolog* 
(Mus musculus  

Reference Kidney Liver Lungs Spleen Thyroid 

 Expression (FPKM) 
Alpl  Akp2, TNAP Moeller et al. (2011) 55 29 51 12 3 
Akt1†  Akt, PKB Cordeiro et al. (2013) 41 39 77 70 55 
Angptl3  hypl Moeller et al. (2011) 45 313 0 0 0 
Atp2a1†  SERCA1 Kim (2008) 1 0 1 1 0 
Atp5c1  Pihlajamäki et al. (2009) 250 146 89 92 157 
Camkk1†  Cordeiro et al. (2013) 2 1 4 5 7 
Camkk2†  Cordeiro et al. (2013) 15 8 20 28 13 

Ccnd1  bcl-1, cD1, CycD1 Puzianowska-Kuznicka  
et al. (2006) 36 91 72 37 51 

Cd44  Ly-24, HERMES, Pgp-1 Dong et al. (2009) 17 21 184 72 84 

Cdkn1a  CAP20, CDKI, P21 Puzianowska-Kuznicka  
et al. (2006) 18 58 36 11 44 

Cox7c  Cox7c1, COXVIIc Pihlajamäki et al. (2009) 389 235 173 187 279 
Cyp7a1†  Cordeiro et al. (2013) 0 17 0 0 0 

E2f1  Puzianowska-Kuznicka  
et al. (2006) 0 1 3 2 1 

Egf  Puzianowska-Kuznicka  
et al. (2006) 95 0 1 0 4 

Egfr  Puzianowska-Kuznicka  
et al. (2006) 11 22 16 5 23 

Epas1  bHLHe73, HIF2A, HLF, 
HRF Moeller et al. (2011) 97 82 432 82 146 

Fas†  APO-1, CD95, TNFR6, 
Tnfrsf6 Cordeiro et al. (2013) 9 24 24 16 10 

Fgf2  bFGF, Fgf-2, Fgfb Moeller et al. (2011) 4 1 5 1 2 

Fos  cFos, D12Rfj1 Puzianowska-Kuznicka  
et al. (2006) 288 223 444 153 676 

Fosb  Puzianowska-Kuznicka  
et al. (2006) 30 93 44 19 179 

Furin  Fur, PACE, Pcsk3, SPC1 Moeller et al. (2011) 25 66 32 26 40 
G6pc  G6Pase, G6pt Lin et al. (2013) 54 136 0 0 0 

Gsta1  
(human homolog GSTA1 
 as representative of RNA 
expression in tissue 

Lin et al. (2013) 739 1020 14 0 0 

Gtf3c1  Dong et al. (2009) 18 9 17 16 33 
Hadha†  Mtpa Chocron et al. (2012) 97 97 51 52 66 

Hif1a  bHLHe78, MOP1 Lin et al. (2013);  
Moeller et al. (2011)  70 35 40 65 55 

Hnrnph3  hnRNP, 2H9, Hnrph3 Pihlajamäki et al. (2009) 94 56 98 112 123 

Ifi27  Ifi27l1 Puzianowska-Kuznicka  
et al. (2006) 73 39 388 480 52 

Ldlr†  Cordeiro et al. (2013) 6 62 52 11 3 

Lmo2  Rbtn2, Rhom2 Dong et al. (2009) 31 7 35 35 12 

Mag  Gma, siglec-4a Dong et al. (2009) 1 1 1 0 1 
Mapk1†  Erk2, MAPK2, Prkm1 Cordeiro et al. (2013) 40 23 38 40 42 
Mbp  golli-mbp, Hmbpr Dong et al. (2009) 21 12 22 26 26 
Mcl1  Moeller et al. (2011) 95 262 162 174 168 

Mdm2  Puzianowska-Kuznicka  
et al. (2006) 12 30 18 18 21 

Myh6  alpha-MHC, alpha 
myosin, Myhca Moeller et al. (2011) 0 0 0 0 0 

Ncor1†  N-CoR, mKIAA1047, Söderström et al. (1997); 34 57 28 34 40 



 

*according to Human Protein Atlas (http://www.proteinatlas.org; retrieved 2014-08-27) 
†literature reference (analysis) on protein 
FPKM, fragments per kilobase of exon per million fragments mapped 
 
The table has been adapted from:  
Langen B. (2015). Systemic effects after ionizing radiation exposure:  

Genome-wide transcriptional analysis of mouse normal tissues exposed to 211At, 131I, or 4 MV photon beam 
(Doctoral dissertation). Chalmers University of Technology, Gothenburg, Sweden (ISBN 978-91-7597-194-0). 

 

The list is composed of data presented in: 
Carreras MC, Peralta JG, Converso DP, Finocchietto PV, Rebagliati I, Zaninovich AA, Poderoso JJ. Modulation of 

liver mitochondrial NOS is implicated in thyroid-dependent regulation of O(2) uptake. Am J Physiol Heart Circ 
Physiol. 2001;281(6):H2282–8. 

Chocron ES, Sayre NL, Holstein D, Saelim N, Ibdah JA, Dong LQ, Zhu X, Cheng SY, Lechleiter JD. The 
trifunctional protein mediates thyroid hormone receptor-dependent stimulation of mitochondria metabolism. 
Mol Endocrinol. 2012;26(7):1117–28. 

Ribeiro MO. Effects of thyroid hormone analogs on lipid metabolism and thermogenesis. Thyroid. 
2008;18(2):197–203. 

Kim B. Thyroid hormone as a determinant of energy expenditure and the basal metabolic rate. Thyroid. 
2008;18(2):141–4. 

Rxrip13 Cheng et al. (2010) 

Ncor2†  SMRT Söderström et al. (1997); 
Cheng et al. (2010) 22 9 40 34 18 

Nos1†  bNOS, nNOS, NO, Nos-1 Carreras et al. (2001) 2 0 1 0 0 
Pck1  PEPCK Lin et al. (2013) 490 687 0 0 0 
Pfkp  PFK-C Moeller et al. (2011) 33 3 13 21 33 
Pik3ca†  caPI3K, p110alpha Cordeiro et al. (2013) 11 7 12 13 11 

Prka† family 
human homolog PRKAA1  
as representative of RNA 
expression in tissue 

Cordeiro et al. (2013) 35 34 36 35 43 

Prkc† family 
human homolog PRKCA  
as representative of RNA 
expression in tissue 

Cordeiro et al. (2013) 14 3 6 7 4 

Psma1  C2, HC2, Pros-30 Pihlajamäki et al. (2009) 79 66 85 83 98 

Psmd12  P55 Pihlajamäki et al. (2009) 21 25 15 17 21 

Rcan2  Csp2, Dscr1l1, MCIP2, 
ZAKI-4 Moeller et al. (2011) 32 4 16 8 32 

Rxr† family 
human homolog RXRA  
as representative of RNA 
expression in tissue 

Cordeiro et al. (2013) 27 28 28 32 27 

Slc16a4  Moeller et al. (2011) 113 12 11 3 12 

Slc16a6  Lin et al. (2013) 1 1 2 5 2 
Slc2a1  Glut1 Moeller et al. (2011) 13 2 4 11 9 
Slc2a4  Glut4 Brunetto et al. (2012) 2 1 1 0 2 
Sms  SpmST Dong et al. (2009) 27 8 7 10 9 
Snrpe   Pihlajamäki et al. (2009) 11 8 7 7 6 
Srebf1†  ADD-1, bHLHd1, 

SREBP1, SREBP-1a, 
SREBP1c 

Cordeiro et al. (2013) 27 63 51 26 31 

Stc1  Moeller et al. (2011) 12 4 5 0 28 

Tab1  Map3k7ip1 Puzianowska-Kuznicka  
et al. (2006) 9 6 10 13 8 

Thra†  Erba, Nr1a1, Rvr, Thra1, 
Thra2 Ribeiro (2008) 27 3 27 13 25 

Thrb†  c-erbAbeta, Nr1a2, 
T3Rbeta, Thrb1, Thrb2 Ribeiro (2008) 13 14 7 6 6 

Thrsp  S14, Spot 14 Moeller et al. (2011) 2 143 0 0 5 
Vldlr  Dong et al. (2009) 13 1 13 8 15 



Cordeiro A, Souza LL, Einicker-Lamas M, Pazos-Moura CC. Non-classic thyroid hormone signalling involved in 
hepatic lipid metabolism. J Endocrinol. 2013 Jan 7. [Epub ahead of print] 

Söderström M, Vo A, Heinzel T, Lavinsky RM, Yang WM, Seto E, Peterson DA, Rosenfeld MG, Glass CK. 
Differential effects of nuclear receptor corepressor (N-CoR) expression levels on retinoic acid receptor-
mediated repression support the existence of dynamically regulated corepressor complexes. Mol Endocrinol. 
1997;11(6):682–92. 

Cheng SY, Leonard JL, Davis PJ. Molecular aspects of thyroid hormone actions. Endocr Rev. 2010;31(2):139–70. 
Lin JZ, Sieglaff DH, Yuan C, Su J, Arumanayagam AS, Firouzbakht S, Cantu Pompa JJ, Reynolds FD, Zhou X, 

Cvoro A, Webb P. Gene specific actions of thyroid hormone receptor subtypes. PLoS One. 2013;8(1):e52407. 
Moeller LC, Broecker-Preuss M. Transcriptional regulation by nonclassical action of thyroid hormone. Thyroid 

Res. 2011;4 Suppl 1:S6. 
Brunetto EL, Teixeira Sda S, Giannocco G, Machado UF, Nunes MT. T3 rapidly increases SLC2A4 gene 

expression and GLUT4 trafficking to the plasma membrane in skeletal muscle of rat and improves glucose 
homeostasis. Thyroid. 2012;22(1):70–9. 

Puzianowska-Kuznicka M, Pietrzak M, Turowska O, Nauman A. Thyroid hormones and their receptors in the 
regulation of cell proliferation. Acta Biochim Pol. 2006;53(4):641–50. 

Pihlajamäki J, Boes T, Kim EY, Dearie F, Kim BW, Schroeder J, Mun E, Nasser I, Park PJ, Bianco AC, Goldfine 
AB, Patti ME. Thyroid hormone-related regulation of gene expression in human fatty liver. J Clin Endocrinol 
Metab. 2009;94(9):3521–9.   

Dong H, Yauk CL, Rowan-Carroll A, You SH, Zoeller RT, Lambert I, Wade MG. Identification of thyroid hormone 
receptor binding sites and target genes using ChIP-on-chip in developing mouse cerebellum. PLoS One. 
2009;4(2):e4610. 

 



SUPPLEMENTAL TABLE 3. Significantly regulated ionizing radiation-associated genes  
 
 

       Ionizing radiation (IR)-associated genes 

Mouse tissue   Time point   
211At 
activity 

Gene 
symbol Probe ID Transcript ID Fold change 

Kidney cortex   1 hb   1.7 kBq   Gadd45g ILMN_2903945 ILMN_222120 2.2 
            ILMN_2744890 ILMN_222120 2.1 
            Tnfrsf21 ILMN_2901626 ILMN_189811 2.0 
            ILMN_2464573 ILMN_189811 1.9 
    6 hb   1.7 kBq   Gadd45g ILMN_2903945 ILMN_222120 1.9 
              ILMN_2744890 ILMN_222120 1.8 
Kidney medulla   1 hb   1.7 kBq   Ccng1 ILMN_2710229 ILMN_232357 -1.6 
            Gadd45a ILMN_2947568 ILMN_221926 -1.5 
            Gja1 ILMN_1244291 ILMN_217762 1.6 
            Tnfrsf21 ILMN_2901626 ILMN_189811 1.7 
    6 hb   1.7 kBq   Ccng1 ILMN_2710229 ILMN_232357 -1.7 
            Tnfrsf21 ILMN_2901626 ILMN_189811 1.7 
    24 ha   1.8 kBq   Ccng1 ILMN_2710229 ILMN_232357 -1.8 
            Fos ILMN_2750515 ILMN_222500 1.5 
            Gadd45g ILMN_2903945 ILMN_222120 2.0 
Liver   1 hb   1.7 kBq   Tgfbr2 ILMN_2760979 ILMN_221064 -1.5 
            Trp53inp1 ILMN_2971479 ILMN_194391 1.9 
              ILMN_2506012 ILMN_194391 1.7 
            Trp53inp2 ILMN_2457585 ILMN_189011 1.8 
    6 hb   1.7 kBq   Trp53inp2 ILMN_2457585 ILMN_189011 1.5 
    24 ha   1.8 kBq   Amy2 ILMN_2874291 ILMN_234813 1.7 
Lungs   1 hb   1.7 kBq   Cdkn1a ILMN_2634083 ILMN_209664 1.9 
            Trp53inp1 ILMN_2971479 ILMN_194391 2.1 
Spleen   1 hb   1.7 kBq   Trp53inp1 ILMN_2971479 ILMN_194391 2.0 
    24 ha   1.8 kBq   Amy2 ILMN_2874291 ILMN_234813 133 
            Pcna ILMN_2762026 ILMN_223289 -1.6 
    7 db   1.7 kBq   Amy2 ILMN_2874291 ILMN_234813 5.0 
          

 

Analysis performed on microarray data aGEO:GSE40806 and bGEO:GSE56894 first reported in  
Langen et al. (2013) and Langen et al. (2015), respectively. ID, identification number 
 



SUPPLEMENTAL TABLE 4. Significantly regulated thyroid hormone-responding genes 
 

 

 
Analysis performed on microarray data aGEO:GSE40806 and bGEO:GSE56894 first reported in  
Langen et al. (2013) and Langen et al. (2015), respectively. ID, identification number 
 

       Thyroid hormone-responding genes 

Mouse tissue   Time point   
211At 
activity 

Gene 
symbol Probe ID Transcript ID Fold change 

Kidney cortex   1 hb   1.7 kBq   G6pc ILMN_1245103 ILMN_219085 2.4 
            Pck1 ILMN_1213632 ILMN_238641 1.8 
    6 hb   1.7 kBq   G6pc ILMN_1245103 ILMN_219085 1.9 
            Pck1 ILMN_1213632 ILMN_238641 3.4 
    24 ha   1.8 kBq   Pfkp ILMN_1237695 ILMN_226308 1.8 
    7 db   1.7 kBq   G6pc ILMN_1245103 ILMN_219085 1.6 
            Thrsp ILMN_1256775 ILMN_209127 -2.9 
Kidney medulla   1 hb   1.7 kBq   G6pc ILMN_1245103 ILMN_219085 2.3 
            Pck1 ILMN_1213632 ILMN_238641 3.3 
            Pfkp ILMN_1237695 ILMN_226308 -1.9 
    6 hb   1.7 kBq   G6pc ILMN_1245103 ILMN_219085 2.6 
          Pck1 ILMN_1213632 ILMN_238641 2.8 
            Pfkp ILMN_1237695 ILMN_226308 -1.7 
    24 ha   1.8 kBq   Fos ILMN_2750515 ILMN_222500 1.5 
            Slc16a4 ILMN_2856537 ILMN_222374 -2.8 
Liver   1 hb   1.7 kBq   Cyp7a1 ILMN_2604383 ILMN_210317 2.6 
            Egfr ILMN_2693922 ILMN_211300 2.0 
            G6pc ILMN_1245103 ILMN_219085 2.6 
            Lmo2 ILMN_2767605 ILMN_223680 -1.6 
            Pck1 ILMN_1213632 ILMN_238641 2.2 
            Thrsp ILMN_1256775 ILMN_209127 3.8 
    6 hb   1.7 kBq   Cyp7a1 ILMN_2604383 ILMN_210317 2.6 
            G6pc ILMN_1245103 ILMN_219085 2.3 
            Pck1 ILMN_1213632 ILMN_238641 2.3 
            Thrsp ILMN_1256775 ILMN_209127 3.9 
    24 ha   1.8 kBq   Egfr ILMN_3052260 ILMN_207468 -1.8 
              ILMN_3128725 ILMN_207468 -1.8 
            Srebf1 ILMN_2792089 ILMN_218526 -1.9 
            Thrsp ILMN_1256775 ILMN_209127 -1.9 
    7 db   1.7 kBq   Cyp7a1 ILMN_2604383 ILMN_210317 1.8 
            G6pc ILMN_1245103 ILMN_219085 2.3 
Lungs   1 hb   1.7 kBq    Cdkn1a ILMN_2634083 ILMN_209664 1.9 
    24 ha    1.8 kBq   Myh6 ILMN_2788836 ILMN_259107 -1.7 
            Thrsp ILMN_1256775 ILMN_209127 1.6 
Spleen           none present       
        

 
 


