
Genetic Markers 

Yuri E. Nikiforov, MD, PhD 
Division of Molecular & Genomic Pathology 

University of Pittsburgh Medical Center 

Pittsburgh, USA 



Outline 

• Molecular landscape of sporadic PTC 

• Evolution of understanding of genetics of post-

Chernobyl PTC: 

– Early studies/single gene approaches 

– NGS/genome-wide analyses 
 



Genetic Basis of Thyroid Cancer  

Major pathways involved in Thyroid 
Cancer Development and Progression 



TCGA study of PTC (Cell, 2014)  
 

74% 

Point mutations 

Gene fusions 

15% 



Genetic Alterations in Post-Chernobyl 
Thyroid Cancer 



RET/PTC 
4/6 (67%) 

RET/PTC 
8/12 (67%) 

Table 3 Prevalence of ret rearrangements in radiation-induced and sporadic pediatric thyroid tumors 
 TK positive 

  RET/PTC1 RET/PTC2 RET/PTC3 Novel RET/PTC? Total RET/PTC  

Radiation-induced 6 (16%) 1 (3%) 22 (58%)a 4 (10%) 33/38 (87%) 

Sporadic 8 (47%)b 0 3 (18%) 1 (6%) 12/17 (71%) 
aP = 0.01 in comparison with the prevalence of ret/PTC3 in sporadic tumors.  
bP < 0.05 in comparison with the prevalence of ret/PTC1 in radiation-induced tumors.  
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Genetic Alterations in Post-Chernobyl 
Thyroid Cancer 



Ciampi R et al. JCI (2005) 



Ciampi R et al. JCI (2005) 

Mechanisms of Mutations in Radiation-

Associated and Sporadic Thyroid Cancer 



Post-Chernobyl (<10 yo in 1986) 

n=26 

 Sporadic (born after 1086) 

n=27 

84% 

16% 

33% 

33% 

Ricarte-Filho et al. JCI (2013) 

• Ukrainian patients from contaminated areas <10 yo in April 1986 or born after 1986 

• Combination of candidate gene approach and RNA-Seq   



• Patients from the Ukrainian-American cohort study 

• I-131 thyroid doses reconstructed (V. Drozdovich) 

• 104 were PTCs diagnosed between 1998 and 2008, diagnosis confirmed by the 

International Pathology Panel 

• Tissue samples collected via Chernobyl Tissue Bank (CTB) 

• DNA or RNA isolated at IEM (Kyiv, Ukraine) or Imperial College (London, UK).  

• ~70 PTC, 62 had both DNA and RNA available; did not include individuals exposed in utero 

• Genetic analysis: candidate gene approach, Sanger and targeted NGS, RNA-Seq  

Molecular Landscape and Dose Association 

of Thyroid Cancers in UkrAm Cohort 
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Leeman-Neill et al. Cancer (2013) 

Point 

Mutations 

Gene 

Fusions 

• Sanger sequencing for known mutations 



Leeman-Neill et al. Cancer (2014) 

• Sanger sequencing and limited RNA-Seq 

• ETV6-NTRK3 fusions  



Genomic Landscape of Post-Chernobyl 
PTCs from UkrAm Study 

•Targeted NGS and whole-transcriptome sequencing (RNA-Seq) 

•  63 out of 65 (97%) tumors  with driver mutations 

Efanov, Brenner, et al. In preparation 
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Genetic alteration 

  I-131 
thyroid 
dose, Gy 

Age at 
exposure, 
yr 

Age at 
surgery, yr 

Time since 
exposure, 
yr  

N (%) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Point mutation 17 (26.2) 0.2 (0.3) 10.9 (3.6) 28.4 (4.1) 17.6 (2.9) 

    BRAF* 11 0.2  10.9 28.0 17.1 

    RAS 5 0.2 11.0 29.0 18.8 

    TSHR 1 0.3 10.0 26.6 16.6 

Gene fusion 46 (70.8) 1.4 (1.4) 7.1 (4.4) 23.5 (4.7) 16.3 (2.6) 

    ALK 5 2.0 6.2 23.2 17.0 

    BRAF 7 1.8 6.4 23.0 16.6 

    NTRK 9 1.5 8.4 24.1 15.7 

    RET 22 1.2 7.1 23.2 16.1 

    Other gene 3 1.6 7.4 25.3 17.9 

Unknown 2 (3.1) 0.3 (0.1) 7.8 (7.6) 22.6 (10.2) 14.8 (2.6) 

Total 65 (100) 1.1 (1.3) 8.1 (4.5) 24.7 (5.1) 16.6 (2.7) 

Genomic Landscape of Post-Chernobyl 
PTCs from UkrAm Study 

Efanov, Brenner, et al. In preparation 



  Point mutation+ Gene fusion+     

Factor  N (%) or mean (SD) N (%) or mean (SD) OR^ 95% CI 

Sex         
   Female 14 (82.4) 23 (50.0) 0.18 0 to 0.75 
   Male 3 (17.7) 23 (50.0) 1.00 Referent 
P*     0.020   
Age at surgery, yr 28.4 (4.1) 23.5 (4.7) 0.74 0.59 to 0.89 
P     <0.001   
Oblast of residence in 1986 
   Zhytomyr 1 (5.9) 17 (37.0) 1.82 0.81 to Infinity 
   Kyiv 5 (29.4) 6 (13.0) 1.03 0 to 2.75 
   Chernihiv 11 (64.7) 23 (50.0) 1.00 Referent 
P*     0.164   
I-131 thyroid dose, Gy 
   0.009-0.059 5 (29.4) 3 (6.5) 1.00 Referent 
   0.060-0.299 7 (41.2) 7 (15.2) 1.30 0 to 3.47 
   0.300-6.154 5 (29.4) 36 (78.3) 2.09 1.07 to Infinity 
P*     0.034   
I-131 thyroid dose, Gy 0.2 (0.3) 1.4 (1.4) 20.01# 2.57 to 653.02 
P     <0.001   

Efanov, Brenner, et al. In preparation 
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Efanov, Brenner, et al. In preparation 



Experimental Induction of RET/PTC and 
ETV6/PTRK3 by  Radiation in Thyroid Cells 

Mizuno et al.  Oncogene (2000) 
 

• Fetal human thyroid tissue 
xenografts in SKID mice 

• X ray (50 Gy) 

Caudill et al.  JCEM (2005) 
 

• HTori-3 human thyroid cells 
• -radiation (0.1-10 Gy) 

Leeman-Neill et al. Cancer (2014) 

 

Rate per survived 

cells

Rate per 

irradiated cells



IR 

 DNA Damage Papillary 
Thyroid Cancer     1 Gy         

~1,000 SSBs 
~30-40 DSBs 

~3,000 base damages  

Chromosomal 

rearrangements 

Radiation-Associated Carcinogenesis 
in Thyroid Cells 



 Mechanisms of chromosomal rearrangements 

after radiation exposure: direct, indirect? 

 DNA repair mechanisms 

 Role of genetic predisposition 

 

Future Directions 

 

 Chromosomal rearrangements - a universal 

mechanism of radiation-associated cancer? 

Leukemias, breast cancer, sarcomas 



Nikiforov lab 
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