
Search for new genomic changes 
associated with high risk of 

cancercancer

Cezary Cybulski1, Wojciech Kluźniak1, Tomasz Huzarski1, Dominika 

Wokołorczyk1, Bogna Rusak1, Klaudia Stempa1, Aniruddh Kashyap1, Anna 

Jakubowska1, Marek Szwiec2, Tadeusz Dębniak1, Jacek Gronwald1, Steven A 

Narod3, Mohammad R Akbari3, Jan Lubiński1, the Polish Hereditary Breast 

Cancer Consortium

International Hereditary Cancer Center, Department of 
Genetics and Pathology, Pomeranian Medical University, 

Szczecin, Poland



 BRCA1    3 alleles   0.5% freq.

 CHEK2    3 alleles   1% freq.

 NBS1      1 allele    0.6% freq.

 BRCA1    3 alleles   0.5% freq.

 CHEK2    3 alleles   1% freq.

 NBS1      1 allele    0.6% freq.

Genetic homogeous population of PolandGenetic homogeous population of Poland
Founder mutations associated with breast cancerFounder mutations associated with breast cancer

Genetic homogeous population of PolandGenetic homogeous population of Poland
Founder mutations associated with breast cancerFounder mutations associated with breast cancer

 NBS1      1 allele    0.6% freq.
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Togther   7 alleles    2% freq.

about 0.5 mln carriers  
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PALB2 mutations in Poland

Total (n) PALB2
mutation-
positive (n)

Prevalence 
(%)

Odds ratio 
(95% CI)

p value

Patients with unselcted breast cancerPatients with unselcted breast cancer

Any PALB2 mutation 12 529 116 0·93% 4·39 (2·3–8·4) <0·0001

509_510delGA 12 529 76 0·61% 4·09 (1·9–8·9) <0·0001

172_175delTTGT 12 529 40 0·32% 5·02 (1·6–16·2) 0·0016



 13 087 BC cases and 5488 controls from 
East Anglia, UK

Truncating variants in PALB2

OR=4.7, 95% CI 2.27 to 9.68

Decker B, J Med Genet. 2017



1010--year survival after breast cancer in patients who carry year survival after breast cancer in patients who carry 

a PALB2 mutationa PALB2 mutation (n = 116), BRCA1 mutation (n = 435) (n = 116), BRCA1 mutation (n = 435) 

and nonand non--carriers (n = 11978)carriers (n = 11978)
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10-year survival after diagnosis of breast cancer in 
patients with a PALB2 mutation, by tumour size

HR 7,04; p<0,0001



PALB2 and breast cancer risk

10% baseline risk of BC 

OR = 4.5; p<0,0001

45% lifetime risk45% lifetime risk

OR = 8.5; p<0,0001

85% familal cases of breast cancer 
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New gene New gene -- RECQLRECQLNew gene New gene -- RECQLRECQL

Mutation (DNA)* Protein Frequency

Frequency in

NHLBI exome 

database‡

I Discovery phase

WES

144 Polish HBC cases  

51 FC HBC cases

database‡

c.1219C>T p.Arg407* 1/144 0/4300

c.1513G>T p.Glu505* 1/144 0/4300

c.132_135delGAAA p.Lys45fs 1/51 0/4300

c.426delT p.Ser142fs 1/51 0/4300

c.1138A>T p.Lys380* 1/51 2/4300

TOTAL
5/195 

(2.6%)

2/4300

(0.05%)



RECQLRECQLRECQLRECQL
Validation phase 1

Sanger sequencing of RECQL

- 475  Polish BC families

- 475 FC BC families

Mutation

(DNA)*
Protein Freq.

Freq. in

NHLBI exome data‡
(DNA)*

Protein Freq. NHLBI exome data‡

c.634C>T p.Arg215*

2/475

FC 

families
1/4300

c.1667_1667+

3delAGTA

p.K555delins

MYKLIHYSFR

2/475

Polish  

families

0/4300



In Polish population:
c.1667_1667+3delAGTA
In Polish population:
c.1667_1667+3delAGTA

RECQL  
Validation phase 2 ~ 26 000 subjects
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32/13611 unselected cases vs 2/4702 controls
OR = 5.5OR = 5.5; p = 0.005; p = 0.005

In FC population:

c.634C>T

7/1013 higher risk cases vs 1/7000 controls

OR = 16OR = 16; p = 0.00004; p = 0.00004
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Analysis ofAnalysis of

c.1667_1667+3delAGTAc.1667_1667+3delAGTA

on RNA levelon RNA level







RECQL

Association :

Poland: 30 / 13,136 cases vs 2 / 4,702 controls (OR = 5.4; p = 0.008).

FC : 7/1,013 patients 1/7,136 newborns (OR = 49.3; p < 10-5).

China 
 Sun et al.  5/448 patients vs compared 1/ 1,588 controls (OR = 31.9; p < 

10-5).
 Sun, et al. 30/8,085 patients vs 1/ 1,588 controls (OR = 5.8) 

Finland: 
 Tervasmaki et al. (p.I156M)  6/ 1,946 breast cancer patients 0/1,539 

controls 



RECQL

No association:

 Bogdanova et al. (Belarusian and German) Polish RECQL mutation 9 
of 2,596 cases (0.35%) vs  6 of 2,132 (0.28%) controls of 2,596 cases (0.35%) vs  6 of 2,132 (0.28%) controls 

 Li et al. (2018) RECQL mutation in 12 of 4,412 Australian patients 
(0.27%) and 25 of 4,576 controls (0.54%). 
They found the most common mutation possibly benign nonsense 
mutation (p.Ser620*) near the coding terminus, which accounted for 
the majority of RECQL mutations in both cases (50%) and in controls 
(64%). 



 data on RECQL illustrate the difficulty of 
establishing the contribution of very rare 
variants to breast cancer susceptibilityvariants to breast cancer susceptibility



New Breast cancer study 2017

 ~ 4000 unrelated Polish women with 
breast cancer from families familial breast 
cancer negative for BRCA1 C61G, cancer negative for BRCA1 C61G, 
5382insC and 4153delA



HBC families negative for BRCA1 
C61G, 5382insC and 4153delA

 715 HBC „strong” families were genotyped 

BRCA1 (3 mutations), 

BRCA2 (5 alleles), BRCA2 (5 alleles), 

CHEK2 (3 mutations),

PALB2 (2 mutations) 

NBS1 (1 mutations)

RECQL (1 mutation)



HBC families negative for C61G, 
5382insC and 4153delA

 98 of 715 (13.7%) women tested 
positive

 617 women tested negative for founder 
mutations – we did exome sequencing of 
these



Spectrum of mutations in breast cancer associated 

genes in 715 Polish HBC families (negative for 3 

common foundercommon founder

mutations of BRCA1 - C61G, 5382insC and 
4153delA)



715 HBC families negative for 
BRCA1 C61G, 5382insC and 
4153delA

Recurrent mutations: 

 3 BRCA1 3819del5, 185delAG and 5370C>T -
3.4%

 5 BRCA2 mutations 886delGT, 4075delGT, 
5467insT, 6174delT, 8138del5 – 1% 

Founder BRCA1/2 mutations 4.4%



HBC families negative for C61G, 
5382insC and 4153delA

 Mutations detected by NGS

BRCA1 (28 mutations) – 6.8%BRCA1 (28 mutations) – 6.8%

BRCA2 (29 mutations) – 7.1%

Other BRCA1/2 mutations - 14%



CHEK2

 37 carriers (5 mutations) – 5.2%

 35 carries (3 founder mutations) – 4.8%

3 CHEK2 mutations - 35/37 (95%) 



PALB2

 22 carriers (6 mutations) – 3.3%

 18 carriers (2 founder mutations) – 2.5% 18 carriers (2 founder mutations) – 2.5%

2 PLAB2 mutations - 18/22 (80%) 



NBS1

 1 mutation - 1% (7 carriers)



RECQL

 7 carriers (4 mutations) – 1%



Other genes

 ATM (4 mutations) – 1%

 PTEN (1 mutation) - 0.2%

 RAD50 (1 mutation) - 0.2% RAD50 (1 mutation) - 0.2%

 TP53 (1 mutation) - 0.2%



Conclusions

 The most important genes associated 

with breast cancer susceptibility in 

Poland inlcude:Poland inlcude:

BRCA1, BRCA2, CHEK2, PALB2



Conclusions

 Polish families with HBC should be first 

tested for a panel of at least 6 founder 

BRCA1/2 mutationsBRCA1/2 mutations

 Mutation negative HBC cases should be 

selected for NGS of BRCA1/2



Conclusions

 5% of HBC families carry a truncating 
mutation of CHEK2

 The sensivity of CHEK2 testing based on 
detecting 3 Polish founder mutation is about 
95% 

 In Poland CHEK2 mutation sceening should 
based on testing for 3 founder alleles



Conclusions

 3.3% of HBC families carry a truncating 
mutation of PALB2

 The sensivity of PALB2 testing based on 
detecting 2 Polish founder mutation is about 
80%

 In Poland PALB2 mutation sceening should 
started from testing for 2 founder alleles



 Still about a half of HBC families have no 

mutation detected in any of known mutation detected in any of known 

susceptibility genes

 we need more studies 




