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Familial clustering of breast cancer is noted in about 5–10% of 
diagnosed breast cancer cases [1]. Mutations in the BRCA1 (MIM 
# 113705) and BRCA2 (MIM # 600185) genes account for a subset 
of these familial inherited cases [2]. Founder mutations in both 

genes have been described in various ethnically isolated popula-
tions, e.g., the BRCA2*999del5, a recurrent Icelandic mutation [3]. 
In the Ashkenazi Jewish population, three predominant mutations 
in BRCA1 (185delAG, 5382InsC) and BRCA2 (6174delT) are present 
in 2.5% of the population [4]. These mutations are most com-
monly encountered in high risk families, yet they account for only 
a minority of inherited familial breast cancer cases [5] and in the 
Ashkenazi Jewish population approximately 12% of breast cancers 
are attributable to mutations in the BRCA1 or BRCA2 gene [6]. 
Thus, familial clustering with an autosomal mode of transmission 
of breast cancer can only be partially accounted for by BRCA gene 
germline mutations. It seems plausible to assume that mutations 
in other genes confer genetic susceptibility to breast cancer [7]. 
One of the strong candidates for a “breast cancer susceptibility 
gene” is the CHEK2 (MIM# 604373) gene. The plausibility of the 
CHEK2 gene as a candidate breast cancer gene stems from several 
sources of evidence. The CHEK2 gene encodes a checkpoint ser-
ine/threonine kinase and is the human homolog of Saccharomyces 
cerevisiae Rad53 and S. pombe Cds1 [8]. The CHEK2 protein partici-
pates in many cellular responses to DNA damage. Following DNA 
damage, the CHEK2 protein is activated by ATM and subsequently 
activates P53 and BRCA1, which in turn play a pivotal role in DNA 
damage repair and apoptosis [9]. An additional line of support 
for the putative role of CHEK2 as a breast cancer gene is pro-
vided by the finding of a germline mutation within this gene (the 
CHEK2*1100delC mutation) that confers a moderate breast cancer 
risk [10]. The CHEK2*1100delC truncating mutation was reported 
primarily among North European families with breast cancer [11]. 
The rate of the CHEK2*1100delC variant among Ashkenazi Jews 
both in Israel and New York was reported to be 0.3% [12,13]. 
The contribution of CHEK2 to breast cancer susceptibility in the 
Ashkenazi Jewish population was further supported by the 2005 
report of Shaag et al. [14]. They found an ancient CHEK2 allele 
associated with breast cancer in this ethnic group of high risk 
patients. This allele co-segregated with breast cancer phenotype 
in Ashkenazi high risk families, conferred a twofold increase in 
breast cancer risk and contained the CHEK2*S428F missense 
substitution [14]. This specific mutation was shown to adversely 
affect CHEK2 function in a yeast complementation assay and is 
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was reported in a subset of mostly North European breast cancer 
families. The rate of the CHEK2*1100delC variant in the Ashkenazi 
Jewish population was reported to be 0.3%. 

Objectives: To evaluate whether CHEK2 germline mutations 
contribute to a breast cancer predisposition in Ashkenazi** Jewish 
high risk families. 

Methods: High risk Ashkenazi Jewish women, none of whom was 
a carrier of the predominant Jewish mutations in BRCA1/BRCA2, 
were genotyped for germline mutations in the CHEK2 gene by 
exon-specific polymerase chain reaction followed by denaturing 
gradient gel electrophoresis and sequencing of abnormally migrating 
fragments. 

Results: Overall, 172 high risk women were genotyped: 75 
(43.6%) with breast cancer (average age at diagnosis 49.6 ± 
9.6 years, mean ± SD) and 97 asymptomatic individuals (age 
at counseling 48.3 ± 8.2 years). No truncating mutations were 
noted and four previously described missense mutations were 
detected (R3W 1.2%, I157T 1.2%, R180C 0.6% and S428F 5%), 
one silent polymorphism (E84E 20.5%) and one novel missense 
mutation (Y424H 1.2%). Segregation analysis of the I157T and 
S428F mutations (shown to affect protein function) with the cancer 
phenotype showed concordance for the CHK2*I157T mutation, as 
did two of three families with the CHK2*S428F mutation. 

Conclusions: CHEK2 missense mutations may contribute to 
breast cancer susceptibility in Ashkenazi Jews. 

IMAJ 2007;9:791–796

Germline CHEK2 Mutations in Jewish Ashkenazi Women at High 
Risk for Breast Cancer 

Yael Laitman MSc1*, Bella Kaufman MD2, Ephrat Levy Lahad MD4, Moshe Z. Papa MD3  
and Eitan Friedman MD PhD1 

1Oncogenetics Unit, Gertner Institute of Human Genetics, 2Institute of Oncology, and 3Department of Oncological Surgery,  

Sheba Medical Center, Tel Hashomer, Israel 

Affiliated to Sackler Faculty of Medicine, Tel Aviv University, Ramat Aviv, Israel 
4Medical Genetics Unit, Shaare Zedek Medical Center, Jerusalem, Israel 

Affiliated to Hebrew University Medical School, Jerusalem, Israel

Key words: germline mutations, CHEK2, denaturing gradient gel electrophoresis, Ashkenazi Jews 

* This work was done in partial fulfillment of the requirements for 
a Masters degree for Yael Laitman in the Department of Human 
Genetics and Molecular Biology at the Tel Aviv University, Ramat 
Aviv, Israel.

** Of East European descent

Original Articles



Y. Laitman et al.   •  Vol 9  •  November 2007792

hence considered a pathogenic mutation [14]. To further assess 
the putative contribution of CHEK2 germline mutations to breast 
cancer susceptibility, we genotyped the CHEK2 gene in Ashkenazi 
Jewish women at high risk for breast cancer. 

Patients and Methods 
Patients were recruited from two sources: consecutive breast 
cancer patients and high risk families. Patients with breast cancer 
diagnosed and treated at Sheba Medical Center, Israel from 1 
January 2002 to 31 December 2004 were eligible for participation. 
The study was approved by the local and national Institutional 
Review Board and each patient signed a written informed con-
sent. Breast cancer patients who met the criteria for “high risk” 
(see below) were included in the study. Ethnic origin was attrib-
uted by country of birth of the patient and her parents and both 
sets of grandparents. Data were collected from medical records 
and pathological reports and, when needed, were complemented 
by a telephone interview within 6 months of the diagnosis. High 
risk families were recruited from individuals who were counseled 
at the Oncogenetics Unit of the same medical center and for the 
same period (1 January 2002 to 31 December 2004). The clinical 
and demographic details of these individuals were gathered dur-
ing the initial counseling session, using a detailed questionnaire. 
The “high risk” criteria were:
•   Breast and/or ovarian cancer patients with at least one 

other first-degree family member affected with breast and/or 
ovarian cancer, at any age 

•   Breast and/or ovarian cancer patients with at least two 
additional first or second-degree family members affected 
with breast and/or ovarian cancer, at any age 

•   Asymptomatic individuals with at least one first-degree fam-
ily member and an additional first or second-degree family 
member affected with breast and/or ovarian cancer, at any 
age 

•   Breast cancer patients with at least three additional first 
or second-degree relatives with cancer, one being breast 
cancer. 

Genetic analyses of DNA extraction
DNA was extracted from peripheral venous leukocytes by using 
the PUREGene DNA extraction kit (Gentra Inc., Minneapolis, MN, 
USA), according to the manufacturer’s recommended protocol. 

Genotyping for the predominant Jewish mutations in BRCA1/BRCA2 
All study participants were genotyped for the three predomi-
nant Jewish mutations: 185delAG and 5382insC in BRCA1, and 
6174delT in BRCA2. Mutation analysis schemes were based 
on polymerase chain reaction and restriction enzyme digests 
that distinguish the wild type from the mutant allele, as pre-
viously described [15]. For each of these three mutations, a 
known mutation carrier was used as a positive control in each 
experiment. 

PCR, DGGE, and sequence analysis of the CHEK2 gene
Genotyping the CHEK2 gene was carried out using flanking 
intronic primers. Since there are several known CHEK2 psuedo-
genes, especially with a sequence identity to exons 10–14, we 
used the long-range PCR approach to co-amplify this fragment 
and used that as a template for nested PCRs [16]. PCR was 
performed in a 50 µl reaction, containing 50–100 ng genomic 
DNA, PCR buffer (Fisher Biotec, Australia), 2.5 mM MgCl2, 200nM 
dNTPs, 10 pmol of each primer and 0.2 U FB1 DNA Polymerase 
(Fisher Biotec). Amplification was carried out as follows: an initial 
denaturation step of 5 minutes at 94°C, followed by 35 cycles of 
94°C for 20 seconds annealing step, which was different for each 
fragment, 72°C for 20 seconds, and a final extension step at 72°C 
for 5 minutes. Primer sequences and amplification conditions 
for each fragment are available from the authors upon request. 
The resulting PCR products were subjected to DGGE using the 
suitable gradient and running at 30 volts for 17 hours. All ab-
normally migrating fragments were subject to sequence analysis 
using the big Dye terminator chemistry and kit (PE Biosystems, 
Foster City, CA), and using the ABI Prism 310 semiautomatic 
DNA sequencer (PE Biosystems). Sequences were manually read 
and compared with the wild-type sequence of the CHEK2 gene 
(NT011520 GenBank accession number). 

Results 
The study group comprised 172 Jewish Ashkenazi high risk 
women; 43.6% (n=75) were breast and/or ovarian cancer patients. 
The age range at diagnosis for patients with unilateral breast 
cancer (n=62) was 30–70 years (49.65 ± 9.6 years, mean ± SD). 
Five women (7%) had bilateral breast cancer; their age range at 
diagnosis of the first tumor was 36–60 years (46.2 ± 9 years). 
Five women (7%) had ovarian cancer; their age at the time of 
diagnosis was 40, 50, 53, 63 and 64 years (54 ± 9.9 years). Three 
women (4%) had both breast and ovarian cancers and their 
age at the time of diagnosis (in all cases breast cancer was 
diagnosed prior to ovarian cancer) was 44, 50 and 51 years (48.3 
± 8.3 years). The remainder (56.4%, n=97) were asymptomatic 
high risk women with an age range at the time of counseling of 
25–71 years (48.3 ± 8.2 years). Of these, 69 women (71.1%) had a 
first-degree family member affected with breast cancer, 42 (43.3%) 
had a second-degree relative with breast cancer and 30 (31%) of 
the unaffected woman also had a third-degree relative with breast 
cancer. In addition, 33 women had relatives affected with ovarian 
cancer: 16 had a first-degree relative, 10 a second-degree relative 
and 9 women a third-degree family member.

BRCA1/2 genotyping data 
None of the study participants was a carrier of any of the pre-
dominant Jewish mutations in BRCA1 (185delAG 5382InsC) or 
BRCA2 (6174delT). 

CHEK2 genotyping results 
In total, seven sequence variants of CHEK2 in 52 cases were 
identified [Table 1]. Four previously described missense mutations 
were detected, R3W, I157T, R180C and S428F [Table 2 and Figures 

PCR = polymerase chain reaction 
DGGE = denaturing gradient gel electrophoresis
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1 and 2]. The missense variant, S428F, was identified initially in 
7 women (4.1%). Twenty-eight additional unrelated high risk in-
dividuals were subsequently genotyped for that specific mutation 
(27 breast cancer patients, age range at diagnosis 33–79 years, 
51.1 ± 9.2 years), and one ovarian cancer patient (diagnosed at 
age 61 years) and three additional mutation carriers were found, 
yielding a final carrier status of 5% (10/200). 

All S428F carriers harbored another sequence alteration in in-
tron 2, IVS2+19C>T. This substitution has no effect on the CHEK2 
protein and therefore is probably a neutral polymorphism. 

Co-segregation analyses of the CHEK2* I157T and CHEK2* S428F 
mutations [Figure 3] 

 • CHEK2*I157T mutation: in pedigree 1 a mother and a 
daughter affected with breast cancer (42 and 30 years 
old, respectively) were both carriers. In pedigree 2, two 
half-sisters (same mother, different fathers) both carried 
the CHEK2*I157T mutation; since both were carriers, their 
mother is an “obligate” carrier. One of the sisters had 
breast cancer (age 52 years) and the mother had colon 
cancer (age 62 years). Pedigrees 1 and 2 points toward 
CHEK2*I157T involvement in breast cancer predisposition, 
in family number 2 there is a cluster of colon cancer that 
might also be attributed to CHEK2*I157T. 

 • CHEK2*S428F mutation: Of the 10 carriers, 2 were asymp-
tomatic individuals at high risk for breast cancer and 8 
were breast cancer patients (average age at diagnosis 50, 
range 41–57, median 51 years). In two of the three families 
(pedigrees 3 and 4) who were available for further examina-
tion, there was co-segregation of the variant with the cancer 
phenotype in all participating family members. However, in 
one family (pedigree 5), only one of two sisters who had 
breast cancer carried the CHEK2*S428F variant. In family 
number 5 it is possible that the sisters’ mother and aunt 
(both unavailable for testing) who had breast and ovarian 
cancer (age 63 and 60 years, respectively) were both carri-
ers, and lack of co-segregation of CHEK2*S428F with the 
cancer phenotype could be explained by another mutation 
in the family, originating from the paternal side. 

Discussion 
In the present study, none of the participants carried the 
CHEK2*1100delC variant. The lack of CHEK2*1100delC mutation 
carriers in this study and the paucity of this mutation in previous 
studies in Ashkenazi Jews [12,13] indicate minimal or no contri-
bution of the CHEK2*1100delC variant to inherited breast cancer 
in the Jewish Ashkenazi population. Overall, seven germline 
CHEK2 sequence variants were noted among Jewish Ashkenazi 
individuals at high risk for breast cancer, but none of them leads 
to a truncated protein. Hence, defining the pathogenicty of these 
sequence variants and their putative contribution to breast cancer 
risk is not trivial as their effect on CHEK2 protein function has 
not been precisely determined. Therefore, inference to their pos-

Table 1. The sequence alterations detected in CHEK2 and their rate in 
the studied population

% of
carriers

No. of 
carriers

Protein 
changeMutationExon

1.2%2 (1 homozygous)R3Wc7t1

20.5%35 (1 homozygous)E84Ea252g1

4.1%7IVS2+19 C>T2*
5%10

1.2%2I157Tt470c3

0.6%1R180Cc538t3

1.2%2Y424Ht1270c11

4.1%7S428Fc1283t11*
5%10

Figure 1. Detection of the CHK2*S428F mutation by DGGE analysis. 
The mutant allele in marked by an arrow, M represents the DNA 
ladder marker. 

Figure 2. Identification of the CHK2*S428F mutation by sequence 
analysis. [A] Wild-type allele, [B] Mutant allele. 

A

B
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sible pathogenic effect is based on indirect lines of evidence and 
should be considered tentative at best. 

The missense alteration Arg to Trp (R3W) was previously 
reported in a family with variant Li-Fraumeni syndrome [17]. Yet, 
functional studies failed to demonstrate any adverse effect of 
this mutation on kinase activity or protein turnover (t½) of this 
variant [17]. These functional analyses, together with the fact 
that this variant was noted in a homozygous state in one of the 
individuals in this study, in all likelihood indicate that this is a 
polymorphic variant. 

The Arg180Cys (R180C) missense mutation was 
previously reported as a somatic mutation in prostate 
cancer tumor samples derived from patients (2/94, 
2.1%) diagnosed before the age of 59, and as a 
germline mutation in an unaffected individual (1/423, 
0.23%) [18]. Codon 180 in the CHEK2 gene seems to 
be a mutational “hot spot,” since another missense 

mutation was reported – Arg180His (R180H) – in an individual 
with sporadic prostate cancer (1/400, 0.25%) and in a bilateral 
breast cancer female patient who also carried the 1100delC vari-
ant [16]. Since no functional analyses evaluated the effects of 
this sequence variant on CHEK2 protein function, it is presently 
unclear whether this sequence variant is indeed pathogenic. 

One novel missense mutation was identified in this study, 
Tyr424His (Y424H). This amino acid is located in the highly 
evolutionary conserved kinase domain of the CHEK2 protein. 
However, in the corresponding residue in the CHEK2 homo-

Figure 3. The pedigrees of the breast cancer cases with 
the germline mutations CHEK2*I157T (pedigrees 1 and 
2) and CHEK2*S428F (pedigrees 3, 4 and 5). All cancer 
patients marked in bold, and cancers other than breast 
are indicated by type and age at diagnosis. Individuals 
harboring the mutations are marked by an arrow.
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logue of S. cerevisiae (Rad53) histidine (and not tyrosine) is the 
amino acid. This fact alone suggests that CHEK2*Y424H has 
no effect on the protein function and is merely a polymorphic 
variant. 

Another missense mutation observed in the current study 
is the CHEK2*I157T in the FHA domain, which is essential 
for CHEK2 activation [19]. This variant is common in North 
European countries and is detected in higher frequencies among 
breast cancer cases of north European descent, compared with 
unaffected ethnically matched controls: Poland (6.7% vs. 4.8%), 
Finland (7.4% vs.5.3%) and Germany (2.2% vs. 0.6%) [20,21]. In 
the present study the rate of CHEK2*I157T was 1.2% (2/172) 
and seemed to segregate with the cancer phenotype in both 
families. Interestingly, in one family (pedigree 2, Figure 3) this 
variant appeared to be associated with colon cancer clustering 
diagnosed at a late age. Notably, among Polish non-Jews, this 
variant was detected in 9.3% (28/300) of colon cancer cases vs. 
4.8% (193/4000) in the control population [20]. Several studies 
have demonstrated that the CHEK2*I157T protein has a reduced 
kinase activity [22]; CHEK2*I157T also fails to bind BRCA1 [23] 
and P53 [24] and therefore does not phosphorylate them. Taken 
together, these observations suggest that this sequence variant 
is indeed pathogenic and is associated with breast and possibly 
colon cancer risk. 

The most common CHEK2 mutation identified in the cur-
rent study was S428F. Functional evaluation of this variant 
also showed that it has an adverse effect on CHEK2 function, 
using yeast complementation assays [14]. This variant was first 
detected in a non-Hodgkin’s aggressive lymphoma [25] and 
later reported as a mutation that confers a moderate risk (odds 
ratio 2.13, 95% confidence interval 1.26–3.69; P = 0.004) for 
developing breast cancer among Ashkenazi Jews [14]. In that 
study, the reported carrier frequencies of CHEK2*S428F among 
sporadic Jewish Ashkenazi breast cancer patients was 2.88% 
(47/1632) compared with 1.37% (23/1673) in the control group 
[14]. In the present study the rate of CHEK2*S428F was 5% 
(10/200) among familial high risk breast cancer patients. In two 
of the three families this variant co-segregated with the cancer 
phenotype, but in one it did not. This latter case could be an 
example of a phenocopy, and this lack of segregation does 
not rule out the CHEK2*S428F mutation as a moderate breast 
cancer risk allele. 

All CHEK2*S428F carriers harbored another sequence altera-
tion in intron 2, IVS2+19C>T. This substitution has no known ef-
fects on the CHEK2 protein and therefore is probably a neutral 
polymorphism. Co-segregation of CHEK2*S428F with the intron 
2 polymorphism suggests a shared haplotype in all mutation 
carriers, originating from a common ancestor. This finding further 
supports the notion of CHEK2*S428F as an ancient mutation 
in the Ashkenazi Jewish population associated with conferring 
moderate breast cancer risk. 

The limitations of the present study should be pointed out. 
This is a case-only study, focusing on an Ashkenazi Jewish high 
risk population from a single tertiary medical center in Israel, 
which may not be representative of the entire high risk popula-

tion even in Israel. The evaluation of the putative pathogenicity 
of two of the missense variants detected herein (R180C and 
Y424H) is lacking and hence no assessment of these variants is 
presently feasible. 

In conclusion, the CHEK2*S428F is detected in about 5% of 
high risk Jewish Ashkenazi breast cancer families and confers an 
increased breast cancer risk in that population. The CHEK2*I157T 
can also be detected in high risk families in this ethnic group 
and may be associated with a predisposition to breast and colon 
cancer. Further studies need to expand and elaborate on the pu-
tative contribution of these variants in Ashkenazi, non-Ashkenazi 
and ethnically diverse non-Jewish populations. 
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The unsurpassed filtration ability of the kidney is underpinned 
by the exquisite cellular architecture of the podocytes. These 
cells extend foot-like processes that abut the multilayered barrier 
of basement membrane and epithelial cells, on the other side 
of which lies the capillary lumen. The integrity of this barrier 
(which is permeable to water and small molecules), and in 
particular the mesh-like connections between the podocyte 
feet, are essential for preventing the escape of proteins into 
the urine (proteinuria). Sever and co-researchers show that an 
intracellular GTPase, dynamin, is required for the maintenance 
of podocyte morphology. Dynamin contains a cleavage site 

for the intracellular protease cathepsin L, and in proteinuric 
kidney disease, cleavage leads to the rearrangement of the actin 
cytoskeleton in the podocytes and collapse of the feet. In a 
mouse model of proteinuria, introduction of a protease-resistant 
dynamin or a dynamin that assembled into protease-resistant 
higher-order structures restored podocyte function and resolved 
their symptoms. Dynamin has previously been implicated in 
endocytosis in neuronal and other cells, but a specific role 
in kidney anatomy was not anticipated. 

J Clin Invest 2007;117:2095
Eitan Israeli

Capsu le

Dynamin in the kidneys

Although communities of unusually large bacteria, like the 
gigantic 1 mm diameter Thiomargarita spp. found off the 
Namibian coast in 1999, have only recently been discovered 
in marine sediments, it seems that they might occur widely 
in the benthos. During a long inter-El Ninio period (1998 to 
2004) along the western coast of South America, Gallardo and 
Espinoza discovered that fairly large (~ 1 x 100 mm) filamentous 
bacteria could be recovered from sulfidic sediments overlain 
by oxygen-deficient water. As the El Ninio southern oscilla-
tion persisted, repeat sampling showed that the community 

shifted from a mixed eukaryote plus megabacteria (Thioploca 
spp.) composition to an exclusively anaerobic complex of the 
newly discovered filamentous bacteria (with an accompanying 
loss of megafauna). These macrobacteria appear to be diverse, 
presumably representing many ecotypes, and there are several 
phenotypes, some motile and some containing refractive sulfur 
granules. The authors speculate that very similar assemblages 
may have been present in anoxic pre-Cambrian oceans.

Int Microbiol 2007;10:97
Eitan Israeli

Capsu le

Big bacteria 

Science is organized knowledge. Wisdom is organized life

Immanual Kant (1724-1804), German philosopher
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