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K3326X is a rare truncating variant on the C-terminus of BRCA2.

hereditary breast and ovarian cancer syndrome  HBOC

hereditary breast ovarian and pancreatic cancer syndrome  HBOPC  BRCA2  K33326X

1. The K3326X Mutation

One of the most prolifically studied and controversial C-terminal mutations of BRCA2 is K3326X, in which a lysine

is mutated, resulting in early truncation of the protein with final 93 amino acids being lost. The lost domains include

Thr3387, essential for the release of Rad51, the most C-terminal nuclear localization signal, and a portion of the

distal Rad51-ssDNA as well as the DMC1 binding domains . Recent evidence indicates that BRCA2 may

play a key role in the repair and recovery of the cell from stalled replication forks and that exon 27, in which the

K3326X mutation occurs, is essential in this function .

2. K3326X in Gynecologic Cancers

K3326X is well-investigated with regard to gynecologic cancer risk. A landmark study using over 70,000 cancer

cases and 80,000 controls showed increased risk of breast (OR = 1.28), invasive ovarian (OR = 1.26), serous

ovarian (OR = 1.46), and ER-negative breast cancer (OR = 1.5) in K3326X mutation carriers. Additionally, for

individuals with a second mutation in BRCA1, there was an increased risk of ovarian cancer, showcasing the

potential for additional pleiotropic events with this variant . As Arbustini and colleagues note in a follow-up to this

article, these new data change the knowledge paradigm regarding K3326X. They recommend expanded

counseling for women with K3326X and hypothesize that these patients may be good candidates for PARP

inhibitor therapy due to BRCA2 dysfunction . The case study of an Italian family further implicated the K3326X

variant in the development of early onset cancer and recommends that the K3326X mutation be evaluated with

other pathogenic mutations . Data from mouse models further supports this idea: mice lacking the final exon of

BRCA2 are viable but show increased tumor incidence compared to normal littermates . Finally, a 2017 cohort

study found higher than expected prevalence of the K3326X allele in individuals with a history of familial cancer

and a personal history of ovarian cancer (OR = 4.95, p = 0.01) . Citing additional data from the Ovarian Cancer

Association Consortium, the authors hypothesize that BRCA2 K3326X is likely a low risk allele for ovarian cancer

with an OR of 1.22–9.3.
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3. K3326X in Pancreatic Cancer

In addition to gynecological cancers, BRCA2 K3326X was investigated in the context of familial pancreatic cancer

though the study of 250 patients with sporadic pancreatic cancer, 114 patients with familial pancreatic

adenocarcinoma, 115 spouses of patients with pancreatic cancer as an additional environmental control, and a

second control group of 125 patients with no cancer history undergoing cholecystectomy for other reasons. In

individuals with familial pancreatic cancer, K3326X was present at a much higher frequency of 5.6%, compared to

1.2% in controls (OR = 4.84, 95% CI 1.27–18.55, p < 0.01). There was no association between the mutation and

sporadic pancreatic cancer (OR: 2.37, 95% CI 0.61–9.27) . Similarly, K3326X was investigated in a case control

study of 5626 control subjects and 2935 sporadic cases of pancreatic ductal adenocarcinoma. The authors found

an association with the K3326X variant with an OR = 1.78 (95% CI = 1.26–2.52, p = 1.19 × 10 ). The odds ratio

remained significant when controlling for family history. K3326X was not associated with pancreatic ductal

adenocarcinoma with onset before 50 years of age (OR = 1.87, 95% CI = 0.93–3.74, p = 0.08) .

4. K3326X in Environmental Cancers

BRCA2 K3326X has been intensively studied in relation to environmental cancers, with a large-scale study of over

43,000 cancer patients and over 370,000 controls reported increased risk of small cell lung cancer (OR = 2.06) and

squamous cell skin cancer (OR = 1.69), indicating that individuals with this SNP are vulnerable to cancers with

environmental genotoxic risk factors . This study did not find an association between K3326X and upper-aero

digestive tract cancers (oral cavity, oropharynx, larynx/hypopharynx, and esophagus) among Icelandic subjects.

This is in contrast to an earlier study that found associated risk between K3326 and upper-aero digestive tract

cancers among European, Latin American, and Indian populations . The association between K3326X and

cutaneous squamous cell carcinoma was confirmed by a recent large meta-analysis which embodied six

international cohorts including 19,149 squamous cell carcinoma cases and 680,049 controls . Evidence for the

relationship of BRCA2 K3326X and environmental cancers holds up well across diverse populations. A study

conducted of 190 Turkmens and 1373 controls found an increased prevalence of the variant in esophageal

squamous cell carcinoma with an OR of 3.38 (95% CI = 1.97–6.91,  p = 0.0002) . In a study of Chinese

esophageal cancer, the K3326X mutation was detected in just one case, suggesting that K3326X is uncommon in

Henan and Hong Kong ESCC patients (wide variation exists for this mutation across populations) . A genome-

wide association study of 159 cases and 2707 controls including the genotyping of 1476 non-synonymous SNPs in

871 candidate genes found increased prevalence of BRCA2 K3326X in lung cancer of unspecified type (OR =

1.72, 95% CI 1.15–2.57, p = 0.0075) . BRCA2 K3326X was assessed in a case control study of 2634 breast

cancer cases from familial cancer clinics and 1996 non-cancer population controls. BRCA2 K3326X was

overrepresented in cases with an OR of 1.53 (95% CI 1.00–2.34, p = 0.047) . Additionally, a large-scale study of

European populations for lung cancer risk assessed 11,348 cases and 15,861 controls from the 1000 genomes

project, with a follow up confirmation of an additional 10,246 cases and 38,295 controls. The authors found BRCA2

K3326X to be significantly associated with lung cancer (OR = 2.47, p  = 4.74 × 10 ) . In this study, BRCA2

K3326X was more significantly associated with lung cancer of the squamous variety than lung adenocarcinoma
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(OR = 2.47, p = 4.74 × 10  and OR = 1.47, p = 4.66 × 10 , respectively). The authors note that the association

with squamous cancers and BRCA2 mutations is reflective of the higher mutation frequency in squamous cancers

compared to adenocarcinoma. The association was not present in nonsmokers who made up a smaller portion of

the cases, a limitation of the study. Finally, the study investigated the hypothesis that the K3326X variant was in

linkage disequilibrium with another deleterious variant, but found no evidence of another causative mutation in

those cases.

The conclusions of the above studies are briefly compiled in Table 1.

Table 1. K3326X cancer associations: The studies of BRCA2-K3326X presented in this review are summarized

here, in reference order, and with cancer type,  p-value, study population size, and recommendations from the

authors of the study. All studies found significant odds ratios above 1 but less than 5. The authors varied in their

assessment of the variant but most recommended further investigation.

−20 −4

Reference Cancer Type, [Odds
Ratio] p-Value Population

(Number) Recommendation

Breast (1.28) 5.9 ×
10 ,
3.8 ×
10 ,
3.4 ×
10 ,
4.1 ×
10

70,000 cases

Expanded counseling

Invasive ovarian (1.26)
80,000
controls

Serous ovarian (1.46) -

ER-negative breast
(1.5)

-

Early onset N/A
Small (case

study)
Further evaluation

Ovarian cancer (4.95) <0.01 48 Treat as low risk pathogenic

Familial pancreatic
(4.84)

<0.01

114 familial
pancreatic

cancer

None115
environmental

control

125 controls

Pancreatic ductal
adenocarcinoma (1.78)

0.0012
2935 cases

None
5626 controls

Small cell lung (2.06) 9 ×
10 ,
4.2 ×

43,641 cases
370,971
controls

Vulnerability to environmental cancers

Squamous skin (1.69)
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