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Abstract

Bloom syndrome (BS) is a rare genetic disorder caused by biallelic inactivation of the BLM gene, which usually manifests
in childhood by significant growth retardation, immune deficiency, characteristic skin lesions, cancer predisposition and
other distinguishable disease features. To our knowledge, all prior instances of BS have been identified via intentional
analysis of patients with clinical suspicion for this disease or DNA testing of members of affected pedigrees. We describe
an incidental finding of BS, which occurred upon routine germline DNA analysis of consecutive breast cancer patients.
The person with the biallelic pathogenic BLM ¢.1642C>T (p.GIn548Ter) variant remained clinically healthy for 38 years
until she developed breast cancer. Detailed examination of this woman, which was carried out after the genetic diagnosis,
revealed mild features of BS. A sister chromatid exchange (SCE) test confirmed the presence of this syndrome. The tumor
exhibited triple-negative receptor status, a high proliferation rate, a low tumor mutation burden (TMB), and a moderate
level of chromosomal instability (homologous recombination deficiency (HRD) score =29). The patient showed normal
tolerability to radiotherapy and several regimens of cytotoxic therapy. Thus, some BS patients may remain undiagnosed
due to the mild phenotype of their disease. BLM should be incorporated in gene panels utilized for germline DNA testing
of cancer patients.
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Introduction cancer loci. Slavic populations are characterized by high inci-

dence of recurrent pathogenic variants in the CHEK2, NBN

Breast cancer (BC) patients, especially women with clinical
signs of BC predisposition (disease onset before age 50 and/
or family history of cancer and/or bilateral disease and/or
triple-negative receptor phenotype), are advised to undergo
comprehensive genetic testing. This DNA analysis must
include full-length sequencing of BRCAI and BRCA2 genes
and is often supplemented by testing of other hereditary
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and BLM genes, which confer a moderate (approximately
2-fold) increase in BC risk in heterozygotes. Therefore,
these protein-truncating variants (CHEK?2: ¢.1100delC, del
exons 9-10, c.444+ 1G>A; NBN: c.657_661delACAAA,;
BLM: c.1642C>T) are often included in routine DNA test-
ing procedures in countries with predominantly Slavic
populations [1, 2]. Within years 2016-2023, we have per-
formed genetic analysis of 10,690 consecutive Slavic BC
patients and identified 56 (0.5%) subjects with the Slavic
BLM ¢.1642C>T (p.GIn548Ter) truncating allele. Surpris-
ingly, one of these women was biallelic for this pathogenic
variant; however, the accompanying medical information
did not indicate that she was affected by Bloom syndrome
(BS). We contacted her primary physician, and she reported
that this BC patient remained healthy until the onset of can-
cer. BS is a severe disease manifesting by significant growth
retardation, immune deficiency, characteristic skin lesions,
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etc.; therefore, we made a special effort to investigate this
case in more detail.

Case presentation

The patient was diagnosed with breast cancer at the age of
38. She underwent sectoral resection of her left breast along
with left axillary lymphadenectomy. The excised tumor
was classified as invasive carcinoma of no special type,
pT1cN2MO. Immunohistochemical analysis revealed a lack
of expression of estrogen, progesterone and HER2 receptors
coupled with a high proliferative rate of tumor cells (Ki-67
index: 65-70%). Surgery was followed by radiation ther-
apy (48 Gy to the mammary gland and 44 Gy to the lymph
nodes) and conventional adjuvant chemotherapy (4 cycles of
doxorubicin plus cyclophosphamide followed by 12 cycles
of weekly paclitaxel at a standard dose). The last cycle of
chemotherapy was administered in January 2021; however,
regular examination carried out in July 2022 revealed the
emergence of infraclavicular lymph node metastasis. The
patient received chemotherapy with capecitabine at a stan-
dard dose 2000 mg/m?/day, which was accompanied by
skin toxicity (hand-foot syndrome, grade 2). A metastatic
lesion in the liver was detected one year later. The patient
was treated with bevacizumab and docetaxel but eventu-
ally developed multiple lung metastases. In 2023, targeted
sequencing of hereditary cancer genes was performed. Full-
length BRCA1/2 analysis did not reveal pathogenic variants;
however, surprisingly, a homozygous BLM ¢.1642C>T gen-
otype was identified in the blood-derived DNA. The analy-
sis of tumor cells and adjacent normal tissues confirmed the
presence of biallelic BLM ¢.1642C>T substitution.

DNA analysis of the patient’s parents confirmed that they
were heterozygous for this allele. This woman was born as
the only child of a nonconsanguineous Slavic couple. There
was no history of intrauterine growth restriction; she was
delivered at 36 weeks of pregnancy with a weight of 2800 g
and a body length of 48 cm. Early development occurred
without significant abnormalities, however, the poor growth
rate was consistently reported by pediatricians. Her intellec-
tual development was normal. She had suffered from chronic
gastritis since the age of 8 and was diagnosed with a peptic
ulcer at the age of 23. She had no other complaints. Family
history was negative for growth deficiency or breast cancer.
Her mother reported late-onset diabetes mellitus, and her
paternal grandfather had skin cancer at the age of 60. Her
menarche started at her 15, and her menstrual cycle was reg-
ular. Despite the use of cytotoxic therapy for the treatment
of breast cancer, no menopause has occurred. She had no
history of pregnancy. At the time of examination, the patient
was 158 cm tall, her mother’s height was 174 c¢cm, and her
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father’s height was 180 cm. Her head circumference was
51 cm, i.e., below the 3rd centile for adults. Visual examina-
tion of the patient revealed no skin erythema. Importantly,
this woman had never experienced any sun-induced facial
erythema in her life, even after intense sun exposure during
vacations. In agreement with the genetic diagnosis of BS,
she had an elongated face with a prominent nose (Fig. 1. a,
b). Furthermore, a generalized deficiency of subcutaneous
fat was evident, and skin examination revealed two large
café-au-lait lesions and some confetti-like spots on the inner
surface of the right thigh (Fig. 1. c).

To prove the presence of functional defects characteristic
of BS, we performed a sister chromatid exchange (SCE) test
[3]. In brief, PHA-stimulated peripheral blood lymphocytes
from a healthy donor and a patient were cultured in the pres-
ence of 5-bromo-2’-deoxyuridine (BrdU) for two cycles of
DNA replication. Differential staining of metaphase chro-
mosome sister chromatids was carried out using acridine
orange. At least 10 metaphase plates were analyzed for each
individual. A parametric Student’s t-test with Welch’s cor-
rection was used to compare the data sets. The number of
SCEs in the healthy donor cells varied from 4 to 11 (mean
number 7.36+2.06 per metaphase plate) compared with
91 to 178 (126 +30.15 per metaphase plate) in the patient
(»<0.0001) (Fig. 2. a, b). The obtained data were in agree-
ment with the results of DNA testing performed by various
methods (Fig. 2. c, d).

No additional BLM mutations was detected in breast
carcinoma sample (Fig. 2. d). Tumor-derived DNA was
further analyzed with the TruSight Tumor 170 panel (Illu-
mina) for somatic mutations and the SeqCap EZ CNV/LOH
Backbone Design panel (Roche) for somatic copy number
alterations, as described previously [4]. The tumor muta-
tion burden (TMB) was low. The homologous recombi-
nation deficiency (HRD) score approached 29, indicating
a moderate level of chromosomal instability. The tumor
harbored RBI p.Glul37fs and TP53 p.Arg248Gln somatic
mutations, amplifications of the EGFR and AR genes, and
gains at chromosomal loci 6q16.3-6q21 (ATG5, AIM1) and
19q13.12-19q13.2 (PAK4, AKT2, CIC) (Fig. 2. e).

Discussion

Predisposition to tumor development is well described for
BS patients. The cumulative incidence of any malignancy
by the age of 40 years reaches 83%, with leukemia and
lymphoma being the most common tumor types [5]. Our
patient was diagnosed with breast cancer at the age of 38,
which is slightly older than the median age of 33 reported
in women with BS [6]. Notably, radiation therapy was well
tolerated; this observation is in accordance with published
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Fig. 1 BS patient homozygous for the BLM ¢.1642C>T pathogenic variant: a, b. Facial features of the patient; ¢. Skin café-au-lait spots

data [7]. It is generally advised that cancer patients with BS
should be considered for a reduction of chemotherapy dose,
although the appropriate experience supporting this recom-
mendation is limited [8]. The patient described in this report
showed normal tolerability to cytotoxic drugs. For example,
capecitabine-induced skin toxicity, which was observed in
this woman, is characteristic for more than 60% of patients
receiving this drug [9].

Although sun-induced facial erythema is still considered
a salient feature of BS, there is a growing body of evidence

indicating that some patients may lack this symptom [10-
13]. Intrafamilial variability of dermatological manifesta-
tions was reported in two Turkish siblings with BS, where
only the girl but not the boy had sun-sensitive skin lesions
[14]. Three reports [10, 11, 13] described patients who were
homozygous for the BLM ¢.1642C>T Slavic allele. Trizu-
liak et al. described a 35-year-old woman with short stature,
facial dysmorphism, premature ovarian failure, endocrine
abnormalities, bronchiectasis, and recurrent malignant
lymphoma diagnosed at 15 and 34 years of age. She was
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Fig. 2 Laboratory confirmation of BS diagnosis. SCE assay in the
healthy donor (a.) and the BS patient (b.); arrows indicate examples
of SCE. c¢. Sanger sequencing for the blood DNA sample from the BS
patient. Homozygous BLM ¢.1642C>T substitution (NM_000057.3) is
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marked by arrow. d. NGS reads of the BLM gene fragment in a breast
carcinoma sample obtained from the patient. e. Copy number altera-
tion profile of the breast tumor
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homozygous for the BLM ¢.1642C>T allele. In contrast, her
brother, who also had short stature and facial dysmorphism
and was found to be homozygous for the same allele, had
telangiectasias in sun-exposed areas and no history of can-
cer. Vojtkova et al. reported BS in three Slovak siblings (a
13-year-old boy, an 11-year-old girl, and a 4-year-old boy).
None of the patients had a history of cancer at the time of
diagnosis. Two of the patients had no facial photosensitivity
or telangiectasia, while one boy had mild erythema on the
cheek and above the upper lip. Moreover, some patients with
other BLM genotypes, e.g., ¢.2207 2212delinsTAGATTC
(p-Tyr736Leufs*5) / ¢.3681del (p.Lys1227Asnfs*52) [12],
also did not show characteristic facial erythema. Despite
the absence of the above symptom, our patient had a few
other mild manifestations suggestive for BS, for example,
short stature, long thin face and café-au-lait spots in the skin
(Fig. 1). However, the diagnostic significance of this fea-
tures has become evident only upon the receipt of the results
of germline DNA testing, as this woman was never consid-
ered by her doctors as a candidate for genetic counselling.

Previous studies involving homozygous carriers of the
Slavic BLM ¢.1642C>T (p.GIn548Ter) allele did not con-
sider the SCE count. Historically, SCE analysis has been
used as a main laboratory assay for the confirmation of
BS; however, it has been replaced by DNA testing in
recent years. We decided to perform SCE quantitation for
our patient because, unlike the majority of other patients
with BS, she remained in good health before cancer onset.
This test revealed an elevated number of SCEs, thus con-
firming the pathogenic role of the Slavic BLM ¢.1642C>T
(p.GIn548Ter) variant. In theory, this elevation may be
attributed to prior chemotherapy. Tekcan et al. performed an
analysis of SCEs in 25 breast cancer patients receiving che-
motherapy. The SCE values were 8.25+3.67, 10.19+2.95
and 11.52 +3.33 in the pretreatment period, during treatment
and remission, respectively, while this estimate approached
7.01+1.24 in healthy controls [15]. However, the sample
of our patient obtained in the remission phase demonstrated
an SCE value of 126 +30.15, which is an order of magni-
tude greater than the normal variation, and therefore is very
unlikely to be attributed solely to prior treatment.

Protein truncating pathogenic variants usually have sig-
nificant functional consequences, leading to a more severe
phenotype. Typically, manifestations are more subtle when
the affected codon is near the end of translation. This is defi-
nitely not the case for BLM p.Gln548Ter, as the canonical
transcript consists of 1417 amino acids.

Heterozygous carriers of BLM pathogenic variants have
normal phenotype; however, they may be at increased
risk of developing breast cancer [2, 16]. Importantly, the
penetrance of monoallelic BLM germline mutations is at
best moderate [2], with some studies failing to confirm

an association between BLM heterozygosity and elevated
tumor susceptibility [1]. Consequently, while all gene
panels utilized for DNA germline testing always consider
highly penetrant genes, e.g., BRCAI, BRCA2, PALB2 and
TP53, there is no consistency with regard to the genes asso-
ciated with an approximately 2-fold increase in cancer risk,
such as BLM or NBN [17]. Importantly, all these diagnostic
efforts are usually targeted at the identification of hetero-
zygous carriers of tumor-predisposing pathogenic variants.
This case report highlights a previously unrecognized con-
cern: indeed, systematic genetic analysis of cancer patients
has the potential to reveal instances of biallelic inactivation
of genes that are associated with increased cancer risk but
otherwise healthy status in a heterozygous state, however,
usually cause very severe disorders while being fully inac-
tivated at the germline. The relevant examples may include
ataxia-telangiectasia (47M), Nijmegen breakage syn-
drome (NBN), Bloom syndrome (BLM), and Fanconi ane-
mia (FANCA, FANCC, FANCG, etc.). Recent studies have
revealed instances of an unusually mild manifestation of
serious autosomal recessive conditions such as cystic fibro-
sis [18], congenital myotonia [19], and myopathy [20], and
our observation of well-compensated patient with Bloom
syndrome adds to this list.

This study indicates that some patients with BS may
remain relatively healthy at least until adulthood. Factors
affecting the severity of BS should be investigated. BLM
gene analysis may be considered a part of standard DNA
germline testing for patients with cancer.
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