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Abstract

Observations of inherited susceptibility to multiple myeloma have led to active

research in defining predisposing genes to the disease. Here, we analysed 128 plasma

cell dyscrasia patients’ germlinewhole-exomesequencingdata. Raredominantly inher-

ited pathogenic or likely pathogenic (P/LP) variant was found in 9.4% of the patients.

Among the P/LP variants, CHEK2 (p. Thr410MetfsTer15) was the most prevalent (n =

5, 3.9%). Interestingly, P/LP variants in POT1 were identified in three patients (2.3%).

Our findings broaden the spectrum of POT1-related cancers and demonstrate the

importance of the germline genetic analysis in hematological malignancies.

KEYWORDS
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1 SHORT REPORT

Epidemiological studies have identified family history of multiple

myeloma (MM) as a risk factor for the disease already a century ago [1].

Prior whole exome sequencing (WES) studies in MM have identified

potential rare germline variants in DIS3[2] and LSD1/KDM1A [3] and

alsopointedoutpotential riskvariants inARID1A,USP45[4],EP300[5],
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DCHS1, and KIF1B [6]. Additionally, genome-wide association studies

(GWAS) have recognized 25 different MM risk loci [7]. Our aim was

to determine the frequency of rare pathogenic (P) or likely pathogenic

(LP) germline variants and to discover novel genes linked to the MM

predisposition in Finnish patients taking an advantage of the large

population-specific control set gnomAD noncancer Finns.

We recruited 128 unselected patients with MM and other

plasma cell dyscrasias diagnosed and treated in the Helsinki

University Hospital (HUH) district between April 2013 and

1352 wileyonlinelibrary.com/journal/jha2 eJHaem. 2022;3:1352–1357.
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F IGURE 1 (A)Myeloma patients harbour significantly more germline pathogenic or likely pathogenic (P/LP) variants than gnomAD noncancer
global and non-cancer Finns (p= 0.0009 and p= 0.0035, respectively). (B) Pedigrees of the patients with germline P/LP POT1 variants. (C)
Germline POT1 variants reported in this study and previously (AML [13], chronic lymphocytic leukaemia [14], chronic myelomonocytic leukaemia,
hairy cell leukaemia, myeloproliferative neoplasms, myelodysplastic syndrome [15], Hodgkin lymphoma [16], angiosarcoma, breast sarcoma [17],
colorectal cancer [18], gliomas [19], melanoma ([11], [20]), osteosarcoma [21], and thyroid cancer [22]). Abbreviatons: AML: acutemyeloid
leukaemia, ca: carcinoma, CI: confidence interval, ET: essential thrombocythemia, gnomAD: Genome Aggregation Database, MM:multiple
myeloma,MGUS: monoclonal gammopathy of uncertain significance, OR: odds ratio, T-AML: therapy-related acutemyeloid leukaemia.

October 2019. The study was approved by the HUH Ethics

Committee. Written informed consent was obtained from all

patients. Patient characteristics were retrieved from hospital

records and the Finnish Hematological Registry (Table S1). The

distribution of the patients’ clinical characteristics was consistent

with the reported literature (Supplementary information). Germline

DNA was extracted from skin biopsies collected using lidocaine

with epinephrine local anaesthetic to avoid blood contamina-

tion. WES was performed to screen for single-nucleotide variants

and small insertions or deletions. A more detailed description of

material and data acquisition, and analyses is presented in the

Supplementary Information.

Wedesigned anMMpredisposition candidate gene list of 162 genes

(Table S2). Genes were selected in accordance with the reports on

germline predisposition (rare variants or GWAS hits) in MM/ mon-

oclonal gammopathy of undetermined significance (MGUS), genes
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linked to the disease biology, or DNA repair (oftenmutated in germline

predisposition to haematological malignancies). Also, genes frequently

somatically mutated in MM/MGUS were included. We used a multi-

step filtering and strict criteria for the classification of the identified

variants (Supplementary Information; Figure S1). Additionally,we com-

pared the frequency of P/LP variants in the candidate list genes to the

noncancer gnomAD global (n = 118 477) and gnomAD Finns whole

exome subsets (n = 10 816) to distinguish between a true association

and a chance. Finally, to identify potential novel predisposition genes

we searched for P/LP variants in the COSMIC cancer census genes

[8]. The criteria for further consideration as a novel predisposition

gene were that at least two patients had a P/LP variant in the same

gene.

A substantial proportion (12/128; 9.4%) of patients carried a

heterozygous P/LP variant in dominantly (AD) inherited genes in their

germline (Table 1).When including the heterozygous variants of reces-

sively (AR) inherited genes, the number increased to 27 (21.1 %) (Table

S3). The analysis aiming at identifying novel candidate genes for MM

predisposition did not reveal genes that were not already included in

the original candidate gene list. Furthermore, the study patients had

significantly more P/LP variants in the candidate list genes compared

to noncancer gnomAD global whole exome subset (OR 2.2, 95% CI

1.4–3.3, p = 0.0009, Figure 1A). To exclude a potential bias resulting

from clustering of certain rare variants in Finland, we also compared

the frequencies using the population-matched gnomAD noncancer

Finns and observed the same extent of enrichment (OR 2.0, 95%

CI 1.3–3.1, p= 0.0035) (Figure 1A).

The frameshift mutation CHEK2 c.1229delC (p.Thr410MetfsTer15,

also known as c.1100delC) was the most frequent variant we detected

(5/129, 3.8%). The incidence of this variant in our study set is similar to

familial breast cancer patients in Finland [9]. Although the frequency is

significantly higher in our patients when compared to noncancer gno-

mAD global (OR 9.8, 95% CI 3.1–23.1, p= 0.0002), it is not substantial

when compared to noncancer gnomAD Finns (OR 2.3, 95% CI 0.7–

5.5, p = 0.0841). The increased risk for MM in our study seems to be

akin as reported for breast cancer in a large pan-cancer study from

Denmark (HR2.1, 95%CI 1.51–2.85, p< 0.001) [10]. However, we con-

sider our finding of the high frequency of CHEK2 c.1229deCl variant

interesting. The lackof statistical significance in our studymay relate to

the limited number of patients, and the potential association of CHEK2

withMM remains to be validated.

Intriguingly, three patients (2.3%) carried an ultra-rare P/LP

germline variant in POT1[c.458T > A (p.Leu153Ter), c.1594G > C

(p.Ala532Pro), or c.547-1G > A] (Figure 1B,C). These P/LP vari-

ants identified in POT1 are not specific to the Finnish population,

since the minor allele frequencies (MAFs) are similar in Finland and

globally (c.458T > A (p.Leu153Ter) MAF global: not available (N/A),

Finland: N/A; c.1594G > C (p.Ala532Pro): MAF global: 0.0000319,

Finland: N/A; c.547-1G > A MAF global: N/A, Finland: N/A). Further-

more, c.1594G > C (p.Ala532Pro) has been described in a French

family with cutaneous melanoma, and c.547-1G > A in a Spanish

patient with cardiac angiosarcoma ([11], [12]). The truncating variant

c.458T > A (p.Leu153Ter) located in the telomeric single strand DNA

binding domain of POT1 has not, to our knowledge, been reported

before (Figure 1C).

POT1 binds to single-stranded telomeric DNA, regulates

telomerase activity, and suppresses response to DNA damage.

Germline POT1 mutations have previously been identified in various

cancers: acute myeloid leukaemia (AML) [13], chronic lymphocytic

leukaemia (CLL) [14], chronic myelomonocytic leukaemia, hairy cell

leukaemia, myeloproliferative neoplasms (MPN), myelodysplastic

syndrome [15], Hodgkin lymphoma [16], angiosarcoma, breast sar-

coma [17], colorectal cancer [18], gliomas [19], melanoma ([11], [20]),

osteosarcoma [21], and thyroid cancer [22]. Recognizing the diver-

sity of hematological malignancies linked to germline POT1 variants

[15], we searched for P/LP POT1 variants from additional samples

in our germline WES database of 403 patients with haematologi-

cal disorders other than MM (lymphoid neoplasms n = 76, myeloid

neoplasms n = 280, immunological condition n = 31, mixed rare

diagnoses n = 16). Here, we also identified one patient with a rare

LP POT1 variant c.1A > G (p.Met1Val) (Figure 1B,C, the pedigree of

family 4, index #FIN-1 [#4_II.1]). This variant distorts the initiation

codon of POT1 thus truncating the telomeric single strand DNA

binding domain. The carrier patient had been diagnosed with essen-

tial thrombocythemia and papillary thyroid carcinoma. Surprisingly,

further investigation of the patient’s medical history revealed also

MGUS.

We then examined the family history of the four patients identi-

fied with POT1 variants. Two of the four families had MM in two and

three generations, respectively (Figure 1B). In the family #2, we were

able to confirm the POT1 variant in the living family member (#2_II.2)

withMMby Sanger sequencing. In the family #3, the index had had thy-

roid cancer preceding MM and carried P variants in POT1, CHEK2, and

MUTYH but the father with MM (#3_I.1) shared only the CHEK2 and

MUTYH variants. All four POT1 indices had a first-degree family mem-

ber with cancer. Furthermore, three of them had also been diagnosed

with another POT1-relatedmalignancy: AML,MPN, osteosarcoma, and

two cases of thyroid cancer (Figure 1B) ([13], [15], [21], [22]). The

median age of MM/MGUS onset in the POT1 carriers was 60.5 years

old (range 50–77 years), which is similar to the onset of MM in gen-

eral. Estimation of penetrance of the POT1 variants regarding MM

predisposition calls for larger study series.

POT1 functions in telomere maintenance. In familial

melanoma patients and in one AML patient with germline POT1 vari-

ants telomere lengthwas reported to be increased ([11], [21]), whereas

in CLL cases telomere length was normal [14]. Unfortunately, none

of our POT1 germline variant carriers were fit for telomere mea-

surements: two were older than the reference age of 80 years, one

had undergone allogeneic haematopoietic stem cell transplantation

(HSCT), and onewithdrew from further investigations.

Our findings support the role of germline genetics in myeloma;

one tenth of the unselected study patients carried rare and harmful

variants in genes associated with MM/MGUS, or DNA repair. Most

interestingly, we discovered four cases and one first-degree relative

with P/LP POT1 variants and plasma cell dyscrasia. Rare POT1 vari-

ants have not previously been associated with MM predisposition.
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However, a GWAS study by Went et al. [23] suggested that POT1

may be linked to MM. Our findings solidate this finding and assign

MM as a novel cancer included in the spectrum of POT1-associated

malignancies.

In conclusion, our findings strengthen the connection between

inherited genetic factors and plasma cell dyscrasia.We hereby suggest

considering germline POT1 testing for MM patients, especially if the

patient or the family history presents with a POT1 spectrum of solid

or haematological malignancies. Allogeneic HSCT is an option only for

some younger MM patients, and clinicians should carefully evaluate

the need for germline testing when considering a sibling donor. While

MM remains incurable, the awareness of the MM patients’ risk for

other POT1-associated malignancies can advance the early detection

of these cancers and their potential cure.
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