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Abstract

Introduction: Germline predisposition to myeloid neoplasms can be suspected in

patients younger than 50 years or when harboring mutations with a variant allele fre-

quency (VAF) higher than 30% for point mutations in specific genes. To investigate the

VAF thresholds’ accuracy we have explored the prevalence of germline variants below

the 30%VAF threshold.

Methods: A total of 40 variants with VAF lower than 30% in bone marrow samples of

myeloid neoplasm patients were selected and studied in CD3+ cells.

Results: All the selected variants were not found in CD3+ cells except one variant in

the SF3B1 gene. However, the whole series was found somatic. Selected variants were

also evaluated with our previously studied series of 52 variants with VAF higher than

30%.

Conclusion:Our study suggests that variants with VAF below 30% are strong somatic

candidates but the variants with VAF higher than 30% cannot be considered of

germline origin.

KEYWORDS

germline guidelines, germline predisposition, myelodysplastic syndromes (MDS), variant allele
frequency (VAF)

1 INTRODUCTION

Myelodysplastic syndromes (MDS) are a heterogeneous group of

clonal hematopoietic neoplasms characterized by an inefficient
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hematopoiesis in the bone marrow (BM). Although MDS have histori-

cally been categorized as ade novodiseaseoccurring in older adults, the

presence of an underlying genetic predisposition could explain around

15%of adultMDS cases [1]. Several germline predisposition tomyeloid
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neoplasms (MN) clinical guidelines have been published with the aim

of establishing the criteria to identify candidate patients [2–7]. There

is a broad consensus on the use of a 50-age threshold as a criterion to

select patients at risk of carrying ahereditary conditionpredisposing to

MN. However, recent studies reported germline variants in patients of

all age ranges [8, 9]. Likely, according to theCatalanHealth Service (Cat

Salut) [2] and the Nordic clinical guidelines [5], a variant with a variant

allele frequency (VAF) ≥30% or 40%, respectively, in BM might be

germline and should therefore be validated in an extra-hematological

tissue.

Considering the current discussion on this last criterion, we previ-

ously investigated the germline/somatic status of 52 variants with a

VAF ≥30% found in BM samples in a 168 MN patient cohort using

paired germline control DNA [10]. Only 65% of tested variants were

annotated as germline while 35% were found to be somatic. Inter-

estingly, both germline and somatic variants were found in BM in

all VAF ranges over 30% thus being undistinguishable when using

VAF criteria. Consequently, we concluded that the VAF ≥30% thresh-

old should not be taken as a reliable criterion to determine the

nature of variants.

To further investigate the applicability and limitations of VAF

thresholds, we have extended our previous studies by exploring the

prevalence of germline variants below the threshold of 30% of VAF in

BM tissue.

2 METHODS

Retrospective data from next-generation sequencing of a cohort of

198 MN patients was evaluated (Figure 1A). Only missense, stop gain,

and splicing variants from BM with a VAF between 10% and 30%

and a minor allele frequency lower than 0.03 were considered. Vari-

ants with a VAF below 10% were considered as clonal hematopoiesis

of indeterminate potential and were excluded from the analysis. A

final selection of 40 variants from 27 MDS and 6 myelodysplas-

tic/myeloproliferative neoplasm patients were validated by Sanger

sequencing in germline tissue (Table 1 and Table S1). CD3+ T lym-

phocytes obtained from peripheral blood samples of the respective

patients were used as a reliable source of germline control DNA [5,

7]. Variants were considered germline if they were found in both BM

and CD3+ at a similar VAF value, while they were considered somatic

if they were not present in the CD3+ sample or showed a residual VAF

(below 10%).

3 RESULTS

The selected 40 variants with a VAF < 30% in BM were evaluated in

CD3+ T lymphocyte samples. Of those, 39 variants were not found in

CD3+ T lymphocytes (Table 1). The variant p.K666N in the SF3B1 gene

(VAF 29% in BM) was also found in the CD3+ sample (VAF 19.06%)

suggesting a germline origin. Information regarding the purity of the

CD3+ selection, the presence of cross-contamination with tumoral

cells, or another germline sample from this patient were not available.

Alternatively, the presence of the variant was evaluated in hair fol-

licle DNA from both healthy parents to confirm its germline nature.

The variant was not present in either parent, suggesting that the vari-

ant was not inherited. The p.K666 mutation has been widely reported

as somatic in COSMIC [11]. Therefore, this variant was considered

acquired in the proband although the lineage where it occurred could

not be determined.

The averageVAFof the variants inBMandCD3+ T lymphocyte sam-

ples were 20% and 2.5%, respectively, and were significantly different

(p<0.0005; Figure 1B). At this point, the 100%of studied variantswith

VAF < 30%were considered somatic. 85% of variants were annotated

asmissense, while splicing and stop gain variantswere found at 8% and

7%, respectively.

Variants were grouped into functionally relevant pathways and rep-

resented according to their clonal size based on VAF. The mutations in

genes involved in transcription andRNAsplicing functions showedhigh

VAFs (22.3% and 21.4% respectively). Variants involved in signaling

were frequent and present across all VAF ranges, while all epigenetic

regulators (DNA methylation and chromatin modification) showed a

VAF below 20% (Figure 1C).

Finally, the series of 40 variants of the present study (VAF < 30%)

was evaluated together with the series of 52 variants (VAF ≥30%)

taken from the study by Calvete et al. [10] to discuss the prevalence

of somatic and germline variants across all VAF ranges. Considering

the whole series of 92 validated variants, the average VAF of con-

firmed somatic and germline variants in both BM and CD3+ tissues

were compared. Significant differences were found in both analyses,

but they were particularly significant when comparing average VAF

values between both types of variants in theCD3+ tissue (p< 0.00001;

Figure 1D).

In addition, the total number of germline and somatic variants were

represented in 5% VAF intervals (Figure 1E). Somatic variants were

more frequent at lowVAF ranges: 21% of somatic variants were occur-

ring in the 25–30% VAF interval, while 19% of variants were found in

both 10–15% and 15–20% intervals. Above the 30% VAF threshold,

the prevalence of somatic variants was equal to or below 8%. On the

other hand, 100% of germline variants were occurring at VAF ranges

over 30%. Positive trends were observed for germline variants as VAF

increased, while opposite negative trends were observed for somatic

variants. Indeed, the number of germline variants increased at higher

VAF intervals but only when crossing the 30%VAF threshold, whereas

somatic variants showed a negative trend as VAF values were higher

(Figure 1E).

Finally, a correlation study was performed including all the vari-

ants from both series to assess how the CD3+ sample purity was

influencing the VAF of the variants observed in this tissue. Only

15 confirmed somatic variants with information regarding the purity

and VAF in the CD3+ sample were considered for the study. A

determination coefficient (R2) of 0.03 was observed, which sug-

gests that VAF observed in CD3+ of somatic variants was not

explained by the level of infiltration of tumoral cells in the control

sample.
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F IGURE 1 Evaluation of studied variants regarding their VAF and its relationship with the pathophysiology of the disease. (A)Workflow on
patient series. (B) Average VAF of the validated variants depending on the studied tissue. (C) Representation of the clonal size of somatic variants
based on the average VAF found in BM tissue and according to the functional category of the gene. (D) Average VAF of germline and somatic
variants depending on the tissue considering both series. (E) Number of somatic and germline variants per VAF interval considering both Calvete
et al., [10] and our present series. Trend lines regarding the variation of the number of variants throughout VAF intervals are also shown. BM, bone
marrow; CC, cohesin complex; CM, chromatin modification; VAF, variant allele frequency. ***p< 0.0005.
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4 DISCUSSION

In our study, we explored the prevalence of germline predisposition

under the 30%VAF threshold in BMby validating in a control germline

tissue all the variants found in the 10–30% VAF range. Significant dif-

ferenceswere foundbetween the averageVAFobserved inBMand the

VAF in the CD3+ samples in our series (Figure 1B) and when consider-

ing both Calvete et al. [10] (52 variants with VAF≥30%) and our series

together (Figure 1D). These results suggest that CD3+ T lymphocytes

can be used as a control sample to discriminate somatic and germline

variants. Nevertheless, the p.K666N variant in the SF3B1 gene could

not be proven to be germline despite showing a high VAF in CD3+ due

to lack of data.

In our analysis,wealsowitnessed thepresenceof some residualVAF

(between 1% and 8%) in the CD3+ sample of other confirmed somatic

variants (Figure S1). This finding suggests that there might be some

factors influencing the trustability of theCD3+ sample as germline con-

trol, such as the low efficiency in the CD3+ isolation leading to the

presence of infiltration of tumoral cells in the control sample. Another

limitation of CD3+ sample as germline control could be in cases with

an early hematopoietic somatic event (affecting both myeloid and

lymphoid lineages) which could lead to false positive germline inter-

pretations. In addition, a growing number of studies of hematopoietic

disorders have emphasized the existence of somatic reversion events

in multiple lymphocyte subsets [12]. These somatic alterations would

hide the prevalence of pathogenic germline variants. All these scenar-

ios compromise the usefulness of CD3+ T lymphocytes as a reliable

source of germlineDNA. Therefore, other germline tissues such as skin

fibroblasts or hair follicle cells might be more suitable for germline

validation studies [4, 5, 13].

No association was found between the gene ontology of the

mutated genes and the VAF of themutations found in these genes. Our

results also show that variants involved in transcription correlate with

higher VAF values, but owing to the low number of studied variants,

no strong associations were found (Figure 1C). Nevertheless, some dif-

ferences between VAF variability trends could be observed depending

on the gene ontology group. Categories such as splicing showed awide

VAF variability, while VAF values in genes related to DNA methyla-

tion tend to be more homogenous (Figure 1C). These results might be

explained since theVAFof somatic variants directly correlateswith the

size of the tumoral clone carrying the mutation. Mutations conferring

a proliferative advantage or occurring at an early stage are expected to

be found in the dominant clones at higher VAFs. Our results agreewith

Montalban-Bravo et al. [14] studies since mutations with higher VAFs

are found in genes that havemainly been described in dominant clones

such as SF3B1, BCOR, TP53, and JAK2.

5 CONCLUSION

In summary, our results support that as VAF increases, germline vari-

ants become more prevalent while the frequency of somatic variants

decreases despite being still present at higher VAF ranges. On the

other hand, these results also reveal that the strategy of searching for

germline predisposition variants when VAF is above 30% is appropri-

ate since no germline variants were found below that threshold in the

tested genes.

Thus, although this guidelines threshold does not allow the dis-

crimination between somatic and germline variants and should not be

considered as trustable criteria to identify germline predisposition, it

could serve to discard the germline origin of pointmutationswhenVAF

falls below the 30% value.
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