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Abstract

Background: The median age for Prostate Cancer (PCa) diagnosis is 66 years, but 10% are diagnosed before 55 years. Studies on early-
onset PCa remain both limited and controversial. This investigation sought to identify and characterize germline variants within Brazilian
PCa patients classified as either early or later onset disease.

Methods: Peripheral blood DNA from 71 PCa patients: 18 younger (< 55 years) and 53 older (> 60 years) was used for Targeted DNA
sequencing of 20 genes linked to DNA damage response, transcriptional regulation, cell cycle, and epigenetic control. Subsequent genetic
variant identification was performed and variant functional impacts were analyzed with in silico prediction.

Results: A higher frequency of variants in the BRCA2 and KMT2C genes across both age groups. KMT2C has been linked to the epige-
netic dysregulation observed during disease progression in PCa. We present the first instance of KMT2C mutation within the blood of Bra-
zilian PCa patients. Furthermore, out of the recognized variants within the KMT2C gene, 7 were designated as deleterious. Thirteen
deleterious variants were exclusively detected in the younger group, while the older group exhibited 37 variants. Within these findings, 4
novel variants emerged, including 1 designated as pathogenic.

Conclusions: Our findings contribute to a deeper understanding of the genetic factors associated with PCa susceptibility in different age
groups, especially among the Brazilian population. This is the first investigation to explore germline variants specifically in younger Brazil-
ian PCa patients, with high relevance given the genetic diversity of the population in Brazil. Additionally, our work presents evidence of
functionally deleterious germline variants within the KMT2C gene among Brazilian PCa patients. The identification of novel and function-
ally significant variants in the KMT2C gene emphasizes its potential role in PCa development and warrants further investigation. © 2024
Elsevier Inc. All rights reserved.
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growth as well as changes in the prevalence and distribution
of the main risk factors for cancer [1].

Prostate cancer (PCa) is the most frequent noncutaneous
cancer diagnosed [2], and the fifth leading cause of cancer
death in men worldwide (https://gco.iarc.fr/). In Brazil,
71.730 new cases and 16.300 deaths by PCa were estimated
for 2023 to 2025 [3]. Risk factors for PCa include age, fam-
ily cancer history, African ancestry, and genetic factors [4].
A Norwegian twin pairs study suggested that up to 57% of
PCa can be attributed to genetic risk factors [5]. Consistent
reports have identified germline mutations in the genes
BRCAI, BRCA2, MMR, HOXBI3, and CHEK?2, as confer-
ring moderate risks, with some leading to a more aggressive
disease behavior [6].

Early onset PCa exhibits distinct clinical behavior, char-
acterized by a worse prognosis in advanced cases, implying
the presence of a unique clinical subtype within this patient
subset. While most PCa cases are diagnosed at the median
age of 66 years, 10% occur before the age of 55 [7]. Despite
the importance of identifying rare alleles that may contrib-
ute to the development of aggressive disease in younger
men, reports remain limited, particularly in Brazil. The
varying rates of PCa incidence, progression, and genetic
factors among diverse ethnicities and geographic regions
suggest potential contributions to country-specific patterns
of disease evolution and genetic susceptibility.

The Brazilian population’s distinct genetic composition,
resulting from the admixture of different ancestral back-
grounds, might impact disease vulnerability and genetic pre-
disposition to PCa. This study represents the first examination
of germline variants in Brazilian PCa patients aged 55 or
below, which, coupled with the Brazilian population’s mixed
genetic heritage, underscores the significance of this study.

In this work, we selected 20 genes involved in DNA
Damage Response, DNA repair genes (DRGs), transcrip-
tional regulation, cell cycle, and epigenetic regulation asso-
ciated with PCa progression, which were analyzed in a
cohort of PCa patients stratified by age of diagnosis. This
approach allowed the identification of exclusive and delete-
riousness germline variants in younger and older Brazilian
patients, revealing mutations in KMT2C that have not previ-
ously been found in the blood of PCa patients.

2. Materials and methods

2.1. Patients and sample collection

This study included 71 men with primary PCa. Periph-
eral blood samples were collected in 2 Brazilian hospitals
and all participants provided informed consent. Compre-
hensive clinicopathological data were obtained from
medical records (Supplementary Table 1). Samples were
collected prior to any specific cancer treatment, and geno-
mic DNA isolation was conducted using the DNeasy Blood
& Tissue Kit (Qiagen), following the manufacturer’s
instructions.

2.2. Targeted DNA sequencing

Our study utilized Targeted DNA Sequencing to capture
all exonic regions, as well as upstream (1000 bp) and down-
stream regions (200 bp) of each gene. An Illumina NovaSeq
600, in paired-end mode, was used to sequence the libraries
constructed with MyBaits Custom DNA Sequencing kits
(Daicel Arbor Biosciences). Germline variant analysis was
performed according to the Genome Analysis Toolkit
(GATK) Best Practices (https://gatk.broadinstitute.org/hc/
en-us) for single nucleotide polymorphisms (SNPs).
Sequences were aligned against the human reference
genome GRCh38 (https://hgdownload.soe.ucsc.edu/) using
the Burrows-Wheeler Alignment (BWA) mem tool (version
0.7.17-r1188) and the variant calling was performed using
the Haplotype Caller tool. We used SnpEff (https://source
forge.net/projects/snpeft/) and SnpSift (http://pcingola.
github.io/SnpEff/) for variant annotation. Variants with
DP<50 and those identified in any of the publicly accessible
databases for healthy individuals—both global databases
(1000Gp3, EXAC, and gnomAD) and the Brazilian database
(ABraOM)—were excluded from our analysis. Our
sequencing analyses yielded a mean coverage depth (DP)
of 2700x per sample with 92% of targeted regions achiev-
ing a coverage depth of > 50x.

2.3. Variation classification

Variants were classified according to the American Col-
lege of Medical Genetics and Genomics (ACMG) guidelines
using VarSome (https://varsome.com/). The pathogenicity
scores were assessed with in silico prediction tools: CADD
[8], PolyPhen-2 [9], and SIFT [10]. To identify exclusive
variants in each age group with any pathogenicity grade, we
utilized the tools mentioned above, which resulted in variants
with at least one of these criteria: (CADD > 15), PolyPhen-2
(probably/possibly_damaging), SIFT (deleterious), and
ACMG classification (variant of uncertain significance
[VUS]/likely pathogenic [LP]/pathogenic [P]).

2.4. Statistical analysis

All statistical analyses were performed using the R (ver-
sion 4.1.2) software. The correlation between the qualita-
tive variables was analyzed using Fisher’s Exact Test. The
Kaplan-Meier method was used for survival analysis (log-
rank test). P values < 0.05 were considered significant.

3. Results

3.1. Tumor classification and age-related trends

Of the 71 men recruited in this study, 18 were aged <
55 years (younger group) and 53 were > 60 years old (older
group). At diagnosis, the younger group exhibited a lower,
albeit nonsignificant median total PSA value as compared to
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the older group (P =0.2873). The ISUP 2 was the prevailing
classification. ISUP 1 was the most frequent in the younger
group, while in the older group, it was ISUP 2, but these dif-
ferences were not significant (P =0.6808). Younger and older
patients predominantly presented with palpable tumors con-
fined solely to the prostate (tumor stage T2), with no signifi-
cant difference noted based on age (P =0.5638). Collecting
family history (FH) from electronic medical records yielded
data from 12 younger individuals and 31 older individuals.
Among the younger patients, 75% had positive cancer FH,
while within the older group, FH was observed in 58% of
cases (P=0.3152). Despite the constraint imposed by the
limited sample size, our study points toward a more pro-
nounced hereditary factor within the younger cohort. When
evaluating the type of malignancy in FH, we observed that
PCa accounted for half of the cancer cases (Supplementary
Table 2).

3.2. Variants and mutation distribution

Following alignment, pre-processing, and variant call-
ing, a total of 261 nonsynonymous variants were identified
across the 20 analyzed genes, with 122 in the younger group
and 139 in the older group. After filtering for Single nucleo-
tide variants (SNVs) with DP > 50, there remained 81 var-
iants (22 in the younger group and 59 in the older group)
were identified in 15 of the 20 genes from 46 of the 71 sam-
ples (Fig. 1). As expected, BRCA2 exhibited the highest
alteration rate, accounting for 23% of cases. Among the 11
patients with BRCA2 variants, distinct variants were
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identified: 10 were missense and 1 was nonsense. Notably,
3 of these BRCA?2 variants were found in 2 patients each:
rs28897701, rs11571831, and rs45574331. Intriguingly,
KMT2C emerged as the second most frequently mutated
gene (19%), with 2 patients bearing the variant
rs111826855, and 1 patient harboring 2 variants, namely
1$547763902 and rs567984906. A schematic representation
of the most mutated genes (BRCA2 and KMT2C) and their
functional domains on the protein are shown in Figure 2. In
contrast, 7P53 and PARPI exhibited the least alteration,
with variants detected in only 2% of the patients. Moreover,
none of the patients displayed germline variants in the
CHEK2, HOXBI3, FOXAl, or SPOP genes. The missense
variants rs35001569 and rs63750449, located in the same
codon of the MLH] gene, recurred most frequently appear-
ing in 3 cases: 2 from the younger group and 1 from the
older group. Both MLH]1 variants were predicted as damag-
ing/pathogenic according to the silico prediction tools.

3.3. Age-dependent SNV patterns

To determine whether there were any potentially unique
SNVs associated with the age groups, we performed an
analysis of SNVs with a DP > 50, using the VENNY 2.1
tool  (https://bioinfogp.cnb.csic.es/tools/venny/).  Using
HGVs coding we found 17 exclusive variants in the younger
group (Supplementary Table 3), 54 exclusive variants in the
older group (Supplementary Table 4), and 5 variants com-
mon to both groups (Supplementary Table 5) (Fig. 3). The
17 exclusive variants found solely in the younger group are
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Fig. 1. Oncoplot displaying the mutated genes in blood samples of the younger (blue) and older (red) PCa patients. The oncoplot provided an overview of
mutation ratios, mutation types, and clinical features for each patient. The right oncoplot shows the ratio of each mutated gene, and the bottom oncoplot
shows the sample ID and the clinical features of the corresponding patient. Variants annotated as Multi_Hit are those genes that are mutated more than once
in the same sample. HF = family history cancer; ISUP = ISUP grade; Stage = tumoral stage. (younger, n = 18 and older individuals, n = 53).
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Fig. 2. BRCA2 and KMT2C protein: location of mutations and domains in the protein encoded by (A) BRCA2 and (B) KMT2C genes. The variants found in
our cohort are shown by a lollipop plot, with the mutation type indicated by color. Up: mutations in the younger group and down: mutations in the older

group.

distributed across 11 genes detected in 9 samples from the
18 cases in the younger age group. Notably, nearly 94% of
these were missense variants, with ATR (33%, 3/9) and
KMT2D (33%, 3/9) genes exhibiting higher rates of alter-
ation within the patient subset. In parallel, the 54 variants
exclusively identified within the older group were distrib-
uted across 15 genes from 35 of the 53 samples. Once
again, the prevalent variants were missense mutations.
Within this group, BRCA2 (31%, 11/35) and KMT2C (23%,
8/35) were the genes displaying the highest rates of alter-
ation and the greatest number of variants. Exclusive multi-
hit variants in the older group were identified within APC,
BRCA2, KMT2C/D, and NBN, genes (Supplementary Fig.
1). The younger group showed a smaller number of variants
compared to the older group, possibly attributed to the lim-
ited sample size of younger patients. Nevertheless, the sig-
nificance of these variants lies in their exclusivity to the
younger age group, warranting further attention.

3.4. Cataloged variants in dbSNP database

Within the set of 17 variants exclusive to the young
group, 16 are documented in dbSNP, while 1 was classified
as a novel variant. Among the 54 variants exclusive to the
older age group, 51 were present in dbSNP, while 3 were
novel. Notably, all 5 variants common to both groups had
already been described in dbSNP (Fig. 3). We then sub-
jected the variants to filtering using in silico online tools,
retaining the variants that fulfilled at least one of the criteria
mentioned (see Fig. 3, step 4). There were 13 of 16 dbSNP-
exclusive variants from the young group successfully
passed through these applied filters. In essence, among 16
exclusive variants within this group, 13 of 16 (81%) were
predicted as damaging/pathogenic in at least one of these in
silico prediction tools. (Table 1). For example, the patho-
genic variant (rs80356923) in the BRCAI gene, is known
for its clinical significance for breast and ovarian cancer
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*at least one: CADD ( Cscore >15)/Polyphen -2 (Damaging )/SIFT (Deleterious )/ACMG Classification (VUS/Likely/Pathogenic)

Fig. 3. Analysis workflow performed to describe the variants found in targeted DNA sequencing.
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Table 1

Fourteen exclusive variants in the younger group after applied filters (Fig. 3).

Reported as

ACMG classification

SIFT

PolyPhen-2

CADD

dbSNP HGVS coding Consequence
(Cscore)

Gene

(HGVSp)
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Benign

©

deleterious_low_confidence

deleterious_low_confidence

Unknown (0)

22,90
22,30
21,20
23,40
28,70
37,00
24,90

p-Ser26Arg

c.78C> A

rs113782655

novel

APC
ATR
ATR
ATR

(0.03)
(0.18)

tolerated_low_confidence

Benign (0.083)
Benign (0.025)
Benign (0.033)
Benign (0.087)

p-His966GIn
p-His90Tyr

c.2898C > A
c.268C>T

Benign

Deleterious (0.03)

Deleterious (0)

rs28897763

Likely benign
vus

p-Aspl768Gly
p-Phe1226Ser
p.Glul214Ter
p-Gly139Cys

¢.5303A > G

1s763130593
rs1396926041
rs80356923

c.3677T > C

BRCAI
BRCAI

Pathogenic

c.3640G > T
c415G>T
c373C>T

Likely benign

Deleterious (0.02)

probably_damaging (0.933)
probably_damaging (0.91)

Benign (0)

rs140090505
1s61750343
rs61730547

GFIIB
KLK3

Likely benign
Benign

Deleterious (0.01)

19,52
16,33
27,60
15,06

p-Argl125Cys

p-Leu2653Pro
p-Asp3419Gly
p-Gly2569Ser

c.7958T > C

KMT2C
KMT2D
KMT2D
KMT2D
MLH1

Benign

c.10256A > G
c.7705G > A

15146044282
rs201507971
18777215324

Benign

Benign
vus

19,74
25,70
23,30

p.Pro3648Ser
p-Ser505Asn

c.10942C > T
c.1514G > A
c.3911G > A

deleterious(0)

Benign (0.404)

rs771044689
1s34625968

Benign

tolerated(0.21)

p-Argl1304Lys

MSH6

and Hereditary Cancer-Predisposing Syndrome. Similarly,
another variant, rs1396926041, located in the BRCAI gene
and classified as a VUS, showed clinical significance for
Hereditary Breast Ovarian Cancer Syndrome. The MLHI
variant rs771044689, also classified as VUS, showed clini-
cal significance for hereditary cancer-predisposing syn-
drome, as reported in the ClinVar Database. Following the
same stringent filtering process (Fig. 3) the older group of
50 cases yielded 37 exclusive variants. Of the 51 exclusive
variants to this group, 37 (72%) were predicted as damag-
ing/pathogenic according to at least one of these in silico
prediction tools (Table 2).

3.5. Novel variant analysis in different age groups

This study revealed the presence of 4 novel variants. Of
these, 1 is uniquely identified within the young group
(ATR:c.2898C > A), while 3 are exclusively present in the
older group (ATR:c.6265C > T, KMT2C:c.6782T > C and
PTEN:c.10A>G). The ¢.6265C > T variant presents patho-
genicity according to prediction tools and ACMG classifi-
cation. In addition, the c.10A > G classified as VUS, was
reported in association with hereditary cancer syndrome
within the ClinVar Database.

3.6. Germline variants in DNA-repair genes (DRGs)

A total of 39 germline variants were found in 8 DRGs, in
35 of the 71 patients (49%). Of these, 10 were in the young
group and 25 in the older group. Although the older group
had a higher frequency of variants in DRGs compared to
the young group (64% vs. 25%), our study does not provide
evidence of a conclusive link between age stratification and
the presence or absence of germline variants within DRGs
(Chi-square Test, P-value=0.582). The most frequently
mutated DRG in the total sample was BRCA2 (23%), how-
ever, we did not find any variant with DP > 50 in BRCA2 in
the younger group, which could be attributed to the rela-
tively smaller size of the younger sample pool. It is possible
that this discrepancy arises from the limited number of sam-
ples in the younger group. Intriguingly, the PARP1 gene
exhibited variants exclusively within the young group,
while the PALB2 gene exclusively displayed variants
within the older group.

3.7. Survival analysis on PCa large cohort

Aiming to investigate the impact of the 2 the most
mutated genes in our cohort on survival, we analyzed muta-
tion data from 2 large cohorts of the ICGC prostate cancer
project (PRAD-US + PRAD-UK, n=613, available at:
https://dcc.icgc.org/) for BRCA2 and KMT2C. Disease-free
survival (DFS) analysis showed a trend towards poorer dis-
ease-free survival in cases where mutations in BRCA2 and
KMT2C were detected in tumoral tissue (Supplementary
Fig. 2).
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Table 2

Forty exclusive variants in the older group after applied filters (Fig. 3).

Reported as

Gene dbSNP HGVS coding Consequence CADD PolyPhen-2 SIFT ACMG classification

(HGVSp) (Cscore)
APC rs139387758 c.4420G > A p.Alal474Thr 20,40 Benign (0) tolerated_low_confidence (0.07) Benign
APC rs143638171 ¢.3386T > C p-Leul129Ser 23,70 Benign (0.163) deleterious_low_confidence (0.01) Benign
APC 15147394539 c2847G>T p-Met9491le 17,15 Benign (0) tolerated_low_confidence (0.06) Benign
APC rs200587641 c.6857C>T p-Ala2286Val 17,35 Benign (0.006) tolerated_low_confidence (0.05) Benign
APC rs587780553 c.8038C > A p-Pro2680Thr 23,30 probably_damaging (0.999) deleterious_low_confidence (0.02) VvUS
APC 1s72541816 c.7862C > G p-Ser2621Cys 23,10 Benign (0.245) tolerated_low_confidence (0.06) Benign
ATR novel c.6265C > T p.Arg2089Ter 39,00 — — —
ATR 1s28910273 ¢.6394T>G p-Tyr2132Asp 20,90 Benign (0.006) Deleterious (0.03) Benign
ATR 1s769648140 c.2437TA> G p-Met813Val 18,54 Benign (0.038) Tolerated (0.14) Likely benign
BRCA1I 1s56214134 ¢.3600G > C p-GIn1200His 17,84 Benign (0.185) Deleterious (0.03) Likely benign
BRCA2 rs11571833 c.9976A>T p.Lys3326Ter 35,00 — — Benign
BRCA2 1s28897701 c.223G>C p-Ala75Pro 24,40 possibly_damaging (0.574) Deleterious (0) Benign
BRCA2 154987048 c.5704G > A p-Asp1902Asn 9,49 possibly_damaging (0.497) Tolerated (0.12) Benign
BRCA2 1s56087561 ¢.5070A > C p-Lys1690Asn 23,20 possibly_damaging (0.607) Deleterious (0) Likely benign
BRCA2 1rs59004709 ¢.8905G > A p.Val2969Met 18,32 possibly_damaging (0.534) Deleterious (0.03) Benign
CDKI12 15200075664 c.1139G > A p-Arg380His 28,60 Unknown (0) deleterious_low_confidence (0) Likely benign
GFIIB rs114955344 c.100G > A p-Val34Met 23,60 Benign (0.188) Tolerated (0.14) Benign
GFIIB rs115534814 c.242G>T p-Gly81Val 17,31 Benign (0.006) Tolerated (0.25) Benign
KLK3 rs61729813 c.629C>G p-Ser210Trp 10,26 possibly_damaging (0.745) Tolerated (0.1) Benign
KMT2C novel c.6782T > C p-Leu2261Ser 23,20 probably_damaging (0.994) — —
KMT2C rs138119145 ¢.3955G > C p-Asp1319His 25,80 possibly_damaging (0.884) — Benign
KMT2C rs138845109 c.8502A>T p-Glu2834Asp 9,14 probably_damaging (0.979) — Benign
KMT2C 15140719911 c.6275A>T p-Asp2092Val 23,20 probably_damaging (0.998) — Benign
KMT2C 18547763902 c.10732C > A p-His3578Asn 16,31 Benign (0.09) — Likely benign
KMT2C 1s567984906 c.10234C > T p.Arg3412Trp 25,30 probably_damaging (0.995) — VvUS
KMT2C rs61730540 c.6653A > C p.Tyr2218Ser 24,50 probably_damaging (0.996) — Benign
KMT2D rs181733689 c.13045C > G p.Pro4349Ala 17,08 — — Benign
KMT2D 1$563981206 c.6437C > T p-Pro2146Leu 24,80 — — Benign
KMT2D 15777559590 ¢.12940C > T p-Pro4314Ser 23,40 — — Likely benign
KMT2D rs780460242 c.7521T > A p-His2507GlIn 16,00 — — Likely benign
MLHI1 rs2308317 c.637G > A p.Val213Met 23,70 Benign (0.105) Deleterious (0.03) Benign
MSH6 1$267608075 c3160A>T p-lle1054Phe 20,60 — Tolerated (0.13) Likely benign
NBN 1s34767364 c.643C>T p-Arg215Trp 25,90 — Deleterious (0) Benign
NBN rs61753720 c.283G > A p-Asp95Asn 23,70 — deleterious(0.01) Vvus
NBN rs61754796 c.628G > T p.Val210Phe 15,27 — Deleterious (0.02) Likely benign
NBN 15769420 c.797C >T p.Pro266Leu 24,50 — Deleterious (0) Benign
PALB2 rs138789658 c53A>G p-Lys18Arg 25,10 probably_damaging (0.986) Deleterious (0) Benign
PALB2 1s780415750 ¢.2596G > T p-Gly866Cys 22,80 possibly_damaging (0.857) Deleterious (0.04) VvuUsS
PTEN novel c.10A>G p.lle4Val 19,62 Benign (0) Tolerated (0.53) —
PTEN rs143335584 c.882T > G p.-Ser294Arg 23,90 Benign (0.178) Tolerated (0.05) Likely benign
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4. Discussion

Racial and ethnic differences directly impact cancer inci-
dence and mortality worldwide. Investigating patient and
tumor features that underlie well—established prostate can-
cer racial disparities holds promise to identify risk factors
not only for carcinogenesis but also for the observed thera-
peutic response differences.

This study is distinct due to its focus on younger Brazil-
ian PCa patients, representing a crucial gap in the existing
research landscape concerning germline mutations. Given
Brazil’s diverse population, our findings are of particular
importance.

The most mutated genes in our cohort were BRCA2 and
KMT2C. BRCA2 mutations are well-established genetic
susceptibility factors in PCa [11]. Our study is in accor-
dance with previous ones, as BRCA?2 is the most frequently
subjected gene in the blood cells of PCa patients [11,12]. In
our cohort, among eleven variants located in BRCA2, 5
(rs56087561, 1528897701, rs4987048, rs59004709, and
rs11571833) are classified as pathogenic/damaging in at
least one of the silico prediction tools. The rare truncating
variant (rs11571833) known as K3326X, found here, has
been previously observed in a Brazilian individual with
breast cancer diagnosed at 35 years old [13] and linked to
an elevated risk of various solid tumors such as breast [14],
pancreas [15], and bladder [16]. While its association with
PCa, remains less established, our findings suggest a poten-
tial increase in PCa risk among Brazilian men harboring
this variant.

A significant finding of our study was the high frequency
of KMT2C mutations. This is particularly interesting
because, to our knowledge, the germline mutations found in
our study have not been previously reported. Only 1 study
with Chinese PCa patients identified germline mutations in
the KMT2C gene. However, they found 2 different muta-
tions (rs200662726 and rs752118948) [17]. Conversely,
somatic alterations in PCa tumoral tissue have already been
described [18]. However, it is important to acknowledge
that the germline mutations we detected in KMT2C may
potentially represent clonal hematopoiesis variants, as our
analysis was conducted on DNA extracted from blood cells.
KMT2C has recently been recognized as being susceptible
to mutations in clonal hematopoiesis [19].

The KMT2C gene encodes a histone-lysine N-methyl-
transferase that increases chromatin accessibility for tran-
scriptional machinery, facilitating the expression of genes
[20,21]. Although KMT2C has been described as the most
mutated epigenetic regulator and driver in PCa tumoral tis-
sue [22], germline mutations found in this study have not
been previously described. Among the known variants
located in the KMT2C gene, 7 presented as pathogenic/dam-
aging in at least one of the bioinformatics prediction tools
used (rs61730547, rs140719911, rs138119145, rs61730540,
rs138845109, r1s547763902, and rs567984906). Notably,
rs61730547 and rs138845109 variants have been reported

previously in a study that aimed to characterize the germline
variation in cancer-susceptibility genes [23]. Moreover,
our investigation identified a novel variant in KMT2C (p.
Leu2261Ser), predicted as pathogenic by in silico tools,
although this finding needs further validation. Germline var-
iants within the KMT2C gene have previously been associ-
ated with cancer risk in families with suspected hereditary
cancer [24].

The BRCA2 is well-established as a tumor suppressor
gene in PCa. Carriers of germline mutations in BRCA2
face an elevated risk of developing PCa and experienc-
ing unfavorable outcomes, compared to noncarriers [25].
Our survival analysis was consistent with others that
have associated BRCA2 mutations with poor survival
outcomes [26]. In addition, studies involving breast and
colorectal cancer suggest that KMT2C also may act as a
tumor suppressor [27,24]. Similarly, Limberg and col-
leagues [18] analyzed PCa data from ICGG (Interna-
tional Cancer Genome Consortium) and found that
truncated KMT2C mutations are correlated with reduced
disease-free survival, which is consistent with our find-
ings. The same correlation has already been reported for
other types of solid tumors [28,29]. The characterization
of KMT2A, KMT2B, KMT2C, and KMT2D pathogenic
variation described by Larson and colleagues suggests
that these variants are more common than previous find-
ings [30]. Taken together, these data indicate that the
KMT2C gene may assume a role as crucial as BRCA2 in
tumoral suppression in PCa patients.

No germline variants were found in TP53, FOXAI, and
SPOP genes in our study. However, these genes were previ-
ously identified as recurrently mutated in PCa tumor tissue
[11,31]. This observation further supports the idea that
these genes may not play a role in genetic susceptibility,
despite their crucial role in the carcinogenesis process, evi-
denced by their somatic mutations in tumor tissue. Addi-
tionally, no germline variants were found in the HOXBI13
gene. The rare germline variant G84E described for the first
time by Ewing and colleagues [32] is widely known to con-
fer genetic susceptibility for PCa in men with European
ancestry. Even though G84E is associated with early PCa
(£ 55 years) [32—33], and our cohort includes patients
from regions in Brazil that are marked by a strong European
ancestry, our study does not provide evidence of the pres-
ence of this variant in Brazilian men. In line with this, so
far there are no other Brazilian studies reporting this vari-
ant. Additionally, the most prevalent variants were the
rs35001569 and rs63750449 in MLHI, both identified in 3
patients. The MLHI gene encodes one of the complex
members of the mismatch repair pathway [34], and germ-
line mutations in this gene are associated with an increased
risk to develop cancer [35]. Although the conflicting inter-
pretations of pathogenicity for rs35001569 in the ClinVar
database, it was predicted to be damaging in our analysis,
and presents allele frequency < 0.01 in 1000Gp3, gnomAD,
ExAC, and ABRaOM datasets. Furthermore, this variant
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was also found in a Brazilian study analyzing germline
MLH] variants in patients with colorectal cancer [36]. Joy
and colleagues (2014) [37] identified rs35001569 in
patients with colon cancer as the most deleterious among
the mutations in MLH1. Last, this variant was presented as
a driver mutation in breast cancer patients from Southwest
Colombia [38] and identified as a potential susceptibility
variant in familial PCa cases [39]. Collectively, these data
imply that rs35001569 may contribute to genetic suscepti-
bility in PCa, particularly in patients diagnosed at < 55 years
old.

The major limitation of this study is the small num-
ber of younger participants, although this is a very com-
mon frailty in PCa studies. Second, the disease-free
survival analysis was not performed with the same
patients as in the DNA sequencing, due to the limited
time of follow-up.

5. Conclusions

This study successfully identified exclusive and deleteri-
ous germline variants in early-onset and late-onset PCa
patients, contributing to a deeper understanding of this can-
cer in Brazilian patients. These results provide a resource
for further investigations and validations in larger Brazilian
cohorts. To our knowledge, this study is the first to report
functionally deleterious germline variants in the KMT2C
gene in PCa patients.
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