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A B S T R A C T

  Cancer genome testing routinely reports driver alterations, mutational signatures, and DNA repair states, yet 
key clinical phenotypes—tumor behavior, relapse risk, and chemoresistance—are not fully explained by geno-
type alone. Deleted in split-hand/split-foot 1 (DSS1) is a small, acidic, intrinsically disordered protein conserved 
across eukaryotes and shared by several large multiprotein assemblies, making it a plausible functional modifier 
of these phenotypes. This review summarizes DSS1 biology from the perspective of clinical laboratory medi-
cine, focusing on how DSS1 links RNA metabolism, R-loop homeostasis, and homologous recombination repair 
(HRR) and how this linkage may inform biomarker development. Mechanistically, DSS1 behaves as a stabilizing 
“molecular glue” in protein complexes and serves as a core component of RNA export/quality-control modules, 
including TREX-2 and the TREX-2.1/REX complex, which regulate co-transcriptional messenger ribonucleop-
rotein remodeling, nuclear export, and RNA surveillance—processes closely tied to R-loop (DNA:RNA hybrid) 
control and transcription-coupled DNA damage. DSS1 is also an obligate cofactor of BRCA2: DSS1 binding sta-
bilizes BRCA2, improves its solubility, and limits off-target interactions, supporting repair-competent BRCA2 in 
the nucleus. We then review clinicopathological evidence that DSS1 dysregulation correlates with cancer behav-
ior, including shorter relapse-free survival and a chemoresistant phenotype. Finally, we propose that DSS1-low, 
BRCA-proficient tumors may acquire BRCAness, providing a rationale for PARP inhibitor responses beyond cur-
rent BRCA-focused companion diagnostics, and we outline how standardized DSS1 measurement (mRNA and/
or protein), integrated with BRCA status and other HRR-related signatures, could refine molecular testing and 
therapeutic stratification in routine practice.
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I. Introduction.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  Cancer genome testing has transformed oncology 
from descriptive histology to molecular pathology by 
reading out driver alterations, mutational signatures, 

and repair-pathway states. These readouts reflect 
multiple mutagenic and repair processes and illustrate 
not only oncogenic mechanisms but also actionable 
alterations that predict chemosensitivity1)2). To interpret 
them further, we need to map each alteration onto its 
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underlying oncogenic pathway. Some alternative patterns 
come from outside exposures (e.g., UV light or tobacco), 
while others are caused by enzymatic mutagenesis 
(e.g. activation-induced cytidine deaminase (AID) / 
apolipoprotein B mRNA editing catalytic polypeptide-
like (APOBEC) family), mismatch-repair failure, or 
replication stress3)4). In some contexts, transcription 
itself may also add DNA damage both controllably and 
pathologically, the latter of which is called transcription-
coupled DNA damage5)6).
  Deleted in split-hand/split-foot 1 (DSS1) was originally 
described through genetic mapping studies of split-hand/
split-foot malformation (SHFM), where it appeared 
within a critical chromosomal region on 7q21.3–q22.17). 
However, the developmental abnormalities in SHFM 
are now more commonly attributed to dysregulation of 
genes near DSS1, such as DLX5 and DLX6, than to a 
DSS1-specific mechanism8). Subsequent biochemical 
and genetic analyses revealed that DSS1 is a highly 
conserved, small (~70 amino acids in yeast; ~70–80 in 
mammals), acidic, and intrinsically disordered protein 
with surprisingly broad functional diversity7)9)–12).
  Orthologs of DSS1, termed Sem1 in budding yeast, are 
conserved across eukaryotes10)13). DSS1/Sem1 is now 
recognized as a component of multiple large protein 
complexes, including the 19S lid of the 26S proteasome, a 
stable subunit of the TRanscription–EXport-2 (TREX-2) 
and TREX-2.1/Repressor of EXport (REX) complexes, 
and an essential cofactor of BRCA2 in homologous 
recombination (HR)14)–22). Therefore, DSS1 contributes 
to several fundamental processes: protein degradation, 
mRNA biogenesis and export, transcription-coupled 
genome maintenance, DNA repair, and replication stress 
responses. Accordingly, genetic and functional alterations 
in DSS1 or its partner complexes can affect genomic 
instability, oncogenesis, chemoresistance, and tumor 
development23)–29).
  Here, we review DSS1 from the perspective of clinical 
laboratory medicine. We first outline its molecular and 
structural properties, as well as its role as an obligate 
cofactor of BRCA2 in HR and R-loop control. We then 
summarize clinicopathological and experimental evidence 
linking DSS1 dysregulation to cancer behavior. Finally, we 
show the emergence of BRCAness and poly(adenosine 
diphosphate-ribose) polymerase inhibitor (PARPi) 
sensitivity in DSS1-low, BRCA-proficient tumors, and 
discuss how DSS1 could be developed as a biomarker and 
therapeutic modifier in cancer genome testing.

II. Structural and functional roles of DSS1.. . . . . . . . . . .

Molecular and structural features of  DSS1
  The human DSS1 gene is located on chromosome 7q21 
and encodes a small acidic protein of ~70 amino acids7)13). 
Orthologous genes (Sem1 in Saccharomyces cerevisiae, 
dss1+ in Schizosaccharomyces pombe, etc.) show strong 
sequence conservation of acidic and hydrophobic 
motifs11)13)30). DSS1 lacks extensive secondary structure 
under physiological conditions, being classified as an 
intrinsically disordered protein31)32). Nuclear magnetic 
resonance spectroscopy and other biophysical analyses 
indicate that DSS1 can transiently form helical segments 
and multiple short linear motifs, which become stabilized 
upon binding to structured partners33)34).
  This intrinsic disorder gives DSS1 two key properties: 
1) binding plasticity, allowing DSS1 to interact with 
numerous partners through distinct interfaces, and 
2) molecular “glue” behavior, whereby DSS1 often 
binds at the interface between two or more structured 
subunits and stabilizes their assembly. Small, acidic, 
intrinsically disordered proteins such as DSS1 function 
as molecular glues in the PCI-containing complexes, 
inserting between PCI domain proteins to stabilize 
and regulate large multiprotein assemblies11)12)17). 
Comprehensive interactome analyses, particularly in S. 
pombe, have revealed that DSS1 associates with a broad 
range of complexes, including the 19S lid of the 26S 
proteasome, the TREX-2 and TREX-2.1/REX complexes, 
the Thp3–Csn12–Sem1 complex, and mitotic septin 
assemblies14)-22)35). This diversity suggests that DSS1 
functions more as a general scaffolding cofactor for PCI-
containing complexes than as a single-pathway factor. In 
addition, DSS1 forms an obligate complex with the non-
PCI tumor suppressor BRCA213).

DSS1 in the TREX-2 complex, mRNA nuclear 
export, and R-loop formation
  The TREX-2 complex is a conserved assembly that 
couples transcription to mRNA export at the nuclear 
pore complex (NPC). In mammals, TREX-2 is built 
on a germinal center–associated nuclear protein 
(GANP) scaffold, with DSS1, PCI domain–containing 2 
(PCID2), enhancer of yellow 2 (ENY2), and centrin 2/3 
(CETN2/3) as additional subunits (Figure 1)18)19)22). 
TREX-2 interacts with the NPC and transcriptional 
regulators (e.g., mediator), thereby facilitating the 
delivery of nascent transcripts to nuclear pores36)-38). In 
yeast, Sem1-deficient cells show defective mRNA export, 
impaired transcription elongation, and accumulation of 
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DNA damage; this phenotype is similar to that of cells 
lacking other TREX-2 components or the principal 
mRNA export receptor Mex67/nuclear RNA export factor 
1 (NXF1)26)39)-42). In mammals, DSS1/Sem1 is similarly 
included in the TREX-2 complex, although its dynamics 
may vary among cell types or conditions.
  TREX-2 is now recognized as an important factor 
in R-loop homeostasis. R-loops are three-stranded 
structures that form when the nascent RNA transcript 
slips back and re-anneals to its DNA template, creating 
a DNA:RNA hybrid and leaving the non-template DNA 
strand displaced as a single-stranded DNA (ssDNA). 
R-loops can have useful functions under physiological 
conditions. They form at certain promoters and 
transcription terminator regions, where they help control 
transcription initiation and termination and influence 
local chromatin structure43)-47). In B cells, R-loops 
at immunoglobulin switch regions are deliberately 
formed as intermediates of class-switch recombination, 
because the exposed ssDNA is targeted by AID to 
trigger programmed DNA breakage and joining48)-51). In 
other systems, including mitochondrial DNA, R-loop-
like structures contribute to replication initiation by 
providing both an RNA primer and a structural platform 
for DNA polymerases52)-55). In these contexts, R-loops 
are formed at specific loci and removed once their role is 

fulfilled, maintaining what is often referred to as R-loop 
homeostasis.
  However, when R-loops become too abundant, 
too stable, or mislocalized, they turn from useful 
intermediates into threats to genome integrity. Persistent 
R-loops act as roadblocks for replication forks, leading 
to fork stalling, reversal, or collapse, and thereby 
causing replication stress and DNA double-strand 
breaks (DSBs)56)-59). The displaced ssDNA is chemically 
vulnerable and prone to damage and erroneous repair; 
therefore, excessive R-loops drive mutagenesis and are 
recognized as a major source of transcription-coupled 
DNA damage60)-62). Factors that play a role in RNA 
processing and export, helicases that unwind DNA:RNA 
hybrids, and topoisomerases that relieve torsional 
stress help prevent harmful R-loop accumulation; when 
these systems fail, R-loops build up and contribute to 
oncogenesis63)-65).
  The TREX-2 complex is positioned at the nuclear pore, 
where it helps move nascent RNA transcripts away from 
their template DNA by anchoring actively transcribed 
genes near the pore basket and handing the transcripts 
off to the export receptor NXF138)66)-68). By reducing 
the dwell time of free RNA near its template DNA, 
the TREX-2 complex is thought to lower the chance 
that RNA will re-anneal and form R-loops. Collectively, 

Figure 1   Schematic representation of mRNA nuclear export through the nuclear pore complex. In mammals, the 
TRanscription–EXport-2 (TREX-2) complex comprises germinal center–associated nuclear protein (GANP), deleted 
in split-hand/split-foot 1 (DSS1), PCI domain–containing 2 (PCID2), enhancer of yellow 2 (ENY2), and centrin 2/3 
(CETN2/3). TREX-2 associates with messenger ribonucleoprotein (mRNP) particles, in part via the mRNA export 
receptor nuclear RNA export factor 1 (NXF1), and facilitates the targeting of transcripts to nuclear pores for export to 
the cytoplasm. Impaired TREX-2 function can lead to nuclear retention of mRNA and is proposed to increase the op-
portunity for nascent RNA to re-anneal to its template DNA, forming DNA:RNA hybrids (R-loops). Excessive or per-
sistent R-loops can promote transcription-associated DNA damage, including replication stress and DNA double-strand 
breaks, and thereby contribute to mutagenesis and genome instability. Adapted from Pathol Int 2024; 74(3): 103–18 
with permission and minor modification19).
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the TREX-2 complex may promote co-transcriptional 
messenger ribonucleoprotein (mRNP) remodeling 
and efficient export. Although the exact contribution of 
DSS1 within the TREX-2 complex to R-loop suppression 
remains incompletely defined, DSS1 deficiency may 
impair TREX-2 function and thus indirectly promote 
R-loop accumulation and transcription-coupled DNA 
damage.

DSS1 in the TREX-2.1/REX complex
  DSS1 also plays a key role in the human TREX-2.1 
complex, which was recently described21). The TREX-
2.1 complex is a trimer composed of LENG8, DSS1, and 
PCID2: LENG8 and PCID2 are PCI domain proteins, 
and DSS1 binds their PCI-type helical scaffolds in the 
same way as in GANP–PCID2 of the TREX-2 complex. 
Structural studies show that the TREX-2.1 complex 
binds the DEAD-box helicase DDX39B (UAP56), a core 
component of another mRNA nuclear export machinery, 
the THO/TREX complex.
  Functionally, the TREX-2.1 complex behaves as an 
mRNP remodeling factor that controls DDX39B activity. 
Biochemical studies have shown that the TREX-2.1 
complex binds directly to DDX39B, stimulates its 
ATPase activity, and can displace it from RNA21). More 
recently, the same LENG8–DSS1–PCID2 module has 
been identified as the core of the REX complex, which 
acts in nuclear RNA quality control. In that pathway, 
LENG8 is recruited to incompletely processed or intron-
retaining transcripts and targets them for degradation 
instead of allowing them to be exported from the 
nucleus21)69). Together, these findings indicate that DSS1 
is an essential factor in RNA metabolism, including post-
splicing control, mRNA nuclear export, and nuclear 

RNA surveillance. However, whether DSS1-driven 
abnormalities in RNA processing directly contribute to 
oncogenesis remains unclear.

DSS1 as an obligatory cofactor of  BRCA2 in 
homologous recombination
  When a DNA DSB occurs, the sister chromatid serves 
as a template for the homologous recombination repair 
(HRR) pathway. BRCA2 is an important HRR factor 
that loads RAD51 recombinase onto ssDNA at DSBs 
and stalled replication forks70)-72). DSS1 forms a stable 
complex with the BRCA2 DNA-binding domain (DBD) 
and is considered an obligate partner of BRCA213)73). 
Biochemical and structural studies show that DSS1 binds 
to multiple surfaces of the BRCA2 DBD, including the 
helical domain and the oligonucleotide/oligosaccharide-
binding (OB) folds25)73). This interaction stabilizes 
BRCA2, improves its solubility, and promotes efficient 
RAD51 filament formation on ssDNA. DSS1 depletion or 
BRCA2 mutations that weaken DSS1 binding reduce the 
steady-state level of BRCA2 in the nucleus, shift it into 
less-soluble, partially aggregated states, and decrease 
nuclear HRR activity23)74)-76).
  In addition, DSS1 prevents binding of the BRCA2 
DBD to double-stranded DNA (dsDNA) .  In the 
absence of DSS1, BRCA2 exhibits increased binding to 
dsDNA, which could misdirect RAD51 to inappropriate 
regions25). Moreover, loss of DSS1 induces aberrant 
BRCA2 oligomeric states that are less competent for 
proper RAD51 loading75)77). Thus, the BRCA2–DSS1 
partnership is essential for maintaining stable, correctly 
assembled, repair-competent BRCA2 molecules in the 
nucleus (Figure 2). This tuning mechanism provides a 
useful conceptual framework: DSS1 acts as an allosteric 

Figure 2   Schematic representation of BRCA2 dysfunction in the absence of DSS1. Loss of DSS1 destabilizes BRCA2, 
leading to altered nuclear distribution, formation of aberrant and nonfunctional BRCA2 dimers/oligomers, and BRCA2 
degradation mediated by chaperones.
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modulator that optimizes BRCA2’s substrate specificity 
in HRR and replication fork protection while reducing off-
target interactions that could be deleterious.
  BRCA2 also participates in R-loop processing. Several 
observations suggest that BRCA2 helps prevent 
harmful R-loop accumulation. BRCA2 interacts with 
RNA polymerase II and factors that control promoter-
proximal pausing, and thereby helps avoid prolonged 
stalling of the transcription machinery, a situation that 
favors R-loop formation78)79). In addition, BRCA2 works 
together with R-loop–processing factors such as the 
RNA helicase DDX5 and the ribonuclease RNase H2 to 
dissolve DNA:RNA hybrids and repair R-loop–associated 
lesions79)80). Moreover, interactions between BRCA2 and 
subunits of the TREX-2 complex help suppress R-loop–
induced genomic instability81).
  Thus, it is plausible that DSS1, by jointly acting in 
the TREX-2 complex and BRCA2, coordinates mRNA 
metabolism with HR-mediated processing.

III. DSS1 dysregulation in breast cancer.. . . . . . . . . . . . . .

  Our work and that of others have examined DSS1 
expression in human cancers27)-29). Because DSS1 
participates in mRNA metabolism, R-loop homeostasis, 
and HRR machinery, its dysfunction is thought to be 
closely associated with oncogenesis and chemosensitivity 
in various cancers.
  Of all cancer types, the association between DSS1 
expression and breast cancer has been examined most 
thoroughly. We have reported that, in invasive breast 
carcinomas, high DSS1 expression was associated with 
significantly shorter relapse-free survival although the 
DSS1 level did not correlate strongly with classical 
clinicopathological factors such as tumor size, nodal 

status, histological grade, hormone receptor status, 
or Ki-67 index27). This indicates that DSS1 is an 
independent marker that is not simply a surrogate for 
proliferation or advanced stage. Interestingly, functional 
assays using breast cancer cell lines complemented 
the clinical data27). DSS1-overexpressing MCF7 cells 
(estrogen receptor α (ERα)-positive, p53 wild type)  
showed decreased chemosensitivity to DNA-damaging 
agents such as camptothecin and etoposide. Cell-cycle 
analysis and apoptosis assays showed that these cells 
had a smaller sub-G1 fraction after drug exposure than 
control cells, indicating increased chemoresistance. 
Conversely,  s iRNA-mediated DSS1 knockdown 
suppressed proliferation and induced apoptosis in both 
MCF7 and drug-resistant MDA-MB-231 (triple-negative, 
p53-deficient) cells. When combined with camptothecin 
or etoposide, DSS1 knockdown further enhanced drug-
induced cell death, particularly in MDA-MB-231 cells.
  Another study of ours extended these findings by 
analyzing DSS1 together with PCID2 and BRCA2 in 
breast carcinomas. DSS1 expression was consistently 
higher in tumor tissues than in normal breast tissue, 
whereas PCID2 expression was similar between normal 
and malignant tissues (Figure 3)28). When patients were 
divided into high- and low-expression groups for DSS1, 
BRCA2, and PCID2, only DSS1 showed a significant 
association with poor relapse-free survival. This 
confirmed DSS1 as the key clinical predictor among these 
three factors. In vitro analysis, propidium iodide staining, 
single-cell gel electrophoresis (comet assays), and clono-
genic survival assays to assess chemosensitivity revealed 
that DSS1 depletion in breast cancer cell lines increased 
sensitivity to several DNA-damaging agents, whereas 
DSS1 overexpression conferred chemoresistance28). 

Figure 3   DSS1 (left) and PCID2 (right) expression scores in normal breast tissue, ductal carcinoma in situ (DCIS), 
and invasive breast carcinoma (IBC). Expression scores (0–300) were calculated by multiplying staining intensity (0–3; 
weak to strong) by the percentage of positive cells (0%–100%) in immunohistochemistry. Box plots show the median 
(center line) and the 25th and 75th percentiles (box); whiskers indicate the range. ***P < 0.001; n.s., not significant. 
Adapted from Lab Invest 2021; 101(8): 1048–59 with permission and minor modification 28).
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Importantly, BRCA2 expression itself did not significantly 
affect chemosensitivity under the same conditions, even 
though DSS1 depletion reduced BRCA2 protein levels. 
This indicates that the change in drug response after 
DSS1 knockdown is not simply a consequence of reduced 
BRCA2. Furthermore, PCID2 behaved similarly to DSS1 
at the functional level.
  Taken together, DSS1 is a clinically relevant modifier 
of breast cancer behavior that sits squarely within the 
scope of clinical laboratory medicine. Functional data 
revealed that high DSS1 is not just a passive marker but 
a surrogate for a tumor’s ability to tolerate genotoxic 
stress, whereas low DSS1 defines a potentially druggable 
vulnerability. For clinical laboratory medicine, this means 
that DSS1 expression is a candidate prognostic and 
predictive biomarker that could, after further validation, 
be incorporated alongside ER, progesterone receptor 
(PR), human epidermal growth factor receptor 2 (HER2), 
Ki-67, and p53 to refine risk stratification and anticipate 
response to standard chemotherapy.

IV. DSS1 dysregulation in renal cancer.. . . . . . . . . . . . . . . .

  The work of others has indicated that DSS1 is 
upregulated in metastatic clear cell renal cell carcinoma 
(ccRCC) and promotes both primary tumor growth and 
metastasis29). High DSS1 expression correlates with a 
gene signature of proliferation and with poorer outcomes 
in renal cancer datasets. In addition, large-scale CRISPR 

screening has identified DSS1 among genes that are 
essential for the survival of many ccRCC cell lines, 
suggesting that ccRCC cells depend on DSS1 for fitness.
  In metastatic ccRCC cell lines and mouse models, DSS1 
promotes tumor growth and lung metastasis29). DSS1 
interacts directly with LC3 and, via the E3 ligase TRIM25, 
enhances K63-linked polyubiquitination of LC3B, which 
leads to suppression of autophagic flux. DSS1 knockdown 
increases autophagic vacuoles and LC3 puncta, while 
DSS1 overexpression has the opposite effect, indicating 
that DSS1 functions as a negative regulator of autophagy 
in ccRCC. Functionally, when autophagy is restored (by 
DSS1 silencing or pharmacologic manipulation), ccRCC 
cells show reduced proliferation, migration, invasion, and 
metastatic potential. Furthermore, this autophagy block 
feeds directly into epithelial–mesenchymal transition 
(EMT) control. DSS1-mediated inhibition of autophagy 
stabilizes the EMT transcription factor TWIST1, which is 
otherwise degraded through autophagy.
 Overall, DSS1’s repertoire may extend beyond genomic 
maintenance, linking it to autophagy regulation, EMT, 
and metastatic signaling pathways.

V. �BRCAness and PARPi chemosensitivity  
in DSS1-low cancers.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  Cancer genome profiling is now indispensable in 
modern clinical laboratory medicine. In breast, ovarian, 
and prostate cancers, both hereditary and sporadic 

Figure 4   Schematic representation of DNA repair by poly(adenosine diphosphate-ribose) polymerase (PARP) 
and the basis of PARP inhibitor (PARPi)–induced synthetic lethality. PARP recognizes SSBs and promotes their re-
pair, supporting cell survival. PARPi inhibit PARP activity at SSBs, causing unrepaired lesions to be converted into 
DNA double-strand breaks (DSBs) during replication. When homologous recombination repair (HRR), including 
BRCA1/2-dependent pathways, is intact, such DSBs can be repaired; when HRR is defective, DSB repair fails and cell 
death ensues. Thus, the combination of HRR deficiency and PARP inhibition is expected to selectively kill HR-defi-
cient cells, a phenomenon termed “synthetic lethality.” Notably, clinical responses to PARPi have also been observed 
in subsets of ovarian and prostate cancers without detectable BRCA mutations by current companion diagnostics, 
suggesting that additional mechanisms beyond canonical BRCA-dependent synthetic lethality may contribute to PARPi 
sensitivity.
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BRCA mutations lead to impaired HRR for DNA damage, 
contributing to oncogenesis and malignant progression. 
For such tumors, PARPi have long been expected to 
exhibit high therapeutic efficacy based on “synthetic 
lethality.” PARPi block the repair of DNA single-strand 
breaks (SSBs); as a result, in cancer cells that already 
have defective HRR due to BRCA mutations, unrepaired 
SSBs are converted into DSBs during replication and 
become essentially irreparable, which selectively kills 
BRCA-mutated cancer cells while largely sparing normal 
cells (Figure 4).
  However, recent clinical trials in ovarian and prostate 
cancers have shown that PARPi can be effective even 
in patients who test negative on current companion 
diagnostics for BRCA mutations82)83). There is a subset of 
cancer cells that, despite being BRCA-proficient, display 
biological features similar to BRCA-mutated cells—
a condition referred to as “BRCAness.” Nevertheless, 
the detailed molecular mechanisms underlying this 
phenotype, as well as reliable pathological diagnostic 
methods, have yet to be established.
  We therefore hypothesize that, because DSS1 is re-
quired for optimal BRCA2 function, DSS1 depletion 
might disrupt the BRCA2–DSS1 interface and thereby 
induce BRCAness even in BRCA2-proficient cells. We 
found that, among ovarian cancer subtypes, DSS1 expres-
sion was significantly lower in serous carcinoma than in 
other histological types such as endometrioid, clear cell, 
and mucinous carcinomas (Figure 5). This pattern is 
consistent with the clinical trial data showing that PARPi 
are effective in patients with serous carcinoma, irrespec-

tive of the results of current companion diagnostics for 
BRCA mutations. In prostate specimens, our small series 
further suggested that DSS1 expression was generally 
higher in high-grade prostatic intraepithelial neoplasia 
(PIN) and appeared to gradually decrease as the Gleason 
pattern increased from 3 to 5 in acinar adenocarcinomas 
(Figure 6). Functional analyses also indicated that DSS1 
depletion reduced HRR activity and enhanced PARPi 
sensitivity (unpublished data).
  Taken together, these observations support a model in 
which reduced DSS1 expression induces a BRCA-like 
HRR deficiency and thereby contributes to a BRCAness 
phenotype that enhances PARPi sensitivity. From 
the perspective of clinical laboratory medicine, DSS1 
expression is therefore a promising biomarker candidate 
to identify BRCAness in BRCA-proficient tumors and to 
refine the indication for PARPi therapy beyond current 
BRCA-focused companion diagnostics. In the future, 
standardized DSS1 assays and integrated interpretation 
with BRCA status and other HRR-related signatures may 
help clarify the pathobiology of BRCAness and improve 
the design of molecular testing panels in routine practice.

VI. Conclusion.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  From the viewpoint of clinical laboratory medicine, 
DSS1 is important because it links several key pathways 
that we already try to assess in daily practice: mRNA 
metabolism, R-loop homeostasis,  HRR activity, 
replication stress, and even autophagy and EMT in some 
tumors. Current cancer genome tests mainly tell us what 
is mutated (for example, BRCA1/2 status or HRR gene 

Figure 5   Representative immunohistochemistry for DSS1 in ovarian carcinoma subtypes (unpublished data). DSS1 
expression is maintained in clear cell, endometrioid, and mucinous carcinomas, whereas it is reduced in serous carcino-
ma. Reduced DSS1 expression may destabilize BRCA2 and potentially contribute to a “BRCAness” phenotype. These 
observations are consistent with clinical trial data showing PARP inhibitor activity in serous ovarian carcinoma beyond 
current BRCA-focused companion diagnostics.
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panels), but they often cannot explain why some BRCA-
proficient tumors behave as if they were HR-deficient, or 
why tumors with similar genotypes show very different 
responses to chemotherapy and PARPi. Because DSS1 is 
an essential cofactor of BRCA2 and a shared component 
of TREX-2 and TREX-2.1/REX complexes, its expression 
and function may provide a more “functional” readout of 
these pathways.
  The next step for clinical laboratories is to turn this 
concept into practical tools. DSS1 could be measured 
at the RNA level in NGS panels and at the protein level 
by immunohistochemistry, and its status could then 
be interpreted together with BRCA mutations, HR 
deficiency scores, and other markers of transcription- 
and replication-related DNA damage. Prospective studies 
that correlate DSS1 status with prognosis and treatment 
response, especially to PARPi and DNA-damaging 
regimens, will be crucial. If such data accumulate and 
assays are standardized, DSS1 has the potential to 
become a routine biomarker in cancer genome testing—

helping us not only to classify tumors, but also to predict 
which patients truly have BRCAness, which tumors are 
likely to be chemoresistant, and where new therapeutic 
vulnerabilities may lie.
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Figure 6   DSS1 expression in prostate cancer (unpublished data). (A) Representative immunohistochemistry for 
DSS1 across prostatic lesions and Gleason patterns. (B) DSS1 staining is relatively high in high-grade prostatic in-
traepithelial neoplasia (PIN) and decreases in acinar adenocarcinoma with increasing Gleason pattern (3–5), as as-
sessed by the Cochran–Armitage trend test (***P < 0.001). In addition, the Kruskal-Wallis test followed by Dunn’s 
multiple comparison test showed that DSS1 expression in Gleason pattern 4 carcinoma is significantly lower than that 
in Gleason pattern 3 carcinoma (**P = 0.003). These findings suggest that DSS1 expression tends to decline with 
histologic progression, and that BRCAness may occur in higher-grade prostate cancer.
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