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Breast cancer (BC) is the most common cancer among women worldwide. Cancer is characterized by multi-faceted progression
that mandates the continuous expression and activation of various transcription factors (TFs) responsible for cellular growth
and sustenance. Previous research has revealed that numerous zinc finger proteins (ZFPs) are implicated in breast cancer. This
study illuminates the intricate role of zinc finger proteins in BC progression and etiology, harnessing their critical function as
transcription factors. The primary focus is on C2H2-type ZFPs, a significant subset of ZFPs, examining their unique charac-
teristics and potential contribution to BC. To identify novel ZFPs implicated in BC, a dual approach is employed: applying
homology-based prediction using the Basic Local Alignment Search Tool (BLAST), and another technique that scrutinizes both
highly conserved and less-conserved regions. The proteins identified through homology are subjected to an exhaustive literature
review to assess their role in BC and other cancers and are further evaluated for their prognostic significance using Kaplan-Meier
survival plots derived from cBioPortal data. 27 out of 34 of the identified ZFPs were previously implicated in some cancer,
and 7 portrayed a statistically significant Kaplan-Meier plot. The study culminates with an in-depth exploration of a protein
(ZFP461) that demonstrated a statistically significant association with survival outcomes, utilizing resources from cBioPortal
and the STRING platform. The findings not only reinforce the pivotal role of ZFPs in BC but also emphasize the value of
homology-based prediction in uncovering BC’s intricate etiology, thereby paving the way for future therapeutic advancements.

Introduction teract with numerous molecules®. The variety in the struc-
tures and functions of zinc finger units allows these proteins
to participate in a wide range of biological activities, such as
growth, differentiation, metabolism, and autophagy. Over re-
cent years, an increasing number of studies have highlighted
the potential influence of ZFPs in the advancement of sev-
eral cancers’. Distinctive molecular signatures, character-

ized by unique gene and microRNA expression profiles, are

Most instances of morbidity and mortality due to malignant
tumors in women are caused by breast cancer (BC). Despite
substantial advances in diagnosis and treatment of BC, due
to its complex and context-dependent nature, the molecular
mechanisms underlying its development, progression, and re-

sistance to therapies are still not fully understood®. A vast .
inherent to each type of cancer. Consequently, the regula-

array of genes are implicated in the initiation, progression, . . ;
Y Ot gene P . brog tory roles of the same microRNA can diverge across differ-
and metastasis of BC, many of which are controlled by spe- 3

cific regulatory proteins such as transcription factors=. Tran- ent cancer types®. This extends to the regulation of ZFPs,

o . . . whose expression profiles are under the control of these mi-
scription factors possess domains through which they bind to . . . . . .
DNA of promoter or enhancer regions of specific DNA se- croRNAs, leading to significant variance in their expression

. . .. among diverse cancer types. Furthermore, ZFPs are subject
quences, thereby activating their transcription. They also have . . . . .
a region that communicates with RNA polymerase II or dif- to post-translational modifications influenced by various en-
ferent transcription factors, which then influences the volume vironmental stimuli, which activate precise cellular signaling

of messenger RNA (mRNA) generated by the gene. TFs can pathways®. Particularly in the case of BC, these findings un-
; . . . derscore the probable paramount role of the tumor microen-
be categorized into various key groups, based on their struc-

ture and the manner in which they interact with DNA*. Zinc- vironment and specific molecular subtypes in dictating ZFP

finger proteins (ZFPs) constitute the most extensive group of functionality. Due to the context-dependent nature of ZFPs

.. X in influencing BC, more research should be pursued to fur-
transcription factors in the human genome, encoded by 2% . . .
3 s ; . . ther understand their roles and mechanisms of action. As of
of human genes”. ZFPs’ key feature is a zinc finger domain,

. . L . n ight uni f zinc finger domains h n doc-
a compact structural motif wherein a zinc ion is coordinated ow, eight unique types of zinc finger domains have been doc

by a combination of cysteine and histidine residues that sta- ;mirlltedl, 1fnth'1d1ngbté1e Cészzll{ész éC%ZI;)Z—I(ljke, (?agl‘llinuczlfle,
bilizes the structures of ZFPs, thereby enabling them to in- feble clel, 2ime rbbon, £n/Lyss, Omatn-ike, £Ine
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binding loops, and Metallothionein. In the context of BC, the
various subtypes of zinc finger domains have not been exten-
sively explored, with the exception of the C2H2 and Metal-
lothionein domains, which have been shown to act as prognos-
tic biomarkers?. Notably, the C2H2-type ZFPs represent the
most frequently investigated subtype in this context and there-
fore will be a primary focus of this study.C2H2-type ZFPs,
the largest subset within the comprehensive ZFP family, ex-
hibit defining features including tandem zinc finger motifs and
additional functional domains such as the Kriippel-associated
box (KRAB). These domains are pivotal in modulating subcel-
lular localization, DNA-binding affinity, and gene expression
by dictating selective interactions among transcription factors
and other cellular constituents’. Current research endeav-
ors have highlighted the integral roles of these domains in
BC pathogenesis. For instance, ZFPs containing a KRAB do-
main, mostly acting as transcription inhibitors, have been im-
plicated as oncogenes and tumor suppressors within the con-
text of BC. ZFPs containing a KRAB domain have also been
indicated to foster the phenotype of cancer stem cells through
interactions with the tripartite motif-containing 28 (TRIM28)
protein (which is itself a ZFP) [11]. This interplay among
C2H2-type ZNFs, their constituent domains, and their impli-
cations in the progression of BC underscores the potential util-
ity of these proteins as novel foci for cancer research—not to
mention that due to the vast nature of ZFPs, many have not
been studied. This emphasizes the necessity for further ex-
ploration and identification of novel C2H2-type ZNFs in BC,
potentially offering groundbreaking insights into disease eti-
ology and therapeutic innovation. A way to identify novel
ZFPs involved in BC is through homology interference, or
homology-based prediction. This approach is grounded in the
principle of sequence homology, the notion that similar DNA
and protein sequences often yield similar functions'%. The
credibility of this approach has been underscored by numer-
ous empirical studies. For instance, Brachat et al. (2003)
used sequence homology in the budding yeast Saccharomyces
cerevisiae to predict the functions of proteins in the fungus
Ashbya gossypii, and their findings were subsequently vali-
dated through experimental methods, demonstrating the high
degree of accuracy attainable with homology-based predic-
tion'3. Further evidence of the viability of homology-based
prediction was provided by Gough et al. (2001). In their re-
search, they extended the approach to predict the functions
of entire protein families within the genome of the bacterium
Escherichia coli!®. Remarkably, their predictions were accu-
rate for 80% of the protein families under study. The highly
conserved domains of ZFPs (ZFPs) is a direct consequence
of their crucial function as transcription factors. Hence, sim-
ilarities in the sequence of those areas might indicate similar
functions in these areas across different ZFPs. This observa-
tion leads to the hypothesis that the application of homology

interference could provide increased precision and reliability
in this context. Nevertheless, this proposition remains spec-
ulative and requires thorough exploration and substantiation.
The pronounced conservation within ZFP domains presents a
plausible premise for the potential utility of homology inter-
ference, yet definitive outcomes necessitate further empirical
examination. These conservation properties suggest that a lo-
cal alignment tool such as the Basic Local Alignment Search
Tool (BLAST) could suffice in identifying homologous pro-
teins, particularly in the context of their implications for BC.
BLAST’s functionality prioritizes the identification of homol-
ogous sequences based on the most conserved regions, making
it well-suited to the high conservation characteristic of ZFPs’
functional units'?. Nevertheless, it should be acknowledged
that less conserved regions, potentially overlooked by local
alignment tools such as BLAST, may also bear significant rel-
evance to BC. Hence, in addition to BLAST pairwise align-
ment, EMBOSS that scrutinizes both highly conserved and
less conserved regions has also been utilized in this study. The
comparison of data generated from these different alignment
methodologies facilitates an enhanced comprehension of the
applicability of various analytical techniques in the investi-
gation of the role ZFPs play in BC. Intriguingly, despite the
potential effectiveness of this dual analytical approach, its uti-
lization remains limited within cancer research, specifically
concerning ZFPs. By adopting this novel methodology, we
aim to not only provide new insights into the function of ZFPs
in BC but also enrich the methodological toolkit employed in
the wider field. The resultant homologous proteins were sub-
jected to a literature review, with a focus on previous articles
that deliberated on the role of these proteins in BC or other
malignancies. Further validation was achieved via Kaplan-
Meier survival plots, which contrasted ZFP expression against
survival outcomes for a substantial cohort of 8881 breast tu-
mor samples, sourced from the cBioPortal database. One of
the proteins that displayed a statistically significant correlation
with patient survival was subjected to an in-depth analysis uti-
lizing the resources available in the cBioPortal database and
a robust pathway analysis conducted using the Search Tool
for the Retrieval of Interacting Genes/Proteins (STRING) plat-
form. The primary objective of this study is to identify novel
ZFPs involved in breast cancer through the utilization of ho-
mology interference. We seek to elucidate the mechanisms
of action and potential therapeutic implications of these ZFPs,
offering insights into disease etiology and therapeutic innova-
tion. Although a significant amount of research has been con-
ducted on ZFPs in various cancers, most commonly colorectal
cancer, there is a noticeable scarcity of research papers and
reviews specifically addressing the role of ZFPs in breast can-
cer. This gap underscores the urgent need to compile and syn-
thesize all existing information on the role of ZFPs in breast
cancer to enhance understanding and guide future research in
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this area. The functional characterization of ZFPs in cancer
biology is often a subject of debate, with disparate studies at-
tributing conflicting roles to specific ZFPs—some identifying
them as oncogenes that drive tumor progression, and others as
tumor suppressors that inhibit oncogenesis. Such inconsisten-
cies underscore the imperative for more research to delineate
a more definitive role of ZFPs in tumorigenesis. Furthermore,
there is a need to pinpoint the ZFPs that have the most substan-
tial impact on BC metastasis and survival, as this could lead to
the identification of novel and effective therapeutic strategies.
Moreover, a limited number of studies have utilized biocom-
putational methods to specifically assess ZFPs in cancer. Most
existing studies generally focus on oncoproteins as a whole,
and include only a handful of ZFPs in the analysis. In contrast,
this study is exclusively centered on ZFPs, providing a unique
platform for comparison between each other and a compelling
rationale for their significance. By exclusively focusing on
ZFPs and employing a combination of homology-based func-
tion prediction and biocomputational methods including sur-
vival analysis, this study aims to overcome the listed limita-
tions of past research.The results obtained from this approach
lent further credence to the putative role of this protein in BC,
thereby reinforcing the validity of employing homology-based
function prediction for ZFPs in cancer research.

Results

Identification of known ZFPs

Eight ZFPs with a well-characterized role in BC were identi-
fied using the literature review criteria established above. For
oncogenic ZFPs, which include ZFX, ZEB1, ZNF711, and
ZNF367, the predominant roles are in promoting metastasis,
enhancing cell growth, and conferring resistance mechanisms
like chemotherapy resistance. Their interaction pathways
often involve essential BC-associated genes such as NANOG,
TGF-B , and VEGFA. Intriguingly, most of these ZFPs
interact with pathways pivotal for cell growth, such as Wnt/B-
catenin and JAK/STAT, emphasizing their critical roles in
disease progression. On the other hand, tumor suppressor
ZFPs, including ZNF385B, ZNF24, ZNF668, and ZFP82 (or
ZNF545), primarily play roles in inhibiting tumor growth
processes like angiogenesis, promoting DNA repair, and
inducing cell cycle arrest. Their interactions tend to revolve
around prominent tumor-suppressing agents such as p53 and
VEGEFE. It’s notable that the downregulation or suppression
of these ZFPs correlates with poor prognosis and aggressive
BC subtypes. Table 1 below summarizes the roles, principal
interactions, and potential therapeutic implications of these
ZFPs:

Identification of homologous ZFPs The bioinformatics

analysis identified a total of 34 homologs for four of the
known ZFPs (ZFPs) - ZEB1 (9 homologs), ZNF24 (3
homologs), ZNF711 (10 homologs), and ZFP82 (12 ho-
mologs). ZFX, ZNF668, ZNF385B, and ZNF367 did not
have homologs passing the predefined criteria. All of the
parameters associated with the ZFPs are shown in Table 2
and discussed below. Examining the ZEB1 homologs, ZEB2
displays the highest query coverage of 92% with an E-value
of 0.0 and a percent identity of 44.48% from BLAST. This
is further corroborated by EMBOSS analysis where ZEB2
shows a sequence identity of 42.6%, a similarity of 56.6%,
reflecting the highest alignment score of 2270.5. Despite the
sequence identity being moderate, the significant overlap in
protein sequences coupled with a low E-value and supporting
EMBOSS data affirms a strong homology between ZEB1 and
ZEB2, likely a result of shared roles in biological processes
such as the epithelial-mesenchymal transition. Other ZEB1
homologs including ZNF552, ZNF232, ZNF461, ZKSCANI,
ZNF135, ZNF529, ZFP1, and ZNF275 show lower query
coverage (17-28%). Nonetheless, the significance of the
alignments, indicated by E-values ranging from 1.0E-17 to
7.0E-20, and the sequence identities (49.33% to 54.67%)
imply probable homology and functionally or structurally
important shared segments between ZEB1 and these proteins.
This is supported by the EMBOSS analysis, which despite
showing considerably lower sequence identity, ranging from
6.6% (ZNF275) to 15.5% (ZNF135), also suggests non-trivial
similarity percentages, suggesting that they may conserve
residues that have similar physicochemical properties. One
noteworthy finding is ZNF461, which shows a sequence
identity of 38.6% with a lower similarity of 31.8% in the
EMBOSS analysis, indicating that a portion of identical
residues might not perform similar functions or occupy
similar structural roles. This highlights a potential complexity
in the evolutionary relationship between ZEB1 and ZNF461.
The homolog cluster of ZNF24, as revealed through BLAST
analysis, primarily includes ZNF396, ZBED9, and ZS-
CANI12. ZNF396 is especially significant, demonstrating the
highest query coverage of 96% and a remarkably low E-value
of 8.0E-59. This suggests a substantial sequence overlap and
alignment with ZNF24. Coupled with a percent identity of
56.77%, these findings indicate that ZNF396 shares more than
half of the same amino acid residues at the aligned positions
with ZNF24, suggesting a close evolutionary relationship.
Complementing this, ZBED9 and ZSCANI12, although
showing lower query coverages of 89% and 74% respectively,
still present with low E-values, indicative of their significant
homology with ZNF24. ZSCAN12, despite its lower query
coverage, interestingly exhibits a higher percent identity of
58.04% compared to ZBED9’s 53.18%, hinting at more pro-
nounced sequence conservation with ZNF24. For ZBED9, the
EMBOSS results reveal a contrasting narrative with a much
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ZFPs Role in BC Promotes/Suppre Notable Potential as
sses Cancer Interactions and Therapeutic
Pathways Target
ZFX Enhances cell Promotes Activates Inhibition shown
growth and NANOG gene, to suppress
metastasis; thereby cancer
confers self- interacting with progression.
renewal TGIF-B, Wnt/B-
capabilities and catenin
resistance to JAK/STAT!®
chemotherapy
16 [17] 18] [19 20
ZEB1 Facilitates Promotes Responds to Silencing
Epithelial- signals like restores
Mesenchymal TGF-f , represses sensitivity to
Transition E-cadherin, EGFR-TKI
(EMT) thereby activates
promoting VEGFA
metastasis and expression
angiogenesis
21l 221 03 A p3
ZNF711 Regulates gene Promotes Interacts with Biomarker for
expression, PHF8, KDMS5C, disease
associated with correlated with progression and
BC staging and ER and HER-2 targeted therapy
prognosis<?, expression
27| 28129
ZNF367 Promotes Promotes Interacts with Inhibition of
metastasis=, BRG], activates YAPI reduces
31152 CIT and metastasis=, 34 33136
TP53BP2,
inhibits Hippo
pathway,
activates YAP1
ZNF24 Suppresses Suppresses Binds to VEGF Therapies that
VEGF promoter region enhance
expression, ZNF24’s
inhibits function could
angiogenesis inhibit
37] B8 39 tumor growth
ZNF668 Enhances p53’s Suppresses Interacts with Therapies that
tumor- MDM2, p53, enhance
suppressing Tip60 ZNF668’s
capabilities function could
promotes DNA enhance tumor
repairt’, suppression and
2]l o DNA repair
ZFP82 or Halts cell Suppresses Upregulates c- Restoring
ZNF545 proliferation, Jun/AP1, BAX, ZNF545
induces cell pS3, Caspase 3 expression could
cycle arrest, halt cell
triggers proliferation and
apoptosis*>. induce apoptosis
ZES in BC cells
Table 1: A table with custom font style.
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lower sequence identity of 7.0%, despite the BLAST results
suggesting higher sequence conservation. This discrepancy
suggests that while ZBED9 may exhibit overall homology
with ZNF24, the precise sequence conservation is potentially
concentrated in specific areas. These regions might hint at
functionally critical areas within the protein structure, such
as binding sites, active sites, or other functional domains
that have been preserved across evolutionary lines due to
their significance in the protein’s function. Such evolutionary
conservation, therefore, may implicate ZBED9 in analogous
cellular pathways or mechanisms to those ZNF24 operates
in. As such, it invites speculation about a potential role for
ZBEDO in the complex disease networks of BC. Similarly,
the EMBOSS data further reinforce the homology between
ZNF24 and ZSCANI12. Despite the lower BLAST query
coverage, ZSCAN12 demonstrates a higher sequence identity
of 14.8% and similarity of 20.7% in the EMBOSS analysis.
This correlation of findings suggests that ZSCAN12, much
like ZNF396, could share important structural or functional
features with ZNF24. The homology results for ZNF711
display lower query coverage values compared to those of
ZNF24, ranging from 45% to 53%. The E-values, however,
are still low, indicating significant alignments. The percent
identities range from 33.07% to 35.48%, which are lower
than those for ZNF24, suggesting less sequence conservation.
Nonetheless, the percent identity still indicates a measure of
homology, suggesting that these proteins share a portion of
the same amino acid residues with ZNF711 at the aligned
positions. Building upon this, the EMBOSS analysis offers a
nuanced understanding of the homologous relationships. No-
tably, ZNF429, ZNF43, ZNF431, ZNF66, ZNF708, ZNF737,
ZNF85, ZNF93, ZNF98, and ZNF99 all demonstrate identity
percentages between 17.4% and 20.3%, which, while lower
than the BLAST percent identities, still show a degree of
homology. Among these, ZNF43, with an identity of 20.3%,
shows the highest sequence identity, suggesting a homolo-
gous relationship with ZNF711. Despite the lower sequence
identities compared to the BLAST results, these proteins
might still share functionally important residues or regions
with ZNF711. Of particular interest is ZNF91, which, despite
having a relatively low identity percentage of 10.6% and a
high gap percentage of 68.3%, still achieves a comparable
score of 582, indicating a specific, yet scattered, conservation
of sequences. This hints at potential hotspots of functional
importance within the protein structure. Furthermore, the sim-
ilarity percentages, ranging from 27.2% to 30.9%, highlight
the possibility of amino acid substitutions that still maintain
similar properties and functionalities, which is another signif-
icant facet of understanding protein evolution. The BLAST
analysis of ZFP82 homology unveils an exceptional degree
of sequence overlap with other proteins, most with a query
coverage of 99% and even attaining a full 100% in the case

of ZNF546. Virtually null E-values across the board point to
highly significant alignments, signifying strong homologous
relationships. ZNF383 is a slight outlier with an E-value
of 2.0E-179, which, despite being higher than the rest, is
still a highly significant alignment. The impressive percent
identities evident in the BLAST results speak volumes about
the shared evolutionary paths of these proteins. ZFP30 and
ZFP14 command attention with their highest values at 75.42%
and 69.92%, respectively, reflecting an extensive sharing of
identical amino acid residues with ZFP82. The EMBOSS
results bolster these insights. Both ZFP30 and ZFP14
maintain their top ranks with identities at 75.1% and 69.7%,
respectively, further validating their close ties with ZFPS§2.
The low percentage of gaps, particularly for ZFP30, indicates
a high level of sequence structure conservation, providing
more weight to their close evolutionary relationships. Other
proteins, including ZNF420, ZNF780A, ZNF283, ZNF546,
ZNF850, ZNF565, ZNF540, ZNF571, ZNF461, and ZNF383,
display percent identities ranging from 51.29% to 56.79% in
BLAST results, indicative of considerable homology. The
EMBOSS results, while showing slightly lower identities,
consistently reflect this trend of homology. Standouts like
ZNF461 and ZNF565 showcase identities over 50% and low
gap percentages in the EMBOSS results, suggesting they
share significant sequence conservation with ZFP 82. Such
high percent identity values suggest a close evolutionary
relationship, and the aligned sequences share a majority of the
same amino acid residues. To summarize, both ZFP82 and
ZNF24, which act as suppressors, exhibit the highest level
of sequence conservation with their identified homologs. In
contrast, ZEB1 and ZNF711, which are promoters of cancer,
display less sequence conservation. However, their homologs
still indicate a substantial degree of homology, underscoring
the intricate and complex nature of protein evolution and
functional diversity. These findings provide a robust starting
point for further experimental investigation into the shared
and unique roles of these ZFPs.

Expression of homologous ZFPs in BC:

Upon completing the review of the ZFP homologs and their
implications in cancer, certain patterns have emerged. A sub-
stantial 79% of these ZFP homologs have been implicated in
different types of cancer, which underscores their significant
role in cancer biology and the potential impact of those whose
roles are yet to be deciphered in BC. Guided by the principle
of sequence homology, we hypothesized that if a certain ZFP
plays a suppressive or promoting role in BC, its homologous
counterparts would exhibit similar properties. Of the twelve
homologs examined for the tumor suppressor ZFP82, fifty
percent were implicated in various cancers, with two specif-
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Blast EMBOSS

Zinc- Per.

Finger Name of Query Identity similarity

Protein protein cover E value % length | identity gaps score
ZEB2 92% 0 44.48% 1246 | 42.60% | 56.60% 15.60% | 2270.5

ZNF552 21% 7.00E-20 50.67% 1209 8.20% 12.80% | 74.70% 242
ZNF232 18% 2.00E-18 53.33% 1175 | 10.10% 15.70% | 68.70% | 248.5
ZEB1 ZNF461 27% 3.00E-18 54.67% 1296 | 38.60% | 31.80% | 25.80% | 202.5
ZKSCANI1 | 28% | 1.00E-175 4.67% 1222 | 10.40% 17.80% | 66.20% 227
ZNF135 17% 1.00E-17 53.33% 1238 | 15.50% | 22.90% | 55.40% 301
ZNF529 17% 2.00E-17 49.33% 1233 | 12.50% 19.50% | 64.50% 197
ZNF396
or
ZNF24 | ZNF367 96% 8.00E-59 56.77% 380 12.90% 18.90% | 57.10% 31
ZBED9 89% 5.00E-48 53.18% 1337 | 7.00% 9.60% 86.40% 440
ZSCANI2 | 74% 3.00E-46 58.04% 622 14.80% | 20.70% | 70.70% | 429.5
ZNF91 53% 7.00E-49 34.57% 1493 | 10.60% 16.50% | 68.30% 582
ZNF98 46% 5.00E-48 34.76% 895 17.80% | 27.20% | 45.90% 569
ZNF85 46% 5.00E-47 33.07% 902 19.20% | 30.50% | 41.20% 588
ZNF99 46% 5.00E-47 33.07% 1046 | 19.30% | 30.30% | 40.20% | 574.5
ZNF43 46% 5.00E-47 33.07% 989 | 20.30% | 30.90% | 37.20% | 602.5
ZNFT711| ZNF429 49% 3.00E-46 33.07% 966 17.40% | 28.90% | 46.70% | 582.5
ZNF737 46% 4.00E-46 35.48% 862 19.50% | 30.40% | 44.20% 578
ZNF431 45% 4.00E-46 33.24% 869 19.40% | 29.70% | 40.70% | 569.5
ZNF66 46% 1.00E-45 34.93% 879 19.20% | 29.80% | 43.00% 580
ZNF93 46% 1.00E-45 34.32% 898 19.20% | 30.50% | 41.10% 583

ZFP30 99% 0 75.42% 535 75.10% | 84.50% 3.40% 2218
ZFP14 99% 0 69.92% 535 69.70% | 79.80% | 30.60% | 2042
ZNF420 99% 0 56.79% 736 | 41.00% | 49.710% | 31.90% | 1619
ZNF780A 99% 0 75 1.55% 649 | 47.30% | 59.20% 19.10% | 1597.5
ZNF283 99% 0 56.12% 643 39.30% | 47.70% | 33.10% | 1376
ZNF546 100% 0 55.25% 811 38.80% | 46.60% | 34.40% | 1587.5
ZFP§2 ZNF850 98% 0 51.29% 1093 | 28.50% | 34.90% | 51.50% | 1570.5
ZNF565 99% 0 55.75% 642 52.60% | 65.50% 6.70% 1533
ZNF540 99% 0 52.47% 662 | 48.50% | 59.20% 19.80% | 1640
ZNF571 98% 0 51.55% 642 | 45.80% | 55.90% | 22.10% | 1533

ZNF461 99% 0 54.24% 551 52.80% | 64.40% 5.30% | 1468.5
ZNF383 99% | 2.00E-179 | 56.72% 534 | 5240% | 61.60% 11.20% | 1417.5

Table 2: Results of homology interference from BLASTp and EMBOSS, ranked by E value.
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ically linked to BC. ZNF565 and ZNF540 emerged as having
a suppressive role congruous to ZFP82 (Table 3). Meanwhile,
ZFP14, ZFP30, ZNF283, ZNF546, ZNF461, ZNF780A, and
ZNF383 showed divergent roles, including promoting metas-
tasis, elevating cancer risk through missense variants, and
involvement in chromosomal rearrangements and differen-
tial expression in ovarian and lung cancers (Table 3). For
ZNF420, ZNF850, and ZNF571, their roles in cancer remain
unclarified, underscoring the need for further research. Ob-
servations for the tumor promoter ZEBI and its homologs
are similar. Out of ten homologs, eight showed relevance
in cancer-related research, with ZEB2, ZKSCAN1, ZNF232,
ZNF461, ZNF529, ZFP1, and ZNF275 paralleling ZEB1’s
tumor-promoting roles. However, ZNF135, ZNF382, and
ZNF552 displayed contrasting roles, manifesting as suppres-
sive tendencies, varying cancer stage impacts, altered carci-
noma expression, and drug resistance (Table 3). As with the
previous group, the roles of ZFP1 and ZNF275 are not yet de-
fined and warrant further research. ZNF24, another tumor sup-
pressor, has three homologs—ZNF367, SCAND3/ZBED?9,
and ZSCAN12—that are all linked with varying cancer roles
or diseases. Specifically, ZNF367 is associated with breast
cancer progression and displays a multifaceted influence on
cancer biology [64]; SCAND3/ZBED?9 acts as a methylation
biomarker in hepatocellular carcinoma, especially valuable
for AFP-negative cases [65]; and ZSCANI12 is indicative of
tumor-infiltrating lymphocyte densities in gastric carcinoma
[66] (Table 3). Finally, ZNF711, a recognized tumor pro-
moter, had eight of its eleven homologs implicated in various
cancers, with ZNF91, ZNF98, ZNF99, and ZNF93 exhibit-
ing cancer-promoting roles akin to ZNF711 (Table 3). Con-
versely, ZNF43, ZNF431, and ZNF66 were associated with
earlier cancer stages, drug resistance, and reduced mRNA ex-
pression in head and neck cancers, respectively (Table 3). The
roles of ZNF85, ZNF429, ZNF737, and ZNF708 remain un-
certain, highlighting the need for further investigation in these
areas.

Among the 34 homologous ZFPs analyzed, seven exhibited
statistically significant survival plots, elucidating their poten-
tial roles in breast cancer (BC). Notably, six out of these seven
proteins, specifically ZEB2, ZNF420, ZNF46, ZNF529, and
ZNF850, were associated with unfavorable survival outcomes,
as manifested by HRs greater than 1. An HR greater than 1
signifies an elevated risk of an adverse event, such as mor-
tality. This relationship accentuates their correlation with ad-
verse patient prognosis in other malignancies, as delineated in
the literature review (Table 4), indicating that augmented pro-
tein expression is linked with deteriorated patient prognosis.
Conversely, ZKSCANI1, with an HR value less than one, de-
noted a diminished risk of adverse outcomes, thereby exhibit-
ing a protective effect. This finding is somewhat unexpected,
given the established role of ZKSCANI] as a facilitator of lung

cancer, insinuating a multifaceted function in diverse tumor
milieus. ZNF420 and ZNF850 lacked pre-existing literature
that could furnish insights into their potential repercussions
in cancer, underlining the necessity for additional investiga-
tion. Among the other ZFPs, solely ZEB2 has been formerly
associated with BC in scientific literature, whereas ZNF461
and ZNF529 have been examined in the context of non-small
cell lung cancer and hepatocellular carcinoma, respectively.
This disclosure underscores the imperative for more exhaus-
tive research into the functions of other ZFPs in the BC milieu.
Except for ZNF529, these proteins display some of the most
conspicuous results in homology interference (as indicated in
Table 2). It is crucial to recognize that the absence of substan-
tial representation in Kaplan-Meier plots does not necessarily
signify that the other identified homologous proteins lack rel-
evance in BC. Contrarily, several experimentally validated ho-
mologous ZFPs known to play roles in BC were not depicted,
reflecting the variability and complexity of their potential con-
tributions. This phase of the research was primarily conducted
as a means of highlighting the most significant findings of the
study, not to disregard the contributions of other potentially
relevant proteins.

Further analysis:

ZNF461 was further investigated for a role in BC due to the
lack of prior research in its involvement in BC and its expres-
sion being significantly inversely proportional with survival
rate in BC (Tables 3 and 4). Based on the protein-protein path-
way generated by the STRING database, ZNF461 is predicted
to interact with numerous proteins that have been shown to
be involved in BC. In the STRING database every interaction
is rated by a confidence score from 0.1-1, representing how
strong the evidence that supports the interaction is (1 being the
highest). The proteins with the highest confidence scores were
TOX2, HDAC2, and PHGDH exhibiting confidence scores in
the range of 0.73-0.93.

TOX2, also known as Thymocyte selection-associated
HMG box gene 2, is a transcription factor that belongs to
the TOX subfamily of high mobility group box (HMG-box)
superfamily which also includes TOX, TOX3, and TOX453.
Abnormal expression of TOX?2 has been associated with var-
ious types of cancer. In BCs, it was found that TOX2 was
hypermethylated in the promoter region, leading to its silenc-
ing. This hypermethylation was found in 23% of breast tu-
mors studied. When TOX?2 was silenced through methylation,
expression of the two TOX2 transcripts was significantly re-
duced. Interestingly, the knockdown of TOX2 impacted mul-
tiple pathways, suggesting a potential role for TOX2 in mod-
ulating the tumor microenvironment®, Additionally, a re-
cent study on natural killer/T-cell lymphoma (NKTL) found
that increased TOX2 levels led to the growth and spread of
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Table 3 Literature review on the identified homologous ZFPs and their known links to cancers and other selected
indications4¢782,

Zinc-Finger | Homologous

Protein ZFPs Role in BC/Cancer

ZEB2 found to be upregulated in BC, and to contribute to BC progression by suppressing E-cadherin expression [46-48]

ZNF552  |elevated expression was associated with improved disease-free survival in BC [49]

ZNF232  |differentially expressed in ovarian cancer and BC [50]

ZNF461  |involved in immune response for promoting non-small cell lung cancer progression [51]

7EB1 ZKSCAN1 indirectly promotes non-small cell lung cancer and lung adenocarcinoma
progression [52] [53]

ZNF135  |highly methylated in breast and colon cancer [54]

ZNF520  |ZNF529-AS1, along non-coding RNA highly expressed in hepatocellular carcinoma (HCC), correlates with tumor stage, pathological
grade, and poor prognosis, and its knockdown inhibits HCC cell invasion and migration [55]

ZFP1 no information found
ZNF275  |no information found

ZNF367 |promotes BC progression, cell proliferation, invasion, and adhesion; its downregulation, along with upregulation of miR-21-5p, inhibits
BC migration and invasion, demonstrating its complex role in cancer biology [56]

ZNF24 SCAND3/  |serves as a novel methylation biomarker in hepatocellular carcinoma, enhancing early detection, especially in alpha-fetoprotein (AFP)-
ZBED9  |negative cases, and acting as a predictive indicator for portal vein tumor thrombus (PVTT) [57]

ZSCANI2 (signifies densities of tumor-infiltrating lymphocytes in gastric carcinoma [58]

ZNF91 related to the occurrence and development of bladder cancer [59-60], colorectal cancer (CRC) [61], ovarian cancer [62-63], and non-small
cell lung cancer [64]

ZNF98  |promotes BC and lung cancer [65]

ZNF85  |no information found

ZNF99  |kidney cancer patients with somatic mutation in ZNF99, resulting in gain of function, had lower survival rate [66]

ZNF43  |ZNF43-methylated normal tissue is associated with earlier colorectal cancer stages [67]

ZNF711
ZNF429  |the gene with the highest somatic mutation frequency in thymic carcinoma [68]

ZNF737  |no information found

ZNF431  [role in resistance to Imatinib Mesylate in gastrointestinal stromal tumor [69]

ZNF66  |low mRNA expression in head and neck cancers [70]

ZNF93  |when highly expressed, promotes proliferation and migration of ovarian cancer cells and relates to poor prognosis [71-72]

ZNF708  |no information found

ZFP30  |leads to BC metastasis via KAP1-mediated activation [73]

ZFP14  |deletion is protective against prostate cancer; somatic copy gains are linked to poor prognosis in BC [74]
ZNF420  |no information found

contributed to the formation of a novel RUNX1::ZNF780A chimera, resulting from chromosomal rearrangements associated with
ZNF780A  |leukemia [75]

ZNF283  |contributed largely to the excess of missense variants, thereby increasing low-penetrance BC risk [76]

ZFP82 ZNF546  |elevated expression in ovarian cancer [77-78]
ZNF850  |no information found
ZNF565  |suppression induced BC cell death upon PI3K inhibition [79]

ZNF540  |tumor suppressor in lung cancer, and high levels of expression led to better survival rates in cervical cancer patients [80-81]

ZNF571  |no information found

ZNF461  |involved in immune response for promoting non-small cell lung cancer progression [51, 82]

ZNF383  |promotes lung cancer by upregulating the expression of ERCC1 and HDAC?7 [83]

NKTL and the overproduction of PRL-3, an oncogenic phos- tively associated with patient survival in NKTL2%>, HDAC2
phatase known for its role in cancer survival and metastasis. is significantly upregulated in cancer specimens and BC cell
The study also found that TOX2 overexpression was nega- lines compared to non-cancerous tissues and normal cell lines.
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Homologous Protein | Hazard Ratio | p-value | g-value

ZEB2 1.99 0.050 0.320

ZFP14 1.55 0.021 0.049
ZSCANI1 0.58 0.042 0.200
ZNF420 1.45 0.054 0.119
ZNF461 1.67 0.006 0.008
ZNF529 1.63 0.008 0.020
ZNF850 1.56 0.021 0.050

Table 3: Significance of Kaplan-Meier survival plots for the homologous proteins yielding a p value less than or equal to 0.05
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Fig. 1: Protein interactions of ZNF461 in Homo sapiens. (a) Predicted protein interactions using the STRING database (b)
Information describing the specific type of protein interaction and the prediction score.

Conversely, the expression of miR-646, a microRNA that reg-
ulates gene expression, was decreased in clinical BC speci-
mens and cells. The study concluded that miR-646 can poten-
tially suppress the progression and proliferation of BC cells
by inhibiting HDAC2%°. In another study, HDAC2 and an-
other enzyme, HDAC3, were found to be significantly over-
expressed in less differentiated breast tumors and associated
with negative hormone receptor status. High expression of
HDAC?2 was significantly correlated with the overexpression
of the HER2 protein, which can promote the growth of can-
cer cells, and the presence of nodal metastasis, which indi-
cates the spread of cancer to lymph nodes. The study con-
cluded that HDAC2 and HDAC3 are strongly expressed in
more aggressive types of tumors®’. Phosphoglycerate dehy-
drogenase (PHGDH) diverts glycolytic intermediates into the
serine biosynthesis pathway and is known to be overexpressed
in a subset of BCs®8. Indeed, PHGDH exists in a region of
chromosome 1p commonly amplified in BC. In total, 18% of
patient-derived BC cell lines and 6% of primary tumors have

amplifications in PHGDH. study identified 39 metabolic en-
zymes essential for the survival of BC cells. Among these,
the serine synthesis pathway was particularly significant, and
the first enzyme in the pathway, PHGDH, was overexpressed
in BC. The study demonstrated that inhibition of PHGDH im-
peded BC cell proliferation®. The other proteins identified
had a lower confidence score of 0.61- 0.52. Nevertheless, sev-
eral have also been shown to have a role in BC. JRKL, along-
side FA2H, corresponds to altered enhancer-promoter inter-
actions (EPIs) and might be potential targets for acquired re-
sistance to doxorubicin, a common chemotherapy drug used
to treat BC222U NUDCDI1, or NudC domain containing 1,
has been found to have a significant role in triple-negative BC
(TNBC), which is the most malignant subtype of BC, and to
be successfully inhibited by HDAC7°2, Tt has been found that
BC cells and tissues consistently demonstrated elevated FSIP1
expressions, which correlated with poor overall survival®?,%%,

USP43 also facilitates BC cell proliferation and metastasis®>.

The genomic profile of the ZNF461 gene was then eval-
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uated through an Oncoprint analysis (Figure 4). Most stud-
ies reported an amplification of ZNF461, suggesting that it
is a commonly occurring event in tumors. A smaller pro-
portion of studies reported deletions of this gene, indicat-
ing that deletions, although less frequent, are still a signif-
icant event. Moreover, 2.6% of the studies reported muta-
tions in the ZNF461 gene. These mutations included trun-
cating mutations, missense mutations, and structural variant
mutations, all of which have been reported across the stud-
ies analyzed. Truncating mutations lead to a shortened pro-
tein product, whereas missense mutations result in a single
amino acid change in the protein product. Structural variant
mutations involve larger changes in the DNA structure, such
as deletions, duplications, inversions, or translocations. Gene
amplification, as observed for ZNF461, signifies an augmen-
tation in the copy number of the gene encoding this partic-
ular protein within neoplastic cells, compared to their non-
malignant counterparts. However, it should be noted that this
is not the sole determinant of gene activity. Gene expression
levels and subsequent protein production could also be modu-
lated by the interplay of various transcription factors and epi-
genetic modifications that regulate the accessibility and acti-
vation of the gene. Amplification events can potentially trig-
ger a surge in protein expression levels. In the event that this
protein functions as a growth-promoting factor, it could facili-
tate oncogenesis and further promote tumor progression. Such
genetic behavior might elucidate the observed correlation be-
tween ZNF461 amplification and unfavorable prognostic out-
comes in BC.

Due to the large and variable nature of the dataset encom-
passing 8881 samples, alteration frequency across the differ-
ent BC subtypes was not directly available. Therefore, it
became necessary to gather such data from the dataset that
demonstrated the highest levels of ZNF461 alterations, specif-
ically The Metastatic BC Project, consisting of 301 patients
and 379 samples. Our analysis revealed that the expression of
the ZNF461 protein was most highly amplified in distal and
lobular carcinoma as well as invasive lobular carcinoma (Fig-
ure 5). Interestingly, ZNF461 expression did not show sig-
nificant amplification when tumors presented a more invasive
disease phenotype. Instead, mutations in the gene were noted,
thereby hinting at its potential role in metastasis or cancer pro-
gression. Such a role would be reflective of the ZFP having a
similar role as its homolog, ZEB1, which is known for its role
in metastasis. Additionally, it would make sense when the pro-
teins that ZNF461 was predicted to interact with are taken into
consideration (Figure 3).

Further analysis of the mutations associated with ZNF461
suggested that they are most frequently encountered at the
C2H2 domain (300-500), which is its most highly-conserved
domain and which is associated with DNA binding (Figure 6).
These mutations may disrupt its DNA binding capacity, which

could alter downstream gene regulation and potentially impact
the protein’s functional role. Given the role of ZNF461 as a
transcription factor interacting with identified oncogenes, mu-
tations within this domain could result in the dysregulation of
gene expression. Such anomalies are consistent with the hall-
marks of cancer, implying that the specific site of mutations
within the ZNF461 protein may play a significant role in BC
pathogenesis and progression.

The Metastatic BC Project dataset was subsequently
searched to discern potential co-expression between ZNF461
and the predicted protein interactants which have demon-
strated associations with BC. Significant co-expression was
observed for proteins JRKL, DEPDC4, and NUDCDI1 (Fig-
ure 7). However, it’s worth noting that while the p-values in-
dicate statistical significance, the correlation coefficients, par-
ticularly for NUDCDI1, were relatively weak. This observa-
tion suggests an enhanced impetus for further investigation
into the roles and potential interactions of these particular pro-
teins. The evident co-expression between ZNF461 and these
proteins might indicate the probability of these interactions
occurring within the BC context, but the strength of these re-
lationships needs more scrutiny. Given the known involve-
ment of JRKL, DEPDC4, and NUDCDI1 in BC, the detected
co-expression, albeit weak for some, further bolsters the possi-
bility of ZNF461 functioning as an integral component in BC
pathology. The reason why other interacting proteins were not
co-expressed could be that ZNF461 impedes their transcrip-
tion rather than promotes it. Nevertheless, it should be noted
that the sample size for which the analysis was done was small
(n=167), making it harder to provide both statistical signifi-
cance and strong correlation.

Methods

Selection of zinc-finger proteins involved in BC:

Specific zinc-finger proteins associated with BC were sys-
tematically identified using PubMed, Web of Science, and
Embase databases, employing “zinc-finger proteins” and
“breast cancer” as key search terms.These databases were
selected for their extensive coverage of biomedical litera-
ture,reputation for quality, and inclusivity of research across
various disciplines relevant to zinc-finger proteins and breast
cancer. Review articles were manually searched for refer-
ences to original research articles on the topic. To iden-
tify specific research articles discussing the role of individ-
ual ZFPs in BC, advanced search was performed via “ZFP
name” (e.g., “ZEB1”), boolean operator “and”, and “BC”.
Research articles that failed to fulfill the inclusion criteria
shown in Figure 1 were subsequently excluded. Zinc-finger
proteins that demonstrated an association with BC in more
than three unique research articles that fulfilled the inclusion
criteria were recorded in Table 1. While this strategy may
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cohorts and subtypes.

potentially elevate the rate of false negatives by overlooking

less-documented or novel ZFPs, it drastically minimizes the
probability of false positives. As the study is predicated on
predicting new BC-related ZFPs based on sequence similar-
ity with known ZFPs, it is paramount to limit the inclusion to

well-documented and credibly supported ZFPs, thereby ensur-

® Mutation @ Amplification

@ Multiple Alterations

ing the relevance and significance of the findings.
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Across Samples

Identifying homologous ZFPs:

The amino acid sequence of the identified zinc-finger pro-
teins was obtained from the National Center for Biotechnol-
ogy Information (NCBI) in the FASTA format. A sequence
similarity search was conducted using the Basic Local Align-
ment Search Tool (BLAST) for proteins (BLASTp). Pro-
tein:protein alignments were used for the search as amino acid

sequences are more conserved due to selective pressure, mean-
ing changes that negatively affect the protein’s function may
be selected against during evolution. In contrast, DNA align-
ments can be more variable due to codon degeneracy, and their
statistics are often less accurate due to the larger size of DNA
databases®S. In BLASTD, the non-redundant database was se-
lected for the search, which was confined to Homo sapiens to
yield the most relevant results. The criteria for evaluating ho-
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Inclusion criteria

Exclusion criteria

« Study Types: Peer-reviewed
original research articles,
including observational studies
(e.g., cohort, case-control, cross-
sectional studies), randomized
controlled trials, and
experimental studies.
Subjects: Studies on human
subjects, in vivo or in vitro (cell
lines), with breast cancer.
Intervention/Exposure: Studies
that focus on the role of C2H2
Zinc Finger proteins in breast
cancer development, progression,
or treatment (expression,
molecular interactions, or patient
outcomes associated with C2H2
Zinc Finger proteins)
« Publication Language: Studies
published in English.
« Publication Date: Studies

« Study Types: Review
articles, commentaries,
editorials, letters, case
reports, and conference
abstracts.
Intervention/Exposure:
Studies that mention C2H2
Zinc Finger proteins but do
not investigate their role in
breast cancer.

Publication Language:
Studies not available in
English (unless translation
resources are available).
Publication Date: Studies
published more than 10
years ago.

Data Availability: Studies
with insufficient data (e.g.,
missing key outcomes,
sample size, etc.)."

published in the last 10 years.

Fig. 6: Inclusion and exclusion criteria for research articles on the role of ZFPs in BC

= Records idetified through
K] database search PubMed=(52),
1) ‘Web of Science = (34), Embase
£ =(23)
=
Q
=
v
Duplicates removed
(n=20)
on
(=]
£ i
1)
E
] Title and abstract screened for
relevance to topic
(n=89)
¥
2 Full-text articles assessed for
i eligibility
2 (n=72)
|
=== v
The names of the zinc finger proteinst
hat were supported by at leastthree
2 research articles meeting the
] inclusion criteria, along with their
= respective studies that passed the
= selection process, were recorded
n=37
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mology were established based on the methodology employed E-value parameter estimates the expected number of
by Boekhorst et al. (2007)%Z, which includes the following pa- chance hits in a database search of specific size. A lower
rameters: E-value signifies a reduced potential for random matches,
facilitating the identification of more statistically signifi-

* An E-value threshold of 1e-5 or lower was chosen. The

© The National High School Journal of Science 2023 NHSJS Reports | 13



cant alignments‘>.

* A minimum sequence identity of 30% was used as a
cutoff. Sequence identity, the percentage of identical
matches between two sequences, indicates evolutionary
proximity. Higher percentages suggest a greater likeli-
hood of homology'>.

* A query coverage of at least 40% was required. Query
coverage represents the proportion of the query sequence
that well-aligns with the subject sequence, thereby en-
suring that a substantial portion of the query protein is
encompassed in the alignment'>.

For the proteins that passed the criteria and are known to have
multiple isomers , the accession ID of the full-length isomers
were used, and duplicates were removed. The same method
was employed if the protein appeared as unnamed. The re-
sults obtained are shown in Table 2. While BLASTp is partic-
ularly effective at identifying highly conserved domains, as is
the case with ZFPs, it predominantly highlights the most sim-
ilar regions and may overlook less conserved regions in multi-
domain proteins, such as the C2H2 proteins. Such regions
could potentially provide additional evidence for homology.
Therefore, in order to conduct a more comprehensive analy-
sis, the proteins passing the initial BLASTp screening were
subsequently subjected to a pairwise sequence alignment us-
ing NEEDLE EMBOSS for further validation of homology‘%.
False positives might occur when non-homologous sequences
share a high level of similarity due to convergent evolution
or random chance, while false negatives might result from
overly stringent thresholds that exclude genuine homologous
sequences. Given the objectives of the present investigation, a
scenario involving false positives is deemed more acceptable.
Hence, through the usage of multiple databases and the usage
of lenient boundaries, the methodology is designed to mini-
mize the incidence of false negatives. The parameters used for
evaluating the NEEDLE EMBOSS analysis include:

* Alignment Score: The score is a measure of the over-
all similarity between the two sequences, including both
matches and gaps. A higher score generally indicates a
better alignment®®,

» Percentage Identity: This refers to the percentage of
residues that are identical in both sequences within the
alignment. It is a direct measure of sequence conserva-
tion®.

* Percentage Similarity: This parameter considers both
identical and similar residues (for instance, residues
that share similar physicochemical properties) within the
alignment. It gives a broader view of sequence resem-
blance than percentage identity®®. The results obtained
are shown in Table 2.

Expression of homologous ZFPs in BC:

A comprehensive literature review was conducted to investi-
gate if the identified homologous ZFPs have been previously
examined in the context of BC or general oncology. To carry
out this research, the names of the homologous ZFPs were
used in conjunction with the Boolean operator ’AND’ and the
terms 'BC’ or ’cancer’. These terms were employed in a sys-
tematic search across four major databases: PubMed, Google
Scholar, Embase, and Web of Science. The outcomes of this
literature search are arranged in Table 3. Further confirma-
tion of identified proteins’ potential role in BC was conducted
through the cBioPortal database, where their expression was
compared with survival outcomes of patients. The cBioPortal
database serves as a valuable resource in cancer research, pro-
viding extensive collections of cancer genomic data [100]. Re-
searchers can access and analyze large-scale datasets, includ-
ing gene expression profiles and clinical information, to gain
insights into various cancer types. To establish a representa-
tive cohort of BC patients, the analysis included all samples
available (n=8808). Data downloaded from a publicly avail-
able cBioPortal database does not require ethical approval. All
patients whose samples were used in this analysis signed in-
formed consent®”. Kaplan-Meier survival plots are commonly
used in survival analysis to visualize and compare survival
curves among different groups'®. In this study, these plots
were utilized to assess the association between the expression
of the ZFP and survival outcomes in BC patients. The gener-
ation of Kaplan-Meier survival plots and subsequent statisti-
cal analyses were facilitated by cBioPortal’s integrated tools.
Within the platform, the samples were divided into two groups
based on their expression status for the ZFPs: the “altered”
group (with expression) and the “unaltered” group (without
expression). For each group, the cBioPortal platform gener-
ated survival plots. A comparison of the survival curves of the
"altered” and ’unaltered’ groups allowed for the evaluation of
whether ZFP expression significantly correlated with survival
outcomes in BC patients. The statistical significance of this
correlation was determined using p-values and g-values pro-
vided by the cBioPortal platform, while the hazard ratios (HR)
were calculated separately by obtaining a text file of the data
used in the Kaplan-Mayer plots, ordering the data into a table
using the python programming language, and analyzing it with
CoxPHFitter from the lifelines library in python''“!. Adjacent
with an HR value, a p-value was also calculated and checked
for similarity to the one calculated in the cBioPortal itself. For
all ZFPs the p-values were the sams, indicating correct calcu-
lation of the HR value. In the context of this study, a small
p-value (p j 0.05) indicates that the differences in survival out-
comes between the ’altered’ and ’unaltered’ groups are statis-
tically significant and therefore unlikely to be due to random
chance. On the other hand, the g-value is a measure to control
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the false discovery rate (FDR), an essential factor to consider
when conducting multiple comparisons, as is common in ge-
nomics research. A smaller g-value represents a lower chance
of a false positive result, which enhances confidence in the va-
lidity of a significant result, especially when numerous tests
are performed. The hazard ratio (HR) is a useful measure in
survival analysis, indicating the likelihood of death occurring
in the ’altered’” group compared to the ’unaltered’ group. An
HR greater than 1 suggests a higher risk in the ’altered” group,
whereas an HR less than 1 suggests a lower risk”?. The results
of this analysis are presented in Table 4.

Further analysis:

Based on the literature review and Kaplan-Meier survival
plots, ZNF461 was chosen for further analysis with the aim
of further investigating its possible role in BC and hence us-
age of homology-based prediction as a valid methodology. A
protein-protein interaction (PPI) network for ZNF461 was es-
tablished using the STRING database, providing an under-
standing of the potential interacting proteins and their im-
plications in BCY2. Genomic data derived from cBioPortal
also served to examine ZNF461 expression and genetic al-
terations in BC samples. This process included the genera-
tion of an Oncoprint, a graphical representation of the alter-
ations of ZNF461 in the samples (e.g., amplifications, deep
deletions, structural variants, and mutations)103. To visual-
ize the frequency of those alterations, they were evaluated
across the different study cohorts and BC subtypes. Mutation
locations within the ZNF461 gene were also analyzed, con-
tributing to an enriched comprehension of mutation-induced
functional impacts. Finally, a co-expression analysis was con-
ducted to identify genes with correlated mRNA or protein ex-
pression levels. Such an analysis is particularly important due
to the role of ZNF461 as a transcription factor, and it could
support the presence of the gene networks identified through
the STRING database in BC.

Discussion

This study not only broadens the molecular understanding of
BC by identifying potential new ZFPs in BC, but it also lays
the groundwork for future detailed investigations. An imme-
diate avenue for follow-up is validating the roles of these iden-
tified ZFPs. Techniques like co-immunoprecipitation (Co-IP)
can be employed to profile interacting proteins, revealing the
immediate molecular neighborhood of our hits. Furthermore,
chromatin immunoprecipitation sequencing (ChIPseq) could
shed light on the genes directly regulated by these ZFPs in
both healthy and BC cells, providing insight into their mech-
anistic role in the disease. Another critical aspect for vali-

dation is probing disease-associated mutations in these ZFPs
from patient sequencing data. Recognizing prevalent muta-
tions may unveil structural or functional vulnerabilities that
can be therapeutically targeted. These newly identified ZFPs
offer promise as potential therapeutic targets, with potential
therapies either inhibiting or amplifying their activity based
on their role in tumor progression. The use of Kaplan-Meier
plots in this research proves invaluable in discerning the prog-
nostic significance of these proteins. Identifying ZFPs that are
associated with aggressive tumor phenotypes could aid in the
early prognosis of high-risk patients, while understanding the
functional role of specific ZFPs in tumorigenesis could facili-
tate the development of targeted therapies. Additionally, eval-
uating the diagnostic potential of ZFPs, either as biomarkers
or as potential therapeutic targets, could enhance the accuracy
of breast cancer detection and treatment. If specific ZFPs con-
sistently correlate with reduced survival rates in subsequent
studies, they could become vital diagnostic markers. This
would assist clinicians in identifying patients at elevated risk
and consequently influence therapeutic decisions. Consider-
ing that ZFPs are pivotal regulators of gene expression, un-
veiling new ZFPs associated with breast cancer facilitates the
exploration of the downstream genes or pathways they govern.
This opens the door to a richer understanding of the molecular
drivers of the disease.

Moreover, correlations between the expression or mutation
status of these ZFPs and therapeutic outcomes could steer the
development of tailored treatment plans, pushing the bound-
aries of personalized medicine. A deeper exploration of the
underlying biological mechanisms is necessary to elucidate
how ZFPs contribute to breast cancer progression or regu-
lation. This involves investigating the interactions between
ZFPs and other cellular components, such as DNA, RNA, and
proteins, and understanding their role in the signaling path-
ways associated with breast cancer. It is also essential to ex-
plore the potential of ZFPs in modulating the tumor microen-
vironment, which plays a critical role in cancer progression
and response to therapy. A comprehensive understanding of
the role of ZFPs in breast cancer will not only impact clinical
practice by enabling the development of more precise diagnos-
tic tools and therapeutic strategies but will also improve pa-
tient outcomes by facilitating early detection and personalized
treatment plans. This will contribute to the ongoing efforts to
push the boundaries of personalized medicine and improve the
overall survival rates of breast cancer patients. If specific ZFPs
are found to be associated with early stages of breast cancer
or with particularly aggressive forms of the disease, they could
be used as biomarkers for early detection and prognosis. For
instance, a high expression level of a particular ZFP in a pa-
tient’s tumor tissue or blood sample could indicate a higher
risk of rapid disease progression or metastasis. This infor-
mation would allow clinicians to classify patients into differ-
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ent risk categories and tailor their surveillance and treatment
strategies accordingly, ultimately leading to better patient out-
comes. Understanding the functional roles of different ZFPs in
breast cancer progression will enable the development of tar-
geted therapies. For instance, if a specific ZFP is found to play
a critical role in tumor growth or invasion, inhibitors targeting
this ZFP could be developed. This targeted approach would
potentially lead to more effective treatments with fewer side
effects, as it would specifically target the cancer cells with-
out affecting the healthy ones.The expression or mutation sta-
tus of ZFPs could also be used to predict a patient’s response
to specific therapies. For example, if a particular ZFP muta-
tion is associated with resistance to a specific chemotherapy
agent, patients with this mutation could be directed towards
alternative treatments, thereby avoiding the toxicity and inef-
ficacy of a treatment that is unlikely to be beneficial. Regular
monitoring of ZFP expression or mutation status during the
course of treatment could provide valuable information about
the disease progression and the effectiveness of the ongoing
treatment. For example, a decrease in the expression level of
a ZFP associated with tumor aggressiveness could indicate a
positive response to treatment, while an increase could signal
a need to modify the treatment plan.

By incorporating these strategies into clinical practice, clin-
icians will be better equipped to make informed decisions
regarding the diagnosis, prognosis, and treatment of breast
cancer patients, ultimately leading to improved patient out-
comes. This will contribute to the ongoing efforts to push the
boundaries of personalized medicine and improve the over-
all survival rates of breast cancer patients. By juxtaposing
the ZFPs highlighted in this research with those previously
linked to breast cancer, the study fills in the existing knowl-
edge chasms, underscoring the pivotal role of transcriptional
regulation in advancing disease understanding. The recently
identified ZFPs represent a promising frontier in the devel-
opment of therapeutic interventions, given their potential to
be harnessed for either inhibition or amplification, contingent
on their specific roles in tumor progression. Nevertheless,
this endeavor is not without its challenges. One concern is
the potential for off-target effects, whereby the modulation of
ZFP activity inadvertently impacts other cellular processes,
precipitating unforeseen side effects. This is a consequence
of the intricate network of interactions in which these pro-
teins are involved, and the potential for cross-reactivity with
other cellular components. Moreover, the technical hurdles
associated with the development of targeted therapies cannot
be understated. Crafting molecules with the requisite speci-
ficity to selectively target the ZFPs of interest, without inad-
vertently interacting with other proteins, presents a significant
challenge. This necessitates a rigorous optimization process
to ensure not only the efficacy of the therapeutic agent but
also its safety profile. The role of ZNF461 in BC presents a

multifaceted subject for discussion, necessitating a thorough
exploration of its potential functions, interactions, and overall
relevance to the biological underpinnings of BC. ZNF461, in-
versely proportional to survival rate in BC, emerged as a sig-
nificant area of interest, especially given its potential prog-
nostic implications. Its proposed interactions with key pro-
teins already implicated in BC, namely TOX2, HDAC2, and
PHGDH, underscore a mechanistic interconnectedness that
could provide critical insights into the cellular processes mod-
ulated by ZNF461 such as modulating the tumor microen-
vironment, promoting cellular proliferation, and facilitating
metastasis. The genomic profiling of ZNF461 revealed a pre-
dominant state of amplification, punctuated by sporadic in-
stances of deep deletions. Such amplification events are po-
tentially linked to a surge in protein expression levels. As-
suming ZNF461 functions as a growth-promoting factor, this
could invariably facilitate oncogenesis and further propel tu-
mor progression. This hypothesis aligns with the observed
correlation between ZNF461 amplification and unfavorable
prognostic outcomes in BC. Furthermore, the distinct patterns
of ZNF461 amplification and mutations across different BC
subtypes and stages suggest a nuanced role for ZNF461 in can-
cer progression or metastasis. This hypothesis is further sub-
stantiated by the predicted interactions between ZNF461 and
proteins integral to cancer survival, metastasis, and tumor ag-
gressiveness. Critically, mutations were frequently observed
within the C2H2 domain of ZNF461, a region associated with
DNA binding. Such mutations could potentially disrupt DNA
binding capacity, consequently altering downstream gene reg-
ulation and impacting ZNF461’s functional role as a transcrip-
tion factor interacting with established oncogenes. This hy-
pothesis aligns with the broader cancer hallmark of dysregu-
lated gene expression and implies that the specific loci of mu-
tations within ZNF461 may be pivotal in BC pathogenesis and
progression.

Additionally, the observed co-expression between ZNF461
and JRKL, DEPDC4, and NUDCDI, albeit weak in some in-
stances, suggests a potential interaction within the BC con-
text. Given the established involvement of JRKL, DEPDC4,
and NUDCDI in BC, the detected co-expression, despite its
relative weakness, strengthens the hypothesis that ZNF461 as
a transcription factor functions as a central component in BC
pathology. The absence of co-expression with other interact-
ing proteins could potentially indicate that ZNF461 inhibits,
rather than promotes, their transcription. However, the lim-
ited sample size for the analysis necessitates further investi-
gation to substantiate both the statistical significance and the
strength of the correlation. The genomic profile of ZNF461,
its predicted interactions with key proteins, and the observed
co-expression with specific proteins collectively suggest a nu-
anced role for ZNF461 as a transcription factor in BC patho-
genesis and progression. Nonetheless, these findings neces-
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sitate further validation and a more detailed mechanistic un-
derstanding to fully elucidate the role of ZNF461 in BC. The
selection of online tools in this study enriched the analysis,
yet the inclusion of additional tools might have enhanced its
depth and breadth. A functional predictive analysis tool could
have complemented the Kaplan-Meyer analysis, particularly
for assessing the potential of ZFPs as oncogenes. PolyPhen-2
(Polymorphism Phenotyping v2) could have been employed
to predict the impact of amino acid substitutions on human
protein structure and function, especially for ZFPs that dis-
played significant Kaplan Mayer plots but lacked literature re-
view data. It would have also been interesting to compare the
pathways of the homologous ZFPs to the identified ones to see
if they have common interacting proteins, strengthening the le-
gitimacy of the approach. Additionally, for a comprehensive
pathway analysis of ZNF461 using STRING, tools like KEGG
(Kyoto Encyclopedia of Genes and Genomes) could have con-
textualized the interactions within broader metabolic and sig-
naling pathways. Such an approach would offer a panoramic
view of potential impacts, deepening the understanding of
these proteins’ roles within cellular networks.Moreover, the
inclusion of a domain-level homology analysis or a compar-
ison of DNA binding motifs between different ZNFs could
have be valuable. Mutations in these motifs can significantly
influence the function of the ZNF. However, a major challenge
in implementing this is that such data does not exist for many
of the less-studied TFs.

This research approach demonstrates several strengths. A no-
table advantage is the comprehensive use of multiple tools
and databases, such as BLASTp, NCBI, NEEDLE EMBOSS,
cBioPortal, and STRING. Such diversity provides a holistic
analysis, covering multiple aspects from protein function to
clinical relevance. Moreover, the detailed validation process
using both BLASTp and NEEDLE EMBOSS ensures a ro-
bust validation of homology. The approach also excels in its
expression analysis, with Kaplan-Meier plots and hazard ra-
tio evaluations providing a tangible clinical context for the
identified ZFPs. The in-depth analysis of the selected pro-
tein, ZNF461, from its protein-protein interaction network to
its co-expression analysis, offers a detailed perspective on its
potential role in BC. Since a homology interference method-
ology hasn’t been tested previously and has been used in the
context of identifying novel oncogenes/tumor suppressor and
in analyzing ZFPs, we have limited outlets for comparison.
Nevertheless, ZNF711’s role in BC was initially speculated in
a paper on bioinformatics. When we were searching for ho-
mologous proteins to ZFX, ZNF711 was one of them. This in
a way offers more confirmation for our findings. The method-
ology employed in this study has not been utilized specifically
for the identification of new oncogenes and tumor suppres-
sors, as well as for the analysis of zinc ZFPs. This limits the
availability of comparable studies for reference. However, the

involvement of ZNF711 in BC was initially hypothesized in
a bioinformatics paper'®. In this paper, we initially iden-
tified ZNF711 as a homologous protein to ZFX (oncogene).
This prior indication of a connection between ZNF711 and
BC through other bioinformatics approaches lends additional
support to our findings and underscores the potential signifi-
cance of this research.

However, the methodology is not without its limitations.
While the databases used are reputable and commonly used
in bioinformatics research, they each come with their own
set of challenges and potential inaccuracies. Data entry er-
rors, incomplete datasets, or even the algorithms they employ
can introduce inconsistencies, making any findings based on
them potentially error-prone.A second concern arises from the
dependency on previously published research for expression
analysis, which can restrict insights if the existing literature
has its own biases or limitations. This would primarily be the
case for the initial identification of ZFPs involved in BC and
then for the literature review of the ZFP homologs’ role in
cancer, which are both valuable components influencing the
legitimacy of the study. Another weakness is the assumption
that sequence similarity directly correlates with functional rel-
evance in BC. This may not always be accurate, and devia-
tions from this assumption can influence the validity of the
study’s predictions. Nevertheless, the study aims to mitigate
this error by ensuring further confirmation with diverse tools,
especially with the further analysis on the role of ZNF461 in
breast cancer. Moreover, as the research is fundamentally a
bioinformatics analysis, all conclusions drawn are theoreti-
cal and lack experimental validation. Given the complexity
of cancer, a bioinformatics-based approach can only provide
preliminary insights. Concrete conclusions and therapeutic
recommendations would necessitate further experimental in-
vestigations to validate the predictions made by this study.
Overall, the findings of this research underscore the promise
of leveraging homology interference as a potent tool for pre-
dicting cancer-associated biomarkers, specifically within the
realm of ZFPs—a technique that remains markedly underuti-
lized. This study provides an insightful and comprehensive
synthesis of the function and impact of the investigated ZFPs
and their homologs in the landscape of BC and wider oncology
research. Additionally, it illuminates the potential avenues for
future investigations, underscoring its significant implications
for breakthroughs in cancer diagnostics and treatment strate-
gies.
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