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ABSTRACT

Background: Several studies have demonstrated that the expression status of
isoforms is more informative as a biomarker than overall gene expression. This study
aimed to determine highly but significantly expressed transcript isoforms and
evaluate their prognostic and diagnostic impact in breast invasive carcinoma
(BRCA) Stage | patients.

Methods: The differentially expressed genes and their transcript isoforms in
BRCA Stage | were determined using the Cancer Differentially Expressed Isoform
(Cancer DEIso) and gene platform based on The Cancer Genome Atlas (TCGA)
data. The prognostic and diagnostic impact of significantly upregulated top 10 genes
and their transcripts were determined using the Cancer DEIso tool, the Kaplan-Meier
(KM) method, and the Receiver Operating Characteristic Curve (ROC) approach,
respectively. Isoform-level protein-protein interactions (PPI) were constructed using
the Domain Interaction Graph Guided ExploreR (DIGGER) database.
ConsensusPathDB was used to perform pathway enrichment analysis based on the
constructed interactions.

Results: The results revealed that NM_024037, NM 001143782, and
NM_021619 transcript isoforms have significant diagnostic ability to distinguish
stage | BRCA patients from normal with AUC values 93.2%, 77.1% and 75.3%,
respectively. KM-plot analysis showed that these three isoforms have no prognostic
significance in Stage | patients, but their upregulation was correlated with decreased
survival in BRCA patients regardless of stage. Isoform-based pathway enrichment
analyses indicated that these three isoforms were involved in chromatin
organization, senescence, DNA damage and several signaling pathways which
contributes to cancer when there is misregulation.

Conclusion: NM_024037, NM_001143782, and NM_021619 transcript isoforms
are potential biomarkers for detecting early-stage BRCA. Thus, it is essential to find
out how these three isoforms contribute to the development of breast carcinogenesis
and develop a new approach for capturing breast tumors at an earlier stage of the
clinical landscape.

Copyright © 2024. This is an open-access article distributed under the terms of the Creative Commons Attribution-Non-Commercial 4.0 International License, which permits copy
and redistribution of the material in any medium or format or adapt, remix, transform, and build upon the material for any purpose, except for commercial purposes.

INTRODUCTION
Despite the substantial advancements in cancer
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holds the record as the most prevalent neoplastic
malignancy, especially in women.! It accounts for
25% of cancer cases and about 17% of cancer deaths.?
The GLOBOCAN Cancer Tomorrow prediction tool
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estimates that the incidence of the disease will
increase by over 55% by 2050.> Mangone et al.
pointed out that the 5-year relative survival rate of
BRCA patients at stages I, II, 11, and IV was 100%,
89.7%, 71.4%, and 29.1%, respectively (with 95%
confidence intervals P-value <0.05).* Therefore,
detecting breast cancer at an early stage plays a
pivotal role in reducing patient mortality and
eradicating one of the biggest challenges in
healthcare.

BRCA is a genetically and clinically
heterogeneous disease with several subtypes. These
subtypes have been classified based on the expression
of the following hormone receptors: estrogen (ER+),
human epidermal growth factor (HER2+), and
progesterone (PR+).° In addition, there is also the
triple-negative ~ (TNBC)  subtype, which s
characterized by the lack of expression of these
receptors.® The expression status of these three
receptors, Ki67, a proliferative index, and p53, is used
as molecular predictive and prognostic breast
markers.® Furthermore, other markers have been
reported such as several gene alterations, miRNAS,
urokinase-type plasminogen activator (UPA) and
plasminogen activator inhibitorl (PAI-1),
programmed death ligand 1 (PD-L1), and
programmed cell death protein 1 (PD-1) receptors as
well as microsatellite repeat instability (MSI) for
BRCA.% However, as tumor cells are highly
heterogeneous, these biomarkers are unfortunately
insufficient to classify BRCA patients and detect
tumor formation at earlier stages.

In the search for reliable early detection methods,
biomarkers have played an increasingly important
role in recent years. They offer a non-invasive, cost-
effective, and efficient means of early detection
compared to traditional methods such as
mammography, ultrasonography, and biopsy.
Although biopsy is a reliable tool for a specific
diagnosis compared to other methods, it is inefficient
as it requires multiple procedures, usually taking 7 to
10 days to obtain a result. Therefore, finding the most
efficient biomarker(s) to enable the earliest diagnosis,
increase the possibility of personalized treatment, and
facilitate monitoring the response to therapy is
crucial.

It has been shown that the expression status of
specific isoforms is more relevant and informative as
a biomarker than overall gene expression for disease
diagnosis, subtyping, prognosis, and drug response
prediction.'?® Additionally, Zhleh et al. indicated
that expression-based features were significantly
more strongly associated with sensitivity to most
drugs than mutations and copy number alterations.®
Several isoform-specific potential biomarkers have
been reported as predictive outcome indicators in
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breast cancer not only for detecting tumor formation
or progress but also for drug response.®®
Nevertheless, none of them are considered predictive
biomarkers for early stage and are routinely used in
clinics.

This study used web-based bioinformatics
platforms to assess the transcript isoforms expressed
in Stage | BRCA tissue samples. We further analyzed
differentially expressed isoforms that are not
functionally involved in BRCA and aimed to discover
novel potential predictive isoform biomarkers that
can be used for early diagnosis. As BRCA is a global
health concern that requires the development of novel
and highly efficient approaches for diagnosis and
treatment, this study opens a pathway for the
detection of potential early isoform biomarker(s) to
improve diagnosis and personalized treatment.

METHODS

Analysis of differentially expressed transcript
isoforms in stage | of BRCA

This study used the Cancer DElso database to
search for potential BRCA isoform biomarkers. This
database collected different types of data from TCGA,
including RNA sequencing and clinical data, and
provided information on differential expression at
both gene and isoform levels through differential
analysis considering the stages of the samples. 202! In
this database, differential expression analysis is
performed using the average fragments per kilobase
per million mapped fragments (FPKM) ratio between
the selected conditions. Accordingly, differential
expression analysis of each transcript in Stage | of
BRCA was computed by the average FPKM ratio of
Condition 2 (Stage I, n=182) and Condition 1
(Normal, n=113). The false discovery rate (FDR) was
used to correct for multiple testing. The g-value and
fold-change parameters were calculated to assess the
statistical significance of differential expression. The
database uses the Cufflinks tool for these calculations.
Thus, the fold change of average FPKM was set as >
2. The g-values were calculated by the one-tailed
independent t-test to determine whether the average
value of FPKM of Condition 2 was greater than
Condition 1. The g-value cut-off was defined as 0.05.

Diagnostic  performance of  differentially
expressed transcript isoforms in Stage | BRCA

RNA sequencing by expectation maximization
(RSEM) normalized isoform expression data of Stage
| BRCA were collected by TCGA. 2 To evaluate the
diagnostic performance of the transcript isoforms, the
Receiver Operating Characteristic (ROC) curve
method was used, which utilizes the parameters of
sensitivity (indicating how well the isoform identifies
true positives) and specificity (indicating how well
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the isoform identifies true negatives) to predict
diagnostic ability.

The area under the ROC curve (AUC) was
calculated to determine the overall diagnostic
accuracy. A transcript isoform with an AUC value >
70% was considered statistically significant 2 and
accepted as a diagnostic isoform.

Prognostic  performance  of  differentially
expressed transcript isoforms in Stage | BRCA

To evaluate the prognostic performance of
isoforms with significant diagnostic ability, clinical
information (i.e., days to patient death, patient vital
status, and days to last follow-up) of stage | BRCA
samples from TCGA was collected and used in the
analysis in addition to RNA sequencing-RSEM-
normalised isoform expression data. The prognostic
abilities of the isoforms were assessed using the
Kaplan-Meier (KM) plots and the logrank test. All
analyses were performed using the survival package
in R/Bioconductor (version 4.0.2). 2 Using this
package, the samples were divided into two groups
(Group 1 and Group 2) according to the calculated
prognostic index, a linear component of the Cox
model. The cox proportional hazard ratio [HR =
(O1/E1)/(O2/E2)] was calculated based on the ratio
between the relative mortality rates in Group 1 and
Group 2, where O and E are the observed and
expected number of deaths, respectively.

In addition, the prognostic capacity of the isoform
biomarker candidates was evaluated for all BRCA
samples without consideration of stage differences
using the Cancer DElso database. 2 The database
performed a survival analysis using the FPKM values
generated by Cufflinks. Accordingly, the database
divided the samples into two groups, considering the
percentile threshold (50%). One group consisted of
patients with higher FPKM values considering the
threshold, and the other group consisted of patients
with lower FPKM values considering the threshold.
Using the created groups, the database performed a
survival analysis based on the KM method with
Python and calculated the logrank P-value. A
transcript isoform with a logrank P-value <0.05 was
considered statistically significant in the survival
analysis.

Analysis of isoform-specific protein-protein
interactions

PPI at the isoform level was reconstructed using
the DIGGER database. 2 Accordingly, the Ensemble
and UCSC IDs of each differentially expressed
transcript isoform were determined, and either protein
or domain interactions were reconstructed for

differentially expressed transcript isoforms. Using the
proteins that interacted with the isoforms, pathway
enrichment analyses were performed  with
ConsensusPathDB ~ using only the Kyoto
Encyclopaedia of Genes and Genomes (KEGG)
database as a source of the pathways. % Fisher’s exact
test and a FDRadjustment were applied to the P-
values in the enrichment analyses. An adjusted P-
value <0.01 was considered statistically significant.

RESULTS

Differentially Expressed Transcript Isoforms in
Stage | of BRCA

In this study, differentially expressed 6465
transcript isoforms were determined using the Cancer
DElso database, 93 of which could not be directly and
functionally linked to BRCA by searching the
literature in Pubmed (Supplementary Table 1,
Supplementary Table 2). Subsequently, 11 transcript
isoforms were selected based on their significantly
higher expression than normal tissues in Stage |
BRCA. (Supplementary Table 2). Accordingly,
NM_001033555 (one of the transcript isoforms of
SPECC1), NM_001206916 and NM_001206917
(two of CACNBS transcript isoforms), NM_024037
(one of the two transcript isoforms of AUNIP),
NM_ 001301824 (one of the AZIN2 transcript
isoforms), NM_001143782 (one isoform of
FKBP11), NM_080860 (one isoform of RSPH1),
NM_001297721 (one isoform of Clorf43),
NM 001164638 (one isoform of ENDOV),
NM_001085365 and NM_021619 (transcript
isoforms of MZT2A and PRDM12, respectively)
showed g-values between 3.202x10-%*and 3.564x10°°
as well as fold changes between 5.089 and 2.014
(Figure 1, Table 1).

Diagnostic Performance Analysis of Differentially
Expressed Transcript Isoforms

In this study, the TCGA-normalized isoform
expressions of stage | BRCA data were used for
diagnostic analysis. Since expression data could only
be obtained from TCGA for 3 of the 11 statistically
significant isoforms, the diagnostic analyses were
only performed for these three isoforms (AUNIP:
NM_024037, FKBP11: NM_001143782, PRDM12:
NM_021619). The ROC curve method was used for
the diagnostic performance analyses. AUC values
were calculated to understand the discriminatory
ability of the isoforms between stage | BRCA patients
and normal samples. Accordingly, the transcript
isoform NM_024037 with the highest AUC value
(0.93) had the most significant diagnostic impact
compared to the other two (Figure 2A-C).
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Figure 1. Significantly upregulated 11 transcript isoforms in BRCA stage I. The expression level of A) NM_001033555
transcript isoform of SPECC1 gene, B) NM_001206916 transcript isoform of CACNB3 gene, C) NM_001206917 transcript
isoform of CACNB3 gene, D) NM_024037 transcript isoform of AUNIP gene E) NM_001301824 transcript isoform of AZIN2
gene, F) NM_001143782 transcript isoform of FKBP11 gene, G) NM_080860 transcript isoform of RSPH1 gene, H)
NM_001297721 transcript isoform of Clorf43 gene, 1) NM_001164638 transcript isoform of ENDOV gene, J)
NM_001085365 transcript isoform of MZT2A gene, K) NM_021619 transcript isoform of PRDM12 gene were found to be
increased in BRCA samples compared to normal in Stage I. Differential expression was defined as FC > 2. q < 0.05 was
considered statistically significant.
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Figure 2. The ROC curve analyses of three upregulated transcript isoforms in BRCA Stage I. Three transcript isoforms: A)
NM_024037 (AUNIP), B) NM_001143782 (FKBP11), and C) NM_021619 (PRDM12), with AUC values of 93.2%, 77.1%,
and 75.3%, respectively.
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In addition, increased expression levels of
NM_001143782 and NM_021619 isoforms displayed
appropriate AUC values (0.771 for NM_001143782;
0.753 for NM_021619) in Stage | BRCA. Therefore,

all these transcript isoforms demonstrated a
statistically significant diagnostic capacity (AUC
value > 70%).

Table 1. All transcript isoforms with their differential expression and prognostic performance

Gene RefSeq ID Avg FPKM  Avg FPKM g-Value (Cancer DEIso) Survival (Logrank
Stage | Normal p-Value)
NM_001033554  0.767 0.351 6.757e-15 0216
NM_001033553  1.434 2.506 1.000e+00 0581
SPECCL NM_001033555  4.824 0.948 3.202e-24 0023
NM_001243438  0.218 0.233 7.033e-01 0.656
NM_001243439  0.217 0.397 9.985¢-01 0.903
NM_152904 0.324 0.931 1.000e+00 0151
NM_001206916  9.570 3.251 1.051e-23 0.04
CACNB3  NM_000725 1.955 1.955 8.998e-19 0.183
NM_001206915  0.011 0.008 3.415e-01 0.808
NM_001206917  4.950 2.458 3.564e-09 0.042
AUNIP  NM_024037 1.919 0.437 3.521e-22 0.03
NM_001287490  0.182 0.052 4.352¢-08 0.779
NM_001301824  1.261 0.376 1.418e-19 0.043
NM_001293562  2.984 1.733 1.705e-18 0.775
AZINZ M 001301823 0.247 0.104 2.585€-09 0.637
NM_001301825  0.115 0.056 1.504e-02 0.576
NM_001301826  0.442 0.440 4.805e-01 0.941
NM_052998 0.311 0.176 1.743e-10 0.016
NM_001143782  5.340 2.544 3.357e-19 0.046
FKBP11 ~ NM 001143781  1.519 0.598 5.958e-04 0.062
NM_016594 28.013 18.501 3.64e-07 0.062
RSPH1  NM_080860 3.489 1.040 2.277e-18 0.003
NM_001286506  3.907 0.789 5.146e-17 0.065
NM_138740 18.740 5.048 6.796e-29 0.066
NM_001098616  74.031 62.210 2.673e-03 0.305
Clorfag  NM_001297717 1018 0.168 4.985¢-11 0.453
NM_001297718  7.396 3.909 8.779e-04 0.129
NM_001297720  12.750 6.839 7.257e-16 0.447
NM_001297721  1.203 0.295 3.634e-18 0.045
NM_001297723  1.281 0.683 1.046e-12 0.883
NM_015449 70.457 35.981 2.304e-38 0.562
NM_001164638  3.086 1.291 3.706e-18 0.019
ENDOV  NM_001164637  2.377 2.694 9.350e-01 0.484
NM_173627 1.899 1.427 4.848e-04 0.016
MZT2A  NM_001085365  60.856 21.503 6.990e-18 0.017
PRDM12 NM_021619 0.062 0.023 2.124e-17 0.019

Survival Analysis of Differentially Expressed
Transcript Isoforms

To understand the prognostic performance of the
isoforms, TCGA-normalized isoform expressions
from Stage | BRCA data and clinical data were used
and integrated, and survival analyses were performed.
In the survival analyses, isoforms NM_024037,

NM_001143782, and NM_021619, which have high
diagnostic performance, were evaluated using the KM
method based on their logrank P-values and hazard
ratios. As a result, no statistically significant P-values
were observed (for isoform NM_024037 HR: 1.556
and p-value: 0.375; for isoform NM_001143782 HR:
1.749 and P-value: 0.262 and for isoform
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NM_021619 HR: 1.646 and P-value: 0.314). This
showed that these isoforms were not significantly
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correlated with overall survival in Stage | BRCA
(Figure 3A-C).
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Figure 3. KM-plot analyses of three diagnostically significant transcript isoforms in Stage | of BRCA. The upregulation of
A) NM_024037 (AUNIP), B) NM_001143782 (FKBP11), and C) NM_021619 (PRDM12) is not correlated with poor survival
in the high-risk group of patients compared with the low-risk group in stage I.

In addition, the prognostic capacity of these three
transcripts was evaluated without considering stage
differences, and all cancer samples were analyzed
simultaneously. The cancer DEIso database was used
for these analyses, and again, the results were
evaluated using the KM method and logrank P-values.
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All three transcript isoforms had statistically
significant P-values (logrank P-value <0.05).
Therefore, these three isoforms were associated with
reduced overall survival of BRCA patients (Figure

4A-C).
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Figure 4. The Survival analyses of three diagnostically significant transcript isoforms in BRCA patients at all stages. The
three isoforms A) NM_024037 (longrank P-value: 0.03), B) NM_001143782 (logrank P-value: 0.046), C) NM_021619
(logrank P-value: 0.019) were found to be associated with decreased survival in BRCA patients for all stages. Logrank P-

value <0.05 was considered significant.

Isoform Level Protein Interactions

DIGGER database was used to visualize the
interaction patterns of three transcript isoforms with
significant diagnostic impact. For this purpose, the
ensemble IDs of the individual transcripts were
obtained and used to determine the isoform-based
interactions. Isoform-level interaction analysis
showed that AUNIP-201 (ENST00000374298.4) and
FKBP11-203 (ENST00000453172.2) interact with
seven proteins (Figure 5A-B). In addition, PRDM12-
201 (ENST00000253008.3) was the isoform that only
interacted with EZH2 (Enhancer of zest homolog 2)

Gundesili et al. Arch Breast Cancer 2024; Vol. 11, No.

(Figure 5C). We could also visualize the domain
interaction of PRDM12-201 and EZH2 (Figure 5C).
Moreover, a pathway enrichment analysis was
performed to understand whether these PPIs might
play a role in BRCA initiation/progression,
particularly for the isoforms of FKBP11 and AUNIP.
Thus, the interacting protein partners of these
isoforms were found to be associated with several
signalling pathways related to tumor formation or
cancer progression (Supplementary Table 3 and
Supplementary Table 4).
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Figure 5. PPI analysis of three transcript isoforms with significant AUC values. The visualizing network of A) AUNIP, B)
FKBP11, and C) PRDM12 isoforms interacted with proteins based on the DIGGER database. Transcript isoforms were
represented as Ensembl Names, AUNIP-201 (ENST00000374298.4), FKBP11-203 (ENST00000453172.2), and PRDM12-

201 (ENST00000253008.3), respectively.

DISCUSSION

Multiple transcript and protein isoforms are
generated by alternative splicing events that
significantly increase transcriptomic and proteomic
diversity. Several studies revealed that cancer exhibits
extensive RNA dysregulation, so in addition to gene
signature differences, isoform signature differences
can be used to distinguish normal tissue from cancer.
2629 In line with this idea, this study uncovered the
various differentially expressed transcript isoforms
and investigated whether these spliced isoforms are
relevant to the survival and diagnosis of stage | BRCA
patients. As a result, our data demonstrated that
elevated expression of NM_024037 (belongs to
AUNIP gene), NM_001143782 (belongs to FKBP11
gene), and NM_021619 (belongs to PRDM12 gene)
have a high diagnostic performance and could be
considered as potential biomarkers for early-stage
BRCA diagnosis.

This study showed a significant association
between BRCA and the transcript isoform
NM_024037, which belongs to the AUNIP gene.

AUNIP (Aurora Kinase A and Ninein Interacting
Protein), also known as AlBp, plays a crucial role in
mitotic spindle assembly, the maintenance of
centrosomal structure during the cell cycle process,
and the repair of DNA double-strand break. %! It has
been shown that there is an interaction between
AUNIP and Aurora-A, co-expressed in brain tumors.
%0 Moreover, one of the studies reported that AUNIP
expression was upregulated in oral squamous cell
carcinoma (OSCC), and depletion of AUNIP
expression inhibited cell proliferation in OSCC. %
AUNIP has also been associated with tumor
infiltration and might serve as a prognostic and
diagnostic biomarker for hepatocellular carcinoma
(HCC) and lung adenocarcinoma (LUAD). * In
addition, a recent study indicated that AUNIP was one
of the critical potential diagnostic and therapeutic
targets for pancreatic cancer.®

To our knowledge, no association between AUNIP
and BRCA development has been reported. In this
study, ROC curve analysis revealed that one of the
two transcript isoforms of the gene, NM_024037, had
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the most significant diagnostic ability among the
other isoforms with considerable AUC value (93%)
and might be an excellent early predictor to detect
tumor tissue. On the other hand, increased expression
of NM_024037 did not correlate with survival in
Stage | since the early-stage survival ratio was very
high up to 5 years. Moreover, the enrichment analysis
showed that the isoform might be involved in
pathways associated with the occurrence and
progression of human malignant tumors. Overall, this
data suggests that NM_024037 isoform may play a
crucial role as a promoter of breast tumor formation
and can be used as a diagnostic isoform biomarker.
However, functional and more detailed molecular
studies are required to understand the function of
NM_024037 isoform in BRCA development.

The transcript isoform NM_001143782, which
belongs to the FKBP11 gene, showed statistically
significant results for predicting the diagnosis of
Stage | BRCA patients. FKBP11 (FKBP Prolyl
Isomerase 11) is a member of FK506-binding proteins
(FKBPs), which belong to the family of conservative
intracellular immunophilins. ** The FKBP gene
family comprises 16 members that play critical roles
in various biological activities such as cellular
homeostasis, metabolism, T-cell activation, and
carcinogenesis. %% However, several studies have
demonstrated that increased expression of FKBP11
promotes tumorigenesis in OSCC, clear cell renal cell
carcinoma (ccRCC), LUAD, and osteosarcoma. 384
Therefore, these findings suggest that FKBP11 acts
on the development of diverse cancer types; however,
there is currently no data on FKBP11 to demonstrate
its involvement with BRCA development.

Our results put the importance of FKBP11 at the
isoform level (NM_001143782) for predicting the
prognosis and diagnosis of BRCA. The increased
expression of NM_001143782 transcript isoform was
associated with decreased survival when differences
in the patient stage were not accounted for as
expected. In addition, survival analysis of this isoform
showed no significance when Stage | BRCA patients
were considered. The enrichment analysis also
supports the idea that this isoform could contribute to
the pathways involved in regulating gene expression,
activating ~ pro-tumorigenic  signalling,  and
transforming healthy cells into cancer. Consequently,
in vitro and in vivo studies should be performed to
clarify the exact role of the NM_001143782 transcript
isoform in the development of breast cancer.

Our study also revealed that the transcript isoform
NM_021619, which belongs to the PRDM12, has a
high diagnostic capacity in Stage | BRCA patients.
PRDM12 belongs to the PRDM [PRDI-BF1 (positive
regulatory domain I-binding factor 1) and RIZ1
(Retinoblastoma Protein-Interacting Zinc Finger

Bioinformatics tools in early diagnosis of BC @

Gene 1) homologous domain containing] gene family
that encode for Kruppel-like zinc finger proteins. 42
Histone-modifying enzymes interact with PRDM
proteins directly or indirectly. 4% Thus, these
proteins were proposed to regulate gene expression. 44
Sorrentino et al. demonstrated that mMRNA expression
of PRDM12 was increased in various cancers, such as
breast, ovary, lung, colon, kidney, liver, prostate, and
thyroid, compared to normal adult tissues. *
However, several studies have indicated that
derivative chromosome 9 deletion or rearrangements
within a region containing the PRDM12 gene prompt
the aggressive, chronic myeloid leukemia (CML)
phenotype and correlate with poor survival of
patients. 647 A recent study has reported that the
combined expression of some genes, including
PRDM12, is associated with poor progression-free
survival in BRCA patients with lymph node invasion.
48 Qur results showed that high-level expression of
PRDM12 transcript isoform, NM_021619, is linked
to poorer survival for all BRCA stages, and that it has
a significant ability to distinguish normal from Stage
| cancer tissue. Besides, no significant prognostic
impact of this isoform has been detected for Stage |.
Notably, the interaction between PRDM12 and
EZH2, which is also involved in BRCA growth and
metastasis, demonstrates the functional relevance of
PRDM12 in the development and progression of
breast tumors. 4>*° Therefore, accurate functional data
are essential to elucidate the possible role of
NM_021619 in the early phase of breast
tumorigenesis.

Besides these findings, the main limitation of the
study is that the data were obtained from
bioinformatics analyses. For this reason, these
potential early predictive BRCA isoform biomarkers
need to be functionally analyzed exhaustively by
performing both in vitro and in vivo assays to
determine how their translation from bench to bedside
will be impactful.

CONCLUSION

This study proposes the three isoforms
NM_024037, NM_001143782, and NM_021619 as
diagnostic biomarkers that can be used mainly for
early-stage BRCA patients (i.e., Stage I). As far as we
know, this study is the first to report the analysis of
TCGA data based on transcript isoforms at the level
of expression, diagnosis, and prognosis in BRCA
Stage I. As previously emphasized, analysis at the
isoform level is critical for discovering precious
biomarkers to impede the misdiagnosis of cancers.
Because of this, the present study provides valuable
insight into the discovery of valid and reliable BRCA
markers and the development of novel personalized
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therapeutic strategies for this intractable healthcare
problem.
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