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Abstract.

BACKGROUND: Abelson interactor 1 (ABI1) is associated with the metastasis and prognosis of many malignancies. The
association between ABI1 transcript spliced variants, their molecular constitutive exons and exon—exon junctions (EEJs) in 14
cancer types and clinical outcomes remains unsolved.

OBJECTIVE: To identify novel cancer metastatic and prognostic biomarkers from ABI1 total mRNA, TSVs, and molecular
constitutive elements.

METHODS: Using data from TCGA and TSVdb database, the standard median of ABII total mRNA, TSV, exon, and EEJ
expression was used as a cut-off value. Kaplan-Meier analysis, Chi-squared test (X?) and Kendall’s tau statistic were used to
identify novel metastatic and prognostic biomarkers, and Cox regression analysis was performed to screen and identify independent
prognostic factors.

RESULTS: A total of 35 ABI1-related factors were found to be closely related to the prognosis of eight candidate cancer types. A
total of 14 ABI1 TSVs and molecular constitutive elements were identified as novel metastatic and prognostic biomarkers in four
cancer types. A total of 13 ABI1 molecular constitutive elements were identified as independent prognostic biomarkers in six
cancer types.

CONCLUSIONS: In this study, we identified 14 ABI1-related novel metastatic and prognostic markers and 21 independent
prognostic factors in total 8 candidate cancer types.
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1. Introduction

Cancer is a major public health problem worldwide,
being the second leading cause of death in the United
States and the third in China [1,2]. Although there has
been tremendous progress in the diagnosis and treat-
ment of this condition, the prognosis of patients with
tumor metastasis is poor. Metastasis is still the largest
obstacle to resolving cancer cases and the main cause
of cancer-related death [3,4].

Metastatic cells exhibit extraordinary phenotypic
plasticity, not only in adapting to unfamiliar microen-
vironments but also in surviving aggressive treatments
and immune responses. A major source of phenotypic
variability is alternative splicing (AS) of pre-messenger
RNA [5]. There are multiple transcript spliced variants
(TSVs) in many mRNAs related to tumor metastasis
and prognosis, and their protein expression products
act either synergistically or antagonistically, and jointly
participate in the precise regulation of tumor cell adhe-
sion, invasion, migration, and other tumor cell behav-
iors [5-7].

Abelson interactor 1 (ABI1) encodes a class of adap-
tor proteins that can form complexes with one or more
proteins (e.g. WAVE2, NWASP, EPS8 and PI3K) to play
important pathophysiological roles [8]. Previous studies
showed that the abnormal expression and phosphory-
lation of ABII are involved in the invasion and metas-
tasis of various malignant tumors (colorectal cancer,
gastric cancer, pancreatic cancer, hepatocellular car-
cinoma, breast cancer, leukemia, prostate cancer, and
ovarian cancer, etc.), being closely related to their prog-
nosis [9-26].

The human ABI1 gene is located at chromosome
10p11.2, and its pre-mRNA can be spliced into at least
12 different ABI1-TSVs. They encode twelve differ-
ent protein isoforms, and their significant differences
in functional domains suggest that the regulation of
ABI1-TSVs in pathophysiological processes may be
meticulous and complex [8,24-26].

Based on previous data analysis of The Cancer Ge-
nomic Atlas (TCGA) and TSVdb database (http://tsvdb.
com) and in vivo and in vitro studies, we found that al-
ternative splicing is an important mechanism by which
ABII plays a precise regulatory role in colorectal can-
cer metastasis, and the key ABI1-TSVs can be used
as not only potential molecular markers for colorec-
tal cancer (CRC) metastasis and prognostic assess-
ment [25,26], but also as important therapeutic targets
with their molecular constitutive elements, exons and
exon-exon junctions (EEJs). By extension, we believe

that it is theoretically and practically significant to sys-
tematically analyze the roles and potential applications
of ABI1-TSVs and their molecular constitutive ele-
ments in the diagnosis and treatment of many cancer
types.

As Fig. 1 shows, we preliminarily explored the value
of applying ABI1-TSVs and their molecular constitu-
tive elements in the diagnosis and treatment of many
cancer types. Based on TCGA and TSVdb databases,
we also screened and identified the ABI1-related molec-
ular markers (total mRNA, TSVs, exons, and EEJs)
that are closely related to metastasis and function as
independent prognostic factors across many cancers.

2. Materials and methods

2.1. Acquisition of clinicopathological information
and RNA sequencing data

As Table 1 shows, we downloaded clinicopathologi-
cal information on patients with 14 cancer types from
TCGA (version 20,160,128) [27], and sequencing data
on ABI1 total mRNA, TSVs, and molecular constitutive
elements (exons and EEJs) from TSVdb [28]. A total
of 4439 patients (BLAC 311, BRAC 991, CESC 233,
ESCA 180, KICH 60, KIRC 500, KIRP 245, LIHC 304,
LUAD 430, LUSC 420, OV 298, PAAD 128, and STAD
318) with complete overall survival data and 225 pa-
tients (PRAD, cases without mortality) with complete
disease-free survival data were selected in our study.

2.2. Baseline analysis and cancer type selection

As Tables 2, 3 and 4 shows, after the Kaplan—Meier
analysis, cancer types with at least two of T-, N-, M-,
and/or clinical stages significantly associated with over-
all survival (OS) and/or disease-free survival (DFS)
were selected as candidate cancer types for subsequent
analysis.

Identification of ABI1-related and novel metastatic
and prognostic biomarkers in pan-cancer.

The standard median RNA-Seq by Expectation Maxi-
mization (RSEM) value (from the TSVdb database) was
used as a cut-off value to define high or low expression
levels of ABI1 total mRNA, TSVs (Table 2), and molec-
ular constitutive elements exons (Table3) and EEJs
(Table 4). Those prognosis-related ABI1 total mRNA,
TSVs, and constitutive elements (exons and EEJs)
screened in pan-cancer by the Kaplan—-Meier analy-
sis and the novel metastatic and prognostic biomarkers
were identified by further chi-squared test (X?2) and
Kendall’s tau statistic in across all 8 selected cancer

types.
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Fig. 1. Flowchart for the identification and analysis of metastatic and prognostic ABI1 total mRNA, TSVs, exons, and EEJs in pan-cancer.

2.3. Identification of ABIl-related and independent
prognostic biomarkers in pan-cancer

Combining the baseline and ABI1-related survival
analyses, Cox regression analysis was further per-
formed to identify the independent prognostic factors
from ABI1 total mRNA, TSVs, and molecular constitu-
tive elements (exons and EEJs) expressed in pan-cancer.

2.4. Statistical analysis

Statistical analysis was performed using SPSS 20.0
(IBM, Chicago, IL, USA). Kaplan—Meier analysis and
log-rank test were used for survival analysis to de-
termine the prognostic values of ABII total mRNA,
TSVs, and molecular constitutive elements (exons and
EEJs) in various cancer types. Those that are signifi-
cantly correlated with prognosis were selected for fur-
ther chi-squared test (X2) and Kendall’s tau statistic
analysis to further establish their correlation with the
clinical pathological features (Such as T, N, M, and
clinical stage) of various cancer types. Among them,
Chi-squared test was used to compare two groups, while
one-way ANOVA was used to compare three or more
groups. Cox proportional hazards regression model was
used for univariate and multivariate analyses to de-
termine the effects of ABI1 total mRNA, TSVs, and
molecular constitutive elements (exons and EEJs) on
OS and/or DFS in pan-cancer. P < 0.05 was considered
statistically significant.

3. Results

3.1. Correlation between clinicopathological
characteristics and overall survival
(OS)/disease-free survival (DFS) in various
tumors

As shown in Table 1, T-, N-, M-, and clinical stages
represent the main characteristics of metastasis in tu-
mor patients. Our analysis of the correlations of T-,
N-, M-, and clinical stages with overall survival (OS)
and/or disease-free survival (DFS) found that, among
the 14 cancer types (BLCA, BRAC, CESE, ESCA,
KICH, KIRC, KIRP, LIHC, LUSC, LUAD, OV, PAAD,
PRAD, and STAD), only 8 have at least 2 of T-, N-,
M-, and clinical stages closely related to OS and/or
DFS. All eight cancer types (BLCA, BRAC, ESCA,
KICH, KIRC, KIRP, LIHC, and LUAD) were selected
to perform subsequent screening and identification of
prognosis-related ABI1 total mRNA, TSVs, exons, and
EEJs.

3.2. Correlations of ABII total mRNA, TSVs, exon,
and EEJs expression levels with overall survival
(OS)/disease-free survival (DFS) in eight selected
cancers

As shown in Tables 2, 3 and 4, with regard to can-
cer types, we screened 14, 3, 11, 10, 17, 12, 13, and
15 ABII total mRNA, TSVs, exons, and EEJs closely
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related to OS and/or DFS in BLCA, BRAC, ESCA,
KICH, KIRC, KIRP, LIHC, and LUAD, respectively.

In BLCA, KICH, and LIHC, with the exceptions
of upregulated expression of ABI1-EEJ-14-13 (BLCA
and KICH) and ABI-EEJ-3-1 (LIHC) indicating a
good prognosis, upregulated expression of the other 13
(BLCA), 9 (KICH), and 12 (LIHC) ABI1-related fac-
tors indicated a poor prognosis. Meanwhile, in KIRC,
with the exception that the upregulated expression of
ABI1-EEJ-14-13 indicated a poor prognosis, the upreg-
ulated expression of all of the 16 ABI1-related factors
indicated a good prognosis.

In BRAC, patients with high expression of ABII-
EEJ-11.2-9 and 13-11.2 had long OS, and patients with
high expression of ABI1-EEJ-9-8 had short DFS. In
ESCA, the high expression of ABI1-TSV-3, -11, ABII-
EEJ-11.1-10, -13-9, -14-13 predicted a poor prognosis,
while the high expression of ABI1-TSV-4, ABI1-exon-
3, -4, -11, ABI1-EEJ-12-11.2 and -13-12 predicted a
good prognosis. In LUAD, patients with high expres-
sion of ABI1 total mRNA, ABI1-exon-3, -4, -8, -9, -
14, ABI1-EEJ-3-1, -4-3, -7-4, and 13-12 had long OS,
while patients with high expression of ABI1-TSV-3,
ABIl-exon-10, ABI1-EEJ-5-4, -7-5, and -13-11.2 had
short OS.

In KIRP, the upregulated expression of all of 12
ABIl-related factors was associated with poor progno-
sis, of which 2 were associated with short OS and 10
with short DFS.

From the ABI1-related factors studied, the prognosis
of KIRP and LUAD patients with high expression of
ABI1 total mRNA is poor. No prognosis-related ABI1-
TSVs were screened in patients with BRAC and KICH.
Upregulated ABI1-TSV-1 expression is involved in the
poor prognosis of patients with BLCA. High expression
of ABI1-TSV-3 is related to the poor prognosis of pa-
tients with BLCA and ESCA, but to the good progno-
sis of patients with LUAD. High expression of ABI1-
TSV-4 is related to the poor prognosis of patients with
BLCA and LIHC, but the good prognosis of patients
with ESCA and LIHC. High expression of ABI1-TSV-8
is related to the poor prognosis of patients with KIRP,
but the good prognosis of patients with KIRC. Upregu-
lated ABI1-TSV-11 expression is involved in the poor
prognosis of patients with ESCA.

No prognosis-related ABI1-exons were screened in
patients with BRAC and KIRP. High ABI1-exon-1 ex-
pression is related to the poor prognosis of patients with
BLCA and KICH, but the good prognosis of patients
with KIRC. Upregulated expression of both ABII1-
exon-3 and -4 is involved in the poor prognosis of pa-

tients with BLCA, KICH, LIHC, and LUAD, but in
the good prognosis of patients with ESCA and KIRC.
High ABIl-exon-5 expression is related to the good
prognosis of patients with KIRC. High ABI1-exon-7
expression is related to the poor prognosis of patients
with BLCA, KICH, and LIHC, but the good prognosis
of patients with KIRC. High ABI1-exon-8 and -9 ex-
pression is involved in the poor prognosis of patients
with BLCA, KICH, LIHC, and LUAD, but the good
prognosis of patients with KIRP. High ABI1-exon-11
expression is involved in the poor prognosis of patients
with BLCA, KICH, and LIHC, but the good prognosis
of patients with ESCA and KIRP. High ABI1-exon-12
expression is involved in the poor prognosis of patients
with BLCA and LIHC, but the good prognosis of pa-
tients with KIRC. High ABI1-exon-13 expression is in-
volved in the poor prognosis of patients with LIHC, but
the good prognosis of patients with KIRC. High ABI1-
exon-14 expression is involved in the poor prognosis of
patients with LIHC and LUAD.

Upregulated ABI1-EEJ-3-1 expression is related to
shorter OS in LUAD, but longer OS in LIHC and
KIRC. High expression of ABI1-EEJ-4-3 in patients
with LUAD is associated with a shorter OS, while high
ABI1-EEJ-5-4 and -7-5 are associated with longer OS.
High ABI1-EEJ-7-3 and -7-4 expression is related to
shorter OS in patients with LIHC and KICH but longer
OS in patients with KIRC. ABI1-EEJ-10-9 upregulation
is involved in poor prognosis in patients with KIRP and
shorter DFS in patients with BRAC. ABI1-EEJ-11.1-10
is related to shorter OS in ESCA and DFS in LIHC.
ABI1-EEJ-11.2-9 is related to shorter OS in BLCA and
DFS in LIHC, but longer OS in BRAC. ABI1-EEJ-12-
11.2 is associated with longer OS, while ABI1-EEJ-13-
9 is associated with shorter OS in patients with ESCA.
High ABI1-13-11.2 expression shows poor prognosis
in patients with LUAD and good prognosis in patients
with BRAC. ABI1-EEJ-13-12 is related to good prog-
nosis in patients with ESCA. ABI1-EEJ-14-13 is asso-
ciated with poor prognosis in patients with ESCA and
KIRC, but good prognosis in patients with BLCA and
KICH.

3.3. TCGA and TSVdb pan-cancer transcriptomic data
analysis of ABI1 TSVs, exons, and EEJs identifies
novel cancer metastatic markers (Table 5)

To screen and identify ABI1-related factors related
to tumor metastasis, we used chi-squared test and
Kendall’s tau statistic to establish the correlations of
prognosis-related ABI1 total mRNA, ABI1-TSV, ABI1-
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Table 5

Identification ABI1 TSV and molecular constitutive elements as metastatic and prognostic biomarkers in selected tumors

Cancer  ABII related .. T N M Clinical .. T N M Clinical
Statistics Statistics
types factors stage stage stage stage stage stage stage stage

BLCA  ABII-TSV-3* X2 11.350 12.823 11.493 12.546 K 0.150 0.218 0.195 0.157
p 0.045 0.021 0.005 0.004 p 0.054 0.005 0.057 0.003
ABII1-Exon-1* X2 6.272 4.162 3.579 11.404 K 0.123 0.123 0.176 0.150
p 0.281 0.516 0.192 0.007 p 0.115 0.115 0.086 0.005
ABII1-Exon-9 X2 3.739 6.134 4.365 7.673 K 0.053 0.127 0.172 0.103
p 0.588 0.276 0.137 0.037 p 0.497 0.105 0.093 0.055
ESCA  ABII-TSV-11 X2 12.153 4.448 8.106 17.878 K —0.105 0.120 0.114 0.037
p 0.025 0.345 0.016 0.001 p 0.157 0.112 0.178 0.625
ABII1-Exon-5 X2 10.878 3.488 8.229 8.225 K 0.115 —0.033 —0.001 0.121
p 0.021 0.470 0.015 0.077 p 0.120 0.658 0.992 0.108
ABI1-EEJ-13-9* X2 15.765 19.607 8.690 17.933 K —0.111 0.233  —0.058 0.000
p 0.005 0.000 0.012 0.001 p 0.135 0.002 0.496 0.998
ABI1-EEJ-12-11** X2 22.056 15.725 15.038 19.803 K 0.054 —-0.207 —-0.126 —0.099
p 0.000 0.003 0.000 0.000 p 0.462 0.006 0.137 0.191
ABI1-EEJ-13-12** X2 14.556 15.124 14916 18.329 K 0.085 —0.231 —-0.181 —0.151
p 0.009 0.004 0.000 0.001 p 0.251 0.002 0.033 0.045
KICH  ABII-Exon-7* X2 6.845 9.056 1.357 9.040 K —0.189 0.385 0.036 —0.166
p 0.061 0.029 0.507 0.025 p 0.119 0.014 0.836 0.167
ABII-EEJ-14-13** X2 3.930 4.861 3.357 9.796 K 0.110 —0.332 —0.268 0.076
p 0.226 0.182 0.187 0.008 p 0.363 0.033 0.118 0.528
KIRC ABII-TSV-1** X2 10.164 0.826 1.264 14.531 K —0.084 —0.040 —0.050 —0.087
p 0.017 0.662 0.532 0.002 p 0.049 0.533 0.275 0.037
ABII-TSV-4** X2 14.929 0.033 3.003 12.122 K —0.149 —-0.002 —-0.057 —0.129
p 0.002 0.984 0.223 0.007 p 0.000 0.973 0.215 0.002
ABII1-Exon-1** X2 11.334 1.679 8.442 10.628 K —0.132 —-0.047 —-0.074 —0.130
p 0.010 0.432 0.015 0.014 p 0.002 0.469 0.107 0.002
ABI1-Exon-3** X2 9.247 1.277 9.286 9.377 K —0.120 —-0.045 —-0.053 —0.114
p 0.026 0.528 0.010 0.025 p 0.005 0.491 0.248 0.006
ABI1-Exon-4** X2 13.094 1.277  16.342 14.227 K —0.143 —-0.045 —-0.112 —0.146
p 0.004 0.528 0.000 0.003 p 0.001 0.491 0.015 0.000
ABI1-Exon-7** X2 9.294 0.943 16.151 8.071 K —0.120 —-0.042 —-0.080 —0.117
p 0.026 0.624 0.000 0.045 p 0.005 0.513 0.083 0.005
ABII1-Exon-8** X2 8.111 1.679 14.119 7.524 K —0.112  —-0.047 —-0.045 —0.102
p 0.044 0.432 0.001 0.057 p 0.009 0.469 0.324 0.014
ABII1-Exon-11** X2 8.090 2.681 6.528 9.092 K —0.117 —-0.051 —-0.072 —0.113
p 0.044 0.262 0.038 0.028 p 0.006 0.427 0.116 0.007
ABII1-Exon-12** X2 19.528 0.268 11.752 20.087 K —0.187 —-0.033 —-0.139 —0.183
p 0.000 0.875 0.003 0.000 p 0.000 0.606 0.003 0.000
ABII-Exon-13 X2 1.548 0.831 8.118 2.338 K —0.380 —-0.011 —-0.019 —0.029
p 0.671 0.660 0.017 0.505 p 0.376 0.863 0.684 0.487
ABII-EEJ-3-1** X2 6.509 0.657 8.442 6.812 K —0.106 —0.025 —0.074 —0.108
p 0.089 0.720 0.015 0.078 p 0.012 0.705 0.107 0.009
ABII1-EEJ-14-13* X2 18.349 1.585 12.579 15.605 K 0.141 0.074 0.099 0.162
p 0.000 0.453 0.002 0.001 p 0.000 0.256 0.032 0.000

The correlation between ABI1 TSVs, Constitutive exons and EEJs and T, N, M or Clinical Stage in selected tumors. *poor prognosis; **good

prognosis.

exon, and ABI1-EEJ expression levels with T-, N-, M-,
and clinical stages.

As shown in Table 5, prognosis- and metastasis-
related ABII factors were screened in only 4 (BLCA,
ESCA, KICH, and KIRC) of the 8 selected cancer
types. In BLCA, the high expression of ABI1-TSV-3
and ABIl-exon-1 was not only positively correlated
with metastasis, but also a key factor associated with
poor prognosis. In ESCA, the high expression of ABI1-
EEJ-13-9 is a poor prognostic factor positively related

to metastasis, while ABI1-EEJ-12-11 and ABI1-EEJ-
13-12 are good prognostic factors negatively related
to metastasis. In KICH, the high expression of ABI1-
exon-7 is a poor prognostic factor positively related to
metastasis, while ABI1-EEJ-14-13 is a good prognos-
tic factor negatively related to metastasis. Except for
ABI1-EEJ-14-13, the high expression of 10 other ABI1
factors was negatively correlated with metastasis, which
was a key factor associated with the good prognosis of
KIRC.
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3.4. TCGA and TSVdb pan-cancer transcriptomic data
analysis of ABI1 TSVs, exons, and EEJs identifies
novel and independent prognostic markers
(Table 6)

To screen and identify ABI1-related factors that can
act as independent prognostic markers, we performed
Cox proportional hazards regression analysis of ABI1
TSVs, exons, and EEJs. As shown in Table 6, a to-
tal of 13 ABI1-related and independent OS prognos-
tic factors were identified from 7 cancer types (BLCA,
BRAC, ESCA, KIRC, KIRP, LIHC, and LUAD) and
eight ABIl-related and independent DFS prognostic
factors were identified from 5 cancer types (BLCA,
BRCA, ESCA, KIRP, and LIHC).

4. Discussion

Clinical, in vitro, and in vivo studies have shown
that the abnormal expression and phosphorylation of
ABII1 play an important role in the occurrence and pro-
gression of many tumors [9-26]. ABI1 functions as an
oncogene in colorectal cancer, breast cancer, liver can-
cer, pancreatic cancer, and ovarian cancer, and patients
suffering from these conditions with high ABI1 expres-
sion have a high rate of metastasis and a poor progno-
sis [10-18,21-23]. Meanwhile, it also functions as an
anti-oncogene in gastric cancer and prostate cancer, SO
patients suffering from these conditions with high ABI1
expression have a low rate of metastasis and a good
prognosis [9,19,20]. The mechanism by which ABI1
can form complexes with a variety of proteins is insuf-
ficient to explain these contradictory roles in different
tumors, while the fact that ABI1 encodes multiple tran-
script variants (protein isoforms) may be important for
explaining this. It is also an important link towards the
future development of ABI1-based tumor diagnosis and
treatment methods.

Here, we obtained clinical and RNA sequencing data
from TCGA and TSVdb databases, and identified for
the first time that the elevated expression of ABI1 total
mRNA, TSVs, and molecular constitutive elements (ex-
ons and EEJs) was related to metastasis and prognosis,
and their respective functions as independent prognos-
tic factors in all eight selected cancer types (Tables 1
and 2). Among the eight selected cancer types, ABI1-
related factors (total mRNA, TSVs, exons, and EEJs)
have three different patterns of correlation with prog-
nosis. In BLCA, KICH, KIRP, and LIHC, ABI1-related
factors are associated with a poor prognosis in terms of

OS, KIRC and BRAC are mainly associated with a good
prognosis in terms of OS, while in ESCA and LUAD,
these two correlation patterns coexist; this resembles
our previous results on colorectal cancer [25,26] and
unpublished data]. This result for LIHC is consistent
with that reported previously [12], while the result for
BRAC is inconsistent [13]. This discrepancy may be
mainly due to the difference between protein-based and
nucleic acid-based detections, or because there is no
further pathological grouping of BRAC.

The above three patterns of correlations between
ABIl-related factors and prognosis suggest the need to
use different research strategies to study the molecular
mechanisms and application potential of ABI1 in var-
ious cancers. Regarding the first and second patterns,
we need to know more about the mechanism regulat-
ing its expression and the types of protein complexes
that it forms (WAVE2, NWASP, or EPS8 complex).
For the third pattern, we also need to consider the syn-
ergy and/or antagonism of ABI1-TSVs and molecular
constitutive elements, respectively.

Metastasis is the key factor leading to poor can-
cer prognosis, with which ABI1 is closely related.
We analyzed the correlation between 35 ABI1-related
prognostic factors (identified from eight tumor types)
and metastasis-related indicators, which identified 14
metastatic and prognostic biomarkers from four cancer
types. These results provide good reference data for
clarifying the mechanism by which ABI1 affects tumor
metastasis and developing targeted therapy for tumor
metastasis from different perspectives. In BLCA, we
can focus on the structure of ABI-TSV-3 and ABI1-
exon-1 to explore the molecular mechanisms by which
they affect metastasis and prognosis. In ESCA, based
on the structural characteristics of EEJs (such as ABI1-
EEJ-13-9), we can establish specific nested RT-PCR
and/or rolling-circle amplification (RCA) technology
for the evaluation of clinical metastasis and progno-
sis [29]. Based on the EEJ splicing pattern, we can also
screen the target exon-skipping and exon-inclusion SSO
(splicing switching oligonucleotides) [30] and mini-
gene technology [31] for specific intervention in the
splicing pattern of EEJ, so as to achieve the purpose of
treatment.

As Table 6 shows, we identified 21 ABI1-related
independent prognostic biomarkers, of which 13 OS-
related biomarkers were from 6 cancer types and 8
DFS-related biomarkers were from 5 cancer types. Like
the above metastatic and prognostic markers, most of
them are categorized as markers expressed at exon [32]
and/or EEJ levels. This also means that the expression
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of ABI1 total mRNA, TSVs, exons, and EEJs has dif-
ferent values for understanding the molecular mech-
anism by which ABII acts in tumors and developing
ABI1-based diagnostic and therapeutic methods.

Taking the findings of this study together, using
TCGA and TSVdb RNA-seq data, we systematically
analyzed the correlations of the expression levels of
ABI1 total mRNA, TSVs, exons, and EEJs with tu-
morigenesis and progression in many cancer types. We
found that ABI1-TSVs and their molecular components
(exons and EEJs) have significant specificity depending
on the cancer type, which provides clinical data sup-
port for the accurate diagnosis and treatment of vari-
ous cancer types based on ABI1. At the same time, it
further proves that the ABI1 splicing mechanism is the
key mechanism affecting the occurrence and develop-
ment of various cancer types, in addition to abnormal
expression and phosphorylation. The establishment of a
complete set of research models for the screening, func-
tional and mechanistic analysis, detection, and targeting
of ABI1 TSVs and molecular components provides a
good reference for research on such TSVs. At the same
time, the establishment of research models based on
ABI1-TSVs and molecular constitutive elements is also
of great value for research on other gene TSVs.

This study is still limited to a preliminary analysis of
bioinformatic data of ABI1-TSVs and molecular con-
stitutive elements (exons and EEJs). In future study,
the obtained results need to be further verified, in com-
bination with in vivo/in vitro experiments and clinical
studies.
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