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Background: This study aimed to explore the transcript preference of PTK7 in adrenocortical cancer (ACC), the prognostic
value, and the potential underlying genetic alterations.
Material/Methods: Data from the Cancer Genome Atlas-Adrenocortical Cancer (TCGA-ACC) and the Genotype-Tissue Expression
(GTEx)-normal adrenal gland were used for analysis.

Results: A non-canonical alternative transcript, ENST00000489707.5, which only encodes an extracellular immunoglob-
ulin (Ig)-like domain and an intracellular kinase domain, is the dominant isoform of PTK7 in both ACC and nor-
mal adrenal gland. Its expression percentage was significantly higher in ACC than in normal adrenal gland. ACC
tissues showed preferred expression of this transcript compared with other cancers with known PTK7 expres-
sion. Prognostic analysis showed that ENST00000489707.5 had independent prognostic value in progression-
free survival (PFS) (HR: 1.227, 95%Cl: 1.077-1.398, p=0.002) and disease-specific survival (DSS) (HR: 1.419,
95%Cl: 1.154-1.745, p=0.001) after adjustment of other risk factors. cg20819617 methylation was negatively
correlated with both PTK7 and ENST00000489707.5 expression.

Conclusions: ENST00000489707.5 is a preferred alternative splicing product of PTK7, with a significantly increased propor-
tion in ACC compared with other cancers. Its expression shows potential prognostic value in terms of PFS and
DSS in ACC patients. The methylation status of cg20819617 might play a critical role in modulating PTK7 tran-
scription and ENST00000489707.5 expression.

MeSH Keywords: Adrenal Cortex Neoplasms ¢ Alternative Splicing ¢ Prognosis ¢ Receptor Protein-Tyrosine Kinases

Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/919818

%1892 E‘ZIZ MEI4 %25

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




Bie J. et al.:
ENST00000489707.5 is a preferred alternative splicing variant of PTK7...
© Med Sci Monit, 2019; 25: 8326-8334

Background

LAB/IN VITRO RESEARCH

Material and Methods

Tyrosine-protein kinase-like 7 (PTK7) is a receptor tyrosine ki-
nase that is encoded by the PTK7 gene in the human genome.
This kinase is also called colon carcinoma kinase 4 (CCK4). This
protein does not have detectable catalytic tyrosine kinase ac-
tivity and thus is considered as a pseudokinase [1]. PTK7 gene
has 20 exons, which span approximately 85 kb in the human
genome. The full-length PTK7 protein contains 7 extracellular
immunoglobulin-like (Ig) domains (encoded by exons 2 to 13),
a transmembrane region (encoded by the 5’-half of exon 14),
a juxtamembrane region (encoded by 3’-half of exon 14 and
5’-half of exon 15), and a catalytically inert cytoplasmic tyro-
sine kinase domain (encoded by the 3’-half of exon 15 and
exons 16 to 20) [2].

The extracellular immunoglobulin (Ig)-like domains of PTK7
proteins are required for WNT-binding [3]. Previous studies
showed that PTK7 acts as a critical regulator of both canoni-
cal and non-canonical Wnt-signaling via selectively interacting
with diffident molecules such as Wnt3a, Wnt8 [4], Wnt5a [3],
LRP6 [5], and RACK1 [6] in different tissue environments. PTK7
can also interact with VEGFR1 [7] and Plexin A1 [8]. Via these
pathways, PTK7 modulates a series of cellular processes such
as polarity, angiogenesis, migration, and adhesion.

PTX7 upregulation was observed in multiple cancers, such as
colorectal cancer [9], triple-negative breast cancer [10], lung
adenocarcinoma [11], and cervical cancer [12]. In addition, its
expression might be a high-potential prognostic marker in
lung adenocarcinoma [11], prostate cancer [13], and gastric
cancer [14]. As a gene with 20 exons, PTK7 is subjected to al-
ternative splicing after transcription, which generates multiple
transcript isoforms encoding proteins with different lengths
and structures [2]. The full-length PTK7 protein can be proteo-
lyzed by MT1-MMP to generate an N-terminal, soluble PTK7
fragment (sPTK7) [15]. The C-terminal membrane PTK7 frag-
ment can be further proteolyzed by disintegrin and metallo-
protease 17 (ADAM17) and y-secretase to release the intra-
cellular domain of PTK7 [16]. These protein fragments have
significant functional differences [17]. Therefore, the variants
contribute to the functional diversity of PTK7 in different tis-
sues and the expression of certain variants.

In this study, we aimed to explore the dysregulated PTK7 tran-
scripts in adrenocortical cancer (ACC), as well as to assess the
prognostic value and potential underlying genetic alterations,
using data from the Cancer Genome Atlas-Adrenocortical Cancer
(TCGA-ACC) and the Genotype-Tissue Expression (GTEx)-normal
adrenal gland.

Data acquisition from the Cancer Genome Atlas-
Adrenocortical Cancer (TCGA-ACC)

The level-3 data in TCGA-ACC used in this study were ex-
tracted by using the UCSC Xena browser (https://xenabrows-
ernet/) [18]. A total of 92 ACC cases were included in this
study. Among these 92 cases, 77 had progression-free surviv-
al (PFS) data and 75 had disease-specific survival (DSS) data,
RNA-seq data of gene/transcript expression, and DNA meth-
ylation status. Gene expression profile was acquired using
the lllumina HiSeq 2000 RNA Sequencing platform from the
University of North Carolina TCGA Genome Characterization
Center. Gene-level transcription is estimated by expert statis-
ticians of the center using log2 (RSEM+1) transformation, in
which RSEM refers to RNA-Seq by Expectation-Maximization.
Gene transcript expression was calculated by Log,Transcript
per Million (TPM). The B value of each CpG site was calculat-
ed for methylation estimation.

Briefly, the following data were collected: age at initial diag-
nosis, sex, pathological stages, nuclear grade, the presence of
residual tumor, sinusoid invasion, Weiss venous invasion, inva-
sion of tumor capsule, PFS time, and DSS time.

PTK7 transcript expression in the normal adrenal gland

PTK?7 transcript expression data in normal adrenal glands were
obtained from the Genotype-Tissue Expression (GTEx) data-
base, which is a project to determine tissue-specific gene ex-
pression in normal human tissues [19,20], with access via the
UCSC Xena browser. The expression and percentage of each
transcript in normal adrenal glands was compared with the
data in TCGA-ACC.

Statistical analysis

Data analysis was performed using the SPSS 25.0 software
package (SPSS, Inc., Chicago, IL, USA), together with GraphPad
Prism 8.04 (GraphPad Inc., La Jolla, CA, USA). Comparison be-
tween 2 groups was performed using an unpair t test with
Welch’s correction. Kaplan-Meier (K-M) survival curves were
generated to compare the survival difference between patients
with high and low ENST00000489707.5 expression. The log-
rank test was performed to test the statistical difference be-
tween the curves. The prognostic value of ENST00000489707.5
expression as a continuous variable was assessed using uni-
variate and multivariate Cox regression models. Pearson’s cor-
relation analysis was performed for correlation estimation.
p<0.05 was considered statistically significant.
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Figure 1. PTK7 transcript profile in ACC and normal adrenal gland. (A) The log2 (TPM) expression of each PTK7 transcript in ACC and
normal adrenal gland. (B) The isoform percentage of each transcript in ACC and normal adrenal gland. (C) Comparison of
total PTK7 expression between ACC and normal adrenal gland. (D) Comparison of ENSTO0000489707.5 expression between
ACC and normal adrenal gland. (E) Comparison of ENST00000489707.5 isoform percentage between ACC and normal adrenal
gland. Data in tumor and normal tissues were obtained from TCGA-ACC and GTEx-adrenal gland, respectively.

Results

ENST00000489707.5 is the dominant isoform of PTK7
transcripts, with significantly increased proportion in ACC
than in normal adrenal glands

Using gene transcript data from both TCGA and GTEx, we
compared the expression and proportion of PTK7 transcripts
in ACC and normal adrenal glands. Results showed that
PTK7 has complex alternative transcripts in both tumor and
normal tissues, among which ENST00000489707.5 has the
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strongest expression (Figure 1A, 1B). This transcript contains
8 exons that encode a small protein with 365 amino acids.
This protein variant contains an extracellular Ig domain and
a kinase domain (http://grch37.ensembl.org/Homo_sapiens/
Transcript/ProteinSummary?db=core;g=ENSG00000112655
;r=6:43100264-43129457;t=ENST00000489707).

Generally, the overall PTK7 expression was lower in ACC
than in normal adrenal glands (Figure 1C). However,
the ENST00000489707.5 transcription was similar between
the tumor and normal tissues (Figure 1D). By calculating the
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Figure 2. Comparison of 2 PTK7 isoform percentages in 5 types of cancer. (A) A heatmap showing the percentage of
NST00000489707.5 and ENST00000230419.8 in ACC (N=77) and in other 4 cancers: prostate cancer (PRAD, N=495), lung
adenocarcinoma (LUAD, N=513), colon cancer (COAD, N=286), and breast cancer (BRCA, N=1091). (B, C) Plot charts comparing
the percentage of ENST00000230419.8 (B) and NST00000489707.5 (C) in ACC, PRAD, LUAD, COAD, and BRCA. The isoform
percentage data was obtained from TCGA. IsoPct — isoform percentage.
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Figure 3. K-M survival curves of PFS and OS in ACC patients. (A, B) K-M survival curves of PFS (A) and OS (B) in ACC patients. Patients
were separated into 2 groups according to median ENST00000489707.5 expression (A) or between the groups with the
highest quartile and the lowest quartile of ENST00000489707.5 expression (B).

proportion of ENST00000489707.5 expression among all tran-
scripts, we observed a significantly higher proportion in ACC
than in normal adrenal glands (Figure 1E). These findings sug-
gest that PTK7 expression has different transcriptional prefer-
ences in ACC and normal adrenal lengths. ENST00000489707.5
accounts for a more dominant proportion in ACC.

To further verify the alternative splicing preference of PTK7,
we compared the isoform percentages of ENST00000489707.5
and ENST00000230419.8 (the canonical full-length transcript)
in ACC with 4 cancers with known PTK7 expression: prostate
cancer (PRAD, N=495), lung adenocarcinoma (LUAD, N=513),
colon cancer (COAD, N=286), and breast cancer (BRCA, N=1091)
(Figure 2A). One-way ANOVA analysis confirmed significantly
different compositions of these 2 isoforms in the 5 types of
cancer. ACC cases had the lowest ENST00000230419.8 per-
centage and the highest ENST00000489707.5 percentage
(Figure 2B, 2C).

ENST00000489707.5 expression might independently
predict unfavorable PFS and DSS in ACC patients

By setting median ENST00000489707.5 expression as the
cutoff, we generated K-M survival curves to compare the
survival difference between patients with high and low
ENST00000489707.5 expression. Log-rank test results indi-
cated that patients with high ENST00000489707.5 expression
had significantly worse PFS compared with the low expression
group (p=0.012, Figure 3A). Then, we compared DSS between
patients with the highest quartile and the lowest quartile of
ENST00000489707.5 expression. The results confirmed a sig-
nificant difference between the 2 groups (p=0.004) (Figure 3B).

To get a more robust estimation, we treated ENST00000489707.5
expression as a continuous variable in univariate and

multivariate Cox analysis. Advanced pathological stages, with
residual tumors, Weiss venous invasion, invasion of tumor cap-
sule, and ENST00000489707.5 expression were risk factors of
shorter PFS (Table 1). ENST00000489707.5 expression showed
independent prognostic value after adjustment for the other
4 factors (HR: 1.227, 95%Cl: 1.077-1.398, p=0.002) (Table 1).

When making risk estimation in terms of DSS, advanced
pathological stages, with residual tumors, Sinusoid inva-
sion, Weiss venous invasion, invasion of tumor capsule, and
ENST00000489707.5 expression were risk factors of shorter
DSS (Table 2). ENST0O0000489707.5 expression was also in-
dependently associated with unfavorable DSS after adjust-
ment for the other 5 factors (HR: 1.419, 95%Cl: 1.154-1.745,
p=0.001) (Table 2).

ENST00000489707.5 expression was associated with
PTK7 DNA methylation status in ACC

Using DNA methylation data from Infinium Human Methylation
450K BeadChip based on 77 ACC cases, we examined whether
ENST00000489707.5 expression was influenced by the meth-
ylation status of CpG sites in PTK7 gene locus. In the array,
the methylation status of 26 CpG sites in the gene locus was
measured (Figure 4A). Since ENST00000489707.5 is the dom-
inant transcript of PTK7 in ACC, we confirmed a strong posi-
tive correlation between ENST00000489707.5 and PTK7 ex-
pression (Figure 4A). By setting the median level of correlation
(|Pearson’s r|>0.4) as the cutoff, we found that cg20819617
methylation was negatively correlated with both PTK7 and
ENST00000489707.5 expression (Figure 4B). Therefore, we
infer that cg20819617 is a critical CpG site modulating PTK7
transcription.
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Table 1. Univariate and multivariate analysis of PFS in patients with ACC.

Univariate analysis

Multivariate analysis
Parameters

HR 95% ClI (lower/upper)

Age 0.973 1.000 0.983 1.018

CSex
"""" Male(N=32) 1000
”””” Female N=60) 0116  1e4s  osss 3062
CPathologicalstages
"""" W= 1000
"""" MI(N=S3) <0001 0223 0121 0411 0442 0656 0224 1922
CNdeargade AV
”””” Present (N=56) 1000
"""" Absent(N=15) 0982 1009 o475 2143
CResidualtumor
"""" YesN=19) 1000
C NotNes®) 0001 0202 0106 038 009 0433 0161 1166
CSiusoidivasion
"""" YesN=29) 1000
"""" No(N=3) o026 o651 033 126
CWeissvenousinvasion
”””” YesN=39) 1000
 No(N=43) 0016 0474 0257 0872 0783 0898 0417 1934
Cmvasion oftumorcapsule
"""" YesN=4®) 1000
© No(N=3¥ 0014 0445 0234 0847 0237 0626 0289 1359
| ENST00000489707.5 expression  0.001 1227 1090 1381 0002 1227 1077 1398

Discussion

Although some previous studies explored the functional role
and prognostic value of PTK7 expression in some cancers, most
of them generally considered total PTK7 expression rather
than the expression of different isoforms with different func-
tions. In cancer cells, the full-length PTK7 protein enhances the
Akt and c-Jun signaling and weakens the p53 signaling [17].
However, it decreases ERK and CREB-mediated gene expres-
sion [17]. sPTK7 activates the RhoA and p38 pathway, thereby
modulating the expression of migration-related genes [15,17].
cPTK7 can be transferred into the nucleus, leading to enhanced
phosphorylation of ERK1/2 and the phosphorylation of CREB
at Ser133 and ATF1 at ser63. Therefore, cPTK7 activates the

RAS/ERK pathway and enhances the transcriptional activity of
CREB and ATF1 [17]. cPTK7 can also upregulate the expression
of cadherin-11 (CDH11), a pro-migratory gene [17]. Therefore,
cPTK7 might have some opposite regulatory effects compared
to the full-length PTK7 [17]. However, another recent study
showed that cPTK7 has biological activity in activating the
canonical Wnt-signaling during early Xenopus development,
which is similar to the full-length PTK7 protein, by elevating
the expression of LRP6 protein [21]. Therefore, the PTK7 vari-
ants might have different activities in different tissues, which
contribute to the functional diversity of this protein. We infer
that the expression of certain variants rather than total PTK7
expression could be specific biomarkers in typical cancers.
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Table 2. Univariate and multivariate analysis of DSS in patients with ACC.

RFS univariate analysis

RFS multivariate analysis

Parameters

HR 95% ClI (lower/upper) HR 95% ClI (lower/upper)
Age 0.553 1.007 0.985 1.029
Csex
"""" MaleNv=3) 1000
"""" Female (N-60) 0585 1243 0se 2716
CPathologicalstages
"""" WV ©N3) 100
R €001 0121 0051 0287 0472 1908 0328 11094
CNudeargrade WAV
"""" Present (N=54) 1000
"""" Absent(N=15) 0951 0971 038 2450
CResidualtumor
"""" Yes(N-18) 1000
 NoMNes® €001 0085 003 019 0002 0062 0010 0368
Csinwsoid invasion
"""" Yes(N-28) 1000
"""" No(N-38) 0039 0412 0178 0957 0986 0989 0299 3277
Weissvenousinvasion
"""" Yes(N=35) 1000
© NoMN=4) 0005 0325 0148 0713 0616 0706 0182 2746
Invasion of tumor capsule 000
"""" Yes(N=47)
"""" No(N=34) 0018 0351 0147 0835 0089 039 013 1151
| ENSTO00004897075 expression  0.002 1266 1088 1473 0001 1419 1154 1745

In this study, we found that an alternative transcript,
ENST00000489707.5, which only encodes an extracellular Ig
domain and an intracellular kinase domain, is the dominant
isoform of PTK7 in both ACC and normal adrenal glands. Its
expression percentage was significantly higher in ACC than
in normal adrenal glands. In addition, we showed that ACC
tissues had preferred expression of this transcript compared
with other cancers, suggesting the expression of PTK7 tran-
scripts is tissue-specific. Prognostic analysis showed that
ENST00000489707.5 had independent prognostic value in PFS
(HR: 1.227, 95%Cl: 1.077-1.398, p=0.002) and DSS (HR: 1.419,
95%Cl: 1.154-1.745, p=0.001) after adjustment for other risk
factors. Therefore, ENST00000489707.5 expression might serve
as a specific prognostic marker in ACC patients.

Currently, no study has explored the functional role of the pro-
tein encoded by ENST00000489707.5. This protein only has
some Ig-like domains and the cytoplasmic tyrosine kinase do-
main, lacking the transmembrane region and the juxtamem-
brane region compared to the full-length protein. Therefore,
it is unlikely to be proteolyzed by ADAM17 and y-secretase to
generate cPTK7. Available evidence suggests that abnormal ac-
tivation of the Wnt/B-catenin signaling and p53/Rb inhibition
are 2 critical drivers of ACC [22,23], while the CREB protein is
decreased during ACC development [24,25]. Therefore, we hy-
pothesized that the protein encoded by ENST00000489707.5
contributes to ACC development via functions similar to those
of full-length PTK7, but not cPTK7. However, future molecular
studies are required to validate this hypothesis.
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Figure 4. Methylation profiles of 26 CpG sites in PTK7 gene locus. (A) A heatmap showing PTK7 and ENST00000489707.5 expression
and the methylation profile of 26 CpG sites in PTK7 gene locus. (B) Pearson’s correlation coefficients between the
methylation status of each CpG site and PTK7/ENST00000489707.5 expression.
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By using DNA methylation data in TCGA-ACC, we also identi-
fied a critical CpG site (cg20819617) that showed a moderately
negative correlation with ENST0O0000489707.5 expression and
total PTK7 expression. Since ENST00000489707.5 is a splicing
product of PTK7, we hypothesized that the hypomethylation
status of this CpG site facilitates PTK7 transcription and sub-
sequently increases accumulation of splicing products.

References:

—

. Jung JW, Shin WS, Song J, Lee ST: Cloning and characterization of the full-
length mouse Ptk7 cDNA encoding a defective receptor protein tyrosine
kinase. Gene, 2004; 328: 75-84

. Jung JW, Ji AR, Lee J et al: Organization of the human PTK7 gene encoding
a receptor protein tyrosine kinase-like molecule and alternative splicing of
its mRNA. Biochim Biophys Acta, 2002; 1579(2-3): 153-63

. Martinez S, Scerbo P, Giordano M, Daulat AM et al: The PTK7 and ROR2
protein receptors interact in the vertebrate WNT/planar cell polarity (PCP)
pathway. J Biol Chem, 2015; 290(51): 30562-72

. Peradziryi H, Kaplan NA, Podleschny M et al: PTK7/Otk interacts with Wnts
and inhibits canonical Wnt signalling. EMBO J, 2011; 30(18): 3729-40

. Bin-Nun N, Lichtig H, Malyarova A et al: PTK7 modulates Wnt signaling ac-
tivity via LRP6. Development, 2014; 141(2): 410-21

. Wehner P, Shnitsar |, Urlaub H, Borchers A: RACK1 is a novel interaction
partner of PTK7 that is required for neural tube closure. Development,
2011; 138(7): 1321-27

. Lee HK, Chauhan SK, Kay E, Dana R: Flt-1 regulates vascular endothelial
cell migration via a protein tyrosine kinase-7-dependent pathway. Blood,
2011; 117(21): 5762-71

. Wagner G, Peradziryi H, Wehner P, Borchers A: PlexinA1 interacts with PTK7
and is required for neural crest migration. Biochem Biophys Res Commun,
2010; 402(2): 402-7

. Saha S, Sparks AB, Rago C et al: Using the transcriptome to annotate the
genome. Nat Biotechnol, 2002; 20(5): 508-12

10. Ataseven B, Angerer R, Kates R et al: PTK7 expression in triple-negative
breast cancer. Anticancer Res, 2013; 33(9): 3759-63

11. Chen R, Khatri P, Mazur PK et al: A meta-analysis of lung cancer gene ex-
pression identifies PTK7 as a survival gene in lung adenocarcinoma. Cancer
Res, 2014; 74(10): 2892-902

12. Sun JJ, Li HL, Guo SJ et al: The increased PTK7 expression is a malignant
factor in cervical cancer. Dis Markers, 2019; 2019: 5380197

13. Zhang H, Wang A, Qi S et al: Protein tyrosine kinase 7 (PTK7) as a predictor
of lymph node metastases and a novel prognostic biomarker in patients
with prostate cancer. Int J Mol Sci, 2014; 15(7): 11665-77

N

w

IS

(S,

(=2}

~

[oc]

o

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Bie J. et al.:
ENST00000489707.5 is a preferred alternative splicing variant of PTK7...
© Med Sci Monit, 2019; 25: 8326-8334

Conclusions

ENST00000489707.5 is a preferred alternative splicing prod-
uct of PTK7, with a significantly increased proportion in ACC
compared with other cancers. Its expression shows potential
prognostic value in terms of PFS and DSS in ACC patients. The
methylation status of cg20819617 might play a critical role
in modulating PTK7 transcription and ENST00000489707.5
expression.
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