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ORIGINAL ARTICLE

OCT1 is a determinant of synbindin-related ERK
signalling with independent prognostic significance

in gastric cancer

Jin Qian," Xuan Kong," Niantao Deng,? Patrick Tan,** Haoyan Chen," Jilin Wang,'
Zhaoli Li,* Ye Hu," Weiping Zou,” Jie Xu," Jing-Yuan Fang'

ABSTRACT

Objective Octamer transcription factor 1 (OCT1) was
found to be expressed in intestinal metaplasia and
gastric cancer (GC), but the exact roles of OCT1 in GC
remain unclear. The objective of this study was to
determine the functional and prognostic implications of
0CT1 in GC.

Design Expression of OCT1 was examined in paired
normal and cancerous gastric tissues and the prognostic
significance of OCT1 was analysed by univariate and
multivariate survival analyses. The functions of OCT1 on
synbindin expression and extracellular signal-regulated
kinase (ERK) phosphorylation were studied in vitro and
in xenograft mouse models.

Results The OCT1 gene is recurrently amplified and
upregulated in GC. OCT1 overexpression and
amplification are associated with poor survival in
patients with GC and the prognostic significance was
confirmed by independent patient cohorts. Combining
OCT1 overexpression with American Joint Committee on
Cancer staging improved the prediction of survival in
patients with GC. High expression of OCT1 associates
with activation of the ERK mitogen-activated protein
kinase signalling pathway in GC tissues. OCT1 functions
by transactivating synbindin, which binds to ERK DEF
domain and facilitates ERK phosphorylation by MEK.
OCT1-synbindin signalling results in the activation of
ERK substrates ELK1 and RSK, leading to increased cell
proliferation and invasion. Immunofluorescent study of
human GC tissue samples revealed strong association
between OCT1 protein level and synbindin expression/
ERK phosphorylation. Upregulation of OCT1 in mouse
xenograft models induced synbindin expression and ERK
activation, leading to accelerated tumour growth in vivo.
Conclusions OCT1 is a driver of synbindin-mediated
ERK signalling and a promising marker for the prognosis
and molecular subtyping of GC.

INTRODUCTION

Stomach adenocarcinoma, or gastric cancer (GC), is
the fourth most common cancer and the second
highest cause of cancer-related mortality world-
wide."! The prognosis of patients with GC continues
to be dismal, despite improving surgical and adju-
vant treatment approaches, with a 5-year overall sur-
vival less than 25%.% It is of great clinical
importance to identify genes that control the sever-
ity of GC and present predictive value for progno-
sis.> * In a systematic study of molecular signatures
in GC, mitogen-activated protein kinase (MAPK)

Significance of this study

What is already known on this subject?

» Octamer transcription factor 1 (OCT1) is a
homologue of OCT4 pluripotency factor, and it
is expressed in intestinal metaplasia foci and in
gastric cancers (GCs).

» The mitogen-activated protein kinase (MAPK)
pathway is one of the most frequently altered
signalling pathways in GC.

» Synbindin is a spatial regulator of the
extracellular signal-regulated kinases (ERK)/
MAPK signalling pathway.

What are the new findings?

» The OCT1 gene is recurrently amplified in the
genome of GC, and OCT1 amplification displays
mutual exclusivity with KRAS and FGFR2 genes
in the receptor tyrosine kinase (RTK) pathway.

» OCT1 gene amplification and upregulation are
associated with poor survival of patients with
GC, and the association is supported by
independent datasets.

» OCT1 transactivates synbindin, which binds to
the ERK DEF domain and potentiates ERK
phosphorylation by MEK1, leading to activation
of the ERK substrates ELK1 and RSK. The
expression of OCT1 strongly correlates with the
levels of synbindin and ERK phosphorylation in
GC tissues.

» OCT1 upregulation suppresses apoptosis and
enhances proliferation and invasion of GC cells.
Knockdown of synbindin expression blocked the
pro-malignant effects of OCT1.

» In xenograft tumour models, OCT1 substantially
promoted synbindin expression and ERK
activation, leading to accelerated tumour
growth in vivo.

was found as the most frequently activated pathway
in this deadly disease.® In support of this, several
components of the receptor tyrosine kinase (RTK)/
RAS/MAPK pathway were found to be frequently
amplified in GC.° 7 Since MAPK signalling is also
controlled by spatiotemporal regulatory mechan-
isms,® ? it is of interest to test if alternative pathways
may contribute to MAPK deregulation in GC.
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Significance of this study

How might it impact on clinical practice in the

foreseeable future?

» Amplification of OCT1 contributes to ERK/MAPK activation,
and it may join other components in the RTK pathway to
mark patients with GC who are potentially treatable by RTK/
RAS directed therapies (up to 46% of the GC population by
simplified estimation).

» OCT1 is an independent prognostic factor in GC, and
combining OCT1 expression with American Joint Committee
on Cancer staging could further improve the prediction of
patient survival. OCT1 gene amplification and upregulation
can be used as a promising biomarker for the prognosis of
GC.

Octamer transcription factor 1 (OCT1) (POU2F1) belongs to
the POU homeodomain family of transcription factors.'® This
protein activates or represses the transcription of various genes,
such as the immunoglobulin genes in B cells'! and several inter-
leukins.'? Accumulating data suggest that OCT1 may contribute
to the malignant transformation process, and loss of OCT1 inhi-
bits oncogenic transformation in mouse embryonic fibroblasts
and tumourigenicity in p53-deficient mice.'> Moreover, OCT1
is believed to facilitate the tumourigenesis of pancreatic and
intestinal cancer cells through transactivating the CDX2 gene.'*
Interestingly, OCT1 has been reported to be positive in 87% of
intestinal metaplasia foci (a preneoplastic lesion) and in 74% of
gastric carcinomas in one series.'” Nonetheless, in GC cells
OCT1 was found without the ability to transactivate CDX2,
although it could bind to the CDX2 promoter.’® Despite recent
efforts to understand the activities of OCT1 as a transcriptional
factor,'® little is known about the roles of OCT1 in gastric car-
cinogenesis and it remains unclear whether OCT1 expression
may associate with any clinicopathological features of GC.

Here we report OCT1 as an independent prognostic marker
for GC and it regulates the extracellular signal-regulated kinase
(ERK) MAPK signalling by transactivating synbindin. Synbindin
is a core subunit of the trafficking protein particle complex and
it is involved in the targeting and fusion of vesicles from endo-
plasmic reticulum to Golgi apparatus.!”” We previously found
that synbindin functions as a scaffold protein that binds to MEK
and ERK2, facilitating MEK-dependent phosphorylation and
activation of ERK2 on the Golgi.” In this study, we further
show that OCT1 binds to and transactivates the promoter of
synbindin, thereby inducing synbindin-mediated activation of
ERK signalling in GC. We obtained in vitro and in vivo data
supporting the major regulatory effects of OCT1 on ERK sig-
nalling and the aggressive behaviours of GC cells. Importantly,
we demonstrate that OCT1 amplification and upregulation asso-
ciate with poor outcome in patients with GC. By these
approaches we aim to elucidate the functional and prognostic
implications of OCT1 in GC.

MATERIALS AND METHODS

Immunofluorescence

Tissue specimens were from patients (89 cases for immunofluor-
escence and 10 for fluorescent in situ hybridization (FISH)) who
underwent surgery at the Shanghai Renji Hospital from July
2003 to January 2009. The protocol had the approval of the

Ethics Committee of the Shanghai Jiao-Tong University School
of Medicine, Renji Hospital, and the research was carried out
according to the provisions of the Helsinki Declaration of 1975.
Written informed consent was obtained from all participants
involved in the study, and clinical information was collected
with Institutional Review Board approval. Meanwhile, 89 speci-
mens of adjacent tissues were taken from these patients as the
paired controls. The tissue sections were deparaffinised in
xylene and rehydrated using a graded series of ethanol. All
slides were treated with NaBH4 to suppress autofluorescence of
tissues. The expression levels of OCT1 and synbindin were
probed with the primary antibodies (OCT1, dilution 1:40; syn-
bindin, dilution 1:40) according to the manufacturer’s instruc-
tions. Secondary antibodies (Alexa488-anti-mouse and
Alexa546-anti-rabbit) were used to label synbindin and OCT1,
respectively. Protein expression was quantified based on staining
intensity.

Fluorescent in situ hybridisation

The FISH protocol to detect gene copy number variation
(CNV) in formalin-fixed paraffin embedded tissues has been
described in detail previously.'® Briefly, the OCT1 DNA probes
were labelled using spectrum green and control probes in spec-
trum orange (centromeric CEP probe for chromosomes 1)
(Abbott Molecular Inc, Des Plaines, Illinois, USA). Hybridised
slides were counterstained with DAPI and analysed using Zeiss
LSM710 confocal microscope (Carl Zeiss, Regensburg,
Germany).

Additional materials and methods including chromatin immu-
noprecipitation (ChIP), cell viability and invasion assays, flow
cytometry, gene set enrichment analysis (GSEA), CNV analysis,
TF binding identification, Western blotting, and in vivo experi-
ments can be found in the online supplementary information.

RESULTS
OCT1 expression and CNV in GC
We first investigated OCT1 expression level in gastric adenocarcin-
oma (90 cases) and their adjacent normal controls by immuno-
fluorescence histochemistry. As a result, OCT1 was weakly or
moderately detected in normal gastric mucosa (figure 1A), but its
expression level was substantially increased in GC cells
(p<0.0001, figure 1B,C). Notably, OCT1 was strongly positive in
the nucleus of GC cells, suggesting its active status as a transcrip-
tional factor (figure 1D). In addition, we detected increased OCT1
expression in gastric tissues with intestinal metaplasia (see online
supplementary figure S1A), which confirmed previous findings."’
Further, we analysed the CNV of OCT1 in GC tissues using
data from The Cancer Genome Atlas (TCGA) GC cohort,'® the
Singapore® and the VUMC cohorts.”” The GISTIC 2.0 package
was employed to identify focal alteration events based on
Affymetrix SNP6 microarray data (TCGA and Singapore data-
sets), while the CGHCall algorithm was used to analyse aCGH
data (VUMC dataset). The OCT1 (POU2F1) gene is located in a
recurrently amplified region in chromosome 1 (see online sup-
plementary figure S1B), with 31 of 305 patients (10.16%)
showing focal amplification (q value <0.001) but only one
patient with deletion (figure 1E). This result was confirmed by
the Singapore GC patient cohort, which reported 18 in 193
patients with GC (9.33) with focal amplification of OCT1 gene
(figure 1E). In fact, algorithms that identify focal and broad (q
value<0.25) CNV events show much higher frequency of
OCT1 amplifications, ranging from 22.2% (40 of 180 cases in
VUMC cohort) to 32.1% (98 of 305 cases in TCGA cohort)
(figure 1E, see online supplementary figure S1C-E). We

38

Qian J, et al. Gut 2015;64:37-48. doi:10.1136/gutjnl-2013-306584

yBuAdoo Aq parostold 1senb Ag +Z0z ‘6T IUdy uo jwoo fwginby/.dny woij papeojumoq +T0Z IMdY 6 U0 #8590€-ETOZ-IUNB/9ETT 0T Se paysignd 1s1i N9


http://gut.bmj.com/

A Normal tissue samples B Gastric cancer tissue samples
DAPI OCT1 Merge DAPI OCT1 Merge

C D E OCT1 amplification in three GC cohorts
OCT1 immunofluorescence OCT1 DAPI 100%

§ 100- P <0.0001 80%  TCGA Singapore  VUMC

= cohort cohort cohort

}. 80+ 60%

‘@

e o/ | 32.1% 28.0%

g 60+ 40% 22 2%

;0’ 404 20% 10.2% 9.3%

) ] I [ I I

-~ 20- 0%

IG Focal Thresh* Focal Thresh Thresh

(®) Luninal GISTIC GISTIC CGHcall

Normal  Gastric

tissues cancer *Thresh = Threshold

G OCT1 CNV and mRNA level
o o ~ 40
F OCT1 in-situ hybridization DAPI OCT1 CEP1 cQ P<0.01

9 o —
» = 30 ]

»n ~

°s

26 20

o

g; 10 s
34 *
v )

63

o 10

20 Hetioss Diploid Gain (+1, +2)
OCT1 CNV, GISTIC threshold

H Copy number variation (GISTIC focal amplification and deletion)

ERBB2 ERBB2
KRAS | N BRAS T,
POU2F1 | | POU2F1
EGFR | | L[] EGFR }
FGFR2 | LTI F FGFR2
MET L L] [ |f meT

Loss Gain

Figure 1  Amplification and overexpression of octamer transcription factor 1 (OCT1) gene in gastric cancer (GC). (A) Expression of OCT1 in normal
gastric tissues as determined by immunofluorescence. Scale bars indicate 10pm in all panels. (B) Immunostain of OCT1 in gastric cancer tissues.

(C) Statistical analysis of OCT1 expression in normal and GC tissues (P<0.0001, Mann Whitney test). (D) The immunofluorescent image shows OCT1 (in
green) and cell nucleus (in blue)OCT1 is strongly expressed in the cell nucleus (red arrows). (E) The frequency of OCT1 amplification in three independent
GC cohorts as indicated. (F) OCT1 genomic amplification confirmed by fluorescence in-situ hybridization (FISH) assay. Green signals indicate the OCT1

FISH probe, and red signals probe to centremore 1. Scale bars indicate 5pm in all panels. (G) OCT1 mRNA levels were significantly higher in samples with
OCT1 gained CNA compared with the samples without CNV in the TCGA dataset (P<0.01, 2-sided t-test). (H) Relationship between the CNVs of OCT1 and
frequently altered genes in Receptor tyrosine kinase (RTK) pathway. The mutual exclusivity between the CNVs of OCT1 (POU2F1) and other genes was
determined by dimension reduction permutation (DRP) algorithm (*P<0.05).
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Figure 2 Octamer transcription factor 1 (OCT1) gene amplification and
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upregulation are associated with poor survival in patients with GC.

(A) Kaplan-Meier survival analysis of GC patients stratified by OCT1 expression level (median split). (B) Kaplan-Meier survival analysis of GC patients

with different AJCC tumor stages (I-Il v.s. IlI-IV). (C) The receiver operatin
stage (left panel), OCT1 level (middle panel) or combination of two facto

are shown in the plots. (D) Different factors (including OCT1, AJCC stage,

g characteristic (ROC) curves for predicting patient survival using AJCC
rs (right panel). The area under curve (AUC) and the corresponding 95% Cl
tumor size, sex and age) were analyzed for their association with patient

survival using Cox regression model. The hazard ratio and 95% confident interval (Cl) are plotted for each factor. (E) The GC patients in the
Singapore cohort were stratified according to OCT1 mRNA level (median split) and compared for the survival using Kaplan-Meier analysis. (F, G)
Gain in OCT1 gene copy number associated with poor survival in both the Singapore cohort (F) and VUMC cohort (G).

performed FISH analysis on six GC tissues and found two
samples with gained copy number of OCT1 gene (figure 1F).
Combined analysis on the mRNA and CNV data in the TCGA
cohort revealed that gained CNV of OCT1 associated with sig-
nificantly higher mRNA level in GC (figure 1G). In addition,
amplifications of OCT1 displayed mutual exclusivity with those
of KRAS and FGFR2 genes in the RTK pathway, which are also
frequently altered in GC (figure 1H).

OCT1 gene amplification and upregulation associate with
poor survival of GC

We further studied the association between OCT1 expression
level and different clinicopathological features of GC. When the
patients were stratified according to OCT1 expression levels
(median split), significantly larger tumour size was found in the
OCT1-high group (p<0.0001, see online supplementary figure

S2A). However, OCT1 was not associated with the sex, age,
American Joint Committee on Cancer (AJCC) staging, or any
histological subtypes of patients with GC (see online supple-
mentary figure S2B, dataset shown in online supplementary
table S1). Notably, OCT1 overexpression strongly associated
with poor survival of patients with GC (p<0.0001, Mantel-Cox
test, figure 2A), and the 5-year survival rate in the OCT1-high
group (8.9%) was substantially lower than that of the
OCT1-low group (51.1%). In fact, the stratification by OCT1
level displayed even higher prognostic significance than the
widely employed AJCC staging (significance p=0.0002, 5-year
survival: 20 vs 42.2 months, figure 2B). When the GC cases
were stratified into four groups according to either OCT1
expression (quartile split) or AJCC staging (I-IV), a better dis-
crimination was also achieved by the OCT1-based method (see
online supplementary figure S2C,D). We determined the
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receiver operating characteristic curves for the prediction of
patient survival using either AJCC stage or OCT1 level, or a
combination of both (figure 2C). The area under curve (AUC)
of OCT1-based prediction (0.751) was higher than that of the
AJCC stage-based model (0.714), while the combination of
both factors achieved the highest AUC value (0.800).

Multivariate Cox regression survival analysis adjusting for
AJCC stage, tumour size, sex and age of patients consistently
reported strong correlation between OCT1 overexpression and
shorter survival (p=0.0001, HR=3.27, 95% CI 1.80 to 5.92,
figure 2D; also see online supplementary figure S2E). We vali-
dated the prognostic significance using the Singapore cohort
and found downregulation of OCT1 mRNA significantly asso-
ciated with survival in patients with GC (p=0.007, Kaplan—
Meier analysis, figure 2E).*' In addition, the gained CNV of
OCT1 was also significantly associated with shorter survival, as
revealed by the Singapore cohort (p=0.0135, figure 2F) and the
VUMC GC cohort (p=0.040, figure 2G).2° These findings con-
sistently suggest OCT1 as a promising prognostic marker for
GC cells.

Identification of ERK signalling pathway as regulatory

target of OCT1

As described above, the exact pathways that OCT1 may regulate
in cancers remain unclear. To probe the OCT1-associated path-
ways on an unbiased basis, we performed GSEA using high
throughput RNA-sequencing data of the GC cohort of The
Cancer Genomic Atlas project (TCGA, 282 patients) and a multi-
tumour dataset (including 64 human tumours and 27 normal
tissue samples) from the Gene Expression Omnibus database.**
GSEA is designed to detect coordinated differences in expression
of predefined sets of functionally related genes.>*> Among all the
189 predefined ‘oncogenic signature’ gene sets, the PDGF/ERK
pathway was identified with the strongest association with OCT1
expression in the TCGA GC dataset (figure 3A) and the multi-
tumour dataset (figure 3B). In addition, the Enrichment Map
algorithm adjusting for gene set redundancy also identified the
RAS-ERK signalling pathway in strong correlation with OCT1
expression (see online supplementary figure S3). Of note,
approximately half (2083/4348) of OCT1-correlated genes were
found as inducible targets of ELK1,>* which is a major effector in
the ERK signalling pathway (figure 2C). These findings consist-
ently suggest that OCT1 may be involved in the activation of the
ERK signalling pathway.

OCT1 expression associates with ERK phosphorylation in GC
In light of the association between OCT1 and ERK signalling,
we explored whether OCT1 may correlate with ERK2 expres-
sion level or its phosphorylation/activation in GC tissues.
Interestingly, analysis on RNA-sequencing data suggested no
association between OCT1 and ERK2 mRNA levels (figure 3D),
while the tissue immunofluorescence study revealed a strong
correlation between OCT1 expression and the level of ERK2
phosphorylation (pERK2) in GC (figure 3E). In addition, the
levels of OCT1 and pERK2 were coordinately increased from
normal tissues to GC tissues (figure 3F,G). These results suggest
potential implication of OCT1 in the phosphorylation/activation
of ERK2 in GC.

Regulation of synbindin-mediated ERK phosphorylation by
0oCT1

Since our group has identified synbindin as a pivotal regulator
of ERK2 phosphorylation in GC,” we questioned whether
OCT1 might affect ERK signalling by regulating synbindin. This

assumption was well supported by the putative OCT1-binding
sites in the synbindin promoter (within —700 bp upstream of
the transcription starting site (TSS); see online supplementary
figure S4A). Luciferse reporter assay suggested this promoter
region could be transactivated by OCT1 (see online supplemen-
tary figure S4B). Further, we performed ChIP assay to test the
binding of OCT1 to synbindin promoter in vivo. As a result, the
promoter region of synbindin was amplifiable from the DNA
recovered from the immunoprecipitation complex using a spe-
cific antibody for OCT1 but not a control IgG (see online sup-
plementary figure S4C), thus confirming the binding of OCT1
on the promoter regions of synbindin. To identify the exact
binding site of OCT1 on synbindin promoter, we developed a
sequence scanning approach using the 3DTF method®® based
on the crystallographic data on the OCT1 protein—-DNA
complex (pdb entry: 104X). The sequence ranging from —253
to —241 upstream of TSS of synbindin was found with the
highest binding propensity to OCT1 (figure 4A). To confirm
this finding, we analysed the enrichment of OCT1-binding
stretches derived from previous ChIP-seq study>® in the synbin-
din promoter. This method also identified the —253 to —241
region as the strongest binder to OCT1 (figure 4B). Finally, a
luciferase reporter inserted by this short sequence could be
strongly transactivated by OCT1 (figure 4C), while other
sequences mapping to non-predicted sites were not transacti-
vated (see online supplementary figure S4D,E). These results
confirmed the findings of the two dedicated prediction
methods, indicating that OCT1 binds to and transactivates
—253 to —241 region of the synbindin promoter.

In support of the effect of OCT1 on transactivating synbindin
promoter, ectopic expression of OCT1 markedly upregulated
synbindin expression at mRNA and protein levels (figure 4D,E).
Consistently, inhibition of OCT1 by specific siRNAs significantly
decreased mRNA and protein levels of synbindin (figure 4F,G).
The expression levels of OCT1 and synbindin showed similar
trends in different GC cell lines, which supported the regulatory
effect of OCT1 on synbindin (figure 4H,I). Accordingly, the
level of phosphorylated ERK (p-ERK) was also higher in the
OCT1 and synbindin-expressing cells (figure 4H), although the
genetic background of AGS (KRAS mutation) and MKN45
(MET amplification) should also be taken into account. Ectopic
expression of OCT1 significantly increased synbindin level and
ERK2 phosphorylation in GC cells (figure 4]). The subtle
change on total ERK2 level confirmed that OCT1 has little
effect on ERK2 expression. Taken together, these results indi-
cate that OCT1 regulates ERK2 phosphorylation/activation by
transactivating synbindin in GC cells.

OCT1 as a determinant of synbindin expression in GC

tissues

Further, we performed immunofluorescence assay to analyse the
expression levels of OCT1 and synbindin in normal gastric
mucosa and GC tissues. As shown in figure SA-C, OCT1 and
synbindin protein levels showed remarkable correlation
(p<0.0001, Pearson correlation). Consistently, RNA-sequencing
data revealed significant correlation between the mRNA levels
of OCT1 and synbindin across different cancer types and
normal tissues (p<0.0001, Pearson correlation, figure 5D). The
relationship between OCT1 and synbindin mRNAs in GC
tissues was further analysed using microarray data,>” which sug-
gested strong correlation between mRNA levels of the two
genes (p=0.0002, Pearson correlation, figure SE). These results,
based on human cancer tissues, strongly suggest that OCT1 is a
determinant of synbindin expression in GC cells.
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Identification of extracellular signal-regulated kinase (ERK) signalling as a regulatory target of octamer transcription factor 1 (OCT1).

(A, B) Gene Set Enrichment Analysis (GSEA) identified significant association between OCT1 and ERK signaling pathway in both the TCGA gastric
cancer dataset and the multi-tumor dataset. (C) Circos plot showing 2083 of the 4348 OCT1-associated genes are inducible by ELK1, a major
effector gene in ERK signaling pathway. The histogram shows corresponding P values (log1/2 transformed) of the associated genes, with red color
representing ELK1-inducible genes while blue indicating non-inducible genes. (D) The expression levels of OCT1 and ERK2 were subjected to Pearson
correlation analysis, which suggested no correlation between the two genes (P=0.97). (E) Correlation between the protein levels of OCT1 and
phosphorylated ERK (pERK) as determined by immunostain of gastric cancer and normal tissues. (F) Representative immunofluorescent image of
OCT1 (labeled in red) and pERK (green) in normal gastric tissues. Zoomed sections are shown on the right panels. Scale bars indicate 100pm in all
panels. (G) Representative gastric cancer immunostain images acquired by the same procedures as described previously.

Synbindin-dependent effects of OCT1 in GC cells

To test whether the effects of OCT1 on ERK phosphorylation/
activation is dependent on synbindin expression, the human GC
MGC803 cells were transfected with OCT1 expression vector

or control vector, in the absence or presence of siRNAs specific
for synbindin. While OCTT1 significantly increased the levels of
pERK and pELK1 (without affecting p-MEK level), knockdown
of synbindin efficiently suppressed the effects of OCT1 (figure SF).
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Figure 4 Transactivation of synbindin by octamer transcription factor 1 (OCT1) and effects on extracellular signal-regulated kinase (ERK) activation.
(A) TF-DNA crystallography structure-based prediction of OCT1 binding sites on synbindin promoter (OCT1-DNA complex structure shown on the
right). Arrow heads in red and in grey respectively indicate the predicted binding sequence and other sequences tested by luciferase assay. (B) ChIP-
seq enriched motif-based prediction of OCT1 binding on synbindin promoter (analysis scheme shown in the right panel). (C) The predicted OCT1-
binding sequence (-253 to -241) and its mutated variant (both sequences indicated) were respectively inserted into a luciferase reporter and
analyzed for their responses to OCT1. (D) Gastric cancer cells were transfected with OCT1 or control vector, and the mRNA level of synbindin was
quantified by gPCR. (E) Western Blot of OCT1 and synbindin of cells treated as described as above. (F) Cells were treated by OCT1 siRNAs and
control siRNA, and the level of synbindin mRNA was quantified by qPCR. The 18S rRNA level was used for normalization. (G) Western Blot showing
decrease of synbindin protein upon knockdown of OCT1 using specific siRNAs. (H) Western blot showing the expression levels of OCT1, synbindin,
p-ERK and ERK in five gastric cell lines. OCT1 expression is upregulated in GC cells as compared to normal gastric mucosa cell GES-1. (I) The mRNA

level of synbindin in gastric cell lines was detected by RT-qPCR. (J) Cells were transfected by OCT1 or control vector, followed by Western Blot
analysis using specific antibodies for synbindin, phosphorylated ERK (pERK) or total ERK.

These results supported our notion that synbindin plays a
central role in mediating OCT1-induced ERK signalling.
Moreover, we found that synbindin is required for the effects
of OCT1 on the malignant behaviours of GC cells. Transwell
assay revealed a significant increase in the invasiveness of
OCT1-expressing cells, which could be suppressed by
knockdown of synbindin (figure SEG). In addition, MTT
assay suggested pro-proliferation effect of OCT1 on GC cells
(figure 5H), and flow cytometry combined with annexin
V-FITC staining indicated the strong anti-apoptotic effect of

OCT1 (figure 5LJ). Importantly, suppression of synbindin
expression by specific siRNAs impaired these pro-malignant
effects of OCT1 (figure SF-]). Since the MKN45 cells expressed
a higher level of OCT1, we examined the effect of suppressing
OCT1 on cell proliferation and invasion. As a result, knock-
down of OCT1 using specific siRNAs inhibited the proliferation
and invasion of MKN45 cells, while ectopic expression of syn-
bindin restored cell proliferation and invasion (figure SK,L).
These results suggest that OCT1 contributes to malignant beha-
viours of GC cells by regulating synbindin expression.
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Figure 5 Roles of octamer transcription factor 1 (OCT1) in regulating synbindin expression and cell aggressiveness. (A) Immunofluorescent
detection of OCT1 and synbindin expression in normal gastric tissues. Scale bars indicate 20 um in all panels. (B) Immunostain of OCT1 and
synbindin in human gastric cancer tissues. (C) Correlation between the protein levels of OCT1 and synbindin in human gastric cancer tissues as
determined by immunofluorescence. (D) The mRNA levels of OCT1 and synbindin determined by RNA-sequencing (GSE28866) showed strong
correlation in cancer and normal tissues. (E) The OCT1 and synbindin mRNA levels detected by microarray (GSE27342) were strongly correlated in
human gastric tissues. (F) Representative Transwell assays of MGC803 cells stably expressing the control vector or OCT1 vector treated without/with
the specific sSiRNAs for synbindin. Scale bars indicate 100 um in all panels. (G) Statistical result based on three independent Transwell assays.

(H) Cell Counting Kit-8(CCK8) assay of MGC803 cells stably expressing control vector or OCT1 vector without/with treatment by synbindin siRNAs.
(I) Apoptosis of cells treated by above-mentioned procedures as measured by flow cytometry combined with phycoerythrin (PE)-conjugated

annexin V staining. (J) Statistics based on 3 independent apoptotic assays (**P<0.01; ***P<0.001, t-test). (K) The MKN45 cells were treated by two
specific sSiRNAs (left and right panels) without or with ectopic expression of synbindin, and cell proliferation was measured by CCK8 assay (0D450
absorbance). (L) Effects of OCT1 silencing and synbindin ectopic expression on the invasiveness of MKN45 cells. Scale bars indicate 100 um in all
panels.

OCT1-synbindin signalling promotes ELK1 and RSK that the phosphorylation of ELK1 and RSK were both increased
phosphorylation upon OCT1 upregulation, but the change of p-ELK1 was more
Previous studies suggested that ERK signalling can be spatially pronounced (figure 6A). In support of this, OCT1 silencing in
separated into substrates that bind to the DEF (docking site for MKN45 cells substantially decreased ELK1 phosphorylation,
ERK, FXFP) domain or the D (docing) domain.?® To determine while synbindin ectopic expression largely restored the p-ELK1

the specific ERK substrates that are affected by OCT1 and syn- level. In contrast, OCT1 silencing only induced a mild decrease
bindin, we used Western blot to detect the phosphorylation of  of p-RSK level (see online supplementary figure S5).
ELK1 (DEF-domain substrate) and RSK (D-domain substrate) in Accordingly, knockdown of ELK1 also abrogated the effect of

MGC803 cells expressing ectopic OCT1. Interestingly, we found OCT1 overexpression on cell proliferation, but RSK silencing
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Figure 6 Effects of octamer transcription factor 1 (OCT1) on the phosphorylation of extracellular signal-regulated kinase (ERK) and substrate
proteins. (A) Cells were transfected with OCT1 expression vector in the absence or presence of siRNAs specific for synbindin (si-synbindin #1 & #2),
and the levels of pERK/ERK, p-ELK1/ELK1, p-RSK/RSK were detected by Western Blot. The o-tubulin level was used as loading control. (B) Effects of
ectopic OCT1 expression and knockdown of ERK substrates (RSK and ELK1) on cell proliferation at the last time point (48h) using t-test (*P<0.05,
**P<0.01). (C) The Hex spherical polar Fourier protein docking algorithm was employed to probe the synbindin-ERK complex conformation based on
the crystallography structures of synbindin (PDB ID code 3EAP) and ERK2 (PDB ID code 2J0Z). (D) Input amount of the ERK mutants in D-domain
(mut-D, D319N) and in DEF domain (mut-DEF, L198A, L232A, and Y261A) for GST pull-down assay. (E) The co-immunoprecipitated synbindin

protein under each condition is shown in the Western Blot.

only mildly affected the effect of OCT1 (figure 6B). Taken
together, our data suggest that ELK1 (docked to DEF domain)
plays more important roles in mediating the pro-malignant
potentials of OCT1/synbindin.

Mode of synbindin-ERK interaction

We found previously that synbindin binds to MEK and ERK on
the Golgi, facilitating ERK phosphorylation by MEK.” In add-
ition, the C-terminal Longin (LDc) domain of synbindin was
found to interact with ERK protein. Here we further probe the
structural motif of ERK that interacts with synbindin by
protein—protein docking combined with experimental valid-
ation. The Hex spherical polar Fourier protein docking algo-
rithm?”  was implemented to determine the complex
conformation of synbindin (PDB ID code 3EAP) and ERK2
(PDB ID code 2J0Z). Intriguingly, the synbindin LDc¢ domain
perfectly matched with the ERK DEF domain in terms of geom-
etry and electrostatic complementation (figure 6C). The binding

mode resembled the interaction between ERK and PEA-15 (an
ERK spatial regulator)’® and a designed ankyrin repeat
protein®! that has recently been determined by crystallography
(see online supplementary figure S6A-C). Since the ERK amino
acid residues Leu198, Leu232 and Tyr261 were found to be
important for DEF docking,?® we proposed they might also be
involved in the binding to synbindin. To test this, we fused ERK
to glutathione S-transferase (GST) and generated mutations to
disrupt the above residues (L198A, L232A and Y261A). The
GST pull-down assay identified interaction between synbindin
and wild-type ERK, which was abolished by mutations in the
DEF domain (figure 6D,E). However, the control mutation
D319N sitting in the D-domain did not affect the interaction
between synbindin and ERK. These data suggest that synbindin
binds to the DEF domain of ERK rather than the D domain.
Protein docking suggested that synbindin—-ERK interaction facili-
tates subsequent docking of MEK1 to the ERK activation loop
(predicted model shown in online supplementary figure S6D),
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Figure 7 Octamer transcription factor 1 (OCT1) promotes synbindin expression and extracellular signal-regulated kinase (ERK) phosphorylation in
vivo. (A) The right panel shows statistical analysis of OCT1 expression based on multiple xenograft tumors (P<0.01, two-sided student t-test).

(B) Representative image and statistical analysis of synbindin expression in xenograft tumors expressing OCT1 or control vector. Synbindin is stained
using specific antibody in red. Scale bars indicate 10 um. (C) The level of phoshporylated ERK (pERK) was dramatically increased by the expression
of OCT1. (D) Western Blot of xenograft tissues in OCT1-expressing group and control group. (E) Growth curves of xenograft tumors expressing OCT1
or control vector. (F) Nude mice carrying xenograft tumors that expressed OCT1 or control vector. The ranges of tumors are marked by dashed lines.
(G) Image of excised tumors expressing OCT1 or control vector. (H) Schematic representation for the OCT1-synbindin-ERK regulatory pathway
proposed in this study. OCT1 transactivates synbindin, which is a core subunit of a tether complex on the Golgi involved in vesicle transportation.
Synbindin functions as a molecular scaffold that binds to both MEK and ERK2, facilitating ERK phosphorylation on the Golgi apparatus. This
promotes the activation of ERK substrates (especially the DEF-domain substrate ELK1), leading to potentiation of cell proliferation and invasion in
gastric cancers.

which seems to be relevant to the enhanced activation of ERK approaches, we summarised the frequency of all detected

observed in our previous study.”

Further, we questioned whether potential phosphorylation of
synbindin may be involved in this process. By analysing the
PhosphoSite database®” that integrates published phosphoryl-
ation data using unbiased high-throughput proteomic

protein phosphorylation in 32 reported GC cell lines (data
in online supplementary table S2). The ERK2 protein was
found as the most frequently phosphorylated protein in these
GC cell lines (see online supplementary figure S6E), which is
consistent with a previous report about the high prevalence of
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ERK activation in GC.’ Although 6497 phosphorylation
sites were detected in the proteome, no phosphorylation of
synbindin was identified in any cell line. Thus, the phosphoryl-
ation of synbindin does not seem to be required for ERK
activation in GC cells. Taken together, these findings
support our notion that synbindin facilitates MEK-ERK inter-
action and ERK phosphorylation, leading to activation of ERK
substrates (proposed model shown in online supplementary
figure S6F).

Effects of OCT1 on ERK activation and tumour growth in
xenograft mouse model

Finally, we tested whether upregulation of OCT1 could
promote tumourigenicity of GC cells in vivo using a xenograft
model in nude mice. Stable cell lines carrying either OCT1
expression vector or the control vector were injected subcutane-
ously to the right flank of nude mice to allow xenograft tumour
formation. At 14 days after first injection, mice in the OCT1
group and control group were sacrificed and the xenograft
tissues were subjected to Western blot and immunofluorescence
analyses. As a result, OCT1 was efficiently upregulated in the
OCT1 group compared with the control group (figure 7A).
Meanwhile, the expression levels of synbindin (figure 7B) and
phosphorylated ERK2 (figure 7C) were significantly higher in
the OCT1-upregulated group. These result were also confirmed
by Western blot, which revealed a substantial increase in the
levels of synbindin and phosphorylated (but not total) ERK2 in
the tissues of the OCT1-upregulated group (figure 7D). As a
result of enhanced ERK signalling, xenograft tumour growth in
the OCT1-upregulated group was significantly faster than that
of the control group (figure 7E-G). These results strongly sup-
ported our notion that OCT1 promotes gastric carcinogenesis
and this effect involves synbindin-mediated ERK signalling
activation.

DISCUSSION

The OCT1 transcription factor, a homologue of the OCT4 plur-
ipotency factor, was found to express in GC and its precancer-
ous lesion. However, the functional implication and prognostic
value of OCT1 in GC have been poorly defined. In this study
we report recurrent amplification and upregulation of the
OCT1 gene associated with poor prognosis of patients with
GC. In addition, we reveal the underlying mechanism for such
an association by demonstrating OCT1 as a determinant of
synbindin-mediated ERK signalling and related aggressive phe-
notypes in GC cells.

First, our study identifies OCT1 as a promising biomarker for
the diagnosis and prognosis of GC. OCT1 is significantly upre-
gulated in GC and its precancerous lesion, and the expression
of OCT1 can be conveniently detected by histochemistry of
tissue biopsy obtained by gastric endoscopy. Thus, OCT1
should be further evaluated for its diagnostic value in early GC.
Importantly, the strong association between OCT1 upregulation
and poor outcome of patients with GC has been confirmed by
our data and an independent dataset. In addition, the prognostic
significance of OCT1 CNV is also supported by two independ-
ent datasets. These interesting results suggest that OCT1 overex-
pression (detectable by immunohistochemistry) or gained CNV
(by FISH) can be used as prognostic markers in GC. The GSEA
indicated that OCT1 overexpression marks activation of the
RAS/ERK signalling pathway, thus may provide useful informa-
tion for targeted therapy.

The recurrent amplification of the OCT1 gene and its prom-
inent ability to increase tumour aggressiveness suggest that

OCT1 may play a driving role in gastric carcinogenesis. Thus,
targeting OCT1 may present a favourable therapeutic strategy
for GC cells, especially for the cases with deregulated ERK sig-
nalling. Interestingly, OCT1 has recently been reported to be
associated with ERK signalling in oesophageal carcinogenesis,”’
suggesting that OCT1 may affect ERK signalling and cancer
aggressiveness in a broader scenario. Thus, it warrants further
studies to clarify the clinical and biological relevance of OCT1
in other types of cancers.

By demonstrating the effect of OCT1 on transactivating syn-
bindin, we are able to provide a more complete model for the
spatial regulation of ERK signalling on the Golgi apparatus
(schematic representation in figure 7H). Apart from the canon-
ical Ras-Raf-MEK-ERK signal transduction flow, recent studies
have stressed the importance of ERK signalling regulation in
specific subcellular compartments, a so-called ‘spatial regulatory’
mechanism.>* In our recent studies,” we identified synbindin as
a key molecular scaffold that confers spatial regulation of ERK
signalling on the Golgi (illustrated in figure 7H). In this study,
we further identify OCT1 as an upstream regulator of synbindin
in GC and provide structural insight into synbindin-mediated
ERK activation. We show that synbindin LDc domain binds to
the DEF domain of ERK, leading to phosphorylation of ERK
substrates (especially DEF-domain substrate) and increased cell
aggressiveness. Importantly, our study on GC tissue samples
reported a strong correlation between OCT1 expression and
ERK2 phosphorylation levels (p<0.0001), suggesting that
OCT1 is a crucial regulator for ERK2 activation in GC. The
recurrent amplification of the OCT1 gene, together with its
regulation on synbindin-related ERK signalling, suggests OCT1
as a potential driver of malignant behaviours of GC cells.

The effects of OCT1 on ERK signalling may also help to
explain other reported activities of OCT1. As a homologue of
OCT4 pluripotency factor, OCT1 has been found without the
ability to induce pluripotency.®® Instead, OCT1 was suggested
to associate with the self-renewal of cancer stem cells’® and the
epithelial-mesenchymal transition (EMT) process.'®
Interestingly, ERK signalling has also been found to be crucial
for the stem-like cells in multiple cancers, including GC,*” colo-
rectal cancer,®® prostate cancer,®” breast cancer*® and glioblast-
oma.*! Recent studies have also clearly demonstrated the
important roles of ERK signalling in the EMT process.**™**
Thus, it warrants further study whether OCT1 may contribute
to the stem-like behaviours of cancer cells and the EMT process
by regulating of the ERK signalling pathway.

In conclusion, our results identify OCT1 as a determinant of
synbindin-mediated activation of ERK signalling in GC, and OCT1
is a potential prognostic marker and therapeutic target in GC.
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SUPPLEMENTAL INFORMATION

Supplemental Methods

Chromatin-immunoprecipitation (ChIP)

ChIP was performed in a similar process as previously reported . Briefly, cells were fixed
with 0.5% formaldehyde for 10 minutes at room temperature and subsequently treated
with 125 mmol/L glycine for 10 minutes. For each ChIP assay 1x107 Cells were lysed in
750uL lysis buffer [10 mmol/L Tris-Cl (pH8.0), 10 mmol/L EDTA, 0.5 mmol/L EGTA,
0.25% Triton X-100, protease inhibitor cocktail]. Lysates were incubated for 15 minutes
at room temperature with rotation and centrifuged. The pellet was resuspended in
enrichment buffer [10 mmol/L Tris-Cl (pH 8.0), 200 mmol/L NaCl, 10 mmol/L EDTA,
0.5mmol/L EGTA, protease inhibitor cocktail]. The preparation was incubated for an
additional 15 minutes at room temperature with rotation. Insoluble material was
pelleted, resuspended in 1 mL immunoprecipitation buffer [20 mmol/L Tris-Cl (pH 8.0),
200 mmol/L NaCl, 0.5% Triton X-100, 0.05%sodium deoxycholate, 0.5% NP40, protease
inhibitor cocktail], and sonicated to generate fragmented chromatin with approximately
500 bp in length. For each ChIP, 1pg antibody for OCT1, or 1pg nonspecific
immunoglobulin G (Sigma) was added and incubated overnight at 4°C. Immune
complexes were precipitated for 1 hour at room temperature with 1/20th volume
protein-G beads. Beads were washed three times with immunoprecipitation buffer, once
with high salt buffer (immunoprecipitation buffer with 800 mmol/L NaCl), once in LiCl
buffer [10 mmol/L Tris-Cl (pH 8.0), 250 mmol/L LiCl, 1% Triton X-100, 0.5% NP40, 0.1%
sodium deoxycholate, 5 mmol/L EDTA, protease inhibitor cocktail], and twice with
Tris-EDTA. Immune complexes were eluted with 40 uL elution buffer [10 mmol/L
Tris-Cl (pH8.0), 1% SDS, 5 mmol/L EDTA] at 65°C for 1 hour and cross-links were
reversed by adding 200 mmol/L NaCl and incubating at 65°C overnight. Eluted material
was treated with 30 pg proteinase K for 2 hours at 42°C and purified (QIAGEN).
Amplification of DNA from OCT1 ChIP was carried out with PCR reaction containing
12.5uL SYBR green master mix (QIAGEN), 7uL water, 3uL of 5uM primer mix, and 2.5uL

1



DNA. An iCycler iQ real-time PCR detection system (Bio-Rad) was used to perform the

quantitative PCR.

Cell viability assays

The MGC803 cells transfected with OCT1 vector in the presence or absence of synbindin
siRNA and control vector were seeded onto 96-well plates at 2500cells/well. Cell
proliferation was measured using the Cell Counting Kit-8 (CCK-8, Dojindo). At each time
point, cells were incubated with 10mL CCK-8 reagent per well (100 ml medium/well)

for 30min at 37°C, 5% CO.. The absorbance was measured at 450 nm.

Flow cytometric analysis

Cell cycle progression was assayed by DNA content using propidium iodide and flow
cytometry. MGC803 cells were transfected with OCT1 vector, OCT1 vector+synbindin
siRNA and control vector. Approximately 1x106 cells were trypsinized and washed
twice with ice-cold PBS and then fixed overnight at -20°C in 70% ethanol. Immediately
before flow cytometry, the cells were resuspended in PBS containing propidium iodide
(50 pg/ml) and DNase-free RNase (10 pg/ml). Flow cytometry was performed using a

FACScalibur (BD biosciences) system with CELLquest software.

Tumor cell invasion assays

Tumor cell invasion assays were performed using Boyden chambers with filter inserts
(pore size, 8-um) coated with Matrigel (40 pg; Collaborative Biomedical, Becton
Dickinson Labware, Bedford, MA) in 24-well dishes (Nucleopore, Pleasanton, CA, USA)
as described previously [1]. Briefly, 1x105 cells after transfected with OCT1 vector in the
presence or absence of synbindin siRNA were seeded in the upper chamber, while the
same medium was placed in the lower chamber. The plates were incubated for 24 h.
Then the cells were fixed in 4% formaldehyde and stained with 0.05% crystal violet in
PBS for 20min at room temperature. Cells on the upper side of the filters were removed
by cotton-tipped swabs, and the filters were washed with PBS. The cells on the lower
side of the filters were defined as invasive cells and counted at x200 magnification in 10

different fields of each filter.

Annexin V analysis



The apoptotic status was analyzed by using a TACS annexin V-FITC kit (R&D Systems,
Minneapolis, MN). Briefly, cells (1x106cells/mL) were transfected with OCT1 vector in
the presence or absence of synbindin siRNA. After washing in ice-cold PBS, cells were
collected by EDTA treatment and incubated with a mixture of annexin V-FITC and PI for
15 minutes at room temperature according to the manufacturer’s instruction. Early
apoptotic (only annexin V-positive) cells were distinguished from late apoptotic or

necrotic (annexin V and PI double-positive) cells by a flow cytometric analysis.

Array-based Copy Number Variation (CNV) analysis

The altered chromosome segments in 293 stomach adenocarcinoma patients of The
Cancer Genome Atlas (TCGA) cohort were obtained via the UCSC cancer genome
browser [2], and the CNV data of Singapore cohort can be accessed from GEO database
(GSE31168). Both datasets were based on the Affymetrix SNP6.0 microarray, and were
analyzed by GISTIC 2.0 algorithm [3] using default parameters for ‘threshold’ and ‘focal’
modes, respectively. The VUMC data were based on customized array-CGH method, and
was obtained from GEO database (GSE26389). The compatible CGHCall algorithm [4]
was used calculate the CNV of all genes for in VUMC dataset. To identify significant
relationships between the CNVs of OCT1 and other genes, a dimension reduction
permutation (DRP) statistical algorithm was used to analyze the TCGA CNV dataset. The

DRP algorithm has been described previously [5].

Gene Set Enrichment Analysis (GSEA)

GSEA is a method of analyzing and interpreting microarray and such data using
biological knowledge [6]. The data in question is analyzed in terms of their differential
enrichment in a predefined biological set of genes (representing pathways). These
predefined biological sets can be published information about biochemical pathway or
coexpression in a previous experiment. GSEA was performed using GSEA version 2.0
from the Broad Institute at MIT. Two datasets were analyzed by GSEA: a ‘multi-cancer’
dataset [7] including 64 solid tumors and 27 normal tissues (GSE28866) and The Cancer
Genome Atlas (TCGA) dataset including 282 GC samples. Both datasets were determined

by 3'-End Sequencing for Expression Quantification (3SEQ). In this study, GSEA firstly



generated an ordered list of all genes according to their correlation with OCT1
expression, and then a predefined gene set (signature of gene expression upon
perturbation of certain cancer-related gene) receives an enrichment score (ES), which is
a measure of statistical evidence rejecting the null hypothesis that its members are
randomly distributed in the ordered list. Parameters used for the analysis were as
follows. The “c6.all.v4.0.symbols.gmt” gene sets were used for running GSEA and 1000
permutations were used to calculate P-value and permutation type was set to gene_set.
The maximum gene set size was fixed at 1500 genes, and the minimum size fixed at 15
genes. The expression level of OCT1 (POU2F1) was used as phenotype label, and “Metric
for ranking genes” was set to Pearson Correlation. All other basic and advanced fields
were set to default.

To overcome gene-set redundancy and help in the interpretation of altered
pathways, we applied the “Enrichment Map” algorithm, a network-based method for
interpreting gene-set enrichment results [8]. Gene-sets are organized in a network,
where each set is a node and links represent gene overlap between sets. Automated
network layout groups related gene-sets into network clusters, helping to identify the
major enriched functional themes. The default parameters were used to generate
enrichment networks: P-value cutoff=0.005; FDR Q-value cutoff=0.1; overlap coefficient

cutoff=0.75.

Prediction of OCT1 binding sites by 3D structure-based energy calculations

An initial assignment using the TFsearch prediction tool indicated potential
OCT1-binding sites within the synbindin promoter (ranged from -700 to TSS). Then, a
more dedicated 3D structure-based method was used to identify OCT1-binding site with

higher confidence.

Prediction of OCT1 binding sites based on ChIP-seq data

The features of OCT1- binding sequences can be interpreted by the enriched stretches in
OCT1 ChIP-seq data. A previous study has identified 5-mer stretches that are specifically
enriched in top 1% OCT1-binding sequences [9]. We analyzed the enrichment of

OCT1-binding motifs within the scanning window (described above) as a measure to



search for potential OCT1 binding site in the synbindin promoter. This method was

combined with 3DTF algorithm to identify highly confident candidate sequences.

Western blotting

Western blot assays were performed to examine OCT1 and synbindin proteins. Cell
extracts were prepared using RIPA buffer (Thermo Fisher) from cells that were treated
as indicated. After electrophoresis, proteins were electroeluted at 120 volts onto a
polyvinylidene difluoride (PVDF) membrane (Invitrogen). Primary antibodies raised
OCT1 were purchased from Abcam. The anti-synbindin antibody was purchased from
Abnova, and the a-tubulin antibody was used as a control. The Western blotting analysis

was repeated at least three times.

In vivo experiments

Briefly, male BALB/c athymic nude mice (4-6 weeks old) were obtained from the
experimental animal center of Shanghai Institute for Biological Sciences (SIBS). All mice
were injected subcutaneously into the right side of back with 1.0x107 stable MGC803
cells transfected with OCT1 vector and control vector to establish the GC xenograft
model. 14 days after first injection,the two groups were sacrificed and the xenograft
tissues were taken for Western blot and Immunofluorescence. Tumor diameters were
measured at regular intervals with digital calipers, and tumor volume was calculated by
the formula: tumor volume (mm3) = shorter diameter2 x longer diameter/2. The tumor

volume data are presented as means = SD (n = 6).
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Figure S1. Expression and amplification of OCT1 gene in gastric tissues.



(A) OCT1 is upregulated in intestinal metaplastic tissues. The upper panel shows OCT1
immunofluorescent staining (green) in normal gastric tissue, while the lower panel
presents OCT1 expression in intestinal metaplastic tissues. Cell nucleus were stained
with DAPI in blue.

(B) The Circos plot shows gene copy number variation (CNV) in the TCGA stomach
adenocarcinoma (STAD) cohort. The level of CNV was based on the mean aggregation of
log ratio signals of all probes within each gene, regardless of the level of alterations (focal or
broad). OCT1 is located in a recurrently amplified region in chromosome 1 (magnified
plot). The lower plot shows the CNV (log2 ratio and GISTIC-estimated events) of OCT1 in
all patients by increasing order. While the copy number of OCT1 was increased in 96
cases, it was decreased in only 10 patients.

(C) Heat map showing CNVs of the TCGA gastric cancer cohort including both broad and focal
events. Each column represents a segmented genomic region, and each row represents a GC
patient.

(D) Focal CNV events in TCGA gastric cancer cohort, wherein the broad CNV events have
been subtracted.

(E) Summary on the prevalence of OCT1 amplification in three indicated GC cohorts. The
TCGA and Singapore datasets (based on SNP array platform) were analyzed by GISTIC
algorithm for focal and broad CNV events. The frequencies for OCT1 amplification
(including both focal and broad events) were respectively 32.1% (TCGA cohort) and 28.0%
(Singapore cohort). Focal amplification of OCT1 was found in 10.2% cases in TCGA
cohort and 9.3% patients in Singapore cohort. The VUMC dataset was based on
ArrayCGH platform and analyzed CGHCall algorithm, which revealed 22.2% GC cases
with amplified OCT1 gene.
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Figure S2. Association between OCT1 expression and clinicopathological patterns of
GC.

(A) Statistical analysis on the staining intensity of OCT1 in patients stratified by tumor



sizes (median split). Tumors with larger sizes showed significantly higher OCT1 staining
intensity than those with smaller tumor sizes (P<0.0001, Mann Whitney test).

(B) Association between OCT1 expression and clinicopathological features of gastric
cancer patients. All 90 patients were stratified by OCT1 expression levelinto OCT1-low
and OCT1-high groups (median split), and the clinicopathological features were
compared between two groups using the statistical method indicated.

(C) Gastric cancer patients (n=90) were divided into 4 groups according to OCT1 expression
levels (quartile split into Q1-Q4), and their survival were compared using Kaplan-Meier
survival analysis. The numbers of cases at risk are shown in the lower panel. Significant
differences were found between the pairs Q1 v.s. Q3 (P=0.017), Q2 v.s. Q3 (P=0.010), and Q3
v.s. Q4 (P=2.1x10-5).

(D) Survival of patients with different AJCC grades were compared by Kaplan-Meier survival
analysis. Significant different was only found between the groups with AJCC state II and stage
[T (P=0.006).

(E) Multivariate Cox regression survival analysis suggested independent prognostic
value of OCT1. Different factors (including OCT1, AJCC stage, tumor size, sex and age)
were analyzed for their association with patient survival using Cox regression model.
The P-value, Exp (b) (hazard ratio) and its 95% confident interval (CI) are shown for

each factor.
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Figure S3. Enrichment map summary of GSEA on OCT1-associated pathways .
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(A) OCT1-associated gene sets were identified by GSEA on gene expression profiles in
multiple tumors. The multi-cancer dataset (GSE28866) included 64 solid tumors and 27
normal tissues, and a ranked gene list was calculated according to the correlation with OCT1
expression. Detailed analysis method for can be found in Methods section. The
Enrichment Map analysis was used to overcome gene-set redundancy and improve the
interpretation of large gene lists. Multiple gene sets related to RAS-ERK signaling were
found to be associated with OCT1 expression (dashed circle), with PDGF/ERK signature
as the most correlated gene set. Other clusters of gene sets include MAPK pathways, CRX
and NRL, STK33, etc.

(B) The expression of ranked genes in the PDGF/ERK signature is shown in the heat map.

(C) The OCT1-associated gene sets were determined using TCGA stomach adenocarcinoma
(STAD) gene expression profiles. The expression of all genes were determined by 3’ RNA
sequencing method, and the GSEA/Enrichment Map analyses were performed using the
same approaches as in (A). The TCGA gastric cancer data also identified the strong
correlation between OCT1 expression and RAS-ERK signaling, with PDGF/ERK signature

being the most correlated gene set.
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Figure S4. OCT1 binds to the promoter region of synbindin.

(A) An initial assignment on OCT1-binding sites on the synbindin promoter using the
TFsearch prediction tool. The putative OCT1-binding sites were found upstream (-700)
of the transcription start site (TSS) of synbindin gene.

(B) Luciferase reporter assay showing the transactivation of synbindin promoter by
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OCT1. The synbindin promoter sequence (-654 to -241bp upstream of TSS) was inserted
to a reporter vector, and then co-transfected with OCT1 in MGC803 cells. Ectopic
expression of OCT1 strongly increased luciferase activity (*** P<0.001, two-sided
student t-test).

(C) Chromatin immunoprecipitation (ChIP) assay showing the binding of OCT to
synbindin promoter in vivo. The promoter region of synbindin was amplified from the
DNA recovered from the immunoprecipitation complex using a specific antibody for
OCT1. The input DNA and ChIP yield using non-specific IgG are included as controls.

(D) The sequences tested in luciferase assays were picked up from the prediction results
by 3DTF (upper panel) and ChIP seq-based (lower panel) methods. The red arrow heads
show the position of the true binding site, while grey arrow heads indicate the other
tested sequences.

(E) Luciferase assay revealed that OCT1 transactivates the predicted binding site (marked as
‘P’) but not other control sites (C1-C5). (** P<0.01, t-test)
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Figure S5. Effects of OCT1 silencing and synbindin ectopic expression on the

phosphorylation of ERK and substrates in MKN45 cells.
The MKN45 cells were transfected with siRNAs for OCT1 (#1 and #2, respectively) in the

absence or presence of synbindin expression vector, and Western Blot was used to

determined the levels of the indicated proteins/phosphor-proteins. While OCT1 silencing

suppressed phosphorylation of ERK/RSK/ELK1, synbindin overexpression blocked the effect

of OCT1 silencing.

13



Synbindin

90

Percentage of phosphorylation

50
N - N Mmoo fus]) o < o - ¥ O£ o~
FEEEEIZEZBEIE3EoEE
Wwoooapat 2 n.'-”ES'” I
F Synbindin docking ERK phosphorylation Substrate activation
e = = 4
D-domain D-substrate -
261
DEF DEF-substrate

domain

Figure S6. Synbindin binds to DEF-domain of ERK2 protein

(A) The binding mode of ERK-synbindin complex as predicted by the Hex spherical polar
Fourier protein docking algorithm. In this model, the LDc domain of synbindin interacts
with the DEF-domain of ERK2, in contact with its residues L191, L232 and Y261.
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(B) Crystallography-determined structure of ERK/PEA15 binding complex (PDB
accession 41ZA), wherein PEA15 binds to the DEF-domain of ERK but not D-domain.

(C) The structure of ERK binding to a designed Ankyrin Repeat protein, based on
crystallography data (PDB accession 3ZUV). The DEF-domain of ERK is also involved in
the interaction with Ankyrin Repeat protein.

(D) The ERK2/synbindin heteroduplex structure (validated by GST pull-down) created a
binding surface to MEK1, and the picture shows a predicted structure of MEK1 binding
to the ERK2/synbindin duplex. These results suggest that synbindin may facilitate
MEK1/ERK2 interaction.

(E) The histogram shows the most frequently phosphorylated proteins found in gastric
cancer cell lines, based on the PhosphoSite database (combined data from
high-throughput proteomic experiments). The phosphorylation of ERK2 protein was
identified in all the 32 analyzed gastric cancer cell lines, which represents the most
frequent phosphorylation event in the whole proteome. Altogether 6496 proteins were
found phosphorylated by different frequencies, ranging from 1/32 to 32/32. Synbindin
was not found phosphorylated in any analyzed cell line, suggesting its phosphorylation
is not required for ERK phosphorylation in GC cells.

(F) Proposed model for synbindin-involved ERK activation. The left panel shows the
interaction between synbindin LDc domain and ERK DEF-domain (experimentally validated),
which creates a binding surface for MEK1. The binding with MEK1 facilitates ERK
phosphorylation (middle panel), which enables ERK to activate its substrates docked to DEF
and D-domains (right panel).
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Supplementary Table 1. OCT1 expression levels and clinical features of gastric cancer cases.

Survival time Survival Tumor size Sex Age AJCC OCT1
(months) status (cm3) (years) stages level
59 Alive 3.15 Male 72 Il 11.213
59 Alive 8.75 Male 49 I 15.429
55 Alive 60 Male 52 Il 16.379
27 Dead 33 Male 79 Il 18.1
61 Alive 11.25 Male 71 I 18.629
59 Alive 2.1 Male 80 | 18.801
39 Dead 21 Male 74 i 20.437
9 Dead 12 Male 58 i 20.508
63 Alive 5.28 Female 75 I 20.875
46 Dead 17.5 Male 59 Il 21.06
43 Dead N/A Female 59 I 21.249
19 Dead 6 Male 59 i 21.357
59 Alive 5 Male 73 Il 21.523
60 Alive 6 Female 72 i 22.177
60 Alive 50 Male 73 Il 22.685
26 Dead 3.6 Male 61 Il 22.847
61 Alive 32 Male 58 1] 23.421
24 Dead 33.75 Female 53 i 23.648
61 Alive 6 Female 73 Il 24

N/A Alive 175 Male 61 i 24.097
22 Dead 7 Male 76 i 24.263
42 Dead 54 Male 59 11 24.653
59 Alive 20 Female 65 1] 24.859
60 Alive 390 Male 63 1 25.729
2 Dead 6 Male 83 Il 26.729
59 Alive 45 Male 54 Il 26.733
21 Dead 7.2 Male 63 Il 26.786
31 Dead 45 Male 53 i 26.825
61 Alive 11.2 Male 63 Il 27.257
35 Dead 1215 Male 58 1 27.288
55 Alive 30 Male 62 i 27.666
62 Alive 9 Male 75 Il 28.092
44 Dead 20 Male 65 i 28.511
62 Alive 16 Female 53 Il 28.667
62 Alive 24 Male 82 1] 29.065
42 Dead 9.45 Male 71 1 29.531
17 Dead 180 Male 65 v 29.806
61 Alive 20 Male 57 i 29.81
61 Alive 32 Male 79 i 30.207
32 Dead 37.125 Male 59 i 30.217
61 Alive 25 Male 67 Il 30.678
10 Dead 40.5 Male 73 i 30.936
60 Alive 5.4 Male 67 Il 31.002
63 Alive 27 Female 69 Il 32.417
60 Alive 2 Male 45 I 32.589
39 Dead N/A Male 69 Il 32.65
26 Dead 30 Male 58 i 32.992
59 Alive N/A Male 57 Il 33.062
28 Dead 8 Female 62 Il 33.073

61 Alive 190 Male 55 I 33.177



11
35
60

15

37
27
43

36

63
11
14
15
43
58
27

13

11
23
25
39
35

10
15
16
62
24
34

29
24
28

Dead
Dead
Dead
Alive
Dead
Dead
Dead
Dead
Dead
Dead
Dead
Dead
Dead
Alive
Dead
Dead
Dead
Dead
Dead
Dead
Dead
Dead
Dead
Dead
Dead
Dead
Dead
Dead
Dead
Dead
Dead
Dead
Dead
Alive
Dead
Dead
Dead
Dead
Dead
Dead

30
16.8
3.25
40.5
35.75
37.5
49.5
66
220
26
42
3.75
42
144
117
22.5
12
30
91
117
48
63
84
21
32
42.25
48.75
19.25
30.375
105
54.6
108
1125
160
105
180
136.5
71.5
520
250

Female
Female
Male
Female
Male
Female
Female
Male
Male
Male
Female
Male
Female
Male
Male
Male
Male
Female
Male
Male
Male
Male
Male
Male
Male
Male
Female
Male
Male
Male
Female
Male
Male
Male
Female
Female
Male
Male
Female
Female

66
79
49
41
55
77
72
45
59
73
72
80
68
63
50
72
78
83
68
80
81
78
62
68
81
50
75
69
71
63
65
75
79
47
65
62
63
57
34
79

33.4
33.462
34.141
34.186
34.607
34.831
35.139
35.314
35.502
35.512
36.29
36.862
36.901
37.25
37.48
37.667
37.838
37.916
38.174
38.288
38.652
38.93
39.875
40.56
40.771
42.65
42.999
44.631
46.262
47.239
47.838
49.477
51.465
51.675
52.877
53.167
54.223
57.265
74.838
81.521




Supplementary Table 2. Protein phosphorylation in gastric cancer cells (yellow color indicates phosphorylation detected)

Gastric cancer cell lines

E;?T:Sn S;;iol Residue Site Sequence

ERK2 MAPK1 Y187-p HTGFLTEYVATRWYR
CDK1 CDK1 Y15-p EKIGEGTYGVVYKGR
CDK2 CDK2 Y15-p EKIGEGTYGVVYKAR
CDK3 CDK3 Y15-p EKIGEGTYGVVYKAK
PRP4 PRPF4B Y849-p  ADNDITPYLVSRFYR
GSK3A GSK3A Y279-p RGEPNVSYICSRYYR
GSK3B GSK3B Y216-p RGEPNVSYICSRYYR
STAT3 STAT3  Y705-p DPGSAAPYLKTKFIC
ANXA2 ANXA2 Y24-p HSTPPSAYGSVKAYT
P38A MAPK14 Y182-p TDDEMTGYVATRWYR
PTPRA PTPRA Y798-p YIDAFSDYANFK___
EphA2 EPHA2 Y772-p EDDPEATYTTSGGKI
PTTG1IP PTTG1IP Y174-p LFKEENPYARFENN_
cofilin1 CFL1 Y140-p HELQANCYEEVKDRC
EphA2 EPHA2 Y594-p TYVDPHTYEDPNQAV
FAK PTK2 Y576-p  RYMEDSTYYKASKGK
Fyn FYN Y420-p  RLIEDNEYTARQGAK
HIPK1 HIPK1 Y352-p SKAVCSTYLQSRYYR
HIPK2 HIPK2 Y361-p SKAVCSTYLQSRYYR
Lck LCK Y394-p RLIEDNEYTAREGAK
Src SRC Y419-p  RLIEDNEYTARQGAK
Yes YES1 Y426-p RLIEDNEYTARQGAK
CTNND1 CTNND1 Y904-p  TKSLDNNySTPNERG
DYRK1A DYRKIA Y321-p LGQRIYQyYIQSRFYR
DYRK1B DYRK1B Y273-p LGQRIYQYIQSRFYR
GRF-1 ARHGAPIY1105-p RNEEENIySVPHDST
Lyn LYN Y508-p  YTATEGQYQQQP_
Shcl SHC1 Y427-p ELFDDPSYVNVQNLD
APP APP Y757-p SKMQQNGYENPTYKF
CD46 iso CD46 Y354-p  KADGGAEyATYQTKS
EGFR EGFR Y1197-p STAENAEYLRVAPQS
EphA2 EPHA2 Y588-p QLKPLKTYVDPHTYE
FAK PTK2 YS577-p YMEDSTYYKASKGKL
Shb SHB Y268-p GKGESAGYMEPYEAQ
APLP2 APLP2  Y755-p HGYENPTYKYLEQMQ
EGFR EGFR Y1172-p ISLDNPDyQQDFFPK
ERK1 MAPK3  Y204-p HTGFLTEyVATRWYR
ITGB1 ITGB1 Y783-p DTGENPIYKSAVTTV
JAM-A  F11R Y280-p  TSSKKVIYSQPSARS
LISCH LSR Y551-p PRSRDPHyDDFRSRE
Met MET Y1234-p RDMYDKEYYSVHNKT
plakophilit PKP4 ~ Y1168-p GLKSTTNyVDFYSTK
SgK269 PEAK1  Y635-p IVINPNAYDNLAIYK
SHP-2  PTPN11 Y62-p KIQNTGDyYDLYGGE
APLP2 APLP2  Y750-p NKMQNHGYENPTYKY
ATP1A1 ATP1Al1 Y260-p TARGIVVYTGDRTVM
cortactin  CTTN Y421-p RLPSSPVYEDAASFK
Erbin ERBB2IP Y1104-p AQIPEGDYLSYREFH
P130Cas BCAR1 Y249-p APGPQDIyDVPPVRG
STAT3iscSTAT3  Y704-p ADPGAAPYLKTKFIC
cortactin  CTTN Y446-p GTEPEPVYSMEAADY
CTNND1 CTNND1 Y228-p YPGGSDNyGSLSRVT
Gabl GAB1 Y659-p  VADERVDYVVVDQQK
Hck HCK Y411-p RVIEDNEYTAREGAK
Lyn LYN Y397-p  RVIEDNEYTAREGAK
P130Cas BCAR1 Y128-p SKAQQGLYQVPGPSP
P130Cas BCAR1 Y234-p AQPEQDEyDIPRHLL
Rinl RIN1 Y36-p KPAQDPLYDVPNASG
SHP-2  PTPN11 Y584-p REDSARVYENVGLMQ
tensin 3 TNS3 Y780-p RKLSLGQyYDNDAGGQ

Phosphorylation
frequency (%)

97.0
93.9
93.9
93.9
90.9
90.9
90.9
87.9
87.9
87.9
84.8
84.8
81.8
81.8
81.8
81.8
81.8
81.8
81.8
81.8
81.8
78.8
78.8
78.8
78.8
78.8
78.8
75.8
75.8
75.8
75.8
75.8
75.8
72.7
2.7
2.7
2.7
2.7
2.7
2.7
72.7
2.7
72.7
69.7
69.7
69.7
69.7
69.7
69.7
66.7
66.7
66.7
66.7
66.7
66.7
66.7
66.7
66.7
66.7



tensin 3 TNS3 Y855-p
Yes YES1 Y537-p
calmodulir CALM1  Y100-p
CD46 iso< CD46 Y357-p
CDK1 CDK1 Y19-p

FAK PTK2 Y397-p
PIK3R1 PIK3R1 Y467-p
Shb SHB Y114-p
Shb SHB Y246-p
TAGLN2 TAGLN2 Y192-p
TAGLN3 TAGLN3 Y192-p
ANXA2 ANXA2  Y30-p

DDX3 DDX3X  Y104-p
Gabl GAB1 Y406-p
HIPK3  HIPK3 Y359-p
K7 KRT7 Y40-p

PKCD PRKCD Y313-p
talin 1 TLN1 Y70-p

talin 1 TLN1 Y436-p
Z02 TJIP2 Y1118-p
ANXA2 ANXA2  Y238-p
Cas-L NEDD9 Y317-p
CTNND1 CTNND1 Y257-p
DLG3 DLG3 Y673-p
DYRK2 DYRK2 Y382-p
DYRK4 DYRK4 Y264-p
eEF1A1 EEF1A1 Y29-p

eEF1A2 EEF1A2 Y29-p

EphB4 EPHB4 Y987-p
FLNB FLNB Y2502-p
FRK FRK Y46-p

IGFIR IGF1IR  Y1165-p
InsR INSR Y1189-p
K8 KRT8 Y267-p
KRT75 KRT75 Y327-p
N-WASP WASL Y256-p
plakophilit PKP4 Y478-p
PXN iso2 PXN Y118-p
PZR MPZL1  Y263-p
SgK223 SGK223 Y41l-p
SKT KIAA1217 Y393-p
Tyk2 TYK2 Y292-p
Z02 TJIP2 Y426-p
EFNB1 EFNB1  Y317-p

Fyn FYN Y213-p
Met MET Y1003-p
Met MET Y1235-p

MGC148z Cllorf52 Y103-p
PIK3R2 PIK3R2 Y464-p
PTPRE PTPRE Y696-p
RPS27 RPS27 Y31-p
RPS27L RPS27L Y31-p
SHIP-2  INPPL1 Y986-p
Src SRC Y530-p
Yes YES1 Y222-p
CDK5 CDK5 Y15-p
EGFR  EGFR Y1110-p
GRF-1  ARHGAP:Y1087-p
plakophilir PKP3 Y84-p
plakophilit PKP3 Y176-p
PLEKHAE PLEKHAG Y492-p
PXN iso2 PXN Y88-p
TBCB TBCB Y98-p
TR TFRC Y20-p
Cas-L NEDD9  Y166-p
caveolin-1CAV1 Y14-p
CDK1 CDK1 T14-p

PVSPETPYVKTALRH
FTATEPQYQPGENL_
FDKDGNGYISAAELR
GGAEYATYQTKSTTP
EGTYGVVYKGRHKTT
SVSETDDyAEIIDEE
SREYDRLYEEYTRTS
RAMCRLDYyCGGSGEP
KVTIADDYSDPFDAK
SQAGMTGYGMPRQIL
SQAGMTGYGMPRQIM
AYGSVKAYTNFDAER
DDRGRSDYDGIGSRG
DASSQDCYDIPRAFP
SKTVCSTYLQSRYYR
GLGSSSLYGLGASRP
SSEPVGIYQGFEKKT
EAGKALDYYMLRNGD
STVLQQQYNRVGKVE
AQKHPDIYAVPIKTH
RYKSYSPyDMLESIR
VGSQNDAYDVPRGVQ
APSRQDVYGPQPQVR
NEVDGQDYHFVVSRE
EHQRVYTYIQSRFYR
EHQKVYTYIQSRFYR
TTTGHLIYKCGGIDK
TTTGHLIYKCGGIDK
TGGPAPQy
RSSTETCySAIPKAS
QSQRHGHYFVALFDY
RDIYETDYYRKGGKG
RDIYETDYYRKGGKG
IAEVKAQYEDIANRS
IAEVKAQYEDIANRS
RETSKVIyDFIEKTG
ALNTTATYAEPYRPI
VGEEEHVYSFPNKQK
NKSESVVYADIRKN_
ATQPEPIYAESTKRK
MYRNEGFyADPYLYH
QAEGEPCYIRDSGVA
RRHQYSDyDYHSSSE
ENNYCPHyEKVSGDY
RKLDNGGYYITTRAQ
VSNESVDyRATFPED
DMYDKEYYSVHNKTG
HLENATEyATLRFPQ
SREYDQLYEEYTRTS
FIDIFSDyANFK___
LVQSPNSyFMDVKCP
LVQSPNSyFMDVKCP
NSFNNPAYYVLEGVP
FTSTEPQYQPGENL_
RKLDNGGYYITTRAQ
EKIGEGTYGTVFKAK

GSVQNPVYHNQPLNP | |

DGFDPSDyAEPMDAV
RGTSRGQYHTLQAGF
GVGSRADyYDTLSLRS
PPRSEDIYyADPAAYV
PQSSSPVYGSSAKTS
SGARLGEYEDVSRVE
FGGEPLSYTRFSLAR
RTGHGYVYEYPSRYQ

IEKIGEGtYGVVYKG

vosecHLTVPIREQ | [ [T I |
[ [ |

66.7
66.7
63.6
63.6
63.6
63.6
63.6
63.6
63.6
63.6
63.6
60.6
60.6
60.6
60.6
60.6
60.6
60.6
60.6
60.6
57.6
57.6
57.6
57.6
57.6
57.6
57.6
57.6
57.6
57.6
57.6
57.6
57.6
57.6
57.6
57.6
57.6
57.6
57.6
57.6
57.6
57.6
57.6
54.5
54.5
54.5
54.5
54.5
54.5
54.5
54.5
54.5
54.5
54.5
54.5
51.5
51.5
51.5
51.5
515
51.5
51.5
51.5
51.5
48.5
48.5
48.5



CDK2 CDK2 T14-p
CDK3 CDK3 T14-p
CTNND1 CTNND1 Y96-p
EphA2 EPHA2 Y575-p
ERK2 MAPK1 T185-p
Fyn FYN Y531-p
ITGB4 ITGB4  Y1207-p
ITSN2  ITSN2 Y968-p
K19 KRT19  Y391-p
LDLR LDLR Y845-p
MGC148= Cllorf52 Y78-p
PAG PAG1 Y359-p
PKCD PRKCD  Y334-p
RAIG1 GPRC5A Y347-p
RAIG1  GPRC5A Y350-p
SHIP-2 INPPL1 Y1135-p
SLC38A2 SLC38A2 Y41-p
vinculin  VCL Y822-p
Cas-L NEDD9 Y214-p
DBNL DBNL Y162-p
desmopla DSP Y56-p
IQGAP1 IQGAP1 Y1510-p
LISCH LSR Y372-p
P38D MAPK13 Y182-p
PZR MPZL1  Y241-p
S100A11 S100A11 Y30-p
2-Sep 2-Sep Y17-p
Shb SHB Y336-p
syntenin  SDCBP  Y46-p
Abl ABL1 Y393-p
Ack TNK2 Y518-p
Arg ABL2 Y439-p
Cas-L NEDD9 Y241-p
CDK2 CDK2 Y19-p
EFNB2 EFNB2 Y304-p
EGFR EGFR Y1092-p
EphB4 EPHB4  Y596-p
G6PD  G6PD Y503-p
GIT1 GIT1 Y545-p
ITGB4 ITGB4 Y1510-p
P130Cas BCAR1 Y267-p
P130Cas BCAR1 Y287-p
P130Cas BCAR1 Y387-p
PIK3R2 PIK3R2 Y605-p
plakophilit PKP2 Y166-p

SHANK2 SHANK2 Y989-p
Shcl SHC1 Y350-p
tensin3 TNS3 Y354-p
ANKS1A ANKS1A Y455-p

ANXAl ANXAl Y39-p

ARHGAP: ARHGAP1Y243-p
Cas-L NEDD9  Y345-p
CDCP1 CDCP1 Y707-p
Crk CRK Y221-p
desmopla JUP Y20-p

DLG1 DLG1 Y760-p
eEF1A1 EEF1A1 Y141-p
eEF1A2 EEF1A2 Y141-p
EFNB1 EFNB1 Y343-p
EFNB2 EFNB2 Y330-p
EphB3 EPHB3  Y614-p
EphB4 EPHB4 Y774-p
ERK1 MAPK3  T202-p
FAK PTK2 Y861-p
FRK FRK Y497-p
Fyn FYN Y440-p

GPRC5C GPRC5C Y414-p

VEKIGEGtYGVVYKA
VEKIGEGtYGVVYKA
QDHSHLLYSTIPRMQ
RQSPEDVYFSKSEQL
HDHTGFLIEYVATRW

FTATEPQyQPGENL_

GAQGEGPYSSLVSCR
REEPEALYAAVNKKP
LEGQEDHYNNLSASK
ICHNQDGYSYPSRQM
SEDSNLHyADIQVCS

PSSCNDLYATVKDFE

MQDNSGTYGKIWEGS
AHAWPSPYKDYEVKK
WPSPYKDYEVKKEGS
KTLSEVDYAPAGPAR
QAALKSHYADVDPEN
KSFLDSGyRILGAVA
EIKPQGVYDIPPTKG

QAPVGSVYQKTNAVS

TDQNSDGYCQTGTMS
LVKLQQTYAALNSKA | |
SAGGQGSYVPLLRDT | |
ADAEMTGYVVTRWYR | ] |
SHQGPVIYAQLDHSG | | |
KYAGKDGYNYTLSKT
INPETPGYVGFANLP

DDRPADEYDQPWEWN
IPHDGNLyPRLYPEL

RLMTGDTYTAHAGAK
GGVKKPTYDPVSEDQ | | |
RLMTGDTYTAHAGAK

AGLREKDyDFPPPMR l

EGTYGVVYKARNKLT
DSVFCPHYyEKVSGDY | | |
TFLPVPEYINQSVPK
VYIDPFTYEDPNEAV
MKRVGFQYEGTYKWV
ELEDDAIySVHVPAG
STTLPRDYSTLTSVS
SQYGQEVYDTPPMAV
RDPLLEVYDVPPSVE
RPGPGTLYDVPRERV
KNETEDQYALMEDED
AHYTHSDYQYSQRSQ
GQMPENPYSEVGKIA
EPPDHQYYNDFPGKE
GPVDGSLYAKVRKKS
REEDEHPYELLLTAE
PGSAVSPYPTFNPSS
GRPDSPVYANLQELK
PQERDGVYDVPLHNP
KGPAVGIyNDNINTE
GGPEPGPYAQPSVNT
VTEWQQTyTYDSGIH
YEVDGRDYHFVTSRE
REHALLAYTLGVKQL

REHALLAYTLGVKQL

PQSPANIyYKV

PQSPANIYYKV
VYIDPFTYEDPNEAV
ENSSDPTYTSSLGGK
HDHTGFLIEYVATRW
PIGNQHIYQPVGKPD
YFETDSSySDANNFI

TAPEAALYGRFTIKS

TLRAEDMySAQSHQA

48.5
485
48.5
485
48.5
485
485
48.5
485
48.5
485
48.5
485
48.5
485
485
485
485
455
455
455
455
455
455
455
455
455
455
455
42.4
42.4
42.4
42.4
42.4
42.4
42.4
42.4
42.4
42.4
42.4
42.4
42.4
42.4
42.4
42.4
42.4
42.4
42.4
39.4
39.4
39.4
39.4
39.4
39.4
39.4
39.4
39.4
39.4
39.4
39.4
39.4
39.4
39.4
39.4
39.4
39.4
39.4



HER3 ERBB3  Y1328-p
IRAP LNPEP  Y70-p

LIM PDLIM5  Y251-p
LPP LPP Y317-p
plakophilit PKP4 Y415-p
plakophilit PKP4 Y1115-p
PTRF PTRF Y308-p
RIPK2  RIPK2 Y381-p
RPS10 RPS10 Y12-p

Src SRC Y439-p
VASP VASP Y39-p

Yes YES1 Y446-p
ACTAl ACTAl Y93-p

ACTB ACTB Y91-p

ACTG1 ACTGl Y91-p

APP APP Y762-p
ARHGAP: ARHGAP1S240-p
ATP1A1 ATP1A1 Y10-p

Ber BCR Y177-p
CdkL5 CDKL5 Y171-p
CDv-3 CDV3 Y244-p
cofiin1 CFL1 Y89-p

cofiin2 CFL2 Y89-p

CTNNA1 CTNNA1l Y177-p
CTNND1 CTNND1 Y174-p
DNAJA1 DNAJA1 Y381l-p
FAK PTK2 Y407-p
Hrs HGS Y216-p
IRS2 IRS2 Y823-p
occludin  OCLN Y315-p
P130Cas BCAR1 Y306-p
PAG PAG1 Y417-p
PAR3-alpl PARD3  Y388-p
plakophilit PKP2 Y168-p
plakophilit PKP3 Y195-p
POTEF POTEF Y791-p
Pyk2 PTK2B  Y579-p
RAIG1  GPRC5A Y317-p
SgK269 PEAK1 Y641-p
Shcl SHC1 Y349-p
SHIP-2 INPPL1 Y886-p
SLC1A5 SLC1A5 Y524-p
tensin1 TNS1 Y1404-p
tensin 3 TNS3 Y601-p
ACTB ACTB Y198-p
ACTG1 ACTGl Y198-p
ANK3 ANK3 Y533-p
BCAR3 BCAR3 Y266-p
BCS1L BCS1L Y181l-p
CDCP1 CDCP1 Y806-p
CDK3 CDK3 Y19-p

CTNND1 CTNND1 Y248-p
CTNND1 CTNND1 Y334-p
ENO1 ENO1 Y287-p
EphB2 EPHB2 Y780-p
ERK5 MAPK7  Y221-p
Fyn FYN Y214-p
Gabl GAB1 Y259-p
GIT2 GIT2 Y592-p
JAK2 JAK2 Y570-p
LAMTOR: LAMTOR1 Y40-p

LDH-A LDHA Y239-p
LPP LPP Y301-p
MIG-6  ERRFI1 Y395-p
P130Cas BCAR1 Y327-p
PGAM1 PGAM1 Y92-p

PGAM2 PGAM2 Y92-p

SAFDNPDYyWHSRLFP
MEEDEEDYESSAKLL
VERYTEFYHVPTHSD
RNDSDPTYGQQGHPN
DLHITPIYEGRTYYS
RLQHQQLYYSQDDSN
FTPDHVVYARSKTAV
SRKAQDCYFMKLHHC
KKNRIAIYELLFKEG
TAPEAALYGRFTIKS
AFSRVQIYHNPTANS
TAPEAALYGRFTIKS
KIWHHTFYNELRVAP
KIWHHTFyNELRVAP
KIWHHTFyYNELRVAP
NGYENPTYKFFEQMQ
PNQGRPDSPVYANLQ
KGVGRDKyEPAAVSE
ADAEKPFyVNVEFHH
NNANYTEyVATRWYR
KLQLDNQYAVLENQK
YALYDATYETKESKK
YALYDATYETKESKK
EQDLGIQyKALKPEV
ASSVSNNYIQTLGRD
RHYNGEAYEDDEHHP
IIDEEDTYTMPSTRD
VRVCEPCYEQLNRKA
CGGDSDQYVLMSSPV
VPSPPSDYVERVDSP
PSNHHAVYDVPPSVS
LVPKENDYESISDLQ
RFSPDSQyYIDNRSVN
YTHSDYQySQRSQAG
PGGLDDRYSLVSEQL
KIWHHTFYNELRVAP
RYIEDEDYYKASVTR
EETGDTLYAPYSTHF
AYDNLAIYKSFLGTS
EEPPDHQyYYNDFPGK
LGTRERLYEWISIDK
GNPLLKHYRGPAGDA
RAGSLPNyATINGKV
QMVVAHQYSFAPDGE
KILTERGYSFTTTAE
KILTERGYSFTTTAE
NAATTSGYTPLHLSA
LRCLEEHYGTSPGQA
SEWRPFGyPRRRRPL
PESESEPYTFSHPNN
EGTYGVVYKAKNRET
YRPSMEGYRAPSRQD
EEVPSDQYYWAPLAQ
YKSFIKDyPVVSIED
DDTSDPTYTSALGGK
HQYFMTEyVATRWYR
KLDNGGYyITTRAQF
ASVDSSLYNLPRSYS
NSTPESDyDNTPNDM
VRREVGDYGQLHETE
LNGAEPNyHSLPSAR
KQVVESAYEVIKLKG
GRYYEGYYAAGPGYG
KVSSTHYYLLPERPP
PLLREETYDVPPAFA
WRLNERHyGGLTGLN
WRLNERHYGGLTGLN

39.4
39.4
394
39.4
39.4
39.4
39.4
39.4
39.4
39.4
39.4
39.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
33.3
33.3
33.3
33.3
33.3
33.3
33.3
33.3
33.3
33.3
33.3
33.3
33.3
33.3
33.3
33.3
33.3
33.3
33.3
33.3
33.3
33.3
33.3



PIK3R3 PIK3R3 Y199-p
Pyk2 PTK2B  Y580-p
RBM3  RBM3 Y155-p
Syk SYK Y323-p
syndecan- SDC1 Y309-p
tensin 3 TNS3 Y333-p
Yes YES1 Y223-p
Abi-1 ABI1 Y213-p
Ack TNK2 Y859-p
ACTC1 ACTC1 Y93-p
AFAP1L2 AFAP1L2 Y413-p
ANXAL1 ANXAl Y207-p
Cas-L NEDD9 Y92-p
CASKIN2 CASKIN2 Y253-p
Chl CBL Y700-p
CDV-3 CDV3 Y190-p
claudin 3 CLDN3  Y219-p
CTNND1 CTNND1 Y296-p
DDX3 DDX3X  Y69-p
EHM2 iso EPB41L4E Y493-p
ENO1 ENO1 Y44-p
ENO2 ENO2 Y44-p
ENO3 ENO3 Y44-p
EphAl EPHA1l Y781-p
EPS8 EPS8 Y525-p
EPS8 EPS8 Y774-p
Erbin ERBB2IP Y1164-p
ESYT1 ESYT1 Y822-p
Fer FER Y402-p
FLOT1 FLOT1 Y203-p
G6PD G6PD Y507-p
HER2 ERBB2  Y1248-p
hnRNP A: HNRNPAZ Y336-p
Hrs HGS Y132-p
HSP90B HSP90AB Y484-p
IGFIR IGF1IR  Y1161-p
InsR INSR Y1185-p
IRS2 IRS2 Y742-p
Lasp-1 LASP1 Y171-p
LDH-B LDHB Y240-p
Mer MERTK  Y753-p
MINK MINK1  Y906-p
Nck1 NCK1 Y105-p
NRP1 NRP1 Y920-p
PAG PAG1 Y317-p
PAG PAG1 Y341-p
PAR3-alpl PARD3  Y719-p
PGAM1 PGAM1 Y26-p
PIK3R1 PIK3R1 Y607-p
plakophilir PKP4 Y157-p
plakophilit PKP4 Y372-p
POTE2 POTEE Y791-p
POTEI POTElI  Y791-p
POTEJ POTEJ Y754-p
POTEM i POTEM  Y8-p
PXN iso2 PXN S85-p
S100A10 S100A10 Y25-p
SKT KIAA1217 Y244-p
SPRY4 SPRY4 Y52-p
STAT5A STAT5A Y694-p
STAT5B STAT5B  Y699-p
STX4 STX4 Y115-p
syndecan- SDC4 Y197-p
TKT TKT Y275-p
TMEM10¢ TMEM106 Y50-p
Tyro3 TYRO3  Y685-p
Abi-1 ABI1 Y198-p

SKEYDRLYEEYTRTS
YIEDEDYyKASVTRL
GGNYRDNyDN_____
STVSFNPYEPELAPW
PTKQEEFyA
PLIRWDSYENLSADG
KLDNGGYyITTRAQF
PPTVPNDYMTSPARL
KKVSSTHyYLLPERP
KIWHHTFyYNELRVAP
DPSPDHLYSFRILHK
DSDARALYEAGERRK
TFGQQKLYQVPNPQA
DVNIRNTYNQTALDI
EGEEDTEYMTPSSRP
PQGPPEIySDTQFPS
TGYDRKDYV,
MGYDDLDYGMMSDYG
SSKDKDAYSSFGSRS
GDDSHFDYVHDQNQK
SGASTGIYEALELRD
SGASTGIYEALELRD
SGASTGIYEALELRD
LDDFDGTYETQGGKI
NRHIDRNyEPLKTQP
CPEGARVYSQITVQK
MSVSDFNySRTSPSK
GTKHLSPYATLTVGD
EPPPVVNYEEDARSV
QEKVSAQYLSEIEMA
GFQYEGTYKWVNPHK
PTAENPEYLGLDVPV

GPYGGGNYGPGGSGG l

YKVVQDTYQIMKVEG
KETQKSIyYITGESK
FGMTRDIYETDYYRK
FGMTRDIYETDYYRK
SSPEDSGYMRMWCGS
IPTSAPVYQQPQQQP
KMVVESAYEVIKLKG
KKIYSGDyYRQGRIA
LHADSNGYTNLPDVV
VDPGERLYDLNMPAY
KLNTQSTYSEA
EEEISAMYySSVNKPG
LTVPESTYTSIQGDP
RRISHSLYSGIEGLD
ENRFSGWyDADLSPA
NENTEDQySLVEDDE
NSYSDSGYQEAGSFH
GQQQYDIYERMVPPR
KIWHHTFyNELRVAP
KIWHHTFyYNELRVAP
KIWHHTFyNELRVAP
KIWHHTFyNELRVAP
HQQPQSSSPVYGSSA
KFAGDKGYLTKEDLR
KDESRNVYYELNDVR
TSHVENDYIDNPSLA
LAKAVDGYVKPQIKQ
TAKAVDGYVKPQIKQ
KEEADENYNSVNTRM
KAPTNEFyA
EQIIQEIlySQIQSKK
GDVSQFPYVEFTGRD
RKIYSGDYYRQGCAS
TLGRNTPYKTLEPVK

_
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33.3
33.3
33.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
30.3
27.3



ACTA1 ACTAl Y55-p
ACTA2 ACTA2 Y55-p
ACTB ACTB Y53-p
ACTG1 ACTG1l Y53-p
ACTG2 ACTG2 Y54-p
ACTN1 ACTN1 Y246-p
ACTN4 ACTN4  Y265-p
ALDOA ALDOA Y3-p
ANXA2 ANXA2  Y316-p
CALM2 CALM2  Y100-p
CALM3 CALM3  Y100-p
CrkL CRKL Y251-p
CTNND1 CTNND1 Y280-p
Dok1 DOK1 Y449-p
DYRK1A DYRK1A Y145-p
EFNB1 EFNB1  Y329-p
EFNB2 EFNB2 Y316-p
EPB41L1 EPB41L1 Y343-p
EphB3 EPHB3 Y608-p
EphB4 EPHB4  Y590-p
EPS8 EPS8 Y485-p
EPS8 EPS8 Y491-p
FRS2 FRS2 Y306-p
HER2 ERBB2  Y877-p
hnRNP AT HNRNPAZ Y360-p
IRSp53 BAIAP2 Y337-p
ITGB1 ITGB1 Y795-p
JNK2 MAPK9  Y185-p
K8 KRT8 Y25-p
K8 KRT8 Y282-p
LAPTM4A LAPTM4A Y230-p
LISCH LSR Y406-p
Met MET Y1365-p
MYH9  MYH9 Y1408-p
PAR3-alp/ PARD3  Y1080-p
plakophilir PKP4 Y420-p
PLCG1 PLCG1 Y771-p
PLCG1 PLCGl1 Y783-p
PXN PXN Y118-p
PYGB PYGB Y197-p
RABL6 RABL6  Y726-p
RAIG1 GPRC5A Y320-p
RPLPO RPLPO  Y24-p
7-Sep 7-Sep Y319-p
9-Sep 9-Sep Y278-p
SHP-1 PTPN6  Y564-p
SnRNP 7C SNRNP70 Y126-p
SPRY1 SPRY1 Y53-p
ZNF185 ZNF185 Y408-p
Z01 TJIP1 Y1066-p
abLIM ABLIM1 Y461-p
ACTC1 ACTC1l Y55-p
ADAM9 ADAM9  Y769-p
ADAM9 ADAM9 Y815-p
afadin MLLT4  Y1497-p
ARHGAP! ARHGAPE Y1109-p
ATP1A1 ATP1A1 Y542-p
Brk PTK6 Y447-p
Cé6orfl32 C6orfl32 Y1142-p
Cas-L NEDD9 Y189-p
CCT-thete CCT8 Y30-p
cortactin CTTN Y334-p
cortactin  CTTN Y453-p
cortactin i CTTN Y265-p
CrkL CRKL  Y198-p
CTNND1 CTNND1 Y193-p
CTNND1 CTNND1 S252-p

GMGQKDSYVGDEAQS | |
GMGQKDSYVGDEAQS | |
GMGQKDSYVGDEAQS | |
GMGQKDSYVGDEAQS | |
GMGQKDSYVGDEAQS | |
MTYVSSFyHAFSGAQ

MTYVSSFyHAFSGAQ
___ MPyQYPALTP | | |
RKYGKSLyYYIQQDT

FDKDGNGYISAAELR | |
FDKDGNGYISAAELR | |

QkRVPCAYDKTALAL | | [ [ |

HRFHPEPYGLEDDQR

KSHNSALYSQVQKSG | [ []

DGYDDDNyDYIVKNG
GDYGHPVYIVQEMPP

GDYGHPVyYIVQEMPP
IKIRPGEYEQFESTI
IAPGMKVYIDPFTYE
IGHGTKVyYIDPFTYE
EHSSVSEyHPADGYA

EYHPADGYAFSSNIY
PSVNKLVYENINGLS
LDIDETEyHADGGKV | | |
GRSSGSPYyGGGYGSG

QSKLSDSYSNTLPVR

TTVVNPKYEGK

TNFMMTPYVVTRYYR
RAFSSRSyTSGPGSR
RAEAESMyQIKYEEL
EKEPPPPYLPA

DDSMRVLYYMEKELA

NVKCVAPYPSLLSSE

HEEKVAAYDKLEKTK
RQARERDYAEIQDFH
PIYEGRTYYSPVYRS
IGTAEPDYGALYEGR
EGRNPGFyVEANPMP
VGEEEHVYSFPNKQK
WEKARPEYMLPVHFY

RHPGGGDyYEEL

GDTLYAPYSTHFQLQ
IIQLLDDYPKCFIVG
RKLAAVTYNGVDNNK

KAPVDFGyVGIDSIL

SKHKEDVYENLHTKN
LRREFEVYGPIKRIH

F

AIRGSNEYTEGPSVV

PKGALADYEGKDVAT

YRYESSSYyTDQFSRN

GSINSPVYSRHSYTP
GMGQKDSYyVGDEAQS
PPREVPIyANRFAVP

PAPAPPLYSSLT

IERRDLQyYITVSKEE

KGYSDEIyVVPDDSQ

KDAFQNAYLELGGLG

RLSSFTSYENPT

KAPGSADYGFAPAAG
SHTTQGVYDIPPSSA
SGLEEAVYRNIQACK

VTQVSSAYQKTVPVE

YSMEAADYREASSQQ

LHESQKDYSKGFGGK
GNRNSNSyGIPEPAH
GNGGPGPyVGQAGTA

MEGYRAPSRQDVYGP

e EeEE Eaata=

27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2



CTNND1 CTNND1 Y335-p
CYFIP1 CYFIP1 Y108-p
CYFIP2 CYFIP2 Y108-p
DDX3Y DDX3Y Y69-p
desmogle DSG2 Y1013-p
EGFR EGFR Y869-p
EPB41 EPB41 Y660-p
EPB41L1 EPB41L1 Y864-p
EphA3 EPHA3  Y779-p
EphA4 EPHA4  Y779-p
EphA5 EPHA5  Y833-p
EphB4 EPHB4 Y574-p
FAK PTK2 T575-p
FCHSD2 FCHSD2 Y659-p
Fer FER Y714-p
G6PD G6PD Y401-p
GPRC5C GPRC5C Y387-p
hnRNP ACHNRNPAC( Y180-p
hnRNP A HNRNPA1Y347-p

IRS2 RS2 Y653-p
K18 KRT18  Y36-p
K7 KRT7  Y205-p

KIAA002C KIAA0020 Y259-p
KIRREL KIRREL Y721-p
KIRREL KIRREL Y724-p

Lyn LYN Y193-p
Lyn LYN Y194-p
Met MET S1236-p
Met MET Y1356-p

MIG-6  ERRFI1 Y394-p
MPP5 MPP5 Y243-p
nectinl PVRL1  Y468-p
occludin  OCLN Y287-p
PDHA1 PDHAl1 Y301-p
PDHA2 PDHA2 Y299-p
plakophilir PKP3 Y210-p
plakophilit PKP3 Y390-p
plakophilit PKP4 Y306-p
PLEKHA7 PLEKHA7 Y656-p
PPP1R11 PPP1R11 Y64-p
PRP4 PRPF4B S852-p
PXN PXN Y88-p
Ron MST1R Y1238-p
RPSA RPSA Y139-p
SLC7A11 SLC7A11 Y15-p
talin 1 TLN1 Y26-p

YB-1 YBX1 Y162-p
Yes YES1 Y32-p
Yes YES1 Y194-p

202 TIP2 Y1007-p
ACP1 ACP1 Y132-p
AFAP1L2 AFAP1L2 Y54-p
AHNAK AHNAK  Y715-p
ALDOA ALDOA Y5-p
ANXA1l ANXA1l Y482-p
ANXA2 ANXA2 Y317-p
ARHGEF! ARHGEFE Y656-p
AxI AXL Y702-p
Axl AXL Y703-p
BAG3 BAG3 Y247-p
claudin1 CLDN1  Y210-p
claudin 3 CLDN3  Y214-p
CLTC CLTC Y634-p
cofilin1 CFL1 Y68-p
CrkL CRKL Y207-p
CTNNB1 CTNNB1 Y30-p
CTNND1 CTNND1 Y221-p

EVPSDQYyWAPLAQH
QPNRVEIYEKTVEVL
QPNRVEIYEKTVEVL
CSKDKDAYSSFGSRD
QHLQDVPYVMVRERE
LGAEEKEyHAEGGKV
RLDGENIyIRHSNLM
LVTKAVVYRETDPSP
EDDPEAAYTTRGGKI
EDDPEAAYTTRGGKI
EDDPEAAYTTRGGKI
SNGREAEYSDKHGQY
SRYMEDStYYKASKG
SLPPLPLYDQPPSSP
RQEDGGVYSSSGLKQ
VQPNEAVYTKMMTKK
KVPSEGAyDIILPRA
AVPKEDIySGGGGGG
PYGGGGQYFAKPRNQ
NLGADDGYMPMTPGA
VSSAASVYAGAGGSG
KKDVDAAYMSKVELE
SAIVEYAYNDKAILE
SGLERTPYEAYDPIG
ERTPYEAYDPIGKYA
RSLDNGGYYISPRIT
SLDNGGYYISPRITF
MYDKEYYsVHNKTGA
YVHVNATYVNVKCVA
KKVSSTHyYLLPERP
PITDERVYESIGQYG
DEDAKRPYFTVDEAE
LWDKEHIYDEQPPNV
MSDPGVSYRTREEIQ
MSDPGVSYRTREEIQ
EPAATSTYRAFAYER
GAMRNLIYDNADNKL
PNGPTPQyQTTARVG
GKSADDTYLQLKKDL
SSKCCCIYEKPRAFG
DITPYLVSRFYRAPE
PQSSSPVYGSSAKTS
RDILDREYYSVQQHR
QPLTEASYVNLPTIA
STISKGGYLQGNVNG
FEPSTMVyDACRIIR
PRNYQQNYQNSESGE
VSTSVSHYGAEPTTV
SETTKGAYSLSIRDW
TQNKEESYDFSKSYE
QLIIEDPYYGNDSDF
SSSSDEEYIYMNKVT
GTKVKGEYDVTVPKL
___MPYQYPALTPEQ
RMYGKSLyHDISGDT
KYGKSLYyYYIQQDTK
DRRSGRDySTVSASP
KKIYNGDYYRQGRIA
KIYNGDYYRQGRIAK
YQTHQPVYHKIQGDD
APSSGKDyV
GASLGTGYDRKDYV._
LEHFTDLYDIKRAVV
GQTVDDPYATFVKML
IPEPAHAYAQPQTTT
SHWQQQSYLDSGIHS
SRHYEDGYPGGSDNY

24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
24.2
21.2
21.2
21.2
21.2
21.2
21.2
21.2
21.2
21.2
21.2
21.2
21.2
21.2
21.2
21.2
21.2
21.2



CTNND1 CTNND1
CTNND1 CTNND1
CXADR CXADR
DCBLD2 DCBLD2
DCBLD2 DCBLD2
DOCK1 DOCK1
EFNB1 EFNB1
EGFR EGFR
EGFR EGFR
EPB41L2 EPB41L2
EphB1 EPHB1
EphB2 EPHB2
EphB3  EPHB3
Erbin ERBB2IP
ERP29 ERP29
FAK PTK2
Fgr FGR
Fyn FYN
GDI2 GDI2
GSK3A GSK3A
GSK3B GSK3B
HER2 ERBB2
HER3 ERBB3
HER3 ERBB3
HER4 ERBB4

S230-p
Y302-p
Y318-p
Y732-p
Y750-p
Y1811-p
Y313-p
Y727-p
Y998-p
Y623-p
Y600-p
Y602-p
Y792-p
Y884-p
Y66-p
Y570-p
Y180-p
Y185-p
Y203-p
S278-p
S215-p
Y735-p
Y1289-p
Y1307-p
Y733-p

hnRNP AZHNRNPA1Y341-p
hnRNP A:HNRNPA1Y357-p
HSPC227PDzZD11 Y10-p

BAIAP2L1 Y274-p

IRTKS
ITSN2
K7

K8
KLC2
Lck
LDLR
LDLR
LMBRD2
LPP
Lyn
MUC1
MYO10
MYO1lE
nectin 4

ITSN2
KRT7
KRT8
KLC2
LCK
LDLR
LDLR
LMBRD2
LPP
LYN
MUC1
MYO10
MYO1E
PVRL4

PAR3-alpl PARD3

PDHA1
PDHA2
PGAM4

PDHA1
PDHA2
PGAM4

plakophilit PKP4
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