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Abstract: Sumoylation is an important post-translational modification that involves the conjugation
of the Small Ubiquitin-related Modifier (SUMO) onto target proteins. This modification is reversed
through the catalytic activity of SUMO isopeptidases, known as SENPs. One of these SENPs, SENP1, was
reported to be overexpressed in human pancreatic cancer cells and patient tissues. Since elevated SENP1
expression levels can be used as a prognostic marker for a subset of cancers, we set out to further explore the
overexpression of SENP1 in pancreatic cancer. We found that SENPI protein levels were not significantly
different between pancreatic cancer and normal pancreas-derived cell lines. To evaluate SENP1 expression
in patient samples, we analyzed large publicly available datasets and found that SENP1 mRNA levels were
significantly lower in pancreatic cancer tissue as compared to normal pancreas tissue samples. Furthermore,
we found that the SENPI gene is amplified in less than 1% of sequenced pancreatic cancer patient samples
and that expression levels have no association with patient survival. Based on our analysis, we conclude that
SENP1 is not overexpressed in pancreatic cancer and is therefore not likely to be an effective biomarker
for this disease. Through this work, we also outline a simple but powerful bioinformatics workflow for the

assessment of mRNA expression levels, genomic alterations and survival analysis for putative biomarkers for

common human cancers.
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Introduction

The Small Ubiquitin-related Modifier (SUMO) is a well
conserved 110 amino acid protein that is post-translationally
conjugated onto target proteins in a dynamic and reversible
process called sumoylation. SUMO is covalently attached
to target proteins through an E1, E2 and E3 enzymatic
cascade. Deconjugation of SUMO from target proteins is
catalyzed by sentrin-specific isopeptidases, or SENPs (1,2).
A wide range of essential cellular functions are regulated by
sumoylation, such as transcription, chromatin remodeling,
DNA replication and cell division, among many others
(3,4). Many of these essential cellular processes are
misregulated in human cancers (5). As such, misregulation
of SUMO conjugating and deconjugating enzymes have
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been implicated as contributing factors in the development
and progression of many cancers (6-10). Consequently,
individual pathway components have become attractive
drug targets and potential biomarkers for cancer therapies
(11-13). For instance, an inhibitor of the SUMO E1
conjugating enzyme has been shown to inhibit sumoylation
globally and thereby decrease cancer cell proliferation and
viability (8,14).

Our lab and others have identified unique roles of
the SUMO isopeptidase, SENP1, in regulating genes
important for cancer-related processes, such as chromosome
segregation (15,16) and cellular proliferation (17-20).
Through misregulation of SENP1 expression, these genes
and processes can become misregulated and contribute to
cancer development and progression. As such, it has been
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demonstrated that SENPI expression levels can be used
as a prognostic marker for a molecularly defined subset of
prostate cancers (21). These promising findings prompted
us to further explore reported SENP1 overexpression in
pancreatic cancer (22), a lethal disease that is projected to
become the second leading cause of cancer-related deaths
in both men and women by 2030 (23). Lack of effective
treatment options renders this disease particularly lethal
and early diagnosis of the disease is essential in order to
optimize treatment effectiveness and patient survival (24).
The previous observation that SENP1 is up-regulated
in pancreatic cancer raised the intriguing possibility that
SUMO inhibitors could be used as an effective treatment
option for this disease. We therefore chose to further
characterize and validate SENP1 expression levels in
pancreatic cancer cells and patient tissues as a step toward
further establishing SENP1 as a biomarker for treatment of
pancreatic cancer with a SUMO inhibitor.

We found using cell-based assays and analyses of large-
scale sequencing studies from pancreatic cancer patients
that in contrast to a previous report (22), SENP1 is not
significantly overexpressed in pancreatic cancer. Through
this work, we also provide the field with a powerful
bioinformatics workflow that can be used by researchers
to evaluate expression levels and genomic alterations of
putative biomarkers for many common human cancers.

Materials and methods
Cell culture

We received the “normal” hTERT-transformed HPNE
cell line (ATCC#: CRL-4023) graciously from Dr. Laura
Wood, and three pancreatic cancer cell lines, AsPC-
1 (ATCC#: CRL-1682), BxPC-3 (ATCC#: CRL-1687),
CFPAC-1 (ATCC#: CRL-1918) graciously from Dr. Scott
Kern. We ordered the PANC-1 cells directly from ATCC
(ATCCH#: CRL-1469). We also used the cervical cancer cell
line, HeLa (ATCC# CCL-2), as a non-pancreas control.
All cell lines were cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM, ThermoFisher Scientific PN: 11965118)
supplemented with 10% Fetal Bovine Serum (Atlanta
Biologicals PN: S11150) and grown in a monolayer at 37 °C
and 5% CO,. Cells were passaged one to two times per
week, or until cells reached approximately 80% confluence.

All six cell lines used for this study were authenticated
by the Johns Hopkins University JHU) Genetic Resources
Core Facility (GRCF) using the Promega GenePrint10
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Short Tandem Repeat Profile Kit and had identities with an
>80% match against the ATCC database. Additionally, we
used the JHU GCRF to confirm that all six cell lines were
mycoplasma free using a PCR based MycoDtect kit from
Greiner Bio-One.

qRT-PCR analysis

All six cell lines were seeded at 5.0x10’ cells/well in a 6-well
dish and grown at 37 °C and 5% CO, for approximately
24 hours. Total RNA was extracted using the Sigma
GenElute Mammalian MiniPrep kit (Sigma PN: RTN10)
following the vendor’s protocol. Extracted RNA was
analyzed by nanodrop for concentration and purity. cDNA
was generated using the New England BioLabs ProtoScript
First Strand ¢cDNA Synthesis Kit (NEB PN: E6300S)
using 200 ng of RNA, d(T),; VN primers and following
the vendor’s recommended protocol. The qPCR reaction
was performed using Bio-Rad iTaq Universal SYBR
Green Supermix (Bio-Rad PN: 1725121) and following
the vendors recommended protocol. ¢PCR runs were
performed using an Applied Biosystems Quant Studio with
Quant Studio v1.3.1 software. Relative SENP1 expression
was calculated using average Cr values from three biological
replicates, a validated housekeeping gene (GAPDH), and
the ACq equation: 2" """ P Primer sequences:

Forward Reverse
SENP1 5'- ATCAGGCAGTG- 5'- GCAGGCTTCATTG-
AAACGTTGGAC -3' TTTATCCCA -3'
GAPDH  5'- ACGGATTTGG- 5'- CGCTCCTGGAAG-

TCGTATTGGG -3' ATGGTGAT -3'

Western blotting analysis

All six cell lines were seeded at 5.0x10’ cells/well in a 6-well
dish and grown at 37 °C and 5% CO, for approximately
24 hours. Cells were harvested by scraping in 100 pL of
2X Laemmli sample buffer with 10% B-mercaptoethanol.
Cells were lysed in a water bath sonicator for 3x15 second
pulses, heated at 95 °C for 5 minutes, cooled and spun at
13,000 xg for 5 minutes. Samples were loaded onto a 10-
well, 10% tris-glycine gel and run at 110 V for 1 hour
15 minutes. Samples were transferred to a LE-PVDF
membrane (Bio-Rad PN: 1704274) using the Bio-Rad
TransBlot Turbo Mixed MW setting. Blots were blocked in
5% non-fat dry milk for 1 hour at room temperature (RT)
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with gentle shaking. Blots were then rinsed with 1X TBST
and incubated overnight at 4 °C with a rabbit monoclonal
SENP1 antibody [abcam PN: ab108981 (1:1,000)] and a
mouse monoclonal alpha tubulin antibody [abcam PN:
ab7291 (1:15,000)] diluted in 2% BSA, 0.02% NaN3 and 1x
PBS. Blots were washed in 1xTBST and incubated in Goat
anti-rabbit 800CW [LI-COR PN: 926-32211 (1:10,000)]
and goat anti-mouse 680LT [LI-COR PN: 926-68020
(1:10,000)] protected from light for 1 hour at RT with
gentle shaking. Blots were imaged using the LiCor Odyssey
imaging system and quantitated using ImageStudio v.5.2.5
software. SENP1 signal was normalized to tubulin signal,
and results were plotted using RStudio.

Immunofluorescence microscopy

Cells were seeded on coverslips at 2.5x10° cells/well
in a 6-well dish and grown at 37 °C and 5% CO, for
approximately 24 hours. Media was carefully aspirated,
cells were washed one time with 1x PBS, fixed in 3.5%
paraformaldehyde in 1x PBS for 7 min. at RT, washed with
Ix PBS and permeabilized in 0.5% Triton-X-100 in 1x PBS
for 20 min. at RT. Cells were gently washed twice with 1x
PBS and primary antibodies were applied [SENP1 abcam
PN: ab108981 (1:500); mAb 414 abcam PN: ab24609
(1:2,000)]. Zeiss Observer Z1 fluorescence microscope with
an Apotome VH optical sectioning grid was used to acquire
images. SENP1 nucleoplasmic fluorescence intensity
was measured using Image] software and graphed using
RStudio.

Statistical analysis

All statistical analyses were performed using RStudio.
Differences in means for qPCR and western blot data
were analyzed by ANOVA, followed by a Tukey Honestly
Significant Difference test with 95% confidence intervals to
identify statistically significant differences between sample
pairs. Differences in means for the patient data from Xena
was calculated using a Students #-test. P values <0.05 were
considered significant for all reported data.

Bioinformatics

Cancer Cell Line Encyclopedia (CCLE)

SENP1 mRNA expression and copy number data
from human cancer cell lines was downloaded from
the Broad Institute’s Cancer Cell Line Encyclopedia
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(https://portals.broadinstitute.org/ccle) (25). Using
RStudio, data was subset and graphed to include
information only from the AsPC-1, BxPC-3, CFPAC-1
and PANC-1 cell lines.

Xena

Normalized mRNA data for pancreatic cancer tissues
and normal pancreas tissues were downloaded from the
UCSC Xena public data hub (https://xena.ucsc.edu) (26)
and opened in RStudio. The pancreatic cancer SENP1
mRNA expression values were obtained from the TCGA
Pancreatic Cancer (PAAD) cohort, which had 10 studies for
a total of 196 samples. The non-cancerous SENP1 mRNA
expression values were downloaded from the GTEx study.
In RStudio, GTEx SENP1 data was subset by organ type to
include only data from normal pancreas samples, providing
a total of 167 samples. Then, both TCGA and GTEx data
sets were cleaned to remove samples with missing data,
resulting in 178 TCGA pancreatic cancer samples, and 165
GTEx normal samples. Lastly, normality assumptions were
confirmed using the Shapiro-Wilk normality test and mean
expression values were compared using a Students 7-test and
the results were plotted using ggplot (27).

cBioPortal

The web-based cBioPortal for Cancer Genomics (28,29)
(www.cbioportal.org) version 1.18.0 was used to analyze
SENPI1 alterations in large-scale pancreatic cancer
genomic data sets. Three pancreatic adenocarcinoma
cancer studies were queried: QCMG, Nature 2016 (30);
TCGA, Provisional; and UTSW, Nature Communications
2015 (31). Molecular profiles were selected for Mutations
and Copy Number Alterations, resulting in 751 unique
patient/case sets, of which 676 were sequenced. The gene
symbol “SENP1” was used to run the query. Presented data
are from the OncoPrint and Cancer Types Summary tabs.

Oncomine

The Thermo Fisher Scientific Oncomine platform version
4.5 (www.oncomine.org, June 2018, Thermo Fisher
Scientific, Ann Arbor, MI) was used to analyze SENP1
mRNA expression levels in pancreatic cancer patient
samples as compared to adjacent normal tissues from the
Badea Pancreas study (32).

GWAS Catalog
The web-based NHGRI-EBI Catalog of published genome-
wide association studies (https://www.ebi.ac.uk/gwas/) was
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Figure 1 Evaluation of SENP1 expression levels in human cell lines. (A) Relative SENP1 mRNA expression levels measured by qRT-
PCR. Statistical analysis performed using an ANOVA, where the significance level of *** is 0.001; (B) plot of SENP1 mRNA expression
levels against SENPI copy number in four pancreatic cancer cell lines using data from CCLE; (C) representative western blot image of
SENP1 and tubulin signal from whole cell lysates. High molecular weight SENP1 bands are indicated by an asterisk; (D) quantitation

of normalized SENP1 protein levels from 3 independent western blot assays. Gray dots are individual data points, black lines are mean

normalized SENP1 values.

used to analyze SENP1 in GWAS studies (33).

Kaplan-Meier Plotter (KM Plot)

Relapse free and overall survival data for pancreatic cancer
patients based on SENP1 mRNA expression was analyzed
using the Kaplan-Meier Plotter (34) (http://kmplot.com/
analysis/) using data from the pan-cancer study. The
pancreatic ductal adenocarcinoma (n=177) study was
selected and analysis was not restricted by subtypes.

Results

Characterizing SENP1 expression and localization in
buman cell lines

To evaluate SENP1 expression in pancreatic cancer, we first
looked at SENP1 messenger RNA (mRNA) and protein
levels in six human cell lines. We used the HPNE cell line,
which is derived from non-cancerous pancreas tissue (35),

for comparison to the pancreatic cancer cell lines AsPC-1,
BxPC-3, CFPAC-1 and PANC-1, and to the cervical
cancer cell line, HeLa. We found using qRT-PCR that the
HPNE cells had significantly lower relative SENP1 mRNA
expression as compared to all other tested cell lines (P values
<0.05) (Figure 1A4). Consistent with previous findings, the
AsPC-1, BxPC-3 and CFPAC-1 cells had indistinguishable
differences in SENP1 expression, whereas the PANC-1 cell
line had the highest levels of SENP1 expression (22).

To explore whether the elevated SENP1 mRNA levels
in PANC-1 cells were associated with a gene duplication
event, we turned to the Broad Institute’s Cancer Cell
Line Encyclopedia (CCLE, portals.broadinstitute.
org/ccle) (25). We found that there were two copies of
SENPI in all four of our tested pancreatic cancer cell lines
(Figure 1B), indicating that the elevated SENP1 mRNA
levels in PANC-1 were not associated with a SENPI gene
duplication event. Consistent with our findings, RNA
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Figure 2 SENP1 localizes to the nucleoplasm and nuclear pore complexes (NPCs). (A) Representative immunofluorescence microscopy

images of pancreas-derived cells co-stained with antibodies recognizing SENP1 and NPCs (mAb 414). Scale bar is 10 pm; (B)

quantitation of SENP1 nucleoplasmic signal from immunofluorescence images.

sequencing data from CCLE also showed a similar pattern
of SENP1 mRNA expression for the tested pancreatic
cancer cell lines.

To investigate the relationship between mRNA and
protein expression levels, we probed whole cell lysates from
our six human cell lines using a validated SENP1 antibody.
We found that in contrast to our gPCR results, there were
no significant differences in SENP1 protein levels between
the tested cell lines (Figure 1C,D). Specifically, SENP1
protein levels were not as elevated in the PANC-1 cells
as were expected based on our qRT-PCR results and the
previous data (22). However, high molecular weight forms
of SENP1 varied between PANC-1 cells and the other
cell lines, as indicated by the high molecular weight bands
marked by an asterisk in Figure 1C.

The nature of detected high molecular weight forms
of SENP1 is not known, however the N-terminus of
SENP1 contains multiple phosphorylation and acetylation
sites, as well as predicted sumoylation and ubiquitination
sites (36). Our lab and others have found that signals in
the N-terminus of SENP1 determine its subcellular
distribution between the nucleus, cytoplasm and
nuclear pore complexes (NPCs), and it is predicted that
posttranslational modifications could affect localization
(15,37,38). Since we observed variations in high molecular
weight forms of SENPI in the PANC-1 cells by western
blot, we investigated whether these correlate with changes
in subcellular localization. We used immunofluorescence
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microscopy to image HPNE, AsPC-1 and PANC-1 cells
co-stained for SENP1 and NPCs. Consistent with previous
work from our lab (15), we found that SENP1 colocalizes
with NPCs and is detectable at varying levels in small foci
throughout the nucleoplasm in the three pancreas-derived
cell lines (Figure 2A4). More specifically, we observed similar
SENP1I levels in the nucleoplasm of AsPC-1 and PANC-1
cells, and elevated levels in the nucleoplasm of HPNE cells,
as quantitated in Figure 2B.

Evaluation of SENPI in pancreatic cancer patient samples
using bioinformatics

To extend our studies beyond cell lines, we next evaluated
SENP1 mRNA expression, gene alterations, and survival
association in pancreatic cancer patient samples, as
outlined in Figure 34. We first turned to the University
of California Santa Cruz (UCSC) Xena Public Data Hub
(xena.ucsc.edu) to acquire normalized mRNA data from
RNA sequencing studies (26) from The Cancer Genome
Atlas (TCGA) and the Genotype-Tissue Expression
program (GTEx) 39). TCGA is a multicenter effort that
profiles data at the molecular level from thousands of
cancer patients across 33 cancer types. The GTEx program
is another multicenter effort that generates genomic and
transcriptomic profiling data from over 50 types of tissues
derived from non-cancerous patient biopsies. Importantly,
there are approximately equal numbers of pancreatic
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Figure 3 Evaluation of SENPI in pancreatic cancer patient samples using bioinformatics analyses. (A) Outline of bioinformatics

resources used for SENP1 analysis; (B) quantitation of SENP1 mRNA expression from cancerous and unpaired non-cancerous pancreas

tissue using data from the UCSC Xena Public Data Hub; (C) SENP1 mRNA expression levels in paired-normal pancreas tissue as

compared to cancer tissue samples using Oncomine; (D) Oncoprint of SENPI gene alterations in 676 patient samples using cBioPortal; (E)

Kaplan-Meier survival analysis of 261 patients with high versus low SENP1 expression analyzed using KMPlot.com. Hazard ratio (HR),

95% confidence intervals, and logrank P value presented in the graph.

cancer and non-cancer samples from TCGA and GTEx,
respectively, which when normalized by Xena, allows
for powerful statistical comparisons between the two
sources of data. To that end, we compared SENP1 mRNA
expression levels from 178 pancreatic cancer samples to
165 non-cancerous pancreatic tissue samples and found
that SENP1 was significantly lower in the pancreatic
cancer tissues as compared to the non-cancerous tissue
(P value <0.05, Figure 3B). As a second approach, we also
used the Oncomine Platform by Thermo Fisher Scientific
(https://www.oncomine.org) (40) as an alternative data
source for evaluating SENP1 mRNA expression in
pancreatic ductal adenocarcinoma tumors and matching
normal pancreatic tissue samples by microarray (32).
Here, we found that there is no significant difference
in SENP1 mRNA expression levels between the paired
tissues (Figure 3C).

To complement our SENP1 mRNA expression data, we
analyzed SENPI gene alterations using the Memorial Sloan
Kettering Cancer Center (MSKCC) cBioPortal (cbioportal.
org) (28,29) in 676 human pancreatic cancer samples.
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We found that SENPI was amplified in 4 of the samples,
deleted in 4 of the samples, and had a missense mutation of
unknown significance in 1 sample (Figure 3D). Thus, the
total alteration rate of the SENPI gene in pancreatic cancer
based on these samples is approximately 1.3%. Of that, only
0.6% (4/676) of the cases had a gene amplification. As a
second approach, we also analyzed SENPI single nucleotide
polymorphisms (SNPs) in genome-wide association
studies (GWAS) using the joint National Human
Genome Research Institute (NHGRI) and European
Bioinformatics Institute (EMBL-EBI) quality controlled
and literature-derived catalog of published GWAS studies
(https://www.ebi.ac.uk/gwas) (33). Our search identified two
SENPI variants, rs10875742 and rs2408955-T, associated
with vital lung function and glycated hemoglobin levels,
respectively.

Lastly, to look at the association of SENP1 expression
levels and pancreatic cancer patient survival, we used the
Kaplan-Meier plotter (kmplot.com) (34) to stratify patient
survival data based on calculated high versus low SENP1
mRNA expression levels. The results showed no statistically
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significant difference in pancreatic cancer patient survival

based on SENP1 mRNA expression levels (Figure 3E).

Discussion

Sumoylation regulates essential cellular processes, many
of which are often misregulated in human cancers. As the
SUMO pathway itself is also misregulated in numerous
cancers, it has been implicated as a contributing factor in
the development and progression of these diseases (4,14).
Researchers have found that expression levels of individual
SUMO pathway enzymes can be used as prognostic markers
for cancers such as prostate and cervical cancer (13,21).
Here, we used authenticated cell lines, validated reagents
and data from large-scale genomics studies to evaluate the
utility of SENP1 expression as a biomarker in pancreatic
cancer.

To explore reported SENP1 overexpression in pancreatic
cancer, we first evaluated SENP1 mRINA levels in pancreas-
derived human cell lines. We found that the normal control
cells had significantly lower SENP1 mRNA expression
as compared to the cancer cell lines. We also found that
AsPC-1, BxPC-3 and CFPAC-1 had indistinguishable
differences in SENP1 expression, whereas the PANC-1 cell
line had significantly higher levels of SENP1 expression.
However, the magnitude of SENP1 mRNA differences
between cell lines did not match previously published
findings (22). In this published study, an approximate
6-fold increase in SENPI1 expression in the PANC-1
cell line was observed when compared to AsPC-1 cells,
whereas we observed an approximate 2-fold increase. These
differences could be due to differences in cell lines (our
cell line identities were validated by short tandem repeat
profiling), the use of different equipment, reagents or
relative expression calculations. For instance, the previous
report used the AACT method, whereas we used the ACq
method (41) since evaluating endogenous SENP1 mRNA
levels does not involve the use of a treatment group.
Consistent with our findings, we found that our SENP1
mRNA expression patterns were similar to those obtained
by CCLE using RNA sequencing. Furthermore, data from
CCLE revealed that elevated SENP1 mRNA levels in the
PANC-1 cells were not associated with a gene duplication
event, as all four pancreatic cancer cell lines were found to
be diploid at the SENPI locus. Surprisingly, we found that
SENPI protein levels were similar across all tested cell
lines, despite higher mRINA expression in PANC-1 cells.
This indicates that SENP1 protein levels are regulated
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post-transcriptionally, possibly at the level of translation
or protein stability. Interestingly, although SENP1 protein
levels did not differ between cell lines, we did observe
variations in predicted modified forms of SENP1 by western
blot analysis. We also observed variations in the relative
distribution of SENP1 within the nucleoplasm of HPNE
cells in comparison to AsPC-1 and PANC-1 cells. The
prediction that these differences in observed localization
reflect differences in posttranslational modifications of the
SENP1 N-terminus will require future studies.

Using publicly available patient datasets, we compared
SENP1 expression levels from hundreds of pancreatic
cancer tissues to non-cancerous pancreas tissues. We
found that SENP1 expression is lower in pancreatic cancer
tissues when compared to unpaired-normal pancreas tissue,
and is unchanged when compared to paired-adjacent
normal pancreas tissue. The difference between these
two outcomes could be explained by tissue environment,
especially considering the strong desmoplastic reaction
that occurs in pancreatic cancer (32). It is possible that
the normal-adjacent tissues are influenced by the tumor
microenvironment (TME) (42), which in turn affects
SENP1 mRNA expression in the surrounding tissues. These
results indicate that SENP1 levels are highest in healthy
pancreas tissues and decrease in pancreatic tumor tissues.
This finding is in contrast to a previous observation (22)
which found elevated SENP1 mRNA levels in pancreatic
ductal adenocarcinoma tissues from 22 patients as compared
to adjacent normal tissues when assayed by qRT-PCR.
These discordant findings could be explained by the
different approaches used to evaluate SENP1 mRNA levels,
the differences in sample sizes, or potential epidemiological
variables related to the sources of tissue.

To further explore SENPI in patient samples, we also
looked at SENPI gene mutations in over 600 sequenced
pancreatic cancer tissues using cBioPortal. Here, we found
that SENPI was amplified in 4 of the samples, deleted in 4
of the samples, and had a missense mutation of unknown
significance in 1 sample. This amounts to a 1.3% SENPI
gene alteration rate in pancreatic cancer, and furthermore,
the observed differences between types of alterations
suggest that SENPI mutations in pancreatic cancer are not
conserved. For comparison, KRAS, a protein well-known to
promote pancreatic cancer tumorigenesis, has been found
to have an alteration rate of greater than 90% and the
alteration is almost always a single nucleotide variant (31).

Our search of the GWAS catalog (33) identified
two SENPI variants, rs10875742 and rs2408955-T.
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The rs10875742 variant was associated with vital lung
function, and the rs2408955-T variant was associated with
hemoglobin Alc (HbAlc) at genome-wide significance (43).
Of relevance to our study, HbAlc is used to diagnose and
monitor type 2 diabetes (T2D), which is a risk factor and a
prognostic factor for pancreatic cancer (44). This SENP1
variant was further classified into an erythrocytic group to
better define its mode of action on HbAlc, however the
specific effects of this variant on the function, structure or
lifespan of red blood cells have yet to be explored. Given
the utility of HbAlc in diagnosing and monitoring 12D,
and the link between T2D and pancreatic cancer, this
variant could be of interest for further exploration.

Lastly, we found that there is no association between
SENPI1 expression levels and pancreatic cancer patient
survival. Taken together, our data provides evidence
that SENP1 is not altered at the genetic level, nor is it
overexpressed in pancreatic cancer tissues or associated
with patient survival. Thus, although a previous study
has suggested a link between SENP1 and pancreatic
cancer (22), our results do not support this finding. We
therefore conclude that SENPI is not likely to be an
effective biomarker for this disease. Through this work,
we have also outlined a powerful and freely-available
bioinformatics workflow for the evaluation of potential
biomarkers for the most common human cancers.

Conclusions

We used authenticated cell lines, validated reagents and
data from large-scale genomics studies to evaluate SENP1
localization, mRNA and protein level expression, gene
mutations and survival association in human pancreas
cells and tissue samples. We found that SENP1 is not
overexpressed in pancreatic cancer, has no association with
patient survival and would therefore not make an effective
biomarker. Through this work we have outlined an easy
to use and freely available bioinformatics workflow for
evaluating putative biomarkers for use in cancer diagnostics
and therapies.
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