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Abstract

Earlier we have shown important roles of MYB in pancreatic tumor pathobiology. To better 

understand the role of MYB in the tumor microenvironment and identify MYB-associated secreted 

biomarker proteins, we conducted mass spectrometry analysis of the secretome from MYB-

modulated and control pancreatic cancer cell lines. We also performed in silico analyses to 

determine MYB-associated biofunctions, gene networks, and altered biological pathways. Our 

data demonstrated significant modulation (p < 0.05) of 337 secreted proteins in MYB-silenced 

MiaPaCa cells whereas 282 proteins were differentially present in MYB-overexpressing BxPC3 

cells, compared to their respective control cells. Alteration of several phenotypes such as cellular 

movement, cell death, and survival, inflammatory response, protein synthesis, etc. was associated 

with MYB-induced differentially expressed proteins (DEPs) in secretomes. DEPs from MYB-

silenced MiaPaCa PC cells were suggestive of the downregulation of genes primarily associated 

with glucose metabolism, PI3K/AKT signaling and oxidative stress response, among others. DEPs 

from MYB-overexpressing BxPC3 cells suggested enhanced release of proteins associated with 

glucose metabolism and cellular motility. We also observed that MYB positively regulated the 

expression of four proteins with potential biomarker properties, i.e. FLNB, ENO1, ITGB1, and 

INHBA. Mining of publicly available databases using Oncomine and UALCAN demonstrated that 

these genes are overexpressed in pancreatic tumors and associated with reduced patient’s survival. 
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Altogether, these data provide novel avenues for future investigations on diverse biological 

functions of MYB, specifically in the tumor microenvironment, and could also be exploited for 

biomarker development.

INTRODUCTION

Pancreatic cancer (PC) incidence and mortality have been on the rise for past several years. 

Recently, it became the third leading cause of cancer-related death in the United States and 

is expected to become the second by 2030 or earlier. About 56,770 new cases of PC are 

expected to be diagnosed and nearly 45,750 deaths will occur this year as compared to 

55,440 new cases and 44,330 estimated deaths in 2018 (1, 2). Clearly, there is an urgent need 

to develop novel and effective strategies to manage this lethal malignancy. Identification of 

novel biomarkers and a better understating of mechanisms involved in aggressive and 

therapy-resistant progression of PC could be of great help to develop effective approaches 

for early diagnosis and treatment.

The development of tumors is a multi-stage process that requires intricate cross-talk between 

tumor and stromal cells. These interactions could occur either through direct cell-cell 

contacts or mediated through the tumor-derived secretomes that include proteins actively 

released by the cells through the classical secretory pathway or vesicular secretion (3–7). 

The proteins secreted by the tumor cells play important roles in the remodeling of stroma 

within the tumor microenvironment (8, 9). Moreover, they are also shown to help build 

supportive environment for disseminated tumor cells at distant metastatic sites (10–12). 

Their noticeable presence in blood serum and other biofluids has also been exploited 

clinically as potential biomarkers of disease existence, progression, and subtype (13–15). We 

recently demonstrated that MYB, an oncogenic transcription factor, is overexpressed in PC 

and plays important roles in tumor growth, metastasis and desmoplasia (16–18). Deep-

sequencing of transcriptome of MYB-overexpressing and -silenced PC cells suggested that 

MYB potentially regulates growth and genomic stability of pancreatic cancer cells via 

targeting of complex gene networks and signaling pathways (16).

In the present study, we analyzed the secretomes of two sets of paired PC cell lines where 

MYB was either exogenously overexpressed (in BxPC3) or silenced (in MiaPaCa) through 

RNA interference. Differentially expressed proteins (DEPs) were identified by mass 

spectrometry in MYB-modulated and control cells and subjected to in silico analyses to 

predict their impact on biological pathways and functions. Analyses also suggested the 

clinical utility of some of the DEPs in secretomes as potential biomarkers. Collectively, 

these observations provide novel avenues for future research to understand broader 

pathobiological implications of MYB in PC and/or improve clinical management through 

biomarker development.
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MATERIALS AND METHODS

Reagents

Roswell Park Memorial Institute Medium-1660 (RPMI-1660), phosphate buffer saline 

(PBS), penicillin (10,000 U/ml), streptomycin (10,000 μg/ml), fetal bovine serum (FBS) and 

trypsin-EDTA were purchased from Hyclone Laboratory (Logan, UT, USA); phenol-free 

RPMI-1660 was from Life Technologies (Carlsbad, CA); MycoAlert mycoplasma detection 

kit from Lonza (Rockland, ME); HPLC purified acetonitrile (ACN), and water were from 

Fisher Scientific (Waltham, MA, USA), and urea, ammonium bicarbonate, trifluoroacetic 

acid (TFA), EDTA, tris(2-carboxy-ethyl)phosphine hydrochloride (TCEP) were from Sigma-

Aldrich (St. Louis, MO, USA). Sequencing grade modified porcine trypsin was procured 

from Promega (Madison, WI). LDHA and ENO1 ELISA kit were procured from BioVision 

Inc. (Milpitas, CA). Anti-HSP90 (rabbit monoclonal) and anti-SRSF1 (mouse monoclonal, 

clone 103) were from Cell Signaling Technologies (Danvers, MA) and Zymed laboratories, 

Invitrogen (Carlsbad, CA), respectively. Species specific secondary antibodies were from 

Santa Cruz Technologies (Dallas, TX).

Cell lines and collection of conditioned media

Stable MYB knockdown (MiaPaCa-shMYB) and MYB overexpressing (BxPC3-MYB) and 

their respective control cell lines; non-targeting scrambled (MiaPaCa-Scr) and empty vector 

control (BxPC3-Neo), respectively; were generated previously in our lab and maintained as 

described (18). All cells were routinely tested for mycoplasma. MYB expression in the 

paired cell lines (silencing and forced-overexpression in MiaPaCa and BxPC3, respectively) 

was also verified intermittently and at the beginning of the experiments. For the collection of 

conditioned media (CM), three different populations of each cell type varying in passage 

number were grown under similar culture conditions in 100 mm cell culture dishes (Corning, 

NY, USA) until they reached 70% confluence. Thereafter, cells were washed with PBS (x3, 

5 min each) and FBS- phenol- and antibiotics (SPA) -free RPMI-1660 medium after 15 min 

incubation at 37 °C with intermittent gentle shaking followed by another rinse. Fresh SPA-

free RPMI-1660 medium (3.5 ml) was added in each culture dish and cells incubated for 

another 16 h. Subsequently, conditioned media (CM) was collected and pooled for each cell 

type to account for biological variations. Cell number and viability were also determined at 

the time of CM collection using trypan blue exclusion assay.

Processing of the conditioned media

After collection, 10 ml of conditioned media (CM) was acidified with 200 μl of acetic acid 

and centrifuged at 800 × g for 10 min under cold (4 °C) temperature. The secreted proteins 

were then isolated using a C2 solid-phase extraction column (Sep-Pak, 0.3 × 5 mm (Waters, 

Milford, MA)). The column was first washed with 3-column volumes (3ml) of 100% 

acetonitrile (ACN) and equilibrated with 3ml of 0.1% trifluoroacetic acid (TFA) in water 

with a flow rate of 1 ml/min. After equilibration, CM was loaded onto the column and 

washed with 0.1% TFA in water to remove salts. The protein fraction was then eluted with 

50% acetonitrile in 0.1% TFA and dried in a speed vac concentrator (Thermo Fisher 

Scientific, Waltham, MA, USA). Dried protein samples were further dissolved in 50μl of 

50mM ammonium bicarbonate (Sigma-Aldrich, St Louis, MO) and 10mM tris(2-
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carboxyethyl)phosphine (Alfa-Aesar,Ward Hill, MA, USA) and digested overnight at 37°C 

with using 1μl of 10 μM sequencing grade trypsin (Promega, Madison,WI, USA).

Mass-spectrometry analysis

The processed samples were subjected to three technical replicates LC-MS/MS analyses 

with an Agilent 1200 series nano-liquid HPLC coupled to a linear ion trap/Orbitrap hybrid 

MS (LTQ-Orbitrap XL, Thermo Fisher Scientific, Waltham, MA, USA). The HPLC mobile 

phases consisted of 3% ACN and 0.2% formic acid in water (solvent A), 3% water and 0.2% 

formic acid in acetonitrile (solvent B). The sample was loaded onto a C18 pre-column (5μM; 

5 by 0.3mm Zorbax, Agilent Technologies, Santa Clara, CA) with a 4μl/minute flow rate of 

5% solvent B. A flow rate of 1μl/minute was used to elute the sample from the pre-column 

onto a Hypersil Gold C18 column (30mm by 0.18mm; ThermoFisher Scientific, Waltham, 

MA). A linear solvent gradient was used to slowly ramp to 40% B over 70 minutes for 

peptide elution from the column, maximizing separation and coverage. The gradient was 

then ramped to 90% B for 20 minutes to wash the column at the end of each run. The total 

run time for each sample injection was two hours. Blanks of 0.1% TFA were run in-between 

each set of triplicate injections to minimize and monitor for carryover between samples. 

Peptide ionization was achieved using electrospray ionization in positive mode. Samples 

were analyzed in a data-dependent manner, with full MS1 scans from 400–2000 m/z at a 

resolution of 60,000 in the Orbitrap mass analyzer, collecting at least 10 points across each 

peak for accurate integration. The top five multiply charged parent ions per MS1 scan were 

selected for MS2 scans in the LTQ mass analyzer with CID fragmentation. Selected ions 

were then added to a dynamic exclusion list to prevent repeated sampling of abundant 

peptides for 120 seconds to allow more in-depth coverage of the sample. Thermo’s Xcalibur 

software was used to generate RAW files of each MS experiment.

Processing of LC-MS/MS-raw data

The raw files were loaded into Proteome Discoverer (PD) (version 2.1.081; Thermo Fisher 

Scientific) to provide protein identification across all samples. Within the processing 

workflow, the nodes for both the Mascot and Sequest search engines were used to search a 

custom database (consisting of 71485 sequences and 45902068 residues) created from the 

non-redundant NCBI RefNCBInr database (version 12/08/14), which was combined the 

human immunoglobulin A, G, and M, lambda, and kappa constant region sequences from 

the SwissProt dataset (version 11/28/12). Identification was limited to unmodified semi-

tryptic peptides only (cleaved at arginine and lysine residues) with a maximum of two 

missed cleavage sites, excluding those outside of a fragment mass tolerance of 0.6Da and a 

precursor mass tolerance of 10 ppm. Within the percolator node, the target FDR (strict) was 

0.01, and target FDR (relaxed) was 0.05, with validation based on q-value. Within the 

consensus workflow, the peptide and protein quantifier node used both unique and razor 

peptides for quantification purposes, using the top 3 peptides of each protein for area 

calculation. Peptides were further filtered using the peptide and protein filter node to only 

include those of high confidence with a minimum peptide length of 6. Proteins were grouped 

by master protein using the strict parsimony principle parameter, to decrease redundancy 

based on sequence homology. The protein areas from three technical LC-MS/MS replicates 

of each sample were averaged to provide one area per protein per sample. The protein areas 
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from each identified protein were then used for comparison between conditions. The areas of 

individual proteins present in triplicate injections of all four samples of the MiaPaCa and 

BxPC3 variants (BxPC3-Neo and BxPC3-MYB; MiaPaCa-Scr and MiaPaCa-shMYB) were 

compared statistically using the t-test function in Microsoft Excel 2010. Relative fold 

changes were calculated by dividing the average peak area of the identified proteins of 

MiaPaCa-Scr by the MiaPaCa-shMYB or BxPC3-MYB by BxPC3-Neo, respectively, while 

the proteins present only in one sample was divided by one. Proteins identified with at least 

3 peptides per protein in two of the three technical replicates with differential expression of |

2| fold change and p-value ≤ 0.05 were used for further data analysis.

Enzyme-linked immunosorbent assay (ELISA)

ELISA was conducted to determine the level of lactate dehydrogenase A and alpha-enolase 

in the conditioned media of MYB-modualted and control pancreatic cancer cell lines. 

Conditioned media (CM) was collected from cells cultured in SPA-free RPMI-1660 media 

for 16 h and cleared for cells and cell debris.. Subsequently, 10 μL and 100 μL of CM was 

used to determine ENO1 and LDHA levels, respectively, and the assay performed as per the 

manufacturer’s instructions.

Immunoblotting

Processed conditioned media (900 μL) was concentrated (≈10X) by passing through an 

Amicon filter (3 kDa cutoff; Millipore Sigma, Burlington, MA) at 13000 rpm for 30 minutes 

at 4°C. Concentrated CM (30 μL) was then mixed with 6X gel loading dye and subjected to 

immunoblotting as previously described (18). Band intensitites were quantified using 

ImageJ software and data presented as relative fold-differences.

In silico analyses

Cellular localization, networks and canonical pathways of the identified proteins from 

BxPC3 and MiaPaCa groups were generated through the Ingenuity pathway analysis 

software (IPA; Qiagen, http://www.ingenuity.com/products/ipa) with the cutoff p-value ≤ 

0.05 and ≥|2| fold change. Protein GI accessions were used as the identifier, and the IPA 

based Ingenuity Knowledge Base was used as a reference to perform core analysis. Network 

algorithm was used to generate the network of genes based on their connectivity and were 

assigned a score based on the number of focus genes. Canonical pathway analyses identified 

pathways from the IPA library that were of significance to the datasets. Proteins with 

potential ‘biomarker properties’ were identified using the IPA-biomarker filter tool. IPA-

biomarker identifies the most promising and relevant biomarker candidates by prioritizing 

proteins according to characteristics that can qualify it as a biologically plausible candidate 

biomarker. Biomarker properties take into account whether a protein is detectable in sentinel 

tissues, bodily fluids or urine and if it has a strong association with disease processes. 

Oncomine microarray datasets were accessed to evaluate the expression profile of identified 

proteins in human pancreatic cancer (www.oncomine.org) (19). Patient survival correlation 

was evaluated using UALCAN online portal (20), and immunohistochemical data for protein 

expression in pancreatic cancer tissues was scrutinized from the human protein atlas (HPA; 

https://www.proteinatlas.org/) (21).
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RESULTS

Mass spectrometry analysis identifies MYB-dependent differential protein levels in the 
secretome of pancreatic cancer cells

All the cells at the time of collection of conditioned media (CM) appeared healthy, and their 

viability was determined to be in the range of 95–97%. Proteomic analyses of CM collected 

from paired genetically-engineered pancreatic cancer cell lines (BxPC3-Neo, low MYB; 

BxPC3-MYB, high MYB, and MiaPaCa-Scr, high MYB; MiaPaCa-shMYB, low MYB) led 

to the identification of several proteins (Supplementary Table 1). A list of differentially-

expressed proteins (DEPs) was generated by comparing the isotype cells with expression 

change of ≥|2| fold and p-value of ≤0.05 (Supplementary Table 2). In MiaPaCa-Scr and 

MiaPaCa-shMYB cells, 454 and 451 proteins were identified respectively, whereas 471 and 

492 proteins were identified in BxPC3-Neo and BxPC3-MYB cells, respectively (Figure 

1A). Among the total number of identified proteins, 337 were differentially expressed in 

MiaPaCa-Scr vs. –shMYB, of which 13 and 15 were exclusively detected in MiaPaCa-Scr 

and MiaPaCa-shMYB secretomes, respectively. Similarly, 10 and 5 proteins were 

exclusively identified in secretomes of BxPC3-Neo and BxPC3-MYB cells, respectively, 

among a total of 282 that were differentially present in their secretomes (Figure 1B). Next, 

we subjected our list of DEPs to Ingenuity Pathway Analysis (IPA) to determine their 

predominant subcellular localization. Of the 337 DEPs in MYB-overexpressing and –

silenced MiaPaCa cells, analysis suggested that 181 proteins were predominantly 

cytoplasmic, 59 nuclear, 42 plasma-membrane associated, and 50 reported to be in the 

extracellular space. 5 DEPs remained unspecified in terms of predominant subcellular 

localization. Likewise, from the secretomes of control and high exogenous MYB-expressing 

BxPC3 cells, 148 DEPs were assigned to the cytoplasm, 53 to the nucleus, 48 to the 

extracellular space, and 30 to the plasma membrane, while 3 remained unspecified (Figure 

1C). To test the valididaty of our pooling strategy and confirm the reproduicibility MS data, 

we further evaluated the levels of of four proteins that were identified to be differentially 

present in the secretomes of MYB-modulated cell lines. Levels of LDHA and ENO1 were 

determined by ELISA, whereas immunoblotting assays were performed for HSP90 and 

SRSF1 in three separate biological replicates. We found that in corcodance with MS data, all 

the four proteins examined were differentially present in the secretomes of paired (control 

and MYB-modulated) MiaPaCa and BxPC3 cells and this data was consistent in three 

biological replicates (Figure 2).

Prediction of functional properties associated with MYB-dependent differentially-
expressed secreted proteins

Since proteins in the secretion can impart the properties of the tumor cells as well as also 

serve as a surrogate of the status of the cells from which they are derived (4, 8), we subjected 

our dataset of DEPs to IPA analysis. Several key biological processes were identified. 

Among these, the top ten are presented, which include those associated with cellular 

movement, cellular compromise, cell death and survival, and inflammatory response in both 

MiaPaCa and BxPC3 cells resulting from MYB alterations (Figure 3A). A side by side 

comparison of the altered bio-functions upon MYB-silencing in endogenously 

overexpressing cells (MiaPaCa-shMYB vs. MiaPaCa–Scr) or with exogenous MYB 
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overexpression in low expressing cells (BxPC3-MYB vs. BxPC3–Neo) shows opposite 

changes as expected for most bio-functions (Figure 3B). MYB-dependent profile of DEPs in 

MiaPaCa cells suggested compromised cellular invasion and migration of cancer cells as 

well as endothelial cells and decreased chemotaxis upon MYB-silencing. In BxPC3 cells, 

DEPs obtained by overexpression of MYB were suggestive of a decrease in apoptosis. These 

DEPs were also predicted to potentially favor cellular movement through induction of 

migration and invasion, and inflammatory response. All the bio-functions with predicted 

change in activity are listed in Supplementary Table 3. We next took advantage of IPA’s 

network analysis to determine MYB-regulated networks using our secretome datasets. This 

analysis places DEPs in various networks utilizing published records in the literature. MYB-

silencing and overexpression led to a change in 19 networks in both MiaPaCa and BxPC3 

respectively of which top 3 networks, their functionality, and directionality of connections 

between nodes for each condition, are presented (Figure 4). These networks correspond to 

(i) cell morphology, (ii) protein synthesis/trafficking and cellular assembly and (iii) RNA 

post-transcription modification/damage and repair in MYB-silenced MiaPaCa cells. 

Networks altered in BxPC3 cells upon MYB-overexpression are also similar wherein one 

Network (cellular movement/cell cycle), TGFβ1 occupies the central node. Other networks 

correspond to cell signaling/post-translational modification/protein synthesis and protein 

folding. A detailed list of proteins, score and focus molecules in each network is presented 

in Supplementary Table 4.

MYB-modulated secretome is indicative of major alterations in glucose metabolic 
pathways

We utilized the datasets of MYB-modulated DEPs in secretomes of MiaPaCa and BxPC3 as 

an indirect measure to predict canonical pathways that could be altered in these cells. 

Pathways with a –log(p-value) of > 2 and activation z-score of absolute value ≥ 2 were 

considered (Figure 5). Glucose metabolism was observed to be the most commonly altered 

pathway between the both sets of (MiaPaCa vs. BxPC3) cell lines. Silencing of MYB in 

MiaPaCa predicted a decrease in glycolysis, gluconeogenesis and the pentose phosphate 

pathway, while its overexpression in BxPC3 led to a predicted increase in the activity of 

these pathways. The other canonical pathways altered upon MYB-silencing were related to 

cell cycle, cell survival and growth such as the ILK, PI3K/AKT, 14–3-3-mediated, NRF-2-

mediated oxidative stress response, actin cytoskeleton, integrin signaling, and paxillin 

signaling. MYB-silencing also affected cellular assembly and organization and cell motility 

as Rho-based signaling pathways were also predicted to be down-regulated. Leukocyte 

extravasation signaling indicative of the potential migration of leukocytes from blood to 

tissue during inflammation was also downregulated upon MYB-silencing. On the other 

hand, along with the predicted activation of glucose metabolism pathway due to MYB-

overexpression in BxPC3, pathways associated with cell survival, such as the ILK signaling, 

Sirtuin signaling, and the NRF-2-mediated oxidative stress response, were also activated. 

The list of altered proteins in these canonical pathways, activation z-score, and - log(p-

value) is presented in Supplementary Table 5.

Zubair et al. Page 7

J Proteome Res. Author manuscript; available in PMC 2020 November 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Identification of potential MYB-associated diagnostic and/or prognostic biomarkers

Next, to identify potential biomarkers reflective of MYB levels in pancreatic cancer cells, we 

conducted a comparative analysis of DEPs from MYB-silenced and –overexpressing cells 

using the biomarker filter tool of IPA. Potential candidates were shortlisted by filtering DEPs 

for ‘Human’ biomarker proteins potentially present in the serum/plasma. This led to the 

identification of a total of 57 proteins between the two DEP groups (Figure 6A). These 

proteins were then interrogated for their expression status and prognostic value between 

normal vs. control. Gene expression profile was obtained using the ONCOMINE database 

and expression changes observed were highly significant for four DEPs, INBHA (15.87 fold 

with p-value 1.68E-20), ENO1 (2.77 with p-value 1.06E-6), FLNB (2.19 fold with p-value 

5.65E-9), ITGB1 (1.98 1-fold with p-value 2.88E-6) (Figure 6B). Next, The Cancer Genome 

Atlas was interrogated using the UALCAN portal for the association of genes encoding 

these proteins with patients’ survival. The analyses showed that the expression of these 

genes correlated significantly with poor survival suggesting their prognostic value in 

pancreatic cancer (Figure 6C). As our data comprises of protein changes and the functional 

unit of a gene is a protein, we also looked at the immunohistochemistry data of these 

proteins in normal pancreas and pancreatic cancer available at the Human Protein Atlas 

(HPA) website. ENO1, FLNB, and ITGB1 showed higher expressing in pancreatic cancer 

tissue than normal; data for INHBA was being curated at this time (Figure 6D).

DISCUSSION

The secreted cellular proteins play important roles in the modeling of the extracellular 

environment and have great impact on cellular physiology and behavior (3, 4, 9, 22). Here 

we characterized MYB-associated changes by mass spectrometry in pancreatic cancer 

secretome by using two established cell lines and two modes (exogenous overexpression and 

silencing) of MYB modulation. The analysis showed the presence of several proteins in the 

secretomes that were not the classically secreted proteins (those having signal peptide). 

Using in silico analyses, we also identified associated biofunctions, gene networks, and 

canonical pathways to assess the pathobiological significance of these proteins. In addition, 

we utilized available gene expression databases to predict their potential as biomarkers for 

diagnosis and prognosis. Further, since we used a sample pooling strategy, we confirmed the 

resultant MS data on four randomly selected differentially-expressed proteins using ELISA 

and immunoblotting in three separate biological replicates.

Mass spectrometry has been extensively used for the analyses of differentially-secreted 

proteins (23, 24). Further, sample pooling aqpproach has also been employed to save time 

and resources with out adding a systematic bias (25, 26). In sample pooling approach, it is 

assumed that the measurements taken on the pool are equal to the average of measurments 

on individual samples. Concerns; however, have been raised against the pooling strategy 

particularly when dealing with samples obtained from the human subjects (27, 28). Samples 

from human subjects exhibit large individual-to-individual variations that may lead to 

skewing of data towards the outliers. Furthermore, considerable biological differences may 

also be observed in samples from the same individuals as well. However, pooling of samples 

(biological replicates) from cultured cancer cell lines appears acceptable as also 
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demonstrated by our data where we observed only minor differences between replicates in 

confirmatory ELISA and immunoblot analyses. This is likely due to the fact that the 

exprements are well controlled under laboratory settings that minimize biological variations. 

Thus, sample type, experimental design and benefits/limitation assessment should be taken 

into consideration in exploratory proteomic analyses.

Among the MYB-associated classical secreted proteins were inflammatory response 

proteins, growth factors, cytokines, proteases, and inhibitors. For example, MYB positively 

influenced the release of Long Pentraxin family protein, Pentraxin-3 (PTX3), which is also 

known as TNF-inducible gene 14 (TSG14). PTX3 is a humoral pattern recognition molecule 

that participates in inflammation and mediates differentiation of fibroblasts. Interestingly, 

while the precise role of PTX3 has not been elucidated, it’s cancer-site specific (depending 

upon the cellular source and the microenvironmental tumor milieu) tumor-promoting or 

suppressing activities have been suggested (29–32). In pancreatic cancer, its increased 

expression is associated with increased migratory activity of cells and poor prognosis (33). 

Similarly, release of glucose phosphate isomerase (GPI), a member of the glycolytic 

pathway, correlated with the expression of MYB in our findings. GPI, also known as 

autocrine motility factor, moonlights as tumor-secreted cytokine and angiogenic factors 

promoting the growth of pancreatic tumors (34). The preproprotein INHBA was also found 

to be positively regulated by MYB. Proteolytic processing of INHBA generates a subunit of 

the dimeric activin and inhibin protein complexes and is suggested to be associated with 

cancer cachexia (35).

Non-classical secreted proteins identified in secretomes included those that are generally 

localized in the plasma membrane, cytoplasm, and/or nucleus. The plasma membrane 

proteins accounted for 12% and 11% of the observed proteins in the conditioned media of 

MiaPaCa and BxPC3 cells modulated for MYB, respectively. Whereas cytoplasmic and 

nuclear proteins constituted 54% and 52%, and 18% and 19% in MYB modulated MiaPaCa 

and BxPC3 cell secretomes, respectively. The presence of these proteins in the secretomes 

could have resulted from extravesicular secretion (36). Indeed, when we analyzed the 

ExoCarta and Vesiclepedia, we observed a major portion of these proteins to have been 

reported in these databases. In addition, the contribution of these proteins to the secretome 

could be from dying cells or the fragmented apoptotic bodies (37). The presence of 

membrane proteins in the conditioned media could also occur because of proteolytic 

cleavage, as has been reported previously (38, 39). Once released, these proteins could have 

functional impact by acting as ligands to surface receptors or upon their uptake by the 

recipient cells (40, 41). Indeed, extravesicular secretion of proteins and other bioactive 

molecules has been extensively studied lately and shown to play important physiological and 

pathological functions.

Released DEPs can have autocrine and/or paracrine functions and can impact the cells in the 

micro- or macro-environment. Our data suggested cell movement as the most altered 

“biofunction” associated with the secreted DEPs from MYB-silenced MiaPaCa cells while 

an increase in survival or growth imparting properties were associated with DEPs from 

MYB-overexpressing BxPC3 cells. This was in line with our previous studies (16, 18) and is 

suggestive of cell-specific differences in preferential functional influences. However, it 
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would be interesting to examine how these DEPs would affect these phenotypes in non-

cancerous cells, e.g. stromal cells. Our network analysis also suggested that the MYB-

associated DEPs could modulate different aspects of cell development and morphology. 

Furthermore, the data suggested that MYB-associated proteins could positively promote 

protein integrity by regulating synthesis, folding, post-translational modifications, and 

trafficking. Of particular interest were MYB-associated DEPs that could potentially 

modulate RNA post-transcriptional modifications, RNA damage, and repair, a network that 

we also found to be altered upon at the transcriptomic level upon MYB modulation (16). 

Among the canonical pathways, glucose metabolism was the primary pathway that was 

significantly altered upon MYB-modulation through the regulation of key metabolic 

enzymes involved in glycolysis and gluconeogenesis. Some of these enzymes, GPI and 

enolase, have been suggested to have other functions as well in tumor progression depending 

upon their cellular localization (34, 42–44). Additionally, the positive regulation of structural 

proteins by MYB suggests novel ways through which it could impact cellular signaling.

The proteins identified in the secretomes could also serve as biomarkers that could serve as 

surrogates of disease status to help in disease diagnosis, subtyping, treatment planning and 

as targets of therapy as well (13, 37). In the IPA’s biomarker analysis, we identified 57 

proteins to be common between the two MYB-modulated datasets. Of these DEPs, four 

proteins namely FLNB, ENO1, INHBA, and ITGB1 were suggested to be the candidate 

biomarkers based Ingenuity’s knowledge base and because of their association with patient 

survival and tumor expression (19, 20). These proteins have also been demonstrated to be 

involved in cancer pathogenesis. Alpha-enolase, a key glycolytic enzyme, is upregulated in a 

number of cancers. It’s moonshining properties include its activity as a plasminogen 

receptor regulating pancreatic cancer cell migration and invasion through the activation of 

plasminogen to plasmin (45). Enolase is also shown to promote growth and aggressiveness 

of pancreatic tumor cells in cooperation with integrins (46). The proteolytically cleaved 

inhibin subunit beta A (INHBA) acts as a subunit of the dimeric activin and inhibin protein 

complexes. Upregulated INHBA expression is associated with poor survival in lung 

adenocarcinoma and is an independent predictor of outcomes in patients with stage II/III 

gastric cancer that undergoes adjuvant chemotherapy (47, 48). ITGB1 has been associated 

with poor prognosis in pancreatic cancer and mediate migratory and invasive characteristics 

to the cancer cells (49, 50). FLNB along with other mechano-responsive proteins, myosin 

IIA, myosin IIC, α-actinin 4, mediates the structural rearrangement of the actin cytoskeleton 

to impact pancreatic cancer cell mechanics and facilitate metastasis (51). Of note, FLNB, 

ENO, and ITGB1 are not the classically secreted proteins, but are known to be constituents 

of extracellular vesicles (52–55). Thus, our findings provide further support to the currently 

prevailing notion that extracellular vesicles could be a good resource for the development of 

cancer biomarkers.

In summary, we have characterized MYB-regulated secretome from pancreatic cancer cells 

that could potentially be implicated in broader pathobiological functions of MYB and serve 

as surrogate biomarkers. The relevance of these observations needs to be evaluated in future 

functional and mechanistic studies. Further, the profile of these proteins needs to be 

examined in patient’s biofluids to explore their practical utility in pancreatic cancer 

diagnosis and prognosis.
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Figure 1: Identification of differentially expressed proteins in the secretome of MiaPaCa (-Scr 
and -shMYB) and BxPC3 (-Neo and -MYB).
(A) Conditioned media from three populations of MiaPaCa (-Scr and –shMYB), BxPC3 (-

Neo and –MYB) differing in passage number, but strictly cultured under similar growth 

conditions were collected, pooled and processed for LC-MS/MS analysis as mentioned in 

the “Materials and methods” section. R1, R2, and R3 represent the three technical replicates 

of three pooled biological replicates. (B) Proteins identified with at least 3 peptide hits with 

p-value≤ 0.05 and present in at least 2 two out of three technical replicates of MiaPaCa (-Scr 

and –shMYB) and BxPC3 (-Neo and –MYB) cell lines were selected for the analysis. Data 

represent the differentially expressed proteins (DEPs) with ≥|2| fold change between paired 

MYB-modulated pancreatic cancer cell lines. (C) The pie chart represents the classically 

associated cellular localization of the total DEPs identified in MiaPaCa (-Scr and –shMYB) 

and BxPC3 (-Neo and –MYB).

Zubair et al. Page 15

J Proteome Res. Author manuscript; available in PMC 2020 November 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2: Measurement of differential levels of proteins by ELISA and immunoblooting in the 
conditioned media of MYB-modulated cell lines.
(A) Conditined media from cells was cleared for cells and debris and subjected to ELISA for 

LDHA and ENO1 meaurement as per manufacturer’s instructions. Experment was 

performed in triplicates in three biological replicates. Data (mean ± SD, n=3) is presented in 

a graph. (B) Conditioned media was concentrated (≈10X) from three biological replicates 

using size-based (3K cutoff) centrifugal flitration and subjected to western blot analyses for 

HSP90 and SRSF1. Representative image from one replicate is shown and the data from the 

densitometric analysis of three replicates (mean ± SD, n=3) has been plotted in the graph. * 

reflects statistically significant differences (p-value < 0.05).
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Figure 3: Determination of function of MYB-associated secreted protein in pancreatic cancer.
(A) Top-10 cancer-relevant functions altered upon MYB-modulation have been represented. 

(B) Bio-functions altered due to the DEPs upon MYB-silencing (MiaPaCa shMYB vs. Scr) 

and MYB-overexpression (BxPC3 MYB vs Neo) using Ingenuity Pathway Analysis (IPA) 

indicate a reciprocal effect of silencing and overexpression.
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Figure 4: Top 3 networks modulated upon MYB-alteration based on DEPs in MiaPaCa and 
BxPC3 cell secretome.
Nodes upregulated are in red, while the ones downregulated are in green. Solid lines 

represent direct regulatory relationships, and dashed lines indicate indirect regulatory 

networks.
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Figure 5: Identification of MYB-regulated canonical pathways based on the Ingenuity 
Knowledge Base.
Altered pathways predicted by IPA after MYB-silencing and MYB over-expression in PC 

cells MiaPaCa and BxPC3, respectively.
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Figure 6: Prediction of the potential prognostic marker and their association with patient 
survival.
The differentially expressed proteins (DEPs) identified from MiaPaCa (shMYB vs. Scr) and 

BxPC3 (MYB vs. Neo) were subjected to biomarker comparison using IPA. (A) 57 proteins 

with potential biomarker properties were identified common to both the subsets. (B) Gene 

expression of 4 DEPs between pancreas and pancreatic carcinoma was determined using the 

Oncomine database. (C) Association of expression with survival of pancreatic cancer 

patients was identified from the TCGA database using UALCAN. (D) 

Immunohistochemistry data of the selected protein in pancreas and pancreatic cancer was 

obtained from Human Protein Atlas. Data for INHBA was being curated at this time.
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