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Abstract

It has been previously demonstrated that glycogenes can function as important pleiotropic
regulators of tumorigenesis. In this study, we investigated the function of endoplasmic reticulum
mannosyl-oligosaccharide 1, 2-alpha-mannosidase (MAN1B1) on the behavior of prostate cancer
cells and found that overexpression of MAN1B1 in androgen-independent PC3 cells reduced
cellular migration. We extended the analysis to an androgen dependent cell line, LNCaP, and
another androgen independent cell line, LNCaP-Al, observing a similar migratory phenotype. By
using quantitative proteomics, we found the downregulation of vimentin expression when PC3 or
LNCaP-Al cells with overexpressed MAN1BL1. The current study suggests that MAN1B1 may
regulate cellular migration and promote epithelial-to-mesenchymal transition (EMT) phenotype

in prostate cancer cells.
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Introduction

In spite of intensive research and significant advances in the understanding of prostate
cancer (PCa) pathogenesis, PCa remains the most commonly diagnosed cancer in American men,
and is one of the major causes of cancer-related mortality (1). Traditional treatment options for
organ-confined PCa, including radical prostatectomy and localized radiation therapy are
hampered by systematic recurrence in some patients (2). In advanced prostate cancer, the gold-
standard treatment, androgen-deprivation therapy, is eventually overcome by PCa progression to
the castration resistant phenotype (3). The conversion of PCa to a more aggressive phenotype is a
multistep process involving an unknown number of cellular alterations. A clearer understanding
of the changes that occur in the progression of localized, non-aggressive PCa to a more
aggressive, androgen independent (Al) phenotype will potentially provide additional insight into
treatment options by opening cellular pathways that can be targeted for treatment to suppress

tumorigenesis.

A number of studies have reported pathways, including cell proliferation (4,5), cell death
(6), and alterations of extracellular matrix (ECM) adhesion proteins (7,8), that are critical steps
in PCa tumorigenesis and are promoted by the loss or gain of regulatory proteins. The
tumorigenesis process relies on a series of sequential, obligatory steps beginning with the
detachment from neighboring cells and the concomitant degradation/remodeling of the basement
membrane, both of which are barriers to dissemination (9,10). The second step, intravasation,
requires the tumor cells to disrupt the cell-cell junctions that seal the lumina of blood vessels
(11,12). Both pathways are required for PCa cells to separate from the primary tumor site and
enter the circulatory system, migrating to a target organ and forming secondary metastatic

colonies. A critical step in PCa progression is the epithelial-mesenchymal transition (EMT), in
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which epithelial cells acquire an altered phenotype, characterized by enhanced migratory and
invasive potential. The conversion of polarized epithelial cells to the mesenchymal cell
phenotype, facilitated by EMT, occurs via a series of biochemical alterations that ultimately lead

to the release of the cell from the basement membrane (13).

Expression levels of glycosylation-related enzymes are known to be disrupted during
tumorigenesis (14, 15). Indeed, aberrant glycosylation in cancer progression can be used to
distinguish cancerous cells from healthy cells, and is one of the few distinctive surface details
that can be used to distinguish between self-derived antigens (16,17). As a non-template
mediated post-translational modification, glycans are not under direct genetic control, however,
the pattern of glycosylation is indirectly determined by the expression levels of
glycosyltransferase and exo-/endo-glycosidase enzymes, pathways known to be dysregulated by
cancer (18, 19). Glycoproteins on the cell surface or secreted to the extracellular space are
extensively processed to complex or hybrid-type glycans and oligomannose glycans are less
abundant in normal serum and tissues. Previous reports have demonstrated the increase in the
abundance of oligomannose glycans in several cancer types (20-26). The presence of increased
levels of oligomannose glycans in cancer represents an aberration in the biosynthetic pathway of
protein glycosylation in cancer cells. Indeed, oligomannose-reactive antibodies (Abs) have been
isolated from patients with late-stage PCa (27), suggesting that oligomannose trimming is
dysregulated at a stage within the glycan processing pathway. The observation that the
abundance of oligomannose glycans is increased during tumorigenesis suggests that there is
dysregulation of the enzymes responsible for trimming mannose during glycan biosynthesis. The
pathological dysregulation of oligomannose-trimming enzymes could be related to the

enhancement of tumorigenesis.
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MAN1B1 encodes an endoplasmic reticulum-associated a1, 2-mannosidase responsible for
the specific release of a single mannose monosaccharide from the middle branch (D2 arm) of
MangGIcNAc, yielding the MangGIcNAc, regioisomer B (Man8B) (Scheme 1) before
MangGIcNAc, migration to the Golgi. MAN1B1 occupies a central position in the glycan
biosynthesis pathway as it is the first step in the trimming of oligomannose (high-mannose)
glycans (28). Downregulation of MAN1B1 expression leads to decreased glycan processing
resulting in a higher abundance of oligomannose glycans and a decrease in the abundance of both
complex and hybrid-type glycans. Indeed, a recent study demonstrated that knocking out
MAN1B1 alone was enough to reduce the expression of most complex-type glycans in HEK293
cells (29). We speculated that, given its central role in N-glycan processing, overexpression of
MAN1B1 could yield a significant alteration in the glycan phenotype on the cell surface. The
change in cell-surface glycan phenotype following MAN1B1 overexpression could influence the

ability of the cells to adhere to the cellular milieu and potentially minimize metastatic potential.

MAN1B1

________________________________________________________________________________________________
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Figure 1. ER a-1,2-mannosidase selectively cleaves the al, 2-Man-Man linkage from the

terminal D2 arm of nascent folded proteins prior to export to the Golgi apparatus.

In the present study we investigated the differential expression of endoplasmic reticulum
(ER) mannosyl-oligosaccharide 1, 2-alpha-mannosidase (MAN1B1), the initial mannosidase
encountered by nascent proteins within the ER, in PC3 PCa cells. We observed a dramatic
reduction in the migratory phenotype following MAN1B1 overexpression. We extended the
study to two other PCa cell lines, LNCaP and LNCaP-Al cells, finding that overexpression of
MAN1B1 consistently produced a reduction in cell migration across all three cell lines,
suggesting that the expression of MAN1B1 may play a critical role in PCa tumorigenesis. To
investigate the molecular changes that might be responsible for the MAN1B1 function in
prostate cancer cells, we applied a global proteomics approach to the wild-type and MAN1B1
overexpressed cells of all three cell lines and found that MAN1B1 overexpression resulted in the
downregulation of vimentin expression in protein levels in androgen-independent PC3 and
LNCaP-Al cells, suggesting that MAN1B1 may regulate cellular migration and influence the

epithelial-to-mesenchymal transition (EMT).
Results
Overexpression of MAN1BL is associated with a non-aggressive phenotype of prostate cells

MAN1BL1 is the first mannosidase encountered by nascent glycoproteins, and alterations
in MAN1B1 expression could have an important downstream impact on cellular behavior. Given
the observation that oligomannose glycan expression is more abundant in tumor cells compared
to normal cells in number of cancer types (20-25, 27, 30), we became interested in examining the

function of MAN1BL1 in PC3 cells. PC3 cells are a PCa cell line with high metastatic potential
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(31). Overexpression of MAN1B1 potentially result in a higher abundance of hybrid or complex-
type glycans in the transformed cells, which may influence tumor cell behavior. Stably
MAN1B1-transfected PC3 cells were generated using cDNA, and overexpression of was
confirmed by quantitative global proteomics using isobaric tags for relative and absolute
quantitation (iTRAQ) labelling. MAN1B1 protein expression was found to increase 2.7-fold,

compared to the WT PC3 cell line, based on proteomic iTRAQ quantitation (Figure 2A).
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Figure 2. Overexpression of MAN1BL1 in prostate cancer cells is associated with a less

aggressive phenotype. A) Expression level of endoplasmic reticulum mannosyl-oligosaccharide
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1, 2-alpha-mannosidase (MAN1BL1) in different PCa cell lines with and without MAN1B1

overexpression.

B) Scratch closure assay comparing PC3 (WT) and PC3-MAN1BL cell lines. PC3-MAN1B1
exhibited a reduced scratch closure rate compared to PC3 (WT) cells. Zone clearance is 500 um.
C) MTS Assay indicated that MAN1B1-PC3 cells demonstrated lower proliferation compared to

PC3 (WT) cells.

To understand if MAN1B1 overexpression has biological significance in PCa cellular
aggression, we performed a series of scratch closure assays in the confluent monolayer of
cultured PC3 cells. Our data indicated that MAN1B1-expressing stable PC3 cells (i.e. PC3-
MAN1B1) exhibited a retarded scratch closure rate compared to the control (WT PC3) cells
(Figure 2B). The scratch closure assays indicate that increased expression of MAN1B1 reduces

cell migration and may contribute to a less aggressive phenotype.

Upon observing the reduction in aggression, indicated by the decrease in PCa cell
motility in PC3 cells following MAN1B1 overexpression, we investigated the impact of cell
proliferation by MAN1B1 by performing an MTS assay. The viable cell number for both PC3
and PC3-MAN1B1 proliferation increased in a time-dependent manner, however, WT PC3 cells
exhibited higher proliferation rates compared to PC3 cells that overexpress MAN1BL1 (Figure
2C). The decrease in cell proliferation for PC3-MAN1B1 cells was particularly dramatic with
time, with the PC3 cells showing nearly 2-fold higher proliferation rates compared to PC3-

MAN1BL cells after 144 hrs (Figure 2C).


https://doi.org/10.1101/750984

bioRxiv preprint doi: https://doi.org/10.1101/750984; this version posted September 11, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

LNCap WT
LNCap Al

LNCap MAN1B1
LNCap AI MAN1BI

Figure 3. Overexpression of MAN1B1 in LNCaP (left) and LNCaP-Al (right) PCa cells alters the
migratory phenotype. A) Scratch closure assay comparing LNCaP (WT) and LNCaP-MAN1B1
cell lines. LNCaP-MAN1B1 exhibited a modest reduction in the scratch closure rate compared to
LNCaP (WT) cells. B) Scratch closure assay comparing LNCaP-Al (WT) and LNCaP-Al-
MAN1BL1 cell lines. LNCaP-MAN1BL.1 exhibited a reduction in the scratch closure rate compared

to LNCaP-Al (WT) cells. Zone clearance for each panel is 500 pm.

Impact of MAN1B1 overexpression on the migration behavior of LNCaP and LNCaP-Al

cell lines

Following the initial observation that overexpression of MAN1B1 alone in PC3 cells is
sufficient to reduce cellular migratory behavior, we chose to analyze two additional PCa cell
lines with low to moderate metastatic potential, including the androgen-dependent LNCaP cell

line and androgen-independent LNCaP-Al cell line (32, 33). Analysis of additional cell lines will


https://doi.org/10.1101/750984

bioRxiv preprint doi: https://doi.org/10.1101/750984; this version posted September 11, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

help to establish the migration phenotype as a general result of MAN1B1 expression across

several PCa cell lines.

The impact of MAN1B1 overexpression on cellular migration in LNCaP and LNCaP-Al
cell lines was determined by scratch closure assays (Figure 3A, B). Although LNCaP (WT)
demonstrated slow migration behavior, the LNCaP-Al (WT) cell line exhibited significant
migratory capacity (Figure 3B). Following MAN1B1 overexpression, both LNCaP-MAN1B1
and LNCaP-Al-MAN1B1 demonstrated a reduction of migration capacity (Figure 3A, B). The
migratory phenotype of LNCaP and LNCaP-Al upon MAN1B1 overexpression was similar to
the phenotype observed for PC3 cells, suggesting that MAN1B1 overexpression can reduce

cellular migration across three PCa cell lines tested.
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Figure 4. Downregulation of MAN1B1 expression in LNCaP cells drives LNCaP to a more
aggressive phenotype. A) siRNA knockdown of MAN1BL1 in LNCaP cells yielded a lower
expression level compared to non-silenced control (NS). B) MAN1B1-siRNA LNCaP
knockdown significantly enhances cell migration in wound healing. Zone clearance is 500 pm.
C) Transwell migration after 24 hr indicates the enhanced migration efficiency of MAN1B1

knockdown LNCaP cells.

Downregulation of MAN1B1 expression in LNCaP PCa cells promotes an aggressive

phenotype

Following the evaluation of the impact of MAN1B1 overexpression on the migratory
phenotype of LNCaP, LNCaP-Al, and PC3 cell lines. We sought to assess the influence of
MAN1B1 knock down (KD), to determine if it can induce a more aggressive PCa phenotype. We
selected the LNCaP cell line as it was the least aggressive of the three cell lines of interest.
LNCaP with reduced MAN1B1 expression was generated via SIRNA knockdown (MAN1B1-
SiRNA LNCaP). Based on Western blot analysis, the expression of MAN1BL1 in the LNCaP cell
line was reduced in the MAN1B1-siRNA LNCaP cell line (Figure 4A) indicating the success of
the MAN1B1 knockdown. To evaluate the impact of decreased MAN1B1 expression in LNCaP
cells on migration capacity, wound healing assays were performed on LNCaP and LNCaP-
MAN1B1-siRNA cell lines, and the migration potential was measured by the rate of cell
motility. The silencing of MAN1B1 expression in LNCaP cells by siRNA had a profound impact
on the behavior of LNCaP cells as shown by a wound healing assay (Figure 4B). LNCaP (NS)
demonstrated low cellular motility over a 72 hr period as indicated by the lack of gap closure in

the wound healing assay. On the contrary, knockdown of MAN1BL1 in the LNCaP-siRNA
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MAN1BL1 cells increased cellular motility, resulting in a near-complete healing of the cells in the
wound healing assay (Figure 4B), suggesting that the reduced expression of MAN1B1 impacts

cell migration, indicating a more aggressive PCa phenotype. Indeed, transwell migration analysis
(Figure 4C) indicated a nearly two-fold increase in cellular mobility with MAN1B1 knockdown,

underscoring the importance of MAN1B1 in promoting cellular adhesion.

Analysis of oligomannose glycans in LNCaP/LNCaP-MAN1B1 and LNCaP-Al/LNCaP-Al-

MAN1B1 cell lines

In order to evaluate the impact of MAN1B1 on cellular glycosylation, we isolated N-
glycans from the LNCaP, LNCaP-MAN1B1, LNCaP-Al, and LNCaP-Al-MAN1B1 cell lysates
using the glycoprotein immobilization for glycan (GIG) extraction method previously reported
by our group (34). The released glycans were purified using carbograph solid phase extraction
(SPE) columns, and analyzed using matrix assisted laser desorption ionization with time of flight
(MALDI-TOF). The relative peak intensity for each glycan was used as a relative estimation for
glycan abundance, and the five major forms of high-mannose glycans were tabulated (Table 1).
An increase in MAN1BL1 expression would be expected to lead to a higher degree of glycan
processing. We used the ratio between MangGIcNAc2 and MangGIcNAc, (Man8/Man9) as an
estimate of the degree of glycan processing, as a cell line with higher level of MAN1B1
expression should modify glycoproteins with MangGIcNAC: glycans to MangGIcNAC: in the ER
(Figure 1). Indeed, in both LNCaP and LNCaP-Al cell lines, overexpression of MAN1B1
yielded higher ratios Man8/Man9 (Table 1). The glycomics analysis suggests that MAN1B1

overexpression results in higher glycan processing to MangGIcNAc, compared to WT cell lines.


https://doi.org/10.1101/750984

bioRxiv preprint doi: https://doi.org/10.1101/750984; this version posted September 11, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Table 1. Glycomics analysis of LNCaP (WT), LNCaP (MAN1B1), LNCaP-Al (WT), and
LNCaP-Al (MAN1B1) using MALDI-TOF analysis. The area under each peak was used to

relatively quantify the fold-change values between WT cell lines and cell lines overexpressing

MAN1B1.

Cell Line Man5 Mané Man7 Man8 Man9 Man8§/Man9
LNCaP (WT) 18955 31861 12234 12583 7221 1.7

LNCaP (MAN1B1) 10840 19461 7997 11315 1397 8.1
LNCaP AI (WT) 5086 13531 6561 9916 6197 1.6

LNCaP AI (MAN1B1) 3853 12177 6336 12606 2369 53

Quantitative analysis of proteomic changes in MAN1B1 overexpressed PCa cells reveals

downregulation of vimentin

The observation that MAN1B1 overexpression reduces cellular migration in three PCa
cell lines, suggests that MAN1B1 overexpression can increase cellular adhesion, minimizing
migratory capacity. Alternatively, MAN1B1 may have a pleiotropic regulatory role in EMT
related proteins. To evaluate the pathways impacted by MAN1B1, leading to regulation in
cellular migration and proliferation, changes in proteomic profiles were globally analyzed. In
order to investigate the impact of MAN1B1 overexpression on LNCaP sublines, we performed
proteomic analysis using 4-plex iTRAQ labelling, indicated changes in protein expression levels

between PCa cell lines with and without MAN1B1 overexpression.

Table 2. Proteomic results for protein expression of select proteins of interest in three PCa cell
lines. Quantitative iTRAQ ratios are based on the iTRAQ channel intensity of MAN1B1 OE

versus WT.
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Proteomic Ratio (iTRAQ) MANI1B1 E-Cadherin (CDH1) Vimentin(VIM) UDP-glucuronosyltransferase
2B17 (UGT2B17)

PC3-MANIBI/PC3 (WT) 3.14 0.96 0.11 1.65

LNCaP AI-MANI1BI/LNCaP AI (WT) 3.23 1.13 0.13 1.73

LNCaP-MANIBI/LNCaP (WT) 5.06 1.00 0.90 2.73

Several EMT related proteins including E-cadherin and vimentin were found by global
proteomic analysis. E-cadherin (CDH1) is an important cell adhesion molecule that is normally
expressed by epithelial cells. The abrogation or downregulation of E-cadherin expression is
associated with an increase in the metastatic potential and invasiveness of numerous cancer cells,
including PCa cells (35-39). E-cadherin is one of the hallmark EMT proteins that indicates a
change in the migration phenotype during tumorigenesis. Given the central role of E-cadherin
downregulation in facilitating downstream tumorigenesis, we analyzed the impact of MAN1B1
overexpression on the expression levels of E-cadherin. Quantitative proteomics indicated no
change in E-cadherin expression in either of the three cell lines following MAN1B1
overexpression (Table 2). Similarly, no significant change in E-cadherin expression levels were

observed in either LNCaP or LNCaPAI upon MAN1B1 overexpression (Table 2).

Conversely, Proteomic data demonstrated a dramatic drop in vimentin expression in both
androgen-dependent PCa cell lines, LNCaP Al and PC3, with MAN1B1 overexpression, with no
difference detected for androgen-independent PCa cell line, LNCaP (Table 2). The data suggests
that overexpression of MAN1BL1 in androgen-dependent PCa cell lines is sufficient to
downregulate vimentin expression in LNCaP Al and PC3 cells, and promote a less aggressive
phenotype, as overexpression of MAN1BL1 is inversely correlated with vimentin expression

(Table 2).
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Overexpression of MAN1BL1 increases catabolism of androgen receptor (AR) agonists via

increased UDP-glucuronosyltransferase 2B17 expression

In addition to the role of MAN1BL1 in suppressing a critical EMT protein, vimentin,
expression, a number of proximal tumor-repressor functions were observed. Another of the most
striking observations was the concomitant upregulation in uridine diphosphate (UDP)-
glucuronosyltransferase 2B17 (UGT2B17) expression with MAN1B1 overexpression. UGT2B17
an enzyme responsible for the glucuronosylation and subsequent clearance of potentially toxic
xenobiotic and endogenous hydrophobic compounds (40). UGT2B17 expression in prostate
tissue functions in the clearance of cellular androgens, and has been implicated in the
progression of castration resistant PCa (CRPC) via promotion of ligand independent AR
signaling (41). In quantitative proteomic analysis, MAN1B1 overexpression in LNCaP leads to a
2.7-fold increase in protein expression (Table 2). A similar, more modest phenotype was
observed for LNCaP Al and LNCaP AI-MAN1B1, with a 1.73-fold change in expression based
on proteomic data (Table 2). Similarly, quantitative proteomic analysis indicated a 1.65-fold

increase in UGT2B17 expression in PC3-MAN1B1 cells compared to PC3 cells (Table 2).

Discussion

The crucial steps in the EMT progression of tumor cells from a minimally aggressive to
an aggressive phenotype are critically dependent upon the deregulation of both the cytoskeleton
structure and the adhesion machinery. Both deregulation steps are required to allow detachment
of the individual cells from the bulk tumor to seed their invasion to both the surrounding tissue

and distant exogenous tissue. The overexpression of MAN1B1 in PCa cell lines reported herein
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has several functional consequences. First, the MAN1B1 expression appears to have an inverse
correlation with PCa aggressiveness, such that downregulation of MAN1B1 expression induces a
more aggressive PCa cell phenotype. Second, the downregulation of MAN1B1 leads to a number
of pleiotropic and highly functionally significant alterations in the PCa cell proteome, most of
which are amenable to promoting increased metastatic potential, decreased cellular senescence,

and increased cellular proliferation.

In the present study, we have demonstrate that overexpression of MAN1B1 alone in
LNCaP, LNCaP Al, and PC3 cells is sufficient to initiate the development of a non-aggressive
phenotype, as indicated by the reduced cellular migratory capacity. Not only did we observe that
overexpression of MAN1B1 decreased migration across all three cell lines utilized in this study,
but siRNA-mediated knockdown of MAN1B1 in LNCaP was sufficient to induce higher
migration potential and a more aggressive phenotype. The mechanism whereby MAN1B1
decreases PCa cellular migration is pleiotropic with a number of proteins related to the formation
of adhesion junctions dysregulated, coinciding with MAN1B1 downregulation. Among these,
expression of vimentin was found to be inversely correlated with MAN1B1 expression in both
LNCaP Al and PC3 cells. It is interesting to note that none of the reported regulators of E-
cadherin expression, Snail (42, 43), Slug (44), ZEB-1/2 (45), E12/E47 (46), or Twist (47) were
found to be significantly altered in any of the cell lines that were utilized, suggesting a MAN1B1
regulation pathway that is independent of the known transcriptional regulators. Beyond the role
of vimentin downregulation, the exact mechanism of MAN1B1 regulation of the EMT
phenotype is less clear. The possibility that MAN1B1 regulates cell motility via post-
transcriptional changes cannot be overstated. All of the major EMT-related proteins that were

found to be altered in this study are known glycoproteins and it is possible that MAN1B1
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modulates cell-cell adhesion through a partially transcriptionally-independent pathway, based
primarily on the changes in protein glycosylation. The changes in the glycosylation profile of the
cells upon MAN1B1 overexpression that were observed in this study could have a significant
downstream impact on cell adhesion, such that the increased display of oligomannose glycans on
MAN1B1-downregulated PCa cells promotes migration and invasiveness. Additional studies will
be required to determine the specific contribution of post-translational modifications versus
transcriptional modifications resulting from MAN1B1 overexpression. The complete absence of
MAN1B1 expression results in a known type Il congenital disorder of glycosylation (CDG)
resulting in a devastating neurological phenotype characterized by significantly reduced
cognitive capacity, obesity, dysmorphia, and is known to result in changes in Golgi morphology

(48-50), underscoring the critical role of MAN1BL1 in facilitating normal cellular function.

In conclusion, we have shown that the glycogene MAN1B1, is a potent pleiotropic
regulator of PCa cell motility, where overexpression of MAN1B1 might suppress the invasive
property of prostate cancer cells. Upregulation of MAN1B1 expression reduces LNCaP, LNCaP
Al, and PC3 cell migration and restored a less-aggressive phenotype, consistent with an
inhibitory function for MAN1BL1. The dramatic phenotypic switch that was observed by
increasing MAN1B1 expression suggests that it may be an important target of therapeutic design.
As a non-toxic gene, upregulation of MAN1B1 expression may be a viable gene therapy target to

slow the progression of advanced, metastatic PCa.

Materials and Methods

General
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Unless otherwise specified, all chemicals and reagents were purchased from
SigmaAldrich (St. Louis, MO, USA). All HPLC and LC-MS/MS solvents were obtained from

Fisher Scientific (Pittsburgh, PA, USA).

Cell culturing conditions

Human prostate cancer cell lines PC3 and LNCaP were purchased from ATCC
(Manassas, VA). The LNCaP Al cell line was a gift from Dr. Steven Bova. The PCa cells were
maintained in F-12K media with 10% HI fetal bovine serum (FBS) (Gibco, Grand Island, NY).
Once reaching 80-90% cellular confluence, the cells were washed six times with ice-cold

phosphate buffered saline, lysed and used from proteomic analysis.

Establishment of stable expression of MAN1B1 in LNCaP, LNCaP Al, and PC3 cell lines

The Myc-DDK-tagged ORF clone of Homo Sapiens MAN1B1 or pCMV6-Entry
(RC202824 and PS100001, respectively, Origene, Rockville, MD) vectors were transfected in
LNCaP, LNCaP Al, or PC3 cell lines using Lipofectamine 2000 (Invitrogen) according to the
manufacturer’s specifications. G418 (Invitrogen) at 400 pg/mL was used to screen the generated
positive clones. The cell culture media was exchanged every three days during a period of two
weeks. Once colonies formed, the cells from each clone was expanded for use in Western blot,

genomic, proteomic, or migration analysis.

MAN1B1 knockdown in LNCaP cells via sSiRNA

MAN1B1 knockdown was achieved using MAN1B1-specific short interfering RNA. In a
6-well plate, 12 pL of 20 umol/L negative control sSiRNA (QIAGEN, Germantown, MD) or
Hs_MAN1B1 siRNA (QIAGEN, Germantown, MD) was added to 88 puL of Opti-MEM reduced-

serum medium (Thermo Fisher). Oligofectamine (12 pL) in 88 pL Opti-MEM medium was
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added to each well and the samples were incubated at RT for 25 min. The siRNA solution was
added to cultured cells at 40-50% confluence in 800 pL of Opti-MEM media, and the cells were
transfected for three hrs. Regular media containing 20% FBS, 1 mL total, was added to the
transfected cells and the cells were further incubated for two day, before harvesting. Harvested
cells were used for subsequent Western blot, genomic, and proteomic, and cell migration

analysis.
Western blot analysis

Western blotting was performed according to an established procedure (51). Briefly, PCa
cells were lysed in 1X RIPA buffer (Millipore) and centrifuged at 15,000 x g for 15 min. Protein
concentration was estimated using a Bradford colorimetric assay (BCA) kit (Thermo, Rockuville,
IL). Equal quantities (20 pg) of protein were loaded onto a 4-12% NuPAGE gel (Invitrogen,
Carlsbad, CA). After running the gel, the proteins were applied to nitrocellulose membrane
(Invitrogen). In order to positively identify the proteins, the following antibodies were used:
MAN1B1 (SC-100543, 1:500) and actin (1:2000) (Cell Signaling Technology, Beverly, MA).
Horse radish peroxidase (HRP)-conjugated secondary antibodies were incubated with the
membrane at RT for 1 hr. Peroxidase activity was detected using X-ray film with an enhanced

chemiluminescence detection system.
Wound healing assay

Gap closure assays were performed in either an Ibidi Culture-Insert “wound healing”
system, or in 6 mm Biocoat cell culture control inserts (BD Biosciences, San Jose, CA, USA).
LNCaP, LNCaP siRNA-MAN1B1, LNCaP-MAN1B1, LNCaP Al, LNCaP AI-MAN1B1, PC3,

or PC3-MAN1B1 cells (2 x 10° average cells in 200 pL 0.2% FBS media) were seeded in the
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well containing 10% FBS until the cells reached confluence. An approximately 500 um wide gap
was generated by scratching the bottom of the well with a 200 pL pipette tip. The cells were
incubated for 72 hrs at 37°C. Phase-contrast images of the wound healing process was obtained
using a microscope with a 10x objective lens at 0 and 72 hrs after the scratch was made. The gap
closure was compared between the initial O hr gap. Migrated cells were stained using Diff-Quik

stain (Fisher Scientific, Pittsburgh, PA, USA).
Transwell Assay

Transwell assay was performed using a 6 mm Biocoat cell culture control inserts (BD
Biosciences, San Jose, CA). Cells were starved (overnight) in 0.2% FBS and PC3 cells (2 x 10°)
were seeded into the upper well of a transwell chamber. To the bottom well of the chamber, 0.6
mL of 10% FBS was added. The cells were incubated for 24 hrs at 37°C. Migrated cells were
stained with the Diff-Quik stain Kit (Fisher Scientific, Pittsburg, PA). All cells were counted

under microscope.
Proliferation assay of PC3 cell lines

Approximately 1 x 10* cells for both PC3 and PC3-MAN1B1 were seeded into a 96-well
microtiter plate in 100 pL of culture medium with 10% FBS for 12 hrs or 144 hrs at 37°C in a
5% CO. atmosphere. Following incubation, the number of living cells was subsequently
measured using a 3-(4, 5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium (MTS) assay (Celltiter 96 Aqueous One-solution Cell Proliferation Assay,
Promega, Madison, WI, USA) according to the manufacturer’s instructions. Absorbance of the

wells at 490 nm was measured using a multiwell plate reader (Epoch, BioTek, Winooski, VT).
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Cell-free wells containing media alone served as blank controls. Each experiment was completed

in eight replicates.

Proteomic analysis using iTRAQ labeling

Cell pellets from LNCaP, LNCaP-MAN1B1, LNCaP Al, LNCaP AI-MAN1B1, PC3, and
PC3-MAN1B1 were simultaneously lysed and denatured via sonication in 1 mL of 8 M urea
containing 0.4 M ammonium bicarbonate (pH 8.0). Protein concentration was estimated by BCA
protein assay (Thermo Fisher Scientific). Free cysteines were reduced in 120 mM tris(2-
carboxyethyl)phosphine (TCEP) and alkylated by the addition of 160 mM iodoacetamide (IAA)
at RT for 30 min. in the dark. The reduced and alkylated sample was diluted in 100 mM Tris-
HCI, pH 7.5, containing 0.5 pg/uL trypsin. The digest was incubated at 37°C overnight.
Digestion efficiency was measured via SDS-PAGE analysis, followed by silver staining.
Digested peptides were purified with C18 desalting columns. Eluted peptides were dried using a

speedvac.

To each cell line, containing 1 mg digested peptides, was added 250 uL iTRAQ
dissolution buffer. Each iTRAQ (isobaric tags for relative and absolute quantitation) 4-plex
channel was dissolved in 70 uL methanol and mixed with the peptide solution and incubated for
1 hrat RT. Two iTRAQ 4-plex sets were prepared. In both sets, channel 114 was used to label
peptides from LNCaP WT cells. In the Al LNCaP iTRAQ analysis (set 1), channel 116 was used
to label peptides from LNCaP Al WT cells, while channel 117 was used to label peptides from
LNCaP AI-MAN1BL cells. Similarly, in the PC3 iTRAQ analysis (set 2), channel 116 was
assigned to PC3, while channel 117 was assigned to PC3-MAN1B1. Following iTRAQ labelling,

the channels were pooled, desalted (C18 solid-phase extraction [SPE]), and purified by strong-
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cation exchange (SCX) SPE. 5% (approximately 100 pug) of the labelled peptides were dried and

resuspended in 0.4% acetic acid prior to basic reverse-phase separation.
Basic reverse phase liquid chromatography (bRPLC) fractionation

iITRAQ-labeled peptides were separated via bRPLC fractionation using a 1220 Infinity
LC system, equipped with a Zorbax extended C18 analytical column (1.8 pum particle size, 4.6 x
100 mm; Agilent Technologies, Inc. CA, USA). The flow rate was set to 0.2 mL/min and a linear
gradient of 92% A/8% B to 65% A/35% B in 85 min. was used to elute the peptide fractions.
Buffer A consisted of 10 mM ammonium formate, pH 10, while buffer B was composed of 10
mM ammonium formate in 90% acetonitrile, pH 10. The eluted peptides were collected,

concatenated into 24 fractions, and dried by speedvac.
LC-MS/MS analysis

LC-MS/MS analysis of iTRAQ-labeled tryptic peptide fractions was performed using an
LTQ-Orbitrap Velos (Thermo Fisher Scientific, Waltham, MA). Tryptic peptides were separated
prior to analysis using a Dionex Ultimate 3000 RSL C nanosystem (Thermo Fisher Scientific)
with a C18 PepMap RSLC column (75 um x 50 cm). The analytical column was protected by a 5
mm guard column (Thermo Fisher Scientific). Chromatographic separation was performed at
250 nL/min during a linear gradient beginning from 95% A/5% B to 68% A/32% B in 90 min.
Solvent A consisted of 0.1% formic acid (FA) in water, and B consisted of 90% aqueous ACN
containing 0.1% FA. The Orbitrap Velos was operating in high-energy collision-induced

dissociation (CID) mode with the normalized collision energy set to 45.

Oligomannose analyses of prostate cancer cells with Man1B1 overexpression
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Glycomics analysis was performed using the glycoprotein immobilization for glycan extraction
(GIG) method reported previously (34, 52, 53). N-linked glycans released from glycoproteins
using Peptide:N-glycosidase F (PNGase F, New England Biolabs, Ipswich, MA) were mixed with
2,5-dihydroxybenzoic acid (DHB) containing dimethylaniline and spotted on a 384-well pFocus
matrix assisted laser desorption/ionization (MALDI) plate (Hudson Surface Technology, Fort Lee,
NJ). Released glycans were analyzed using a Shimadzu AXIMA Resonance MALDI quadrupole
ion trap-time-of-flight (MALDI-QIT-TOF) mass spectrometer (Shimadzu, Columbia, MD) in

positive ionization mode.
MS data analysis

The acquired MS/MS spectra was searched directly using the SEQUEST search engine
within Proteome Discoverer (PD) 1.4.0.288 (Thermo Fisher Scientific). The database used was
the NCBI homo sapien FASTA file database, using a 1% protein false discovery rate (FDR). The
lone fixed modification was carbamidomethylation of reduced cysteine residues, while oxidation
of methionine was set as a variable modification. iTRAQ 4-plex labeling of the N-termini and
lysine residues was set as dynamic modifications. The search tolerated a maximum of two
missed cleavages for trypsin digestion. The precursor mass tolerance was 10 ppm, while
fragment ion mass tolerance was set to 20 ppm. Quantitation of the iTRAQ intensity signal was
performed using peptide intensity in PD, and all median peptides intensities were normalized in
PD. The iTRAQ ratio cutoff for upregulation/downregulation was 2-fold and 0.5-fold,

respectively.
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