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Abstract

The ability to distinguish malignant from indolent prostate cancer cells is critically important for
identification of clinically significant prostate cancer to minimize unnecessary overtreatment and
sufferings endured by patients who have indolent cancer. Recently, we discovered that loss of
giantin function as the primary Golgi targeting site for endoplasmic reticulum-derived transport
vesicles in aggressive prostate cancer cells caused a shift of the Golgi localization site of a-
mannosidase 1A to 130 KDa Golgi matrix protein (GM130)-65 KDa Golgi reassembly-stacking
protein (GRASP65) site resulting in emergence of high mannose N-glycans on trans-Golgi
enzymes and cell surface glycoproteins. To extend this observation, we isolated two cell clones
(Clone 1 and Clone 2) from high passage LNCaP cells, which exhibited androgen refractory
property missing in low passage LNCaP cells, and characterized their malignant property. We have
found that comparing to Clone 2, which does not have cell surface high mannose N-glycans and
exhibits localization of a-mannosidase 1A at giantin site, Clone 1 displays cell surface high
mannose N-glycans, exhibits localization of a-mannosidase 1A at GM130-GRASP65 site, and
shows a faster rate of closing the wound in a wound healing assay. The results indicate that Golgi
localization of a.-mannosidase 1A at GM130-GRASP65 site and appearance of cell surface high
mannose N-glycans may serve as markers of malignant prostate cancer cells.
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Introduction

Prostate-specific antigen (PSA) level in the blood alone is not useful for diagnosis of
clinically significant prostate cancer because it overestimates indolent prostate cancer as
aggressive [1,2]. This shortcoming has led to over-use of invasive diagnostic procedures and
over-treatment of patients with indolent prostate cancer, causing needless long-term
sufferings of these patients [1,2]. Therefore, development of biomarkers that can aid the
diagnosis of clinically significant prostate cancer is needed.

Altered glycosylation is known to accompany malignant transformation of cancer [3-5].
Therefore, lots of effort have been devoted to the identification of these altered glycans in
cancer with the goal of using them for identification and targeted therapy of advanced cancer
[6,7]. However, lack of understanding of the fundamental mechanisms of altered
glycosylation in cancer especially advanced cancer has limited the progress. Our recent
effort to characterize the mechanism of glycosylation in the Golgi led us to the discovery
that loss of function of giantin, the primary Golgi targeting site for endoplasmic reticulum-
derived transport vesicles [8-10], in aggressive prostate cancer cells causes these vesicles to
use GM130-GRASP65 site for docking (9,10). As a result, some high mannose N-glycans
fail to be fully processed at this site and are left untouched through the subsequent
glycosylation steps, which leaves frans-Golgi and cell surface glycoproteins decorated with
high mannose N-glycans [10]. In this communication, we have extended this observation by
showing that after extended culture, some androgen-dependent prostate cancer cells acquired
malignant property in wound healing assay in addition to shifted Golgi localization of a-
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Mannosidase 1A (Manl1A) and appearance of high mannose N-glycans on cell surface
glycoproteins. Thus, Golgi localization of Man1A at GM130-GRASP65 site and appearance
of high mannose N-glycans at the cell surface may serve as biomarkers for identification of
advanced prostate cancer.

Materials and Methods

Cell lines

LNCaP cells [11] obtained from ATCC were cultured in RPMI 1640 medium (Sigma)
supplemented with 10% FBS and 100 units/mL Penicillin-100 pg/mL Streptomycin. DU145
cells obtained from ATCC were cultured in Dulbecco modified Eagle Medium (Sigma)
supplemented with 10% FBS and 100 units/mL Penicillin-100 ug/mL Streptomycin. Both
cells were incubated at 37 °C under 5% CO» and water saturated environment.

In situ Proximity Ligation Assay (PLA) of co-localization of Man1A with either giantin or
GM130-GRASP65

PLA assay was performed using the Duolink /n situ PLA kit (Sigma) according to the
manufacturer’s protocol. Briefly, after fixation in 4% paraformaldehyde/PBS and removal of
the fixative, the cells cultured on glass inserts in a 6-well plate were treated with two
primary antibodies from different species (mouse and rabbit) against two targets of interest,
which include mouse mAb to Manl1A (Abcam, Cat#ab140613) and rabbit pAb to Giantin
(Abcam, Cat#ab24586), rabbit mAb to GM130 (Abcam, Cat#ab52649) or rabbit mAb to
GRASP65 (Abcam, Cat#ab174834). Following primary Ab treatment, the cells were
incubated with oligonucleotide-conjugated anti-mouse minus and anti-rabbit plus PLA
secondary probes. Ligation oligonucleotides were added to generate red fluorescence dye-
tagged DNA. Then, these cells were covered with antifade containing DAPI and then
examined by fluorescence microscopy. The red fluorescent spots (signal) captured under a
Zeiss 710 fluorescence microscope represent interaction between the target molecules.

Live cell FITC-Galanthus nivalis lectin (GNL)[12] stain of cell surface high mannose N-

glycans

Cells cultured overnight on cover slips in a 6-well plate were rinsed twice with PBS
followed by incubation with FITC-GNL (E-Y labs)(20 pg/mL in serum-free medium) at 37
°C for 1 h before fixation in 4% paraformaldehyde/PBS at room temperature for 30 min.
The fluorescence signal was examined under a fluorescence microscope after covered with
antifade containing DAPI.

Wound healing assay

Prostate cancer cells were cultured on a 6-well plate until around 70-80% confluent. Then, a
wound was created in the middle with a pipette tip. The width of the opening was measured
at0, 4, 10, and 22 h. Each cell line was analyzed in duplicate and the average rate of
migration (nm/h) was obtained.
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Results and Discussions

During our routine screening of Golgi localization of Man1A at giantin versus GM130-
GRASP65 site in prostate cancer cells, we found that high-passage LNCaP-P117 cells
contained two populations of cells based on localization of Manl1A at giantin versus
GM130/GRASP65 in the Golgi (10). We proceeded to isolate these two cell clones, clone 1
and clone 2, using cloning cylinders and characterize their biochemical and malignant
properties under cultured conditions.

Detection of Golgi localization sites of a-mannosidase 1A in LNCaP-P8, LNCaP-P121-C1,
LNCaP-P121-C2, and DU145 cells

We employed /n situ PLA to identify Golgi localization site of Man1A in low passage
LNCaP cells, clone 1 and clone 2 of high passage LNCaP cells, and DU145 cells. We
localized Man1A at giantin site in LNCaP-P8 and LNCaP-P121-C2 cells, and at GM130-
GRASP65 site in LNCaP-P121-C1 and DU145 cells (Figure 1).

Detection of cell surface high mannose N-glycans in LNCaP-P121-C1 and DU145 cells but
not LNCaP-P8 and LNCaP-P121-C2 cells

We performed live cell FITC-GNL staining to detect cell surface N-glycans before fixation
on LNCaP-P121-C1, LNCaP-P121-C2, DU145, and LNCaP-P8 cells. We found high
mannose N-glycans at the cell surface of LNCaP-P121-C1 and DU145 cells but not that of
LNCaP-P8 and L NCaP-P121-C2 cells (Figure 2).

Wound healing properties of LNCaP-P8, LNCaP-P121-C2 & C1, and DU145 cells

To characterize the /n vitro malignant properties of these prostate cancer cells, we performed
a scratch wound healing assay. We found that the rates of migration (zm/h) of LNCaP-P121-
C1 and DU145 cells to heal the wound were greater than those of LNCaP-P8 and LNCaP-
P121-C2 cells (Figure 3). Table 1 summarizes the results of the experiment.

Given the limited utility of blood PSA levels for distinguishing benign from advanced
prostate cancer, development of alternative biomarkers is needed to minimize the use of
invasive diagnosis procedures and treatment that can cause needless long-term sufferings
endured by the patients with benign cancer. Current report presents novel glycosylation-
based biomarkers as potential candidates for identification of advanced prostate cancer to
meet this need.

High mannose N-glycans have been reported in many cancers, including breast [13],
pancreas [14], hepatocellular carcinoma [15], colon [16,17], rectum [18], and prostate
cancer [19]. But, the mechanism was not known. Recently, we found high mannose N-
glycans terminated with a3mannose in trans-Golgi and cell surface of advanced but not
benign prostate cancer cells [10]. In this communication [10], we described a mechanism
that can explain how high mannose N-glycans are generated in advanced prostate cancer. In
this cancer, loss of giantin function as the docking site for endoplasmic reticulum-derived
transport vesicles causes these vesicles to use GM130-GRASP65 for docking, resulting in
reduced efficiency of ManlA to fully process MangGIlcNAc, down to MansGIcNACc; to
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enable initiation of the formation of complex-type N-glycans. The Mang_gGIcNAc, and
MansGIcNAC, N-glycans that fail to be converted to MansGIlcNAc, and GIcNAc-
MansGIcNAC,, respectively will remain untouched during their journey through the rest of
the Golgi stacks. These high mannose N-glycans can be detected with GNL because they are
terminated with a3mannose [12]. Since these high mannose N-glycans are detected on
trams-Golgi and cell surface glycoproteins in aggressive cancer cells and not benign cancer
and normal cells [10], they become candidate markers of aggressive cancer cells. We wish to
point out that formation of high mannose N-glycans in advanced prostate cancer cells does
not preclude synthesis of complex-type N-glycans as long as MansGIcNAc, are produced
and the subsequent enzymes are available because this glycoform is required for initiation of
the formation of complex-type N-glycans.

It is known that cancer progression proceeds through several steps, including benign, locally
advanced, and metastasis. For prostate cancer, the steps can be classified as androgen-
dependent and androgen-refractory, which correspond to benign and aggressive stages,
respectively. These tumor progression stages have been reproduced /n vitroin a LNCaP
culture system [20]. These authors showed that as the passage numbers of LNCaP cells
increased, their sensitivity to androgen shifts from androgen-dependent to androgen-
refractory. The results of current report show that the high passage LNCaP cells contain two
populations of cells, one is benign and one is aggressive. They exhibit different cell
biological properties, i.e. Golgi localization of Manl1A at giantin vs. GM130-GRASP65;
biochemical properties, i.e. absence vs. presence of cell surface high mannose N-glycans;
and malignant properties, i.e. slower vs. faster rate of wound healing, respectively. This
phenomenon confirms the known concept that advanced tumors contain cancer cells at
different stages of progression [21]. Another implication which is very important in the
study of cancer cells is that cells derived from freshly isolated single cell clone should be
used to carry out the study. Monitoring the localization site of Man1A and/or presence or
absence of cell surface high mannose N-glycans can be used to aid characterization and
isolation of these two populations of cancer cells.

Current finding may be used for identification of aggressive prostate cancer in three ways.
First, it may be used in liquid biopsy to isolate and identify metastatic prostate cancer cells
in circulation by employing FITC-GNL assay. Second, it may be used for identification of
metastatic tumors and demarcation of locally advanced primary tumor to aid efficient
surgical dissection of the tumor. Finally, it may be used for targeted therapy of prostate
cancer especially the metastasized tumors. This is particularly important because currently
there is no cure for metastatic cancers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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. High passage LNCaP cells contain indolent and malignant cells
. Indolent LNCaP cells exhibit Golgi localization of amannosidase 1A at
giantin
. Indolent LNCaP cells do not display high mannose N-glycans at cell surface
. Malignant LNCaP cells exhibit Golgi localization of amannosidaselA at

GM130-GRASP65

. Malignant LNCaP cells display high mannose N-glycans at cell surface
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PLA Signal: Man |IA+Giantin/GM130/GRASP65
Giantin GM130 GRASP65

LNCaP-P121-C2 LNCaP-P8

LNCaP-P121-C1

DU145

20 um

Figure 1. In situ Proximity Ligation Assay of co-localization of Man1A with giantin or GM130/
GRASPE65.
LNCaP-P8, LNCaP-P121-C2 & C1, and DU145 cells were grown on glass insert, fixed, and

analyzed by PLA. The red signals were examined under a fluorescence microscope after
exposed to DAPI.
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FITC-GNL/DAPI staining

LNCaP-P8 LNCaP-P121-C2 LNCaP-21-C1 DU145

Figure 2. Live cell FITC-GNL staining of cell surface high mannose N-glycans.
LNCaP-P8, LNCaP-P121-C2 & C1, and DU145 cells grown on cover glass were treated

with FITC-GNL and DAPI and then examined under a fluorescence microscope.
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Oh 22 h

LNCaP-P8

LNCaP-P121-C2

LNCaP-P121-C1

DU145

200um

Figure 3. Scratch assay of wound healing.
After LNCaP-P8, LNCaP-P121-C2, LNCaP-P121-C1, and DU145 cells were cultured in a

6-well plate to 70-80% confluence, cells in the center area were removed with a pipette tip
and allowed to refill the space. The migration rates, um/h, of duplicate samples were
measured at 0, 4, 10 and 22 h and the images of 0 and 22 h are shown. The migration rates
are shown in Table 1.
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