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SUMMARY

Chronic alcohol abuse and alcoholism are considered risk factors for prostate cancer (PCa) 

progression, but the mechanism is unknown. Previously, we found that: (1) fragmentation of the 

Golgi complex correlates with the progression of PCa; (2) ethanol (EtOH) induces Golgi 

disorganization, which, in turn, alters intra-Golgi localization of some Golgi proteins. Also, 

progression of the prostate tumor is associated with activation of N-acetylglucosaminyltransferase-

V (MGAT5)-mediated N-glycosylation of pro-metastatic proteins, including matriptase and 

integrins, followed by their enhanced retention at the cell surface. Here, using high-resolution 

microscopy, we found that alcohol effect on Golgi in low passage androgen-responsive LNCaP 

cells mimic the fragmented Golgi phenotype of androgen-refractory high passage LNCaP and 

PC-3 cells. Next, we detected that transition to androgen unresponsiveness is accompanied by 

downregulation of N-acetylglucosaminyltransferase-III (MGAT3), the enzyme that competes with 

MGAT5 for anti-metastatic N-glycan branching. Moreover, in low passage LNCaP cells, alcohol-

induced Golgi fragmentation induced translocation of MGAT3 from the Golgi to the cytoplasm, 

while intra-Golgi localization of MGAT5 appeared unaffected. Then, the relationship between 

Golgi morphology, MGAT3 intracellular position, and clinicopathologic features was assessed in 

human PCa patient specimens with and without a history of alcohol dependence. We revealed that 

within the same clinical stage, the level of Golgi disorganization and the cytoplasmic shift of 

MGAT3 was more prominent in patients consuming alcohol. In vitro studies suggest that EtOH-

induced downregulation of MGAT3 correlates with activation of MGAT5-mediated glycosylation 

and overexpression of both matriptase and integrins. In sum, we provide a novel insight into the 

alcohol-mediated tumor promotion.
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Prostate cancer (PCa) is the most common cancer among men and the second-leading cause 

of cancer death [1]. Whether alcohol is a risk factor for PCa has been the longstanding 

question [2–5]. Various recent population-based, case-control studies have revealed a strong 

association of PCa incidence with heavier consumption of alcohol [6–10]. Although this 

conclusion is not fully supported by a few other observations [11, 12], the scientific 

consensus is that excessive alcohol consumption is linked to advanced PCa and its mortality 

[6, 8, 13–16]. Moreover, recent observation clearly indicates that post-diagnosis alcohol 

consumption was associated with increased mortality in PCa patients [17]. Therefore, 

understanding the cellular and molecular mechanisms underlying alcohol interference with 

PCa progression will address an important question raised by clinicians: whether alcohol 

abstinence is an important therapeutic intervention in PCa.

Evidence from the literature indicates that fragmentation of the Golgi apparatus is a 

hallmark of cancer progression [18–21]. Indeed, our group also recently identified Golgi 

fragmentation in PCa cells, which was correlated with the progression of PCa [22, 23]. A 

few years ago, we introduced a novel concept of onco-Golgi: that Golgi disorganization is 

associated with the activation of various pro-oncogenic and pro-metastatic pathways [23]. 

Alcohol consumption induces Golgi fragmentation in different organs, including prostate 

[24–27], which impairs Golgi docking of several Golgi residential enzymes, including 

glycosyltransferases and kinases [28] and results in their mislocalization, which, in turn, 

cardinally changes both glycosylation and phosphorylation [22]. We recently reported the 

important observation that in ethanol (EtOH)-treated androgen-responsive PCa cells, 

fragmentation of the Golgi was accompanied by the translocation of glycogen synthase 

kinase β (GSK3β) from the Golgi to the cytoplasm, followed by the phosphorylation of 

histone deacetylase 6 (HDAC6) and activation of the downstream HSP90-androgen receptor 

(AR) pathway [29]. EtOH-treated cells also demonstrate increased migration, growth in 

mice xenograft, proliferation, and secretion of prostate-specific antigen (PSA) [30]. 

However, it is important to define the impact of alcohol during the transition of PCa from 

AR-responsive form to the AR-independent aggressive stage, castration-resistant prostate 

cancer (CRPC), when tumors begin to metastasize.

In primary PCa and metastatic lesions, the level of matriptase and integrins is enhanced and 

is positively correlated with tumor grade and poor prognosis [31, 32]. The key to 

understanding this phenomenon is the interesting competition of branching enzymes in N-

glycosylation, where the typical biantennary N-linked chain can be transformed in a β1,6-

branched structure by the action of N-acetylglucosaminyltransfera se-V (MGAT5). Then, 

branching is provided by formation of polylactosaminic chains that specifically bind to 

Galectin-3 (Gal-3) (Fig. 1, left panel). Overexpression of MGAT5 was detected in a different 

type of tumor and was suggested as a prognostic marker in PCa [33–35]. Conversely, the 

biantennary N-linked chain can be modified by the addition of a bisecting GlcNAc, the 

reaction catalyzed by N-acetylglucosaminyltransferase-III (MGAT3) (Fig. 1, right panel). It 

is known that MGAT5 is antagonized by MGAT3, whose enhanced expression has been 

found to block MGAT5-mediated glycosylation and suppress metastasis [36–38]. Bisecting 

GlcNAc structures in certain glycoproteins importantly changed their expression levels and 

decreased their sorting to the cell surface [39]. However, when the same proteins, for 

example, matriptase and integrins, are modified by MGAT5, their expression and retention at 
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the cell surface are enhanced via interaction with Gal-3 [36, 40]. Indeed, the transient 

overexpression of MGAT5 significantly enhanced the activity of matriptase and invasion 

ability in the LNCaP cells [41]. Here, we hypothesize that alcohol-induced Golgi 

disorganization results in overexpression of pro-metastatic proteins due to activation of their 

MGAT5-mediated glycosylation.

MATERIAL AND METHODS

Antibodies.

The primary antibodies used were: a) rabbit polyclonal – MGAT3 (Abcam, ab103427), 

MGAT5 (Abcam, ab68595), and ST14 (Matriptase) (Abcam, ab28266); b) mouse 

monoclonal – E-cadherin (Abcam, ab1416), β-actin (Sigma, A2228), integrin alpha V + beta 

6 (Abcam, ab77906), and giantin (Abcam, ab37266); c) mouse polyclonal – GM130 

(Abcam, ab169276). The secondary antibodies (Jackson ImmunoResearch) were: a) HRP-

conjugated donkey anti-rabbit and donkey anti-mouse for Western-blotting (W-B) (711–

035-152 and 715–035-151, respectively); b) donkey anti-mouse Alexa Fluor 488 and anti-

rabbit Alexa Fluor 594 (115–546-003 and 711–585-152, respectively) for 

immunofluorescence (IF).

Cell culture and alcohol treatment.

LNCaP and PC-3 cells are purchased from ATCC. Cells were grown in phenol red-free 

RPMI medium with 11 mM glucose, 10% FBS, 2mM glutamine, non-essential amino acids 

and 100U/ml of Penicillin plus Streptomycin. Given their androgen responsiveness, cells 

were cultured under treatment with 10 nM dihydrotestosterone (DHT). Twenty-four hours 

after seeding cells (at 75% confluence), culture media were changed for one containing 35 

mM EtOH for another 96 h. The medium was replaced every 48 h to maintain a constant 

EtOH concentration. Control cells were seeded at the same time as treated cells and 

maintained in the same medium; EtOH was replaced by the appropriate volume of medium 

to maintain similar caloric content.

Immunoprecipitation (IP) and transfection.

For the identification of proteins in the complexes pulled down by IP, confluent cells grown 

in a T75 flask were washed three times with 6 ml PBS each, harvested by trypsinization, and 

neutralized with the FBS-containing medium. IP steps were performed using antibodies that 

are covalently coupled to Dynabeads M-270 Epoxy beads (Pierce) according to the 

manufacturer’s instructions. All cell lysate samples for IP experiments were normalized by 

appropriate proteins. To determine whether the target protein was loaded evenly, the input 

samples were preliminarily run on a separate gel with different dilutions of control samples 

vs. treated, then probed with anti-target protein Abs. The intensity of obtained bands was 

analyzed by ImageJ software, and samples with identical intensity were subjected to IP. 

Mouse or rabbit non-specific IgG was used as non-specific controls. Proteins were separated 

on SDS PAGE on mini-gels with various acrylamide % specified for each experiment (Bio-

Rad). MGAT5 and scrambled ON-TARGET plus smartpool siRNAs were purchased from 

Santa Cruz Biotechnology. All products consisted of pools of three target-specific siRNAs. 
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Cells were transfected with 100–150 nM siRNAs using Lipofectamine RNAi MAX reagent 

(Life science technologies).

Confocal immunofluorescence microscopy.

Staining of cells was performed by methods described previously [42]. Normal human 

prostate and prostate adenocarcinoma tissue arrays were purchased from US Biomax and 

Novus Biologicals. After deparaffinization and dehydration, tissues were blocked in 1% 

donkey serum for 1 hour at RT° and incubated with the primary antibodies for 3 hours at RT

°. After washing with PBST three times the slides were incubated with Alexa Fluor 

secondary Abs for 1 hour at RT°. The nuclei of the tissues were counterstained with DAPI 

(Invitrogen). Slides were examined under an LSM 800 Zeiss Airyscan microscope 

performed at the Advanced Microscopy Core Facility of the University of Nebraska Medical 

Center. Images were analyzed using ZEN 2.1 software and IMARIS versions 7.2.2–7.6.0 

(Bitplane Scientific). For some figures, image analysis was performed using Adobe 

Photoshop and ImageJ. Statistical analysis of colocalization was performed by ImageJ, 

calculating the Pearson correlation coefficient.

Three-dimensional structured illumination (3D-SIM) microscopy and image analysis.

SIM imaging of Golgi ribbons was performed on a Zeiss ELYRA PS.1 superresolution 

scope (Carl Zeiss Microscopy, Germany) using a PCO.Edge 5.5 camera equipped with a 

Plan-Apochromat 63×1.4 oil objective. Optimal grid sizes for each wavelength were chosen 

according to the recommendations of the manufacturer. For 3D-SIM, stacks with a step size 

of 110 nm were acquired sequentially for each fluorophore, and each fluorescent channel 

was imaged with three pattern rotations with 3 translational shifts. The final SIM image was 

created using modules built into the Zen Black software suite that accompanies the imaging 

setup. Analyses were undertaken on 3D-SIM data sets in 3D using IMARIS versions 7.2.2–

7.6.0 (Bitplane Scientific). The 3D mask was obtained by applying a Gaussian filter to 

merged channels, thresholding to remove low-intensity signals, and converting the obtained 

stack into a binary file that mapped all voxels of interest for coefficient calculation. For 

colocalization studies, IMARIS ‘Colocalization Module’ was used. To avoid subjectivity, all 

thresholds were automatically determined using algorithms, based on the exclusion of 

intensity pairs that exhibit no correlation [43].

Miscellaneous.

Protein concentrations were determined with the Coomassie Plus Protein Assay (Pierce 

Chemical Co). The results shown are representative of three independent experiments. Data 

are expressed as mean ± SEM. The analysis was performed using a 2-sided t-test. A value of 

p < 0.05 was considered statistically significant.

RESULTS

We recently showed that alcohol dehydrogenase (ADH)-generated metabolites of EtOH, 

notably acetaldehyde (Ach), are the major contributors to Golgi fragmentation in prostate 

cells [30]. Moreover, Ach was responsible for enhanced: a) anchorage-independent growth 

of these cells, b) their migration, c) adhesion to the endothelial cells, and c) PSA secretion 
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[30]. Our important finding in the same publication was that EtOH accelerates LNCaP tumor 

xenograft in athymic male mice. Therefore, these cells are an excellent model to study the 

EtOH effect on the progression of PCa. Also, previously we found that contrary to compact 

and perinuclear Golgi in low passage androgen-responsive LNCaP cells, androgen-

restrictive PC-3, and DU145 cells demonstrate fragmented Golgi [22]. Here, using 3D SIM 

imaging, we found identical disorganized Golgi structure in high passage (c-85) LNCaP 

cells, which also represent androgen-refractory PCa cells [44]. Predictably, we found that 

treatment of low passage (c-26) LNCaP cells with 35 mM EtOH for 96 h results in 

disorganization of the Golgi, resembling the Golgi in the non-treated high passage (c-85) 

LNCaP and PC-3 cells (Fig. 2). Thus, the effect of EtOH on low-aggressive PCa cells seems 

to mimic the phenotype of highly aggressive PCa cells.

Next, we examined whether the transition to androgen-unresponsiveness is associated with 

alteration of MGAT3-mediated glycosylation. First, we detected by W-B that level of 

MGAT3 in low passage LNCaP (c-26) cells are higher than that in high passage c-86. 

Conversely, in LNCaP (c-86), the expression of MGAT5 is higher than that in LNCaP (c-26) 

cells (Fig. 3A). Further, using the W-B of the plasma membrane (PM) fractions, we detected 

that the LNCaP (c-86) cells express more matriptase at the cell surface than LNCaP (c-26) 

cells (Fig. 3B). Next, we performed matriptase IP and probed with L-PHA lectin, which 

binds preferentially to GlcNAc residues on β1–6 branches of tri- or tetra-antennary sugar 

chains, the product of MGAT5 [45]. As shown in Fig. 3C, matriptase from LNCaP (c-86) 

cells bears a higher amount of MGAT5-mediated glycans than that from LNCaP (c-26) cells. 

Further, we performed the siRNA-induced knockdown (KD) of MGAT5 gene in PC-3 cells 

(Fig. 4A) and observed that the lack of MGAT5 is associated with a reduction of matriptase 

expression at the PM fraction, indicating the intimate relationship between the activity of 

MGAT5 and retention of matriptase at the cell surface (Fig. 4B). Overall, these results 

indicate that the progression of PCa is associated with downregulation of MGAT3 with 

concomitant activation of MGAT5-mediated glycosylation.

Recently, we have found the same phenomenon in O-glycan branching; in advanced PCa 

cells, downregulation of core 2 N-acetylglucosaminyltrans ferase-L/1 (C2GnT-L) was 

correlated with activation of glycosylation through Galβ1–3GalNAcαSer/Thr:α2–

3sialyltransferase 1 (ST3Gal1), the enzyme that competes with C2GnT-L for core-1 

substrates [22]. Consequently, the expression level of polylactosamine was reduced, while 

pro-metastatic sialyl‐T antigen was enhanced, allowing cells to evade Gal-1-induced 

apoptosis [22]. Further analysis revealed that Golgi disorganization in androgen-refractory 

cells is associated with mislocalization of C2GnT-L from Golgi to the cytoplasm. In the 

meantime, the intra-Golgi position of ST3Gal1 was unaltered. Thus, we deduced that the 

most possible explanation of the shift to MGAT5-mediated glycosylation is mislocalization 

of MGAT3. To validate this hypothesis, we performed an analysis of post-alcohol 

intracellular localization for both MGAT3 and MGAT5. Our preliminary screening revealed 

that MGAT3 is localized in earlier Golgi compartments than MGAT5 (data have not shown). 

Thus, to study intra-Golgi position of both MGAT3 and MGAT5, we used GM130 and 

giantin as the cis- and medial-Golgi markers, respectively [28, 46]. In EtOH-treated LNCaP 

(c-26) cells, we detected that the scattering of Golgi membranes was accompanied by the 

redistribution of MGAT3 from Golgi to the cytoplasm, according to the Pearson 
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colocalization coefficient between MGAT3 and GM130 (Fig. 5 A, C); however, the intra-

Golgi position for MGAT5 remained intact based on the unchangeable rate of its 

colocalization with giantin (Fig. 5 B, C). Interestingly, we noticed the decrease of the IF 

signal of MGAT3 in EtOH-treated LNCaP cells, implying its partial degradation. This 

observation was validated by the W-B analysis, confirming that alcohol treatment results in a 

reduction of the level of MGAT3 and upregulation of MGAT5 (Fig. 6A). Next, we observed 

that in these cells, EtOH treatment enhances the expression of matriptase and integrin α5 in 

the PM fraction (Fig. 6B). These data echo observations of others which show that 

expression of integrins (α5+β3) and (α5+β6) is associated with the androgen-negative status 

of PCa cells [47, 48], which demonstrate a fragmented Golgi phenotype [30].

Previously, we found that the fragmented Golgi phenotype was significantly higher in PCa 

cells of drinkers than in non-drinkers, suggesting that alcohol consumption may be a critical 

factor contributing to Golgi disorganization [30]. Herein, we analyzed tissue sections 

obtained from the primary prostate tumor foci of PCa patients, both drinkers and non-

drinkers to examine whether the level of drinking is correlated with the loss of the MGAT3 

intra-Golgi position. Questionnaires contained questions on a) preferred alcoholic beverage; 

b) an average number of drinks consumed in a week within last 5 years; c) frequency of 

heavy episodic drinking and d) duration of heavy drinking occasions. Sections were 

provided through the Department of Pathology and Microbiology (IRB protocol # 304–16-

EP) at the University of Nebraska Medical Center and the Johns Hopkins University School 

of Medicine (Prostate Cancer Biorepository Network). We monitored the intracellular 

position of MGAT3 in normal prostate and in PCa cells from patients with the same grade 

and Gleason score: non-drinking patients (who do not drink or less that one per month) 

versus patients who regularly consume alcohol at the moderate level (from 5–6 times per 

week – 12 oz. beer; 3–5 times per week - 4 oz. glass of wine; 2–3 times – 3.4 oz. strong 

liquor) or high level (from 2–3 times and more per day - 12 oz. beer; from 1–2 times and 

more - 4 oz. glass of wine; from one times and more – 3.4 oz. strong liquor). We found that 

in PCa patients consuming alcohol at the moderate or high level, the segregation of MGAT3 

from Golgi membranes is more than in non-alcoholic patients (Fig. 7A). Statistical analysis 

demonstrates that the frequency of alcohol consumption correlates with not only Golgi 

fragmentation but also with the loss of MGAT3 position in the Golgi (Fig. 7B).

DISCUSSION

Here, for the first time, we provide the mechanism of cancer-specific MGAT5-mediated 

glycosylation: the transition of PCa from androgen-responsive stage to the androgen-

negative is associated with Golgi fragmentation and downregulation of MGAT3. Our both in 
vitro and in vivo data clearly indicate that alcohol-induced Golgi fragmentation in PCa cells 

is correlated with the translocation of MGAT3 from Golgi to the cytoplasm, thus facilitating 

N-glycosylation of pro-metastatic proteins, matriptase and integrins. Therefore, alcohol 

mimics the effect of PCa progression, and can potentially contribute to the manifestation of 

tumor growth, its intravasation, adhesion, and extravasation (Fig. 8).

The key question, then, is the mechanism that underlies the Golgi targeting of MGAT3, 

which seems distinct from the one that utilized by MGAT5, since the intra-Golgi position of 
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MGAT5 is unaffected despite Golgi disorganization. We recently identified that Golgi 

residential proteins use neither COPI nor COPII vesicles for trafficking to the Golgi and 

suggest that the specific vesicular complexes carrying these proteins employ two different 

docking sites at the Golgi: giantin and the complex of GM130 and GRASP65 [28, 30]. We 

and others have shown that different Golgi glycosyltransferases and kinases are giantin-

sensitive because they relocate to the cytoplasm in cells lacking this golgin [22, 28, 30, 49, 

50]. This, for instance, occurs in response to endoplasmic reticulum (ER) stress, including 

one induced by alcohol treatment, when Golgi undergoes reversible remodeling, 

characterized by varying degrees of scattering and unstacking [51]. In the meantime, the 

localization of enzymes that employ GM130-GRASP65 docking mechanism seems 

unaffected, since ER stress has no significant impact on the structure and content of these 

proteins [46, 52]. Given that EtOH impairs giantin dimeric structure and reduces its content 

[30, 52], our data indicate that MGAT3 highly likely employs giantin-dependent Golgi 

docking mechanism. However, this assumption needs further validation. On the other hand, 

our current results indicate that MGAT5 uses giantin-independent Golgi docking strategy. 

Thus, Golgi partner of MGAT5 remains to be identified. Different possibilities can be 

envisaged here. First and most simple is that MGAT5 is docked at the cis-Golgi via GM130-

GRASP65 and then transported to the medial-Golgi. The second scenario is that MGAT5 

uses medial-Golgi golgin. The potential candidates are the following Golgi matrix proteins: 

CASP, Golgin-84, Golgin-160, and TMF [53].

Intriguingly, here we observed that disposition of MGAT3 results in the reduction of its 

level, suggesting the degradation of this protein, given that we could not detect any changes 

in mRNA expression of MGAT3 (data have not presented). We have shown previously that 

Golgi residential enzymes are recycling via proteasome-mediated degradation [54]. It 

appears that the Golgi content of these proteins is determined inter alia by a dynamic 

equilibrium between their constant trafficking from ER to the Golgi and retrograde flow 

from Golgi to the proteasome for degradation [55]. However, the loss of Golgi retention, 

induced by different stress conditions, accelerates latter, resulting in downregulation of the 

enzymes that are not able to contribute to glycosylation anymore [42, 56–58]. In light of 

these, we assume that MGAT3 employs proteasomes for degradation, though this hypothesis 

requires additional experiments.

Alcohol is a physiological inducer of ER stress, a condition under which unfolded/misfolded 

proteins accumulate in the ER, contributing to the alcoholic disorders of major organs such 

as liver, pancreas, heart, and brain [59]. The ER stress launches the unfolded protein 

response (UPR), which attenuates protein translation, increases protein folding capacity, and 

facilitates degradation of unfolded proteins, helping to recover ER homeostasis [60]. In 

addition, Golgi has a remarkable self-organizing mechanism [61], and it is known that 

ethanol-induced Golgi disorganization in hepatocytes is reversible upon alcohol withdrawal. 

We have shown recently that Golgi recovery requires several players, including giantin, 

whose re-dimerization facilitates fusion of the nascent Golgi membranes [62]. In the 

meantime, the growing evidence of literature indicates that fragmentation of the Golgi 

complex in cancer cells is also a consequence of prolonged and sub-lethal ER stress [18–20, 

22, 23]. Moreover, a number of recent studies have implicated ER stress and UPR in the 

progression of PCa and development of CRPC [63, 64]. It is logical to assume that in case of 
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the PCa cells, alcohol may contribute to the maintenance of the fragmented Golgi phenotype 

via augmentation of ER stress. Therefore, the future studies in this field should provide an 

answer to the important question, how exactly alcohol facilitates UPR, the important 

pathway of cancer survival [65, 66].
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Figure 1. 
Schema of MGAT3 and MGAT5-mediated N-glycosylation. Bisecting GlcNAc blocks 

glycans branching via MGAT5.
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Figure 2. 
3D SIM imaging of Golgi (giantin) in low passage LNCaP (c-26) cells before and after 

EtOH treatment, and in non-treated high passage LNCaP (c-85) and PC-3 cells. Nuclei were 

counterstained with DAPI (blue); bars, 5 µm.
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Figure 3. 
(A) MGAT3 and MGAT5 W-B of the cell lysate from LNCaP (c-26) and (c-86) cells; β-actin 

was used as a loading control. (B) Matriptase W-B of the plasma membrane (PM) fractions 

from LNCaP (c-26) and (c-86) cells; the PM samples were normalized by E-cadherin. (C) 

The L-PHA lectin W-B of Matriptase IP from LNCaP (c-26) and (c-86) cells. The bottom 

panel represents the input normalized for the Matriptase.
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Figure 4. 
(A) MGAT5 W-B of the cell lysate from LNCaP (c-26) treated with a scramble of MGAT5 

siRNAs; β-actin was used as a loading control. (B) Matriptase W-B of the plasma membrane 

(PM) fraction from cells in A; the PM samples were normalized by E-cadherin.
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Figure 5. 
Immunostaining of GM130 (green) and MGAT3 (red) (A), and giantin (green) and MGAT5 

(red) (B) in the LNCaP cells: control and treated with 35 mM EtOH for 96 h. Nuclei were 

counterstained with DAPI (blue). All confocal images were acquired with the same imaging 

parameters; bars, 10 μm. (C) Quantification of Pearson’s overlap coefficient for indicated 

proteins for cells from A and B; means ± SD; * - p<0.001.

Kubyshkin et al. Page 16

Krim Z Eksp Klin Med. Author manuscript; available in PMC 2019 May 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 6. 
(A) MGAT3 and MGAT5 W-B of the lysate from LNCaP cells: control and treated with 35 

mM EtOH for 96 h. (B) Integrin α5 W-B of the plasma membrane (PM) fraction from the 

cells presented in A; the PM samples were normalized by E-cadherin
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Figure 7. 
(A) 3D SIM reconstruction of giantin (green) and MGAT3 (red) IF in normal prostate and 

tissue section of PCa patients (Gleason 7); bars, 5 µm. White boxes indicate area enlarged 

below. (B) Quantification of colocalization of giantin and MGAT3 from the sections in A; 10 

patients for each group were observed; means ± SD; * - p<0.001.
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Figure 8. 
The working model of alcohol effect on N-glycosylation in PCa. In low aggressive PCa 

cells, pro-metastatic proteins are modified by MGAT3, which reduces their binding to the 

Gal-3, thus blocking their stabilization and retention at the cell surface. In alcohol-treated 

PCa cells, Golgi is fragmented and domination of MGAT5-mediated glycosylation promotes 

plasma membrane expression of proteins via their strong interaction with Gal-3. This, in 

turn, facilitates PCa progression.
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