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ABSTRACT

Background and Objectives: N-glycosylation, a crucial post-translational modification, is
well-recognized for its pivotal role in cardiovascular functions. N-acetylglucosaminyltransferase
V (GnT-V) is one of the major glycosyltransferases that determine the complexity of N-glycans
in N-glycosylation modification. This study aimed to explore the role of GnT-V in myocardial
infarction (MI). Methods: Proteomics and N-glycoproteomic analysis were performed on
myocardial tissues for the N-glycosylation profile after MI. Adeno-associated virus (AAV) with a
mouse cTnT promoter was utilized to induce overexpression of GnT-V in the heart for the role
of GnT-V in MI. Echocardiography and histological analysis were used to evaluate the effect of
GnT-V on MI. For the potential mechanisms of GnT-V, proteomic analysis was performed on
cardiomyocytes that were subjected to GnT-V overexpression and hypoxic stress. The results
were validated by western blot, lectin blot and immunoprecipitation assays, and confirmed with
PNGase F and tunicamycin treatment. Results: N-glycosylation of protein was significantly
reduced after MI, which could be related to a decrease in the expression levels of GnT-V and
its target glycans. Targeted GnT-V overexpression in the heart by using AAV improved cardiac
function and reduced the infarct size after MI. Further, proteomics analysis of cardiomyocytes
revealed that insulin-like growth factor-binding protein 3 (IGFBP3) was targeted by GnT-V and
induced degradation through the lysosome pathway. Consequently, the insulin-like growth
factor 1 receptor (IGF1R) signaling pathway was activated through overexpression of GnT-V.
Conclusion: Our findings suggest that promoting the IGF 1R signaling cascades by regulating
the N-glycosylation of certain proteins in the signaling pathway, especially through GnT-V,
may act as a promising strategy for treating MI.
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INTRODUCTION

Myocardial infarction (MI), the leading
cause of worldwide mortality,!l involves
inflammation, apoptosis, survival,
angiogenesis, and fibrosis, among which
post-translational modifications (PTMs)
play a pivotal role.*’! PTMs modulate

protein activity, stability, interactions, and
intracellular localization by altering targeted
protein regions, thus facilitating metabolic
pathways in response to acute ischemic
and hypoxic conditions.™”! In myocardial
remodeling after MI, PTMs regulate the
modification of extracellular matrix (ECM)
proteins, which modulate their secretion and
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degradation and sustain the integrity of heart structure
and function.*"' The dynamic and flexible nature of PTMs
makes them a critical mediator of ischemic heart and a
promising target in the therapeutic strategies for MI.

N-glycosylation, one of the most abundant PTMs, involves
the covalent attachment of glycans to the asparagine (Asn)
residue within an Asn-X-Ser/Thr amino acid sequence
(X is not proline).! N-glycosylation is vital for regulating
the biological integrity of multiple proteins that maintain
the proper cardiomyocyte structure and functions, and
the N-glycosylation profile of cardiomyocytes also
alters as development and aging happen.”’ In diabetic
cardiomyopathy, alterations in N-glycosylation are strongly
associated with pathological processes, such as chronic
inflammation and cardiac fibrosis, which influence cardiac
function. The N-glycosylation level of Calsequestrin 2
in the cardiomyocyte, which is one of the major calcium
regulating proteins, varies as heart failure post various
models progress.''l Furthermore, N-glycosylation
increases the complexity and diversity of glycan structures
and regulates both the cell-cell interactions and cell ECM
interactions, which are essential for vascular inflammation
and cardiac remodeling.!"? N-glycosylation is crucial in the
development and progression of cardiovascular diseases.
However, the role of N-glycosylation in MI remains largely
unexplored and requires further investigation.

N-glycan biosynthesis is primarily regulated by a series of
glycosyltransferases in the Golgi apparatus. Among these,
N-acetylglucosaminyltransferase V (GnT-V, encoded
by Mgat5) is one of the major glycosyltransferases that
determine the complexity of N-glycan structures. GnT-V
transfers the N-acetylglucosamine (GlcNAc) residue
to the core al, 6-mannose branch of the N-glycan via
81, 6-linkage, thereby generating tri- or tetra-antennary
N-glycans containing 81, 6-GlcNAc.” By modifying the
branching patterns of N-glycans, GnT-V increases the
structural diversity of N-glycans and provides extended
functional properties, which include regulating signaling
pathways, cell adhesion, and cell migration. GnT-V has
been reported to modify the N-glycans on cell surface
receptors and influences receptor-ligand interactions. For
example, GnT-V facilitates the formation of N-glycans
on the epidermal growth factor receptor (EGFR) and
enhances the affinity of ligands for galectins, promoting
lattice formation which suppresses EGFR endocytosis and
prolongs EGFR signaling pathways."! Whether GnT-V
is involved in the pathology of MI and the underlying
mechanism, however, remain uncleat.

In this study, we explored the biological function of
GnT-V in MI. The expression and activities of GnT-V
were inhibited after MI in mice, and myocardium-specific

GnT-V overexpression alleviated M1 injuries. Additionally,
we explored the mechanism of GnT-V in cardiomyocytes
and its effect on insulin-like growth factor-binding protein
3 (IGFBP3). Our findings provide novel insights into the
therapeutic potential of GnT-V in MI.

MATERIALS AND METHODS

Animal procedures

C57BL/6 mice (1012 weeks old, 20-25 g) were used in
this study. All procedures involving animals were carried
out in compliance with the Guidelines for the Care
and Use of Laboratory Animals and approved by the
Institutional Animal Care and Use Committee (IACUC)
of Peking University Health Science Center (BCJH0213).
The mice were housed in standard facilities with controlled
conditions of a temperature of 20-26 C and a humidity

of 50%—60% under a 12/12 h light-dark cycle.

To overexpression GnT-V in the heart, cTnT promoter
was used in Adeno-associated virus serotype 9 (AAV9)
delivery system for the myocardium-specific expression.
AAV9 encoding mouse Mgat5 with a Flag tag provided by
Hanheng Biotechnology (Shanghai, China) was employed.
Each mouse was administered with 1.5X10'" vector
genomes (vg) of either AAV-Mgat5 or AAV-null, injected
intravenously into the tail vein. Subsequently, 4 weeks after
the injection, the mice were anesthetized with 2% isoflurane
and then the following procedures were performed.

The left anterior descending (LAD) branch of the coronary
artery was permanently ligated about 2 mm away from its
origin to induce MI as previously desctibed.!™ The mice
were euthanized 7 days after MI surgery, and hearts were
harvested after PBS perfusion for further analysis.

Echocardiographic analysis

Transthoracic echocardiography was performed with a
30 MHz transducer to measure mouse systolic function.
Left ventricular ejection fraction (LVEF) was calculated
based on B-mode from the parasternal long axis. Left
ventricular fractional shortening (LVEFS) was determined
from M-mode images of the short axis of the heart at
mid-papillary muscle level. Vevo Lab v3.2.0 software was
used for echocardiography analysis.

Histological analysis

The hearts were harvested 7 days after MI. For Triphenyl
tetrazolium chloride (TTC) staining, the hearts were cut
into 1-mm-thick sections and incubated with 2% TTC
reagent (Solarbio, G3005) for 30 min at room temperature
to visualize the infarct size. For Masson trichrome staining,
the middle segments of heart were embedded in paraffin
and cut into 5-um-thick sections and stained with Masson
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trichrome assay kit (Solarbio, G1340), according to the
standard protocol. The percentage of infarction size was
evaluated with Image-Pro Plus software (version 6.0, Media
Cybernetics, Inc.) .

Immunofluorescence staining

Anti-GnT-V (Immunoway, YN2492), anti-cTnT (Thermo
Fisher Scientific, MA5-12960), and anti-Vimentin
(Abcam, ab24525) antibodies were used to explore
the expression of GnT-V in cardiac fibroblasts and
cardiomyocytes. Anti-GST (Abcepta, AP90035) and
anti-LAMP2 (Abcam, ab25631) antibodies were used to
determine the localization of IGFBP3 in lysosomes. Cells
were fixed with paraformaldehyde and incubated with
primary antibodies overnight at 4 “C, and then incubated
with secondary antibodies for 1 h at room temperature.
TUNEL Apoptosis Assay Kit (Beyotime, C1089) was
employed as the manufacturer’s instruction to measure
apoptotic cells in the sections of MI hearts.

Isolation and treatment of primary
cardiomyocytes

Cardiomyocytes and cardiac fibroblasts were isolated from
1-day-old neonatal wild-type C57BL/6 mice with the
Neonatal Heart Dissociation Kit (Miltenyi Biotec, 130-
098-373) as previously described.l'*' Cardiomyocytes wete
cultured in DMEM medium containing 10% fetal bovine
serum (FBS) with 5% CO,. Adenoviruses expressing
mouse Mgat5 cDNA (AD-Mgat5) or mouse Igtbp3 cDNA
(AD-Igtbp3) were constructed by Hanheng Biotechnology
(Shanghai, China) and employed on cardiomyocytes 24 h
after plating. For hypoxic conditions, cardiomyocytes were
then cultured in 5% CO, (O, concentration was 1%) with
serum deprivation.

Cell line and culture

HEK293A cells were used in this study and were
cultured in DMEM medium containing 10% FBS. The
expression vector pcDNA3.1 with Human Mgat5,
Igtbp3 and Igflr cloned, were designed and supplied
by YouBio Biotechnology (Hunan, China). HEK293A
cells were transfected with plasmids with the utilization
of Lipofectamine 3000 transfection reagent (Invitrogen,
L.3000015). 5 uM cycloheximide (MedChemExpresss, HY-
12320) was employed on HEK293A cells for 1 h,2h,3h to
evaluate the IGFBP3 stability. To explore the degradation
pathway of IGBP3, HEK293A cells were treated with 10
uM chloroquine (CQ) (Selleck, S6999), 10 uM MG132
(MedChemExpress, HY-13259) or 200 nM Bafilomycin
Al (Selleck, S1413) for 6 h.

Proteomic analysis
Protein samples were extracted from cardiac tissue or
cardiomyocytes through trypsin digestion. Subsequently,

the peptides were separated with EASY-nL.C 1200 UPLC
system and analyzed in Orbitrap Exploris 480. Proteome
Discoverer search engine (v. 2.4) was employed for data
processing. With a P value below 0.05, a differential
expression alteration greater than 1.5-fold was regarded
as the threshold for significant up-regulation proteins,
while a change lower than 1/1.5-fold was considered as the
threshold for significant down-regulation proteins.

Western blot

The proteins were extracted from cardiac tissue or cells
with RIPA buffer. Protein samples were separated via
SDS-PAGE (Biotides, WB1102) and then transferred to
Biotrace nitrocellulose membranes (Cytiva, 10600001).
The membranes were blocked for 1 h and incubated with
primary antibodies overnight at 4 °C. Then the membranes
were incubated with HRP-conjugated anti-rabbit or HRP-
conjugated anti-mouse IgG secondary antibodies for 1 h
at room temperature. The membranes were visualized by
enhanced chemiluminescence (ECL) reagents. Anti-GnT-V
(Abcam, ab87977), anti-IGFBP3 (Abcam, ab220429), anti-
IGFIR (Abcam, ab182408), anti-phosphorylated-IGF1R
(CST, #3024), anti-Akt (CST, #40685), anti-phosphorylated-
Akt (CST, #40060), anti-Flag (CST, #14793), anti-GST
(CST, #2625), anti-HA (CST, #2367), anti-GAPDH (CST,
#5174), and anti-B-actin (Proteintech, 66009—1) antibodies
were used in this study.

A volume of 1 uL. PNGase IF (New England Biolabs,
P0704s) was added into 20 ug proteins to cleave N-glycans
at Asn residues. Deglycosylated proteins were then
denatured with SDS loading buffer and then determined
with SDS-PAGE.

For immunoprecipitation, cell extracts were obtained with
NP-40 lysis buffer. 10 pg antibody was added into 1 mg
protein samples overnight at 4 C. The homogenates were
then immunoprecipitated with protein A/G magnetic
beads (Thermo Fisher Scientific, 88802). Eluted proteins
were released with loading buffer and detected with SDS-
PAGE.

Lectin blot

The glycoprotein samples were prepared with RIPA
buffer and loading buffer, and then separated with
SDS-PAGE. After the transfer of glycoprotein
samples from the gel to membranes, the membranes
were blocked, and incubated in biotinylated Phaseolus
valgaris Leucoagglutinin (PHA-L, Vector laboratories,
B-1115-2) or biotinylated Concanavalin A (ConA,
Vector laboratories, B-1005-5) overnight at 4 C. The
membranes were incubated for 1 h with HRP-conjugated
streptavidin, and visualized using a chemiluminescence
imaging system.
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Statistical analysis

GraphPad Prism 9 (version 9.4.1, GraphPad Software
Inc.) was used to analyze the experimental data, which
was then presented as mean T standard error of mean
(SEM). Shapiro-Wilk test was used to evaluate the normal
distribution of the data. Two-tailed student’s t-test
and Mann-Whitney test were employed to analyze the
differences in normally distributed data and non-normally
distributed data between two groups, respectively. One-way
ANOVA or two-way ANOVA was used for comparisons
involving multiple groups with normally distributed data,
followed by Tukey’s multiple comparison post hoc test.
Kruskal-Wallis test was performed for multiple groups with
non-normally distributed data, followed by Dunn’s post
hoc test. P < 0.05 was considered statistically significant.

RESULTS

N-glycosylation was reduced in the heart and
GnT-V activity was suppressed in MI

We first performed proteomic and N-glycoproteomic
analysis on myocardial tissue from mice to interpret the
N-glycosylation profile after MI. Results suggest that the
level of N-glycosylation was significantly reduced in MI
after normalized to total protein levels (Figure 1A). As key
subsequential glycosyltransferases in the biosynthesis and
branching of N-glycans, the expression levels of GnT-I,
GnT-1I, GnT-1II, GnT-IV and GnT-V were assessed in
various organ tissues (Supplementary Figure S1). Among
these, GnT-V was predominantly and specifically expressed
in heart tissue, exhibiting significantly higher levels
compared to other tissues (Supplementary Figure S1E).
Next, we evaluated the expression level and enzymatic
activity of GnT-V in mice after MI. As shown in Figure
1B and C, GnT-V expression was markedly reduced
after MI. PHA-L, specifically identifying 31, 6-GlcNAc
branched structure induced by GnT-V, was reduced after
M1, indicating the decrease of GnT-V’s products (Figure
1B and D). ConA, characterizing the substrate of GnT-V,
was found to be accumulated and suggested that M1 led to
a significant reduction in the enzymatic activity of GnT-V
(Figure 1B and E). The alteration in the expression level
and enzymatic activity of GnT-V in MI indicated that
N-glycosylation played important roles and GnT-V may
have an underexplored function in MI.

To better understand the function of GnT-V in the heart,
we next determined the expression of GnT-V in cardiac
fibroblasts and cardiomyocytes. Immunofluorescence
showed that GnT-V was mainly co-localized with cardiac
Troponin T (cTnT), a biomarker of cardiomyocytes
(Figure 1F). Consistent with immunofluorescence, the
mRNA and protein levels demonstrated that GnT-V was

primarily expressed in cardiomyocytes (Supplementary
Figure S2A and B). Cardiomyocytes were stimulated
by hypoxia stress for 24 h, commonly used to simulate
injury after MIL. It showed that both the mRNA and
protein expression of GnT-V were restrained in response
to hypoxia (Supplementary Figure S2C and Figure
1G). Products of GnT-V represented by PHA-L were
correspondingly reduced in hypoxia cardiomyocytes (Figure
1H). Collectively, these data suggested that GnT-V was
significantly downregulated in MI, which was primarily
reflected in cardiomyocytes.

GnT-V overexpression alleviated cardiac injury
after MI

To investigate the role of GnT-V in MI, AAV with a mouse
cTnT promoter was utilized to induce overexpression
of GnT-V in the heart. 4 weeks after the injection of
AAV-Mgat5 (the gene encoded GnT-V), we confirmed
the overexpressed protein levels of GnT-V in the heart
(Supplementary Figure S2D), and performed LAD ligation
surgery on the mice for the MI model thereafter. At 7 days
after MI, echocardiography was carried out to evaluate the
severity of MI injury, and it showed that overexpression of
GnT-Vimproved LVEF and LVFES (Figure 2A), indicating
a marked enhancement in cardiac function. TTC staining
revealed a significant reduction in the infarct area after MI
with GnT-V overexpression (Figure 2B). Masson trichrome
staining indicated a decrease in cardiac fibrosis after
overexpression of GnT-V (Figure 2C). Additionally, cell
apoptosis in infarct border zone was notably reduced after
GnT-V overexpression by TUNEL staining (Figure 2D).
These findings suggested that GnT-V exerted a protective
effect in the progression of MI.

GnT-V targeted IGFBP3 and promoted the
insulin-like growth factor 1 receptor (IGF1R)
signaling pathway

To explore the underlying mechanism of GnT-V’s effects
in M1, we performed proteomic analysis on cardiomyocytes
treated with hypoxia and overexpressed GnT-V to
identify potential downstream targets of GnT-V. We first
overexpressed GnT-V in cardiomyocytes with adenoviral
delivery (Supplementary Figure S2E). Considering the
protective effects of GnT-V in MI, we focused on
proteins whose expression could be modulated by GnT-V
to counteract hypoxia stress. Among these, IGFBP3,
a protein that binds to insulin growth factor 1 (IGF1)
and modulates IGF1R signaling pathway, exhibited the
strongest correlation (Figure 3A). Western blot analysis
confirmed that IGFBP3 was elevated after hypoxia and
markedly reduced following GnT-V overexpression
(Figure 3B and C). The downstream IGF1R and Akt
signaling pathways were accordingly activated upon GnT-V
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1: 5000). Scale bar = 20 um. (G) Representative western blot images and quantitative results of GnT-V expression in cardiomyocytes exposed to hypoxia (n
= 3). (H) Representative lectin blot images and quantitative results of 31, 6-GIcNAc branched structure in cardiomyocytes exposed to hypoxia (n = 3). The
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overexpression (Figure 3B, D and E). Notably, even under
normoxia conditions, GnT-V presented the effects on
the phosphorylation of IGF1R, a phenomenon that was
further demonstrated in myocardial tissues.

Alterations in the IGFBP3/IGF1R/ Akt signaling pathway
were further validated in myocardial tissues after MI.
IGFBP3 was significantly increased after M1, and GnT-V
overexpression induced a marked reduction in IGFBP3
(Figure 3F and G). The decreased phosphorylation of
IGF1R and Akt was also rescued in MI tissues following
GnT-V overexpression (Figure 3F, H and I). IGF1, the
primary modulator of IGFBP3 and the essential ligand
for IGF1R was then assessed in myocardial tissues. The
results showed that IGF1 levels were significantly reduced
in infarcted cardiac tissues but increased after GnT-V
overexpression (Figure 3]). Taken together, these results
indicated that IGFBP3 and the IGF1R signaling pathway
functioned as the critical downstream effectors of GnT-V
in MI.

N-glycosylation was curcial for the effect of
GnT-V on the IGFIR signaling pathway

The interactions between GnT-V and IGFBP3, GnT-V and
IGF1R were investigated through co-immunoprecipitation
(Co-IP) and pull-down assays. The interaction between
GnT-V and IGFBP3 in cardiomyocytes was confirmed by
the co-precipitation of GnT-V using an IGFBP3 antibody
(Figure 4A). Pull-down assays with GST-tagged IGFBP3
revealed that GnT-V was successfully captured from
HEK293A cell lysates, indicating an interaction between
IGFBP3 and GnT-V (Figure 4B). The direct interaction of
GnT-V with IGFBP3 was further confirmed using GnT-V
with Flag as the bait protein (Figure 4C). Co-precipitation
of GnT-V with the IGF1R antibody in cardiomyocytes
provides evidence for the interaction between GnT-V
and IGF1R (Figure 4D). IGF1R was tagged with HA and
used to pull down GnT-V. The direct binding interaction
between GnT-V and IGF1R was demonstrated and further
confirmed using GnT-V as the bait (Figure 4E and F). Of
note, GnT-V specifically interacted with pro-IGF1R.

Since GnT-V acts as a crucial enzyme in N-glycosylation,
we next investigated whether N-glycosylation contributes to
the downstream effects of GnT-V. The molecular weights
of IGFBP3 and IGF1R were significantly altered following
the removal of N-glycans by PNGase F, indicating that both
IGFBP3 and IGF1R could be modified by N-glycosylation
(Figure 5A and B). The specific N-glycosylation of IGFBP3
was significantly increased upon GnT-V overexpression
(Figure 5C and D), while the substrate glycans of GnT-V
on IGFBP3 were notably reduced (Figure 5C and E).
To further investigate the role of N-glycosylation in the
IGF1R signaling pathway, tunicamycin, an inhibitor of

N-glycosylation, was administered to cardiomyocytes
with hypoxia. Upon tunicamycin treatment, IGFBP3 in
cardiomyocytes exhibited a significant deglycosylation with
alterations in molecular weight, and a notable increase in
protein levels (Figure 5F and G). The reduction in IGFBP3
levels induced by GnT-V overexpression was abolished
by tunicamycin treatment. Additionally, tunicamycin
treatment resulted in the deglycosylation of pro-IGF1R
and the elimination of GnT-V’s effects on IGFIR and
Akt phosphorylation (Figure 5F, H and I). These results
suggested that GnT-V facilitated the reduction of IGFBP3
and the activation of the IGF1R signaling pathway in an
N-glycosylation-dependent manner.

GnT-V mediated the lysosome-dependent
degradation of IGFBP3

Considering GnT-V overexpression greatly decreased
IGFBP3 protein expression without influencing IGFBP3
mRNA expression (Supplementary Figure S2F), we
inferred that GnT-V inhibited IGFBP3 protein expression
by promoting its degradation. To investigate the effect of
GnT-V on IGFBP3 protein stability, the cycloheximide
(CHX) chase assay was performed and revealed that
GnT-V overexpression notably accelerated IGFBP3
degradation (Figure 6A and B). We then explored the
pathway of GnT-V mediated-degradation of IGBP3
using the proteasome inhibitor MG132, the lysosomal
inhibitor CQ, and the autophagy inhibitor Bafilomycin
Al (Baf Al). CQ treatment effectively abolished the
effects of GnT-V on IGFBP3, leading to a significant
increase in IGFBP3 protein expression (Figure 6C).
Immunofluorescence analysis demonstrated that GnT-V
overexpression enhanced the localization of 1GFBP3
to lysosomes (Figure 6D). These results indicated that
GnT-V promoted the lysosome-dependent degradation
of IGFBP3. When IGFBP3 was overexpressed in
cardiomyocytes, the activation of IGF1R and Akt induced
by GnT-V overexpression was significantly inhibited
(Figure 6E—G). Thus, our findings suggested that GnT-V
modulated the IGF1R signaling pathway by facilitating the
lysosomal degradation of IGFBP3.

DISCUSSION

Protein glycosylation is a ubiquitous protein modification
that regulates diverse homeostatic functions. Approximately
20% of patients with congenital disorders of glycosylation
(CDGs) have comorbidities with major cardiac
pathologies.l'" N-glycosylation, a highly conserved and
pivotal modification, determines the structural diversity
of N-glycans and has garnered growing recognition for
its involvement in maintaining multiple cellular functions
in the cardiovascular system, which includes regulating
ion channel activity, modulating vascular inflammation
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Figure 3: GnT-V overexpression induced downregulation of insulin-like growth factor-binding protein 3 (IGFBP3) and activation of the insulin-like growth factor
1 receptor (IGF1R) signaling pathway. (A) Heatmap of the proteomics showed differentially expressed proteins in cardiomyocytes with the stimulation of
hypoxia and overexpression of GnT-V (n = 4). (B) Representative western blot images and (C—E) quantitative results of IGFBP3 and the IGF1R signaling pathway
in cardiomyocytes after hypoxia and GnT-V overexpression (n = 5). (F) Representative western blot images and (G-I) quantitative results of IGFBP3 and the
IGF1R signaling pathway in the myocardium after MI with GnT-V overexpression (n = 6). (J) Quantification of IGF1 levels in cardiac tissues after MI with GnT-V

overexpression (n = 6). The results are presented as mean + SEN. Two-way ANOVA followed by Tukey's multiple comparison test.
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Figure 4: Interactions between GnT-V and IGFBP3, GnT-V and IGF1R. (A) Representative images of the interaction between GnT-V and IGFBP3 in cardiomyocytes
with co-immunoprecipitation (Co-IP) assay. (B and C) Representative images of the interaction between GnT-V and IGFBP3 in HEK293A cells with pull-down
assays. (D) Representative images of the interaction between GnT-V and IGF1R in cardiomyocytes with Co-IP assay. (E and F) Representative images of the

interaction between GnT-V and IGF1R in HEK293A cells with pull-down assays.

and mediating cardiac remodeling."”” However, the

roles and mechanisms of glycosyltransferases in the
pathophysiological processes of cardiovascular diseases
remain pootly elucidated, especially in MI. In this study,
we first interpreted that protein N-glycosylations were
significantly reduced after MI, and identified the crucial
role of GnT-V, a key glycosyltransferase responsible for
complex N-glycans, in MI. It was already known that
GnT-1, GnT-1I, GnT-11I, GnT-1V and GnT-V collectively
determine the core N-glycans structure of proteins in
the Golgi apparatus. We determined that tissue-specific
expression of only GnT-V in the heart, and further proved
it predominantly expressed in cardiomyocytes, strongly
co-localizing with ¢TnT. GnT-V displayed a significant
reduction in its protein expression level and enzymatic
activity following MI. The branched glycans, induced by
GnT-V, could specifically bind to galectin, and thereby
modulate receptor dimerization and signaling, which was
mainly involved in studies for tumor metabolism and
liver fibrosis.?"*!! We demonstrated that the maintenance
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of N-glycosylation, especially the function of GnT-V in
the heart, improved cardiac function, reduced apoptosis,
and minimized the infarcted area after MI, highlighting its
protective role in the development of MI.

Further investigation by proteomics revealed that the
expression of multiple proteins was altered under the
condition of hypoxia and was reversed by GnT-V
overexpression, among which IGFBP3 was one of the
most significant. Insulin-like Growth Factor Binding
Protein IGFBP) family, the carriers for IGFs, facilitates
the transport and prolongs the half-life of IGFs,
playing a crucial role in regulating IGF actions.” IGF1,
a critical factor in cardiovascular biology, regulates
several processes in cardiovascular diseases, including
metabolism, contractility, autophagy, apoptosis and
hypertrophy.”” IGF1 binds to and activates IGF1R,
thereby initiating the activation of canonical pathways,
including the phosphatidylinositol-3 kinase (PI3K)/Akt
pathway and the extracellular signal-regulated kinase
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Figure 5: GnT-V activated the IGF1R signaling pathway in an N-glycosylation-dependent manner. Representative western blot images of (A) IGFBP3 and (B)
IGF1R in cardiomyocytes lysates with and without PNGase F (n = 3). (C) Representative inmunoprecipitation images and (D and E) quantitative results of the
N-glycosylation modification of GnT-V on IGFBP3 in cardiomyocytes. (F) Representative western blot images and (G-I) quantitative results of IGFBP3 and the
IGF1R signaling pathway in cardiomyocytes treated with tunicamycin for 24 h (n = 5). The results are presented as mean = SEM. Two-tailed student’s t-test

(D, E), two-way ANOVA followed by Tukey's multiple comparison test (G-I).

(ERK) pathway. With a high binding affinity for IGF1,
IGFBP3 can prevent the binding of IGF1 to IGF1R, thus
inhibiting the IGF1R signaling pathway.” Conversely,
IGFBP3 can also serve as an IGF1 reservoir, gradually
releasing IGF1 and thereby sustaining IGF1R signaling
over time.® Thus, IGFBP3 exhibits a dual effect on IGF1
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action. Low IGFBP3 expression augments the activation
of IGF1/IGFI1R signaling, whereas high IGFBP3
expression decreases free IGF1 levels, dampening IGF1
action. IGFBP3 protein expression has been reported a
marked elevation in response to hypoxia, oxidative stress
and doxorubicin treatment.”**" Our present work also
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Figure 6: GnT-V facilitated the activation of the IGF1R signaling pathway via the lysosome-dependent degradation of IGFBP3. (A) Representative western blot
images and (B) quantitative results of IGFBP3 protein stability in HEK293A cells with or without the effect of GnT-V (n = 4). (C) Representative western blot
images of HEK293A cells, which were transfected with Flag-GnT-V and Flag-IGFBP3 expression plasmid, and then treated with CQ (10 pumol/L), MG132 (10
umol/L) or Bafilomycin A1 (Baf A1, 200 nM) for 6 h. (D) Representative immunofluorescence images of GST (red), LAMP2 (green) and DAPI (blue) in HEK293A
cells transfected with or without Flag-GnT-V. Scale bar = 5 ym. (E) Representative western blot images and (F and G) quantitative results of IGFBP3 and
the IGF1R signaling pathway in cardiomyocytes with GnT-V or IGFBP3 overexpression (n = 5). The results are presented as mean = SEM. Two-way ANOVA
followed by Tukey’s multiple comparison test (F, G).
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confirmed the upregulation of IGFBP3 and the inhibition
of IGF1R signaling cascades during MI.

The IGFBP family comprises six primary members,
with IGFBP3 and IGFBP4 having well-characterized
N-glycosylation sites.” Three N-glycosylation sites have
been reported in human IGFBP3 protein, Asn89, Asn109,
and Asn172.”! Native IGFBP3 displays two distinct
bands of approximately 40—45 kDa, which arise from
differences in N-glycan chains at these sites.”” In our
study, we observed a significant reduction in the molecular
weight of IGFBP3 following either direct deglycosylation
with PNGase F or inhibition of N-glycans biosynthesis
with tunicamycin. GnT-V increased N-glycosylation of
IGFBP3 and facilitated its lysosomal degradation, therefore
promoting the IGF1R signaling pathway.

Itis worth noting that a non-glycosylated form of IGFBP3
is more rapidly degraded by proteases iz vivo, leaving the
glycosylated form,P" underscoring the importance of
N-glycosylation for IGFBP3 stability. These findings align
with the observed molecular weight of IGFBP3 in our
work. Ubiquitin-proteasome pathway, endosome-lysosome
pathway and autophagy-lysosome pathway predominantly
engage in protein degradation within mammalian cells,
collectively maintaining protein stability and cellular
homeostasis.” Our research revealed that the degradation
of glycosylated IGFBP3 was independent of the ubiquitin-
proteasome pathway. Moreover, the degradation of
IGFBP3 induced by GnT-V after their direct binding
was mediated by lysosomes, which was further verified
by the observation that GnT-V facilitated the localization
of IGFBP3 onto lysosomes. However, direct evidence
confirming the functional role of N-glycosylation in
IGFBP3 remains elusive. Our study demonstrated an
interaction between GnT-V and IGFBP3, and revealed
that modification by GnT-V may have a biological impact
on IGFBP3.

Notably, overexpression of IGFBP3 abolished the GnT-V-
mediated activation of IGF1R signaling in cardiomyocytes.
Additionally, our results indicated that GnT-V directly
promoted the phosphorylation of IGFIR under
physiological conditions, thereby enhancing the activation
of the IGF1R signaling pathway. IGF1R possesses 16
potential N-glycosylation sites,” and its mature form
requires N-glycosylation of pro-IGF1R, which is essential
for correct transport to the cell surface.’ Incorrect
glycosylation can lead to the degradation of IGF1R. This
is consistent with our observation that tunicamycin resulted
in a significant increase in pro-IGFIR expression and a
marked reduction in mature IGF1R protein expression.
Protein interaction studies further revealed that GnT-V
binds to pro-IGF1R, suggesting that GnT-V primarily

modulates the N-glycosylation of pro-IGF1R. Additionally,
GnT-V promoted the activation of IGF1R in the mice
under physiological conditions, both in cardiomyocytes
and in the sham group of mice. Importantly, both the
mature form and pro-form of IGF1R displayed significant
molecular weight shifts upon deglycosylation with PNGase
I indicating that both forms are subject to N-glycosylation.
Based on these findings, it was supposed that GnT-V
triggered IGF1R phosphorylation and signaling activation
through the N-glycosylation on pro-IGF1R.

There are still certain limitations of the study. First of all,
the whole study was conducted using the mouse model
or cardiomyocytes, with no verification in the human
subjects or samples. Since there is quite limited access to
myocardial tissues from human subjects after M1, we only
did most of our studies with mice, and we planned to
make some extensions of the study with human samples
in the near future, making the application of regulation
of N-glycosylation meaningful in the treatment of MIL.
Secondly, only one of the glycosyltransferases, GnT-V,
was studied in the present study. Since N-glycosylation is a
sequential process involving multiple glycosyltransferases,
and the functions of other ones, such as GnT-1 or GnT-11,
were not yet discovered in the MI, and may also remain
further investigation. Third, we only focused on the
short-term effects of GnT-V overexpression in the heart
after MI, for the observation made up to 7 days, and the
long-term effects were not evaluated. And we will conduct
further studies to investigate the role of GnT-V in cardiac
fibrosis, remodeling and chronic heart failure as a long-term
evaluation of ML

By exploring the functions of glycosylation in MI, we first
determined the roles and mechanisms of the myocardium-
specific glycosyltransferase GnT-V in the heart. With the dual
effects of glycosylation on IGFBP3 and IGF1R by GnT-V,
it synergistically accelerated the degradation of IGFBP3
through the lysosomal pathway and phosphorylation of
IGF1R, thus activating the IGF1R signaling pathway and
promoting cardiomyocyte survival. Our findings provide
novel insights into the knowledge of N-glycosylation and
GnT-V in MI and suppose therapeutic potentials.

CONCLUSION

This study highlights the pivotal role of N-glycosylation
in MI and identifies GnT-V as a positive regulator. We
demonstrated that GnT-V enhanced cardiac function
and mitigated the detrimental effects in mice after MI.
This effect was mediated by the facilitation of lysosomal
degradation of IGFBP3, which was elevated in response
to MI, thereby promoting the activation of the IGF1R
signaling pathway. Furthermore, GnT-V interacted with
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pro-IGF1R and promoted IGF1R phosphorylation. These
findings suggest that targeting GnT-V could serve as a
promising therapeutic strategy for MI by restoring proper
N-glycosylation.
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