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Reviewers' Comments:

Reviewer #1.

Remarks to the Author:

Understanding mechanistic and molecular mechanisms of ischemic injury to the myocardium has
attributed to the development of large animal models close to the human. Sheep resemble the
coronary anatomy of humans closely, and the relatively comparable body size of sheep and swine
and similar coronary anatomy and vasomotor responsiveness to human make them relevant for
utilization of multiple diagnostic and therapeutic strategies. The most popular and classic ovine model
of ischemia can be produced by ligating the different coronary vessels. These highly reproducible
models require a thoracotomy to occlude the target vessels. In this study the authors ligated the
myocardium at different places parallel to the left anterior descending artery without actually blocking
the coronary artery itself. By doing so, they tried to mimic non ST elevation myocardial infarction.

| have a number of comments for the authors:

1. did the authors compare their model with one where the left anterior descending coronary artery is
completely occluded

2. The ventricular size and ejection fraction do not change much from day 7 to day 14 meaning that
not much adverse remodeling is taking place during that time. If extracellular matrix expansion plays
an important role in the setting of NSTEMI, then one would expect an increase in the size of the
ventricles and worsening LV function

3. Did the investigators measure any hemodynamic parameters in these animals.

4. It is not clear how distinctive patterns in the expression of
51 complex N-glycans and glycosaminoglycans in cellular membranes and ECM improve our
understanding of NSTEMI mechanisms especially since they don't affect ventricular dimensions

5. This is a difficult model to establish in large animals but | am not convinced there is any new
information that is surprising in this new model. There have been multiple myocardial infarction
models in sheep by occluding completely or temporarily the coronary arteries and even though the
model described by the authors is different in that the myocardial ischemic damage is less, the
proteomic analysis does not advance our understanding of the mechanisms in NSTEMI. In addition
there are no interventions to modulate the effects and there is no comparison to a model with
complete occlusion of the coronary artery.

Reviewer #2:

Remarks to the Author:

This manuscript presents very interesting results. In particular, the connection between myocardial
infraction and glycans was discovered for the first time in the study. It should therefore be considered
for publication. There, however, are things needed to be discussed as mentioned below:

1. It should discuss the reason why the glycan structural profiles have changed and should specify
increased and newly produced glycan structures.

2. It should also discuss whether the lectin expression levels of siglecs are increased or not. For
example, in Fig. 4, glycans such as 1112.17, 1185.17 and 1185.08 show increased values of
sialylated glycans. | would study, for example, the lectins expression levels for siglecs as a partner
molecule.

3. The manuscript studies NeuGc and a-galactose present in sheep, but these two structures don’t
exist in humans. What structures are applied in case of humans?



NCOMMS-22-19862-T
A point-by-point response to Reviewers' comments:
Reviewer #1

Understanding mechanistic and molecular mechanisms of ischemic injury to the myocardium
has attributed to the development of large animal models close to the human. Sheep
resemble the coronary anatomy of humans closely, and the relatively comparable body size
of sheep and swine and similar coronary anatomy and vasomotor responsiveness to human
make them relevant for utilization of multiple diagnostic and therapeutic strategies. The most
popular and classic ovine model of ischemia can be produced by ligating the different
coronary vessels. These highly reproducible models require a thoracotomy to occlude the
target vessels. In this study the authors ligated the myocardium at different places parallel to
the left anterior descending artery without actually blocking the coronary artery itself. By
doing so, they tried to mimic non ST elevation myocardial infarction.

Response: We thank the Reviewer for the detailed and up-to-date introduction to our study,
and the acknowledgement of the relevance and importance of large animal models, in
particular ovine models of MI, in the investigation of underlying pathophysiological
mechanisms of ischaemic injury.

1. did the authors compare their model with one where the left anterior descending coronary
artery is completely occluded.

Response: We acknowledge the relevance of the Reviewer's comment and performed several
analyses to compare our current partial-thickness (NSTEMI) model with a widely employed
model of coronary artery ligation to produce transmural (STEMI) infarcts. As requested, we
have provided additional data from sheep having the same age and gender, which were
subjected to ligation of the first LAD diagonal to create STEMI in the same and comparable
territory. Functional (EF), serological (troponin I), hemodynamic (stroke volume and cardiac
output), and ECGs data were combined within the new Extended Data Fig 2 for the Reviewer
to make a clear comparison between NSTEMI and STEMI in sheep. As expected, a clear
difference in functional and serological parameters resulted from STEMIs compared to
NSTEMIs.

The title of the first results section has now been modified to “Functional impairment in a
model of NSTEMI compared to STEM/I”, and the text revised on:

Page 4, lines 130-134: “The proposed model of NSTEMI was performed in a cohort of 21 sheep
and compared with five additional sheep subjected to full-occlusion of the first LAD diagonal
branch.”

Page 5, lines 143-148: “Therefore, to validate the current model, we compared it with a
standard full-occlusion ligation of the first diagonal branch which caused full-thickness STEMlIs
in sheep of same age and gender. By comparing NSTEMI with STEMI, in the latter, we noticed
a greater reduction in EF both at d7 (15.4+4.4%, p=0.03) and d28 (14.8+3.3%, p=0.03) post-
ligation (Extended Data Fig. 2a), together with a marked rise (p<0.05) in troponin | level from
d1 to d3 post-surgery (Extended Data Fig. 2b).”



Extended Data Figure 2 | Comparison between STEMI and NSTEMI model

a, Left, ejection fraction (EF) absolute values before ligation (baseline), 7 (d7) and 28 (d28)
days after full-occlusion ligation. Right, comparison of the relative decrease in EF on d7 and
d28 between STEMI and NSTEMI. (n=5 per group) Animals had the same age and weight. b,
Left, mean troponin | level from d1 to d3 following either STEMI or NSTEMI induction. n=5
STEMI and n=4 NSTEMI animals. Right, individual troponin | level from ligation to d7 post-
surgery in STEMI and NSTEMI. n=5 STEMI and n=4 NSTEMI animals. ¢, Hemodynamics of



STEMI and NSTEMI in sheep measured as stroke volume (left) and cardiac output (right). n=5
STEMI and n=3 NSTEMI animals. d, Representative electrocardiogram (ECG) before STEMI-
induction (left) and post-ligation (right). Marked ST elevation in leads |, Il and aVL, reciprocal
ST depression in lead aVR and milder ST depression in lead Il are circled in red. n=5 animals.
Data in a-c are reported as dot-plots, Kruskal-Wallis test in (a, left, and c) one-way ANOVA
with Tukey’s post hoc correction in (a, right), Mann-Whitney test in (b). *p<0.05.

Given these substantial changes, we needed to revise also Extended Data Fig. 4 to avoid
repetitions in presenting troponin | data and the relative text:

Page 6, lines 171-177:

“Importantly, we have confirmed the described NSTEMI induction approach with clinical data
since electrocardiograms (ECGs) post-ligation highlighted comparable changes in T wave
inversion in leads |, Il, 1l and aVF (Fig. 1e and Extended Data Fig. 3). In line with the current
findings on LVEDD and LVESD, the reduction in fractional shortening (FS) on d7 and d28 post-
surgery was not significant (Extended Data Fig. 4a). Echocardiography, troponin and ECG data
followed the clinical criteria which concur to define the current model as representative of an
NSTEMI event3L.”

Extended Data Figure 4 | Functional and histological evaluation of the NSTEMI model

a, Fractional shortening (FS) percentage at baseline, 7 and 28 days post-NSTEMI. Reduction
in FS (delta) on days 7 and 28 after surgery. n=11 animals. b, Schematics of tissue harvesting
from explanted hearts. After perfusion with PBS to remove the excess blood, each heart was
cross-sectioned in slices with a thickness of 1 cm from the atrium to the apex. The whitish
colour within samples identified clear Ml areas with a maximum size of 0.5 cm in every
direction were taken from the core ischaemic, the border and the remote regions. Data in a
is reported as dot-plots, one-way ANOVA with Tukey’s post hoc correction, and Wilcoxon test
for delta FS.

In addition, we have also revised the Abstract, Introduction and Discussion sections to include
the relevance of this comparison between NSTEMI and STEMI throughout the manuscript, as
reported below.

Abstract



“Upon histological and functional investigation to validate the proposed model and
comparison with STEMI full-ligation model, RNA-seq and proteomics analyses showed the
distinctive features of post-NSTEMI tissue remodelling. Transcriptome and proteome-derived
pathway analyses at acute (7 days) and late (28 days) post-NSTEMI pinpointed specific
alterations in cardiac post-ischaemic extracellular matrix (ECM).”

Introduction

Page 3, lines 91-92: “Therefore, there is a need in the field to adopt clinically relevant models
to study NSTEMI pathophysiology and also reveal its functional differences with STEMI
induction.”

Page 4, lines 106-113: “Large animals, specifically sheep, have been extensively used to
evaluate the recovery of heart functionality following STEMI because of the similarity in organ
volume to humans?%?, Therefore, in this study, we first validated the functional differences
between NSTEMI and STEMI within an ovine model and further analysed the distinctive
molecular features of the NSTEMI model both at an acute (7 days) and a late (28 days)
timepoint. Specifically, we have studied the ischaemic, border zone and remote regions at
the different timepoints post-NSTEMI by histology, RNA-sequencing, proteomics and
glycomics.”

Discussion

Page 12, lines 393-409: “Therefore, we have presented a model of NSTEMI that is triggered
by multiple ligations (2 cm-apart) from the level of the first diagonal artery and parallel to the
LAD to within 3-4 cm of the apex. Care was taken not to ligate the first diagonal itself. We also
compared this procedure with animals which had full-ligation of the first diagonal branch to
induce STEMIs. As a result, following NSTEMIs’ we observed patchy and non-transmural
infarcts, as confirmed by ECG and histological changes in the anterolateral wall of the left
ventricle. The 4th universal definition of MI requires a rise and fall of cTn and one other
criterion from the following: symptoms of acute ischaemia, new ischaemic ECG Changes, new
Q-waves, loss of viable myocardium or a new wall motion abnormality in a pattern consistent
with ischaemic aetiology via imaging3°3. Thus, we have demonstrated that this multiple
suture-ligation approach results in infarcts that fulfil all of the criteria for an NSTEMI Type 1
infarct by comparing its functional response with STEMIs’. We have observed a significant rise
and fall of cTn over time following NSTEMI and STEMI. However, the absolute peak value of
cTn does not consistently correlate with the type or size of infarction in NSTEMI; no specific
cTn level differentiates STEMI from NSTEMI, but cTn values may be used for risk stratification
for early intervention®*. In addition, typical changes of NSTEMI on ECG in sheep reflected the
standard range of changes classified as NSTEMI in the clinical setting.”

Page 13, lines 435-439: “The current model reflects rising clinical presentation in NSTEMI
patients who develop myocardial injury and reduction in EF with the significant risk of heart
failure in the long-term. Specifically, the average decrease in EF after the surgical procedure
is lower than most of the reductions seen after the total occlusion of the LAD'%1127.28 Thijs
was also confirmed within our cohort of sheep subjected to STEMI.”

2. The ventricular size and ejection fraction do not change much from day 7 to day 14 meaning
that not much adverse remodeling is taking place during that time. If extracellular matrix
expansion plays an important role in the setting of NSTEMI, then one would expect an
increase in the size of the ventricles and worsening LV function.



Response: We understand the point made by the Reviewer. It is true that ventricular
impairment (EF) does not change from day 7 to day 28 (typo d14 by the Reviewer), as we
stated in the original manuscript and have confirmed in the revised version on Page 5, lines
151-160:

“Post-ischaemic remodelling involves different degrees of dilatation, hypertrophy and
collagen scarring. This process occurs over weeks and months, and it is influenced by multiple
factors, including the size and site of the infarct, whether the infarct was transmural (STEMI)
or not (NSTEMI), the amount of stunning of the peri-infarct myocardium, the patency of the
related coronary artery and local trophic factors?®3. Since NSTEMI is not the result of
complete occlusion of a coronary artery, it usually affects a small area or those that are diffuse
or patchy areas of the ventricular muscle rather than the entire thickness of the local
ventricular wall. Indeed, as expected, given the nature of this type of Ml, the presented model
did not significantly vary in left ventricular diastolic and systolic diameters (LVEDD and LVESD)
(Fig. 1c).”

Indeed, we do not claim that post-NSTEMI ECM adverse remodeling affects geometrical
changes further than initial permanent damage. In essence, NSTEMI differs from STEMI since
there is a focal permanent muscle injury which does not involve the full thickness of the
ventricular wall. However, this does not mean that there is a substantial difference in the
biological post-ischaemic remodelling process. In addition, as shown by new data presented
in Extended Data Fig. 2a, STEMIs’ do not necessarily result in a progressive worsening in EF
from d7 to d28. Nonetheless, as shown by data comparing EF and troponin | between the two
models, in NSTEMIs’ (partial-thickness), the overall left ventricular damage is lower and less
severe than that observed in STEMIs’ (full-thickness).
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Extended Data Figure 2 | Comparison between STEMI and NSTEMI model

a, Left, ejection fraction (EF) absolute values before ligation (baseline), 7 (d7) and 28 (d28)
days after full-occlusion ligation. Right, comparison of the relative decrease in EF on d7 and
d28 between STEMI and NSTEMI. (n=5 per group) Animals had the same age and weight. Data
in a-c are reported as dot-plots, Kruskal-Wallis test in (a, left) one-way ANOVA with Tukey’s
post hoc correction in (a, right).



In addition, in the discussion (Page 13, lines 421-433), we have underscored this model's
limitation in assessing ventricular dilation by LVEDD and LVESD already at day 28 post-surgery.
However, the wall motion index highlighted apparent ventricular abnormalities.

“FS employs left ventricular end-diastolic and end-systolic diameters (LVEDD and LVESD).
These factors are also potential markers of left ventricular dilatation in response to
myocardial injury. However, LVEDD and LVESD were not primary endpoints since the study
endpoint was on day 28 post-NSTEMI, which may not have allowed sufficient time for dilation
in response to the myocardial injury. Therefore, regional wall motion index (WMI) analysis
was also utilised in this study, and the focus was on the anterolateral walls on TTE. Here we
need to consider that scoring is based on a well-validated 3-point scoring system from the
American Heart Association®® and remain aware that the difference between a normally
contracting wall (1), a hypokinetic wall (2), and even an akinetic wall (3) can be subtle in some
cases and may vary depending on the observer. We had two different cardiologists review all
the echocardiograms independently to reduce potential observer error. In case of
disagreement, there was a discussion and consensus on the scoring.”

3. Did the investigators measure any hemodynamic parameters in these animals.

Response: We acknowledge the relevance of the Reviewer’'s comment and added
hemodynamic data comparing NSTEMIs with STEMIs in Extended Data Fig. 2c. Stroke volume
and cardiac output measurements were taken at dO, d7 and d28 post-NSTEMI/STEMI and did
not show any significant difference between the two models. We have also added a
representative ECG to show the typical features of STEMI in sheep subjected to full-occlusion
ligation.

The Results section in the main text has been revised on Page 5, lines 148-150:

“ECGs showed typical changes of STEMI. Nonetheless, hemodynamic parameters showed no
significant difference in stroke volume and cardiac output (Extended Data Fig. 2c,d).”

Extended Data Figure 2 | Comparison between STEMI and NSTEMI model

¢, Hemodynamics of STEMI and NSTEMI in sheep measured as stroke volume (left) and cardiac
output (right). n=5 STEMI and n=3 NSTEMI animals. Data in cis reported as dot-plots, Kruskal-
Wallis test. d, Representative electrocardiogram (ECG) before STEMI-induction (left) and



post-ligation (right). Marked ST elevation in leads |, Il and aVL, reciprocal ST depression in lead
aVR and milder ST depression in lead Il are circled in red. n=5 animals.

4. It is not clear how distinctive patterns in the expression of 51 complex N-glycans and
glycosaminoglycans in cellular membranes and ECM improve our understanding of NSTEMI
mechanisms especially since they don't affect ventricular dimensions.

Response: We understand the relevance of this point made by the Reviewer and revised the
manuscript to increase its clarity. NSTEMI functional analyses reflected a smaller - although
irreversible — impairment when compared to STEMIs (new data provided in Extended Data
Fig.2). That said, our glycomics (51 complex N-glycans which were detected) and GAGs data
only reflect the biological nature behind the permanent adverse remodelling which constitute
the basis for adverse tissue remodelling which is typical of both STEMI and NSTEMI.

Thus, we were not correlating the N-glycan profile with a progressive worsening of
geometrical parameters. However, we acknowledge more clearly the limitations of this model
in this sense in our revised discussion on Pages 13-14, lines 442-447.

“Moreover, although the infarcts are non-transmural, there is a mixture of subendocardial to
epicardial infarcts. Epicardial infarcts may impact wall tension differently in the long-term
compared with subendocardial infarcts, resulting in different outcomes in left ventricular
geometry. Nonetheless, histological, gene expression, and protein analyses indicated that the
damaged areas followed the same irreversible fibrotic pattern seen using STEMI ovine
models?%:28.”

To address the Reviewer’s concerns about the N-glycan distinctive pattern in NSTEMI, in the
revised manuscript, we have analysed which specific N-glycan structures in our dataset were
shared with those found as increased in a recent study from Ml patients (including NSTEMIs).
The relative results section and Fig. 4f have been revised on Page 10, lines 322-325:

“To highlight the similarity of the proposed model to the clinical cases of NSTEMI, we report
a group of highly present complex sialylated N-glycan structures (m/z 1111.52
(NeuAczHexsHexNAca), 1185.08 (NeuAcHexsHexNAcsdHexs) that are shared (Fig. 4g) with
recently characterised ones in Ml patients*3.”



Figure 4 | Distinct glycoprofile in the infarcted heart following NSTEMI

f, Extracted ion chromatography (EIC) showing the most abundant N-linked glycans in the
membrane protein extracts from HLT myocardium and IS at d7 and d28 post-NSTEMI. m/z
values framed in red indicate N-glycan structures, which were found to increase also in Ml
patients’ sera by Lim et al.**. Regions of infarcted hearts are labelled as follows: I1S= core
ischaemic, BZ = border zone, F = remote zone from the infarct. Data are representative of two
independent experiments. In a-f, each analysed sample was a pool of samples collected from
three individuals per group and region and was investigated by PG-LC-ESI-MS/MS.

We have also added specific data analysis in Fig. 4g from RNA-seq to define further the Siglecs
ligands present in immune cells, which can bind to the increased sialylated N-glycans found
at d7 and d28 post-NSTEMI. Indeed, the increase in NeuGc and terminal alpha-Gal we
observed at d7 is associated with granulation tissue development, which does not define a
chronic fibrotic condition but a transient early healing response. Furthermore, our findings in
the HS sulfate pattern identified increases in markers of non-functional angiogenesis, which
does not improve the outcome.

Overall, this study reports for the first time such changes in N-glycome in the specific
condition of NSTEMI, thus providing the readers with pioneering biological and molecular
data on the actual relevance of such moieties in the confined and specific conditions of this
pathology, without associating these findings with a geometrical wall impairment.




Figure 4 | Distinct glycoprofile in the infarcted heart following NSTEMI

g, Gene expression levels of Siglec-1, -2, -10, -11 and -15 at d7 and 28 post-NSTEMI from RNA-
seq data on IS and BZ samples. n=4 animals per group. Regions of infarcted hearts are labelled
as follows: I1S= core ischaemic, BZ = border zone. Data are representative of two independent
experiments. In (g), RNA-seq data analysis was run using DESeq?2 (threshold set to Log2(fold
change)>1.5), and Wald’s test assessed significant differences. *p<0.05, ***p<0.001.

5. This is a difficult model to establish in large animals but | am not convinced there is any
new information that is surprising in this new model.

Response: We regret that the Reviewer did not find enough novelty in the original version of
the manuscript. Nonetheless, we believe that our revised version - which includes a
functional comparison with STEMIs and additional data on glycomics - shows a clear
distinction of the current model supported by a thorough panel of omics, histology, and
functional analyses, as already strongly supported by Reviewer #2.

We have summarised the main aim and results of this manuscript at the end of the discussion
on Page 16, lines 516-525:

“Overall, this study defines an ovine NSTEMI model resembling clinical non-transmural
infarcts that are the most prominent type among hospitalised patients. Following validation
of functional differences compared to STEMIs, pathway analyses based on extensive omics
(RNA-seq and proteomics) paved the way to identify alterations in glycan profiles over post-
ischaemic remodelling. Specific glycan structures — also shared in human data — underscored
the involvement of Siglecs in the recruited inflammatory cells within the ischaemic core and
border zone regions. Further studies would be needed to design therapeutic strategies to
modulate the glycan pattern we identified in the cellular membrane and ECM, thereby
alleviating the long-term prognosis of this type of infarction.”

Moreover, we would like to underscore the critical glycomics results now reported in the
relevant results section on Page 10, lines 309-325:

“By analysing sialic acid linkage-type, we noticed a pattern of peaked increase in a-(2,6)-sialic
acid linkage type at d7 in ischaemic regions, and thus within the inflammatory phase, in
contrast with a progressive increase of a-(2,3)-sialylation in all regions - infarcted and not -
over the remodelling from d7 to d28 (Extended Data Fig. 8b). These findings led to the
evaluation of possible association with sialic acids binding ligands which are well known to be
expressed by the infiltrating immune cell populations, such as monocytes and macrophages3®-
42 Indeed, we have observed that both Siglec-1 and -15 - which are highly present in
monocytes and macrophages*®**! - were markedly overexpressed (p<0.05) at d7 and
significantly dropped 21 days later, in line with a resolved inflammation (Fig. 4g). In addition,
Siglec-15 expression pattern was significant both in the ischaemic core (p<0.05) and border



zone (p<0.001) region, and Siglec-10, another marker of infiltrating activated monocytes and
macrophages*?, decreased (p<0.001) from d7 to d28 (Fig. 4g).

To highlight the similarity of the proposed model to the clinical cases of NSTEMI, we report a
group of highly present complex sialylated N-glycan structures (m/z 1111.52
(NeuAc;HexsHexNAca), 1185.08 (NeuAcHexsHexNAcsdHex1) that are shared (Fig. 4g) with
recently characterised ones in M| patients*”

There have been multiple myocardial infarction models in sheep by occluding completely or
temporarily the coronary arteries and even though the model described by the authors is
different in that the myocardial ischemic damage is less, the proteomic analysis does not
advance our understanding of the mechanisms in NSTEMI.

Response: As correctly pointed out by the Reviewer, there are multiple Ml models in large
animals produced by occlusion of various major coronary arteries. However, all these models
produce STEMI infarcts and not NSTEMI infarcts which is the crux of our present. We
acknowledge that the degree of myocardial damage is lower than in a typical STEMI infarct,
which parallels what is seen in humans, and the new data provided supports this within our
study (Extended Data Fig.2). However, the primary purpose of this study was also to
comprehensively profile NSTEMI using omics (including proteomics) for the first time. Indeed,
we have revised our data to highlight further specific molecular changes by glycomic analysis
(Fig. 4g), which emerged only following an initial pathway analysis derived from both RNA-
seq (Extended Data Fig.7a) and proteomic data (Fig. 4b). Therefore, it was not possible to
decouple the relevance of data based on proteomics from the final discoveries (N-glycans)
which were made throughout the study. Moreover, this model will be used for multiple omics
data hunting (transcriptome, glycomics, and proteomics), adopting different conditions to
decipher target genes/proteins.

Moreover, to clarify this link in our manuscript, we revised the relevant results section on
Page 8, lines 250-260:

“Importantly, gene-annotation enrichment analysis using Database for Annotation,
Visualization, and Integrated Discovery (DAVID) software on RNA-seq data highlighted
distinctive glycan alterations in the post-ischaemic remodelling in the current NSTEMI model
(Extended Data Fig. 7). Given the outcome of RNA-seq and proteomic pathway analyses, we
noticed a key involvement of glycan moieties, since both on d7 N-glycan biosynthesis
(Extended Data Fig. 7a) and on d28 glycosaminoglycans (GAGs) biosynthesis (Extended Data
Fig. 7b) emerged among the biological categories (KEGG pathways) with the highest
enrichment score. As the relevance of glycoproteins in the pathophysiology of Ml has just
started to be investigated!®3’, we have performed advanced glycomics on N-linked glycans
extracted from the cellular membrane and ECM proteins in ischaemic, border and remote
regions.”

In addition there are no interventions to modulate the effects and there is no comparison to
a model with complete occlusion of the coronary artery.

Response: We added additional in vivo analyses to compare STEMIs with NSTEMIs. We refer
to our reply to comment #1 since it overlaps with this one regarding the lack of data from
complete occlusion. Regarding the possible therapeutic strategies mentioned by the



Reviewer, we would like to highlight that the main aim of this study, as reflected by the title
of the manuscript, is mainly focused on the NSTEMI pathology itself without proposing a
treatment at this point. Indeed, we decided to target a specific gap in the cardiovascular field
by presenting a novel model of NSTEMI together with its thorough characterisation without
stating any intention also to target it. However, we revised our discussion to include the
possibility of exploiting the molecular targets which emerged from the presented data and
could be an object of further studies in the field on Page 14, lines 459-471:

“This allowed us to associate specific glycan structural changes (NeuGc, NeuAc, a-(2,3)- and
a-(2,6)-linkage-type) with the timing of the post-ischaemic inflammatory phase. Indeed,
recent technical advances in processing and identifying glycans by mass spectrometry have
been used as tools to elucidate their biological role>-®. These glycan structure profiles are
associated with the inflammatory cascade initiated by the need to clear dead cardiomyocytes
by infiltrating immune cells. Indeed, as shown by data on Siglecs expression, the increased
presence of such ligands (Siglecs) for sialylated moieties can be likely ascribed to the massive
recruitment of monocytes — further differentiating in macrophages — in the harsh ischaemic
microenvironment during the inflammatory phase. Further studies in the field would be
needed to modulate the recruitment of such inflammatory cell populations toward a
beneficial remodelling, for instance, to enhance cardiac muscle repair by switching
macrophage polarisation from a destructive to an anti-inflammatory effect.”

Reviewer #2

This manuscript presents very interesting results. In particular, the connection between
myocardial infraction and glycans was discovered for the first time in the study. It should
therefore be considered for publication. There, however, are things needed to be discussed
as mentioned below:

Response: We sincerely thank the Reviewer for the solid support for our study and for
pointing out the novelty of connecting Ml with glycans for the first time. We have carefully
addressed all the comments and suggestions to improve our manuscript further.

1. It should discuss why the glycan structural profiles have changed and specify increased and
newly produced glycan structures.

Response: We have carefully considered the Reviewer’s comment and apologise for not
pointing out the reasons before.

The discussion section has been revised on Page 14, lines 456-463:

“Here, we derived from pathway analyses on gene expression data the relevance of molecular
changes in glycans occurring during the post-ischaemic remodelling (day 7 and 28), rather
than performing a steady-state characterisation of the cardiac ECM*>8, This allowed us to
associate specific glycan structural changes (NeuGc, NeuAc, a-(2,3)- and a-(2,6)-linkage type)
with the timing of the post-ischaemic inflammatory phase. Indeed, recent technical advances
in processing and identifying glycans by mass spectrometry have been used as tools to
elucidate their biological role>°-¢1.”

Since our model of NSTEMI implicated a clear inflammatory phase due to Ml induction, as
detected by histology and RNA-seq, the observed alterations in the glycan structural profiles
are associated with a highly inflammatory condition. In line with recent findings by Lim et al.



from a cohort of MI patients* — including also NSTEMI — our data (Extended Data Fig. 7)
reflected an initial increase in galactosylated structures (at day 7), followed by a progressive
rise in sialylation (from d7 to d28). Therefore, we have revised Fig. 4 to highlight which N-
glycan structures at d7 and d28 post-NSTEMI emerged in our model and were also detected
in the recently reported human dataset*3.

The relevant results section and Fig. 4f have been revised on Page 10, lines 322-325:

“To highlight the similarity of the proposed model to the clinical cases of NSTEMI, we report
a group of highly present complex sialylated N-glycan structures (m/z 1111.52
(NeuAcaHexsHexNAcs), 1185.08 (NeuAcoHexsHexNAcsdHexi) that are shared (Fig. 4g) with
recently characterised ones in Ml patients®.”

Figure 4 | Distinct glycoprofile in the infarcted heart following NSTEMI

f, Extracted ion chromatography (EIC) showing the most abundant N-linked glycans in the
membrane protein extracts from HLT myocardium and IS at d7 and d28 post-NSTEMI. m/z
values framed in red indicate N-glycan structures, which were found to increase also in Ml
patients’ sera by Lim et al.*3. Regions of infarcted hearts are labelled as follows: 1S= core
ischaemic, BZ = border zone, F = remote zone from the infarct. Data are representative of two
independent experiments. In a-f, each analysed sample was a pool of samples collected from
three individuals per group and region and was investigated by PG-LC-ESI-MS/MS.

2. It should also discuss whether the lectin expression levels of siglecs are increased or not.
For example, in Fig. 4, glycans such as 1112.17, 1185.17 and 1185.08 show increased values
of sialylated glycans. | would study, for example, the lectins expression levels for siglecs as a
partner molecule.



Response: We acknowledge the relevance of the comment made by the Reviewer and added
new specific analyses in Fig. 4f,g to focus on both the mentioned sialylated glycans and Siglecs
expression. RNA-seq data reported the expression of Siglec-1 (CD169/Sialoadhesin), -10, -11,
and -15, which are also present in humans*?. As discussed in the previous point, the increase
in sialylated glycans such as those mentioned by the Reviewer can be coupled with a
simultaneous overexpression of Siglecs in the inflammatory cells, which are relevant within
this post-ischaemic context. Indeed, we noticed a clear pattern of increased Siglecs
expression on day 7 post-NSTEMI compared to day 28 and reported it in the revised main Fig.
4g.

The relative results section and Fig. 4g have been revised on Page 10, lines 313-321:

“These findings stimulated us to evaluate the possible association with sialic acids binding
ligands known to be expressed by the infiltrating immune cell populations, such as monocytes
and macrophages3°“2. Indeed, we have observed that both Siglec-1 and -15 - which are highly
present in monocytes and macrophages*®*' - were markedly overexpressed (p<0.05) at d7
and significantly dropped 21 days later, in line with a resolved inflammation (Fig. 4g). In
addition, Siglec-15 expression pattern was significant both in the ischaemic core (p<0.05) and
border zone (p<0.001) region, and Siglec-10, another marker of infiltrating activated
monocytes and macrophages*?, decreased (p<0.001) from d7 to d28 (Fig. 4g).”

Figure 4 | Distinct glycoprofile in the infarcted heart following NSTEMI

g, Gene expression levels of Siglec-1,-2,-10, -11 and -15 at d7 and 28 post-NSTEMI from RNA-
seq data on IS and BZ samples. n=4 animals per group. Regions of infarcted hearts are labelled
as follows: IS= core ischaemic, BZ = border zone, F = remote zone from the infarct. Data are
representative of two independent experiments. In (g), RNA-seq data analysis was run using
DESeq2 (threshold set to Log2(fold change)>1.5), and Wald’s test assessed significant
differences. *p<0.05, ***p<0.001.

The discussion section has been revised on Page 14, lines 463-468:

“These glycan structures profiles are associated with the inflammatory cascade initiated by
the need to clear dead cardiomyocytes by infiltrating immune cells. Indeed, as shown by data
on Siglecs expression, the increased expression of such ligands (Siglecs) for sialylated moieties
can be likely ascribed to the massive recruitment of monocytes — further differentiating in
macrophages — in the harsh ischaemic microenvironment during the inflammatory phase.”

3. The manuscript studies NeuGc and a-galactose present in sheep, but these two structures
don’t exist in humans. What structures are applied in case of humans?

Response: We agree that NeuGc and terminal a-galactose are not expressed in humans.
NeuGc and alpha-gal (a-gal) are xeno-auto-antigens associated with chronic inflammation



and autoimmune disease in humans. To discuss this point, we have included the following
considerations in the revised discussion on Page 15, lines 488-499:

“Triple gene knockout (GGTA1/CMAH/B4GalNT2, TKO) pig®®7?, in which the expression of a-
gal, NeuGc, and Sda is eliminated, are likely to be an optimal source of organs for
transplantation. The TKO pig’s tissue is normal compared to WT pig’! indicating these xeno-
auto-antigens are not crucial for biological heart function. When the ovine model was used
to produce biotherapeutics or evaluate biotherapeutics against carbohydrate antigens (CA),
the xeno-auto-antigens would be a problematic barrier. Here, the model is employed to
reveal the rationales of NSTEMI. Indeed, both epitopes are highly regulated by the immune
response created by NSTEMI, which is in line with changes of sialylation upon inflammation
from Ml patients’ serum*3. Here, by dissecting the putative N- and O-glycan structures present
in the cellular membrane and ECM fractions, we have identified for the first time the precise
changes in the glycoprofile pattern through cardiac post-ischaemic remodelling.”
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