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ABSTRACT

The carbohydrate binding molecule Galectin-3 has been the focus of
recent study in a variety of disease processes, and there is evidence
that it plays a role in diseases of the cerebrovascular system. In this
review, we summarize the relevant clinical literature on the role of
Galectin-3 in ischemic stroke, intracranial hemorrhage and subarachnoid
hemorrhage. We also provide a brief overview of the cellular and
molecular mechanisms behind the role played by Galectin-3 following
ischemic brain injury. Our review is aimed at clinicians who manage
these conditions, and neuroscientists who study the role of biomarkers
in cerebrovascular disease.
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1 INTRODUCTION

Although most of the attention in the research literature on the
carbohydrate-binding lectin Galectin-3 has focused on cardiovascular
pathology ", especially in heart failure™, there have been some recent
studies discussing its role in cerebrovascular disease **. However, the
results of these studies have not been completely consistent with each
other ®® and awareness in the neurosciences community about this
biomarker remains limited.

In this review, we summarize the literature on Galectin-3 in relation
to diseases of the cerebrovascular system.
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2 BIOCHEMISTRY AND PHYSIOLOGICAL
ROLE OF GALECTIN-3

Galectin-3 is also known as Mac-2 or Carbohydrate
Binding Protein-35 (CBP-35), and is encoded by the
LGALS3 gene on Chromosome 14 ¥ It influences
cell function through binding to Galactoside sugars,
part of the intercellular carbohydrate-based signaling
known as “glycocodes”"*"?.

Galectin-3 is widely distributed throughout the
body, in various cells as well as in the extracellular
space " In the brain, ependymal cells and astrocytes
of the subventricular zone express Galectin-3, and
expression is increased following brain insults,
especially from the microglia™'*".

3 GALECTIN-3 IN STROKE AND
CEREBROVASCULAR DISEASE

3.1 Pathophysiology of Galectin-3 in
brain ischemia

Galectin-3 levels are most elevated in the 60-96
hours post focal brain ischemia in animals ™' though
some expression persists even after 2 months " The
primary source of Galectin-3 in the acute ischemic
brain tissue is the microglia. Studies in a mouse
model of transient brain ischemia found that the area
of the infarct and the apoptotic neuron count were
increased when Galectin-3 positive microglia were
ablated. Similar findings were seen in mice which
were genetically deficient in Galectin-3 %", At the
same time, it is seen that Galectin-3 is associated
with an early inflammatory response in ischemic
brain tissue. The cytokine-like activity of Galectin-3
is suggestive of it being part of an endogenous
danger signaling pathway for the central nervous
system ®” Galectin-3 expression leads to infiltration
of inflammatory cells, and then the production of
reactive oxygen species “".

After the hyperacute phase, the pro-angiogenic
effects of Galectin-3 help in revascularization of
previously ischemic tissue. When Galectin-3 was
blocked, post stroke angiogenesis was decreased in
rats ™. In the longer term, Galectin-3 is likely to play
an important role in remyelination and recovery from
neuronal loss. In vitro, it is known to promote neurite
outgrowth and cell adhesion *?. An upregulation of
Galectin-3 levels is also noted in oligodendroglia
when differentiating, and remyelination is impaired in
mice who have genetic deficiency of Galectin-3 ****,
It is possible that myelin phagocytosis by microglia
is upregulated in a pathway that involves Galectin-3,
and since it is known that the presence of myelin

can inhibit the differentiation of oligodendrocytes **,
this might be the mechanism behind the association
with remyelination.

It is likely that the pluripotent role of Galectin-3
is responsible for the heterogeneity of results
seen in knockout and inhibitor studies, because initial
inflammatory effects and later reparative, pro-angiogenic
and fibrotic effects may lead to opposing effects on
lesion size and long term outcome.

Interestingly, one small study of patients with
Cerebral Autosomal Dominant Arteriopathy with
subcortical infarcts and Leukoencephalopathy
(CADASIL) found that anti-Galectin-3 antibodies
bound more the cerebral walls of CADASIL patients
than to those of controls “®. This suggested a change
in the characteristics of the blood vessel lining in
these patients.

3.2 Clinical evidence

3.2.1 Ischemic stroke

A recent study based on the REGARDS cohort of
blacks and whites found that Galectin-3 levels were
associated with ischemic stroke incidence in individuals
who were younger than 64 years of age . The reason
for such an association with age is not clear, but it
is possible that levels correlate with a generalized
worsening of metabolic syndrome markers, which
are more likely to pass the diagnostic threshold
later in life. However, this relationship has not been
consistently noted in all studies. A study from a
Finnish cohort *” only found a weak relationship
with stroke incidence over 15 years of followup, with
attenuation following multivariable adjustment.

Apart from incidence in the general population,
there have been a few investigations into whether
Galectin-3 levels influence the risk of ischemic
stroke in specific high risk populations. Once again,
consistent results have not been reported. A 2016
study found that patients with higher Galectin-3 levels
in the blood were more likely to suffer ischemic stroke
after carotid endarterectomy, even after correcting
for other risk factors *®. Serum levels of Galectin-3
rise along with the rise of the atherosclerotic burden
in the body ", and a similar relationship is found
specifically for carotid atherosclerosis ?"*?. On the
tissue level, it has been found that Galectin-3 levels
are upregulated in particularly unstable regions of the
carotid plaques **. A somewhat contradictory finding
came from Kadoglou et al., who found that intra-
plaque Galectin-3 levels were lower in symptomatic
patients with carotid atherosclerosis, than those who
were asymptomatic ©®. Of note, higher intra-plaque
Galectin-3 levels were associated with echogenicity
of the plaques, and symptomatic patients had
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less echogenic plaques, which might have been
a confounding factor. We suspect that the role of
Galectin-3 in these plaques varies over time—initially,
the role is pro-inflammatory, and as plaques get
established, its role in the fibrotic pathway comes into
greater prominence.

Similarly, in patients with new onset atrial
fibrillation, which is also a major ischemic stroke risk
factor, blood levels of Galectin-3 were elevated, and
correlated with CHADS2Vasc scores *%. However,
a study of 1013 high-risk patients who underwent
coronary angiography following cardiovascular events
in Italy found no association between Galectin-3
levels and past history of stroke, or future stroke
incidence ®". A study from China on 284 patients
with Diabetes mellitus also found no influence of
Galectin-3 levels on the odds of stroke .

Larger studies will be needed to settle the
relationship between Galectin-3 and incident
ischemic stroke. When it comes to prognosis, one
small study found that Galectin-3 levels were not
predictive of outcomes acutely and at 3 months in
stroke patients who received intravenous tissue
plasminogen activator **. However, patients did
have higher Galectin-3 levels than controls, which is
consistent with some of the studies that have been
discussed earlier.

3.2.2 Intracranial hemorrhage

There is limited data on the role of Galectin-3 in
intracranial hemorrhage. Since the mechanisms of
injury are different from that seen in focal ischemia,
it is not possible to extrapolate from the findings
of ischemic stroke studies. In one study ®¥ that
compared 110 patients with acute intracerebral
hemorrhage against 110 controls, plasma levels of
Galectin-3 were higher in the patients. They also
found this to be an independent prognostic predictor
for mortality at 1 week and 6 months, as well as for
6 month overall survival and unfavorable outcomes.
The predictive ability as indicated by the area under
the curve was similar to that for markers of clinical
severity and hematoma volume.
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3.2.3 Subarachnoid hemorrhage

Two recent studies have assessed the role of
Galectin-3 in subarachnoid hemorrhage. In the first
study, on 120 Chinese patients with aneurysmal
subarachnoid hemorrhages, plasma Galectin-3
levels were higher than in controls, and these levels
were independent predictor of poor outcomes and
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robust inflammatory response, or perhaps because
patients with higher Galectin-3 levels were already
predisposed to more severe bleeds, which might
arise from subclinical vascular pathology.

4 CONCLUSION

Our understanding of the role of Galectin-3 in the
diseases of the vasculature of the central nervous
system remains limited. Studies are beginning to
reveal that the molecule has a variety of functions,
which change over the course of time after brain
injury. Further investigations, both clinical and tissue-
based, will be of great importance in delineating
its function further, and in assessing its value as a
biomarker of cerebrovascular pathology.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest, and no
disclosures.

AUTHOR CONTRIBUTIONS

A.V. conceptualized the manuscript. A.V., A.K. and
N.K. contributed to literature review. A.K. and N.K.
were responsible for text and critical revisions. All
authors reviewed the final manuscript and are in
agreement with its content.

2013 ACCF/AHA guideline for the management
of heart failure: executive summary: a report of
the American College of Cardiology Foundation/
American Heart Association Task Force on
practice guidelines. Circulation. 2013; 128(16):
1810-1852.

MED ONE 2018, 3: e180009 | Email: mo@gingres.com

October 17, 2018



Anand Venkatraman et al.

Galectin-3 in Cerebrovascular Disease

10.

1.

12.

13.

Medvedeva EA, Berezin |l, Surkova EA, Yaranov
DM, Shchukin YV. Galectin-3 in patients with
chronic heart failure: association with oxidative
stress, inflammation, renal dysfunction and
prognosis. Minerva Cardioangiol. 2016;
64(6): 595-602.

Arora P, Agarwal Z, Venkatraman A, Callas P,
Kissela BM, Jenny NS, Judd SE, Zakai NA,
Cushman M. Galectin-3 and risk of ischaemic
stroke: Reasons for Geographic and Racial
Differences in Stroke cohort. Eur J Neurol. 2017;
24(12): 1464-1470.

Venkatraman A, Callas P, McClure LA,
Unverzagt F, Arora G, Howard V, Wadley VG,
Cushman M, Arora P. Galectin-3 and incident
cognitive impairment in REGARDS, a cohort of
blacks and whites. Alzheimers Dement (N Y).
2018; 4: 165-172.

Grodstein F. Cardiovascular risk factors and
cognitive function. Alzheimers Dement. 2007;
3(2 Suppl): S16-S22.

Kadoglou NP, Sfyroeras GS, Spathis A,
Gkekas C, Gastounioti A, Mantas G, Nikita KS,
Karakitsos P, Liapis CD. Galectin-3, Carotid
Plaque Vulnerability, and Potential Effects of
Statin Therapy. Eur J Vasc Endovasc Surg.
2015; 49(1): 4-9.

Mok SW, Riemer C, Madela K, Hsu DK, Liu FT,
Gultner S, Heise |, Baier M. Role of galectin-3
in prion infections of the CNS. Biochem Biophys
Res Commun. 2007; 359(3): 672-678.

Wesley UV, Vemuganti R, Ayvaci ER, Dempsey
RJ. Galectin-3 enhances angiogenic and
migratory potential of microglial cells via
modulation of integrin linked kinase signaling.
Brain Res. 2013; 1496: 1-9.

Raimond, J, Zimonjic DB, Mignon C, Mattei M,
Popescu NC, Monsigny M, Legrand A. Mapping
of the galectin-3 gene (LGALS3) to human
chromosome 14 at region 14921-22. Mamm
Genome. 1997; 8(9): 706-707.

Salvagno, GL, Pavan C. Prognostic biomarkers
in acute coronary syndrome. Ann Transl Med.
2016; 4(13): 258.

Chen SC, Kuo PL. The Role of Galectin-3 in the
Kidneys. Int J Mol Sci. 2016; 17(4): 565.

Kasai K, Hirabayashi J. Galectins: a family
of animal lectins that decipher glycocodes. J
Biochem. 1996; 119(1): 1-8.

Comte I, Kim Y, Young CC, van der Harg JM,
Hockberger P, Bolam PJ, Poirier F, Szele FG.
Galectin-3 maintains cell motility from the
subventricular zone to the olfactory bulb. J Cell
Sci. 2011; 124(Pt 14): 2438-2447.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Yan YP, Lang BT, Vemuganti R, Dempsey
RJ. Galectin-3 mediates post-ischemic tissue
remodeling. Brain Res. 2009; 1288: 116-124.

Doverhag C, Hedtjarn M, Poirier F, Mallard C,
Hagberg H, Karlsson A, Savman K. Galectin-3
contributes to neonatal hypoxic-ischemic brain
injury. Neurobiol Dis. 2010; 38(1): 36-46.

Hisamatsu K, Niwa M, Kobayashi K, Miyazaki T,
Hirata A, Hatano Y, Tomita H, Hara A. Galectin-3
expression in hippocampal CA2 following
transient forebrain ischemia and its inhibition
by hypothermia or antiapoptotic agents.
Neuroreport. 2016; 27(5): 311-317.

Satoh K, Niwa M, Goda W, Binh NH, Nakashima
M, Takamatsu M, Hara A. Galectin-3 expression
in delayed neuronal death of hippocampal CA1
following transient forebrain ischemia, and its
inhibition by hypothermia. Brain Res. 2011;
1382: 266-274.

Lalancette-Hébert M, Gowing G, Simard
A, Weng YC, Kriz J. Selective ablation of
proliferating microglial cells exacerbates
ischemic injury in the brain. J Neurosci. 2007;
27(10): 2596-2605.

Lalancette-Hébert M, Swarup V, Beaulieu JM,
Bohacek I, Abdelhamid E, Weng YC, Sato
S, Kriz J. Galectin-3 is required for resident
microglia activation and proliferation in response
to ischemic injury. J Neurosci. 2012; 32(30):
10383-10395.

Jeon SB, Yoon HJ, Chang CY, Koh HS, Jeon
SH, Park EJ. Galectin-3 exerts cytokine-
like regulatory actions through the JAK-STAT
pathway. J Immunol. 2010; 185(11): 7037-7046.

Madrigal-Matute J, Lindholt JS, Fernandez-
Garcia CE, Benito-Martin A, Burillo E, Zalba
G, Beloqui O, Llamas-Granda P, Ortiz A,
Egido J, Blanco-Colio LM, Martin-Ventura JL.
Galectin-3, a biomarker linking oxidative stress
and inflammation with the clinical outcomes
of patients with atherothrombosis. J Am Heart
Assoc. 2014; 3(4): pii:e000785.

Pesheva P, Kuklinski S, Schmitz B, Probstmeier
R. Galectin-3 promotes neural cell adhesion and
neurite growth. J Neurosci Res. 1998; 54(5):
639-654.

Pasquini LA, Millet V, Hoyos HC, Giannoni JP,
Croci DO, Marder M, Liu FT, Rabinovich GA,
Pasquini JM. Galectin-3 drives oligodendrocyte
differentiation to control myelin integrity and
function. Cell Death Differ. 2011; 18(11): 1746-
1756.

Franco PG, Pasquini LA, Pérez MJ, Rosato-Siri
MV, Silvestroff L, Pasquini JM. Paving the way

MED ONE 2018, 3: e180009 | Email: mo@gingres.com

October 17, 2018



Anand Venkatraman et al.

Galectin-3 in Cerebrovascular Disease

25.

26.

27.

28.

29.

for adequate myelination: The contribution of
galectin-3, transferrin and iron. FEBS Lett. 2015;
589(22): 3388-3395.

Kotter MR, Li WW, Zhao C, Franklin RJ.
Myelin impairs CNS remyelination by inhibiting
oligodendrocyte precursor cell differentiation. J
Neurosci. 2006; 26(1): 328-332.

Brulin-Fardoux P, Godfrain C, Maurage CA,
De Reuck J, Hauw JJ, Kaltner H, Bovin NV,
Gabius HJ, Ruchoux MM, Kiss R, Camby I.
Glycohistochemical characterization of vascular
muscle cell destruction in CADASIL subjects by
lectins, neoglycoconjugates and galectin-specific
antibodies. Neuropathol Appl Neurobiol. 2003;
29(4): 400-410.

Jagodzinski A, Havulinna AS, Appelbaum
S, Zeller T, Jousilahti P, Skytte-Johanssen
S, Hughes MF, Blankenberg S, Salomaa V.
Predictive value of galectin-3 for incident
cardiovascular disease and heart failure in the
population-based FINRISK 1997 cohort. Int J
Cardiol. 2015; 192: 33-39.

Edsfeldt A, Bengtsson E, Asciutto G, Dunér
P, Bjorkbacka H, Fredrikson GN, Nilsson J,
Goncalves |. High Plasma Levels of Galectin-3
Are Associated with Increased Risk for Stroke
after Carotid Endarterectomy. Cerebrovasc Dis.
2016; 41(3—4): 199-203.

Papaspyridonos M, McNeill E, de Bono JP, Smith A,
Burnand KG, Channon KM, Greaves DR. Galectin-3

is an amplifier of inflammation in atherosclerotic
plague progression through macrophage activation

30.

31.

32.

33.

34.

35.

and monocyte chemoattraction. Arterioscler
Thromb Vasc Biol. 2008; 28(3): 433-440.

Chen D, Procter N, Goh V, Liu S, Chua SJ,
Assadi-Khansari B, Stewart S, Horowitz JD,
Sverdlov AL, Ngo DT. New onset atrial fibrillation
is associated with elevated galectin-3 levels. Int
J Cardiol. 2016; 223: 48-49.

Maiolino G, Rossitto G, Pedon L, Cesari M,
Frigo AC, Azzolini M, Plebani M, Rossi GP.
Galectin-3 predicts long-term cardiovascular
death in high-risk patients with coronary artery
disease. Arterioscler Thromb Vasc Biol. 2015;
35(3): 725-732.

Jin QH, Lou YF, Li TL, Chen HH, Liu Q, He
XJ. Serum galectin-3: a risk factor for vascular
complications in type 2 diabetes mellitus. Chin
Med J (Engl). 2013; 126(11): 2109-2115.

Bustamante A, Diaz-Fernandez B, Penalba A,
Garcia-Berrocoso T, Montaner J. Galectin-3 is
not an outcome biomarker in ischemic stroke.
Letter concerning the study 'Role of galectin-3
in plasma as a predictive biomarker of outcome
after acute intracerebral hemorrhage. J Neurol
Sci. 2016; 371: 67-68.

Yan XJ, Yu GF, Jie YQ, Fan XF, Huang Q, Dai
WM. Role of galectin-3 in plasma as a predictive
biomarker of outcome after acute intracerebral
hemorrhage. J Neurol Sci. 2016; 368: 121-127.

Liu H, Liu Y, Zhao J, Liu H, He S. Prognostic value
of plasma galectin-3 levels after aneurysmal
subarachnoid hemorrhage. Brain Behav. 2016;
6(10): e00543.

MED ONE 2018, 3: e180009 | Email: mo@gingres.com

October 17, 2018





