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Abstract 
Background: Galectins are a family of endogenous mammalian lectins involved in pathogen recognition, killing, and facilitating 
the entry of microbial pathogens and parasites into the host. They are the intermediators that decipher glycan-containing information 
about the host immune cells and microbial structures to modulate signaling events that cause cellular proliferation, chemotaxis, 
cytokine secretion, and cell-to-cell communication. They have subgroups that take place in different roles in the immune system. 
The effect of galectin-8 on multiple sclerosis disease (MS) has been studied in the literature, but the results seemed unclear. In this 
study, we aimed to determine anti-galectin-8 (anti-Gal-8) levels in MS and their potential use as biomarkers.

Methods: In this experimental study, 45 MS patients diagnosed according to McDonald criteria were included in the patient 
group. The healthy control group contained 45 people without MS diagnosis and any risk factors. Demographic data, height, 
weight, body mass index, blood glucose, thyroid-stimulating hormone, alanine transaminase, aspartate transaminase, creatinine, 
low-density lipoprotein, anti-Gal-8 levels, the prevalence of hypertension, diabetes mellitus and coronary artery disease were 
recorded. In addition, the expanded disability status scale and disease duration were evaluated in the patient group. Data were 
presented as mean ± standard deviations.

Results: The mean blood anti-galectin-8 value of the patient group was 4.84 ± 4.53 ng/mL, while it was 4.67 ± 3.40 ng/mL in 
the control group, and the difference in these values was found statistically insignificant (P > .05). Moreover, body mass index, 
glucose, alanine transaminase, aspartate transaminase, thyroid-stimulating hormone, and low-density lipoprotein levels were also 
statistically insignificant (P > .05).

Conclusion: This study examined anti-Gal-8 levels in MS patients. The relationship between MS and galectin-8 and anti-Gal-8 
levels in patients needs further clarification. As a result, the study’s results could help elucidate the pathogenesis of MS and give 
more evidence for diagnosis.

Abbreviations: anti-Gal-8 = anti-galectin-8, CD = cluster of difference, CNS = central nervous system, DC = dendritic cell, EAE 
= experimental autoimmune encephalomyelitis, EDSS = expanded disability status scale, Gal-8 = galectin-8, Gals = galectins, 
HPL = hyperlipidaemia, IL = interleukin, MS = multiple sclerosis, PS = phosphatidylserine, rGal-8 = recombinant Galectin-8.
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1. Introduction

Multiple sclerosis (MS) is a progressive neurodegenerative dis-
ease with inflammation, which might present various signs and 
symptoms. It mainly affects younger females and is typically 
characterized by firstly demyelination and then axonal degen-
eration of the central nervous system (CNS).[1,2] MS may result 
in progressive disability and is more common in Caucasians 
and females.[1,2] It affects almost 2 million people worldwide.[1,2] 
Lesions might be observed in white and gray matter, which 

might cause different symptoms.[3,4] The most common symp-
toms are loss of sensation, motor strength and vision, dizziness, 
imbalance, diplopia, and bladder problems.[3,4]

Galectins, formerly known as “S-type lectins,” are a subfamily 
of proteins that bind beta-galactoside carbohydrates with high 
specificity. They are present in many life forms, from nematodes 
to animals, performing various functions. Different galectins 
have been described in humans as responsible for multiple intra 
and extracellular functions, including tremendous importance 
in immunity and disease.[5]
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Galectins (Gals) play critical regulatory roles in the immune 
system. Its position within MS remains unknown. Recombinant 
galectin-8 (Gal-8) ameliorates experimental autoimmune 
encephalomyelitis (EAE). MS is not an autoimmune disease, 
but since MS is an inflammatory, immunological disease, 
studying Gals on MS could be helpful to illuminate the rela-
tionship between them.[6] We decided to investigate the level of 
anti-galectin-8 (anti-Gal-8) in MS patients to help to elucidate 
its potential effects on the CNS.

Studies on anti-Gal-8 levels in MS patients are pretty limited 
in the literature. Therefore, we aimed to determine anti-Gal-8 
levels in MS patients and any potential relationship between its 
levels with the disease.

1.1. Ethical review

Pamukkale University’s noninvasive clinical research ethics 
committee approved this study.

1.2. Participants

MS patients diagnosed according to 2017 McDonald MS cri-
teria (n = 45) were taken into the patient group who had been 
examined in the department of neurology in the medical faculty 
of Pamukkale University, Denizli, Turkey. The patients were all 
in remission. They were not given any steroids. All of the par-
ticipants were receiving disease-modifying treatments. The time 
that passed since the last attack was unknown. People without 
MS diagnosis and any risk factor (MS family history, co-exist-
ing certain autoimmune diseases or infections such as systemic 
lupus erythematosus, Sjogren’s syndrome, Epstein-Barr virus 
infection, and Lyme’s disease) were included in the control 
group (n = 45). All members were informed, and an informed 
consent form was obtained from each participant.

In each group, demographic data, height, weight, body mass 
index, blood glucose level, thyroid-stimulating hormone, alanine 
transaminase, aspartate transaminase, creatinine, low-density lipo-
protein, triglycerides, and anti-Gal-8 levels were determined, and 
present hypertension, diabetes mellitus, and coronary artery disease 
were also recorded. In addition, expanded disability status scale 
(EDSS) and disease duration were determined in the patient group.

1.3. Blood collection

After obtaining informed consent, we took blood samples (5 mL) 
from the median cubital vein and transferred them into yellow-capped 
serum tubes containing separating gel. Immediately after blood was 
centrifuged (2500 × g for 20 minutes at + 40°C), serum was separated 
and stored in Eppendorf® tubes at -20°C before analyses.

1.4. Quantification of anti-galectin-8

Anti-Gal-8 levels were determined by Bioassay Technology 
Laboratory (Biotech Ltd, Shanghai, China) kits using enzyme-
linked immunosorbent assay brought to 25°C on the day of 
analyses. Absorbance readings were performed at a wavelength 
of 450nm with a BioTek brand enzyme-linked immunosor-
bent assay reader. Concentrations were calculated with the 
Gen 5 program. Within-run coefficient of variation levels for 
anti-galectin-8 was < 8%, and inter-trial coefficient of varia-
tion < 10%. The anti-galectin-8 reading range was between 0.05 
and 20.00 ng/mL, while the kit’s sensitivity was 0.03 ng/mL.

1.5. Study design

Since the study aimed to determine anti-galectin-8 (anti-Gal-8) 
levels in MS and their potential use as biomarkers, a randomized 
controlled cross-sectional clinical research design was employed.

1.6. Statistical analysis

Data were analyzed using IBM SPSS 25 (Armonk, New York). 
Via the power analysis, it was found that if there were at least 
90 people in the study, its validity would be achieved with a 
power of 80% with 95% confidence. Continuous variables were 
given as mean ± standard deviation, and categorical variables 
as numbers and percentages. The significance test of the differ-
ence between the 2 means was compared to independent group 
differences when parametric test assumptions were provided. If 
the parametric test assumptions were not provided, the Mann–
Whitney U test was used to compare independent group dif-
ferences. The differences between the categorical variables were 
examined by Chi-square analysis. The relationships between 
continuous variables were analyzed with Spearman or Pearson 
correlation analyses, and appropriate regression models and 
the differences between categorical variables were examined 
with Chi-square analysis. P < .05 was considered statistically 
significant.

2. Results
Of the patient group in the study, 31 (68.9%) were female, 14 
(31.1%) were male, and the female-to-male ratio was 2.21, 
which is consistent with the literature (, Supplemental Digital 
Content 1, Supplemental Digital Content, http://links.lww.com/
MD/I296). The mean age distribution of the patient group was 
40.0 ± 8.9.

The mean EDSS score was 1.79 ± 1.07, the disease duration 
was 7.42 ± 5.24, and the attacks’ mean number was 7.7 ± 8.4. 
The relationship between EDSS, disease duration, and anti-galec-
tin-8 levels was statistically insignificant (P > .05).

The mean blood anti-galectin-8 value of the patient group 
was 4.84 ± 4.53 ng/mL, while it was 4.67 ± 3.4 ng/mL for the 
control group, and the difference in these values was found sta-
tistically insignificant (P > .05) (Table 1). All the patients were 
relapsing-remitting MS.

3. Discussion
This research is one of the few studies investigating anti-galec-
tin-8 levels in MS patients. We investigated whether anti-Gal-8 
has a potential role in MS and could be used as a biomarker by 
determining its blood levels in patients with MS and healthy 
control groups.

MS is a progressive neurodegenerative disease that primarily 
affects younger females and is characterized by demyelination 
and axonal degeneration of the CNS. In addition, MS is one 
of the leading causes of disability in young and middle-aged 

Table 1

The laboratory and physical data of the patient and control 
group.

Variable Patient group (n = 45) Control group (n = 45) P 

Age 40.0 ± 8.93 48.33 ± 18.09 .024
Height 166.69 ± 8.95 165.58 ± 8.71 .608
Weight 71.33 ± 13.85 73.33 ± 11.1 .126
BMI 25.77 ± 4.9 26.76 ± 3.67 .452
Glucose 101.82 ± 35.19 110.47 ± 48.04 .099
TSH 2.2 ± 1.67 1.98 ± 1.64 .415
ALT 19.13 ± 11.73 17.82 ± 9.81 .515
AST 17.31 ± 5.96 17.56 ± 5.96 .724
Creatinine 0.72 ± 0.14 0.8 ± 0.18 .015
LDL 111.56 ± 35.25 114.27 ± 31.58 .364
Anti-Galectin-8 4.84 ± 4.53 4.67 ± 3.4 .239

ALT = alanine transaminase, AST = aspartate transaminase, BMI = body mass index, LDL = low-
density lipoprotein, TSH = thyroid-stimulating hormone.

http://links.lww.com/MD/I296
http://links.lww.com/MD/I296
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people.[1,2] MS may result in progressive disability and is more 
common in Caucasians and females.[1,2] It is estimated to 
affect about 2 million people worldwide.[1,2] Lesions might be 
observed in the white and gray matter, which might cause differ-
ent symptoms.[3,4] The most common symptoms include loss of 
sensation, motor strength, vision, dizziness, imbalance, diplopia, 
and bladder problems such as neurogenic lower urinary tract 
dysfunction.[3,4]

According to certain studies, the MS prevalence in Istanbul 
was 101.4/1,00,000, while in Edirne, it was 33.9/1,00,000.[7,8] 
The mean age in Turkey was reported as 41.8 ± 12.0 years, 
and in the Thrace region of Turkey, it was 40.7 ± 10.6 years.[7,9] 
The patients’ mean age in our study was 40.0 ± 8.9 years. 
Worldwide, MS is more common among women. Women with 
MS are approximately twice as high as men.[4] Of the patient 
group in our study, 68.9% were female, 31.1% male and the 
female/male ratio (2.2) was similar to the literature.

In a study of the prevalence of diabetes mellitus, hyperlipidae-
mia (HPL), and hypertension in MS patients, the rate of HPL in 
MS patients was not different from the average population.[10] In 
another study, the rate of HPL in the patient group, was found 
to be not statistically significant.[11] In our study, the HPL rate in 
the patient group was also statistically insignificant compared 
with the control group.

Galectins, a subfamily of proteins that bind beta-galacto-
side carbohydrates with high specificity, are present in many 
life forms, from fungi to animals, where they perform various 
functions. Different galectins have been described in humans 
as responsible for multiple intra and extracellular functions, 
including tremendous importance in immunity and disease.[5] 
They are carbohydrate recognition proteins, and in humans, 
they are involved in many physiological processes, many of 
which are directly linked with immunity and disease. Galectins 
act as actors in the modulation of physiopathological processes. 
They have been detected in various biological activities, ranging 
from functional early developmental, vascular processes, cell 
migration, and regulation of immune system cells to pro-inflam-
matory and anti-inflammatory resolutions.[12–14] Galectins are 
involved in pathogen recognition and killing and facilitating the 
entry of microbial pathogens and parasites into the host. During 
infection, they are the intermediators who decipher glycan-con-
taining information about the host immune cells and microbial 
structures to modulate signaling events that cause cellular pro-
liferation, chemotaxis, cytokine secretion, and cell-to-cell com-
munication.[15–18] Gals regulate cell-to-cell communication by 
acting as soluble cell surface pattern recognition receptors.[19]

Gal-8’s role in MS, an autoimmune inflammatory disease of 
the CNS, remains unknown.[6] Gal-8 is a heterodimer with an 
N-terminal carbohydrate recognition domain and a C-terminal 
carbohydrate recognition domain. With its particular heterodi-
meric structure, Gal-8 is able to mediate cell-cell and cell-matrix 
interactions. It is expressed in various organs and tissues like 
synovia, tumors, and osteoarthritis.[20–27] Endothelial cells, which 
come from lymphatic and vascular vessels, are a great source of 
secreted Gal-8 in tissues to deliver lectin activity via the sur-
rounding microenvironment and circulating cells.[25,28–31] Some 
studies show that Gal-8 and other members of this family, like 
galectin-1, have similar effects on T and B cell responses.[32,33] 
For example, Galectin-4 is involved in bacterial killing.[34]

Gal-8 is found in primary and secondary lymphoid organs.[35] 
In lymph nodes, Gal-8 messenger ribonucleic acid is located 
in the paracortical T zone and vascular region.[30] Circulating 
platelets, dendritic cells (DCs), splenic B lymphocytes, and 
endothelial cells produce Gal-8 in usual and inflammatory 
conditions.[28,33,36,37] Recombinant gal-8 (rGal- 8) can induce 
apoptosis of the immature cluster of difference (CD)4 and 
CD8 mouse thymocyte subpopulation in vitro via the caspase 
pathway.[21] This proapoptotic effect of Gal-8 on immature T 
cells shows its part in the central maturation process and tol-
erance induction.

On the contrary, in peripheral cells, it is found that rGal-8 has 
2 effects on naive CD4 + T cells. If there is no antigen, Gal-8-
induced proliferation of naive CD4 + T cells causes an increased 
expression of IL (interleukin)-2, interferon-γ, and IL-4, the 
polyclonal expansion of Th1 and Th2 populations and results 
in inflammatory and autoimmune processes.[38]

Proliferative and costimulatory effects of Gal-8 on primary 
CD4 + T cells are mediated by the CD45 phosphotyrosine phos-
phatase activity so that it results in the activation of Zeta-chain-
associated protein kinase 70 and extracellular-signal-regulated 
kinase 1/2 pathways.[35,38] Some studies showed that Gal-8 is an 
extracellular stimulus for the Jurkat T cell line, cell adhesion, 
and triggering extracellular-signal-regulated kinase 1/2 phos-
phorylation.[39,40] Gal-8 can induce a substantial proliferation 
of resting human T cells, but it can also induce cell death or 
antiproliferative activities.[38] rGal-8 has antiproliferative effects 
like Gal-8.[32]

When the stimulus is limited, 2 roles for Gal-8 on T cells, 
rGal-8, ameliorate EAE.[41] In another study, it was demon-
strated that rGal-8 therapy reduced the severity of experimental 
autoimmune uveitis pathology by anti-inflammatory effects.[42] 
In 1 study, Gal-8 knocked out mice with severe EAE, demon-
strating Gal-8’s anti-inflammatory effects.[41]

B cells are responsible for humoral immunity. They recognize 
extracellular antigens and then differentiate into antibody-se-
creting plasma cells. Gal-8 binds to mature B cells associated 
with plasma cell differentiation and promotes plasma cells. 
rGal-8 can activate splenic B cell proliferation and induce IL-6 
and IL-10 production. Exogenous Gal-8 causes the extraction 
of immobilized antigens. Also, rGal-8 induces Bruton’s tyrosine 
kinase and protein kinase B phosphorylation which is a way of 
activation of B cell receptor signaling.[30] In conclusion, these 
data indicate that Gal-8 has an excellent role in the cooperation 
between B and helper T cells.

DCs are the antigen-presenting cells that participate in the 
production of T cell responses, checking the enormity and the 
type of the immune response.[43] Gal-8 protein is expressed in 
monocyte-derived human DCs,[44] and bone-marrow-derived 
mouse DCs.[35] Extracellular Gal-8 binds to splenic and mono-
cyte-derived DCs.[36,45] rGal-8 activates the secretion of major 
inflammatory cytokines like IL-6 and tumour necrosis factor- 
α (tumor necrosis factor-alpha).[36] In addition, Gal-8-activate 
splenic DCs produce high levels of IL-6 during antigen presen-
tation, which results in costimulatory activity.[46] Gal-8 fully 
activates DCs. This is presumably one of the mechanisms of 
stimulating adaptive immune responses. Furthermore, in the 
inflammatory area, the increase in Gal-8 expression might act 
as an endogenous mechanism to ignite the innate reaction.[36]

Neutrophils are phagocytes enriched with bactericidal prop-
erties. They are recruited to an affected area by sequential steps: 
attachment, rolling, adhesion, and transendothelial migration. 
It is found that Gal-8 has a vital role in neutrophil function.[47] 
Gal-8 is a significant modulator of neutrophil migration. It is 
imprecise if neutrophils express Gal-8 themselves; however, the 
endothelium might be a source. In the early stages of apoptosis, 
cells externalize phosphatidylserine (PS). As a rule, it is placed 
on the inner side of the plasma membrane. In addition to being 
an apoptotic marker, PS exposure stimulates macrophage-me-
diated phagocytosis.[48] When there is no apoptosis, some of 
the Gals family induce PS exposure in neutrophils, resulting in 
phagocytosis and clearance of living cells.[49,50] This type of cellu-
lar turnover is a crucial phase in inflammation resolution.[51] All 
these data mean Gal-8 has a dual behavior, mainly pro-inflam-
matory. On the contrary, it is also anti-inflammatory.

In our study, anti-Gal-8 serum levels of MS patients were 
found to be statistically insignificant compared to the healthy 
group (P > .001). This might support the dual behavior of Gal-8. 
If Gal-8 had just inflammatory effects, since MS is an inflam-
matory disease, we would have found statistically lower anti-
Gal-8 levels than the healthy group. On the other hand, there 
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were some limitations in our study. Firstly, our patient popula-
tion had no primary progressive multiple sclerosis or secondary 
progressive MS. Secondly, our population count was limited (90 
participants). Disease subgroups did not evaluate patient and 
biochemical parameters. Therefore, it is strongly recommended 
that more comprehensive patient data, including primary pro-
gressive multiple sclerosis, secondary progressive MS, and sepa-
rate subgroups and healthy groups, be further investigated.

In conclusion, Gal-8 has a dual behavior, mainly pro-inflam-
matory; however, it may have anti-inflammatory functions. The 
effects of Gal-8 on the immune system need to be studied further.

There is some research about Gal-8 levels and the MS rela-
tionship, which remains unclear in the literature. This study is 
one of a few to assess anti-galectin-8 levels in MS patients and 
showed a statistically insignificant relationship between serum 
Gal-8 levels and MS.

We recommend further investigating the role of serum anti-
Gal-8 levels in larger groups of MS patients. Serum Gal-8 level 
could be used as a predictive value for MS patients in the future 
and provide us with valuable information about the course and 
pathogenesis of the disease.

Author contributions
Conceptualization: Ufuk Cinkir, Selma Tekin.
Data curation: Ufuk Cinkir, Selma Tekin, Ahmet Magrur 

Karagulmez, Esin Avci Cicek.
Formal analysis: Ufuk Cinkir, Levent Sinan Bir, Selma Tekin, 

Ahmet Magrur Karagulmez, Esin Avci Cicek, Hande Senol.
Funding acquisition: Ufuk Cinkir.
Methodology: Ufuk Cinkir.
Project administration: Ufuk Cinkir, Esin Avci Cicek.
Resources: Ufuk Cinkir, Esin Avci Cicek.
Software: Hande Senol.
Supervision: Ufuk Cinkir, Levent Sinan Bir, Selma Tekin, Hande 

Senol.
Validation: Ufuk Cinkir, Selma Tekin, Hande Senol.
Visualization: Ufuk Cinkir, Levent Sinan Bir, Ahmet Magrur 

Karagulmez.
Writing – original draft: Ufuk Cinkir.
Writing – review & editing: Ufuk Cinkir, Levent Sinan Bir, 

Ahmet Magrur Karagulmez, Hande Senol.

References
	 [1]	 Koch-Henriksen N, Sørensen PS. Sørensen PS The changing demo-

graphic pattern of multiple sclerosis epidemiology. Lancet Neurol. 
2010;9:520–32.

	 [2]	 Wallin TM, Culpepper WJ, Nichols E, et al. GBD. 2016 Multiple 
Sclerosis Collaborators. Global, regional, and national burden of mul-
tiple sclerosis 1990-2016: a systematic analysis for the Global Burden 
of Disease Study 2016. Lancet Neurol. 2019;18:269–85.

	 [3]	 Milo R, Kahana E. Multiple sclerosis: geoepidemiology, genetics, and 
the environment. Autoimmun Rev. 2010;9:A387–94.

	 [4]	 Fox RJ, Rae-Grant AD, Béthoux F. Multiple Sclerosis and Related 
Disorders: Clinical Guide to Diagnosis, Medical Management, and 
Rehabilitation. New York: Springer Publishing Company. 2018:45–51.

	 [5]	 Modenutti PC, Capurro JIB, Di Lella S, et al. The structural biology of 
galectin-ligand recognition: current advances in modeling tools, protein 
engineering, and inhibitor design. Front Chem. 2019;7:2296–646.

	 [6]	 Pardo E, Carcamo C, Uribe-San Martin R, et al. Galectin-8 as an immu-
nosuppressor in experimental autoimmune encephalomyelitis and a 
target of human early prognostic antibodies in multiple sclerosis. PLoS 
One. 2018;12:e0177472.

	 [7]	 Turk Boru U, Alp R, Sur H, et al. Prevalence of multiple sclerosis 
door-to-door survey in Maltepe, Istanbul, Turkey. Neuroepidemiology. 
2006;27:17–21.

	 [8]	 Çelik Y, Birgili O, Kiyat A, et al. Prevalence of multiple sclerosis in the 
metropolitan area of Edirne City, Turkey. Balkan Med J. 2011;28:193–6.

	 [9]	 Çelebi C, Solmaz V, Inalkaç Y, et al. The evaluation of clinical, demo-
graphic, radiological characteristics and treatment response of multiple 
sclerosis patients in Thrace region. Kafkas J Med Sci. 2017;7:231–5.

	[10]	 Marrie RA, Yu BN, Leung S, et al. Rising prevalence of vascular 
comorbidities in multiple sclerosis: validation of administrative defi-
nitions for diabetes, hypertension, and hyperlipidaemia. Mult Scler. 
2012;18:1310–9.

	[11]	 Cinkir U, Bir LS, Topsakal S, et al. Investigation of blood leptin and 
adropin levels in patients with multiple sclerosis A CONSORT-clinical 
study. Medicine (Baltim). 2021;100:e27247.

	[12]	 Liu FT, Rabinovich GA. Galectins: regulators of acute and chronic 
inflammation. Ann N Y Acad Sci. 2010;1183:158–82.

	[13]	 Di Lella S, Sundblad V, Cerliani JP, et al. When galectins recognize gly-
cans: from biochemistry to physiology and back again. Biochemistry. 
2011;50:7842–57.

	[14]	 Thiemann S, Baum LG. Galectins and immune responses—just how do 
they do those things they do? Annu Rev Immunol. 2016;34:243–64.

	[15]	 Vasta GR. Roles of galectins in infection. Nat Rev Microbiol. 
2009;7:424–38.

	[16]	 Yang ML, Chen YH, Wang SW, et al. Galectin-1 binds to influ-
enza virus and ameliorates influenza virus pathogenesis. J Virol. 
2011;85:10010–20.

	[17]	 Baum LG, Garner OB, Schaefer K Lee B. Microbe–host interactions 
are positively and negatively regulated by galectin–glycan interactions. 
Front Immunol. 2014;5:284.

	[18]	 Lujan AL, Croci DO, Tudela JAG. Glycosylation-dependent galectin–
receptor interactions promote chlamydia trachomatis infection. Proc 
Natl Acad Sci USA. 2018;115:E6000–9.

	[19]	 Arthur CM, Rodrigues LC, Baruffi MD, et al. Examining galectin 
binding specificity using glycan microarrays. Methods Mol Biol. 
2015;1207:115–31.

	[20]	 Bidon N, Brichory F, Hanash S, et al. Two messenger RNAs and five iso-
forms for Po66-CBP, a galectin-8 homolog in a human lung carcinoma 
cell line. Gene. 2001;274:253–62.

	[21]	 Tribulatti MV, Mucci J, Cattaneo V, et al. Galectin-8 induces apoptosis 
in the CD4(high)CD8(high) thymocyte subpopulation. Glycobiology. 
2007;17:1404–12.

	[22]	 Bidon-Wagner N, Le Pennec JP. Human galectin-8 isoforms and cancer. 
Glycoconj J. 2004;19:557–63.

	[23]	 Eshkar Sebban L, Ronen D, Levartovsky D, et al. The involvement of 
CD44 and its novel ligand galectin-8 in apoptotic regulation of autoim-
mune inflammation. J Immunol. 2007;179:1225–35.

	[24]	 Hadari YR, Arbel-Goren R, Levy Y, et al. Galectin-8 binding to 
integrins inhibits cell adhesion and induces apoptosis. J Cell Sci. 
2000;113:2385–97.

	[25]	 Thijssen VL, Hulsmans S, Griffioen AW. The galectin profile of the 
endothelium: Altered expression and localization in activated and 
tumor endothelial cells. Am J Pathol. 2008;172:545–53.

	[26]	 Weinmann D, Kenn M, Schmidt S, et al. Galectin-8 induces functional 
disease markers in human osteoarthritis and cooperates with galec-
tins-1 and -3. Cell Mol Life Sci. 2018;75:4187–205.

	[27]	 Zick Y, Eisenstein M, Goren RA, et al. Role of galectin-8 as a modula-
tor of cell adhesion and cell growth. Glycoconj J. 2004;19:517–26.

	[28]	 Cattaneo V, Tribulatti MV, Carabelli J, et al. Galectin-8 elicits pro-inflam-
matory activities in the endothelium. Glycobiology. 2014;24:966–73.

	[29]	 Cueni LN, Detmar M. Galectin-8 interacts with podoplanin and 
modulates lymphatic endothelial cell functions. Exp Cell Res. 
2009;315:1715–23.

	[30]	 Obino D, Fetler L, Soza A, et al. Galectin-8 favors the presentation of 
surface-tethered antigens by stabilizing the B cell immune synapse. Cell 
Rep. 2018;25:3110–3122 e3116.

	[31]	 Stancic M, van Horssen J, Thijssen VL, et al. Increased expression 
of distinct galectins in multiple sclerosis lesions. Neuropathol Appl 
Neurobiol. 2011;37:654–71.

	[32]	 Tribulatti MV, Figini MG, Carabelli J, et al. Redundant and antag-
onistic functions of galectin-1, -3, and -8 in the elicitation of T cell 
responses. J Immunol. 2012;188:2991–9.

	[33]	 Tsai CM, Guan CH, Hsieh HW, et al. Galectin-1 and galectin-8 have 
redundant roles in promoting plasma cell formation. J Immunol. 
2011;187:1643–52.

	[34]	 Stowell SR, Arthur CM, Dias-Baruffi M, et al. Innate immune lectins kill 
bacteria expressing blood group antigen. Nat Med. 2010;16:295–301.

	[35]	 Tribulatti MV, Cattaneo V, Hellman U, et al. Galectin-8 provides 
costimulatory and proliferative signals to T lymphocytes. J Leukoc Biol. 
2009;86:371–80.

	[36]	 Carabelli J, Quattrocchi V, D’Antuono A, et al. Galectin-8 activates 
dendritic cells and stimulates antigen-specific immune response elicita-
tion. J Leukoc Biol. 2017;102:1237–47.

	[37]	 Romaniuk MA, Tribulatti MV, Cattaneo V, et al. Human platelets 
express and are activated by galectin-8. Biochem J. 2010;432:535–47.



5

Cinkir et al.  •  Medicine (2023) 102:1� www.md-journal.com

	[38]	 Cattaneo V, Tribulatti MV, Campetella O. Galectin-8 tandem-repeat 
structure is essential for T-cell proliferation but not for co-stimulation. 
Biochem J. 2011;434:153–60.

	[39]	 Carcamo C, Pardo E, Oyanadel C, et al. Galectin-8 binds specific β1 
integrins and induces polarized spreading highlighted by asymmetric 
lamellipodia in Jurkat T cells. Exp Cell Res. 2006;312:374–86.

	[40]	 Yamamoto H, Nishi N, Shoji H, et al. Induction of cell adhesion by galec-
tin-8 and its target molecules in Jurkat T-cells. J Biochem. 2008;143:311–24.

	[41]	 Pardo E, Carcamo C, Uribe-San Martin R, et al. Galectin-8 as an immu-
nosuppressor in experimental autoimmune encephalomyelitis and a 
target of human early prognostic antibodies in multiple sclerosis. PLoS 
One. 2017;12:e0177472.

	[42]	 Sampson JF, Hasegawa E, Mulki L, et al. Galectin-8 ameliorates 
murine autoimmune ocular pathology and promotes a regulatory T cell 
response. PLoS One. 2015;10:e0130772.

	[43]	 Banchereau J, Briere F, Caux C, et al. Immunobiology of dendritic cells. 
Annu Rev Immunol. 2000;18:767–811.

	[44]	 Mobergslien A, Sioud M. Galectin-1 and -3 gene silencing in imma-
ture and mature dendritic cells enhances T cell activation and interfer-
on-gamma production. J Leukoc Biol. 2012;91:461–7.

	[45]	 Bax M, Garcia-Vallejo JJ, Jang-Lee J, et al. Dendritic cell maturation 
results in pronounced changes in glycan expression affecting recogni-
tion by siglecs and galectins. J Immunol. 2007;179:8216–24.

	[46]	 Carabelli J, Prato CA, Sanmarco LM, et al. Interleukin-6 signalling 
mediates galectin-8 costimulatory activity of antigen-specific CD4 
T-cell response. Immunology. 2018;155:379–86.

	[47]	 Nishi N, Shoji H, Seki M, et al. Galectin-8 modulates neutro-
phil function via interaction with integrin αM. Glycobiology. 
2003;13:755–63.

	[48]	 Fadok VA, Bratton DL, Rose DM, et al. A receptor for phosphatidylser-
ine-specific clearance of apoptotic cells. Nature. 2000;405:85–90.

	[49]	 Stowell SR, Karmakar S, Arthur CM, et al. Galectin-1 induces revers-
ible phosphatidylserine exposure at the plasma membrane. Mol Biol 
Cell. 2009;20:1408–18.

	[50]	 Stowell SR, Karmakar S, Stowell CJ, et al. Human galectin-1, -2, and 
-4 induce surface exposure of phosphatidylserine in activated human 
neutrophils but not in activated T cells. Blood. 2007;109:219–27.

	[51]	 Tribulatti MV, Carabelli J, Prato CA, et al. Galectin-8 in the 
onset of the immune response and inflammation. Glycobiology. 
2020;30:134–42.


