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In humans, a total of 12 galectins have been identified. These galectins play important roles in controlling immune
responses within the tumour microenvironment (TME) and the infiltration of immune cells, including different
subsets of T cells, macrophages, and neutrophils, to fight against cancer cells. However, these infiltrating cells also
have repair roles and are hijacked by cancer cells for pro-tumorigenic activities. Upon a better understanding of the
immunomodulating functions of galectin-3 and -9, their inhibitors, namely, GB1211 and LYT-200, have been
selected as candidates for clinical trials. The use of these galectin inhibitors as combined treatments with current
immune checkpoint inhibitors (ICIs) is also undergoing clinical trial investigations. Through their network of binding
partners, inhibition of galectin have broad downstream effects acting on CD8" cytotoxic T cells, regulatory T cells
(Tregs), Natural Killer (NK) cells, and macrophages as well as playing pro-inflammatory roles, inhibiting T-cell

exhaustion to support the fight against cancer cells.

galectins intracellular secretory immune checkpoint inhibitors immuno-oncology therapy

| 1. Introduction

The function of the immune system in fighting cancer cells has been of long-standing interest in the context of
cancer therapies W, with research dating back to William B. Coley’s study in 1819 [2. Since the first ICI, Cytotoxic-
T-lympocyte-antigen-4 (CTLA-4), also known as ipilimumab (Yervoy), was tested and approved for the treatment of
metastatic melanoma in 2015 B4 the number of checkpoint inhibitors has increased. In particular, when
programmed cell death/ligand-1 (PD-1/PD-L1) immune checkpoint proteins are identified, these checkpoint
inhibitors are now the standard regimen for immuno-oncology (I-O) therapy when tackling different solid tumours
Bl. The most common PD-1 and PD-L1 inhibitors are pembrolizumab (Keytruda), nivolumab (Opdivo), cemiplimab
(Libtayo), atezolizumab (Tecentrig), nivolumab (Bavencio), and durvalumab (Imfinzi) €. In addition, ipilimumab
(Yervoy) is the most common CTLA-4 inhibitor. However, the response rates (RRs) of this approach vary according
to types and lines of treatment 4. It has been found to have a good-to-moderate response, with over a 50% RR
against classic Hodgkin's lymphoma, melanoma, and first-line combination-treated non-small cell lung cancer
(NSCLC). However, some cancers, such as extensive-stage small cell lung cancer (SCLC), hepatocellular
carcinoma (HCC), PD-L1* gastric (gastroesophageal junction type), and cervical cancers, have shown less than a
25% RR.

The current challenges to the efficiency of I-O therapies include the exhaustion of cytotoxic T cells 8! and the need
to increase the subpopulation of Tregs and other immune cells during immunosuppression &, To combat these

challenges, other immunomodulators have been identified, such as T-cell immunoreceptor with immunoglobulin
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and ITIM domains (TIGIT). TIGIT is found in T cells, NK cells, and tumour cells. The mechanism of immune
inactivation may occur through ITIM-dependent negative pathways 29, Numerous TIGIT antibodies, including
BMS-986207, tiragolumab, and vibostolimab, have been developed and tested in clinical trials (11 The recent
results of these trials, such as CITYSCRAPE [12 have generated additional interest in investigating any novel
immunosuppressors and their interacting protein mechanisms. The results of the subsequent phase Il trials, such
as the SKYSCRAPER series (NCT04619707, NCT04513925, NCT046665843, etc.), will need further analysis to
enhance this approach to treatment. A list of this series of studies was summarised by Brazel et al. (2023) 23],

Recently, galectins have been identified as immunomodulators 4, joining TIGIT as new potential targets for
immunotherapies. The potential candidate reagents and ongoing trial studies are listed in Table 1. In particular,
newly developed reagents, such as GB1211 (131 a galectin-3 small-molecule inhibitor, and LYT-200, an anti-
galectin-9 humanised antibody, are currently on trial (NCT05240131/GALLANT-1 and NCT04666688, respectively).
The safety of GB1211 has also been reported, with limited grade 1 and grade 2 adverse effects in healthy
participants (NCT03809052) 18], The efficiency of these candidates in the current trial studies will further support
the use of galectins in cancer treatments in combination with PD-1/PD-L1 and TIGIT. Other galectin inhibitors, such

as OTX008 and ProLectin-M, have also been investigated in mouse animal model studies [1Z118][19120]

Table 1. Clinical trial studies (extracted from ClinicalTrials.gov, accessed on 11 May 2023).

Target Drug Phase Cancer Type Intervention
NCT01724320
Galectin- ]
N OTX008 I Solid tumours Status unknown

(updated: 2012)

Galectin- NCT02117362
&
I Metastatic melanoma
Completed
Belapectin (updated: 2019)
(GR-MD-02) NCT02575404 [21]
I Metastatic melanoma, NSCLC,
HNSCC Active (updated:
2022)
GB1211 I Healthy subjects NCT03809052 [16]
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Target Drug

GCS-100

GM-CT-01

PectaSol-C, modified

citrus pectin (MCP) 22

Galactomannan/

ProLectin-M [

Galectin- LYT-200 (monoclonal
9 antibody against galectin-

9)

Phase

I

I/

N/A

Cancer Type

NSCLC

Relapsed/Refractory diffuse large-B-

cell ymphoma

Breast, colorectal, head and neck,

lung, prostate

Non-cancer-related: study for high

blood pressure control

Non-cancer-related: antagonist for
COVID-19

Acute myeloid leukaemia

Intervention

Completed
(updated: 2021)

NCT05240131

Recruiting
(updated: 2023)

NCTO00776802

Withdrawn as

funding issue

(updated: 2013)

NCT00054977

Completed
(updated: 2012)

NCT01960946

Completed
(updated: 2021)

NCT05096052

Recruiting

(updated: 2022)

NCT05829226

Recruiting
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Target Drug Phase Cancer Type Intervention

(updated: 2023)

NCT04666688 . .
Metastatic cancer in head and neck, AIr protein
11 colorectal, pancreatic, or urothelial Recruiting ytoplasm
24 rigins ns, which
(updated: 2023) e (K) and
arginine (l), followed by around 12-16 [25] reticulum

(ER). The secretory proteins are then embedded inside lipid bilayer vesicles and transported via budding-off into
the Golgi apparatus, after which the vesicles can be further fused with the cell membrane to export the protein
outside the cell 28, However, further analysis of the coding and protein sequence of galectins has resulted in no
signal peptide sequence being detected. Their secretory forms are suspected to be produced through the non-
canonical secretion pathway 27]128] " ynlike other proteins, their recognition is not based on protein peptides in the
form of amino acid chains on the binding partner(s). Galectins contain a carbohydrate-recognition domain (CRD)
as a binding motif to recognise the glycosylation sites on other proteins and for binding. The CRD mainly detects
glycoproteins and is required for post-translational modification. Their immunological roles have been established
and reviewed 22, Different galectins have been identified that bind with immune cells, such as cytotoxic T cells,
dendritic cells, and macrophages, to regulate cancer cell immunosurveillance (also listed in Table 2). The roles of

these human galectins are discussed in further detail below.
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Figure 1. Locations of galectin genes in the human genome. Twenty galectin genes have been identified and are

located on chromosomes 1, 11, 14, 17, 19, and 22. The partial g arms of chromosomes 1 and 11 are only shown to
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reflect the scale, and the scale bar represents 15 megabase pairs (Mbp) in gene distance.

Galectin-3 (chimera type) © - : O
*NH;{ — F' ' '“.-:' s " modification i -
coo . cBn GROL3Y = Ay

~28 kDa Galectin-3

Galectin-4, -8, -9 and -12 {Tandem -repeat type) '

~34-39 kDa Galemn-g

Galectin-1, -2, -7, -10, -13, -14 and -16 (Prototype)

)—>)(

~14-15 kDa

Figure 2. Protein domain structures of galectins and their inhibitors. Only the galectin-3 protein contains CRD
domain and an extra amino domain allowing it to form an oligomer (upper panel). A protein containing two distinct
CRDs, galectin-4, 6, 8, 9, and 12 (middle panel). A single CRD protein that can form homo-dimers, galectin-1, 2,
5,7,10, 11, 13, 14, and 16 (lower panel). GB1211 and LYT-200 represent a newly developed galectin-3-specific
inhibitor 22! and a humanised monoclonal antibody against galectin-9, respectively, and are currently under clinical

trial.
Table 2. Intracellular and extracellular binding partners of 12 human galectins.
Gene/Protein Name Intracellular
Extracellular
(Chromosome Position %) (Cytoplasmic/Nucleus)
LGALS1/Galectin-1 Cytoplasmic: CC and CXC chemokines [23
(Chr. 22g13.1) GRP78 21 CD43 [381137]
Gemin4 22 CD45 [36](38]
H-Ras 3! NRP1 [39
PCDH24 34 VEGER2 [40]
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Gene/Protein Name Intracellular

(Chromosome Position %) (Cytoplasmic/Nucleus)

LGALS2/Galectin-2

(Chr. 22g913.1)

Cytoplasmic:

Alix (EGFR trafficking) [42]43]144]

Gemin4 [32
LGALS3/Galectin-3 K-Ras [45][46]
(Chr. 14g22.3) PCDH24 [24]
Nucleus:

hnRNPA2B1 471

Sp1 8l
LGALS4/Galectin-4
(Chr. 19913.2)
LGALS7/Galectin-7 Cytoplasmic:
(Chr. 19913.2) Bcl-2 53]

LGALSS8/Galectin-8

Extracellular

Binds to surface of
CD14(interm—high) monocyte and
promote M1 macrophage
differentiation (41!

CC and CXC chemokines 22
CD29 49
CD43 9]
CD45 149
CD71 49
EGFR 50
Interferon-y B4
Integrin ayP3 48
LAG3 32

MuUcC1 =31

CD3 24

aM (CD11b, neutrophils) (8!
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Gene/Protein Name Intracellular
Extracellular

(Chromosome Position %) (Cytoplasmic/Nucleus)

(Chr. 1g43) cD166 51

Podoplanin B89

4-1BB [62]
CD40 (€3]
CD44 [64]
Cytoplasmic: CD206 [63]

Binding to intracellular TIM-3 to modulate Dectin-1 (macrophages) (68

LGALS9/Galectin-9 mTOR phosphorylation 69
DR3 61

(Chr. 17911.2) Cytoplasmic—Lysosomes:
PD-1 [68]

Interact with Lamp2 to regulate lysosomal
PDI (6920

functions and autophagy [61]
TCR 12

TIM-3 e8Izl

VISTA (2]

Cytoplasmic—Granules:

LGALS10/Galectin-

10/Charcot-Leyden Eosinophil-derived neurotoxin EDN (RNS2) and

crystal protein CLC eosinophil cationic protein ECP (RNS3) co-
localised with CD63. It is required for the

(Chr. 19913.2) maturation of eosinophil during granulogenesis

[z6]

LGALS12/Galectin- Cytoplasmic—Endosome/Lysosomes:

12/GRIP1
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Gene/Protein Name Intracellular
Extracellular
(Chromosome Position %) (Cytoplasmic/Nucleus)
(Chr. 11g12.3) VPS13C in lipid droplets and promotes the

polarisation to M1 macrophage via TLR4
pathway A8l

Binds to T lymphocytes and

LGALS13/Galectin-13/ induces apoptosis (89,
Nucleus:
placental protein 13 Binds to neutrophils and shifts
HOXA1 to immunoregulatory 539—
(Chr. 19913.2) phenotype and promotes high

PD-L1 expression (&1

LGALS14/Galectin-14 Binds to T lymphocytes and alez, R.;
alectin- | .
induces apoptosis &2 nts with
Chr. 19q13.2
| e c-Rel (2
ancer
LGALS16/Galectin-16
c-Rel B3 ancer:
(Chr. 19913.2) 62

6. Pandey, P.; Khan, F.; Qari, H.A.; Upadhyay, T.K.; Alkhateeb, A.F.; Oves, M. Revolutionization in
Cancer Therapeutics via Targeting Major Immune Checkpoints PD-1, PD-L1 and CTLA-4.

Remairmggleoldp%%ge %ase 'on tﬁe galectin’s structure: chimera type (galectin-3) is highlighted in light blue;
tanddnaunep dat;typel asioity Hlig Htedvike ighBgréeanprototype ldizargy, bedh higaticgited. T.; Keegan, P,
Veeraraghavan, J.; Wei, G.; Blumenthal, G.M.; et al. Systematic Review of PD-1/PD-L1 Inhibitors

I 31 Ci‘-“fﬂ‘iWBréfﬁﬁﬁsft‘f"EéH@‘iﬂée to Public Health. Oncologist 2021, 26, e1786—e1799.
8. Chow, A.; Perica, K.; Klebanoff, C.A.; Wolchok, J.D. Clinical implications of T cell exhaustion for

3.1 Availabilitynf Galectindpesificinhibiters 19 775 790,

Quckogasid, t. (Hehstasd, dize Nishikavra ptdteiRagtiatopyolerelsunwancardiminlimp Siko pregsites—have been
revéaipt dations dauamnticiac endierapyeddarnBe N B sQdies! B20AB uhBe 3%GreBlof protein structures and
f h I I inhibi I f

Y B or PR  HLBBIE PTEL REE:, RRRIE: MRS bepggvea? o SEsTeLors
ey, (TR RSSYR, Eg %%tézatIgﬁua%'fo'éﬁaﬁ%% F-AMLART SealSof HBgR
peptidomimetics, and (4) humanised monoclonal antibodies 2. Their structures and binding affinities to galectin-1,

galectin-3, and galectin-9 were fully reviewed by Marifio et al. (2023) [14] Interestingly, further NMR spectroscopic
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andBises i looghpéifiivenBL ISalsndiheg ddsdiip e\ rdhg pisnes atrclion afdesTdSildtdspacjtcs stsfatkyochesc
hydvbelpGapceretieary20dde 28PVE)—ddiblymers with multi-GalB4GIcNAc (LacNAc), which is specific to the
1TRPISIL QRREHB . 4t e A AT SR ALY b A RREALYSH NS RBERCPpl o

.érghscélpdcoljr%s&%éorn%1&8”%\/(\5&% 9f,nﬁ'_fiﬁf’99_f]_£f)tem'al small-molecular inhibitors for future applications.

In addition, peptide inhibitors and monoclonal antibodies are also useful to target secreted galectins and not

1idtebR Rtk -iROFRkacBIRar 1SS RIN gMechirRPE, MiniRatetnd dideSredts NNl Belebbr¥asaidinRes for

synthiESisiRy; of iy sfad ohlRimdiEagRIIRRP AisARTP BWPaRivessHR P aetkR RlvG &le7RliZzHrak 3
galéchirstding treatmentdanfe-L1-selected non-small-cell lung cancer (CITYSCAPE): Primary and
follow-up analyses of a randomised, double-blind, phase 2 study. Lancet Oncol. 2022, 23, 781—

3.ZRpplications, Safety/Pitfalls/Limitations, and Ongoing Clinical Trials

13 BEaz8l Bl ki NAL35AK A MibSRg9 el (AR TIGEL, S5 ha S KSR aRe n fT QUS NG,
for Il?r%%”r?’n‘el‘a%?%ig,avr\]/ﬁgrreT%@?aﬁigct‘oelé'szaorggun]a%mlﬂ)g'pass through the blood-brain barrier. In addition, the

limmindd dmallaiNty, G agmong fels; Wditdcithe @ntRatinoueisy M. Asedetingega diotiaidnivemthegiiatericls in
patigintivgtn watestasan defilsitssissudat aR éve Dray RisteRiR) 232 2e296pBeat of different small-molecule

inhibitors for PD-1/PD-L1 is ongoing B2, Fuyrther understanding of the resident and infiltrating immune cells across

15. Zetterberg, F.R.; MacKinnon, A.; Bnr@rt, T.; Gravelle, L.; Johnsson, R.E.; Kahl-Knutson, B.;

to the brain/spine via the blogd—brain barrier might make the impossible possible. o .
Leffler, H.; Nilsson, U.J.; Pedersen, A.; Peterson, K.; et al. Discovery and Optimization of the First

T UMARIRIE AR AL RIRRIS CRGeUI2 AP DRPTR for A SRt NNl LERlG RIRF R rokch to

imp%\e/g'trgi\'sh(sema |<9n2§h(?§1elgl§r%gmt]y2(§3[§é treatment regimen. Combinations of ICIs and other inhibitors in the

1fermsiainisbionSatikoites. oMECKinaEnbee T thiedlietba! gdaatsindies. Bravdhe, dommitesus, incliding
cytotefiler] ldefIBrdsksels,; &iuriteir S1kibitetyamSefetgsamdtiphahmdddikineticsqufrgBb2drthesiretalthe anti-
tumgalgstiosBoeh ifikdling\ tsingles-calfed multiple-dose first-in-human study in healthy participants.

Cancer Chemother. Pharmacol. 2023, 91, 267-280.
The potential pitfalls of galectin inhibitors in future treatments should be noted in drug development. The first

i ARITOY SRR RIS BT RR R ADALRNS: A S oYM RAPIRYIERS BuiuPiE NG e
moddslaush Mai A GramAnt oA Martingte My S YIONIS Fri! e ORS00 ARelosr ke smalimelseyie
gl DL OT 2 Bl be ARY P IRR BN GPTCR BTl eratian -ITYasieD AR mounangISdERE s

areEnuerUt‘r]()p(f%ﬁlsr]Cv%Fli%lqla%bcs)ghtzfdc')?%vgrﬂ' ?33% of all leukocytes 9. This issue is not easily addressed even in

1I8rGrased P Ge Rigteld 2E datedifflour tE fodesstingadedti- bribfibtmrOTae08soeferhivh aanho maic diial
studigecimoarditcel| s indistes sevtiathry eofeast sdettiandah@IMAPKIER Kepptheesy. FArcixa@rig, BittcD3has
beer3=hoh@6@3Bay important roles against pathogens (921 For subjects treated with galectin-3 inhibitors, infection-

related adverse effects in subsequent phase 2 or 3 trial studies should be noted as a safety parameter. Treatment
19. Koonce, N.A.; Griffin, R.J.; Dings, R.P.M. Galectin-1 Inhibitor OTX008 Induces Tumor Vessel

using galectin-9 inhibitors also raises similar concerns to galectin-3-inhibitor treatment and can affect different
ormalization and Tumor Growth Inhibition in Human Head and Neck Squamous Cell Carcinoma

types of immune cells. It may also raise additional concerns regarding autoimmune issues.
Models. Int. J. Mol. Sci. 2017, 18, 2671.

28ithasghgmm ke eR@F adieysS $erHIVIAESE Avk LineMtableXn |-, taHTivnt, Niwe, AcRINeFagnef, WARsEyring
trea@hentCeiiecipvbetter DrdHosst aid Gateatinutcproen dids Ihdatdde atar baluitionaeandethersbaobirmigd
usinbegartieesicreifiectis @ TXOOB! gidoctinsdcerwtfitbtreatchsolrafbaibfiactivmandelde Josxge Clin.cOahived
tregRueNt3@Lold3s: drduated and determined in clinical trial settings and provide guidelines for regimens and any
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