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MicroRNA:Siglec crosstalk in cancer progression
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Abstract
Aberrant Siglec expression in the tumour microenvironment
has been implicated in tumour malignancies and can impact
tumour behaviour and patient survival. Further to this,
engagement with sialoglycans induces masked antigen
recognition and promotes immune evasion, highlighting
deregulated immune function. This necessitates the elucida-
tion of their expression profiles in tumour progression. Micro-
RNAs (miRNAs) mediated targeting represents a novel
approach to further elucidate Siglec potential and clinical
relevance. Although miRNA activity in Siglec expression re-
mains limited, we highlight current literature detailing
miRNA:Siglec interactions within the tumour landscape and
provide insights for possible diagnostic and therapeutic stra-
tegies in targeting the Siglec/sialic acid axis.
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General overview
Human cells express a great variety of receptors and li-
gands on their membranes that enable optimal homeo-
stasis and intact cellular processes. The aberrant
expression of membrane glycolipids and glycoproteins in
addition to the unique distribution of surface molecules,
including sialic acid (Sia)-containing glycoconjugates,
have attracted research attention due to their
www.sciencedirect.com
involvement in various pathologies including cancer [1].
The acquisition of further scientific findings and
knowledge needs to be elucidated to fully understand
their comprehensive functions and implications in
health and pathogenesis.

Under normal homeostatic conditions, glycans exhibit
multiple functions, such as enabling communication

with both neighbouring cells and the immune system. In
the tumour landscape, the role of sialic acidebinding
immunoglobulin-type lectins (Siglecs) disrupts normal
immune signalling, thus promoting tumour progression
[2]. This review provides an opinion regarding recently
studied miRNA-Siglec interactions and their effects on
tumour progression.

Siglec structure, function, and ligand interaction
To date, a total of 15 human and 9 murine Siglec proteins
have been identified and are classified into distinct
groups based on sequence homology and domain con-
servation [3]. The groups that share high sequence and
functional homology are outlined as Sialoadhesin (Siglec-

1), cluster of differentiation 22 (CD22 or Siglec-2),
myelin-associated glycoprotein (MAG or Siglec-4), and
Siglec-15 with approximately 50%e80% similarity. In
contrast, the remaining Siglec family members are char-
acterised by lower sequence similarity (25e30%), due to
structural heterogeneity related to less conserved Ig-
domain-encoding due to rapid evolutionary events [4].

Siglecs are type-I transmembrane proteins consisting of
several structural domains. Each Siglec possesses a var-
iable number of C2-type domains and an N-terminal

Veset binding domain located on the extracellular
region, essential for sialoglycan binding [5]. Moreover,
each Siglec has preferential complementarity towards
respective sialoglycan ligands, such as those exhibiting
a2,8-, a2,6- or a2,3 glycosidic linkages [6,7]. The
intracellular constituent motifs displayed can be either
immunoreceptor tyrosine-based inhibition or activation
motifs (ITIM and ITAM, respectively) and define the
overall functionality of the Siglec receptor in relation to
immune function [8]. Upon sialoglycan engagement,
activating Siglec signalling occurs via the recruitment

and interaction with the adapter protein DNAX-
activation protein 12 (DAP12). In comparison to their
ITIM inhibitory Siglec counterparts, canonical down-
stream signalling is determined via the recruitment of
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Src tyrosine phosphatases SHP1 and SHP2, reducing
immune activation [9].

Siglec role in cancer
Aberrant expression of Siglecs and the overall Siglec/Sia
axis are implicated in tumour onset and progression,
displaying increased receptoreligand interactions that
pose detrimental effects on immune signalling [10].
Immune cells express Siglecs to interact with surface-
exposed sialoglycans. This interaction triggers inhibi-
tory signalling, hindering the detection and elimination

of tumour cells via effective immune response genera-
tion [11]. Further to this, tumour cells highly express
sialoglycans to induce Siglec engagement to evade
immune surveillance, posing as a unique driver that
emphasises enhanced binding and masked antigen
recognition, preventing immune cell activation [11]. For
instance, Siglec-15 expression is exhibited on the sur-
face of tumours cells and TAMs. Upon binding with the
STn antigen, Siglec-15 plays a role in immune modula-
tion and the development of a heterogeneous TME
[12]. Furthermore, Siglec-7/-9 activity modulates the

activation of NK cell mediated cytotoxicity. Sialoglycan
engagement with these inhibitory Siglecs stimulates
downstream immunosuppressive signalling that down-
regulates NK cell activation. Moreover, this interaction
diminishes NK cells’ ability to effectively release cyto-
toxic granules and IFN-g, reducing the anti-tumour
response [13]. Additionally, Siglec-10/CD24 activity
facilitate monocytic differentiation to pro-tumorigenic
polarised macrophage and enhances tumour growth
and metastasis through the release of IL-10 and TGF-
b [14].

Dysregulation of sialylation expression patterns and
glycosylation post-translational modifications are typi-
cally associated with cancer hallmarks. These changes
include erroneous branching of N-glycans, incomplete
O-glycan sequences, truncation and hypersialylation
resulting from the deregulation of sialyltransferase and
neuraminidase activity [15]. As a result, modified
sialoglycan production increases Siglec engagement on
tumour cell membranes, leading to immune evasion,
increased tumour growth and metastasis [16].

In addition to this, Siglecs exhibit distinct expression
profiles across several myeloid cell populations, thus
playing a key role in immune regulation. In particular,
Siglec activity promotes tumour microenvironment
(TME) development, including polarization of mono-
cytic differentiation to pro-tumorigenic polarised
macrophage phenotype or the altered cytotoxic func-
tionality and activation of immune cells [12].

Mutually exclusive expression of Siglec-15 and PD-L1

on cancer populations underscores Siglec-15 targeting
in PD-L1 negative patients. Encouraging patient
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response with a Siglec-15 monoclonal antibody (NC318)
was shown in PD-L1 treatment resistant patients,
leading to possible combination therapeutic strategies
[17]. Furthermore, a humanised monoclonal antibody
(Epratzumab) was shown to have a positive response in
CD22 targeting and was well tolerated in non-Hodgkin’s
lymphoma patients in early phase I/II clinical trials [18].
Pre-clinical models also highlight potential implications

of Siglec expression patterns in tumour progression.
Blocking the Siglec-10/CD24 axis via a CD24-Fc vaccine
emphasised reduced immune related adverse events in
neuroblastoma murine models [19]. Similarly, CAR-T
therapies targeting CD22 in B cell malignancies have
shown promising patient response, having been inves-
tigated in pre-clinical and clinical trials, following pa-
tient relapses with CD19 CAR-T therapies [20].

Overall, the alteration of the homeostatic balance be-
tween Siglec/Sia engagement has been demonstrated to

lead to an immunosuppressive TME, which corresponds
to an increasingly described feature in cancer [21].
However, there is a need for further elucidation of their
gene expression regulation in tumour progression. One
such instance involves miRNA mediated Siglec regula-
tion in cancer. Although the context of Siglec:miRNA
interactions remains limited in the literature, there is a
correlation linking deregulated Siglec expression pat-
terns and miRNA activity on advanced tumour stage and
tumour type. A previous study exhibited LINC00973
acting as a molecular sponge of miR-7109, preventing its

binding to SIGLEC15. In addition, their interactions
were associated with advanced tumour grades in clear
cell renal cell carcinoma (ccRCC) and modulated
SIGLEC15 expression at the transcriptional level [22].
Similarly, overexpression of miR-494 in CD33 MDSCs
constituted to greater tumour heterogeneity and
significantly correlated with advanced tumour stage and
histological grade [23]. Thus, this could outline the
development of new miRNA-based therapeutic ap-
proaches targeting the Siglec/Sia axis in immuno-
therapy (Figure 1).
MicroRNA biogenesis and function
MicroRNAs (miRNAs) are small, non-coding single-
stranded RNA molecules that regulate gene expression
[24,25]. MiRNAs have been related to many biological
processes, such as embryonal development, human

cancer, neurodegenerative and cardiovascular disorders,
diabetes, and metabolic diseases [26e29]. Given their
multifunctional biological relevance, miRNAs have
gained significant importance as potential candidates for
diagnostic and prognostic biomarkers and possible
therapeutic agents [26]. Thus, it is important to un-
derstand howmiRNAs are synthesized and how they can
modulate gene expression. There are two pathways that
define the biogenesis of miRNAs, namely the canonical
and non-canonical pathways (Figure 2).
www.sciencedirect.com
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Figure 1

MicroRNA mediated Siglec regulation. Within the TME, Siglec-sialoglycan interactions mask antigen recognition on tumour cells, promoting tumour
progression and metastasis. The involvement of microRNA on Siglec gene regulation has the potential to impact Siglec loss of function and revert the
activation of the immune response against tumour cells. This figure was created with BioRender.com.
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Canonical miRNA biogenesis
The canonical miRNA biogenesis is a multistep process
that transforms primary miRNA transcripts (pri-
miRNAs) into functional, mature single-stranded
miRNAs that associate with Argonaute (Ago) proteins

to form the Ago complex, which usually is referred to as
the RNA-induced silencing complex (RISC) [30].

MiRNA synthesis begins within the nucleus, where
RNA polymerase II transcribes a DNA sequence
encoding a miRNA gene. This results in the formation of
a long, 50 capped, and 30 polyadenylated pri-miRNA
transcript characterised with a hairpin structure [31].
Within the nucleus, the pri-miRNA encounters the
microprocessor complex, a trimer formed by one Drosha
and two DiGeorge syndrome critical region gene 8

(DGCR8) molecules [32]. Drosha, an RNase III
enzyme, recognizes and cleaves the pri-miRNA,
releasing a shorter, hairpin-shaped RNA molecule
called a precursor miRNA (pre-miRNA) [30]. Following
Drosha-DGCR8 processing, the pre-miRNA is exported
from the nucleus to the cytoplasm. This step is facili-
tated by the Exportin-5 (XPO5)/RanGTP complex.
XPO5 interacts with pre-miRNA in a sequence-
independent manner and in the presence of a GTP-
binding nuclear protein Ran (RanGTP) [33].
www.sciencedirect.com
Once in the cytoplasm, the pre-miRNA encounters the
Dicer complex. Dicer, another RNase III enzyme, rec-
ognises the pre-miRNA and cleaves it at a defined po-

sition. This cleavage event generates a short, double-
stranded miRNA duplex containing the mature
miRNA and its passenger strand [34]. Once the miRNA
duplex is formed, it is loaded into an Ago protein with
the help of the Hsc70/Hsp90 chaperone machinery in an
ATP dependent manner [35]. This miRNA duplex can
be loaded into any of the four proteins of the Ago pro-
teins, with preferential loading on the most abundant
Ago2 paralog [36]. Upon Ago complex association, one
miRNA duplex strand (mature guide miRNA) is
retained, while the other (passenger strand) is discar-

ded, forming a single-stranded RNA-induced silencing
complex (RISC). Notably, both 5’ (5p) and 3’ (3p)
derived miRNAs could exert functionality on target
mRNAs [37].

The mature miRNA loaded onto the RISC complex is
guided towards its complementary mRNA targets within
the cytosol. Target recognition primarily relies on base-
pairing interactions between the miRNA seed region
(nucleotides 2e7/8 of the mature miRNA) and the
complementary sequence within the mRNA 30 un-

translated region (UTR) [38]. This interaction leads to
Current Opinion in Chemical Biology 2024, 81:102502
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Figure 2

An overview of the canonical and non-canonical pathways of miRNA biogenesis. The canonical miRNA biosynthesis commences with the tran-
scription of miRNA genes by RNA polymerase II or III, producing primary miRNA transcripts (pri-miRNA), which can be several hundred to thousands of
nucleotides (nts) long and might contain more than one hairpin structure. In the nucleus, the pri-miRNA transcripts are recognised and cleaved by the
Drosha enzyme (RNase III enzyme) and its co-factor, the Di-George Syndrome Critical Region 8 (DGCR8) enzyme. Once bound to each other, they form
a microprocessor complex which recognises the RNA stem loop and cleaves pri-miRNA to form 65–70 nts long precursor-miRNA (pre-miRNA). The
produced pre-miRNA is characterised by a two-nucleotide-long 30 overhang, which is subsequently recognised by a transmembrane protein, exportin 5,
which facilitates the export of the pre-miRNA to the cytoplasm, where its processing continues with the aid of Dicer. Dicer associates with the TAR-RNA
binding protein (TRBP) cofactor forming the Dicer-TRBP, which is incorporated in the removal of the terminal loop of the pre-miRNA and thus the pro-
duction of the mature double-stranded miRNA (dsRNA). The formed mature dsRNA is approximately 18–22 nts long and constitutes of a miRNA-guide
strand and a miRNA-passenger strand (miRNA/miRNA* or miR-3p/miR-5p, respectively). The strand with a lower 50-end stability, usually the guide strand,
subsequently associates with an RNA-induced silencing complex (RISC), which contains Argonaute (AGO 1–4) proteins. The miRNA-RISC complex is
then guided to a complementary mRNA sequence where it acts as a post-transcriptional regulator via inducing degradation or translational inhibition of
the target mRNA. This translational silencing occurs at the 30 untranslated region (UTR) region of the target mRNA. The non-canonical miRNA
biosynthesis includes pathways such as mirtron (a non-coding RNA molecule derived from introns) processing, omitting the Drosha/DGCR8 micro-
processor complex interaction and thus expanding the diversity of miRNA origins. This involves introns cleavage by spliceosomes or other debranching
enzymes present in the nucleus, resulting in the exclusion of the pre-miRNA hairpin, thus making the pre-miRNA ready for nucleus export via exportin 5
and further processing by Dicer. Another non-canonical miRNA biogenesis mechanism aids the generation of miR-3p strands via omitting the Dicer
cleavage. Instead, Ago2 and PARN ribonucleases remove the hairpin structure of the pre-miRNA and produce a miR-3p strand which can then act upon
its mRNA targets. This figure was created with BioRender.com.
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various modes of translational repression based on the
complementarity binding between the miRNA:mRNA
complex. During full complementarity binding, the

RISC complex can directly cleave the target mRNA,
Current Opinion in Chemical Biology 2024, 81:102502
leading to its full degradation. In contrast, partial
complementarity induces a wider range of regulatory
effects such as partial gene silencing and mRNA

destabilisation (Figure 2) [39].
www.sciencedirect.com
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Non-canonical miRNA biogenesis
In brief, non-canonical biogenesis utilises the Drosha/
DGCR8-independent and Dicer-independent pathways
in pre-miRNA transcript production. Mirtrons and viral
tRNA-like structures bypass the Drosha/DGCR8
microprocessor complex to generate the pre-miRNA
transcript. Additionally, m7G-capped pre-miRNAs uti-
lise a distinct export pathway and favour 3p-miRNA
incorporation into the silencing complex (Figure 2) [40].
Meanwhile, the Dicer-independent pathway requires
pre-miRNA cleavage supervised by Ago2, resulting in

the formation of a mature miRNA strand. Further
processing via 30 trimming is mediated by the PARN
ribonuclease enzyme, which can only generate func-
tional miRNA-3p [41].

MiRNA–Siglec interaction network
MiRNAeSiglec interactions represent an exciting
avenue for research in elucidating their therapeutic

potential and clinical relevance across the tumour
landscape (Table 1). This type of association has been
recently reported in bladder cancer. The upregulation of
BACH1-IT2 and its consequential impact on Siglec-15
expression, orchestrated by miR-4786-5p, offers a
compelling glimpse into the molecular intricacies un-
derlying cancer development [42]. BACH1-IT2 was seen
to promote tumour progression by suppressing miR-
4786, consequently increasing SIGLEC15 expression
on tumour cells facilitating greater immunosuppression
and heterogenous TME.

Similarly, the involvement of miRNAs such as miR-582-
5p and miR-7109 in the negative regulation of Siglec-15
expression in hepatocellular carcinoma (HCC) and
ccRCC respectively, has been reported [22,43]. In
HCC, the effect of sponging upon miR-582-5p by TUG1
resulted in elevated SIGLEC15 expression patterns,
indicating enhanced immunosuppression within HCC
cells and a greater number of inactivated T-cells [43].
Similarly, in ccRCC, the sponging of miR-7109 by
LINC00973 prevented effective miRNA binding and

regulation of the SIGLEC15 gene. This prompted
greater SIGLEC15 expression and immunosuppression
in the tumour cells [22]. These findings not only shed
light on the molecular interactions between miRNAs
and Siglecs in cancer progression but also hold promise
for the identification of potential diagnostic and thera-
peutic biomarkers.

Ahmad et al. explored the interplay between Siglec-15
and miRNAs in colorectal cancer (CRC) progression.
Utilisation of a small molecule inhibitor (SHG-8) was

predicted to bind to the Siglec-15 protein via the
ARG143 residue. Exposure to SHG-8 reduced tumour
progression and stimulated cytokine production from
differentiated macrophages. Therefore, this suggested a
potential activation of immune cells for an effective
immune response. Simultaneously, small RNA
www.sciencedirect.com
sequencing analysis demonstrated significant upregula-
tion of miR-6715b-3p, potentially targeting PTTG1IP, a
possible oncogene in CRC. This suggested a potential
regulatory axis involving Siglec-15 inhibition and sub-
sequent miRNA-driven oncogene suppression. Further
investigation into this regulatory axis is necessitated to
elucidate its clinical relevance to CRC progression.
However, its therapeutic potential holds promise for

novel CRC treatment strategies [44].

MiRNAeSiglec interactions can also act as a potential
therapeutic avenue in acute myeloid leukaemia (AML).
The interplay between miRNA-125b with the cell sur-
face marker CD33/SIGLEC3 is of growing interest. A
study investigated the potential of red blood cell-
derived extracellular vesicles (RBCEVs) for directed
delivery of anti-FLT3-ITD and anti-miR-125b oligonu-
cleotides in AML. CD33 conjugated antibody-coated
RBCEVs allowing for CD33þ specific targeting of AML

cells were loaded with antisense oligonucleotides
(ASOs) to inhibit FLT3-ITD or miR-125b. The
observed results demonstrated that the engineered EVs
reduced cellular viability and suppressed leukaemia
progression in vitro and in vivo due to the significant
increase in the uptake of RBCEVs. These results high-
light the importance of miR-125b and its regulation of
the CD33 gene [45].

Another report suggested that miRNA-Siglec in-
teractions have emerged as a valuable tool for chol-

angiocarcinoma (CCA) diagnosis and treatment [46].
MiR-3913-5p was identified as an independent prog-
nostic factor for CCA, with lower expression correlating
with poor survival outcomes. Further in vitro experi-
ments validated the differential expression of miR-
3913-5p in CCA, whereas computational target gene
prediction analysis identified RNF24 and SIGLEC10 as
potential downstream effectors of miR-3913-5p,
warranting further investigation [46]. MiR-3913-5p
was associated with the negative regulation of cell
metabolism, thus promoting tumour growth.
Conversely, SIGLEC10 potentially influenced metas-

tasis in CCA by altering cellular adhesion, whilst RNF24
affected tumour cell proliferation. Furthermore, a
computational approach highlighted miRNA involve-
ment in SIGLEC12 mediated tumorigenesis in kidney
renal papillary cell carcinomas (KRCC). Deregulated
expression of miR-133b/miR-654 and miR-574 was
predicted to modulate SIGLEC12 expression patterns.
Moreover, data may suggest Siglec-12þ KRCC tumours
upon miRNA exertion exhibit greater sensitisation to
immunotherapeutic checkpoint blockade [47]. Further
investigations highlighting the synergistic therapeutic

potentials of miR-319-5p and SIGLEC10, as well as the
miR-133b/miR-654 and miR-574/Siglec-12 axis, are
necessitated to validate their clinical relevance in CCA
and KRCC onset, respectively. Emerging technologies
such as small RNA-sequencing (sRNA-seq) and spatial
Current Opinion in Chemical Biology 2024, 81:102502
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transcriptomics approaches have provided insights to
our understanding of miRNA:Siglec interactions.
Sequencing analysis in combination with a multiomics
approach offered comprehensive insights into the com-
plex regulatory networking involving miRNAs and
Siglecs. These approaches identified regulatory path-
ways and characterisation of oncogenic targets that
impact the Siglec/Sia axis and its interactions on tumour

progression. The findings of Ahmad et al. suggested the
interplay of miR-6715b-3p with SIGLEC15 via PTTG1IP
through the use of sRNA-seq analysis, which suggested a
regulatory pathway associated with CRC progression
[44]. Furthermore, Rodriguez et al. bulk tissue tran-
scriptomics analysis revealed that the expression of
Siglec-7/-9 both correlated with myeloid cell markers
(TYROBP, FCER1G, C1QR and CD14) and co-
expressed on CD14þ myeloid cells in pancreatic
ductal adenocarcinoma (PDAC), suggesting these
sialylated tumour cells can play a part in controlling

immune suppression and provide new targets for cancer
immunotherapy [48].

Deregulated Siglec/miRNA networks may play a crucial
role in reducing sensitisation to immunotherapeutic
treatment. MiRNAs can modulate the expression of
Siglec genes to inhibit T-cell activation and promote
immunosuppression. It has been demonstrated that
miRNAs could impact immune checkpoint inhibitor
(ICI) efficacy. MiR-21, let-7a/b and miR-155 were
shown to regulate the polarisation of tumorigenic

macrophages [59e61]. In contrast, miR-28, miR-138
and miR-149 exhibited greater association for
enhanced T-cell exhaustion [62e64]. This may suggest
possible implications of miRNA activity in enhancing
treatment resistance in cancer. Nevertheless, pre-
clinical studies suggest a combination of miRNA-
based therapies with ICIs could overcome resistance
mechanisms and potentiate the treatment response to
immune checkpoint blockade in cancer patients. The
miRNA/Siglec network in initiating resistance to
immunotherapy remains largely unexplored. However,
further investigations on the Siglec/miRNA mediated

interactions could provide potential avenues for the
development of targeted immunotherapies that could
effectively overcome resistance.

However, miRNA-mediated Siglec regulation is not
solely limited to cancer. One study indicated upregu-
lated sialoadhesin expression in chronic obstructive
pulmonary disease (COPD) and presented miR-195-5p
targeting sialoadhesin expression, possibly emphasising
as a potential target in COPD treatment [65]. Similarly,
an in vivo study demonstrated that miR-1260 blocking

impeded sialoadhesin activity and inhibited the occur-
rence of inflammation in COPD murine models [66].
This highlights the interplay of miRNA-Siglec involve-
ment having significant implications in patient health.
The pathogenesis of Hirschsprung’s disease (HSCR), a
www.sciencedirect.com
rare congenital disorder characterised by the absence of
enteric neurons, has been linked to the interplay be-
tween miR-215 and its host gene, isoleucyl-tRNA syn-
thetase 2 (IARS2), along with their target SIGLEC8.
Expression analyses revealed that miR-215 levels were
significantly lower in the colon tissues of HSCR pa-
tients, positively correlating with IARS2 levels and
negatively with SIGLEC8 expression. These findings

suggest that the IARS2/miR-215/SIGLEC8 axis is a
critical factor in the development of HSCR [67]. A
recent study has demonstrated that in chronic hepatitis
C virus (HCV), miR-124 expression was associated with
STAT3 signalling promoting CD33þ MDSC differenti-
ation. They also suggested that the interaction between
miR-124 and RUNX1 stimulated the release of immu-
nosuppressive markers, such as iNOS and STAT3.
Silencing these interactions prevented MDSC differ-
entiation and enhanced CD4þT-cell activity, suggesting
a possible therapeutic application in conjunction with

antiviral treatment [68].

Elucidating miRNA:Siglec interactions present several
challenges within the clinical setting. Firstly, the in-
teractions involved between miRNA and Siglec activity
are highly complicated, leading to the difficult identi-
fication of downstream therapeutic targets. Further-
more, tissue specific expression patterns of miRNAs and
Siglecs pose challenges related to non-specific in-
teractions and off-target effects. Moreover, delivery
systems for miRNA-based therapeutics require further

optimisation for efficient and efficacious delivery to the
tumour site. In addition, variability in patient response
and individual differences related to genetic poly-
morphisms and gene heterogeneity may influence the
miRNA:Siglec interactive networks across patients.
Addressing these possible challenges is crucial for
elucidating the clinical relevance of miRNA:Siglec in-
teractions to enable their transition to clinical settings.
Conclusion
The intricate interplay among Siglecs, miRNAs, and
cancer progression unveils a compelling narrative within
the domains of immunology and oncology research.
Through meticulous investigations into various malig-
nancies, scientists have illuminated the crucial role of
miRNAs in modulating Siglec expression. This modu-
lation significantly impacts tumour behaviour and pa-

tient prognosis. While these examples suggest miRNA-
Siglec interactions can influence gene regulation, the
field is still developing. In conclusion, continued
exploration of these intricate molecular networks
promises to unravel possible diagnostic and therapeutic
avenues to enhance our understanding of cancer biology
and immune regulation.
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