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Introduction

Abstract

Purpose: A lectin-like protein from the mushroom Agaricus bisporus has been shown to slightly
increase the proliferation of RAW 264.7 cells. Following its identification as a mannose-binding
lectin, henceforth called A. bisporus mannose-binding protein (Abmb), the protein is hypothesized
to stimulate the innate immune cells response. The present work was aimed to substantiate that
hypothesis. Furthermore, this study complements Abmb exploration as a potential agent for anti-
breast cancer, which its treatment is hampered with compromised immunity of patient receiving
chemotherapy.

Methods: Abmb’s effect on the phagocytic activity of the macrophage was measured with FACS.
Nitric oxide (NO) production was checked using Griess test while expression of the cytokines
in the RAW 264.7 cells was analysed at gene and protein level using polymerase chain reaction
(PCR) and FACS, respectively. Abmb’s effect on the expression of surface markers of the human
immune cells in the peripheral blood mononuclear cells (PBMCs) was checked with specific
antibodies for targeted cluster differentiation (CD) and analysed using FACS.

Results: Abmb increased the phagocytic activity of the macrophage and NO production. Abmb
increased the expression of cytokines i.e. tumour necrosis factor (TNF)-o, interleukin (IL)-6,
and IL-10. With the PBMCs, Abmb activated dendritic and natural killer (NK) cells, but not the
B- or T-cells.

Conclusion: Abmb increased the activity of the macrophage cells and activated the immune cells
that are related to the innate immune system, particularly the cellular immunity.

structure contains no calcium and belongs to the ricin

The light subunit of mushroom Agaricus bisporus
tyrosinase (LSMT) was found to slightly enhance the
proliferation of RAW 264.7 cells (macrophage).' Recently,
LSMT was identified to specifically bind mannose and
mannitol, but not galactose, glucose, nor sorbitol.” Hence,
LSMT was renamed to Abmb (A. bisporus mannose-
binding protein). That recent finding may explain Abmb
effect on the macrophage because mannose-binding
protein (MBP) is a key player in the innate immune
system.> Most of MBP structurally has the collectin type
lectin (CTL) fold that contains calcium, which is required
to bind mannosyl-sugars.* MBP with non-CTL structure
can induce the immune cell response as demonstrated
by concanavalin. Concanavalin has a f-prism fold, binds
glucose, and requires metal ions for sugar-binding.> Abmb

B-like type lectin (RTL).*” RTL exclusively consists of
glucose-/galactose-binding protein and requires no metal
cofactor to bind its sugar target.® RTL could also influence
the immune cells response as demonstrated by sMTL-
13 that increases IFN-y production by the peripheral
blood mononuclear cells (PBMCs) in the blood serum of
active tuberculosis patients.” Furthermore, the residues
responsible for sugar recognition in RTL are equally
present in Abmb."” Hence, Abmb effect on the immune
cells must be substantiated.

Abmb does not evoke the generation of IgG in Swiss
Webster and Balb/c mouse even after 12 weeks of weekly
administration period. Histopathological evaluation
further suggests that Abmb does not induce organ
damage.'""? Thus, Abmb is not immunogenic or toxic.

*Corresponding Author: Heni Rachmawati, Email: h_rachmawati@fa.itb.ac.id

© 2024 The Author (s). This is an Open Access article distributed under the terms of the Creative Commons Attribution (CC BY), which permits
unrestricted use, distribution, and reproduction in any medium, as long as the original authors and source are cited. No permission is required
from the authors or the publishers.


https://doi.org/10.34172/apb.43767
https://apb.tbzmed.ac.ir
https://orcid.org/0000-0001-5467-5343
https://orcid.org/0000-0002-1072-2475
https://orcid.org/0000-0002-0450-3954
https://orcid.org/0000-0003-0461-9874
https://orcid.org/0000-0003-1968-0002
mailto:h_rachmawati@fa.itb.ac.id
https://crossmark.crossref.org/dialog/?doi=10.34172/apb.43767&domain=pdf&date_stamp=2024-12-30

Abmb stimulates the cellular innate immunity

That early study also indicates that Abmb likely has no
effect on the adaptive immune system. One of Abmb’s
closest structural homologs (thus an RTL), HA-33 from
the botulinum toxin complex, has been reported to
evoke the generation of IgG in mice.”* However, HA-33
is a galactose-binding lectin. The other Abmb’s closest
structural homolog is the mushroom Clitocybe nebularis
lectin (CNL), which induces the maturation and activation
of dendritic cells (DCs)."* CNLs effect on macrophage has
not been reported. Like HA-33, CNL is also a galactose-
binding protein. This situation indicates that Abmb might
exert its activity differently to its structural homologs.

Lectin has been strongly linked to stimulation and/
or activation of the innate immune system via the
complementary lectin pathway, which is based on glycan/
sugar recognition upon interaction with the receptor
on the cell surface.” Hence, the type of glycan dictates
the pathway to activate.”” Phagocytic activity of the
macrophage is the most common effect induced by lectin,
but the reaction cascade in the cells depends on which
receptor is activated.'® In this instance, CTL and RTL
exert their activity differently due to differences in their
sugar targeting.*® As for Abmb, exploring its effect on the
immune cells becomes challenging.

Here, the Abmb effect on the macrophage was evaluated
in terms of phagocytic activity, production of nitric
oxide (NO), and cytokines i.e. tumour necrosis factor
(TNF)-q, interleukin-6 (IL-6), IL-10. Abmb effect on
human immunity was studied through the expression of
surface markers for T-, B-, natural killer (NK), dendritic,
and monocyte/macrophage (M/M) cells in PBMC. The
present study provides more hints for further works to
elucidate the pathway upon stimulation of the immune
cells by Abmb.

Material and Methods

Materials

The chemicals were purchased from Merck (Darmstadt,
Germany) except when specifically mentioned. Abmb was
prepared according to a previous report.'” Details of Abmb
preparation is provided in Supplementary file 1. The RAW
264.7 cells were from ATCC, and the tissue culture media
was from Gibco (Grand Island, NY, USA). PBMC were
isolated from human blood, obtained from donors with
their consent. Reagents for FACS analysis were from BD
Biosciences (San Jose, CA, USA).

Abmb effect on the macrophage cells

RAW 264.7 cells were grown in a 96-well plate
(Thermo Fischer Scientific, Singapore) according to the
previous report.” Abmb was added to the cells at a final
concentration of 0.18-1.41 puM. The phagocytosis assay
was performed as described by Sharma with a minor
modification'® at a final Abmb concentration of 0.35-1.41
uM. Briefly, the fluorescence beads were opsonized with
FBS for 1 hour before use. The beads were incubated with

Abmb for 2 hours, added to the macrophage cells, and
incubated for another 2 hours. The fluorescence signal
of the engulfed beads was measured in a FACSCalibur
system (BD Biosciences, San Jose, CA, USA) and were
analysed with the Cell Quest program. The amount
of NO in the cell media was measured using Griess
reagent (Promega, Madison, WI, USA). The cytokine
gene expression analysis was done from the total RNA
sample collected at 2, 18, 24 and 48 hours of incubation.
RNA was isolated using RiboEx (GeneAll, Seoul, Korea)
and cDNA was generated from total RNA sample using
ReverTra Ace (Toyobo, Osaka, Japan). Amplification
was done using GoTaq (Promega, Madison, WI, USA)
and performed in a T3000 Thermocycler (Biometra,
Gottingen, German). Images were captured using Chemi-
Doc (BioRad, Singapore). The relative levels of target gene
mRNA expression were normalized to actin as the internal
control. Gene expression was evaluated using gene-
specific primers for TNF-a, IL-6, IL-10, and actin (marker)
(Table S1, Supplementary file 1). The cytokine analysis
at the mRNA level was performed using a cytometric
bead array mouse inflammation kit (BD Biosciences, San
Jose, CA, USA) following the manufacturer’s instruction.
Lipopolysaccharide (LPS) (at ~0.01 pM; ~1 pg/mlL,
assuming the size is ~ 100 kDa) was employed as the
positive control to illustrate when the immune system is
activated.

Cell surface marker analysis

The analysis used specific antibodies for the targeted
cluster differentiation (CD) in the whole blood
sample. After 24 hours of treatment with Abmb (added
concentration of 1.41 uM), PBMC cells were collected by
centrifugation at 4 °C, suspended in PBS, and aliquot in
10-mL sample tubes. PBS was used as the control. CD was
cross-reacted for 30 minutes and then the cells were then
centrifuged, washed and suspended in PBS. Conjugate of
CD-antibody was measured with a FACSCalibur system
(BD Biosciences, San Jose, CA, USA) and analysed with the
Cell Quest program. The CD antibodies were purchased
from Invitrogen (Thermo Fischer Scientific, Singapore),
BioLegend (San Diego, CA, USA) and BD Bioscience (San
Jose, CA, USA).

Statistical analysis

Statistics were determined by unpaired t-test analysis
using QuickCalcs (GraphPad Software, Boston, MA,
USA). Values are expressed as mean + standard deviation
(SD) derived from at least three independent experiments
with P<0.05 considered as significant.

Results

Abmb effect on proliferation of macrophage

Previously, the effect of Abmb on macrophage was
reported to become obvious at concentrations higher than
1.41 uM.! In the present study, the effect was checked at
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lower Abmb concentrations to recognise the macrophage
cells sensitivity towards the protein. The result shows
that Abmb started to induce macrophage proliferation
at 0.35 uM (Figure 1A). This concentration is lower than
reported previously.'! Further, Abmb ability to increase the
proliferation of macrophage was diminished when the
protein was incubated with mannose prior to addition
to the cells to block its sugar binding site (Figure 1B).
Mannose itself has negligible effect on the proliferation,
which is in agreement with the report of others."” Similar
result was observed upon testing with the MCF-7 cells,
where Abmb also loss its ability to supress the proliferation
of the breast cancer cells when the protein was pre-
incubated with mannose.? The loss of Abmb effect upon
blocking with mannose provides a hint for the protein’s
mechanism of action.

Finally, Abmb slightly increased phagocytic activity
of macrophage (Figure 1C) and increasing Abmb
amount did not enhance phagocytic activity. Thus,
Abmb appears to increase macrophage’s proliferation
and phagocytic activity, but the effect is restrained. This
result is also similar to Abmb effect to the breast cancer
cells, where the protein only causes growth arrest at low
concentrations as demonstrated with the MCF-7"* and
MDA-MB-231 cells.”” MBP is widely known to bind
specifically breast cancer cells, which are abundantly
decorated by mannose-type glycans.”**' Mannose and

lectin interaction is also well known in regulation of
immunity.” This study provides further support for the
relationship between immunity and cancer, in which
cellular immunity response is able to counter internal
infection and deal with cancerous cells.”

Abmb’s effect on production of NO and the cytokines
Abmb increased NO production in the macrophage cells,
and the increase was related to Abmb concentration
(Figure 2A). The effect of Abmb addition at 0.18 and 0.35
uM to NO production was not significant and the value
was lower than that of LPS, which was employed as the
control. This result indicates that the effect of Abmb was
clean from LPS because the effect should increase as the
concentration increased (due to dilution factor of the
sample). LPS at very low concentration has been reported
to induce chemokines and cytokines.” Further, this result
also correlates with the output of the screening (see
previous part). An increased in the NO production level
is indicative for the stimulation of cytokine production,
particularly by TNF-a. Thus, production of the cytokines
upon addition of Abmb was further investigated.

Abmb increased the protein level of TNF-a, IL-6, and
IL-10 after 24 hours (Figure 2B). However, the increase
was only significant for IL-6 (~50-fold) while that of
TNF-a and IL-10 was 1.5- and 3-fold, respectively
(Figure 2B). Thus, Abmb induces pro-inflammatory
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Figure 1. (A) Proliferation of the RAW 264.7 cells upon 24-hours treatment with Abmb at an increasing concentration. (B) The fluorescence values of cells treated
with Abmb, mannose, and their combination relative to the control. (C) Phagocytic activity of Abmb at increasing concentrations on RAW 264.7 cells. The values

are expressed as mean+SD (*P<0.05, compared to the control)
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reaction and the subsequent counterbalance. This finding
agrees with the report that RTL increases the production
of NO and the expression of TNF-a and IL-6 genes.**
Further, although the cytokine expression at protein level
upon induction with Abmb was similar to that of LPS, the
expression profile at gene level was different. At the gene
level, the expression level of TNF-a, IL-6, and IL-10 upon
addition of Abmb increased already in the first hour. With
TNF-aq, the level rapidly increased to more than double
up to 18th hours and then returned to basal. This return
is normal as the cell has responded to the stimulation.*
The return may also be related to the IL-10 expression,
which appears to follow that of TNF-a. This counteractive
action was reflected with their protein levels. Meanwhile,
after its initial increase, IL-6 gene expression was relatively
stagnant, but its protein level remained high. Thus, IL-6
appears not to be countered by IL-10, or its degradation
mechanism was not active. Finally, the protein level of
monocyte chemotactic protein (MCP)-1 was also doubled
(data not shown), which further supported that the
cellular immune cells response is active.

RTL induces NO production and expression of TNF-a

Nitric oxide

A (uM) =

control

LPS Abmb

and IL-6 genes occurs via the TLR-4 pathway, as shown
by the Ricin toxin-binding subunit B.*® The pathway is
adopted upon maturation and activation of DC by CNL."
MBL also interacts with TLR-4 to exert its activity.”
Thus, Abmb could adopt this pathway. However, the
mechanistic action of Abmb is not yet clear because it can
either binds a surface receptor that structurally contain
mannosyl glycan, interact directly with a surface receptor,
or compete with a surface receptor to bind the glycan on
its cellular molecule target.

Abmb’s effect on the population of human innate
immune cells
Abmb effect on immune cells in PBMC was evaluated
through detection of their specific CD markers, which
are CD56 (NK cells), CD107 (activated NK cells),
CD209 (monocyte-derived immature and mature DC),
CD83 (mature DC), CD163 (M2 macrophage), and
CD36 (Monocyte/Macrophage) after 24 hours of Abmb
administration (Figure 3).

Abmb slightly increased the cell population of CD56 but
not CD107, which suggests that NK cells were activated,
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Figure 2. (A) Production level of NO in the absence and presence of Abmb at increasing concentration. (B) Protein level of cytokines after 24 hours of Abmb
addition; at gene level is in time course (the red box indicates the gene level at 24th hours correspond to the protein level). The figure legends are indicated next
to the vertical and bottom horizontal axis. The values are expressed as mean+SD (*P<0.05, compared to the control)

A 50 - cell population
(%)

40 m control

Abmb
304
20 I
10 =

CD56 CDI107a CD209 CD83 CDI163 CD36 1
NK cell Dendritic Monocyte

B

Y

NK cells
0.27%

control
0.05%

CDS8 PerCP

. 266%

0 10
Abmb

1 ot
COAOTAFITC

0.48% 0.45%)

10 102
CO107AFITC

. dendritic cells control - M/M cells control
—‘i 0.13% 0.02% | 0.0% 0.0%
mc:? ngi

1 a 1

] g 1
o Say
-1 8 4.92%

- a

5]

0.79%

10

102
CD8O3FIC

100 10°
Abmb

10

o 0w
COBFIC
5 Abmb

0.35%

0.13%

o 102
CDS0AFTC

4.27%)

10° 10

103

0.06%) 0.03%

1

CO183 PeCP

6.19%

10! 10
COBATC
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but not becoming cytotoxic. Abmb might have a regulatory
function because NK cells action is restrained. CD107a is
normally up regulated upon stimulation of the NK cells
disregard the secreted cytokines.®® NK cells promote
maturation and subsequent activation of DC through the
secretion of TNF-a and IFN-y that in turn releases IL-
12 to activate NK cells.?? NK cells also destroy immature
DC and hence it has been employed to discriminate the
mature and immature DC.*

Abmb increased the population of CD83 but not CD209.
The result suggests that Abmb participates in maturation/
activation of DC but not in DC differentiation from
monocytes. CD83 is the marker for mature DC, which
is considered as the link between innate and adaptive
immunity for its ability to stimulate naive T-cells.”
CD209 is the surface marker for monocyte-derived DC
(immature and mature).”? Maturation of DC involves
surface pattern recognition receptor, one of which is
CD209 that specifically recognizes mannose. CD209 binds
mannose at the positions C2-OH/C3-OH and the binding
involves two glutamate and one asparagine residues,
which is typical for CTL.** The mannose-binding in Abmb
likely includes two aspartate and one glutamine residues,'
thus similar to CD209. Based on this, Abmb and CD209
may compete for the binding of cellular molecule with a
mannosyl ligand. Finally, Abmb did not change the level of
CD163 and CD36, which are the surface markers for M2
macrophage* and M/M,* respectively. The latter set of
CDs further suggest that monocyte was not differentiated
into macrophages in the presence of Abmb.

The above results show that Abmb could stimulate
synergic action of NK cells and DC, which has been
developed asa powerful strategy in anti-cancer immunity.*
The mechanism of Abmb action on macrophage and
breast cancer cells is still elusive. Breast cancer cells could
modify the surrounding microenvironment and thereby
escape the immune system.” Compromised immunity is a
major issue in breast cancer therapy: the patients receiving
adjuvant therapy with doxorubicin and cyclophosphamide
are exposed to high risk of grade-3 infection due to the
lower mannose-binding lectin 2 expression in their body.*
Supplementation of MBP during anticancer therapy is
one of strategies in immunotherapy® and Abmb could be
developed for that purpose.

Finally, Abmb effect is apparent to DC maturation and
NK cell activation, which may lead to the activation of
adaptive immunity. Further, additional testing showed
that Abmb administration did not elevate the expression
level of CD3 and CD25 (T-cells marker) and CD20
(B-cells marker) (data not shown). Thus, Abmb appears
not to evoke the adaptive and only stimulate the innate
immune system. This result concurs with Abmb non-
immunogenic profile. The latter further suggests that
Abmb does not stimulate humoral immunity because no
antibody was generated, and the T cells were not activated.
Abmb probably stimulates the non-adaptive cellular

immunity response.

Conclusion

Abmb increased proliferation and phagocytic activity of
the macrophage but in a restrained fashion. Similarly,
Abmb also increased the expression of NO and TNF-a
genes but the effect was restrained. This was further
observed with the NK cells, which was activated but not
becoming cytotoxic. Thus, Abmb could stimulate the
immune cells response but not excessively to induce pro-
inflammatory reaction. The present works support Abmb
development as an immunotherapy agent. However,
the observed phenomena could not yet determine the
pathway adopted by Abmb to exert its activity: it could be
as an RTL or CTL. At the moment, the study using glycan
microarray to reveal Abmb’s target on the cell surface is
in pursue.

Author’s contribution

Conceptualization: Wangsa Tirta Ismaya, Heni Rachmawati.

Data curation: Agung Heru Karsono.

Formal analysis: Olivia Mayasari Tandrasasmita, Agung Heru
Karsono, Wangsa Tirta Ismaya.

Funding acquisition: Heni Rachmawati, Raymond Rubianto
Tjandrawinata.

Investigation: Heni Rachmawati, Wangsa Tirta Ismaya.
Methodology: Olivia Mayasari Tandrasasmita, Agung Heru Karsono,
Wangsa Tirta Ismaya.

Project administration: Heni Rachmawati.

Resources: Heni Rachmawati, Raymond Rubianto Tjandrawinata.
Software: Agung Heru Karsono, Wangsa Tirta Ismaya.

Supervision: Olivia Mayasari Tandrasasmita, Wangsa Tirta Ismaya.
Validation: Olivia Mayasari Tandrasasmita, Wangsa Tirta Ismaya,
Heni Rachmawati.

Visualization: Agung Heru Karsono, Wangsa Tirta Ismaya.
Writing—original draft: Wangsa Tirta Ismaya, Olivia Mayasari
Tandrasasmita, Agung Heru Karsono.

Writing-review & editing: Wangsa Tirta Ismaya, Heni Rachmawati.

Competing Interests
The authors declare no conflicts of interest.

Ethical Approval
No ethical issues to declare. No specific material, animal, or human
subject used in this study.

Funding

The works have been supported by the Ministry of Research and
Technology Republic of Indonesia (Contract 315/IT1.B07.1/SPP-
LPPM/V1/2024) and by Dexa Medica.

Supplementary Files
Supplementary file 1 contains Table ST and Figure S1.

References

1. Ismaya WT, Tandrasasmita OM, Sundari S, Diana, Lai X,
Retnoningrum DS, et al. The light subunit of mushroom
Agaricus bisporus tyrosinase: Its biological characteristics
and implications. Int J Biol Macromol 2017;102:308-14. doi:
10.1016/j.ijpiomac.2017.04.014

2. Rachmawati H, Sundari S, Nabila N, Tandrasasmita OM,
Amalia R, Siahaan TJ, et al. Orf239342 from the mushroom
Agaricus bisporus is a mannose binding protein. Biochem

948|  Advanced Pharmaceutical Bulletin. 2024;14(4)


https://doi.org/10.1016/j.ijbiomac.2017.04.014

Abmb stimulates the cellular innate immunity

Biophys Res Commun 2019;515(1):99-103. doi: 10.1016/j.
bbrc.2019.05.107

Dob6 J, Kocsis A, Farkas B, Demeter F, Cervenak L, Gal P.
The lectin pathway of the complement system-activation,
regulation, disease connections and interplay with other
(proteolytic) systems. Int | Mol Sci 2024;25(3):1566. doi:
10.3390/ijms25031566

Cummings RD, Chiffoleau E, van Kooyk Y, McEver RP. C-type
lectins. In: Varki A, Cummings RD, Esko JD, Stanley P, Hart
GW, Aebi M, et al, eds. Essentials of Glycobiology. 4th ed.
Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press;
2022. doi: 10.1101/glycobiology.4e.34

Bouckaert J, Dewallef Y, Poortmans F, Wyns L, Loris R. The
structural features of concanavalin A governing non-proline
peptide isomerization. / Biol Chem 2000;275(26):19778-87.
doi: 10.1074/jbc.M001251200

Lai X, Soler-Lopez M, Ismaya WT, Wichers HJ, Dijkstra
BW. Crystal structure of recombinant tyrosinase-binding
protein Mtal at 1.35 A resolution. Acta Crystallogr F
Struct Biol Commun 2016;72(Pt 3):244-50. doi: 10.1107/
s2053230x16002107

Ismaya WT, Tjandrawinata RR, Dijkstra BW, Beintema JJ,
Nabila N, Rachmawati H. Relationship of Agaricus bisporus
mannose-binding protein to lectins with p-trefoil fold.
Biochem Biophys Res Commun 2020;527(4):1027-32. doi:
10.1016/j.bbrc.2020.05.030

Cummings RD, Schnaar RL, Ozeki Y. R-type lectins. In: Varki
A, Cummings RD, Esko JD, Stanley P, Hart GW, Aebi M, et al,
eds. Essentials of Glycobiology. 4th ed. Cold Spring Harbor,
NY: Cold Spring Harbor Laboratory Press; 2022. doi: 10.1101/
glycobiology.4e.31

Nogueira L, Cardoso FC, Mattos AM, Bordignon J, Figueiredo
CP, Dahlstrom P, et al. Mycobacterium tuberculosis Rv1419
encodes a secreted 13 kDa lectin with immunological
reactivity during human tuberculosis. Eur | Immunol
2010;40(3):744-53. doi: 10.1002/€ji.200939747

Ismaya WT, Tjandrawinata RR, Rachmawati H. Prediction of
the mannose-binding site in the Agaricus bisporus mannose-
binding protein. Protein | 2021;40(4):554-61. doi: 10.1007/
s10930-021-09993-6

Ismaya WT, Efthyani A, Tjandrawinata RR, Rachmawati H.
Biological responses in Balb/c mice after long-term parenteral
administration of the light subunit of mushroom tyrosinase.
| Biochem Mol Toxicol 2017;31(11):21958. doi: 10.1002/
jbt.21958

Ismaya WT, Efthyani A, Retnoningrum DS, Lai X, Dijkstra BW,
TjandrawinataRR, etal. Study of response of Swiss Webster mice
to light subunit of mushroom tyrosinase. Biotech Histochem
2017;92(6):411-6. doi: 10.1080/10520295.2017.1339912
Sayadmanesh A, Ebrahimi F, Hajizade A, Rostamian M,
Keshavarz H. Expression and purification of neurotoxin-
associated protein HA-33/A from Clostridium botulinum and
evaluation of its antigenicity. fran Biomed | 2013;17(4):165-
70. doi: 10.6091/ibj.1216.2013

Svajger U, Pohleven J, Kos J, Strukelj B, Jeras M. CNL, a ricin
B-like lectin from mushroom Clitocybe nebularis, induces
maturation and activation of dendritic cells via the toll-like
receptor 4 pathway. Immunology 2011;134(4):409-18. doi:
10.1111/j.1365-2567.2011.03500.x

Pinho SS, Alves I, Gaifem J, Rabinovich GA. Immune
regulatory networks coordinated by glycans and glycan-
binding proteins in autoimmunity and infection. Cell Mol
Immunol 2023;20(10):1101-13. doi: 10.1038/s41423-023-
01074-1

Taylor ME, Drickamer K, Imberty A, van Kooyk Y, Schnaar RL,
Etzler ME, et al. Discovery and classification of glycan-binding
proteins. In: Varki A, Cummings RD, Esko JD, Stanley P, Hart

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

GW, Aebi M, et al, eds. Essentials of Glycobiology. 4th ed.
Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press;
2022. doi: 10.1101/glycobiology.4e.28

Azzahra F, Amalia R, Karsono AH, Tjandrawinata RR,
Ismaya WT, Rachmawati H. The mannose-binding protein
from Agaricus bisporus inhibits the growth of MDA-MB-231
spheroids. Chem Biol Drug Des 2024;103(1):e14365. doi:
10.1111/cbdd. 14365

Sharma L, Wu W, Dholakiya SL, Gorasiya S, Wu J, Sitapara R, et
al. Assessment of phagocytic activity of cultured macrophages
using fluorescence microscopy and flow cytometry. Methods
Mol Biol 2014;1172:137-45. doi: 10.1007/978-1-4939-0928-
5_12

Torretta S, Scagliola A, Ricci L, Mainini F, Di Marco S,
Cuccovillo |, et al. D-mannose suppresses macrophage IL-10
production. Nat Commun 2020;11(1):6343. doi: 10.1038/
s41467-020-20164-6

Thomas-Moore BA, Dedola S, Russell DA, Field RA, Marin MJ.
Targeted photodynamic therapy for breast cancer: the potential
of glyconanoparticles. Nanoscale Adv 2023;5(23):6501-13.
doi: 10.1039/d3na00544e

Benesova I, Nenutil R, Urminsky A, Lattova E, Uhrik L, Grell P,
et al. N-glycan profiling of tissue samples to aid breast cancer
subtyping. Sci Rep 2024;14(1):320. doi: 10.1038/s41598-
023-51021-3

MaiorinoL, Daller-Plenker), SunL, Egeblad M. Innate immunity
and cancer pathophysiology. Annu Rev Pathol 2022;17:425-
57. doi: 10.1146/annurev-pathmechdis-032221-115501
Chaiwut R, Kasinrerk W. Very low concentration of
lipopolysaccharide can induce the production of various
cytokines and chemokines in human primary monocytes.
BMC Res Notes 2022;15(1):42. doi: 10.1186/s13104-022-
05941-4

Xu N, Yuan H, Liu W, Li S, LiuY, Wan J, et al. Activation of
RAW264.7 mouse macrophage cells in vitro through treatment
with recombinant ricin toxin-binding subunit B: involvement
of protein tyrosine, NF-kB and JAK-STAT kinase signaling
pathways. Int /| Mol Med 2013;32(3):729-35. doi: 10.3892/
ijmm.2013.1426

Xu N, Yu K, Yu H, Zhang J, Yang Y, Dong M, et al. Recombinant
ricin toxin binding subunit B (RTB) stimulates production of
TNF-a by mouse macrophages through activation of TLR4
signaling pathway. Front Pharmacol 2020;11:526129. doi:
10.3389/fphar.2020.526129

Baer M, Dillner A, Schwartz RC, Sedon C, Nedospasov
S, Johnson PF. Tumor necrosis factor alpha transcription
in macrophages is attenuated by an autocrine factor that
preferentially induces NF-kappaB p50. Mol Cell Biol
1998;18(10):5678-89. doi: 10.1128/mcb.18.10.5678

Wang M, ChenY, Zhang Y, Zhang L, Lu X, Chen Z. Mannan-
binding lectin directly interacts with Toll-like receptor 4 and
suppresses lipopolysaccharide-induced inflammatory cytokine
secretion from THP-1 cells. Cell Mol Immunol 2011;8(3):265-
75. doi: 10.1038/cmi.2011.1

Van Acker HH, Capsomidis A, Smits EL, Van Tendeloo VF. CD56
in the immune system: more than a marker for cytotoxicity?
Front Immunol 2017;8:892. doi: 10.3389/fimmu.2017.00892
Vivier E, Tomasello E, Baratin M, Walzer T, Ugolini S.
Functions of natural killer cells. Nat Immunol 2008;9(5):503-
10. doi: 10.1038/ni1582

Ferlazzo G, Moretta L. Dendritic cell editing by natural killer
cells. Crit Rev Oncog 2014;19(1-2):67-75. doi: 10.1615/
critrevoncog.2014010827

Grosche L, Knippertz I, Kénig C, Royzman D, Wild AB,
Zinser E, et al. The CD83 molecule - an important immune
checkpoint. Front Immunol 2020;11:721. doi: 10.3389/
fimmu.2020.00721

Advanced Pharmaceutical Bulletin. 2024;14(4) | 949


https://doi.org/10.1016/j.bbrc.2019.05.107
https://doi.org/10.1016/j.bbrc.2019.05.107
https://doi.org/10.3390/ijms25031566
https://doi.org/10.1101/glycobiology.4e.34
https://doi.org/10.1074/jbc.M001251200
https://doi.org/10.1107/s2053230x16002107
https://doi.org/10.1107/s2053230x16002107
https://doi.org/10.1016/j.bbrc.2020.05.030
https://doi.org/10.1101/glycobiology.4e.31
https://doi.org/10.1101/glycobiology.4e.31
https://doi.org/10.1002/eji.200939747
https://doi.org/10.1007/s10930-021-09993-6
https://doi.org/10.1007/s10930-021-09993-6
https://doi.org/10.1002/jbt.21958
https://doi.org/10.1002/jbt.21958
https://doi.org/10.1080/10520295.2017.1339912
https://doi.org/10.6091/ibj.1216.2013
https://doi.org/10.1111/j.1365-2567.2011.03500.x
https://doi.org/10.1038/s41423-023-01074-1
https://doi.org/10.1038/s41423-023-01074-1
https://doi.org/10.1101/glycobiology.4e.28
https://doi.org/10.1111/cbdd.14365
https://doi.org/10.1007/978-1-4939-0928-5_12
https://doi.org/10.1007/978-1-4939-0928-5_12
https://doi.org/10.1038/s41467-020-20164-6
https://doi.org/10.1038/s41467-020-20164-6
https://doi.org/10.1039/d3na00544e
https://doi.org/10.1038/s41598-023-51021-3
https://doi.org/10.1038/s41598-023-51021-3
https://doi.org/10.1146/annurev-pathmechdis-032221-115501
https://doi.org/10.1186/s13104-022-05941-4
https://doi.org/10.1186/s13104-022-05941-4
https://doi.org/10.3892/ijmm.2013.1426
https://doi.org/10.3892/ijmm.2013.1426
https://doi.org/10.3389/fphar.2020.526129
https://doi.org/10.1128/mcb.18.10.5678
https://doi.org/10.1038/cmi.2011.1
https://doi.org/10.3389/fimmu.2017.00892
https://doi.org/10.1038/ni1582
https://doi.org/10.1615/critrevoncog.2014010827
https://doi.org/10.1615/critrevoncog.2014010827
https://doi.org/10.3389/fimmu.2020.00721
https://doi.org/10.3389/fimmu.2020.00721

Ismaya et al

32.

33.

34.

35.

36.

Kim MK, Kim J. Properties of immature and mature dendritic
cells: phenotype, morphology, phagocytosis, and migration.
RSC Adv 2019;9(20):11230-8. doi: 10.1039/c9ra00818g
Martinez JD, Valverde P, Delgado S, Romano C, Linclau B,
Reichardt NC, et al. Unraveling sugar binding modes to DC-
SIGN by employing fluorinated carbohydrates. Molecules
2019;24(12):2337. doi: 10.3390/molecules24122337

Hu JM, Liu K, Liu JH, Jiang XL, Wang XL, Chen YZ, et al.
CD163 as a marker of M2 macrophage, contribute to predicte
aggressiveness and prognosis of Kazakh esophageal squamous
cell carcinoma. Oncotarget 2017;8(13):21526-38. doi:
10.18632/oncotarget. 15630

Zamora C, Cantdé E, Nieto JC, Angels Ortiz M, Juarez C,
Vidal S. Functional consequences of CD36 downregulation
by TLR signals. Cytokine 2012;60(1):257-65. doi: 10.1016/j.
cyt0.2012.06.020

Peterson EE, Barry KC. The natural killer-dendritic cell immune

37.

38.

39.

axis in anti-cancer immunity and immunotherapy. Front
Immunol 2020;11:621254. doi: 10.3389/fimmu.2020.621254
Kundu M, Butti R, Panda VK, Malhotra D, Das S, Mitra T, et al.
Modulation of the tumor microenvironment and mechanism
of immunotherapy-based drug resistance in breast cancer. Mol
Cancer 2024;23(1):92. doi: 10.1186/s12943-024-01990-4
Jamieson D, Sunter N, Muro S, Pouché L, Cresti N,
Lee J, et al. Pharmacogenetic association of MBL2 and
CD95 polymorphisms with grade 3 infection following
adjuvant therapy for breast cancer with doxorubicin and
cyclophosphamide. Eur J Cancer 2017;71:15-24. doi:
10.1016/j.ejca.2016.10.035

Debien V, De Caluwé A, Wang X, Piccart-Gebhart M, Tuohy
VK, Romano E, et al. Immunotherapy in breast cancer: an
overview of current strategies and perspectives. NP/ Breast
Cancer 2023;9(1):7. doi: 10.1038/s41523-023-00508-3

950

Advanced Pharmaceutical Bulletin. 2024;14(4)


https://doi.org/10.1039/c9ra00818g
https://doi.org/10.3390/molecules24122337
https://doi.org/10.18632/oncotarget.15630
https://doi.org/10.1016/j.cyto.2012.06.020
https://doi.org/10.1016/j.cyto.2012.06.020
https://doi.org/10.3389/fimmu.2020.621254
https://doi.org/10.1186/s12943-024-01990-4
https://doi.org/10.1016/j.ejca.2016.10.035
https://doi.org/10.1038/s41523-023-00508-3

