
TYPE Original Research

PUBLISHED 24 August 2023

DOI 10.3389/fmicb.2023.1251475

OPEN ACCESS

EDITED BY

Guang-hui Zhao,

Northwest A&F University, China

REVIEWED BY

Xingju Song,

Guangxi University, China

Runhui Zhang,

Southwest Minzu University, China

*CORRESPONDENCE

Ran He

ranhe1991@sicau.edu.cn;

ranhe1991@hotmail.com

†These authors have contributed equally to this

work

RECEIVED 07 July 2023

ACCEPTED 03 August 2023

PUBLISHED 24 August 2023

CITATION

He R, Zhang Q, Xu L, Guo M, Gu X, Xie Y, Xu J

and Shen Z (2023) Characterization of a novel

galectin in Sarcoptes scabiei and its role in

regulating macrophage functions.

Front. Microbiol. 14:1251475.

doi: 10.3389/fmicb.2023.1251475

COPYRIGHT

© 2023 He, Zhang, Xu, Guo, Gu, Xie, Xu and

Shen. This is an open-access article distributed

under the terms of the Creative Commons

Attribution License (CC BY). The use,

distribution or reproduction in other forums is

permitted, provided the original author(s) and

the copyright owner(s) are credited and that

the original publication in this journal is cited, in

accordance with accepted academic practice.

No use, distribution or reproduction is

permitted which does not comply with these

terms.

Characterization of a novel
galectin in Sarcoptes scabiei and
its role in regulating macrophage
functions

Ran He1*†, Qian Zhang1†, Luyang Xu1, Maochuan Guo1,

Xiaobin Gu1, Yue Xie1, Jing Xu1 and Zhaoli Shen2

1Department of Parasitology, College of Veterinary Medicine, Sichuan Agricultural University, Chengdu,
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Sarcoptes scabiei (S. scabiei) endangers human and other mammalian health.

There has been limited research into S. scabiei pathogenic mechanisms and

the immunological interaction between S. scabiei and hosts. Galectins have

critical roles in biological processes such as cell adhesion, signal transduction,

and immune response mediation. Galectins of S. scabiei (SsGalectins) were

cloned, expressed, and identified, and their transcriptional levels in S. scabiei were

measured at various developmental stages. Fluorescent tissue localization was

performed on SsGalectins of S. scabiei and scabies skin. A mouse AD model was

constructed to evaluate the e�ect of rSsGalectins on skin pathogenic changes.

Quantitative polymerase chain reaction and enzyme-linked immunoassay were

used to identify macrophage polarization-related components and investigate

the immunoregulatory e�ect of rSsGalectins on mouse macrophages. The results

demonstrated that the S. scabiei infection causes macrophage infiltration in

the scabies skin. The rSsGalectins displayed strong reactogenicity, and distinct

genes of the SsGalectins were di�erently expressed in di�erent developmental

stages of S. scabiei. Fluorescence tissue localization revealed that the SsGalectins

were mainly in the mouthparts, intestines, and body surface. Additionally, S.

scabiei could secrete SsGalectins into the infected skin, proving that SsGalectins

were excretion and secretion proteins of S. scabiei. In the mouse atopic

dermatitis model, cutaneous macrophage infiltration and inflammation increase

after rSsGalectins injection. Simultaneously, when rSsGalectins acted on bone

marrow-derived macrophages, M1 macrophage-related polarization factors IL-

1β, IL-6, and inducible nitric oxide synthase all increased, demonstrating that

rSsGalectins can induceM1 polarization and produce pro-inflammatory cytokines.

In conclusion, the SsGalectins are involved in the pathogenic process of S. scabiei

by regulating the polarization of host macrophages to the M1 type when S. scabiei

invade the host and promoting the incidence and development of the host’s

inflammatory response. This study o�ers fresh light on the pathogenic process of

scabies mites, investigates the immunological interaction mechanism between S.

scabiei and the host, and o�ers new insights into S. scabiei prevention and therapy.
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FIGURE 7

Photographs of mice’s back skin from each group on day 15.

FIGURE 8

HandE staining of back skin sections. Scale bar = 200µm.

qPCR of inflammatory factors

The mRNA transcription levels of IL-1β, IL-6, IL-12, iNOS,
and Arg1 were higher in the rSsGAL-1, rSsGAL-2, rSsGAL-3,
rSsGAL-5, and recombinant pET32a groups than in the control
group (p < 0.01). Simultaneously, the levels of IL-4 and IL-10

mRNA transcription were increased (p < 0.05) in the rSsGAL-1
group, while the transcription of IL-10 mRNA was increased (p
< 0.05) in the rSsGAL-3 and rSsGAL-5 groups. The PBS group
and the blank control group had no significant change in the
relative transcription levels of inflammatory-related factors (p >

0.05) (Figure 11).
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FIGURE 9

Immunofluorescence staining of skin lesions. Green fluorescence indicates F4/80-labeled macrophages and blue fluorescence indicates

DAPI-labeled nuclei. Scale bar = 200µm.
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FIGURE 10

Flow cytometry detection of macrophages. After induction of mouse bone marrow-derived cells for 7 days, the expression of CD11b+ and F4/80+, a

marker molecule for macrophages, was detected by flow cytometry. FCS, Reactive cell volume; SSC, Reflects cell granularity.

ELISA of inflammatory factors

ELISA detection of inflammatory cytokines in BMDM cell
supernatant revealed that rSsGAL-1, rSsGAL-2, rSsGAL-3, and
rSsGAL-5 increased IL-10, IL-1β, IL-6, and iNOS (p < 0.01), but
Arg1 reduced (p < 0.01). TGF-β increased in the rSsGAL-3 group,
but there was no significant difference between the rSsGAL-1,
rSsGAL-2, and rSsGAL-5 groups (p > 0.05). Meanwhile, IL-10, IL-
1β, and iNOS levels were higher in the rSsGAL-1 and rSsGAL-3
groups than in the rSsGAL-2 and rSsGAL-5 groups. Only Arg1 rose
considerably in the PBS group (p > 0.05) (Figure 12).

Discussion

The parasite body surface contains a variety of complex
carbohydrates, including glycolipids, glycoproteins, and

glycosylated phosphatidylinositol glycolipids, and these
glycoconjugates play an important role in host invasion.
Specific interactions between parasite glycoconjugates
and host galectins are required for pathogen recognition.
Glycoconjugates cause pro-inflammatory effects in the
host, antigen presentation, and innate immune response
(Mascanfroni et al., 2011). Galectins have a high affinity for
β-galactoside and are involved in various physiological and
pathological processes, such as cell adhesion, apoptosis, and
inflammatory response.

F4/80 is a surface marker of macrophages and shows green
fluorescence, and the green fluorescence was stronger in the scabies
skin, demonstrating that S. scabiei invasion causes macrophage
infiltration in the host skin. S. scabiei has a life cycle that includes
eggs, larvae, nymphs, and adults. Eggs are typically found in the
meandering tunnels of the skin epidermis. By microscopy, the
larvae are tiny and difficult to distinguish from the nymphs. As
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FIGURE 11

Relative transcript levels of inflammatory-related factors in BMDM. Data are represented as the mean ± standard deviation (M ± SD) of three

replicates per groups. A one-way ANOVA analysis was used to analyze the variances between the groups. “*” is the secretion level of the treatment

group compared with the control group (*p < 0.05, **p < 0.01, ***p < 0.001).

FIGURE 12

Secretion levels of inflammatory-related factors in BMDM. Data are represented as the mean ± standard deviation (M ± SD) of three replicates per

groups. A one-way ANOVA analysis was used to analyze the variances between the groups, “*” is the secretion level of the treatment group

compared with the control group (*p < 0.05, **p < 0.01, ****p < 0.0001).
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a result, the larvae and nymphs are gathered together, while the
adult mites are collected separately in this study. SsGAL-1, SsGAL-
2, SsGAL-3, and SsGAL-5 were expressed at each developmental
stage of S. scabiei, with SsGAL-2 and SsGAL-5 having higher
transcript levels in adults, indicating that SsGalectins play a crucial
role in the development of S. scabiei, especially during scabies
mite pathogenesis. It has been observed that the transcriptional
level of galectins in Haemonchus contortus is discovered in distinct
developmental stages, and HcoGAL-1 is significantly expressed in
each developmental stage, HcoGAL-3 is exclusively expressed in
adults, and HcoGAL-4 is expressed in L3 larvae (Greenhalgh et al.,
2000). It implies that different galectins may participate in the
parasite’s life activities at various stages.

Based on the genomic sequence of S. scabiei, we cloned,
expressed, and discovered Galectins. The Western blot analysis
revealed that rSsGalectins were specifically recognized by
S. scabiei-positive rabbit serum and anti-Ss-GAL (1,2,3,5)
IgG. Immunohistochemical analysis of SsGalectins in scabies
skin revealed that SsGalectins could be secreted and diffused
into the host skin, confirming that rSsGalectins were an
essential component of ES antigens. SsGalectins may play a
significant role in parasite-induced inflammation in the host. As
a result, understanding the mechanism of scabies mites on host
inflammation is the primary goal for scabies mite prevention
and therapy.

By generating different cytokines and growth factors,
macrophages execute antigen presentation, phagocytosis, and
immunological control (Fujiwara and Kobayashi, 2005; Chazaud,
2020). Macrophages are crucial for the initiation, continuation,
and resolution of inflammation (Fujiwara and Kobayashi, 2005).
Macrophages can secrete some pro-inflammatory factors to
exacerbate inflammation and microbial clearance and can also
produce anti-inflammatory factors to inhibit inflammation
(Hofmann et al., 2010; Mounsey et al., 2015). This is due to a
process called macrophage polarization, which allows macrophages
to divide into cells with different functions in response to various
stimuli. According to classical immunology, they are categorized
as either classically activated macrophages (M1 macrophages) or
alternatively activated macrophages (M2 macrophages), depending
on the type of stimulus and the polarized cell phenotype. M1
macrophages primarily secrete pro-inflammatory factors, perform
immune defense and pro-inflammatory functions, and could
significantly increase iNOS and TNF-α levels. Thus, IL-6, IL-12,
iNOS, and TNF-α can be used as molecular markers to identify
M1 macrophages. On the contrary, M2 macrophages primarily
release anti-inflammatory factors and exhibit anti-inflammatory
effects, and their marker molecules include IL-10, Arginase 1
(Arg1), and TGF-β (Funes et al., 2018; Reichel et al., 2019).
Macrophage polarization is a dynamic process, and under specific
conditions, M1 and M2 types can be interconverted (Yang et al.,
2021). Early in local inflammation, the afflicted macrophages
exhibit the M1 type, which has a strong potential to deliver
antigens. On the contrary, persistent M1-type macrophages cause
excessive tissue damage and impair wound healing (Hu et al.,
2012). When the inflammation is severe enough to interfere with
the body’s normal physiological operations, M2 macrophages
expand, removing debris and apoptotic cells with great phagocytic

capabilities and secreting anti-inflammatory substances to assist
wound healing.

Scabies mite migratory activity, excreta production, and scabies
mite breakdown products after death can induce allergic dermatitis
in the host (Gazi et al., 2022). Scabies is classified into two types of
clinical manifestations, namely, ordinary scabies (OS), and crusted
scabies (CS). OS is produced mainly by a limited number of mites
and appears as papules, erythema, and allergic skin responses with
intense itching. CS has a significant number of mites and eggs in
the skin epidermis, and the epidermis is thick and scaly (Arlian and
Morgan, 2017; Stienstra et al., 2019). Atopic dermatitis (AD) is a
chronic inflammatory skin condition marked by intense itching,
recurring eczema, erythema, and dry skin. Currently, AD models
are often used in fundamental research on allergic dermatitis. Many
studies have employed 1-chloro-2,4-dinitroenzene (DNCB) to
induce a persistent clinical AD model (Lee et al., 2022). Tacrolimus
is a macrolide immunosuppressant that is widely used to treat AD.
It has anti-inflammatory, antipruritic, and immunomodulatory
characteristics (Bajgai et al., 2017). Histamine (His) can elicit allergy
symptoms such as skin irritation, itching, erythema, and wheal,
and it can be utilized as a positive control (Tachibana et al.,
1990; Kim et al., 2013). In addition, an AD mouse model that is
equivalent to the etiology and clinical indications of scabies was
selected for future study due to a lack of secondary antibodies for
rabbit cytokines.

It was found that the host GAL-3 and GAL-9 can attach to
the parasite and cause it to bind to macrophages by detecting and
binding to the β-galactosyl epitope on the lipopolysaccharide on the
surface of Leishmania, potentially assisting the parasite in invading
the body and causing infection (Pelletier et al., 2003; Turner et al.,
2008). By attaching to annexin (Annexin A2) and activating JNK in
the apoptotic signaling cascade, Angiostrongylus cantonensis GAL-
1 can cause macrophage apoptosis (Shi et al., 2020). Exogenous
galectins have been demonstrated in several disease models to
have either anti-inflammatory or pro-inflammatory effects (Bastón
et al., 2014; Martínez-Bosch et al., 2014). In this study, an
AD model was constructed to investigate the involvement of
rSsGalectins in scabies. Observing changes in skin lesions and
macrophage infiltration suggested that rSsGalectin was implicated
in the incidence and progression of scabies, primarily through
pro-inflammatory effects. Additionally, alterations in BMDM
inflammation-related variables following the stimulation with
rSsGalectins were discovered, and the impact of rSsGalectins on
macrophages was studied using cultured BMDM cells.

The mRNA transcription levels of IL-1β, IL-6, IL-12, iNOS, and
Arg1 were significantly higher in the rSsGAL-1, rSsGAL-2, rSsGAL-
3, rSsGAL-5, and pET32a (+) groups compared to those in the
blank control group, according to qPCR data, indicating that the
relative transcription level of M1 polarization marker factors is
mainly increased by rSsGAL-1, rSsGAL-2, rSsGAL-3, and rSsGAL-
5. It is hypothesized that rSsGalectins triggers the polarization of
BMDM to theM1 type, which enhances the inflammatory response.
Among these, the transcription levels of both iNOS and Arg1
increased at the same time, with iNOS increasing significantly
more than Arg1. It is possible that the rSsGalectins family can
drive BMDM polarization to the M1 and M2 types. However, M1-
type polarization is predominant, with only a few cells polarized
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to the M2 type. According to ELISA data, rSsGAL-1, rSsGAL-
2, rSsGAL-3, and rSsGAL-5 increased IL-10, IL-1β, IL-6, and
iNOS inflammatory components while decreasing Arg1 levels. It
indicated that the inflammatory response might be induced by
rSsGAL-1, rSsGAL-2, rSsGAL-3, and rSsGAL-5 by encouraging
BMDM cells to secrete the M1 polarization regulators IL-1β, IL-6,
and iNOS.

IL-10 is an endogenous anti-inflammatory molecule that also
acts as a maker for M2 macrophages (Gao et al., 2014). However,
when BMDM was mainly polarized to M1, the expression level
of IL-10 was dramatically raised in this research. IL-10 is an
endogenous anti-inflammatory substance that also serves as a
marker for M2-type macrophage polarization (Gao et al., 2014).
M2 macrophages are classified into four subtypes, namely, M2a,
M2b, M2c, and M2d. Although all M2 isoforms express IL-10, the
cytokines produced and their roles vary. In this study, IL-10, IL-
1β, and IL-6 expression levels increased when rSsGalectins acted on
BMDM; however, TGF-β did not change significantly. It is possible
that the polarization type of a small number of M2 macrophages
mediated by rSsGalectins is M2b. M2b macrophages, also known
as “type II” macrophages, are polarized states between M1 and
M2a, with both pro-inflammatory and anti-inflammatory effects
involved in the regulation of late cellular inflammation (Wang
et al., 2019; Gharavi et al., 2022). This indicates that macrophages
are in the process of changing from the MI type to the M2
type. Arg1 is essential in the anti-infection mechanism of several
parasitic diseases. If the host is infected with Schistosoma mansoni,
Arg1 can effectively suppress Th2-mediated fibrosis, Th1/Th17-
mediated intestinal damage, iNOS production, and endotoxemia
(Pesce et al., 2009; Herbert et al., 2010). The mRNA transcription
level of Arg1 was dramatically enhanced after rSsGalectins were
treated with BMDM in this investigation; however, the protein
level was lowered. This could be connected to microRNAs’
post-transcriptional control of macrophages. MicroRNAs are tiny
noncoding RNAs that bind to the 3

′

untranslated region of
mRNA and govern post-transcriptional gene silencing (Iwakawa
and Tomari, 2015). MicroRNAs have been implicated in the
regulation of macrophage polarization, inflammation, and cancer
progression (Li et al., 2018). For instance, miR-155 inhibits
M2-type polarization and decreases Arg1 by targeting C/EBP,
promoting the production of M1-type cell-related marker factors,
such as TNF-α, IL-1β, and IL-6, and increasing the levels of
mRNA and post-transcriptional translation of Arg1 (Arranz et al.,
2012). In conclusion, by controlling macrophage polarization,
rSsGalectins play a role in the occurrence and progression of
host inflammation. rSsGAL-1, rSsGAL-2, rSsGAL-3, and rSsGAL-
5 all contributed to the pathogenic process of scabies by fostering
inflammation in the host. This study offers new information on
the immune relationship between the scabies mite and the host
as well as a different approach to the investigation of the scabies
pathogenic mechanism.

Conclusion

The SsGalectins are involved in the pathogenic process of S.
scabiei by regulating the polarization of host macrophages to M1
type when S. scabiei invade the host and promoting the incidence

and development of the host’s inflammatory response. This study
offers new insights into S. scabiei prevention and therapy.
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