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ABSTRACT

Regulatory T cells (Treg) play a crucial role in creating an immunosuppressive microenvironment surrounding the metacestode
during chronic alveolar echinococcosis (AE). However, the mechanisms by which E. multilocularis induces Treg differentiation,
particularly the role of parasite-derived microRNAs (miRNAs), remain largely unexplored. Here, we demonstrate that E. multi-
locularis can significantly induce the differentiation of Treg in mice. Emu-let-7-5p is upregulated in peripheral blood lymphocyte
cells (PBLC) and splenic lymphocytes of E. multilocularis-infected mice. Exosomes enriched with emu-let-7-5p were found to
upregulate the expressions of Treg markers. Conversely, exosomes collected following the knockdown of worm-derived emu-let-
7-5p via RNA interference resulted in a reversal of Treg marker expression in PBLC. Mechanistically, emu-let-7-5p regulates Treg
differentiation by targeting NFxB2. Knockdown of emu-let-7-5p in E. multilocularis-infected mice resulted in diminished Treg
differentiation, leading to a significant reduction in worm load. These findings reveal that emu-let-7-5p drives Treg differentia-
tion by suppressing NFxB2, representing a novel immune evasion strategy of E. multilocularis. Sustained inhibition of parasite-
derived emu-let-7-5p may provide a therapeutic avenue for controlling AE progression.

multilocularis involves canids as definitive hosts and small rodents
as intermediate hosts. Humans are aberrant intermediate hosts in-

1 | Introduction

Alveolar echinococcosis (AE) is a severe and potentially lethal zoo-
notic parasitic disease caused by the metacestode of E. multilocu-
laris. This disease is primarily found in the northern hemisphere,
particularly in regions such as northern and central Europe,
North America, and Western China [1, 2]. The life cycle of E.

© 2025 Federation of American Societies for Experimental Biology.

fected through oral ingestion of infectious eggs shed in the feces of
definitive hosts. AE manifests as infiltrative hepatic lesions with
malignant tumor-like progression. In advanced stages, AE affects
the whole liver and metastasizes to other organs via the blood-
stream and lymphatic system [3], leading to portal hypertension,
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pulmonary echinococcosis, cerebral echinococcosis, and even
death [4, 5]. The global burden of AE is estimated at 18 235 cases
annually, leading to a staggering loss of 666434 disability-adjusted
life years (DALYs) [6]. Notably, China accounts for 91% of global
AE cases and 95% of associated DALYs [7]. This highlights the sig-
nificant threat that AE poses to both human and animal health.
Current treatment strategies primarily involve surgical excision,
complemented by the administration of benzimidazoles both be-
fore and after surgery [8]. Despite these interventions, the progno-
sis for AE patients remains poor, with limited success in achieving
favorable long-term outcomes [9]. Therefore, there is an urgent
need for the development of new and more effective treatment op-
tions for AE.

Through host-parasite coevolution, E. multilocularis has
evolved sophisticated strategies to modulate host anti-infective
immunity, thereby ensuring its long-term survival in the chal-
lenging environment of the host. Increasing evidence suggests
that the differentiation and expansion of Treg represent a signif-
icant route through which E. multilocularis regulates the host
immune response [10-12]. Treg play a crucial role in maintain-
ing immune homeostasis and protecting the host from a poten-
tially pathogenic immune response [13].

Previous studies have indicated that the population of
CD4*CD25% Treg is upregulated in cases of human chronic AE
[14, 15], which is thought to correlate with a reduction in im-
mune responses to specific antigens and/or the suppression of
proinflammatory cytokine production, particularly through the
secretion of high levels of anti-inflammatory cytokines such as
interleukin (IL)-10 and transforming growth factor-beta (TGF-{3)
[16]. Murine infection models recapitulate this Treg expansion
in splenic/peritoneal compartments [17, 18], further implicating
Treg induction as a key immune evasion mechanism.

Recent findings have revealed that the E. multilocularis activin
A homolog (EmACT), a component of the excretory/secretory
product (ESP) from E. multilocularis, promotes the expansion of
Foxp3* Treg and enhances the production of the immunosuppres-
sive IL-10 by host CD4* T cells [11]. These results underscore the
ability of E. multilocularis to induce T cells to differentiate into
Treg, highlighting its intricate strategies for immune evasion.

Exosomes are nanosized membrane vesicles secreted by various
cell types, containing a diverse array of biomolecules, includ-
ing mRNAs, miRNA, proteins, and DNA fragments. They play
a crucial role in numerous biological processes, such as cell-cell
signaling and the transfer of molecules between cells [19]. An in-
creasing body of research indicates that parasitic exosomes can
deliver their contents into host cells, which parasites may exploit
to modulate the host immune response for their survival [20].

MicroRNAs (miRNAs) are small, endogenous non-coding RNA
molecules that significantly influence cellular differentiation,
proliferation, pathogenesis, and disease susceptibility [21]. For
instance, miR-155 promotes Treg differentiation by targeting
suppressor of cytokine signaling 1 (SOCS1) [22, 23]. In vitro
studies indicate that inhibiting miR-155 expression can lead
to increased SOCSI levels and enhanced immune function in
induced Treg (iTreg) [22]. Similarly, miR-146a regulates Treg
differentiation by inhibiting signal transducer and activator of

transcription 1 (STAT1). A reduction in miR-146a levels can im-
pair Treg differentiation, mitigate immune rejection, and pro-
mote the survival of transplanted donor hearts [24]. Moreover,
the miR-15/16 cluster restricts Treg differentiation by targeting
interferon regulatory factor 4 (IRF4). The loss of these miRNAs
in Treg has been associated with diminished immune responses
during neuroinflammation and in response to both infectious
and non-infectious challenges [25]. These findings collectively
suggest that miRNAs play a pivotal role in the regulation of Treg
differentiation.

Among evolutionarily conserved miRNA families, the let-7
family plays a pivotal role in shaping Treg biology through di-
rect targeting of key transcription factors and signaling nodes,
including c-Myc, Lin28, and Foxp3 [26, 27]. This conserved
miRNA family also coordinates immune homeostasis by precise
modulation of TGF-B/NF-kB signaling cascades as well as reg-
ulates the Th17/Treg balance through targeting STAT3 and IL-
6R [28, 29]. Intriguingly, E. multilocularis let-7 (emu-let-7-5p), a
homolog of the let-7 family, exhibits striking abundance in both
E. multilocularis and its exosomes [30, 31]. However, the specific
role of emu-let-7-5p in modulating Treg cell differentiation by
E. multilocularis remains largely unexplored. The objective of
this study was to elucidate the mechanism by which emu-let-
7-5p, derived from exosomes of E. multilocularis, regulates the
differentiation of host Treg. Our findings demonstrate that emu-
let-7-5p from the exosomes of E. multilocularis promotes the
differentiation of host Treg cells and enhances the production
of immunosuppressive cytokines, specifically IL-10 and TGF-§,
through the targeting of NFxB2. This consequently results in
the restriction of worm growth. The results of this study pro-
vide insight into the mechanisms underlying parasite-host in-
teractions, highlighting how E. multilocularis may evade host
immune attacks.

2 | Materials and Methods
2.1 | Reagents, Cells, and Parasites

The NFxB2 siRNA, scrambled siRNA, emu-let-7-5p mimics,
and mimics nc were purchased from Sangon Biotech (Shanghai,
China). The fluorescently labeled small interfering RNAs (siR-
NAs) specifically targeting emu-let-7-5p and a scramble control
sequence were designed and synthesized by Sangon Biotech
(Shanghai, China). TGF-f was purchased from BioLegend and
used at a final concentration of 5ng/mL. IL-2 was purchased
from Peprotech and used at a final concentration of 20ng/
mL. HEK293T cells were obtained from National Collection of
Authenticated Cell Cultures (Shanghai, China). Cells were au-
thenticated by STR profiling. E. multilocularis protoscolices uti-
lized in the present study were sourced from Mongolian gerbils
infected with AE, following the methodology outlined by Wang
et al. [32].

2.2 | Animals and Ethics Statement
Female BALB/c mice (6-8 weeks old) were purchased from the

Laboratory Animal Center of Lanzhou Veterinary Research
Institute. The mice were housed in specific-pathogen-free (SPF)
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facilities, where they were maintained under controlled condi-
tions, including a temperature of 22°C + 2°C and humidity levels
appropriate for their care. A 12-h (h) light/dark cycle was imple-
mented, and the animals had unlimited access to a standard diet
and fresh water.

The animal study followed the guidelines outlined by the Good
Animal Practice of Animal Ethics Procedures and Guidelines
of the People's Republic of China. Approval for the protocol
was obtained from the Animal Ethics Committee of Lanzhou
Veterinary Research Institute, Chinese Academy of Agricultural
Sciences (Permit No. LVRIAEC2023-018).

2.3 | rAAVS8 Design and Production

A sponge sequence, a DNA fragment containing four comple-
mentary sequences (5-AGACATTCGAGTTCTACCTCA-3')
against emu-let-7-5p connected by a linker (5-GGGTCCC-3'),
was designed, synthesized, and cloned into the AAV8-CMV-
GFP-mirRNA plasmid to construct a recombinant vector,
PAAVS-si-emu-let-7-5p. The empty AAV8-CMV-GFP-mirRNA
plasmid was used as a control, namely pA AV8-si-control. After
verification by sequencing, the recombinant plasmids were in-
troduced into HEK293T cells, and the efficiency of the sponge
sequence interfering with emu-let-7-5p was assessed by re-
verse transcription-quantitative polymerase chain reaction
(RT-gPCR). The two plasmids were then packaged into the re-
combinant adeno-associated virus serotype 8 (rAAV8), named
rA AV8-si-emu-let-7-5p and rA AV8-si-control, to facilitate their
delivery into the liver of mice for the study of the effects of
emu-let-7-5p on Treg differentiation during E. multilocularis
infection. Plasmid construction, rAAV8 packaging, and rAAV8
titer determination were conducted by Vigene Biosciences
(Shandong, China).

2.4 | Animal Infection

A total of 96 female mice were randomly assigned to two
groups: the infection group (n=48) and the control group
(n=48). Mice in the infection group received an intraper-
itoneal injection of 1 000 protoscolices, while those in the
control group were administered an equivalent volume of
phosphate-buffered saline (PBS). At 30, 60, 90, and 180days
post-infection (dpi), 12 mice from each group were eutha-
nized, the blood samples from four mice were pooled, and
peripheral blood lymphocyte cells (PBLC) were isolated
using the Mouse Peripheral Lymphocyte Separation Kit (TBD
Sciences, Tianjing, China). Spleen cells from both control and
E. multilocularis-infected mice were isolated by grinding the
spleens in 5mL of PBS. The cells were then washed twice and
resuspended in PBS for flow cytometry.

To inhibit emu-let-7-5p in vivo, a total of 33 mice were randomly
divided into three groups (n=11 per group): the PBS group, the
rA AV8-si-control group, and the rA AV8-si-emu-let-7-5p group.
Each mouse received 200uL of PBS or 2x 10! viral genomes
(vg) of rAAV8-si-control or rA AV8-si-emu-let-7-5p in 200 uL of
PBS, respectively. At 15 dpi, one mouse from each group was
randomly selected for evaluation of GFP expression in liver

tissue. The remaining mice were then intraperitoneally inoc-
ulated with 1 000 protoscolices per mouse. At 90 dpi, all mice
were humanely euthanized, and tissue samples were collected
for subsequent analysis.

2.5 | E. multilocularis Exosomes Isolation

Exosomes derived from E. multilocularis protoscolices were
prepared following established protocols [33]. Briefly, pro-
toscolices were cultured in RPMI-1640 medium supple-
mented with 1% penicillin-streptomycin (Hyclone, USA) and
10% exosome-depleted fetal bovine serum (FBS, VivaCell,
Germany) for 24 h at 37°C in a 5% CO, atmosphere. After incu-
bation, the culture supernatant was collected and subjected to
centrifugation at 300g for 10min (min) and followed by cen-
trifugation at 2 000 g for 30 min to eliminate cellular debris and
protoscolices. The supernatant was then further centrifuged
at 10000g for 1h, and finally, a last centrifugation was per-
formed at 110000g for 2h to isolate exosomes. The resulting
pellet (exosomes) was resuspended in 100 uL of PBS, and the
protein concentration of the exosomes was quantified using
the Pierce BCA Protein Assay Kit (Thermo Fisher Scientific,
USA). Meanwhile, the endotoxin level in the exosome prepa-
ration was assessed using the Toxinsensor Chromogenic LAL
Endotoxin Assay Kit (GenScript, China).

2.6 | Transmission Electron Microscopy (TEM)

The morphology of E. multilocularis exosomes was analyzed
using transmission electron microscopy (TEM, Hitachi, Japan).
In short, 10uL of exosomes were fixed onto formvar/carbon-
coated nickel grids (Agar Scientifc Ltd., United Kingdom) and
then stained with 3% glutaraldehyde (Solarbio, Beijing, China)
for 10s at room temperature. Imaging was conducted using a
Hitachi transmission electron microscope operating at 80kV.

2.7 | Nanoparticle Tracking Analysis (NTA)

The size distribution of E. multilocularis exosomes was mea-
sured using the nanoparticle tracking analysis (NTA). Briefly,
1 uL of exosomes was diluted in 1 mL of PBS and loaded into the
ZETASIZER NANOS (NTA, Malvern, United Kingdom). The
exosome particles were tracked and sized based on Brownian
motion and the diffusion coefficient. The diameter size and
particle concentration of exosomes were analyzed using the
ZetaView 8.02.28 software.

2.8 | Exosomes Uptake

Exosomes uptake of PBLC and splenic lymphocytes was ana-
lyzed by DiD staining assay using the kit according to the man-
ufacturer's instructions. Briefly, 10uL exosomes were mixed
with 1 uL of DiD fluorescent dye (Abcam, United Kingdom) and
incubated for 20 min at 37°C in the dark. Then, the DiD-labeled
exosomes were incubated with cells for 6 h, and the cellular loca-
tion of the exosomes was observed by a fluorescence microscope
(TCS SP8, Leica, Germany). 4',6-Diamidino-2-phenylindol
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(DAPI) was used to stain the nuclei of the PBLC and splenic
lymphocytes.

2.9 | Delivery of RNAi Molecules Into
E. multilocularis Protoscolices

The fluorescently labeled siRNA sequences are as follows:
emu-let-7-5p siRNA, 5-FAM-AGACAUUCGAAACACUACC
UCA-3’; scrambled siRNA, 5-FAM-AGACCUCAUGCUGCA
UCGCUCA-3'". The RNA interference (RNAi) was conducted
following the protocols established by Mizukami et al. [34]
and Liu et al. [35] with minor modifications. In brief, 2 000
protoscolices were incubated in solutions containing either
emu-let-7-5p siRNA (5 uM) or scrambled control siRNA (5 uM),
both dissolved in RPMI-1640 medium supplemented with 1%
penicillin-streptomycin (Hyclone, USA) and 10% exosome-
depleted FBS (VivaCell, Germany). Additionally, a control
was incubated with RPMI-1640 and the above supplements.
After 2h of incubation at 37°C and with 5% CO,, protoscol-
ices were washed three times with PBS and then resuspended
in 200 uL of electroporation buffer (Bio-Rad, USA) contain-
ing a concentration of 5uM siRNA. Electroporation was per-
formed at 200V and 1 000 uF for 20 ms using an exponential
decay pulse in a 4 mm electroporation cuvette (Bio-Rad, USA).
Following electroporation, the samples were incubated at 37°C
for 1h. Subsequently, 1mL of FBS-free RPMI-1640 medium
was added to each cuvette, and the contents were transferred
to 24-well plates, and the uptake efficiency of siRNA by the
protoscolices was visualized using a fluorescence microscope
(Zeiss, Germany). Additionally, the culture supernatants were
collected at 24, 48, and 72h post electroporation for exosome
isolation. The protoscolices from each group were collected at
24h post electroporation.

2.10 | Total RNA Extraction and RT-qPCR

Total RNA was extracted using the TRIzol Reagent (Thermo
Fisher Scientific, USA) following the manufacturer's protocols,
and RT-qPCR was conducted as described by Wang et al. [32]
The relative expression levels of genes were determined using
the 2724Ct method. All primers used in this study are listed in
Table S1.

2.11 | Western Blotting

Total protein was extracted from cells and exosomes using
RIPA lysis buffer (Thermo Fisher Scientific, USA), and the
protein concentration was quantified using the BCA protein
assay kit (Vazyme, China). A total of 30 ug of protein was sep-
arated by 12% SDS-PAGE and subsequently transferred onto
PVDF membranes. Following a blocking step with 5% non-fat
milk, the membranes were incubated overnight at 4°C with
primary antibodies: anti-B-actin (1: 5 000, Abcam, United
Kingdom), anti-NFxB2 (1: 1 000, Santa Cruz, USA), and
anti-14-3-3 (1:1 000) antibodies. Afterward, the membranes
were treated with the HRP-conjugated secondary antibodies,
specifically goat anti-mouse IgG-HRP (1: 4 000, Biodragon,
China) and goat anti-rabbit IgG-HRP (1: 4 000, Biodragon,

China) antibodies for 50 min. The protein bands were visu-
alized using an Electrochemical Luminescence (ECL) Kit
(Beyotime, China). Finally, the intensities of the blots were
analyzed using ImagelJ software.

2.12 | Enzyme-Linked Immunosorbent Assay
(ELISA)

Blood samples collected from both the control and experi-
mental groups were centrifuged at 3 000rpm for 10 min. The
sera were then separated and stored at —80°C until further
analysis. The concentrations of IL-10, TGF-f3, and Foxp3 in the
serum samples were detected using ELISA Kits (RayBiotech,
USA), following the manufacturer's protocols. Each assay was
conducted in triplicate to ensure the accuracy and reliability
of the results.

2.13 | Cell Transfection

1x10° PBLC were seeded into each well of the 6-well plates.
After overnight incubation with 5% CO, at 37°C, NFxB2 siRNA
(si-NFxB2), emu-let-7-5p mimics, NFxB2 overexpression plas-
mid (pEGFP-N1-NFxB2), and negative control were transfected
into PBLC using Lipofectamine 3000 transfection reagent
(Thermo Fisher Scientific, USA). The final concentration of
pEGFP-N1-NFxB2 was 2 000ng/mL, and all treatment concen-
trations of NFxB2 siRNA, scramble siRNA, emu-let-7-5p mim-
ics, and mimics nc were 50nM. The sequences of siRNA and
scramble siRNA are listed in Table S2. After 24 h of transfection,
the cells were harvested for further assays.

2.14 | Identification of emu-let-7-5p Targets

To systematically identify high-confidence targets of emu-
let-7-5p, we integrated three complementary miRNA predic-
tion algorithms: miRanda (version August 2010; http://www.
microrna.org/), TargetScan (version 7.2; http://www.targe
tscan.org/), and PicTar (vertebrate algorithm; http://pictar.
mdc-berlin.de/) [36]. Stringent parameters were applied to
minimize false positives: miRanda was executed with a bind-
ing energy threshold of <—18kcal/mol and a sequence align-
ment score cutoff of >150, prioritizing thermodynamically
stable miRNA-mRNA interactions. TargetScan predicted
focused on conserved 8-mer and 7-mer seed matches, requir-
ing a context++ score <—0.4 to ensure functional relevance.
PicTar predictions demanded strict phylogenetic conservation
across >3 vertebrate species and a score threshold of >7.0,
emphasizing evolutionarily conserved binding sites. Targets
predicted by all three algorithms were classified as high-
confidence candidates.

2.15 | Dual Luciferase Reporter Assay

The wild-type NFxB2 coding sequence (CDS), referred to as
CDS-WT, and the mutant NFxB2 CDS referred to as CDS-
MUT, along with the wild-type NFxB2 CDS-3’" untranslated
region (UTR), designated as CDS-3'UTR-WT, and mutant

40f 16

The FASEB Journal, 2025

85U8017 SUOWILLOD BA 81D 3|cedl|dde ay) Aq pausenob a1e Sspile O 8sh JO Ss|nl 10} Ariq1T 8UIUO A1/ UO (SUOIPUOD-pUe-SWLBY WD A8 | 1M A e1q 1 U1 |UO//SANY) SUORIPUOD PUe SWis | 8U188S *[5202/90/2T] Uo Akidiauljuo 48| iqwin|oD ushug JO AiseAN AQ ¥/ErE0KZ0Z (1/960T 0T/I0p/W0d A8 |1 Afelq1jpuljuo-gese)//Sdny ol pepeo|umod ‘6 ‘SZ0Z ‘09890€ST


http://www.microrna.org/
http://www.microrna.org/
http://www.targetscan.org/
http://www.targetscan.org/
http://pictar.mdc-berlin.de/
http://pictar.mdc-berlin.de/

NFxB2 CDS-3'UTR, designated as CDS-3'UTR-MUT, were
cloned into the dual-luciferase reporter vector pmirGLO
(Sangon Biotech, China). Each recombinant plasmid was then
co-transfected with either emu-let-7-5p mimics or mimics nc
into HEK293T cells using Lipofectamine 3000 Transfection
Reagent (Thermo Fisher Scientific, USA). After 24h of
transfection, the activity levels of renilla and firefly lucifer-
ase were measured using the Promega Glomax 96 (Promega
Corporation, Wisconsin, USA).

2.16 | Cell Preparation and Flow Cytometry

Enrichment of CD4+*CD25% regulatory T cells from mouse sple-
nocytes was conducted using the MojoSort mouse CD4+CD25%
regulatory T cell isolation kit (Biolegend, USA), following the
manufacturer's protocol. For flow cytometry analysis, the vi-
ability of splenocytes (2x10° cells) or CD4+CD25% T cells was
assessed using eBioscience Fixable Viability Dye eFluor 506.
Following this, the cells were incubated with 1ug anti-CD16/32
antibody (Elabscience, USA) for 15min to block nonspecific
binding to Fc receptors. Subsequently, the cells were stained
with the following surface markers for 1h using 1ug primary
antibodies: anti-CD3-PerCP-Cyanine5.5, anti-CD4-ER780, and
anti-CD25-APCantibodies, all of which were obtained from eBio-
sciences. For intracellular staining, the splenocytes were first
fixed and permeabilized using Foxp3 Fixation/Permeabilization
Concentrate and Diluent (eBiosciences, USA) and then stained
with anti-Foxp3-PE antibody (Elabscience, USA) for 2h. The
results were analyzed using a Beckman Coulter CytoFLEX-LX
flow cytometer with NovoExpress software (version 1.2.5).

2.17 | Fluorescence In Situ Hybridization (FISH)

To investigate the localization of emu-let-7-5p in PBLC and
splenic lymphocyte sections, E. multilocularis-infected
BALB/c mice and age-matched controls were utilized.
PBLC and splenic lymphocytes were isolated as described in
Section 2.4. FISH was performed as follows: Briefly, after de-
waxing, the slices were boiled in the repair solution for 15 min
and naturally cooled. Proteinase K working solution (20 ug/
mL, Servicebio, China) was used to digest at 37°C for 20 min.
After three washes with PBS, the sections were pre-hybridized
with hybridization solution for 1h at 37°C. Then, the emu-let-
7-5p probe was incubated with the section in hybridization
solution (500nM) in a humidity chamber overnight at 40°C.
After removing the hybridization solution, the sections were
washed sequentially in 2xSSC, 1xSSC, and 0.5xSSC, each
for 5min at 37°C. Afterward, nuclei were stained with DAPI
for 10 min. The slides were observed using a fluorescence mi-
croscopy (Nikon, Japan). The probe used in the FISH test is
presented in Table S3.

2.18 | Statistical Analysis

All results were presented as mean +standard deviation (SD).
The Student's t-test was used to compare differences between
two groups. Figures were drawn using Graph Pad Prism 10 soft-
ware. p <0.05 was considered statistically significant.

3 | Results

3.1 | E. multilocularis Infection Induces

the Upregulation of Treg-Related Nuclear
Transcriptional Factors and Cytokines in Mouse
PBLC and Spleen

To explore the host immune response to E. multilocularis infec-
tion, with a particular focus on the dynamic changes in Th1/
Th2/Th17/Treg-associated cytokines, we infected mice with
E. multilocularis protoscolices and measured the expression
levels of IFN-y, IL-4, IL-10, IL-17, TGF-f3, and the Treg-specific
transcription factor Foxp3 in the PBLC of the mice using RT-
qPCR at 30, 60, 90, and 180 dpi. At 30 dpi, the level of the Thl
cytokine IFN-y in the E. multilocularis-infected group was sig-
nificantly higher than that in the control group (Figure 1A),
while the level of the Th2 cytokine IL-4 was significantly in-
creased at 60 dpi and subsequently returned to baseline levels
by 90 and 180 dpi (Figure 1B). Additionally, IL-17 mRNA was
also markedly elevated at 60 dpi (Figure 1C). The levels of the
Treg-specific transcription factor Foxp3, along with the hall-
mark cytokine TGF-f3, were significantly upregulated at 30 dpi
(Figure 1D,E). Furthermore, the expressions of Foxp3, IL-10,
and TGF-f were also significantly upregulated at 60, 90, and
180 dpi (Figure 1D-F). In contrast, the levels of IL-4 and IL-
17 did not show statistically significant differences between the
control and infected groups at 30, 90, and 180 dpi (Figure 1B,C).
However, at 60 dpi, the difference in IL-4 between the infection
and the control group was significant (Figure 1B). These results
indicate that E. multilocularis promotes peripheral blood T lym-
phocytes to differentiate into Treg cells.

We conducted a detailed analysis of the percentage of
CD4*CD25* cells within CD4* T cells in the spleen of the E.
multilocularis-infected mice by flow cytometry. Our find-
ings showed a notable increase in the proportion of splenic
CD4*CD25%Foxp3* Treg cells over time in the E. multilocularis-
infected mice compared to control mice (Figure 1G,H). These
results suggest that E. multilocularis successfully promotes the
differentiation of host Foxp3* Treg cells.

3.2 | Emu-let-7-5p is Upregulated in PBLC
and Splenic Lymphocyte During E. multilocularis
Infection

Previous studies have suggested that emu-let-7-5p is associated
with Treg cell differentiation [27]. Therefore, we assessed the
levels of emu-let-7-5p in the PBLC and splenic lymphocytes of
both control and E. multilocularis-infected mice. Firstly, we
investigated whether emu-let-7-5p was present in the PBLC
and splenic lymphocytes during E. multilocularis infection.
FISH results showed that red fluorescence was observed in
the PBLC and splenic lymphocytes from E. multilocularis-
infected mice at 60 dpi, but not in those cells from control
mice, indicating that emu-let-7-5p only existed in PBLC and
splenic lymphocytes from E. multilocularis-infected mice
(Figure 2A).

The results from RT-qPCR further demonstrated a signifi-
cant upregulation of emu-let-7-5p in the PBLC and splenic
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FIGURE 1
RT-qPCR. (B) The expression of Th2 cytokine IL-4 in PBLC by RT-qPCR.

Days post infection (dpi)

| E. multilocularis promotes up-regulation of Treg-related molecules in mice. (A) The expression of Th1 cytokine IFN-y in PBLC by

(C) The expression of Th17 cytokine IL-17 in PBLC by RT-qPCR. (D) The

expression of Treg marker Foxp3 in PBLC by RT-qPCR. (E) The expression of TGF-{3 in PBLC by RT-qPCR. (F) The expression of IL-10 in PBLC by RT-
gqPCR. (G) The kinetics of splenic CD4*CD25*Foxp3™* Treg frequencies (as percentage of total peritoneal CD4* T cells) was monitored by flow cytom-
etry. (H) The proportion of splenic CD4*CD25"Foxp3* T cells in the CD4* T cell population. "p>0.05, *p <0.05, **p <0.01, ***p < 0.001 vs. control.

lymphocytes of E. multilocularis-infected mice at 30, 60, 90,
and 180 dpi (Figure 2B,C). Notably, the expression patterns
of Treg-related factors were consistent with the levels of emu-
let-7-5p, indicating a potential relationship between Treg cell
differentiation and emu-let-7-5p level in the context of E. mul-
tilocularis infection.

3.3 | Knockdown of emu-let-7-5p in E. multilocularis
Exosomes Inhibits Mouse Peripheral Blood
and Splenic Treg Cell Differentiation

We investigated the roles of emu-let-7-5p in the differentia-
tion of host Treg cells in vitro by using siRNA to knock down
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FIGURE 2 | Analysis of emu-let-7-5p in lymphocytes of mice infected with E. multilocularis. (A) FISH analysis of emu-let-7-5p in PBLC and
splenic lymphocytes. (B) The expression of emu-let-7-5p in the PBLC by RT-qPCR. (C) The expression of emu-let-7-5p in the splenic lymphocytes by

RT-qPCR. *p <0.05; **p <0.01 vs. control.
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| Knockdown of emu-let-7-5p in protoscolices and exosomes from E. multilocularis. (A) Emu-let-7-5p specific siRNA oligonucleotide or

scrambled siRNA labeled with a green dye were observed within protoscolices. (B) Morphology and structure analysis of exosomes from RPMI-1640
medium (EXO), scrambled siRNA (EXO-si-nc), and emu-let-7-5p-siRNA treated worms (EXO-si-emu-let-7-5p) by TEM. (C) The size distribution of
exosomes using NTA. (D) The expression of the exosomal protein 14-3-3 by western blotting. (E) The relative expression levels of emu-let-7-5p in
RPMI-1640 (1640), emu-let-7-5p-siRNA (siRNA), or scrambled siRNA (Scramble)-treated worms by RT-qPCR. (F) The interference efficiency of emu-
let-7-5p in exosomes from these different treated worms by RT-qPCR. **** p < 0.0001.

emu-let-7-5p in protoscolices. Bright green fluorescence was ob-
served under fluorescence microscopy in protoscolices treated
with both the emu-let-7-5p specific siRNA and the scrambled
siRNA, in contrast to those treated with RPMI-1640 medium
(Figure 3A), indicating that the siRNA was delivered success-
fully into the worm bodies via electroporation. Furthermore,
exosomes isolated from protoscolices treated with RPMI-1640
medium (EXO), scrambled siRNA (EXO-si-nc), and emu-let-7-
5p-siRNA (EXO-si-emu-let-7-5p) were also identified, respec-
tively (Figure 3B-D). TEM analysis showed that these vesicles
had obvious lipid bilayer membranes, about 50-150nm in diam-
eter (Figure 3B). Furthermore, NTA showed that the size dis-
tribution of the vesicles peaked at a mean diameter of 70nm,
which meets typical morphological characteristics of exosomes

(Figure 3C). Western blot results showed that these vesicles
were positive for 14-3-3 (Figures 3D and S1), which is one of the
most abundant proteins in E. multilocularis-derived exosomes.
The above results indicated that we successfully obtained the
exosomes from protoscolices. The levels of emu-let-7-5p in exo-
somes and protoscolices were analyzed by RT-qPCR, which re-
vealed a 90% reduction in worm bodies (Figure 3E) and a 70%
reduction in exosomes (Figure 3F) derived from the protoscol-
ices treated with emu-let-7-5p siRNA, respectively. These results
suggest that emu-let-7-5p in exosomes was efficiently silenced
by siRNA.

To determine the effects of exosomes on the expression of Treg
cell hallmark molecules of PBLC, the exosomes, containing
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endotoxin less than 0.01 EU/mL, were incubated with mouse
PBLC. Confocal laser scanning microscopy observed that the
DiD-labeled exosomes were transferred to mouse PBLC, mainly
around the perinuclear region (Figure 4A). RT-qPCR results
showed that exosomes significantly increased the expression of
Treg cell hallmark molecules, such as TGF-§3, IL-10, and Foxp3,
in mouse PBLC (Figure 4B). Remarkably, knockdown of emu-
let-7-5p in exosomes reversed the induction of Treg cell markers
compared to the EXO-si-nc group (Figure 4B), which high-
lights that emu-let-7 is closely related to exosome-induced Treg
differentiation.

We also evaluated the differentiation of splenic
CD4*CD25%Foxp3* Treg cells in mouse CD4tCD25% T cells
treated with PBS, TGF-f (5ng/mL)+IL-2 (20ng/mL), EXO
(50 png/uL), EXO-si-nc (50ug/uL) or EXO-si-emu-let-7-5p
(50 ug/uL). Flow cytometry data revealed a remarkable in-
crease in the proportion of CD4+CD25%Foxp3* Treg cells
within CD4* T cells in the TGF-f+1IL-2 and EXO-treated
spleen cells (Figure 4C,D). Conversely, the proportion of
CD4*CD25%Foxp3t Treg cells within CD4* T cells signifi-
cantly decreased in the EXO-si-emu-let-7-5p group compared
to the EXO-si-nc group (Figure 4C,D). Taken together, these
data suggest that emu-let-7-5p derived from E. multilocularis
exosomes plays a crucial role in regulating the differentiation
of host Treg cells.

3.4 | The Role of the Target Gene NFxB2 in
Differentiation of Treg Cells by Emu-let-7-5p

Using TargetScan, MiRanda, and PicTar databases, we predicted
2818 potential targets of emu-let-7-5p (Table S4). Four candi-
dates—MAP4K3, HOXB3, NFxB2, and MAP3K7—were prior-
itized for experimental validation based on their documented
roles in T cell differentiation pathways [37, 38] and predicted
binding sites to emu-let-7-5p. To assess whether emu-let-7-5p can
inhibit the expression of these mRNAs, we transfected emu-let-
7-5p mimics and mimics nc into mouse PBLC and measured the
expression levels of these targets via RT-qPCR. We confirmed
successful transfection of emu-let-7-5p, which was approxi-
mately 160 times higher than in the control group (Figure 5A).
Notably, the levels of NFxB2 and MAP3K7 mRNA were signifi-
cantly reduced in cells overexpressing emu-let-7-5p (Figure 5B).
In contrast, the expressions of MAP4K3 and HOXB3 did not dif-
fer significantly between the mimics nc and emu-let-7-5p treated
groups (Figure 5B). Given the more pronounced downregula-
tion of NFxB2 (p=0.0005) compared to MAP3K7 (p=0.0183),
we chose NFxB2 as the primary target gene for emu-let-7-5p.

Our analysis revealed two potential binding sites for emu-let-
7-5p on the 3’UTR and CDS of NFxB2, respectively (Figure 5C).
To determine whether emu-let-7-5p directly regulates NFxB2,
we conducted a dual luciferase reporter assay to investigate their
interaction. The results showed a significant decrease in lucifer-
ase activity in cells co-transfected with emu-let-7-5p mimics and
the wild-type NFxB2 CDS construct (CDS-WT), or with emu-let-
7-5p mimics and the wild-type NFxB2 3’UTR construct (CDS-
3'UTR-WT) compared to their respective controls (Figure 5D,
p=0.004 and p=0.002, respectively). The emu-let-7-5p mimics
did not have a significant effect on luciferase activity in cells

co-transfected with the mutant-type NFxB2 CDS construct
(CDS-MUT) or the mutant NFxB2 3’UTR construct (CDS-
3'UTR-MUT) (Figure 5D). These findings suggest that emu-let-
7-5p directly targets NFxB2, with a more pronounced inhibitory
effect observed when emu-let-7-5p binds to the 3’'UTR and CDS
regions of NFxB2.

To evaluate the role of NFxB2 in Treg cell differentiation, we
measured the expression of key Treg markers in mouse PBLC
transfected with pEGFP-N1, pEGFP-N1-NF«xB2, specific
NFxB2 siRNA, or scrambled siRNA. As shown in Figures 5 and
S2, NFxB2 overexpression significantly decreased IL-10 and
Foxp3 levels (Figure 5E-G). In contrast, NFxB2 knockdown
notably increased the mRNA levels of TGF-f3, IL-10, and Foxp3
(Figure 5E-G). These results underscore the critical role of
NFxB2 in regulating Treg cell differentiation.

3.5 | Inhibition of Emu-let-7-5p Reduces E.
multilocularis-Induced Treg Cell Differentiation
and Suppresses Parasite Growth in an

Animal Model

To investigate the role of emu-let-7-5p in Treg cell differentia-
tion during E. multilocularis infections, a recombinant adeno-
associated virus (rAAVS8-si-emu-let-7-5p) was created with a
sponge sequence complementary to emu-let-7-5p (Figure 6A).
The specificity and effectiveness of the emu-let-7-5p sponge
vector were confirmed in HEK293T cells (Figure 6B). Mice
were then injected with rAAV8 carrying either the emu-let-7-5p
sponge sequence (rAAV8-si-emu-let-7-5p) or a control (rAAVS-
si-control), respectively (Figure 6C). At 15 dpi, GFP expression
was observed in the rAAVS8-si-control and rAAV8-si-emu-let-
7-5p groups but not in the PBS group, confirming effective de-
livery of the sponge sequence into the mouse livers (Figures 6D
and S3). At 90 dpi, RT-qPCR of mouse PBLC revealed a signif-
icant decrease in emu-let-7-5p levels in the rA AV8-si-emu-let-
7-5p group (Figure 6E), which was accompanied by a significant
increase in the expression of NFxB2 (Figure 6F) and a notable
reduction in the transcription levels of the Treg cell-specific
transcription factor Foxp3 and its associated cytokines IL-10 and
TGF-f (Figure 6G-I). A similar pattern of change was observed
in mouse splenic lymphocytes, where rAAV8-si-emu-let-7-5p-
mediated knockdown of emu-let-7-5p resulted in significant up-
regulation of NFxB2 and decreased expression of Foxp3, IL-10,
and TGF-f (Figure 6J-N). These results suggest that the emu-
let-7-5p sponge sequence effectively inhibited the differentiation
of Treg cells induced by emu-let-7-5p during E. multilocularis
infections.

ELISA analysis of mouse serum further supported these results,
showing significant reductions in Foxp3, IL-10, and TGF-f lev-
els in the rA AV8-si-emu-let-7-5p group (Figure 60-Q). Overall,
knockdown of emu-let-7-5p in mice using rA AV8-si-emu-let-7-5p
enhanced the expression of NFxB2 and effectively suppressed E.
multilocularis-induced Treg cell differentiation.

To assess the impact of Treg cell differentiation on cyst growth
in the liver, we measured the weight of cysts and the number
of protoscolices. The results showed a significant decrease in
both the mean number of protoscolices and cyst weight in the
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FIGURE 4 | Knockdown of emu-let-7-5p inhibits E. multilocularis exosome-induced Treg differentiation. (A) Exosomes from RPMI-1640 medi-
um (EXO)-, scrambled siRNA (EXO-si-nc)-, and emu-let-7-5p-siRNA (EXO-si-emu-let-7-5p)-treated worms were uptake by mouse PBLC. (B) The
relative expression levels of TGF-, IL-10 and Foxp3 in the mouse PBLC treated with PBS, EXO, EXO-si-nc, and EXO-si-emu-let-7-5p. (C) Splenic
CD4*CD25%Foxp3™* Treg frequencies in CD4™ T cells treated with PBS, TGF-+ IL-2, exosomes from RPMI-1640 medium (EXO), scrambled siRNA
(EXO-si-nc), and emu-let-7-5p-siRNA-treated worms (EXO-si-emu-let-7-5p) for 2 days. (D) The proportion of splenic CD4+*CD25%Foxp3* T cells in the
CD4* T cell population. **p <0.01; ***p < 0.001; ****p <0.0001.
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FIGURE 5 | Emu-let-7-5p regulates Treg cell differentiation through targeting NFxB2. (A) The expression of emu-let-7-5p in mouse PBLC after
transfection with emu-let-7-5p mimic for 24 h was detected using RT-qPCR. (B) The relative mRNA expression of MAP4K3, HOXB3, NFkB2, and
MAP3K7 in PBLC transfected with emu-let-7-5p mimics or mimics nc for 24 h. (C) The potential binding sites of emu-let-7-5p in the CDS and 3'UTR
of NFxB2 were predicted using the intersection of TargetScan, MiRanda, and PicTar databases. (D) Luciferase activities were measured in HEK293T
cells co-transfected with the wide-type (WT) or mutated (MUT) constructs and emu-let-7-5p mimics and control, respectively. (E) Knockdown and
overexpression of NFxB2 in PBLC by western blotting. (F) Knockdown and overexpression of NFxB2 in PBLC by RT-aPCR. (G) The relative expres-
sion levels of TGF-, IL-10 and Foxp3 in PBLC were determined by RT-qPCR. "p>0.05, *p <0.05; **p <0.01; ***p <0.001; ****p <0.0001.
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FIGURE 6 | Knockdown of emu-let-7-5p inhibits Treg cells differentiation induced by E. multilocularis. (A) Construction of recombinant plas-
mid pAAV8-si-emu-let-7-5p. (B) Validation of the inhibitory effect of emu-let-7-5p sponge in vitro. (C) The study design of the animal experiment.
(D) Expression of GFP protein in the liver of mice detected by Western blot at 15 dpi (n=1 per group). Expression of emu-let-7-5p (E), NFxB2 (F),
Foxp3 (G), IL-10 (H), and TGF-g (I) in mouse PBLC detected by RT-qPCR at 90 dpi (n =10 per group). Expression of emu-let-7-5p (J), NFxB2 (K),
Foxp3 (L), IL-10 (M), and TGF- (N) in mouse splenic lymphocytes detected by RT-qPCR at 90 dpi (n =10 per group). Expression of Foxp3 (O), IL-10
(P), and TGF-$ (Q) in mouse serum detected by ELISA at 90 dpi (n=10 per group). The total weight of cysts (R) and the number of protoscolices (S)
in mouse liver at 90 dpi (n =10 per group). *p <0.05; **p <0.01; ***p < 0.001; ****p <0.0001.
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FIGURE 7 | A schematic model shows that emu-let-7-5p from E. multilocularis induces the host Treg differentiation. After E. multilocularis in-

fection, the miRNA emu-let-7-5p induces the increase of the number of Foxp3* Treg and production of the Treg-specific transcription factor Foxp3,
along with hallmark cytokines IL-10 and TGF-§, by targeting the 3'UTR and CDS regions of NFxB2.

rAAV8-si-emu-let-7-5p group (Figure 6R,S). Mice treated with
rA AV8-si-emu-let-7-5p had a 73.48% reduction in worm burden
(Figure 6S), which indicates that emu-let-7-5p knockdown ef-
fectively reduces E. multilocularis-induced Treg cell differenti-
ation, leading to the inhibition of parasite growth.

4 | Discussion

AE is a chronic disease characterized by the malignant, tumor-
like growth of E. multilocularis within an intermediate host
organ, which can persist unnoticed for years or even decades
[39]. A key strategy for E. multilocularis to successfully colo-
nize its host is its ability to induce immune tolerance or sup-
pression. Research has shown that this immune suppression
is linked to the parasite's surface structures and metabolites
released from E. multilocularis [11, 40]. Regulatory T cells are
known to play a major role in helminth-induced immune sup-
pression [16]. However, the molecular mechanisms underlying
Treg cell induction by E. multilocularis, particularly the involve-
ment of parasite-derived miRNAs, remain poorly understood.
Therefore, elucidating how E. multilocularis induces Treg cell
differentiation and developing inhibitors to target these mole-
cules could significantly enhance our understanding of immune
suppression in AE and improve strategies for controlling and
preventing Echinococcosis multilocularis, thereby protecting
public health and supporting economic development.

In helminth infections, Thl, Th2, Th17, and Treg cells play a
crucial role in determining parasite clearance and protection
by secreting specific cytokines [41]. Pang et al. observed that

mice secrete different cytokines at various stages of secondary
AE infection [42]. During the early stage of infection, the im-
mune reaction was characterized by a mixed Th1/Th2 response,
with the presence of both IFN-y and IL-4. In contrast, the late
infection stage showed strong expression of Foxp3, IL-10, and
TGF-#[15, 43]. Our study supported these findings, showing sig-
nificantly elevated IFN-y levels at 30 dpi, and increasing IL-17
levels at 60 dpi. Additionally, we found a significant increase in
the expression of the Th2 cytokine IL-4 at 60 dpi, which then
decreased at 90 and 180 dpi, contrary to previous findings and
our initial assumption [3]. This inconsistency may be attributed
to a time lag effect in protein modification, gene transcription,
and translation [44].

Additionally, we found that IL-10, TGF-@, and Foxp3 levels in
PBMCs and splenocytes increased progressively with infection
duration. The decreased IFN-y and increased levels of Foxp3,
IL-10, and TGF-g in late infection stages align with observa-
tions in human AE and secondary infection models [43, 45].
Given that elevated IL-10, TGF-f, and Foxp3 are indicative of
enhanced Treg differentiation [46, 47], we hypothesize that E.
multilocularis may drive Treg cell differentiation to evade the
host immune response. Helminths and their ESP potently stim-
ulate CD4*tCD25%Foxp3t generation, promoting the secretion
of the anti-inflammatory cytokines IL-10 and TGF-£ [13, 48].
Exosomes, as an important part of ESP, have been reported to
be internalized by host immune cells and play an important role
in the differentiation of Treg [48]. Emu-let-7-5p is one of the top
five most expressed miRNAs in E. multilocularis and exosomes
[49]. Therefore, we hypothesized that emu-let-7-5p is involved in
Treg differentiation in AE.
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To determine whether emu-let-7-5p is involved in Treg cell dif-
ferentiation induced by E. multilocularis and its exosomes, we
used RNAI, an effective method for specifically silencing genes
in parasites [50, 51], to knock down emu-let-7-5p in E. multi-
locularis protoscolices in this study. We successfully silenced
the emu-let-7-5p gene in E. multilocularis protoscolices using
RNAI through electroporation, achieving an approximately 90%
interference efficiency—significantly higher than previously
reported [52]. A previous research study has shown that elec-
troporation can achieve 100-1 000 times greater silencing of
dsRNA compared to direct soaking [53]. The difference in inter-
ference efficiency is likely due to the superior transfection effi-
cacy of electroporation over soaking. Additionally, our dynamic
observations showed that protoscolices could survive for over
a month in culture, and RNAi did not significantly impact the
parasite's growth, as evidenced by normal viability and scolex
evagination throughout the experiment, consistent with find-
ings by Yan et al. [53] Thus, siRNA and electroporation do not
affect parasite vitality. In addition, in this study, we found that
exosomes from E. multilocularis significantly promoted CD4*
T cells to differentiate into CD4*CD25*Foxp3* Treg, while the
knockdown of emu-let-7-5p in exosomes significantly reversed
the differentiation of Treg induced by exosomes. These results
suggest that emu-let-7-5p was involved in the Treg cell differen-
tiation induced by exosomes from E. multilocularis, which may
be one of the strategies that metacestode use to modulate the
host immune response.

miRNAs typically target the 3’UTR region of mRNAs to si-
lence gene expression post-transcriptionally. Some studies also
suggest that miRNAs can target the CDS or 5UTR regions of
protein-coding genes [54]. Interestingly, our study found that
emu-let-7-5p targets both the 3'UTR and CDS regions of the
NFxB2 gene, resulting in a more significant inhibition of trans-
lation compared to targeting just the CDS region. This enhanced
effect may be due to the combined targeting of both regions by
miRNA [55].

As a key component of the alternative NF-xB pathway, NFxB2
has been demonstrated to play a unique function in Treg devel-
opment and homeostasis [56]. Grinberg-Bleyer et al. found that
deletion of NFxB2 in T cells led to a significant increase in the
percentage of Treg cells and the expression of the Treg activation
marker Foxp3 in the spleen and surrounding lymph nodes [56].
In this study, overexpression of NFxB2 promoted Treg differen-
tiation, while knockdown of NFxB2 inhibited Treg differentia-
tion. This further confirms that NFxB2 plays an important role
in driving Treg cell differentiation.

Our findings reveal a critical functional divergence between
parasite-encoded and host miRNAs: while mammalian let-7c ro-
bustly suppresses MAP4K 3 expression through canonical 3 UTR
targeting in oncogenic contexts [57], our experimental data re-
vealed that emu-let-7-5p (a phylogenetically conserved homolog
encoded by E. multilocularis) failed to suppress MAP4K 3 expres-
sion in PBLC (p>0.05). This functional divergence highlights
evolutionary constraints in cross-species miRNA-target inter-
actions, potentially arising from: (i) Beyond the seed sequence
(positions 2-8), nucleotides 13-16 of miRNAs enhance binding
specificity and affinity to target mRNAs [58]. Sequence align-
ment analysis revealed that emu-let-7-5p harbors two nucleotide

substitutions (U14C and U16A, Figure S4) within this auxiliary
pairing region compared to human let-7c. These alterations
likely impair miRNA: mRNA duplex stability, thereby dimin-
ishing the capacity of the parasite-derived miRNA to regulate
host targets. (ii) RNA-Binding Proteins (RBPs) bind to specific
regions of miRNAs or their target sites, which can physically
block miRNA-mRNA interactions, thereby preventing effective
gene silencing by the miRNAs [59]. Future studies employing
dual-luciferase assays and functional knockdown/overexpres-
sion experiments are needed to conclusively assess the roles of
MAP4K3 in this context.

Parasites can evade immune attacks by secreting molecules that
increase Treg and immunosuppressive cytokines, suggesting
that targeting parasite-derived molecules could alter the course
of infection [38, 60]. Previous studies have shown that the par-
asite Heligmosomoides polygyrus-derived molecule (Hp-TGM)
mimics the ability of TGF-f to induce FOXP3* Treg differen-
tiation from human CD4* T cells. These Treg showed superior
stability compared to TGF-f induced Treg in an inflammatory
environment, indicating H. polygyrus-derived Hp-TGM could be
a potential therapeutic target for IBD and other inflammatory
diseases [61]. Our study indicates that E. multilocularis-derived
emu-let-7-5p can induce Treg differentiation by regulating
NFxB2 expression, supporting the parasite's survival. Therefore,
targeted knockdown of emu-let-7-5p could inhibit Treg cell dif-
ferentiation induced by E. multilocularis, potentially affecting
parasite growth and development. Using a recombinant adeno-
associated virus serotype 8 vector expressing emu-let-7-5p
sponges, we observed that knockdown of emu-let-7-5p reduced
levels of emu-let-7-5p, IL-10, TGF-f3, and Foxp3, while increasing
NFxB2 expression. Notably, this knockdown significantly inhib-
ited parasite growth. Further studies are needed to elucidate the
precise mechanisms by which emu-let-7-5p promotes E. multi-
locularis growth.

In conclusion, our study demonstrates that E. multilocularis-
derived emu-let-7-5p induces Treg cell differentiation by target-
ing the host's NFxB2 gene (Figure 7). Efficient and sustained
inhibition of emu-let-7-5p via rAAV8-mediated delivery could
offer a promising therapeutic strategy for AE.
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