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Abstract
Background: The cestode Echinococcus multilocularis (E. multilocularis) infection, a serious health
problem worldwide, causes alveolar echinococcosis (AE), a tumor-like disease predominantly located in
the liver and able to spread to any organs. Until now, there have been few studies that explain how TIM-
1+B cells contribute to the immune tolerance in E. multilocularis infection.

Methods: Hematoxylin-eosin (H&E) and Masson staining were used to assess the pathological
in�ammatory changes and collagen deposition respectively in the liver of E. multilocularis infected mice.
Desmin, TIM-1 and IL-10 were detected by immunohistochemistry (IHC). qRT-PCR and ELISA were used to
detect the IL-10 of liver and serum, respectively. Flow cytometry was used to assess the level and function
of CD19+TIM-1+ cells and CD19+CD5+CD1dhi cells in spleen. Immuno�uorescence (IF) were used to
detect the co-localization of immune cells in the liver.

Results: At 180 days after infection, in�ammatory cells and �brosis could be observed in the liver of mice
in the infection group, a large number of activated hepatic stellate cells (HSC) and TIM-1+ cells appeared
around the lesion and the expression of IL-10 was also signi�cantly higher than that in control group. The
level and function of CD19+TIM-1+ cells and CD19+CD5+CD1dhi cells in the spleen were up-regulated in
the infection group, but CD19+TIM-1+ cells produced IL-10 more e�ciently and could be recruited to the
lesion.

Conclusions: In the late stage of alveolar echinococcosis, CD19+TIM-1+ cells can be recruited to the lesion
and may be more e�cient IL-10 producers to participate in the formation of immune tolerance.

Background
Alveolar echinococcosis is a rare zoonotic disease caused by Echinococcus multilocularis. Humans are
generally not directly involved in the transmission of AE. In 98% of cases, the infection mainly exists in
the liver, showing like tumor disease. It is estimated that there are over 18,000 cases of alveolar
echinococcosis in the world each year, of which 91% occur in China [1]. Patients with this disease have
non-speci�c symptoms such as upper abdominal discomfort, loss of appetite and jaundice in the early
stage. The various complications in the late stage are mostly caused by the compression or damage of
organs by one or more vesicles, even the volume of the vesicle is not very large [2]. There are thin or thick
layers of collagen �bers around these vesicles. In the early stages of infection, these �ber layers will
prevent the continued enlargement of the lesions. But in the late stages of infection, these �brous layers
gradually thicken, weakening the effect of immune cells on the lesions. E. multilocularis can achieve a
certain balance between pro-in�ammatory and anti-in�ammatory through the formation of an “immune
tolerance” microenvironment, maintain immune homeostasis, and help itself survive in the host [3].

As all we know, IL-10 is an anti-in�ammatory cytokine, which plays an important role in the formation of
immune tolerance in a variety of diseases, including parasitic diseases [4–7]. Regulatory B cells (Bregs)
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are a special subset of B cells that have immune regulation or immunosuppressive functions, and play an
important role in peripheral immune tolerance. The activity of Breg is mainly attributable to the
expression of IL-10, but also uses additional regulatory mechanisms such as TGF-β, FasL, IL-35 and
TIGIT [8, 9]. T cells immunoglobulin domain and mucin domain protein-1 (TIM-1) is a transmembrane
glycoprotein that has been identi�ed as a member of the TIM family of genes that regulate immune
response. TIM-1 is �rst found to be expressed on T cells and dendritic cells, and plays an important role in
regulating important cell functions [10]. Recently, it has also been found that TIM-1 is expressed in B
cells. The function of TIM-1+B cells requires the expression of TIM-1, which is essential for maintaining
autoimmune tolerance and limiting tissue in�ammation. The vast majority of TIM-1+B cells produce IL-
10. Compared with all other B cell subsets, the expression of IL-10 is increased by 8–20 times and it
accounts for over 70% of all B cells that produce IL-10 [11]. Therefore, TIM-1+B cells have become a new
focus of research on immune tolerance.

One of the typical characteristics of AE is the vesicles wrapped by a layer of collagen �bers. The
increasing volume and number will seriously affect the normal physiological function of the host. If it is
not inhibited, it will inevitably cause the death of the host. IL-10 is believed to promote �brosis, reduce the
secretion of pro-in�ammatory cytokines, and accelerate the resolution of in�ammation. In view of the fact
that Breg and TIM-1+B cells show strong regulatory abilities and IL-10 secretion in other infectious
diseases, we want to know whether they are also involved in the pathogenesis of AE. We propose a study
to observe the role of Breg and TIM-1+B cells in liver �brosis caused by AE.

Material And Methods

Mice
Pathogen-free female BALB/c mice (6-8 weeks old) were purchased from the First A�liated Hospital of
Xinjiang Medical University Experimental Animal Science Research Department. All animal procedures
were approved by the Animal Care and Use Committee and the Ethical Committee of First A�liated
Hospital of Xinjiang Medical University (Approving Number: 20170214-106).

E. multilocularis infection mouse model
Fourteen BALB/c mice were randomly divided into 2 groups, the infection group (7) and the control group
(7). E. multilocularis protoscoleces (PSCs) were obtained from intraperitoneal lesions maintained in
BALB/c. Brie�y, the parasites were washed several times using phosphate buffered saline (PBS)
containing 1000 mg/ml penicillin and 1000 U/ml streptomycin. Finally, counted using a microscope and
adjusted to the appropriate parasite concentration before injection [12]. The concentration is 2000
PSCs/ml. The injection method is intraperitoneal injection. The mice in infection group were injected with
1 ml of PSCs sediment, and the mice in the control group were injected with the same amount of saline.
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They were maintained in an air-conditioned animal room with a 12-hour light/dark cycle, and provided
with rodent chow and water.

Specimen collection
Mice were sacri�ced at experimental timepoints (180 days after model was established) using
euthanasia, which was approved by Institutional Animal Care and Use Committee. Speci�cally, mice were
intraperitoneally (left lower quadrant) injected with 5% chloral hydrate 0.15–0.20 ml/mouse through
medical syringe needle, and peripheral blood was collected by retro-orbital bleeding after successfully
anesthetized; then, whole liver and spleen samples were obtained surgically; at last, mice were euthanized
using cervical dislocation [13]. 

Cell culture
The spleen was grinded and used mouse spleen lymphocyte extraction kit to separate lymphocytes. The
separated lymphocytes were cultured in RPMI 1640 medium supplemented with 10% FBS at a density of
2 × 106 cells/ml in a 24-well plate. LPS with a �nal concentration of 10 μg/ml was added to each well,
and cultured at 37℃ and 5% CO2 for 20h. 2μl of Leukocyte Activation Cocktail was added to each well
for 4h. Cells were collected in 1.5ml EP tube and waited for �ow cytometry to detect the cells.

Flow cytometry
The collecting cells stained with appropriate concentrations of �uorochrome-conjugated antibodies at
4℃ for 30 min, and then the cells were washed with PBS solution. The antibodies included anti CD1d-PE,
anti CD5-PECy5, anti CD19-FITC, anti TIM-1-PE. The remaining cells were �xed and permeabilized using
eBioscience™ �xation/permeabilization concentrate and permeabilization buffer according to the
manufacture‘s description. Remaining cells stained with appropriate concentrations of �uorochrome-
conjugated antibody (anti IL-10-APC ) at 4℃ for 30 min, and then the cells were washed with PBS
solution. The cells were suspended in 300μl of PBS solution and then acquired using the DxFLEX.

Histopathological analysis
The liver samples were �xed with 4% paraformaldehyde, dehydrated, and embedded in para�n. Sections
(4μm thick) from embedding tissue were prepared and stained with hematoxylin, eosin and Masson
staining kit.

Immunohistochemistry and Immuno�uorescence analysis
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For the IHC analysis, sections (4μm thick) from embedding tissue were prepared. Then, the sections were
incubated with a primary antibody against mouse Desmin, TIM-1 and IL-10. Immunoreactive proteins
were visualized using the appropriate anti-IgG secondary antibodies labeled with horseradish peroxidase
and the chromogen 3’-diaminobenzidine (DAB) as a substrate.

For the IF analysis, para�n-embedded sections were stained with rabbit anti CD20 and rat anti TIM-4
antibodies, followed by Goat Anti-Rabbit IgG H&L (Alexa Fluor® 488) and Goat Anti-Rat IgG H&L (Alexa
Fluor® 594). Positive cells were detected by confocal microscopy.

RNA isolation and qRT-PCR
Total RNA was extracted from whole liver tissues using Trizol reagent and subsequently reversely
transcribed into cDNA using a PrimeScript RT reagent kit  according to the manufacturer’s instructions.
The cDNA was subjected to real-time PCR using a SYBR Premix Ex Taq II kit and an Applied Biosystems
7500 Fast Real-Time PCR System. GAPDH was used as an internal control. The results were calculated
by the 2−△△Ct method. The primers used for qRT-PCR were listed below:

IL-10: (F) GCTGGACAACATACTGCTAACC (R) ATTTCCGATAAGGCTTGG CAA

GAPDH: (F) AACTTTGGCATTGTGGAAGG (R) CACATTGGGGGTAGGAA CAC

Enzyme-linked Immunosorbent Assay (ELISA)
According to the manufacturer’s instructions, IL-10 in serum was analyzed with an ELISA kit. Data was
detected with a microplate reader and analyzed thereafter.

Statistical analysis
The quantitative analysis of morphology results was carried out by ImageJ software; Statistical analysis
and mapping were carried out by GraphPad Prism V8.0 software. The results are expressed as the mean
± SD. The independent-sample t-test is used for the comparison between the two groups of means, the
one-way analysis of variance is used for the comparison of the means between multiple groups. P<0.05
indicates that the difference is signi�cant.

Result

In the late stage of AE, severe liver �brosis will be formed
with a large number of activated HSC and TIM-1  +  cell
in�ltration
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First, we observed by HE staining that there was no obvious abnormality in the liver of the mice in the
control group. The normal liver lobule structure of the mice in the infection group was destroyed,
hepatocytes were degenerated and necrotic, hepatic sinusoids were dilated. There is a large amount of
in�ammatory cells around the lesion (Fig. 1A, B). Then, we used Masson staining to compare the
situation of �brosis in the liver of the two groups of mice. The results showed that the �brosis area in the
infection group was signi�cantly higher than that in the control group (Fig. 2A, B, C). Desmin is one of the
markers of HSC activation [14]. Our IHC results showed that there was a large amount of Desmin
expression around the liver lesions in the infection group, and it was signi�cantly higher than that in the
control group (Fig. 3A, B). Suggesting that there may be activated HSC near the lesion, and the activated
HSC contribute to the formation of extracellular matrix, thereby promoting the progression of liver
�brosis. In mice, TIM-1 is mainly expressed in Th2 cells, B cells, invariant natural killer T (iNKT) cells and
kidney tubular epithelial cells [15]. Our IHC results showed that there was a large amount of TIM-1+ cell in
the liver lesions in the infection group, which was signi�cantly different from the control group,
suggesting that TIM-1+ cells were involved in the progression of AE (Fig. 3A, C).

Immune tolerance-related cytokine IL-10 is up-regulated in
the late stage of AE
The previous results of this study showed that TIM-1+ cells are abundantly expressed around the lesion,
and most of these cells are related to immune tolerance. Therefore, we use a variety of methods to detect
cytokine IL-10 that is inseparable from the formation of immune tolerance. The results of IHC showed
that the expression of IL-10 increased around the liver lesions of the infection group. It was signi�cantly
different from the control group (Fig. 4A, B). The qRT-PCR results showed that compared with the control
group, the liver IL-10 mRNA of the infection group was signi�cantly up-regulated (Fig. 4C). The Elisa
results also showed that the IL-10 content in the serum of the infection group was signi�cantly higher
than that of the control group (Fig. 4D). Our results imply that IL-10 may play an indispensable role in
liver �brosis caused by AE.

CD19  +  TIM-1  +  cells are more e�cient of producing IL-10
than CD19+CD5+CD1dhi cells
We have previously veri�ed that IL-10 is signi�cantly increased in AE lesions. However, which cells are the
sources of these IL-10? Then, we used �ow cytometry to detect the level and function of CD19+TIM-1+

cells and CD19+CD5+CD1dhi cells in the spleen of the two groups of mice. The results showed that CD19+

cells, CD19+TIM-1+ cells, CD19+IL-10+ cells and CD19+CD5+CD1dhi cells in the infection group were
signi�cantly higher than those in the control group (Fig. 5A, B, C, D, F, G). The expression of TIM-1 in IL-10-
producing B cells in the infection group was signi�cantly higher than that in the control group (Fig. 5A, B,
E). The proportion of CD19+CD5+CD1dhiIL-10+ cells and CD19+TIM-1+IL-10+ cells in the infection group
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were signi�cantly higher than control group. In the infection group, the proportion of IL-10 producing cells
in CD19+TIM-1+ cells was signi�cantly higher than that in CD19+CD5+CD1dhi cells (Fig. 5A, B, C, D, H).
The above results indicate that in the late stage of AE, CD19+CD5+CD1dhi cells and TIM-1+B cells are up-
regulated. The ability of them to produce IL-10 is higher than that of control group, but the ability of TIM-
1+B cells is stronger. It suggests that the increased TIM-1+B cells may be a more e�cient IL-10 producer
in AE.

TIM-1  +  B cells are recruited to the lesion by binding to the
ligand TIM-4
We have veri�ed that in the spleen at the late stage of AE, there will be more TIM-1+B cells that producing
IL-10. Will these cells reach the lesion? Finally, we performed IF detection. Our confocal microscopy
results showed that TIM-4+ cells and B cells were located in the same region (Fig. 6). It suggests that the
TIM-1+B cells may be recruited into the lesion through TIM-1/TIM-4 signaling in AE.

Discussion
Alveolar echinococcosis as a tropical disease neglected by the World Health Organization is prevalent all
over the world. In Asia, China is still one of the regions with the highest prevalence, especially in western
China. Therefore, it is urgent to �nd an effective treatment for AE [1, 16]. In the persistent infection of E.
multilocularis, the formation of collagen �brous layer is one of the typical pathological changes.
Furthermore, based on the morphological and immunohistochemical data, the lesion is characterized by
an outer layer consisting of T and B cells [17]. It shows that B cells may be involved in the formation of
liver �brosis caused by echinococcosis. In human and animal models, the continuous parasitic infection
and the occurrence of tumors are both heavily involved in regulatory B cells. Their role is inseparable from
an important cytokine IL-10 [18–21].

In recent years, more and more researchers have noticed a new subset of B cells that secrete IL-10 more
e�ciently, TIM-1+B cells. Examination of TIM-1+ B cells revealed a 20- to 25-fold enrichment for IL-10
compared to TIM-1− B cells [9]. TIM-1 binds to phosphatidylserine, which is �ipped to the outer lea�et of
apoptotic cell membranes, conveying phagocytosis by macrophages and IL-10 expression by B cells.
Therefore, some researchers suggest that TIM-1 is one of the markers for the identi�cation of Breg subset
[9, 22]. Studies have shown that mouse TIM-1+B cells can suppress Th1 response in vivo and promote
Th2 and Treg responses in an allograft transplantation setting [23]. In the experimental autoimmune
encephalomyelitis model, TIM-1+B cells inhibit Th1 and Th17 responses in vivo [24]. Additionally, TIM-1
signaling is essential for regulating the balance between “regulatory” and proin�ammatory B cells in
order to maintain self-tolerance in tissues including the CNS [25]. Despite the above inspiring research
results, it is still unclear that the exact mechanism of TIM-1’s immune regulation. Until now, there have
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been few studies that the relationship between TIM-1+B cells and AE. Therefore, we made this research
work.

First, we made a model by intraperitoneal injection of the PSCs to simulate a process termed “secondary”
echinococcosis. After 180 days of infection, we used HE staining and Masson staining to observe the
livers of the mice in the control and infection group. The results showed that the area of in�ammatory cell
in�ltration and �brosis in the liver of the infection group was signi�cantly higher than that of the control.
Subsequently, we detected the expression of Desmin and TIM-1, which level were also signi�cantly higher
than the control. It suggests that in the liver �brosis caused by AE, activated HSC and TIM-1+ cells may be
involved in the formation's process of �brosis. Finally, we detected the expression of IL-10 in the liver and
peripheral blood, and found that the infection group was also signi�cantly higher than the control. It
shows that IL-10 may help the formation of liver �brosis in the late stage of AE.

In many diseases with immune tolerance, IL-10 has always been one of the important factors in�uencing
the balance of immune status. It has a wide range of sources and Breg is one of its sources. The spleen
is the largest reservoir for Breg and is the focus of most murine Breg studies [26]. In this study, our �ow
cytometry results showed that TIM-1+B cells in the spleen of mice in the infection group had a higher
proportion of IL-10 producing cells than CD19+CD5+CD1dhi cells, and both were higher than those in the
control.

TIM-4, the natural ligand for TIM-1, was mainly expressed by CD11b+ myeloid cells [27],the confocal
microscopy results showed that TIM-4+ myeloid cells and B cells were located in the same region, which
suggests that myeloid cells could promote TIM-1+B cells to produce IL-10 through TIM-1/TIM-4 signaling.
Therefore, this may be one of reasons for the high expression of IL-10 in the AE lesion and the formation
of �brosis in the local area.

In mice, TIM-1 has been reported to be an important receptor, which can induce and exert the functions of
Breg cells, maintain transplantation immune tolerance and prevent autoimmunity. There are research
�ndings that TIM-1 ligation in B cells induces IL-10+ Breg which are required to prolong graft survival [11].
In addition, the TIM-1 signal is necessary to inhibit the production of pro-in�ammatory cytokines by Breg.
The interaction between TIM-1 and TIM-4 plays a crucial role in Th2 immune response [28].

The results of this study suggest that in AE, TIM-1+B cells and CD19+CD5+CD1dhi cells are both IL-10
producers. The source of the high expression of IL-10 in the lesion may be produced by the recruitment of
TIM-1+B cells with high IL-10 production through the TIM-1/TIM-4 signaling.

In summary, we prove that TIM-1+B cells are essential for maintaining immune tolerance in AE. The
regulatory function of TIM-1+B cells in infection and transplantation has also been determined [23, 29,
30]. Thus, further understanding TIM-1+B cells and their regulatory mechanisms would be valuable for
treating immune-related diseases by selectively enhancing or inhibiting the B cell activity and/or their
regulatory mechanisms.
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Conclusions
In liver �brosis caused by AE, TIM-1+B cells and CD19+CD5+CD1dhi cells are both producers of IL-10. TIM-
1+B cells can be recruited to the lesion, which are more e�cient IL-10 producer.
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Figures

Figure 1

Representative HE images in liver tissue are shown (200×). (A) Control (B) Infection
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Figure 2

Representative Masson images in liver tissue are shown (200×). (A) Control (B) Infection (C) The positive
areas of Masson staining in (A) and (B) were quantitatively compared. Bars = means ± SD, n = 7. *p<0.05,
**p<0.01.

Figure 3

There are numerous activated HSC and TIM-1+ cells in the lesions of alveolar echinococcosis. (A)
Representative immunohistochemistry images of Desmin and TIM-1 in liver tissue are shown (left panel
200×, enlarged 400× on the right panel). The brown grains indicated the positively stained regions.
Arrowheads indicate representative positive cells. (B, C) The Desmin-positive areas (B) and the TIM-1-
positive areas (C) in (A) were quantitatively compared. Bars = means ± SD, n = 7. *p<0.05, **p<0.01.
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Figure 4

Up-regulated expression of IL-10 in the lesions and serum of alveolar echinococcosis. (A) Representative
immunohistochemistry images of Il-10 in liver tissue are shown (upper panel 200×, enlarged 400× on the
lower panel). The brown grains indicated the positively stained regions. Arrowheads indicate
representative positive cells. (B) The IL-10-positive areas in (A) were quantitatively compared. (C) Total
liver RNA was extracted, and the expression of IL-10 was determined by quantitative reverse transcription
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(qRT)-PCR. (D) The concentrations of IL-10 in serum were determined by Elisa. Bars = means ± SD, n = 7.
*p<0.05, **p<0.01.

Figure 5

CD19+TIM-1+ cells are more e�cient of producing IL-10 than CD19+CD5+CD1dhi cells in the spleen of
alveolar echinococcosis. (A, B, C, D) Representative images of Spleen lymphocytes were analyzed by
�uorescence-activated cell sorting (FACS) after staining with anti-CD19, anti-CD5, anti-CD1d, anti-TIM-1
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anti-IL-10. (E) The percentage of TIM-1+ cells in CD19+IL-10+ cells in (A, B) was determined and
quantitatively compared. (F) The percentage of CD19+ cells, CD19+TIM-1+ cells, CD19+IL-10+ cells in (A,
B) was determined and quantitatively compared. (G) The percentage of CD19+CD5+CD1dhi cells in (C, D)
was determined and quantitatively compared. (H) The percentage of IL-10+ cells in both
CD19+CD5+CD1dhi cells and CD19+TIM-1+ cells in (A, B, C, D) was determined and quantitatively
compared. Bars = means ± SD, n = 7. *p<0.05, **p<0.01.

Figure 6

Representative immuno�uorescence images of CD20 (green), TIM-4 (red) and nuclear staining with DAPI
(blue) in infection group’s liver tissue are shown (200×).
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