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Abstract
Alveolar echinococcosis (AE) is a malignant and fatal parasitic disease caused by the larvae 
of Echinococcus multilocularis (E. multilocularis), which inhibits the activity and proliferation 
of natural killer (NK) cells. In this study, the functional alteration of hepatic NK cells and 
their related molecules were studied. The AE-infected patient’s tissue was fixed with for-
malin, embedded in paraffin, and stained with Masson’s trichrome or hematoxylin and eosin 
(H&E). Single cells from AE-infected patient or E. multilocularis-infected mice were blocked 
with Fc-receptor (FcR), and stained with monoclonal antibodies, including CD16, CD56, CD3, 
KIR2DL1, granzyme B, perforin, Interferon gamma (IFN-γ), and tumor necrosis factor-α (TNF-
α) or isotype control, to measure molecules and cytokines of NK cells and analyzed by flow 
cytometry. The Sirius red staining was used to quantitate hepatic fibrosis by calculating quan-
titative collagen deposition. AE can adjust both the number of hepatic CD56+ NK cells and 
its KIR2DL1 expression processes. Moreover, the overexpression of KIR2DL1 in NK cells could 
downregulate the functioning of immune cells in the liver area close to parasitic lesions. 
The number and dysfunction of NK cells in E. multilocularis infection could be related to 
the molecule dynamics of cell surface inhibitory receptor Ly49A, leading to hepatic damage 
and progression of fibrosis. This study illustrated significant increase in hepatic fibrogenesis 
and apparent upregulation of hepatic CD56+ NK cell population and its KIR2DL1 expression in 
AE-infected patients. This opposite variation might be related to the impaired NK cells func-
tioning, such as granzyme B, IFN-γ, and TNF-α secretion. In addition, the cell surface inhibi-
tory receptor Ly49A was related to the intracellular cytokine secretion functions of NK cells.
© 2021 Codon Publications. Published by Codon Publications.
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examination of lesions. The liver specimens were obtained 
from 17 patients with AE infection (age: 45 years ± 10.1), 
consulting at The Fifth Affiliated Hospital of Xinjiang 
Medical University, China. Two specimens of the liver were 
taken from each patient: the first specimen from the site 
close to parasitic lesions, and the second one from the site 
distant from lesions. All procedures performed in the study 
involving human participants were in accordance to the 
standards of the Ethics Committee of The Fifth Affiliated 
Hospital of Xinjiang Medical University, China.

Animal model and infection

About 8-10-week-old pathogen-free female BALB/c mice 
were housed at specific pathogen-free facility with a 12-h 
light/dark cycle and provided with standard feed and 
water. BALB/c mice were used as an animal model of E. 
multilocularis infection, and tissue samples were collected. 
E. multilocularis metacestodes were obtained from intra-
peritoneal lesions and maintained in Meriones unguiculatus. 
Intrahepatic injection of 0.1-mL E. multilocularis suspen-
sion was given to each experimentally infected mouse. The 
mice in the control group were injected with saline using 
the same procedure. The mice were sacrificed at 4, 12, and 
24 weeks after E. multilocularis-infected animal model was 
established. All animal experiments were approved by the 
Institutional Animal Care and Use Committee of the Fifth 
Affiliated Hospital of Xinjiang Medical University, China. 

Flow cytometry analysis

For single-cell suspension, the AE-infected patient’s tissue 
was cut into 0.5 × 0.5-cm sections, followed by mechan-
ical disaggregation using a tissue disaggregator. Flow 
cytometry was used to identify NK cells. Single cells from 
liver tissue were blocked with Fc-receptor and stained 
with conjugated monoclonal antibodies with CD16 (BD 
Biosciences, Mississauga, Canada), CD56 (BD Biosciences), 
CD3 (BD Biosciences), KIR2DL1 (BD Biosciences), gran-
zyme B (BioLegend, San Diego, USA), perforin (BioLegend), 
Interferon gamma (IFN-γ) (BD Biosciences), and tumor 
necrosis factor-α (TNF-α) (BioLegend) or isotype control to 
measure molecules and cytokines of NK cells, and then ana-
lyzed by flow cytometry. To detect intracellular cytokine, 
1 × 106 lymphocytes were stimulated by Cell Stimulation 
Cocktail cultured for 4 h at 37°C. These cells were then 
harvested and labeled with anti-CD56 and anti-CD3 anti-
bodies for 30 min at 4°C, and analyzed by flow cytometry. 

Liver staining (hematoxylin and eosin staining, 
Sirius red staining, and Masson’s trichrome 
staining)

Liver samples were fixed with formalin, embedded in par-
affin, and stained with Masson’s trichrome or Hematoxylin 
and Eosin (H&E) for pathological observations. Tissues 
were fixed in 4% paraformaldehyde in a neutral buff-
ered formalin, embedded in paraffin, and cut into 4-mm 
serial sections. Sirius red staining was used to quantify 
hepatic fibrosis, which calculates the quantitative collagen 

Introduction

Alveolar echinococcosis (AE) is a malignant and fatal parasitic 
disease caused by the larvae of Echinococcus multilocularis 
(E. multilocularis).1,2 This disease is also known as “parasitic 
cancer.” It can metastasize into other organs at a later stage 
of infection. Numerous studies have shown that E. multilocu-
laris infection can cause the body to go into a state of immune 
tolerance, thus evading the attack of host’s immune system.3,4 

If E. multilocularis continues to proliferate and infiltrate, the 
hepatic lesions continue to expand, leading to inflammation 
and immune reaction in host’s liver.5,6 If the AE patients are not 
treated or treated improperly, the 10-15-year mortality rate 
could be as high as 90% after initial diagnosis.7 Recent reports 
have indicated that the crucial innate actors of immune 
response are abnormalities that mediated the proliferation of 
lymph node cells in the animal model of AE.6,8 Recent studies 
have also found that the persistence of E. multilocularis infec-
tion is the result of immune tolerance, which is mainly medi-
ated by T regulatory cells (Tregs).9 Natural killer (NK) cells, a 
kind of cytotoxic lymphocytes, are essential for human innate 
immune system because they provide rapid immune response 
to parasites and function without sensitization. NK cells play a 
crucial role in the regulation of diseases in humans.10 Presence 
of NK cells in hepatitis limits the formation of liver fibrosis 
and cancer.11,12 In AE, E. multilocularis infection inhibits the 
activity and proliferation of NK cells, implying that NK cells 
in AE patients with alveolar hydatid cannot perform normal 
immune surveillance functions, which leads to the formation 
of immune tolerance.13,14 A recent study has demonstrated that 
E. multilocularis can downregulate the immune response of 
NK cells by inducing the overexpression of NKG2A on the sur-
face of NK cells. In addition, some studies have also found that 
the sustained expression of MICA/B molecules and TGF-β may 
lead to the inhibition of NKG2D in NK cells,15 thereby inhibiting 
NKG2D-dependent cytotoxicity, and causing immune escape 
of E. multilocularis in host’s NK cells.16 The killer immunoglob-
ulin-like receptors (KIRs) play a crucial role in regulating NK 
effector function,17,18 and the inhibitory KIRs with their cognate 
ligands within specific class 1 HLA epitopes induces tolerance 
to target cells.19 KIR has two subtypes: inhibitory receptors and 
activating receptors. Among these, the inhibitory receptors of 
KIR are expressed highly, which can transmit inhibitory signals 
and reduce the function of NK cells.20 The KIR2DL1 belongs 
to the inhibitory-motif KIR. A recent study has reported that 
KIR2DL1 is related to the unresponsiveness of NK cells, rather 
than KIR2DL2 or KIR2DL4.21 Inhibitory NK cell receptors spe-
cific to classical major histocompatibility complex class I mol-
ecules include human KIR or murine C-type lectin-like Ly49 
family receptors.22 Ly49A can inhibit the cytotoxicity ability of 
NK cells in mice. 

However, whether KIR plays a role in the NK cells of 
AE-infected patients remains to be elucidated. Therefore, 
the present study demonstrates the potential role of KIR2DL1 
in AE-infected patients and its underlying mechanism.

Methods

Patients and samples

The diagnosis of AE infection was done using enzyme-
linked immunosorbent assay (ELISA) and histological 
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liver lesions (Figure 2D). These results indicated that the 
overexpression of KIR2DL1 in NK cells might downregulate 
the functioning of immune cells in the liver area closer to 
parasitic lesions, which helped easy growth of pathogen in 
the liver. 

E. multilocularis induces hepatic damage and 
fibrosis in mice

In order to establish the AE-infected animal model, BALB/c 
mice were infected with E. multilocularis. At the early 
stage (4 weeks) of this E. multilocularis-infected animal 
model, a few lymphocytes infiltrated the portal areas, and 
development of fibrous tissue was observed in infected 
areas, compared to the control group. From 4 to 12 weeks 
of infection and proliferation of fibroblasts, inflammatory 
cells in the areas closer to parasitic lesions were signifi-
cantly higher than in the 4th week sample. An apparent 
significant increase in liver fibrosis was observed in the 
areas closer to lesions. Until 24 weeks of E. multilocularis 
infection, the expression of collagen increased significantly 
in the areas closer to lesions, and typical granulomatous 
and degenerating hepatocytes, hepatic fibrogenesis, and 
fibrous infiltrate were observed compared to the 4-week 
group (Figures 3A and 3B). These results indicated that E. 
multilocularis infection could induce hepatic damage and 
fibrosis progression in mice. 

Ly49A overexpression in NK cells of E. 
multilocularis-infected mice

In order to determine the proliferation of intrahepatic NK 
cells in E. multilocularis infection, liver cells were isolated 
in E. multilocularis-infected mice and analyzed by flow 
cytometry to determine the percentage of NK cells. In the 
control group, NK cells accounted for less than 5% of the 
intrahepatic lymphocytes. However, increase in the per-
centage of NK cells was observed with increase in intrahe-
patic parasitic load. From 12 to 24 weeks, E. multilocularis 
infection resulted in a significant enrichment in percentage 
and numbers of NK cells in the liver compared to the control 
group (Figure 4A). In addition, the expression of Ly49A in NK 
cells was studied to estimate immune response and toler-
ance of E. multilocularis infection. As shown in Figure 4B, 
there was a remarkable difference between E. multilocu-
laris infected group and the control group at 12 and 24 
weeks, and the expression of inhibitory receptor Ly49A in 
NK cells increased remarkably in infected mice at 12 and 
24 weeks compared to the control group. These results sug-
gested that the number and functioning of NK cells in E. 
multilocularis infection might be related to the dynamics of 
cell surface inhibitory receptor Ly49A molecule. 

NK cell function impaired in E. multilocularis-
infected mice through the regulation of Ly49A

In order to explore the function of Ly49A+ NK cells in E. 
multilocularis-infected animal model, the intracellular 
cytokine production from Ly49A+ NK cells was analyzed 
by flow cytometry. There was no significant difference in 

deposition by detecting the percentage of area containing 
Sirius red.

Statistical analysis

The results are presented as mean ± standard deviation 
(SD). Differences between the groups were calculated using 
ANOVA and Student’s t-test for electron microscopy data 
and χ2 for immunohistochemistry data. The correlation 
coefficient analysis was performed using Spearman’s rho. 
Differences were considered significant if P < 0.05.

Results

Expression of KIR2DL1 was markedly higher  
in NK cells of AE-infected patients

In order to investigate the effect of AE infection on liver 
fibrosis, histological analysis was conducted on sections 
of liver tissue of AE-infected patients. Masson’s staining 
showed markedly increased hepatic fibrogenesis in the 
liver area close to lesions. There was a strong expres-
sion of collagen immunostaining in extracellular matrix 
(ECM), which is presented as a diffused distribution com-
pared to the areas distant from liver lesions (Figure 1A). 
Immunohistochemical analysis showed that in AE-infected 
patients, the expression of KIR2DL1 was significantly 
higher in the areas closer to liver lesions than the areas 
distant from liver lesions (Figure 1B). Liver NK cells from 
17 AE-infected patients were isolated and analyzed by 
flow cytometry to determine the percentage of CD56+ NK 
cells expressing KIR2DL1. After AE infection, areas close to 
liver lesions resulted in a significant enrichment of CD56+ 

NK cells with higher percentage and numbers compared to 
the areas distant from liver lesions (Figure 1C). The above 
results indicated that AE infection could affect both the 
number of hepatic CD56+ NK cell and its KIR2DL1 expression 
processes. 

High expression of KIR2DL1 in liver areas closer to 
parasitic lesions of AE-infected patients impairs 
NK cells functioning

NK cells recognize pathogens by the activation of surface 
receptors and play a protective role against infectious 
pathogens through the secretion of cytokines such as 
granzyme B, IFN-γ, and perforin. To clarify the effect of 
KIR2DL1 overexpression on NK cells and the overall func-
tional role in AE-infected patients, a functional analysis 
was performed by examining cytokine production using 
flow cytometry. Compared to KIR2DL1+ NK cells, a signif-
icant increase in granzyme B and IFN-γ expressions was 
observed in the KIR2DL1- NK cells, in the liver areas closer 
to and distant from parasitic lesions (Figures 2A and 2B). 
Further, the expression levels of perforin and TNF-α were 
markedly higher in KIR2DL1- NK cells in the liver area closer 
to parasitic lesions, while perforin levels had no significant 
change in the areas distant from liver lesions (Figure 2C). 
Conversely, higher expression levels of TNF-α were 
observed in KIR2DL1+ NK cells in the areas distant from 



E. multilocularis induces high expression of inhibitory KIR on NK cells 81

Distance
(A)

(B)

(C)

Distance

P
er

ce
nt

ag
e 

of
 fi

br
ot

ic
s

ar
ea

 (%
)

liver lesions

KIR2DL1

Masson

20

15

10

5

0

IHC

500

KIR2DL1

C
ou

nt

96.5 3.49 91.2 8.77

400

300

200

100

101 102 103 104 105 101 102 103 104 105
0

400

300

200

100

0

Close

Close

Distance

P
er

ce
nt

ag
e 

of
 K

IR
2D

L1
in

 C
D

56
+  N

K
(%

)

20

15

10

5

0
Close

Distance

P
er

ce
nt

ag
e 

of
 K

IR
2D

L1
in

 IH
C

 (%
)

20

25

15

10

5

0
Close

Distance Close

Figure 1 The expression of fibrosis marker and KIR2DL1 in E. multilocularis-infected livers of AE patients. (A) Masson’s 
trichrome staining for collagen in AE patient’s liver sections; (B) The expression of KIR2DL1 in the liver were detected by 
immunohistochemistry; (C) The percentage of CD56+NK cells expressing KIR2DL1 from AE-infected patients were analyzed by flow 
cytometry. “Close”: liver area close to E. multilocularis lesion; “Distance”: liver area distant from E. multilocularis lesion. Values 
represent means ± SD. ***p < 0.005, versus Distance group. 

the expression levels of granzyme B between control and 
Ly49A+ NK cells at 4 weeks after E. multilocularis infec-
tion (Figure 5A). However, greater inhibition of cytokine 
production was observed in the Ly49A+ NK cells of E. mul-
tilocularis-infected mice; secretion of granzyme B, IFN-γ, 
and TNF-α was significantly low in Ly49A+ NK cells than 
that in the control group at 12–24 weeks (Figures 5A–C). 
Taken together, these data suggested that the intracellular 

cytokine secretion functions of Ly49A+ NK cells were 
impaired in E. multilocularis-infected mice.

Discussion

The small tapeworm genus Echinococcus encompasses 
multiple species and genotypes. Among these, AE caused 
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Figure 2 High expression of KIR2DL1 attenuated the NK cell’s function in the liver area close to the parasitic lesions of AE 
infected patients. (A) The percentage of granzyme B + in liver NK cells after infection; (B) The percentage of IFN-γ + in liver NK 
cells after infection; (C) The percentage of perforin + in liver NK cells after infection; (D) The percentage of TNF-α+ in liver NK 
cells after infection. All data were measured by flow cytometry. “Close”: liver area close to E. multilocularis lesion; “Distance”: 
liver area distant from E. multilocularis lesion. Values represent means ± SD. ***p < 0.005, versus KIR2DL1+ NK group.

by E. multilocularis poses considerable health risks to 
humans. In the process of AE infection, parasite eggs 
infect appropriate intermediate hosts and migrate to the 
hepatic tissue. The viable and proliferating AE lesions are 
characterized by extensive conglomerate of small vesi-
cles, and E. multilocularis can reside with inflowing infil-
trative growth and cause serious vasculature infection.14 

The number of hepatic NK cells is markedly increased in 
AE patient compared to normal healthy individual; how-
ever, the expression levels of NK cells-associated cyto-
toxic mediators are remarkably lower than that in normal 

healthy person, indicating that NK cells play a vital role in 
the pathogenesis of AE.23 A recent study has reported that 
AE is an immune-related parasitic infection, and NK cells 
mediate AE immune regulatory processes.24 In AE patients, 
inhibition of NK cells leads to lower cytotoxicity, and the 
expression of NKG2D on CD8+ T lymphocytes is lacking in 
liver sections.25 NK cell population in the bone marrow 
exhibits certain tissue specificity. In the peripheral blood, 
NK cells are distributed in the lymph nodes, bone mar-
row, spleen, liver, and lungs, which directly kills target 
cells without any prior exposure and damage to healthy 
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hematoxylin and eosin staining. The blue color represents fibrotic changes within the liver core. (B) Liver sections staining with 
Sirius Red, the fibrotic segments are red. 

400 96.7 3.35 96.0 3.98 91.0 9.00 85.1 14.9

93.7 6.35 92.9 7.15 89.9 10.1 85.3 14.7

Control(A)

(B)

300

200

100

NK

C
ou

nt 0
101 102 103 104 105

400

500
4W

300

200

100

0
101 102 103 104 105

400

12W

300

200

100

0
101 102 103 104 105

400

24W

300

200

100

0
101 102 103 104 105

400

Control

300

200

100

Ly49A

C
ou

nt 0
101 102 103 104 105

400

500
4W

300

200

100

0
101 102 103 104 105

500

400

12W

300

200

100

0
101 102 103 104 105

400
24W

300

200

100

0
101 102 103 104 105

Control 4W 12W 24W

Control 4W 12W 24W

0

5

10

20

15

P
er

ce
nt

ag
e 

of
 N

K
+

(%
)

0

5

10

20

15

P
er

ce
nt

ag
e 

of
 L

y4
9A

+

in
 N

K
 (%

)

Figure 4 The expression of Ly49A on the hepatic NK cells in E. multilocularis infected mice. (A) The percentage of NK cells in 
the liver of E. multilocularis infected mice during different time points. (B) The percentage of Ly49A+ NK cells in the liver NK cells 
after E. multilocularis infection in mice during different time points. Values represent means ± SD. ** p < 0.01, *** p < 0.005, versus 
control group.

“self” cells. The natural immune cells (NK or Natural Killer 
T [NKT] cells) in the liver account for about 50% of total 
lymphocytes, which is much higher than the proportion of 
peripheral blood and other tissues and organs. The liver NK 
cells account for 25%–40% of the total liver lymphocytes, 
which is more than five times the proportion of NK cells in 
the spleen or peripheral blood lymphocytes.26 Therefore, 
functioning of NK cells in the liver is vital for the immune 
system. A previous study has reported that the number 

and proportion of NK cells in AE-infected patient is signifi-
cantly lower than that in normal person, while the number 
and proportion of T and B lymphocyte subgroups has not 
changed significantly.27 These results suggest that NK cells 
in AE-infected patients cannot perform normal immune 
surveillance functions, thereby inducing the immune toler-
ance state, and E. multilocularis or their secreted compo-
nents can inhibit the number, phenotype, and functioning 
of liver NK cells. 
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studies conducted on this model showed that E. multi-
locularis infection can induce hepatic damage and fibrosis 
progression, and NK cells numeric and functional changes 
in hepatic tissue of E. multilocularis-infected mice, which 
might be related to the dynamics of cell surface inhibitory 
receptor Ly49A molecule. Moreover, this study also found 
that the expression levels of granzyme B, IFN-γ, and TNF-α 
were significantly lower in Ly49A+ NK cells. Previous studies 
have also indicated that Ly-49A and Ly-49G2 NK receptors 
have ability to inhibit NK cytotoxicity. 

Conclusion

In summary, this study illustrated significant increase 
in hepatic fibrogenesis and apparent upregulation of 
hepatic CD56+ NK cell population and KIR2DL1 expression 
in AE-infected patients. Such opposite variation might be 
related to the impaired functioning NK cells such as gran-
zyme B, IFN-γ, and TNF-α secretion. In E. multilocularis-in-
fected animal model, we also found that the cell surface 
inhibitory receptor Ly49A was related to the intracellular 

Thus, this study has demonstrated that CD56+ NK cells 
were significantly developed in the liver of AE-infected 
patients, thereby inducing inflammation, KIR2DL1 expres-
sion, and fibrosis. Such variation might result in the down-
regulated functioning of immune cells in the liver area 
closer to parasitic lesions; the overexpression of KIR2DL1 
in NK cells could have low cytotoxicity, which helped easy 
progress of pathogen in the liver. Recent research has 
established that KIR2DL1 could be associated with potent 
NK cell activity and immunity.28 The reconstitution of 
KIR2DL1-expressing NK cells was associated with decreased 
NK cells. This implies that signaling transduction through 
KIR2DL1 protein suppresses the cytotoxicity of antitumor 
NK cells. The local environment of the liver may affect 
liver NK cells by reducing their ability to respond to stim-
uli, thereby promoting immune tolerance and pathogen 
infection in the liver.29 It mainly implies immune tolerance. 
In the process of AE parasitism, it induces the upregula-
tion of killer immunoglobulin-like receptors on the sur-
face of NK cells in the liver, causing NK cells to become 
immune-depleted or incompetent. In this study, an E. 
multilocularis-infected animal model was established. The 
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Figure 5 High expression of Ly49A attenuated the NK cell’s function in E. multilocularis infected mice. (A) The percentage of 
granzyme B + in liver NK cells after infection; (B) The percentage of IFN-γ + in liver NK cells after infection; (C) The percentage 
of TNF-α+ in liver NK cells after infection. All data were measured by flow cytometry. Values represent means ± SD. **p < 0.01,  
***p < 0.005, versus control group.
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