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Introduction

Evidence shows that various parasitic diseases can trigger 
anticancer processes in the relationship between parasites 
and their hosts [1]. Previous studies have supported that cer-
tain parasites including the protozoans such as Trypanosoma 
cruzi, Toxoplasma gondii, and Acanthamoeba castellanii, 
and the helminths as Echinococcus granulosus and Strongy-
loides stercoralis exhibit anticancer activities in-vitro [2–6].

Cystic echinococcosis (CE) is a neglected zoonotic 
infection in intermediate hosts and humans caused by the 
larval form of Echinococcus granulosus sensu lato [7]. E. 
granulosus s.l. is defined as a species complex that includes 
Echinococcus granulosus sensu stricto (s.s.) (genotypes 
G1-G3), Echinococcus equinus (G4 genotype), Echino-
coccus ortleppi (G5 genotype), Echinococcus canadensis 
cluster (G6-G8, G10 genotypes) and Echinococcus felidis 
[8–11]. Although CE has a cosmopolitan distribution, it is 
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Abstract
Cystic Echinococcosis (CE) is a zoonotic infection caused by the larval form of Echinococcus granulosus in humans. 
Emerging evidence suggests an intriguing inverse association between E. granulosus infection and the occurrence of can-
cer. This study aimed to investigate the influence of diverse host-derived hydatid cyst fluids (HCF) with distinct genotypes 
on human liver hepatocytes (HC) and hepatocellular carcinoma cells (HepG2). Specifically, we examined their effects 
on cell proliferation, apoptosis sensitivity (BAX/BCL-2), apoptosis-related p53 expression, and the expression of cancer-
related microRNA (hsa-miR-181b-3p). Cell proliferation assays, real-time PCR, and ELISA studies were conducted to 
evaluate potential anti-cancer properties. The findings revealed that animal-origin HCF (G1(A)) induced direct cell death 
by augmenting the susceptibility of HepG2 cells to apoptosis. Treatment with both G1(A) and G1(H) HCF sensitized 
HepG2 and HC cell lines to apoptosis by modulating the BAX/BCL-2 ratio, accompanied by upregulation of the p53 
gene. Additionally, G1(A) HCF and human-derived HCFs (G1(H), G7(H)) reduced the expression of miR-181b-3p in 
HepG2 cells. Consequently, this study demonstrates the potential anti-cancer effect of HCF in HepG2 cells and provides 
the first comparative assessment of HCFs from human and animal sources with diverse genotypes, offering novel insights 
into this field.
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frequently seen in the Mediterranean, Asia and South Amer-
ica [12, 13]. The disease always has an asymptomatic onset 
and may remain silent for years [7]. In symptomatic cases, 
on the other hand, although clinical symptoms vary, they are 
not specific to the disease [14].

Although there are conflicting reports about the relation-
ship of E.granulosus with cancer, most studies argue that it 
reduces the development of cancer [1]. A retrospective study 
conducted in Turkey reported that the prevalence of cancer 
in CE patients was significantly lower [15]. Though there 
is a pilot-retrospective study from Cyprus with the direct 
opposite result [16], more findings support the concept that 
E. granulosus reduces cancer growth directly or indirectly 
[1]. In the literature, it has been suggested that the hydatid 
cyst fluid (HCF) can be used against cancer as an immuno-
therapeutic agent [17]. However, the underlying molecular 
mechanisms are still unclear.

The main aim of this study was to investigate and assess 
the impact of administering various host-derived HCFs from 
different genotypes, obtained from both humans and ani-
mals, on cell proliferation, apoptosis sensitivity (measured 
by BAX/BCL-2 protein levels), and p53 gene expressions 
in human healthy liver hepatocytes and human hepatocel-
lular carcinoma cells. Additionally, the study sought to 
examine the effects of HCF treatment on miR-181b-3b, a 
molecule associated with hepatocellular carcinoma, in the 
cells treated with HCFs, and to determine whether the anti-
cancer effect of hydatid cyst fluids differs among genetically 
distinct species.

Materials & Methods

Ethics Statement

This study was approved by the Institutional Ethical Com-
mittee of the Faculty of Medicine, Hacettepe University 
(2021/14–61).

Hydatid Cyst Fluid Collection and Molecular 
Characterization

Human derived-HCFs were collected from patients who 
underwent percutaneous treatment in the interventional 
radiology unit from September 2021 to January 2022. 
Animal-derived HCFs were collected during postmortem 
examination of the internal organs of sheep for the pres-
ence of CE by inspection, palpation and incision from the 
slaughterhouses of Ankara provinces between September 
2021- December 2021.

For direct microscopy, HCF was centrifuged at 4000 rpm 
for 15  min and the pellet was examined under a light 

microscope at × 40 objective. The presence of hook or pro-
toscoleces’ on microscopy was accepted as an indicator of 
cyst fertility. In order to select HCFs belonging to differ-
ent genotypes, genetic characterization of E.granulosus was 
performed. Briefly, DNA was extracted from HCF using the 
DNA Extraction Kit (GeneAll Biotechnology, Korea) accord-
ing to the manufacturer’s instructions. To amplify a partial 
fragment of the cytochrome c oxidase subunit 1 (mt-CO1) 
mitochondrial gene, the PCR was performed as previously 
described [18]. As a result of gel electrophoresis, all ampli-
cons considered positive were characterized by sequencing 
to select genetically different HCFs. The sequence data was 
evaluated using the BLAST algorithm (http://www.ncbi.
nlm.nih.gov/BLAST/). According to sequence analysis, the 
animal-derived isolates (A) were identified as E.granulosus 
s.s. (G1-G3 genotypes). Additionally, among the human-
derived isolates (H), E.granulosus s.s. (G1-G3 genotypes) 
and E.canadensis (G6-G7 genotypes) were selected. Hence, 
the aforementioned genotypes were used in the treatment of 
cells. All HCFs used for application were fertile. None of 
the administered HCFs were obtained from infected cysts. 
The main aim of the investigation was to determine the anti-
cancer effect of the antigens in the fluid; therefore, no steril-
ization process was applied.

Cell Culture Studies

Human liver hepatocyte cell line (HC) (AcceGen, United 
States) and human hepatocellular carcinoma (HepG2) 
(ATCC, United States) cell line were used in the study. 
HepG2 and HC cell lines were suspended in DMEM/F12 
medium containing 10% fetal bovine serum (FBS), supple-
mented with antibiotics (100 U/ml penicillin, 100 lg/ml 
streptomycin) (complete medium). Cells were grown under 
standard culture conditions (37 °C and 5% CO2) in a humid-
ified incubator.

Cell Proliferation Assay (XTT)

To assess the impact of various host-derived hydatid cyst 
fluids (HCFs) (G1(A), G1(H), G7(H)) on the proliferation 
of HC and HepG2 cells, an XTT assay was conducted. 
Approximately 5 × 104 cells were seeded in individual wells 
of 96-well cell culture plates containing complete medium. 
The cells were then treated with different dilutions (1:3, 1:2) 
of hydatid cyst fluids, which were diluted with PBS. The 
treatment was carried out without changing the volume of 
the medium, and the plates were subsequently incubated at 
37 °C for a period of 24 h. Following the incubation period, 
50 µL of XTT solution was added to each well, and the cells 
were further incubated at 37 °C for 2 h. Subsequently, the 
absorbance of each well was measured using a microplate 
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reader (FLUOstar® Omega, BMG LabTech, Germany) at a 
wavelength of 450 nm. The obtained results were normal-
ized using the values from the control group and expressed 
as a percentage of viability. (n = 6).

Real-Time Polymerase Chain Reaction (RT-PCR)

HC and HepG2 cells were seeded in 6-well plates at 
approximately 3 × 105 cells/well in complete medium and 
after reaching full confluency, cells were treated with HCFs 
(G1(A), G1(H), G7(H)) at different dilution ratios (1:3, 
1:2) and cells were incubated at 37  °C for 24  h. Follow-
ing the application procedure, total RNA was isolated from 
the cells with the extraction kit (GeneAll Biotechnology, 
Korea) according to the manufacturer’s instructions. cDNA 
was synthesized from 1 µg of extracted total RNA accord-
ing to the manufacturer’s protocol (Applied Biosystems, 
United States) and aliquots stored at -20 °C. The absence 
of contamination in the samples was confirmed by nega-
tive control samples prepared without reverse transcriptase. 
RT-PCR analysis was carried out using a ViiA7 Sequence 
Detection System (Applied Biosystems) in 96-well plates. 
The PCR reactions were performed in triplicate with cDNA, 
primers, PCR Master Mix containing dNTPs, polymerase, 
and SYBR green. The PCR cycling conditions involved a 
single cycle of 94  °C for 10  min, followed by 40 cycles 
of 95  °C for 15  s, annealing, and 60  °C for 1  min. After 
each application, the fold change of the investigated gene 
was normalized by dividing the value of the internal con-
trol gene. Hsa-miR16-5p was used as an internal control 
gene [19] for miRNA expression (n = 4). The comparative 
Ct (∆∆CT) method for quantification was used for the rela-
tive expression of selected miRNAs. The sequences of the 
forward and reverse primer pairs used are shown in Table 1.

ELISA Analyzes

HC and HepG2 cells were seeded in 6-well plates at approx-
imately 3 × 105 cells/well in complete medium. After 24 h 
of incubation, cells were treated with HCFs (G1(A), G1(H), 

G7(H)), at different dilution ratios (1:3, 1:2) and were incu-
bated at 37 °C for 24 h. Following the treatment, cells were 
collected in accordance with the kit instructions cells; BAX 
and BCL-2 (Bioassay Technology Laboratory, China) pro-
tein levels were measured (n = 4). Briefly, the standards 
were diluted using a standard dilution buffer through serial 
dilution. Subsequently, the samples and the standards were 
added to 96-well plates provided in the kit. Then, 10 µL of 
antibodies were added to the samples and 50 µL of strepta-
vidin-HRP was added to each well. The plate was covered 
and incubated at room temperature at 37  °C for an hour. 
After the incubation, the wells were washed four times with 
a washing solution, and 50 µL of substrate A and 50 µL of 
substrate B were added to all wells, respectively. Following 
a 10-minute incubation in the dark at room temperature, 50 
µL of stop solution was added, and the blue color turned 
yellow. Finally, the absorbance was measured at 450  nm 
using an ELISA reader (BMG LabTech, Germany).

Statistical Analysis

GraphPad Prism 8.4.3 software was used for the statisti-
cal analyses. The results were interpreted with two way-
ANOVA. A p-value of 0.05 or lower was considered as 
statistically significant.

Results

Cell Proliferation Assay (XTT)

XTT test was performed to determine and compare the 
effects of HCFs (G1(A), G1(H), G7(H)) on the proliferation 
of HepG2 and HC cells. The XTT test results are given in 
Fig. 1.

In HC cells, the administration of G1(A)-HCF did not 
show a significant impact on cell viability. However, both 
G1(H) and G7(H) HCFs increased cell viability (P < 0.001 
and P < 0.05, respectively). On the other hand, when con-
sidering HepG2 cell lines, G1(H)-HCF did not have a sig-
nificant effect on cell viability, while G7(H)-HCF increased 
cell viability (P < 0.05). Interestingly, the administration of 
G1(A)-HCF resulted in a decrease in cell viability (P < 0.05) 
(Fig. 2).

RT-PCR Results

Within the scope of the study, the anti-cancer effects of HCFs 
in HepG2 and HC cells were examined and compared. To 
assess these effects, the expression levels of the apoptosis-
related gene p53 and the hepatocellular carcinoma-associ-
ated microRNA (hsa-miR-181b-3p) were analyzed using 

Table 1  Primer sequences used in RT-PCR experiment
Primer Sequence
Hsa-miR181b-3p F: 5′-​C​T​C​A​C​T​G​A​A​C​A​A​T​G​A​A​T​G​C​A​A-3′
Hsa-miR16-5p F:5′-​A​C​A​C​T​C​C​A​G​C​T​G​G​G​T​A​G​C​A​G​C​A​

C​G​T​A​A​A​T​A​T​T​G​G​C-3′
Universal Reverse 
(miRNA)

R: 5′-​T​G​G​T​G​T​C​G​T​G​G​A​G​T​C​G-3′

GAPDH F: 5′-​C​C​A​T​G​G​G​G​A​A​G​G​T​G​A​A​G​G​T​C-3′
R: 5′-​A​G​T​G​A​T​G​G​C​A​T​G​G​A​C​T​G​T​G​G-3′

p53 F: 5′-CAG CAC ATG ACG GAG GTT 
GT-3′
R: 5′-TCA TCC AAA TAC TCC ACA 
CGC-3′
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expression levels (P < 0.001), whereas the administration of 
G7(H) HCF led to a significant decrease in expression levels 
(P < 0.05). Conversely, in HepG2 cells, all HCF administra-
tions significantly reduced the expression levels (P < 0.001).

ELISA Results

In order to investigate the anti-cancer effect of HCFs on 
HepG2 and HC cells in addition to gene expression stud-
ies, the expression levels of BAX and BCL-2 proteins were 
also measured and BAX / BCL-2 ratio was determined. The 
results of BAX and BCL-2 protein levels and BAX/BCL-2 
ratio obtained after treatment of HC and HepG2 cells with 
HCFs are given in Fig. 5.

RT-PCR. p53 and hsa-miR-181b-3p expression results are 
given in Figs. 3 and 4, respectively.

When analyzing the results of the p53 gene in HC cells, 
all treatments led to a significant decrease in expression 
levels (P < 0.001), irrespective of the concentration. How-
ever, in the case of HepG2 cells, administration of G1(A) 
and G1(H) resulted in an increase in expression levels 
(P < 0.001), while the administration of G7(H) did not have 
a statistically significant effect on expression levels.

Furthermore, the study investigated the impact of vari-
ous HCFs on the expression of hsa-miR-181b-3p, a mol-
ecule associated with hepatocellular carcinoma, in both 
HC and HepG2 cells. In HC cells, the administration of 
G1(A) and G1(H) HCFs resulted in a significant increase in 

Fig. 2  Images of G1(A) admin-
istration on HC and HepG2 cell 
lines

 

Fig. 1  Effect of HCF on cell viability in (A) HC and (B) HepG2 cells (*P < 0.05, **P < 0.01, ***P < 0.001 vs. control)
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to be statistically affected after the administration of G1(H) 
in HepG2 cells (Figs. 5-2A, 2B).

Following HCF treatment, the BAX/BCL-2 ratio was 
calculated as an indicator of cell sensitivity to apoptosis. 
Protein levels were used to determine this ratio. In HC cells, 
the BAX/BCL-2 ratio increased significantly after G1(H) 
and G7(H) administrations (P < 0.05), indicating a higher 
sensitivity of these cells to apoptosis. Conversely, in HepG2 
cells, the BAX/BCL-2 ratio increased significantly after the 
administration of G1(A) (P < 0.001) and G1(H) (P < 0.01), 
suggesting a greater apoptotic response of these cells to 
these specific treatments. These findings demonstrate that 
the effects of the various treatments on the BAX/BCL-2 
ratio differed between the two cell types, highlighting their 
distinct impacts on the apoptotic response (refer to Figs. 5-
3A, 3B).

In HC cells, the administration of G1(A) and G1(H) 
HCFs resulted in a significant increase in BAX protein lev-
els (P < 0.001), while G7(H) HCF administration led to a 
significant decrease in protein levels (P < 0.001). However, 
in HepG2 cells, the BAX protein levels showed a significant 
increase only after G1(A) HCF administration (P < 0.001). 
No statistically significant changes in BAX protein expres-
sion were observed following G1(H) and G7(H) HCF 
administrations (see Figs. 5-1A, 1B).

In HC cells, the results showed a decrease in BCL-2 pro-
tein expression after the administration of G1(A) and G7(H) 
(P < 0.05), while an increase was observed after the admin-
istration of G1(H) (P < 0.001). On the other hand, in HepG2 
cells, the administration of G1(A) resulted in an increase 
(P < 0.001) in BCL-2 protein expression levels, while the 
administration of G7(H) led to a decrease (P < 0.05). How-
ever, the expression levels of BCL-2 protein were not found 

Fig. 4  Hsa-miR181b-3p expression in (A) HC and (B) HepG2 cells after HCF administration (*P < 0.05, **P < 0.01, ***P < 0.001 vs. control)

 

Fig. 3  P53 expression in (A) HC and (B) HepG2 cells after HCF administration (*P < 0.05, **P < 0.01, ***P < 0.001 vs. control)
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this study. The impact of HCF administration on BAX and 
BCL-2 protein levels and p53 gene expression in HC and 
HepG2 cells was examined to explore the anti-cancer effect 
through apoptotic mechanisms. The BCL-2 family consists 
of different members with distinct roles, including promot-
ing cell survival (such as BCL-2, BCL-HL, and MCL-1) 
or facilitating cell death (such as BAX, BAK, and BCL-
XS). The p53 gene is capable of regulating cell susceptibil-
ity to apoptosis by downregulating BCL-2 expression and 

Discussion

This study aimed to investigate the anti-cancer properties 
of various host-derived HCFs with different genotypes on 
HepG2 and HC cells. Although there are conflicting reports 
in the literature regarding the relationship between  E. 
granulosus and cancer, most available data suggest that E. 
granulosus may have an anti-cancer effect. Since the liver is 
commonly affected by CE, human liver cells were chosen for 

Fig. 5  BAX (1), BCL-2 (2) protein levels and BAX/BCL-2 (3) ratio in (A) HC and (B) HepG2 cell lines after administration of HCFs (*P < 0.05, 
**P < 0.01, ***P < 0.001 vs. control)
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different cancer cell lines. These collective results provide 
valuable insights into the impact of host proteins in HCFs 
and their influence on cell viability [3, 27, 28].

The BAX/BCL-2 ratio was calculated following the 
administration of HCFs. The BAX and BCL-2 proteins have 
a clear antagonistic effect in regulating apoptosis, and the 
intracellular ratio of BAX/BCL-2 is considered a cellular 
marker of apoptosis susceptibility. In line with this concept, 
a cell with a high BAX/BCL-2 ratio is more responsive to 
apoptotic signals and more sensitive to various stimuli that 
induce cell death, including chemotherapeutic drugs, radia-
tion, and hypoxia [29]. The impact of different host-derived 
HCF administrations on the BAX/BCL-2 ratio in HC and 
HepG2 cells was also evaluated. In HC cells, we observed 
that the BAX/BCL-2 ratio tended to increase with G1(A) 
and G7(H) administrations, while no significant change was 
observed with G1(H) administration. In HepG2 cells, G1(A) 
and G1(H) administrations significantly increased the BAX/
BCL-2 ratio, while no significant change was observed with 
G7(H) administration. Thus, G1(A) and G1(H) administra-
tions were found to have a higher anti-cancer effect when 
compared with G7(H). Contrary to our result, a recent study 
has shown that the E. granulosus PSCs did not induce sig-
nificant differentiation in the morphology of HCC cells, but 
their proliferation and pathological properties were more 
altered after co-culturing with different quantities of PSCs 
in-vitro. Although they concluded that the mechanisms 
involved in the promoting effects of E. granulosus PSCs 
on proliferation, migration and invasion capacities of HCC 
cells, further investigation on the molecular mechanisms of 
processes is required [30]. The inconsistent results between 
studies may have been due to the fact that the whole HCF 
was used in our study and they only used PSCs.

A study investigating the miRNA expression profile dif-
ferences between CE patients and healthy controls revealed 
that the identified miRNAs were related to cell prolifera-
tion, apoptosis, cell-cell interactions, and the cell cycle. The 
decrease in the expression of these miRNAs in CE patients 
suggested that CE may play a regulatory role in the anti-
cancer effect through miRNA regulation [31]. To date, many 
mechanisms have been suggested for CE-related anti-cancer 
effects, including parasite molecules and activation of host 
immune response [1].

Additionally, hsa-miR-181b-3p expression, which is 
known to be associated with hepatocellular carcinoma, was 
also evaluated in HC and HepG2 cells before and after HCF 
administration. MiR-181b is transcriptionally activated by 
the Wnt/β-catenin signaling pathway in HCC [32]. A recent 
study reported that miR-181b expression was deregulated in 
the early stages of hepatocarcinogenesis induced by a diet 
containing choline and amino acids in C57BL/6 mice, and 
miR-181b was also shown to be significantly increased in 

upregulating BAX expression. BAX and BCL-2 are well-
known key regulators of the apoptotic process [20]. Thus, 
this study examined the factors involved in the apoptotic 
mechanism, as well as hsa-miR-181b-3p, a molecule associ-
ated with hepatocellular carcinoma. The effects of different 
HCF administrations were compared and analyzed.

HC and HepG2 cells were subjected to different ratios 
of host-derived HCFs (G1(A), G1(H), G7(H)), and their 
viability was evaluated using an XTT assay. Treatment with 
G1(A) did not result in a statistically significant change in 
HC cell viability, whereas a significant decrease in viability 
was observed in HepG2 cells. This observation is consistent 
with the findings on p53 gene expression. In HC cells, G1(A) 
administrations led to a statistically significant decrease in 
p53 gene expression, promoting cell survival and increased 
proliferation. In contrast, G1(A) treatment in HepG2 cells 
increased p53 gene expression, inducing apoptosis. These 
results support a recent study that reported a decreasing 
trend in the viability of A375 melanoma cancer cells with 
increasing concentrations of fertile HCF in an in-vitro cyto-
toxicity assay [6]. However, another study demonstrated no 
effect of animal-derived HCF on cell proliferation in human 
healthy lung epithelial (BEAS-2B) and human lung adeno-
carcinoma (A549) cell lines in vitro [21]. On the contrary, 
administration of G1(H) and G7(H) led to increased HC 
cell viability across all ratios (P < 0.001), in line with the 
observed decrease in p53 gene expression. However, G1(H) 
treatment did not significantly affect HepG2 cells, despite 
the observed increase in p53 gene expression levels. This 
discrepancy could be due to the relatively short 24-hour 
incubation period, which may not have been sufficient to 
fully manifest the effects of increased p53 gene expression 
in HepG2 cells, such as apoptosis. Surprisingly, G7(H) 
treatment unexpectedly resulted in increased cell viability 
of HepG2 cells (P < 0.05), even though the levels of p53 
gene remained unchanged. Notably, proteomic studies have 
revealed the similarity between the host proteins present in 
HCF and those found in host plasma [22–24]. Host proteins 
that are defined in HCF are plasma proteins that mainly 
contain albumin, transferrin and various complement pro-
teins [25, 26] [25, 26]. Our findings suggest that the host 
proteins present in human-derived HCFs may act as an 
additional nutrient source for the cells, potentially explain-
ing the observed increase in cell viability when human-
derived HCFs were administered to both HC and HepG2 
cells. Moreover, our findings draw attention to noteworthy 
distinctions in the content levels of specific proteins across 
various genotypes. The observed variability underscores 
the potential role of genotype-specific protein expression 
in influencing cellular responses. Furthermore, the decrease 
in viability observed with the use of animal-derived HCF 
in our study aligns with previous research conducted on 
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mechanisms underlying the observed anti-cancer effect. 
Furthermore, another limitation is incomplete analysis of 
the anti-cancer effect at the gene and protein levels, pro-
viding a less comprehensive understanding of the molecu-
lar mechanisms driving these genotype-specific responses. 
These limitations highlight the need for further research to 
explore the molecular aspects and conduct more compre-
hensive analyses in order to gain a deeper understanding of 
the anti-cancer properties of HCFs.

In conclusion, this study conducted a novel evaluation 
and comparison of the anti-cancer effects of HCFs derived 
from various genotypes of human and animal sources on 
healthy hepatocytes and hepatocellular cancer cells. The 
assessment focused on the apoptotic pathway and miR-
181b-5p expression. The results obtained from this study 
offer fresh insights into the potential utilization of HCFs 
with diverse genotypes for the development of innovative 
approaches in the treatment of hepatocellular cancer.
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the livers of mice that persisted to the preneoplastic stage. 
In conclusion, it was observed that TIMP3, which is a tumor 
suppressor and a target of miR-181b, caused significant sup-
pression in the liver. In contrast, miR-181b increased the 
activity of MMP2 and 9, causing it to promote growth, clo-
nogenic survival, migration, and increase of cells in HCC. 
It has also been shown that miR-181b is involved in the 
TGFβ signaling pathway [33]. Overexpression of miR-181b 
has also been found to increase the resistance of cells in 
HCC to doxorubicin, and an increase in miR-181b expres-
sion in patients with nonalcoholic steatohepatitis and HCC 
[33]. It has also been recently shown that miR-181b is over-
expressed in the serum of patients with liver cirrhosis and 
targets the p27-regulated cell cycle [34]. These results sug-
gest that miR-181b may play an important role in hepato-
carcinogenesis. Based on the obtained results, we observed 
increased expression in HC cells after the administration 
of G1(A) and G1(H), whereas decreased expression was 
observed in HepG2 cells. In the case of G7(H) administra-
tion, a decrease in expression was observed in both HC and 
HepG2 cells. These findings suggest that the administration 
of HCF may lead to a decrease in the expression of hsa-
miR-181b-3p and potentially influence hepatocarcinogen-
esis in HepG2 cells. However, further studies are required 
to fully comprehend the mechanism of action of hsa-miR-
181b-3p in cancer and its interaction with HCF. Addition-
ally, our findings indicate that the effects of HCFs from 
different hosts and genotypes vary. This variability could be 
attributed to differences in parasite protein concentrations 
within HCF and the presence of host proteins in the cyst 
fluids obtained from different hosts [24]. In addition, previ-
ous studies showed that E.canadensis (G6-G7 genotypes) 
exhibits clinically different features from E.granulosus s.s. 
(G1-G3 genotypes) [35–37]. Thus, it is not unexpected to 
observe variations in the anti-cancer effects between the 
two subspecies. Hence, the noticeable discrepancies in miR-
181b expression highlight the intricate responses manifested 
by distinct genotypes within this experimental framework, 
might indicate a genotype-specific influence on miRNA 
regulation. Although our study provides valuable insights 
into the cellular responses to HCF in vitro, it is important to 
note that the translation of these findings to clinical applica-
tions may be limited. This limitation arises from the inher-
ent differences between the controlled in vitro environment 
and the complex in vivo microenvironment. Recognizing 
this gap, further research is warranted to bridge these dif-
ferences and better understand the clinical relevance of our 
observations.

The study has certain other limitations that should be 
acknowledged. One major limitation is the inability to 
analyze the HCFs at the molecular level, which hinders a 
comprehensive understanding of the specific molecules and 
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