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Abstract

Purpose Cystic echinococcosis (CE) is a neglected tropical disease prevalent worldwide, particularly in rural areas. Previ-
ous studies evaluated immune responses in patients with hepatic CE, however none had assessed Th1, Th2 and Th17 levels
simultaneously in pulmonary CE patients. This study aimed to fill this gap in literature by using flow cytometry analysis.
Methods Peripheral blood mononuclear cells (PBMCs) were isolated from blood samples collected from healthy control
(HC) volunteers and patients with active pulmonary CE cysts. The PBMCs were analysed to evaluate Th1, Th2, and Th17
cell levels within the CD3 4+ CD4 + T-cell population, using antibodies against interferon (IFN)-y, interleukin (IL)-4, and
IL-17, respectively.

Results Our analysis revealed elevated Th2 levels in CE patients, while Thl and Th17 cell counts showed no significant
difference between HC volunteers and patients with pulmonary CE.

Conclusion The results indicate an imbalanced Th1/Th2/Th17 cell regulation in the pathogenesis of pulmonary CE. Future
studies are recommended to compare immune responses between pulmonary and hepatic CE to confirm these findings and
evaluate any potential difference in the immunopathology associated with the two clinical forms of CE.
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Introduction

Human echinococcosis, classified by the World Health
Organization (WHO) as a neglected tropical disease, affects
over one million people globally, resulting in 19,300 deaths
and around 871,000 disability-adjusted life-years (DALYs)
each year. The disease manifests in four forms: (1) cystic,
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(2) alveolar, (3) neotropical and (4) unicystic echinococ-
cosis. Among these, cystic echinococcosis (CE), caused by
Echinococcus granulosus sensu lato, is the one which is
globally distributed. It primarily affects rural areas in which
animals are kept in close proximity to households, and can
be found in every continent except for Antarctica [1].

The parasite is transmitted via fecal-oral route and has
life cycle that includes definitive (e.g. dogs) and intermedi-
ate hosts (e.g. humans). Upon oral ingestion, E. granulo-
sus eggs hatch in the small intestine, releasing oncosphere
larvae. The larvae are then carried to primary target organs
via lymphatic or vascular system, where cysts develop. In
humans, the liver is the most common site for cyst develop-
ment (50-75%) as most E. granulosus larvae gets trapped
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in the hepatic sinusoids. However, due to its small size
(<0.3 mm in diameter) or by entering lymphatics in the
small intestine or liver, larvae can also escape from the
hepatic filter and reach the lungs, where cyst develop in
5-25% of cases [2]. Additionally, cysts can rupture, releas-
ing protoscolices that can generate secondary cysts in other
parts of the body [3].

E. granulosus is known to manipulate immune response,
particularly by skewing immune response from a protec-
tive Thl-type response to a non-protective or permissive
Th2-type response which was demonstrated to facilitate the
establishment of the infection [4—6]. Furthermore, produc-
tion of IL-17 A, a cytokine associated with Th17 cells, was
detected in CE patients and suggested to participate in host’s
defence mechanisms against the parasite [7]. A recent study
evaluating Th1/Th2/Th17 profile demonstrated the predom-
inance of Th1/Th17-type and Th2-type cytokines in hepatic
CE patients with inactive and active cysts, respectively [8].

Nevertheless, to our knowledge, no study has yet assessed
Th1/Th2/Th17 balance exclusively in pulmonary CE sub-
jects. The aim of our study is to fill this gap in the literature
by monitoring peripheral levels of CD4+T-cells express-
ing interferon (IFN)-y (Th1l), IL-4 (Th2) and IL-17 (Th17)
cytokines in PBMC samples isolated from pulmonary CE
patients using flow cytometry. The immune response trig-
gered during pulmonary CE warrants more attention in
literature, especially given previous reports that suggest pul-
monary cysts are associated with lower seropositivity rates,
and faster growth compared to hepatic cysts [2, 9]. Evaluat-
ing the T-cell profile in pulmonary CE patients would also
provide valuable data that can influence future treatment
strategies and vaccine development [10].

Materials and Methods
Volunteers

The study included two groups of volunteers. The first
group (CE group) included eight pulmonary CE patients
with active (CE1 and CE2) cysts admitted to the thoracic
and general surgery services of Van Yuzuncu Yil Univer-
sity, while the second group (healthy control [HC] group)
included ten medical stuff whose ages and sexes were
matched with CE patients. The CE patients received treat-
ment with albendazole for three months following initial
diagnosis, prior to inclusion in the study. The rates of female
and male volunteers were 50% for both groups. The ages
of the volunteers ranged from 19 to 68 years with mean
average age of 39.2+17.4 years, and from 20 to 65 years
with mean average age of 37.6+ 14.5 years in CE and HC
groups, respectively. Pulmonary CE diagnosis was based
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on clinical symptoms, imaging techniques (ultrasound,
X-ray, or computed tomography [CT] scan), and serology.
The hydatid cysts were all classified according to the WHO
Informal Working Group on Echinococcosis [11]. The study
was approved by Van Yuzuncu Yil University Faculty of
Medicine Clinical Research Ethics Committee (Decision
date and number: 19.03.2019-05).

Isolation, Freezing and Thawing of PBMCs

The PBMC isolation from collected peripheral blood
(20 ml) samples was performed using the Ficoll separation
method, as previously described [12]. Briefly, peripheral
blood samples were diluted 1:1 with 1X PBS (Gibco, USA)
and then added to an equal volume of Ficoll solution (Sigma
Aldrich, Germany) at a slow rate without mixing. Samples
were then centrifuged at 540 x g for 30 min, with mini-
mum deceleration. After centrifugation, the cloudy layer
was collected and mixed with 50 ml RPMI-1640 (Gibco,
USA) wash media containing 2% fetal bovine serum (FBS,
HyClone, USA), followed by centrifugation again at the
same speed for 10 min. Following the same washing step,
the cells were then suspended in FBS (HyClone, USA) con-
taining 10% DMSO (Sigma Aldrich, Germany) to be stored
in liquid nitrogen until to be used.

On the day of use, frozen PBMC samples were thawed
by warming cryovials in a 37 °C water bath for 10 min. The
cells were then suspended in 10 ml warm RPMI 1640 (Gibco,
USA) media supplemented with 10% FBS (HyClone, USA)
(R-10) and centrifuged at 300 x g for 5 min. Following cen-
trifugation, the supernatants were removed and cell pellets
were re-suspended in 10 ml R-10. After the same centrifu-
gation step and removal of the supernatant, cell pellets were
mixed in RPMI-1640 (Gibco, USA) media supplemented
with 20% FBS. The cells were left for incubation at 37 °C
for 2 h and then centrifuged. The supernatants were removed
and cell pellets were mixed with 1 ml R-10 media.

Detection of Th1, Th2 and Th17 Cells

Frequencies of Th1, Th2 and Th17 cells were determined as
previously described [13]. The PBMCs were first incubated
with human recombinant IL-2 (Biolegend, USA) for a week
in order to support the viability of T-cells. Following the
incubation period, 5x 10° cells were mixed with 10 ml 1X
PBS (Gibco, USA) and centrifuged at 540 x g for 10 min.
After the removal of supernatants, the cells were suspended
and left for incubation for 6 hours at 37 °C in 1 ml of stimu-
lation solution that was prepared by addition of stimulation
cocktail (TonboBio, USA) at a ratio of 1:100 in RPMI-1640
(Gibco, USA) containing 10% FBS (HyClone, USA). This
step was then followed by fixation, permeabilization and



Acta Parasitologica

staining with an antibody cocktail containing anti-human  USA) and anti-human IL-17 conjugated with PE (Bio-
CD3 conjugated with CF Blue (Immunostep), anti-human  legend, USA), at room temperature for 30 min. For flow
CD4 conjugated with FITC (Immunostep), anti-human  cytometry analysis cells were gated as indicated in Fig. 1.
IFN-y conjugated with PerCP/Cyanine 5.5 (Biolegend,

USA), anti-human IL-4 conjugated with APC (TonboBio,
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Fig. 1 Gating strategy used to identify Th1, Th2 and Th17 cells. Fol- using IFN-y, IL-4 and IL-17 expression levels; Th1, Th2 and Th17 cells
lowing the selection of lymphocytes based on CD3/side scatter dot were represented as CD3 +CD4+IFN-y+, CD3 +CD4 +1L-4+and
plot, the total helper T-cell population was selected as CD3+CD4+ T CD3 +CD4 +1L-17+, respectively

cells. Polarization of CD3 4+ CD4 + T-cells was further investigated by
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Statistical Analysis

Descriptive statistics including arithmetic mean, standard
deviation, median, minimum and maximum values were
calculated. Mann-Whitney U test was applied for the com-
parison of two independent groups since the data did not fit
to parametric assumptions. All statistical analysis was per-
formed with GraphPad (Version 9.5.1 for Mac) software.
Data yielding p <0.05 was considered statistically signifi-
cant. Data in the text were given as mean + standard devia-
tion (SD).

Results

Elevated Th2 but Unaltered Th1 and Th17 Levels in
CE Patients

The PBMC samples isolated from the collected blood
samples were used to evaluate and compare Thl, Th2, and
Th17 cell frequencies between CE patients and HC vol-
unteers. Our results revealed CE patients with statistically
significantly higher rates of Th2 cells than HC volunteers
(3.4%=+1.0 vs. 8.14%=2.3; p-value: 0.0013). In contrast,
neither Thl (10.2%=3.3 vs. 12.2%+4.4; p-value: 0.237)
nor Th17 counts (1.0%=0.5 vs. 1.2%=+0.7; p-value: 0.5569)
exhibited statistically significant difference between the two
subject groups (Fig. 2).
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Discussion

The CE is characterized by an elongated asymptomatic
phase with cysts evolving, growing, and proliferating over
many years. While CE pathogenesis is strictly controlled by
mixed Th1/Th2 response [14—16], the establishment of the
infection was associated with a shift from a protective Th1-
to a non-protective/permissive Th2-type response [5, 6, 17].
Elevated levels of Th1l and Th2 cells/cytokines were corre-
lated with inactive and active hepatic cysts, respectively [16,
18-22]. On the other hand, Th17 responses are also thought
to confer protection against E. granulosus since higher lev-
els of both Thl-type IL-2 and Th17-type IL-17 A cytokines
were detected in patients with early stage of hepatic cyst
development (CE1) [23]. Moreover, Yasen et al. demon-
started Th1/Th2/Th17 cytokine profile with predominance
of Th1/Th17-type and Th2-type cytokines in CE patients
with inactive and active cysts, respectively [8].

However, most of the studies evaluating CE-mediated
immune response utilized cytokine profiling, and none was
able to provide data on Th17 cell levels in CE patients.
Furthermore, there has not yet been any study assessing
CD4 + T-cell phenotypes in patients with only pulmonary
CE which is associated with lower seropositivity rates and
faster cyst growth in comparison to hepatic CE [2, 9]. In an
attempt to fill this gap in the literature, our study compared
peripheral Thl, Th2 and Th17 frequencies between pulmo-
nary CE patients and HC individuals.

Our analysis demonstrated CE patients with statisti-
cally significantly elevated Th2 cell levels and unaltered
Thl and Th17 percentages. The results were in correlation

x®

15

o
-
=]
|

Th2 Cells (%)
i

population were determined by (o] T
monitoring IFN-y, IL-4, and Control
IL-17 expression, respectively.

The comparison analysis revealed

unaltered Th1 and Th17 levels

and significantly higher Th2

percentages in CE patients

@ Springer

T
Patient

T
Patient

Th7 Cells (%)
- N
| |
o0 { o0

1 L)
Control Patient



Acta Parasitologica

with literature suggesting that Th2 responses permit para-
site reproduction and cyst development, however they con-
flict with previous data showing co-existence of Thl and
Th2 responses in CE patients [14—16]. On the other hand,
to our knowledge, our study is the first to report unaltered
peripheral frequencies of Th17 cells in CE patients, which
contrasts with previous studies that demonstrated higher or
reduced Th17 responses in volunteers with CE cysts [7, 8,
23,24].

The contradictory data on Thl and Th17 cell levels can
be attributed to the manifestation of different E. granulosus
antigens during hepatic and pulmonary CE [9], as well as
the low statistical power because of small sample size in our
study. Alternatively, the developmental stage of cysts in CE
patients may also account for our inconsistent results, since
both Thl- and Th17-type cytokine production were previ-
ously reported to drop significantly as hepatic cysts proceed
from early to late activation stages [23]. Therefore, future
animal studies with consideration of cyst development stage
and larger sample size are required to obtain more conclu-
sive and informative data on the role played by CD4 + T-cell
subsets, including Th17 cells, in CE pathogenesis.

Due to financial constraints, it was not also possible to
include hepatic CE patient samples in our analysis, which
is another limitation of our study. Currently, most of the
literature on immune response triggered by E. granulosus
is derived from studies using hepatic CE patient samples.
Therefore, comparison analysis between pulmonary and
hepatic CE samples is crucial to elucidate the immune eva-
sion mechanisms utilised by the parasite during pulmonary
CE. Additionally, it was not possible to include E. granu-
losus genotype to our analysis which could have provided
further insights into our results as the parasite genotype can
both determined the organ(s) to be affected and influence
clinical symptoms in CE [25].

To sum up, for the first time in the literature, our results
demonstrated pulmonary CE induces Th2 responses with-
out affecting Th1 and Th17 counts. Future studies involving
both hepatic and pulmonary CE patient groups are highly
recommended to confirm these findings and investigate any
potential difference in the immune responses triggered by
the two clinical forms of CE.
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