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Abstract

Background: Cystic echinococcosis (CE) is a parasitic disease that is caused by Echinococcus granulosus (Eg). The
recombinant Echinococcus granulosus antigen P29 (rEg.P29) was shown to confer effective immunity to sheep and
mice during E. granulosus secondary infection in our previous study. In this study, we sought to investigate the ability
of long noncoding RNA 028466 (IncRNA028466) as a regulator for the protective immunity mediated by rEg.P29 vac-
cination and to study the effects of INcRNA028466 on CD4'T cell differentiation in mice spleen.

Methods: Female BALB/c mice were divided into two groups and were vaccinated subcutaneously with rfg.P29
antigen and PBS as a control (12 mice each group). Following prime-boost vaccination, CD4*T, CD8™T, and B cells
from the spleen were isolated by flow cytometry. Quantitative real-time PCR (gRT-PCR) was performed to measure

the expression of INCRNA028466 in these three kinds of cells. Then, INcRNA028466 was overexpressed and knocked
down in naive CD4™T cells, and Th1 and Th2 cytokine expression was detected. gRT-PCR, western blot, and ELISA were
performed to evaluate the production of IFN-y, IL-2, IL-4, and IL-10, and flow cytometry was performed to detect the
differentiation of Th1 and Th2 subgroups.

Results: INcRNA028466 was significantly decreased after the second week of immunization with rEg.P29 antigen.
The proportion of CD4" T cells was increased after rEg.P29 immunization. Overexpression of INcCRNA028466 facili-
tated the production of IL-4, IL-10 and suppressed the production of IFN-y, IL-2. Furthermore, after transfection with
SIRNAQ28466, IL-2 production was facilitated and IL-10 production was suppressed in naive CD4™ T cells.

Conclusions: Immunization with rfg.P29 downregulated the expression of INcRNA028466, which was related to a
higher Th1 immune response and a lower Th2 immune response. Our results suggest that INcRNA028466 may be
involved in rfg.P29-mediated immune response by regulating cytokine expression of Th1 and Th2.
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Background
Cystic echinococcosis (CE), also known as hydatid dis-
ease, is a worldwide chronic parasitic disease, threaten-
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mainly on imaging techniques. The life of the pathogen
in the human body is relatively long, ranging from 1 to
30 years, and the symptoms of the initial infection are
not obvious. Therefore, it is difficult to diagnose, treat,
and control [2, 4, 5]. Due to the limitations of current
diagnostic and therapeutic measures, numerous studies
have been carried out in the field of immunology asso-
ciated with E. granulosus infection in the hope of devel-
oping vaccines [6, 7]. Vaccination would be an effective
preventive healthcare measure against echinococcosis [1,
8]. Due to the complicated host-parasite relationship [9],
there is still no commercial vaccine.

Thus far, there have been some effective antigens as
vaccine candidates for the prevention of CE. Vaccina-
tion of intermediate hosts of E. granulosus with the Eg95
antigen has induced remarkable protective efficacy [4,
10]. Another study [11] documented the P29 protein as
a 29-kDa antigen, which was characterized by E. granu-
losus protoscolex-derived soluble antigen [12, 13]. Our
previous studies confirmed that vaccination of rEgP29 in
sheep and mice carrying infection of E. granulosus eggs
resulted in remarkable protective efficacy and induced
Thl cell to produce IFN-y against E. granulosus infec-
tion [13, 14]. However, the mechanism of how the rEgP29
antigen influenced the host immune responses and regu-
lated the differentiation of CD4™ T cells is still unclear.

Understanding the immune response between host
and parasite is essential [15]. The role of CD4'T cells in
bacterial, viral, and parasitic infections and the adaptive
immune system is important [16—18]. The distinguishing
feature of the immune response caused by E. granulosus
is that Th1- and Th2-type immune responses coexist [19].
It is commonly accepted that in most parasitic diseases,
Thl or Th2-type response is able to control pathogens;
early Thl cell activation confers host protective immu-
nity, while Th2 cell activation is related to the progression
of the chronic stage when infected with E. granulosus
[20, 21]. The switch from a Th2 to a Th1 type of response
seems to be required for a protective phenotype [22]. A
polarized cytokine response plays an important role in
some parasitic diseases where Thl- or Th2-type reac-
tions are associated with susceptibility or resistance [23,
24]. Thus, understanding what impels cytokine expres-
sion toward different patterns contributes to the immune
therapy and vaccination scheme [25].

IncRNAs act as pivotal regulators of gene expression
in both innate and adaptive immune responses and play
a crucial role in important cellular processes, like dif-
ferentiation and activation of lymphocytes [26, 27]. Dis-
tinct IncRNA expression was identified from early T cells
to terminal T helper (Th) cells, suggesting that IncR-
NAs could modulate the development and differentia-
tion of T cells [28]. Consistent with this finding, IncRNA
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TMEVPG1 was specifically expressed in Thl cells and
IncR-Ccr2-50AS was proven to regulate Th2 cell differen-
tiation [29, 30]. The ability of IncRNAs to regulate CD4™T
cell differentiation could have crucial implications for CE,
with a Thl-predominant immune response in the early
infection stage and a Th2-predominant immune response
in the late infection stage [31, 32]. Although IncRNAs
have a variety of biological functions, the range of poten-
tial biological functions of IncRNAs in parasitic infection
is vast and still largely unexplored [33, 34]. A recent study
found that microRNA (miRNA), IncRNA, and circular
RNA (circRNA) had been identified in protoscoleces exo-
some-like vesicles and hydatid fluid, and was predicted to
participate in the parasite-host interactions [35]. There-
fore, identifying how IncRNA regulates CD41T cell dif-
ferentiation could provide new mechanistic insights and
therapeutic targets for CE.

We used microarray analysis to investigate the IncRNA
expression profiles in splenic lymphocytes from rEg.
P29 immunization of mice with secondary infection of
E. granulosus, and it showed a significant decrease in
IncRNA028466 by bio-information analysis [36]. We
found that after rEg.P29 immunization, the expression
of IncRNNA028466 in CD4'T cells was significantly
different from other IncRNAs. We speculated that
IncRNA028466 may play an important role in rEg.P29-
induced immune response. Therefore, IncRNA028466
was selected to further study. However, the function of
IncRNA028466 has not been reported. The purpose of
our study was to research the influence of IncRNA028466
on the expression of cytokines-producing Thl and Th2
cells. Furthermore, we will look for the target molecules
that interact with IncRNA028466 and further study
their interactions. It is hoped that our datasets provide
an important resource for future studies of the vaccine
of rEg.P29 and the function of IncRNAs in host-parasite
interaction.

Methods

Mice

We obtained 6- to 8-week-old female BALB/c mice from
the Animal Laboratory Center of Ningxia Medical Uni-
versity (SCXK2018-0004). The mice were raised in path-
ogen-free conditions, with eight groups of mice in each
cage and fed clean food and water. All mouse experi-
ments were permitted by the Ningxia Medical University
Institutional Review Committee and carried out in strict
accordance with national and institutional guidelines.

rEg.P29 antigen preparation and vaccination protocols

The recombinant plasmid was preserved in our labo-
ratory. We then converted recombined plasmid P29/
pET28a into E. coli BL21 pLysS and mixed them with LB
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liquid medium for incubation, which induced expression
at 37 °C 5 g/min for 5 h, under the condition of 1 mol/
mL isopropyl-pf-d-sulfur semi-lactose glycoside (IPTG,
Invitrogen). Subsequently, his6-tagged rEg.P29 was puri-
fied by nickel chelation affinity (Novagen) following the
manufacturer’s protocol. Western blot was performed to
detect the rEg.P29 purity. Next, we randomly classified
24 mice into two groups of 12 mice as immune and con-
trol groups. The immune group was injected subcutane-
ously with 10 pg purified rEg.P29 protein at three points
in the abdomen. The rEg.P29 protein was emulsified
twice with phosphate-buffered saltwater (PBS) and Fre-
und’s adjuvant in a volume of 100 pL. Primary immunity
used Freund’s complete adjuvant, and 2 weeks after the
initial immunity, Freund’s incomplete adjuvant was used
to strengthen immunity. The control group was injected
with an equal volume of PBS. Two weeks after the booster
immunization, mice were used for later experiments.

Western blot analysis

The BCA Protein Assay Kit (Beyotime Biotechnology)
was used to measure the concentration of proteins.
Then, proteins were boiled at 100 °C, 10 min, and 12%
sodium dodecyl sulfate—polyacrylamide gel electropho-
resis (SDS-PAGE) was used to isolate the protein. PVDF
membrane (Solarbio Science & Technology, Beijing,
China) was used to transfer the protein. After 2 h block-
age with 5% skim milk at room temperature, the primary
antibodies were supplemented at 4 °C for overnight incu-
bation. For rEg.P29 protein, the primary antibodies were
immune mice and control mice serum (1:500 dilution).
For total proteins, the primary antibodies included IFN-y
polyclonal antibody (rabbit anti-mouse, 1:500, cat. no.
BS3486), IL-2 polyclonal antibody (rabbit anti-mouse,
1:500, cat. no. BS60299), IL-4 polyclonal antibody (rab-
bit anti-mouse, 1:500, cat. no. BS5764), IL-10 polyclonal
antibody (rabbit anti-mouse, 1:1000, cat. no. 20850-1-
AP) and p-actin monoclonal antibody-HRP (mouse
anti-mouse, 1:20,000, cat. no. BS6007MH). The second
antibody goat anti-rabbit IgG/HRP (1:20,000, cat. no.
7J2020-R) was used to incubate the membrane for 2 h
at room temperature. Lastly, 3,3-N-diaminobenzidine
tetrahydrochloride horseradish peroxidase color devel-
opment kit (Solarbio) was used to detect the rEg.P29
protein, and electrochemiluminescence (ECL) (Tiangen,
Beijing, China) was used to detect the total proteins.

CD4*T,CD8™ T, and B cell sorting

Following booster immunization, mice were treated by
cervical dislocation. All spleen and lymphocyte opera-
tions were carried out under sterile conditions. Spleens
were removed from the two groups. Subsequently, the
single-cell suspension was prepared and then the spleen
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tissue lymphocyte isolation medium kit (Tianjin Hao
Yang Biological Manufacture, Tianjin, China) was used
to isolate spleen lymphocyte cells following the manu-
facturer’s protocol. Finally, we diluted the cell concentra-
tion to 1 x 10’/mL using a 10% FBS (Gibco, Grand Island,
USA) PBS solution and divided it into three groups in
300 pL/tubes. Staining for cell-surface markers was
performed, including APC-labeled anti-CD4 (552051),
PerCP-Cy5.5-labeled anti-CD3e (562286), PE-labeled
anti-CD8 (558106) FITC-labeled anti-CD19 (1575-02S)
(BD Biosciences, San Jose, CA, USA), placed at 4 °C in
the dark for 30 min. After washing twice, cells were sus-
pended using 2 mL PBS with 10% FBS and sorted by flow
cytometry. The purification of CD4*T, CD8'T, and B
cells was>99% (Additional file 1: Fig S1). Finally, collect-
ing CD41T, CD8'T, and B cells were collected for use in
later experiments.

IncRNA028466 overexpression lentivirus construction

and siRNA synthesis

The endotoxin-free plasmid of IncRNA028466 was
extracted using an endotoxin-free plasmid extract kit
(Tiangen Biochemical Technology Co., Beijing, China)
according to the manual instructions. 293 T packaging
cells (Thermo Fisher Scientific, CN) were cultured with
8 mL DMEM (Invitrogen) with 10% FBS (Gibco), 1%
100 x penicillin—streptomycin solution (Invitrogen) in
the condition of 37 °C and 5% CO, before transfection.
When the cell density reached 80—90%, 293 T cells were
transfected with 9 pg pCDH-028466, 9 pg pLP1, 9 ug
pLP2, and 9 pg PLP VSV-G (Invitrogen) in the presence
of PolyJet (SignaGen, USA) to package the recombinant
lentivirus. After 48 h of co-incubation, cells and super-
natant were collected and added to a 15 mL tube at 991 g
for 10 min. Then the supernatant that contained the virus
was collected and filtered through a 0.45 um filter into
a new 15 mL tube. The supernatant was centrifuged at
50,000 g at 4 °C for 2 h. The supernatant was discarded,
and the virus particles at the bottom of the tube were
resuspended with 100 uL. DMEM, then divided into PCR
tubes and stored at —80 °C.

Small interfering RNAs (siRNAs) targeted separate
sequences of IncRNA028466 were synthesized by Tian-
jin Sheweisi Biotechnology Company, including siRNA1,
siRNA2, and siRNA3. The siRNA1 targeting sequence for
IncRNA028466 is 5'-GGU UGA GAU UGG ACG UUU
CAU DTD T-3'(sense) and 5-AUG AAA CGU CCA
AUC UCA ACC DTD T -3’ (antisense). The sequence
of siRNA2 is 5-GGU UGA GAU UGG ACG UUU
CAU DTD T-3' (sense) and 5-AAA GAG GGU ACA
AGG UUA GGC DTD T-3' (antisense). The sequence of
siRNA3 is 5'-GGC CAG AUA AGC UGC AAD TDT-3'
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(sense) and 5’-UUG CAG CUC UUA UCU GGC CDT
DG -3/ (antisense).

Naive CD4™ T cell sorting, transfection, and differentiation
A healthy female BALB/c mouse spleen was placed on a
70 um nylon cell filter to prepare a single-cell suspension.
A magnetic bead isolation kit (Miltenyi Biotec, Bergisch
Gladbach, Germany) was used for negatively selecting
naive CD4™T cells following the manufacturer’s instruc-
tions. The purification of naive CD4'T cell populations
(CD4"CD25-CD62LMNCD44/°") was >90%. Subsequently,
naive CD4"T cells were resuspended in RPMI 1640
(Gibco, Grand Island, USA) with 2% FBS, and were cul-
tivated at 37 °C, 5% CO, in 1 x 10° cells/well of 48-well
plate, after which 100 pL pCDH-CMV and pCDH-
028466 lentivirus or 20 nM siRNA and negative control
siRNA were added in the presence of Lipofectamine 3000
(Thermo Fisher Scientific, CN); total volume was 250 pL/
well. After 6 h, the transfected cells were removed into
a 24-well plate. Then cells were activated with plate-
bound 1 pg/mL anti-CD3 (eBioscience) plus 1 pg/mL
anti-CD28, 20 ng/mL IL-2, 50 ng/mL IL-12, 10 ng/mL
anti-IL-4 for Th1 conditions. For generating Th2 cells, we
used 1 pg/mL anti-CD28, 20 ng/mL IL-2, 10 ng/mL IL-4,
10 ng/mL anti-IFN-y (BD Bioscience). In the overexpres-
sion experiment, micrographs of fluorescent light were
captured using a laser scanning confocal microscope. The
cells were used for a later experiment after transfection
for 96 h.

Quantitative real-time PCR

Total RNA was extracted from CD4T cells of the spleen
using TRIzol reagent (Invitrogen) according to the manu-
facturer’s procedures. The total RNAs were reverse-tran-
scribed into cDNAs by Revert Aid First Strand cDNA
Synthesis Kit (Thermo Fisher Scientific, CN). PCR was
accomplished on a StepOnePlus™ Real-Time PCR instru-
ment according to specifications indicated in the Bestar""
qPCR MasterMix (SYBR Green) (DBI Bioscience). The
PCR was implemented under conditions of pre-denatura-
tion at 95 °C for 2 min, followed by 40 cycles of denatura-
tion at 95 °C for 10 s, renaturation at 58 °C for 34 s, and
extension at 72 °C for 30 s. The gene relative expression
was calculated according to the 2724¢t method. Specific
primer sequences are listed in Table 1.

Flow cytometry analysis

We cultured the transfected cells under Thl and Th2
polarizing conditions. Cell Stimulation Cocktail and Pro-
tein Transport Inhibitor (Invitrogen) were added into
transfected cells in the last 6 h of incubation. For cell
surface staining, we first used 0.1% BSA, 0.05% sodium
azide PBS buffer to wash the collected cells. Then, the
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Table 1 Sequences of primers used for gRT-PCR

Gene primer(5’ — 3/)

INncRNA 028466 Fr AGGCCCAGTCTCTCTTGTGA

R: GGGTCTGATGGGTCTCAT

IL-2 F: TGAGCAGGATGGAGAATTACAGG
R: GTCCAAGTTCATCTTCTAGGCAC

F: CTCCCGTGGCTTCTAGTGC
R: GCCTTAGTTTGGACAGGATCTG

IL-4 F: ATCATCGGCATTTTGAACGAGG
R: TGCAGCTCCATGAGAACACTA

IL-10 F: GCCACGGCACAGTCATTGA
R: TGCTGATGGCCTGATTGTCTT
GAPDH F: AGGTCGGTGTGAACGGATTTG

R: GGGGTCGTTGATGGCAACA

surface antibody APC-labeled anti-CD4 and PerCP-cy-
5.5-labeled anti-CD3 (BD Biosciences) were used to stain
the cells in the dark for 30 min at 4 °C. Subsequently, 4%
paraformaldehyde was used to fix the cells under room
temperature for 8 min in the dark, and 0.1% BSA, 0.05%
sodium azide, and 0.1% saponin (Sigma) PBS buffer was
used to permeabilize the cells at room temperature for
2 h in dark. After washing, PE-labeled anti-IFN-y, PE-
labeled anti-IL-2, PE-labeled anti-IL-4, PE-labeled anti-
IL-10 (BD Biosciences) were respectively used to stain
the cells in the dark for 30 min at 4 °C. Stained cells were
assayed with flow cytometry (BD Biosciences) and the
program Flow]Jo version 10.0 (Tree Star Inc. USA) was
used to analyze the data.

ELISA

Transfected cells were stimulated with Cell Stimula-
tion Cocktail in the last 6 h of incubation. Supernatants
were collected after 96 h and a specific ELISA kit (BD
Biosciences, San Jose, CA, USA) was used to detect the
cytokine levels following the manufacturer’s protocol.

Statistical analysis

Using SPSS 17.0 statistical software and GraphPad Prism
6.0 software to analyze the experimental results, the
measurement data were represented as mean =+ stand-
ard error, according to the comparison between the two
groups using the two-tailed ¢-test. The test level was
a=0.05.

Results

Microarray analysis revealed significant downregulation

of IncRNA028466 transcripts in spleen lymphocytes

of mice immunized with rEg.P29 antigen

First, we detected a high purity expression band of rEg.
P29 antigen at 31 kDa through western blot (Fig. 1a).
Microarray analysis revealed that IncRNA028466 was
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Fig. 1 Microarray analysis reveals significant downregulation of
INcRNA028466 transcripts in spleen lymphocytes of mice immunized
with rEg.P29 antigen. a rEg.P29 antigen was purified and detected
by western blot. b Validation of INcRNA028466 expression levels in
lymphocytes of mice by gRT-PCR. Data were shown as mean & SD
and represented three separate experiments (=6 per group).
***p<0.001

downregulated 2.31-fold in spleen lymphocytes of mice
immunized with rEg.P29 antigen. To verify the expres-
sion of IncRNA028466 in spleen lymphocytes following
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immunization, qRT-PCR was used to determine the
downregulation of IncRNA028466. IncRNA028466
exhibited  1.87-fold-lower  expression  (£¢="7.906,
P=0.0002) compared with that in the control group
(Fig. 1b).

The expression of IncRNA028466 was decreased in CD4™ T
cells of spleens from mice immunized with rEg.P29 antigen
Because IncRNA028466 expression decreased in spleen
lymphocytes of mice immunized with rEg.P29 antigen,
we aimed to understand the role that IncRNA028466
played in rEg.P29-mediated immune response. We then
respectively isolated splenic CD4"T, CD8'T, and B
cells from the control and immune groups using flow
cytometry. The percentage of CD41T, CD8"T, and B
cells were respectively 21.6%,7.1%, 56.7% in the con-
trol group (Fig. 2a) and 26%, 8.0%, 56.0% in the immune
group (Fig. 2b). The data indicated that CD4™T cells
were increased following immunization with rEg.P29.
qRT-PCR was performed to measure the expression
of IncRNA028466 in CD4"T, CD8'T, and B cells. The
expression of IncRNA028466 in CD4"T cells from the
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Fig. 2 The expression of INcRNA028466 was decreased in CD4™ T of spleens from mice immunized with rEg.P29 antigen. Following boost
immunization, flow cytometry was used to isolate CD4™T, CD8T and B cells. The percentage of CD4™T, CD8*T and B cells in the control (a) and
immune groups (b) are shown. € The expression of INcRNA028466 in CD4™T, CD8*T and B cells was measured by gRT-PCR. Results are shown as
mean = SD and represent three separate experiments (n =6 per group). *P < 0.05, **P < 0.01, ns: not significant
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immune group was 1.68 times lower (£=9.651, P<0.001)
than the control group; however, there were no promi-
nent changes in CD8"T and B cells (Fig. 2c). All in all,
these data suggested that IncRNA028466 could affect cel-
lular immune responses associated with rEg.P29 antigen
immunity.

Overexpression of IncRNA028466 biased naive CD4™ T cell

differentiation toward the Th2 phenotype

To understand the role that IncRNA028466 played in
CD4'T cell differentiation, we isolated splenic naive
CD4"T lymphocytes. In addition, we used 293 T cells
packing IncRNA028466 overexpression lentivirus
(pCDH-028466, green fluorescent protein [GFP]) and
empty vector (pCDH-CMYV, GFP). The expression of GFP
was detected by a laser scanning confocal microscope
(Olympus) (Fig. 3a). Then, the transfection efficiency
of transfection naive CD4% T cells with pCDH-028466
and pCDH-CMV was detected by qRT-PCR analysis.
IncRNA028466 overexpression lentivirus exhibited a
28.56-fold-higher expression (t=7.924, P=0.0005) com-
pared with empty vector (Fig. 3a). The result suggested
that the IncRNA028466 overexpression lentiviral vector
was successfully transfected into the cells. Subsequently,
naive CD4"'T cells were infected with pCDH-CMV and
pCDH-028466. Then, the expression of Thl-related
cytokines IL-2, IFN-y, and Th2-related cytokines IL-10,
IL-4 were detected respectively from mRNA, protein,
and extracellular levels by qRT-PCR, western blot and
ELISA. As a result, according to qRT-PCR analysis,
overexpression of IncRNA028466 inhibited the expres-
sion of IEN-y (¢=7.564, P=0.0003) and IL-2 (t=13.28,
P<0.001) and increased the expression of IL-4 (t=4.157,
P=0.006) and IL-10 (t="7.367, P=0.0003) (Fig. 3b). The
result was confirmed by western blot and ELISA analysis
(Fig. 3¢, d).

Considering the result that overexpression of
IncRNA028466 upregulated Th2-related cytokines IL-4
and IL-10 expression, and downregulated Thl-related
cytokines IFN-y and IL-2 expression, we studied the
role of IncRNA028466 in CD41T cell differentiation.
pCDH-CMYV and pCDH-028466 were transfected into
naive CD41T cells, which were cultured in the Thl
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and Th2 cell-polarizing conditions. The FACS analysis
showed that IncRNA028466 overexpression of lentivi-
rus-transfected cells increased differentiation toward
IL-4- and IL-10- (Fig. 3e) producing Th2 subtype, com-
pared with the empty vector group. However, there was
a remarkable reduction in IFN-y- and IL-2-producing
(Fig. 3e) Th1 cells. All in all, these results may indicate
that overexpression of IncRNA(028466 biases naive
CD4™T cell differentiation toward the Th2 phenotype.

Knockdown of IncRNA028466 promotes naive CD4™ T cell
differentiation toward the Th1 subgroup

To confirm whether IncRNA028466 contributes to
CD4'T cell differentiation, we designed siRNA to
knock down its expression in naive CD4'T cells.
For siRNA interference efficiency, siRNA1, siRNA2,
and siRNA3 were respectively transfected into naive
CD4™T cells, and qRT-PCR was performed. Accord-
ing to the result (Fig. 4a), siRNA1 efficiently knocked
down IncRNA028466 by 5.88-fold (¢=17.98, P<0.001)
compared with negative siRNA and was used for later
experiments. Subsequently, siRNA1 and negative
siRNA were transfected into naive CD41T cells, and
qRT-PCR, western blot, and ELISA were performed to
measure the expression of Thl-related cytokines IL-2,
IEN-y, and Th2-related cytokines IL-10, IL-4. We found
that knockdown of IncRNA028466 upregulated IL-2
(t=14.10, P<0.0001) production and downregulated
IL-10 (t=6.822, P=0.0005) production (Fig. 4b-d).
There was a mild increase in IFN-y, and a mild decrease
in IL-4 (Fig. 4b—d); however, the levels of IFN-y and
IL-4 did not reach statistical significance. The low levels
may have gone undetected.

Similarly, siRNA-transfected naive CD4*T cells were
placed in the Thl and Th2 cell-polarizing conditions.
The FACS analysis showed that siRNA-transfected
cells differentiated toward IFN-y- and IL-2-producing
Th1 subtype (Fig. 4e), compared with a negative con-
trol group. However, there was a remarkable reduction
in the Th2-related cytokines IL-4 and IL-10 (Fig. 4e).
Taken together, the results indicate that knockdown of
IncRN'A028466 promotes naive CD4™ T cell differentia-
tion toward Th1 cells.

(See figure on next page.)

Fig. 3 Overexpression of INcCRNA028466 biases naive CD4*T cell differentiation toward the Th2 phenotype. a Validation of the transfection
efficiency of INcRNA028466 overexpression lentivirus by gRT-PCR and representative image of the expression of GFP (x40) was detected by a

laser scanning confocal microscope (Olympus). b The mRNA expression of IFN-y, IL-2, IL-4, and IL-10 was measured by gRT-PCR. c The protein

levels of cytokines were determined by western blot. d The supernatants were detected by ELISA. e The differentiation of the transfected naive
CD4™T cells was measured by FACS. The scattered dots in the box represent the expression of IFN-y and IL-2 producing Th1 cells, and IL-4 and IL-10
producing Th2 cells. Results are shown as mean £ SD and represent three separate experiments (n =6 per group). Vector represents empty vector,
pCDH-028466 represents INCRNA028466 overexpression vector. *P<0.05, **P < 0.01, ***P < 0.001




Wang et al. Parasites Vectors

(2021) 14:295

Page 7 of 11

vector

pCDH-028466

iy
r4
L2 s—— E s
. -
_— s
IL-4 s — £,
2
[L-10 — £
z 0.5
B-actin | u——— H
= 00
IS K]
S o
s £z
A
S
&
N3
s
=
E
b‘)10
=
g
N
Z 5
=

vector pCDH-028466

IL-2 mRNA relative expression

IL-2 (ng/ml)

IS
o

vector pCDH-028466
{ 7.45 2.49
Q
[9]
(O]
IFN-y >
vector pCDH-028466
1.1 3.64

ssC— 5

IL-4 >

vector pCDH-028466

vector pCDH-028466

IL-4 mRNA relative expression
IS

.

IncRNA028466 relative expression

vector pCDH-028466

IL-10 mRNA relative expression

a8
-
=
S
3
=
2
7
2
v
-
&
#
]
M
2
-]
=2
o
&

vector pCDH-028466

vector pCDH-028466

vector pCDH-028466

vector pCDH-028466

IL-4(ng/ml)

Relative expression of IL-4

vector pCDH-028466

vector pCDH-028466

25 _—
20
15
1.0
05
0.0

vector pCDH-028466

all

vector pCDH-028466

Relative expression of IL-10

15 025 -
= 020
10 E
20 0.15
£
S oo
05 inl
= 005
00 0.00
vector pCDH-028466 vector pCDH-028466
vector pCDH-028466
15
8.83 4.40 "
g =
8
B
0-
vector pCDH-028466
L2 >
vector pCDH-028466
' [ —
3.37—
3
g
~ 2
=
T
B
vector pCDH-028466

IL-10 >




Wang et al. Parasites Vectors (2021) 14:295

Discussion

The purpose of our study was to research the contribu-
tion of IncRNA028466 to the differentiation of splenic
CD4™T cells. CD4'T cells are major participants in
CE, and the bias of CD4™T cells toward the Th2 subset
causes an unbalanced secretion of cytokines produc-
ing Th subsets, which results in the chronic progression
of CE [37, 38]. Consistent with this theory, in our study,
the proportion of CD4T cells was augmented following
immunization with rEg.P29. This meant that CD4 T cells
participate in the immunoreaction associated with rEg.
P29.

The expression of IncRNA was lineage-specific and
played a crucial role during CD4'T cell differentiation
toward Thl and Th2 cells [28, 39, 40]. At present, the
relevance of IncRNA to the pathogenesis, host resist-
ance, and parasite evasion during parasitic infection is
emphasized [34]. There is increasing attention to the
contribution of IncRNA to E. granulosus infection [35].
This kind of research will contribute to the reasonable
design of immune therapy and vaccination schemes. In
the present study, we discovered that IncRNA028466
significantly decreased in CD4*T cells with the rEg.P29
immunized group. On the one hand, overexpression
of IncRNA028466 not only enhanced differentiation of
Th2 cells but also promoted the secretion of Th2-related
cytokines IL-10 and IL-4, but suppressed the expression
of Thl-related cytokines IFN-y and IL-2. On the other
side, the knockdown of IncRNA028466 inhibited the dif-
ferentiation of Th2 cells and promoted the differentia-
tion of Th1 cells. Based on this finding, we propose that
IncRNA028466 may participate in the protective rEg.
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P29-mediated immunity by modulating Thl and Th2
cytokine expression.

The polarization of the Th1l and Th2 subset is a crucial
determinant of whether the response to the pathogen
will confer protection to the host or exacerbate the dis-
ease [24]. IFN-y is demonstrated to inhibit Echinococcus
activity and contributes to the formation of the protec-
tive immunity mediated by Th1 cells during E. granulosus
infection [25, 38]. Mouse experimental studies support-
ing IL-4- and IL-10-mediated immunosuppression may
be key to parasite evasion and survival [19, 41]. This study
demonstrated that the increased Thl immune response
was related to lower IL-4 and IL-10 expression, as well as
IncRNA028466 overexpression. The immunoprotection
of rEg.P29 may be realized by IncRNA028466 regulating
the expression of cytokines associated with Th1 and Th2
cells. However, our study just preliminary investigated
the role of IncRNA028466 in regulating the expression
of Th1- and Th2-associated cytokines in vitro. To further
demonstrate the result, we will further study the function
of IncRNA028466 in vivo and in vitro.

Conclusions

In conclusion, IncRNA028466 may be involved in rEg.
P29 vaccination-mediated Thl protective immunity. The
study of the function of IncRNA in T helper responses
is an area that needs to be explored, which will help
deepen our learning about the complicated immune
response. We expect that further characterization of the
identified IncRNA028466 will reveal the important role
of IncRNA in host-parasite interaction and CD4" T cell
differentiation.

(See figure on next page.)

per group). *P<0.05, **P<0.01, ***P<0.001, ns: not significant

Fig. 4 Downregulation of INcRNA028466 promotes naive CD4™ T cell differentiation toward the Th1 phenotype. a The interference efficiency of
SiIRNAs was tested by gRT-PCR. b The mRNA expression of cytokines in the transfected naive CD4™T cells was tested by qRT-PCR. ¢ The protein
levels of cytokines were determined by western blot. d The supernatants were detected by ELISA. e The differentiation of the transfected naive
CD4™T cells was measured by FACS. The scattered dots in the box represent the expression of IFN-y and IL-2 producing Th1 cells, and IL-4, and IL-10
producing Th2 cells. The data came from a single experiment and represented three separate experiments. Negative represented the control group,
siRNAT1 represented the INcRNA028466 knockdown group. Data were expressed as mean = SD and represented three separate experiments (01 =6




(2021) 14:295 Page 9 of 11

Wang et al. Parasites Vectors

&

< ®& & +« o @

-._Q_mmu..ﬁxu JADEBRI 99H8TOVNIU|

<

siRNA1

negative

N @ e @ b
< < o© o

uoissaadxa danePs YNYW OI-T1

Q
‘m
W o W o W o
N 8 ¢ = o 9
s o © S o o

uoissaadxd AREPI VNYW p-TI

© < ~ °

uoissa.idxd dApePs YNJYW - 11

@

|
w 2 ] S
s

i = S
uo1sSIdXd IARERI YNYW A-NAT

siRNA1

negative

siRNA1 negative  siRNA1
5
ns
0
s
0
negative  siRNA1

negative

=

siRNA1

negative

c-.Jw— Jo =c1_mm?.nxo dAnEePY

=
e 4
&
H
©
&
=
&
&
=

11 JO uoIssaadxa dAnePY

H

siRNA1

L

—Tr—T T 711
& & ¢ < 8 &

Z-11 JO uoissaadxa aanepPy

T
negative

A-NAT Jo uo1ssaadxa daney

B-actin | —" —

siRNA1

negative

o

(1w/3w)o1-T11

0.15;
0.05;
0.00:

ns
negative  siRNAI

0.4
0.0

o o~ -

(Tw/3u)p-11

negative  siRNAI

0.00

<

£
=

)

£ 010
= 005

[l

ns
negative  siRNA1

w

(ru/3u) A-NAT

15
0:

=

IL-10

z =
& z
| .
@ 2
£ g
g g
® 2 © ° (%) o111
(%) 11
= A =
3 <
2
’ 7
[=) ™
=} «
~ ~—
4 o
Z . 2
& &
=
© —
N @ @
~ 4 fae)
4——— 0ss +——0ss
= =
& z
’ = 2
5 3
2 H
T () N (%) v-11
3 4 3
© —
S o
© ~—
2 2
3 5
o E
<+—— 088
>




Wang et al. Parasites Vectors (2021) 14:295

Abbreviations

Eg: Echinococcus granulosus; INcRNA: Long noncoding RNA; rEg.P29:
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Dulbecco’s modified Eagle’'s medium; RPMI1640: Roswell Park Memorial Insti-
tute; gRT-PCR: Quantitative real-time polymerase chain reaction; Treg: Natural
regulatory cell; BSA: Bovine serum albumin.
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