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The o/B-hydrolase domain (ABHD) proteins belonging to «o/p-hydrolase (ABH)
superfamily are ubiquitously distributed throughout all the organisms, and their
functional roles have been implicated in energy metabolism, cell signaling, growth and
development. In our preliminary work, we identified a novel ABHD protein derived
from Haemonchus contortus excretory-secretory (ES) proteins (HCESPs) that interacted
with host T cells. Here, we demonstrated that H. contortus ABHD (HcABHD) protein,
expressed in all life-cycle stages of H. contortus, is a mammalian ABHD17 homolog
with immunodiagnostic utility and lipase activity. Given its catalytic activities and
immunomodulatory potentials, we further investigated the functional diversity of HCABHD
as an individual ES protein in parasite-host interactions. HCABHD protein may serve
as depalmitoylase or thioesterase to suppress cell viability, inhibit cell proliferation,
induce intrinsic and extrinsic T cell apoptosis, and cause cell cycle arrested at G1
phase. Moreover, recombinant HCABHD stimuli exerted critical controls on T cell
cytokine production profiles, predominantly by inhibiting the secretions of interleukin
(IL)-4, interferon-gamma (IFN-y) and transforming growth factor-beta (TGF-g) 1, and
promoting IL-10 production. As the immunomodulator acting at the parasite-host
interface, HCABHD protein may have potential applications for the vaccine development
of therapeutic intervention. Together, these findings may help illuminate the molecular and
particularly immunomodulatory aspects of ES proteins and contribute to an enhanced
understanding of parasite immune evasion in H. contortus-host biology.

Keywords: o/B-hydrolase, H. contortus, excretory and secretory protein, immunomodulator, parasite-host
interaction

INTRODUCTION

The a/p-hydrolase domain (ABHD) proteins which are characterized with beta strands connected
by alpha helices in common belong to a/B-hydrolase (ABH) superfamily including esterases,
lipases, proteases, peroxidases, dehalogenases, and epoxide hydrolases (1). ABHD proteins are
highly conserved and ubiquitously distributed throughout the organisms. To date, at least nineteen
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FIGURE 3 | rHcABHD protein suppressed T cell proliferation and induced T cell cycle arrest through Akt/MAPK signaling. (A) Determination of T cell proliferation in
responses to rHcABHD stimuli. Flow cytometry analysis were performed using 7-AAD and EdU-APC double staining. T cells treated with O ng/mL rHcABHD served as
control group. (B) Statistic analysis of T cell proliferation rate. The proliferation rate was calculated by the percentage of EQU* T cells. Data are presented as the mean
+ SD, *P < 0.05, ®*P < 0.01, ***P < 0.0001 vs. control group (T cells treated with O pg/mL rHcABHD). Results presented here are representative of three independent
experiments. (C) T cell cycle analysis in responses to rHcABHD stimuli. Cell cycle determination of T cells was performed using PI/RNase staining regent by flow
cytometry. T cells treated with 20 pg/mL of rHcABHD at O h served as control group. (D) Statistic analysis of T cell cycle. T cells incubated with rHcABHD stimuli were
collected every 6 h. The results demonstrated that rHcABHD caused cell cycle arrest at GO/G1 phase. Results are denoted as mean + SD, whereas the * (asterisk) for
G1 phase determination (*P < 0.05, **P < 0.01) and # (hashtag) for S phase determination (P < 0.05) indicated statistically significant difference to control group (T
cells treated with 20 pg/mL of rHcABHD at O h). Results presented here are representative of three independent experiments. (E) Relative gene transcription levels of
CCND1, CCNET, CDK4/6, CDK2, Akt1, and p38 in rHcABHD-treated T cells. Data are presented as Minimum to Maximum, *P < 0.05, **P < 0.01, **P < 0.001,
P < 0.0001 vs. control group (T cells treated with 20 ng/mL of rHcABHD at O h). Results presented here are representative of three independent experiments.
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FIGURE 4 | The rHcABHD stimuli altered T cells cytokine secretion profiles in vitro. Goat T cells were incubated in the presence or absence of rHcABHD proteins for
24 h. The secretions of IL-2 (A), IL-4 (B), IL-10 (C), IL-17A (D), IFN-y (E), and TGF-B1 (F) in the culture supernatant were determined by ELISA. Data are presented as
Minimum to Maximum, *P < 0.05, “*P < 0.01, ***P < 0.001, ***P < 0.0001 vs. control group. Each experiment was run in triplicate.

DISCUSSION

Parasitic helminths have evolved sophisticated and highly
integrated mechanisms to encourage the coexistence with hosts
(35). They could release ES proteins into the host environment
to suppress or subvert host immune response so as to ensure
their survival (36). As an individual ES component derived
from HcESPs which interacted with host T cells, the HCABHD
gene was completely cloned, and the rHcABHD protein was
successfully obtained in the present study. Although ABH
superfamily members display surprisingly low sequence identity
among all three domains of life, ABHD proteins are relatively
conservative with each other within the ABHD family (37).
Based on the phylogenetic analysis with vertebrate orthologs
and parasite homologs, HCABHD protein was supposed to
belong to ABHD17 subfamily, namely ABHD17A, ABHD17B,
and ABHD17C. Mammalian ABHD17 proteins are novel
depalmitoylating enzymes with substrate specificity to N-Ras
and postsynaptic density protein 95 (PSD95). The catalytic
activities of ABHDI17 proteins are indispensable for N-Ras
depalmitoylation and subcellular re-localization (38), whereas
ABHDI17 proteins could also accelerate PSD-95 palmitate
turnover and control synaptic PSD-95 amount in neurons (39).
Currently, to our knowledge, very little is known about the

regulation, biochemical and physiological functions of parasite
ABHD17 proteins. Given that rHcABHD was recognized by sera
from infected goats and native HCABHD protein was appraised
by specific rat anti-HcABHD IgG, HcABHD protein with
outstanding immunogenicity could be a valuable candidate for
the development of diagnostic assays in H. contortus infection.
Additionally, native HcABHD protein was localized in the
platymyrian muscle cells under the cuticle and gut region of adult
worms, indicating that HCABHD protein could be excreted or
secreted through the worm cuticle or gut actively/passively into
the host. Combined with the amounting mRNA expressions of
HcABHD in H. contortus life-cycle, HCABHD may play a crucial
role in the development, invasion, and survival of H. contortus.
Like other ABH superfamily members, HCABHD protein with
a nucleophile-His-acid catalytic triad may have the potential
to catalyze the hydrolysis of certain substrates with different
chemical composition or physicochemical properties (40). In
this study, we determined that rHcABHD protein exerted strong
capability of generating glycerol from triglycerides via catalyzing
the cleavage of the ester bonds as a lipid metabolizing enzyme.
In addition, we also validated the positive in vitro interaction
of rHcABHD with goat T cells by immunocytochemistry assays
based on our preliminary LC-MS/MS analysis. Although we
employed proteomic approaches to gain a variety of interacting
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proteins such as kinases, hydrolases, proteases, lipases and
phosphatases, the exact molecule(s) in HcESPs which were
involved in the regulation of T cell immune response still
need to be further investigated. Given the catalytic biological
activities in lipid metabolism and the interaction with host T
cells, HCABHD could be an essential immunomodulator acting
at the parasite-host interface. Intriguingly, the treatments with
rHcABHD dramatically inhibited T cell viability and induced cell
apoptosis. Caspases are a family of cysteine proteases and the
central regulators of apoptosis which is characterized by nuclear
condensation, cell shrinkage, membrane blebbing, and DNA
fragmentation (41). Initiator caspases like caspase-8, and—9
coupled to pro-apoptotic signals get activated and cleaved, and
lead to the activation of downstream effector caspases such as
caspase-3, which in turn execute apoptosis by cleaving cellular
proteins. Activation of death receptor result in the activation of
caspase-8 in intrinsic apoptosis pathway, whereas cytochrome
c released from damaged mitochondria initiate the activation
of caspase-9 in extrinsic apoptosis pathway (42). In current
study, rHcABHD stimuli notably upregulated the transcription
of caspases-8,—9, and—3, indicating a potential mechanism
underlying HcABHD-induced intrinsic and extrinsic apoptosis
of T cells.

Cell apoptosis, proliferation, and cell cycle are fundamental
and ultimately linked cellular events. Therefore, we further
testified the immunomodulatory potential of rHcABHD on
T cell proliferation and demonstrated that rHcABHD protein
strongly suppressed T cell growth in a dose-dependent manner.
Eukaryotic cell growth and division are controlled by G1/S
checkpoint and G2/M checkpoint to ensure proper timing of
cell cycle phase to the next, which involves a coordinated set of
proteins monitoring uncontrolled cell division and propagation
of damaged DNA (43). The G1/S checkpoint controlled by two
kinase complexes CDK4/6-Cyclin D and CDK2-Cyclin E initiates
the passage of the G1 phase into the DNA synthesis S phase (44),
while the G2/M checkpoint serves to restrain DNA-damaged
cells into mitosis (M-phase) via the Cyclin B-CDK1 kinase
complex (45). In this study, flow cytometry analysis revealed
that rHcABHD caused cell cycle arrested at G1 phase, but not
G2/M phase. Meanwhile, the transition through G1 phase into
S phase in T cells was prevented by rHcABHD stimuli via the
downregulation of CCND1, CDK4/6, and CCNE1 transcriptions.
Dynamic cycle of de-palmitoylation and palmitoylation are
reversible modification processes of proteins involving a plethora
of biological progresses including protein trafficking, subcellular
localization, and cell signaling (46). Ras proteins are small
GTPases engaged in signal transduction of growth factors to
control cell differentiation and growth. Palmitoylated Ras is
distributed toward the plasma membrane after post-translational
modifications, whereas depalmitoylated Ras tends to accumulate
in the Golgi where it undergoes palmitoylation and recycle
to plasma membrane again (47). Therefore, disruption of
Ras palmitoylation/depalmitoylation cycle that suppressed cell
growth and development is targeted for cancer therapy (48).
As mammal ABHD17 homologs and exogenous depalmitoylase,
the external stimuli of rHcCABHD may disrupt the balance of

Ras palmitoylation cycle, block Ras membrane association, and
interfere RAS signaling along with its downstream effectors in
host T cells, particularly the kinase cascades PI3K-AKT-MTOR
and RAF-MEK-ERK (49). Collectively, this could be one of the
mechanisms of how HcABHD targets the regulation of host T
cell cycle, apoptosis, and proliferation.

Immunomodulatory activities generated by ES proteins
of parasitic helminth exhibit several predominant features:
blocking pro-inflammatory and Thl cytokines including IFN-
vy and IL-2, inducing anti-inflammatory cytokines like IL-10
and TGF-B, regulating Th2 responses such as the secretion
of IL-4, and modulating Treg and Th17 responses (36, 50).
Consistent with these findings, rHcABHD stimuli significantly
suppressed the secretions of IL-4 and IFN-y, but not IL-
2, indicating the critical controls of HCABHD on Th2 and
pro-inflammatory responses. Several ES immunomodulators,
such as Toxascaris leonina galectin-9 homolog (51), Trichinella
spiralis 7C2C5 antigen and 53-kDa protein (52), restrained
inflammation reactions by inhibiting Thl and Th2 cytokine
production via enhanced TGF-f and IL-10 generation. However,
in this study, high doses of rHcABHD upregulated IL-10
production, whereas downregulated TGF-f1 secretions. TGF-f
signaling consisting of TGF-B/activin and BMP pathways plays
a critical role in the regulation of cell growth, differentiation,
and development, and these two pathways are modulated
by PI3K/AKT/MAPK signaling at a number of levels (53).
Thus, external rHcABHD stimuli-induced downregulation of
TGEF-P1 secretion may exacerbate T cell apoptosis involving
PI3K/AKT/MAPK signaling, which might in turn affect TGF-
B signaling and inhibit T cell growth. Intriguingly, we hereby
observed the modulatory effects of rHcABHD protein on cell
growth and cytokine production profiles. However, whether the
alteration of IL-4, IL-10, TGF-f1, and IFN-y secretions was
resulted from rHcABHD stimuli-caused less alive T cells, or
more hyporesponsive T cells, or different T cell subsets, remains
unclear and more mechanistic studies are still needed.

ABHD17 proteins (A, B, and C) exhibit a dizzying array
of function properties. They are termed as thioesterases or
depalmitoylases that engage in the enzymatic process of protein
depalmitoylation, like acyl protein thioesterase 1 and 2 (46),
and also categorized as lipases or serine hydrolase with the
characterization of the specific a/B-hydrolase domain (54).
Therefore, ABHD17 family members could be defined as
functionally malleable proteins with diverse biological activities
attributed to their unexpected catalytic efficiency. In this study,
we identified HcABHD as a lipase and immunomodulator
acting at the parasite-host interface. However, with limited
availability of goat immune reagents, we hereby only validated
the transcription levels of several key factors involved in cell
apoptosis and growth. More detailed mechanistic networks
at the protein level, alongside associated pathways, merit
further investigation. Clearly, future efforts are imperative
to explore more detailed substrate profiles of HcABHD,
the exact molecule(s) that regulated by or interacted with
HcABHD, and its prophylactic potential for anti-H. contortus
vaccine development.
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