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Dynamin 2-mediated endocytosis of BLT1 is required LR
for IL-8 production in HMC-1 cells induced by Trichomonas
vaginalis-derived secretory products
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Abstract

Received: 8 July 2024  We previously reported that leukotriene B4 (LTB.) contained in Trichomonas vaginalis-de-
Accepted: 12 August 2024 rived secretory products (TvSP) play an essential role in interleukin-8 (IL-8) production in
human mast cell line (HMC-1 cells) via LTB4 receptor (BLT)-mediated Nuclear Factor-
*Correspondence kappa B (NF-xB) activation. Dynamin, a GTPase, has been known to be involved in en-
(myeong@yuhsac) docytosis of receptors for signaling of production of cytokine or chemokines. In the
present study, we investigated the role of dynamin-mediated BLT1 endocytosis in TvSP-
induced IL-8 production. When HMC-1 cells were transfected with BLT1 or BLT2 siRNA,
citation  TVSP-induced IL-8 production was significantly inhibited compared with that in cells
LeeYA, shinMH.  transfected with control siRNA. In addition, pretreatment of HMC-1 cells with a dynamin
Dynamin 2-mediated endocytosis of BLT1  jnhipitor (Dynasore) reduced IL-8 production induced by TvSP or LTBs. TvSP- or LTB.-
is required for IL-8 production in HMC-1 | i i
cells induced by Trichomonas vaginalis-  induced phosphorylation of NF-xB was also attenuated by pretreatment with Dynasore.
derived secretory products.  After exposing HMC-1 cells to TvSP or LTB4, BLT1 was translocated from the intracellu-
Parasites Hosts Dis 2024/62(3):281-293. compartments to the plasma membrane within 30 min. At 60 min after stimulation
with TvSP or LTB4, BLT1 remigrated from the cell surface to intracellular areas. Pretreat-
ment of HMC-1 cells with dynamin-2 siRNA blocked internalization of BLT1 induced by
TvSP or LTB4. Co-immunoprecipitation experiments revealed that dynamin-2 strongly
interacted with BLT1 60 min after stimulation with TvSP or LTB4. These results suggest
that T. vaginalis-secreted LTB. induces IL-8 production in HMC-1 cells via dynamin
2-mediated endocytosis of BLT1 and phosphorylation of NF-xB.
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Introduction

Trichomonas vaginalis is a flagellated protozoan parasite that is transmitted sexually and
causes the most common non-viral sexual infections worldwide [1]. This parasite infects
the human vagina, cervix, prostate, and urethra [2]. T. vaginalis infection is clinically im-
portant because of its association with preterm delivery, low birth weight, cervical or pros-
tate cancer, and the transmission of human immunodeficiency virus type 1 transmission

© 2024 The Korean Society for  [1-3]. Trichomonas vaginalis-derived secretory products (TvSP) contain various substances
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such as proteins, carbohydrates, proteases, and lipid mediators [4,5]. Our previous study
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showed that T. vaginalis secretes lipid mediators, such as leukotriene Bs (LTB4) and cyste-
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activation of other immune cells [7-9].

Mast cells, along with neutrophils, are the immune cells primarily observed during
Trichomonas infection [2,10]. Engagement with T. vaginalis-secreted LTB, and the G pro-
tein-coupled receptors (GPCRs) BLT1 or BLT2 (LTBs receptors) on neutrophils and human
mast cell lines (HMC-1 cells) trigger the production of interleukin-8 (IL-8) through phos-
phorylation of NF-kB and CREB [8]. Similarly, signaling interactions between T. vaginalis-
secreted LTBs and BLT1 in mast cells result in degranulation and migration of HMC-1 cells
[9]. T. vaginalis-derived LTB, induces NADPH oxidases 2 (NOX2)-derived reactive oxygen
species (ROS) generation, which is responsible for Mitogen-Activated Protein Kinase
(MAPK) activation and exocytosis via BLT1-meduated signaling in HMC-1 [11]. In addi-
tion, mast cells are equipped with numerous plasma membrane receptors that sense and re-
act rapidly to external stimuli [6,12]. Correct localization of cell surface receptors and ap-
propriate protein levels are important for signal activation and regulation of the defense
against pathogens. GPCR-mediated signaling induced by both host- and pathogen-derived
ligands is critical for the initiation and maintenance of the inflammatory response, promot-
ing cytokine production and migration [13]. However, the detailed signaling mechanisms
by which T vaginalis-secreted LTB. induces immune responses via BLT1 in mast cells are
not fully understood.

Dynamin is a GTPase that plays a critical role in receptor internalization, a process by
which membrane-bound receptors are removed from the cell surface and transported to
the interior of the cell for degradation or recycling [5,14]. Studies have shown that dyna-
min is required for the internalization of a variety of receptors, including the epidermal
growth factor receptor, the transferrin receptor, and the f-adrenergic receptor [15-18]. The
regulation of dynamin-mediated receptor internalization has been implicated in the regu-
lation of cellular signaling and maintenance of proper cellular functions [16-18]. Many
studies have shown that dynamin plays a key role in the endocytosis of lipid rafts via fission
between the plasma membrane and vesicles containing molecules or receptors [17-19]. In
addition, BLT1 endocytosis is dynamin-dependent [20]. However, the role of dynamin-
mediated BLT1 endocytosis in the cellular responses of HMC-1 cells stimulated with T.
vaginalis-secreted LTB4 has not yet been reported.

In this study, we investigated whether dynamin-mediated BLT1 internalization is re-
quired for IL-8 production in HMC-1 cells induced by T. vaginalis-secreted LTBa.

Materials and Methods

Ethics statement

Not-applicable.

Reagents

Dynasore (dynamin inhibitor I) was purchased from Calbiochem (Gibbstown, NJ, USA).
LTB. was purchased from Biomol (Plymouth Junction, PA, USA). Anti-phospho-NF-«xB
and anti-B-actin antibodies were purchased from Cell Signaling Technology (Danvers,
MA, USA). Rabbit anti-human P2Y7 (LTB4R1) (H-165), anti-LTB4R2 (H-86), anti-dyna-
min IT (C-18), and anti-dynamin-2 (G-4) antibodies were purchased from Santa Cruz Bio-
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technology (Dallas, TX, USA). Rabbit anti-BLT1 antibody (NBP2-27422) was purchased
from Novus Biologicals (Centennial, CO, USA). Methyl-p-cyclodextrin (MPCD) and all
other reagents were purchased from Sigma-Aldrich (St. Louis, MO, USA). ON-target Plus
SMARTpool BLT1 siRNA (L-005653-00-0005), BLT2 siRNA (L-005654-00-0010), dyna-
min-2 siRNA (L-004007-00-0010), and scrambled siRNA (D-001810-01-05) were pur-
chased from Dhamarcon (Lafayette, CO, USA).

Cultivation of T. vaginalis and preparation of TvSP

The T016 strain of T. vaginalis was axenically sub-cultured at 37°C in Diamond’s trypti-
case-yeast extract-maltose medium supplemented with 10% heat-inactivated horse serum
(Gibco/Invitrogen, Gaithersburg, MD, USA) and 0.5% penicillin/streptomycin (Gibco/In-
vitrogen). Log-phase cells of T. vaginalis were used for TvSP preparation. To obtain various
doses of TvSP for HMC-1 stimulation, the trichomonads (1 x 107 cells) were washed once
with Hank’s balanced salt solution (HBSS) (Gibco/Invitrogen), resuspended in 1 ml of
HBSS, and incubated for 1 h at 37°C. The culture supernatant was centrifuged at 15,000 g
for 10 min. The supernatant was filtered through a 0.22-um filter to obtain TvSP.

Human mast cell lines (HMC-1 cells) culture and stimulation

HMC-1 cells were grown in Iscove’s modified Dulbeccos medium (Gibco) supplemented
with 10% heat-inactivated fetal bovine serum (Biomeda, Foster City, CA, USA) and 1%
penicillin/streptomycin in a 5% CO, incubator. Cell viability, as assessed by trypan blue ex-
clusion assay, was consistently at 99%. HMC-1 cells (1 x 10°) were seeded in a 48-well plate
and incubated for the indicated durations in the presence or absence of 100 ul TvSP col-
lected from 1x 107 trichomonads/mL at 37°C in a 5% CO; incubator. The cells were pre-
treated in the presence or absence of a dynamin inhibitor (Dynasore) and stimulated with
or without TvSP.

IL-8 ELISA in HMC-1 cells

HMC-1 cells (5% 10°) pretreated with or without dynasore (1-10 um) for 30 min were in-
cubated in the presence or absence of TvSP or LTB, for 6 h or 16 h at 37°C in a 5% CO; in-
cubator. After incubation, culture supernatants and cell lysates were collected and analyzed
using a specific human IL-8 screening set (Thermo Scientific, Waltham, MA, USA) ac-
cording to the manufacturer’ instructions.

Short interfering RNA (siRNA)-mediated BLT knockdown in HMC-1 cells

Short interfering RNA (siRNA) transfection was performed using Lipofectamine, follow-
ing the manufacturer’s instructions. All reagents, except siRNA, were used for mock trans-
fection. At 72-h post-transfection, the transfected HMC-1 cells were washed, placed in
fresh cell culture medium, and co-incubated with TvSP. Cell lysates were extracted from all
transfectants. The efficiency of the siRNA knockdown of BLT1 and BLT2 was confirmed
by western blotting using specific antibodies with -actin as the loading control. At 72 h
post-transfection, cell viability was monitored using trypan blue exclusion assay (data not
shown). Cell viability was maintained above 96% in all experimental samples.
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Immunoblotting and co-immunoprecipitation (co-IP)

HMC-1 cells (5x 10°) were pretreated for various durations in the presence or absence of
pharmacological inhibitors, and stimulated for the indicated time periods in the presence
or absence of TvSP. Cells were lysed in lysis buffer (50 mM Tris-HCI, pH 8.0, 150 mM
NaCl, 1% NP-40, 0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate (SDS), 1 mM
ethylenediaminetetraacetic acid, 1 mM phenylmethylsulfonyl fluoride, 1 mM sodium or-
thovanadate, and a proteinase inhibitor cocktail) on ice for 30 min. Cell lysates were centri-
fuged at 15,000 g for 5 min, separated by SDS-PAGE, transferred onto a polyvinylidene flu-
oride membrane (Millipore), and blocked with 5% skim milk. The blot was probed with
primary antibodies at 4°C overnight, followed by incubation with the appropriate second-
ary horseradish peroxidase-conjugated antibodies. The immunoreactivity was detected us-
ing LumiGLO (Cell Signaling). For co-IP, cells were incubated for 30 or 60 min with or
without LTBs or TvSP. The cells were harvested, washed twice with ice-cold phosphate buf-
fer saline (PBS), and lysed in Pierce lysis buffer containing a protease inhibitor cocktail
(Sigma-Aldrich). Lysates were precleared with protein A/G agarose (Santa cruz) for 30 min
at 4°C. Subsequently, precleared lysates were incubated with following antibodies at 4°C
overnight. The following antibodies were used: anti-dynamin II (C-18), anti-dynamin-2
(G-4), anti-human P2Y7 (LTB4R1) (H-165), and anti-human BLT1 (NBP2-27422). The
beads were washed twice with co-IP washing buffer (50 mM Tris-HCI, 150mM NaCl, and
1% Triton X-100; pH 7.4) for 10min and resuspended in 2 x SDS sample buffer. The pre-
cipitates were analyzed by western blot using anti-dynamin (G-4) or anti-human BLT1
(NBP2-27422).

Flow cytometric measurement of BLT1 or BLT2 expression in HMC-1 cells

HMC-1 cells (1% 10°) were seeded in a 48-well plate and incubated in the presence or ab-
sence of TvSP or LTB, for up to 1 h at 37°C in a 5% CO, incubator. After incubation, cells
were washed twice with PBS. For surface staining for BLT1 or BLT2 expression, cells were
incubated for 30 min at 4°C with fluorescein isothiocyanate-conjugated anti-BLT'1 or anti-
BLT?2 antibody or isotype control (10 pg/pl) and washed 3 times with FACS buffer. For in-
tracellular BLT1 staining, cells were fixed and permeabilized with 0.3% Triton X-100 for 5
min at room temperature, washed twice with FACS buffer, and blocked with 1% bovine se-
rum albumin in PBS. After washing, the cells were incubated with anti-BLT1 antibody for
30 min at 4°C, washed twice, and analyzed using flow cytometry (FACSCalibur, BD Biosci-
ences). Surface and intracellular expression of BLT1 or BLT2 was analyzed using flow cy-
tometry and counted as mean fluorescence intensity. An appropriate irrelevant isotype con-
trol antibody was used to measure the extent of nonspecific binding,

Statistical analysis

The data are represented as the mean + standard deviation (SD) from 3-4 independent ex-
periments. Data were analyzed using Student’s #-test. Differences were considered signifi-
cant when the P-value was less than 0.05.
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Results

BLTs knockdown inhibits IL-8 production in HMC-1 cells induced by T. vaginalis-
derived secretory products (TvSP)

To investigate the involvement of BLTs in TvSP-stimulated IL-8 production in HMC-1
cells, we used specific siRNAs against BLT'1 and BLT?2 to knockdown the LTBs receptors.
Fig. 1A and B show successful knockdown of BLT1 or BLT2 in HMC-1 cells using siRNA,
respectively. TvSP-stimulated IL-8 production in BLT1 silenced HMC-1 cells was lower
than in non-transfected or scrambled siRNA-treated HMC-1 cells (Fig. 1C). BLT2 knock-
down also resulted in a decrease in TvSP-induced IL-8 production in HMC-1 cells (Fig.

1D).
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Fig. 1. BLTs is required for IL-8 secretion in HMC-1 cells induced by TvSP. (A) BLT1 protein expression
levels by immunoblotting following silencing of BLT1 gene by siRNA in HMC-1 cells. (B) BLT2 pro-
tein levels by immunoblotting following silencing of BLT2 gene by siRNA in HMC-1 cells. At 72 h
post-transfection, whole-cell lysate from HMC-1 cells transfected with vehicle alone (Mock), con-
trol scrambled siRNA (100 nM) or BLT1 siRNA (100 nM) were subjected to immunoblotting with
anti-BLT1, anti-BLT2, or anti-B-actin antibody as loading control. Blots are representative of 3 inde-
pendent experiments. (C) Effect of BLT1 siRNA transfection on TvSP-induced IL-8 secretion in HMC-
1 cells. (D) Effect of BLT2 siRNA on TvSP-induced IL-8 secretion in HMC-1 cells. HMC-1 cells were
stimulated for 16 h with or without TvSP. The amount of IL-8 in culture supernatant was measured
by human IL-8 ELISA. Data are expressed as the mean + SD from 4 independent experiments. Sig-
nificant differences from the value obtained with cells incubated with medium alone are shown.
LTB., leukotriene Bs; HMC-1, human mast cell line; TvSP, Trichomonas vaginalis-derived secretory
products; siRNA, short interfering RNA; IL-8, interleukin-8; BLT1, high affinity LTB.4 receptor; BLT2,
low affinity LTBs4 receptor. *P < 0.05.
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Fig. 2. Effects of lipid raft inhibitor (MBCD) on TvSP-induced IL-8 production in HMC-1 cells. HMC-1
cells were stimulated for 16 h with or without TvSP in the presence or absence of MBCD. The
amount of IL-8 in culture supernatant was measured by human IL-8 ELISA. Data are expressed as
the mean = SD from 4 independent experiments. Significant differences from the value obtained
with cells incubated with medium alone are shown. LTB, leukotriene Bs;; HMC-1, Human mast cell
line; TvSP, Trichomonas vaginalis-derived secretory products; IL-8, interleukin-8; MBCD, methyl-f-
cyclodextrin. *P < 0.05, **P < 0.01.

Disruption of lipid rafts with MPCD caused a decrease in IL-8 production in HMC-
1 cells stimulated by TvSP

Lipid rafts are generally considered nanodomains on cell membranes that play important
roles in signaling, infection, and membrane trafficking [19]. To examine the effect of lipid
raft formation on TvSP-stimulated IL-8 production in HMC-1 cells, we pretreated HMC-1
cells with lipid raft inhibitor MPCD before TvSP stimulation. MBCD is also extensively
used as a cholesterol-depleting reagent and reduces clathrin-dependent endocytosis [19].
Pretreatment of HMC-1 cells with MBCD dramatically diminished TvSP-induced IL-8
production in dose-dependent manner compared to the result of vehicle control (Fig. 2).

Inhibitory effect of Dynasore on IL-8 release in HMC-1 cells stimulated with TvSP
or LTB4

Dynamin is an essential GTPase for membrane fission during clathrin-mediated endocy-
tosis in eukaryotic cells [14]. Dynasore rapidly and reversibly inhibit dynamin-dependent
endocytosis [5]. We investigated the role of dynamin in the TvSP-induced IL-8 production
in HMC-1 cells. When HMC-1 cells were stimulated with TvSP for 6 h or 16 h, the total
amount of IL-8 production in TvSP-induced HMC-1 cells was increased in a time-depen-
dent manner. When HMC-1 cells were pretreated with Dynasore for 6 h, IL-8 production
induced by TvSP was significantly reduced in a dose-dependent manner (Fig. 3A). Similar
results were obtained in HMC-1 cells treated with LTB4, which were used as a positive con-
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Fig. 3. Effects of dynamin inhibitor (Dynasore) on IL-8 production in HMC-1 cells stimulated with
TvSP or LTBs. HMC-1 cells were stimulated for 6 (A) or 16 h (B) with or without TvSP in the presence
or absence of Dynasore. The amount of IL-8 in culture supernatant was measured by human IL-8
ELISA. Data are expressed as the mean = SD from 4 independent experiments. Significant differ-
ences from the values obtained with cells incubated with DMSO in TvSP- or LTB.-treated groups
are shown. LTB, Leukotriene Bs;; HMC-1, Human mast cell line; TvSP, Trichomonas vaginalis-derived
secretory products; IL-8, interleukin-8. *P < 0.05, **P < 0.01.

trol. In HMC-1 cells for 16 h, pretreatment of HMC-1 cells with Dynasore reduced the
IL-8 production induced by TvSP, but the inhibitory effect of Dynasore was less than that
of HMC-1 cells stimulated with TvSP for 6 h. Similar results were obtained in HMC-1 cells

treated with LTB,, which was used as a positive control.

Inhibitory effect of Dynasore on phosphorylation of NF-kB in HMC-1 cells
stimulated with TvSP or LTB,

We examined the effects of dynamin-mediated endocytosis on NF-«kB phosphorylation in
TvSP-stimulated HMC-1 cells. Although dynasore treatment alone slightly increased NF-
kB phosphorylation in HMC-1 cells, stimulation with TvSP strongly induced NF-«B phos-
phorylation (Fig. 4A). In contrast, TvSP-induced NF-kB phosphorylation was blocked by
pretreatment of HMC-1 cells with dynasore (Fig. 4A). The results of LTB, stimulation were
consistent with those of TvSP stimulation (Fig. 4B).

Time kinetics of trafficking of BLT1 in HMC-1 cells stimulated for up to 60 min
with TvSP or LTB,

We investigated the kinetics of the surface/intracellular expression of BLT1 in TvSP-stimu-
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Fig. 4. Effect of Dynasore on NF-kB phosphorylation in HMC-1 cells stimulated with TvSP or LTB.. (A)
Effect of Dynasore on phosphorylation of NF-kB in TvSP-stimulated HMC-1 cells. HMC-1 cells were
stimulated for 30 min with or without TvSP. (B) Effect of Dynasore on phosphorylation of NF-kB in
LTBs-stimulated HMC-1 cells. HMC-1 cells were stimulated for 30 min with or without LTBa. After
stimulation, whole cell lysates were subjected to SDS-PAGE and immunoblotted with antibody
specific for phospho-NF-kB, or B-actin as a control. The images are representative of 3 indepen-
dent experiments with similar results. LTBs, leukotriene Bs; HMC-1, human mast cell line; TvSP,
Trichomonas vaginalis-derived secretory products; NF-kB, nuclear factor kappa B.
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Fig. 5. Kinetics of trafficking of BLT1in HMC-1 cells stimulated for up to 60 min with TvSP (A) or LTBs4
(B). Cells were stained with anti-BLT1 antibody and then measured by Flow cytometry. LTB, was
used as a positive control. Data are presented as the means + SD from 3 independent experiments.
LTB., leukotriene Bs; HMC-1, human mast cell line; TvSP, Trichomonas vaginalis-derived secretory
products; BLT1, LTB4 receptor. *P < 0.05; **P < 0.01.

lated HMC-1 cells for up to 60 min. In resting HMC-1 cells, intracellular BLT'1 was more
abundantly distributed in the cytosol than on the cell surface. As shown in Fig. 5A, TvSP
treatment gradually increased BLT1 surface expression in HMC-1 cells for up to 10 min.
The surface expression of BLT1 persisted for up to 30 min, decreased rapidly after 30 min,
and returned to the initial levels before TvSP stimulation at 60 min. In contrast, the intra-
cellular expression of BLT1 was the highest before TvSP stimulation, and its expression lev-
el rapidly decreased within 1 min of TvSP stimulation. The intracellular expression of BLT'1
gradually decreased until 30 min, and then recovered to its initial expression level at 60
min. In LTBs-treated HMC-1 cells, BLT1 surface/intracellular expression was similar to
that in HMC-1 cells treated with TvSP (Fig. 5B).

Effect of dynamin-2 siRNA transfection on internalization of BLT1 in HMC-1 cells
induced by TvSP or LTB,

We investigated whether dynamin was directly involved in BLT1 surface trafficking in-
duced by TvSP using dynamin-2 siRNA. Fig. 6A shows that dynamin-2 knockdown using
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Fig. 6. Effect of dynamin-2 siRNA transfection on internalization of BLT1 in HMC-1 cells induced by
TVSP or LTB.. (A) Dynamin-2 protein levels by immunoblotting following silencing of dynamin-2
gene by siRNA in HMC-1 cells. At 72 h post-transfection, whole-cell lysate from HMC-1 cells trans-
fected with vehicle alone (Mock), control scrambled siRNA (100 nM) or dynamin 2 siRNA (100 nM)
were subjected to immunoblotting with anti-BLT1 or anti-B-actin antibody as loading control.
Blots are representative of 3 independent experiments. Surface and intracellular expression of
BLT1 in HMC-1 cells stimulated for up to 60 min with TvSP (B) or LTB4 (C) cells were stained with an-
ti-BLT1 antibody and then measured by Flow cytometry. LTBs was used as a positive control. Data
are presented as the means+ SD from 3 independent experiments. LTB4, Leukotriene Bs;; HMC-1,
Human mast cell line; TSP, Trichomonas vaginalis-derived secretory products; siRNA, short interfer-
ing RNA; DNM2, dynamin-2; BLT1, LTB4 receptor. **P < 0.01.
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Fig. 7. Interaction of dynamin-2 with BLT1 in TvSP (A) or LTBa (B)-stimulated HMC-1 cells. HMC-1
cells (1x 10’/sample) were stimulated with TvSP or LTBs4 for 30 or 60 min. Cells were precipitated
with anti-dynamin-2 or BLT1 antibodies for 18 h and then blotted with anti-BLT1 or dynamin-2 an-
tibodies. Interaction of dynamin-2 and BLT1 was evaluated by coimmunoprecipitation. Anti-3-
actin antibody was used as loading control. The images are representative of 3 independent ex-
periments with similar results. LTB4, Leukotriene Bs; HMC-1, human mast cell line; TvSP, Trichomon-
as vaginalis-derived secretory products; BLT1, LTB4 receptor; DNM2, dynamin-2; IB, westernblotting
after IP; WB, westernblotting in cell lysate.
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100 nM siRNA was successfully. Next, we observed the surface BLT1 expression induced
by TvSP in dynamin-2 knocked HMC-1 cells. In HMC-1 cells treated with scrambled siR-
NA, TvSP-induced BLT1 surface expression was maximal at 30 min; however, at 60 min,
BLT1 surface expression rapidly decreased to the expression level before TvSP stimulation.
However, TvSP-induced BLT1 surface expression in dynamin-2 knocked HMC-1 cells
peaked at 30 min, but remained at the peak level even at 60 min. The results of BLT1 sur-
face expression in HMC-1 cells treated with LTB4, which was used as a positive control,
were similar to those treated with TvSP (Fig. 6B, C).

Physical interaction of dynamin-2 with BLT1 in HMC-1 cells stimulated with TvSP
or LTB,

We performed co-IP to investigate the interaction between dynamin-2 and BLT1 in TvSP-
stimulated HMC-1 cells. As shown in Fig. 7A, dynamin-2 interacted weakly with BLT1 in
the group not treated with TvSP. However, the interaction between dynamin-2 and BLT'1
was strongly induced in HMC-1 cells stimulated with TvSP for 60 min compared to that in
cells stimulated with medium alone. Similarly, LTB, stimulation for 60 min strongly in-
duced an interaction between dynamin-2 and BLT1 in HMC-1 cells compared to that in
cells stimulated with medium alone. However, no interaction between dynamin-2 and
BLT'1 was observed in the group not treated with LTB, or in HMC-1 cells stimulated with
LTB, for 30 min (Fig. 7B).

Discussion

In this study, we found that T. vaginalis-secreted LTB4 induces IL-8 production in HMC-1
cells through dynamin-2-mediated endocytosis of BLT1 and phosphorylation of NF-«B.
We previously reported that various lipid mediators, such as LTB, and CysLT, are present
in TvSP and that LTB, receptor (BLT) are involved in TvSP-induced IL-8 production in
HMC-1 cells [5,6,8]. In this study, we also found that inhibition of BLT receptor activity us-
ing BLT1 siRNA or BLT2 siRNA significantly reduced TvSP-induced IL-8 production. Dis-
ruption of lipid rafts-associated signaling by pretreatment with lipid raft inhibitor MBCD
suppressed the IL-8 production and NF-kB activation in TvSP-stimulated HMC-1 cells.
Furthermore, blocking of receptor endocytosis process by pretreatment with dynasore sup-
pressed TvSP- or LTB,-induced IL-8 production. Surface translocated BLT1 by stimulation
with TvSP or LTB, was internalized at 60 min after stimulation. TvSP- or LTB,-induced
BLT1 internalization was prevented by pretreatment with dynamin-2 siRNA. A strong in-
teraction between dynamin-2 and BLT1 was also observed at 60 min after stimulation with
TvSP or LTB.. These findings suggest that dynamin-2-mediated BLT1 endocytosis plays an
important role in the signaling for NF-kB activation and IL-8 production in HMC-1 cells
during trichomonad infection in human beings.

Lipid rafts play important roles in trafficking and GPCR signaling for the activation of
immune cells [20,21]. Cholesterol-rich lipid rafts are abundant in the plasma membrane
and contain many receptors that respond to external stimuli. GPCRs and associated signal-
ing molecules, including heterotrimeric G proteins, trafficking proteins, secondary mes-
sengers, related kinases, and phosphatases, are mainly distributed in lipid rafts [22]. There-
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fore, lipid rafts are essential for GPCR transport and signaling [20-22]. For example, lipid
raft complexes are critical for LPS-mediated Toll-like receptors 4 activation and GPCR sig-
naling [21]. Direct binding of FcyRI to the GPCR receptor BLT1 on lipid rafts activates
downstream intracellular signaling pathways in murine macrophages [23]. Our previous
study showed that pretreatment with G protein inhibitor pertussis toxin reduced IL-8 pro-
duction by TvSP in mast cells [8]. In this study, we showed that TvSP-induced IL-8 produc-
tion was significantly reduced when lipid rafts in HMC-1 cells were disrupted by MBCD
treatment. These results suggest that lipid rafts play an important role in GPCR BLT-medi-
ated signaling during TvSP-induced mast cell activation.

Endosomes and NF-kB activation are intricately linked through multiple mechanisms,
particularly in the context of immune signaling and inflammation. For example, many re-
ceptors involved in NF-xB activation are internalized via receptor-mediated endocytosis
[23-25]. These receptors include those for cytokines (such as tumor necrosis factor-a and
IL-1p), growth factors, and pattern recognition receptors like Toll-like receptors [23-25].
Upon ligand binding, these receptors are internalized by endosomes. Endocytosis and NEF-
KB signaling are 2 distinct biological processes that can interact in several ways within cells,
particularly in the context of immune responses and cellular signaling. Some regulators of
NEF-kB signaling, such as cytokines and their receptors, are internalized via receptor-medi-
ated endocytosis [24,25]. This internalization process can influence NF-kB activation by
modulating the availability of these receptors on the cell surface.

In particular, dynamin-mediated endocytosis is critical for GPCR-mediated signaling
during immune cell activation [5,13,22]. For example, the inhibition of dynamin-depen-
dent endocytosis interferes with type III IFN expression in bacteria-infected human
monocyte-derived DCs [26]. In addition, dynamin-dependent endocytosis is necessary for
thrombin and tumor necrosis factor-a-mediated activation of NOX1-dependent signaling
via PI3K/Akt-ATF-1 pathway [27]. Dynamin-mediated endocytosis of TCR can continue
to signal and enable sustained signaling and cell proliferation [28]. In this study, we showed
that dynamin 2 is required for BLT1 internalization in TvSP- or LTBs-stimulated HMC-1
cells. Treatment of HMC-1 cells with dynamin 2 siRNA blocked BLT1 internalization in
HMC-1 cells stimulated with TvSP or LTB.. This demonstrates that dynamin-2 is involved
in the endocytosis of BLT'1, which was translocated to the cell membrane from the intra-
cellular area when HMC-1 cells were stimulated with LTB4 or TvSP. Our results are consis-
tent with the report that BLT1 endocytosis is dynamin-dependent [29]. After internaliza-
tion, BLT1 can persist in signaling from endosomal compartments, thereby influencing
downstream signaling pathways such as MAPK activation and NF-«B signaling.

The human cells have 2 types of LTB4 receptor (BLT), BLT1 and BLT2 [29]. BLT1 (a
high-affinity LTB, receptor) is known binds only to LTB4 even in the presence of other lip-
ids [29]. In contrast, BLT2 (a low-affinity LTBs receptor) is known to bind not only to LTB,
but also to other lipids such as 12(S)-Hydroxyeicosatetraenoic acid (12(S)-HETE), 12(S)-
hydroxyeicosatetraenoic acid (12(S)-HPETE), and 15(S)-HETE [29]. In this study, we in-
vestigated the surface expression of BLT'1 and BLT2 with or without LTB. (Supplementary
Fig. S1). BLT2 was expressed only on the cell surface of HMC-1 cells with or without LTB,
stimulation (Supplementary Fig. S1B). However, BLT1 was highly expressed in intracellu-
lar area rather than cell surface at resting state. In contrast, surface expression of BLT1 sig-
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nificantly increased upon stimulation with LTB, (Supplementary Fig. S1A). These results
suggest that BLT2, which is abundantly expressed on the cell surface during the early stage
of exogenous LTB, stimulation, may first bind to LTB,, transduce the signal into the cell,
and then amplify the LTB, signal through surface trafficking of BLT1. In addition, we ex-
amined the kinetics of the surface/intracellular expression of BLT1 in TvSP- or LTB,-stim-
ulated HMC-1 cells for up to 60 min. In the resting state of HMC-1 cells, BLT'1 expression
was abundantly distributed in the intracellular areas, but not at the cell surface. In HMC-1
cells stimulated with TvSP or LTB, for 10 min, the surface expression of BLT1 increased
and peaked 30 min after stimulation. Sixty minutes after stimulation, the surface expres-
sion of BLT1 decreased rapidly and returned to the initial level before stimulation. In con-
trast, the intracellular expression of BLT1 was the highest before stimulation, and the intra-
cellular expression level of BLT1 rapidly decreased within 1 min of stimulation with TvSP
or LTB.. Finally, the intracellular expression of BLT1 gradually decreased until 30 min and
then recovered to the initial expression level at 60 min after stimulation. Taken all together,
these results suggest that at the initial stage of exogenous LTB, stimulation, BLT2 binds to
LTB, and transduces the signal into the cells. Such signal transduction is likely to subse-
quently induce surface migration of BLT1 through SNAP23-dependent exocytosis in hu-
man mast cells induced by T. vaginalis-secreted LTB4 [30]. After moving to the cell surface,
BLT1 binds strongly to LTB4 and transmits powerful signals inside the cell through dyna-
min 2-dependent endocytosis of BLT1 during T. vaginalis infection.

In conclusion, we demonstrated that dynamin 2-dependent BLT1 endocytosis is an im-
portant process to induce NF-kB activation for IL-8 production in HMC-1 cells induced
by T. vaginalis-derived LTB.. Our study opens new avenues on signal transmission between
parasite and host interactions, which provides insight into the pathogenesis of trichomoni-

asis.
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