
Research Article
Lactobacillus pentosus Alleviates Lipopolysaccharide-Induced
Neuronal Pyroptosis via Promoting BIRC3-Mediated
Inactivation of NLRC4

Ming Hu 1 and Zhongying Shao2

1Department of Neurology,�e Second Affiliated Hospital of Shandong First Medical University, Tai’an 271000, Shandong, China
2Department of Liver Diseases, Tai’an Traditional Chinese Medicine Hospital, Tai’an 271000, Shandong, China

Correspondence should be addressed to Ming Hu; drhuming@126.com

Received 11 March 2022; Revised 17 May 2022; Accepted 18 May 2022; Published 23 June 2022

Academic Editor: Duygu Ağagündüz

Copyright © 2022 Ming Hu and Zhongying Shao. +is is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in anymedium, provided the original work is
properly cited.

Objective. Neurodegenerative disease is a common neurodegenerative disorder. Lactobacillus pentosus (L. pentosus) plays a
neuron-protective role. +is study aimed to investigate the effects of L. pentosus on neurodegenerative diseases. Methods. Cells
were treated with lipopolysaccharide (LPS) to establish neurodegenerative diseases model in vivo and with L. pentosus strain
S-PT84. Reverse transcription-quantitative PCR (RT-qPCR) was applied to determine mRNA levels. Western blot was performed
to detect protein expression. Cellular behaviors were detected using Cell Counting Kit-8 (CCK-8), flow cytometry, and TdT-
mediated dUTP nick-end labeling (TUNEL) assay.+e interaction between baculoviral IAP repeat containing 3 (BIRC3) and NLR
family CARD domain containing 4 (NLRC4) was predicted by STING and verified by western blot. Result. L. pentosus suppressed
LPS-induced pyroptosis and promoted the cell viability of neurons. Additionally, L. pentosus suppressed the release of
proinflammatory cytokines (interleukin 1 beta (IL-1β) and IL-18) and the protein expression of pyroptosis biomarkers (cleaved
caspase1 (CL-CASP1) and N-terminal fragment gasdermin D (GSDMD-N)). Moreover, L. pentosus upregulated BIRC3, which
induced the inactivation of NLRC4. However, BIRC3 knockdown alleviated the effects of L. pentosus and induced neuronal
degeneration. Conclusion. L. pentosus may play a neuron-protective role via regulating BIRC3/NLRC4 signaling pathways.
+erefore, L. pentosus may be a promising strategy for neurodegenerative diseases.

1. Introduction

Dementia is a common neurodegenerative disease, char-
acterized by progressive cognitive degeneration, which in-
duces huge burden on public health [1]. Elder neuron
degeneration is the main cause of dementia [2]. Recently,
Marchetti reveals that the changes in microenvironment,
including inflammation, are a key factor for neural de-
generation [3]. Hence, to develop a new strategy for sup-
pressing inflammation-induced neurodegeneration is in
urgent need.

Pyroptosis is a form of programmed cell death executed
by Gasdermin D (GSDMD) [4] +e activation of inflam-
masomes, such as NLR family pyrin domain containing 1
(NLRP1) [5], NLR family CARD domain containing 4

(NLRC4), NLRP3, NLRP6, and NLRP12 [6, 7], cleave cas-
pase1 (CASP1) (canonical pathway) or CASP11 (non-
canonical pathway), which promotes the N-terminal
fragment GSDMD (GSDMD-N) assembling into cell
membrane. +e accumulation of GSDMD-N induces pore
formation, the release of IL-1β and IL-18, and cell death
[8, 9]. Previous studies evidence that the pyroptosis of
neurons induces pathogenesis of optic nerve disorders and
cerebral ischemia as well as Alzheimer’s disease [10–12].
However, the molecular mechanisms underlying neuron
pyroptosis have not been fully elucidated.

Probiotics are considered to be a safe alternative therapy
for many diseases, including cancer and neural disorders
[13, 14]. According to the Food and Drug administration
(FDA), moderate-taken probiotics bring healthy benefits to
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the host [15]. Generally, probiotics can actively change the
host’s intestinal microbiota and improve health. Lactoba-
cillus pentosus (L. pentosus), a member of probiotics from
intestinal flora, plays a neuron-protective role and mitigates
aging- and scopolamine-induced memory impairment
[16, 17]. However, probiotic-based treatments for memory
loss, especially for patients with neurodegenerative diseases,
and their clinical outcomes are not fully documented.

Baculoviral IAP repeat containing 3 (BIRC3) is a
member of inhibitor of apoptosis proteins (IAPs) [18].
BIRC3 suppresses cell apoptosis via inactivating CASPs
cascades [19]. +e abnormal levels of BIRC3 are closely
associated with tumorgenesis [20, 21], inflammatory re-
sponse [22], and immune disorders [23]. For instance, the
activation of BIRC3 induces chemoresistance of colorectal
cancer [24]. BIRC3 modulates canonical nuclear factor
kappa B (NF-κB) target gene activation to attenuate in-
flammation, which promotes the development of splenic
marginal zone lymphoma [25]. Moreover, BIRC3 promotes
the cell survival of neurons [26]. However, the roles of
BIRC3 in neurodegenerative diseases are still unclear. +is
study investigated the potentials of BIRC3. BIRC3 protected
against neuronal degeneration via suppressing inflamma-
tion-induced pyroptosis.

2. Materials and Methods

2.1. Cell Culture. Human neuroblastoma cell lines SH-SY5Y
were provided by American type culture collection (ATCC),
USA. Cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) medium containing 10% FBS and 1%
penicillin/streptomycin at 37°C with 5% CO2.

Cells (2×105 cells) were incubated with 10 μg/L of li-
popolysaccharide (LPS) and/or L. pentosus strain S-PT84
(L. pentosus, 5×107 cells/ml, Synbiotech Inc., Kaohsiung,
China).

2.2. Cell Transfection. Sh-BIRC3 and its negative control
were provided by GenePharm, Shanghai. Cells were trans-
fected using Lipofectamine® 3000 for 48 h. After transfec-
tion, cells were used in the following experiments.

2.3. Reverse Transcription-Quantitative PCR (RT-qPCR).
Total RNA was collected from SH-SY5Y cells. RNA was
reversely transcribed into cDNA using a reverse tran-
scription kit (Applied Biosystems, USA). +en, PCR was
performed using SYBR Premix Ex Taq (Takara, Japan).
GAPDH served as loading control. Relative mRNA levels
were calculated using the 2−ΔΔCq method. Each independent
experiment was conducted in triplicate.

2.4. Western Blot. Total protein was extracted from SH-
SY5Y cells. Protein concentration was measured using a
bicinchonininc acid (BCA) kit. +e protein was separated
using 12% SDS-PAGE. Afterwards, the separated protein
was moved onto polyvinylidene difluoride (PVDF) mem-
branes, which was then sealed by 5% skimmed milk. +e

membranes were incubated with primary antibodies against
IL-1β, IL-18, procaspase1, cleaved caspase1, GSDMD-N,
BIRC3, NLRP3, NLRC1, NLRP3, NLRC4, and glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) at 4°C over-
night. Next day, the membranes were incubated with
secondary antibodies. GAPDH was used as the loading
control. Subsequently, the bands were captured using an
efficient chemiluminescence (ECL) kit and analyzed using
the ImageJ software.

2.5. Coimmunoprecipitation (Co-IP). Cells were collected
and lysed. +en, cell lysates were centrifuged at 12, 000 × g
and immunoprecipitated with specific antibodies. After-
wards, the proteins were coprecipitated and isolated using
12% SDS-PAGE. Immunoblotting was analyzed with anti-
analysis with the indicated primary antibodies against
BIRC3, NLRC4, and GAPDH.

2.6. Cell Viability. Cells were seeded into 24-well plates
(2×103 cells/well). After incubated with L. pentosus for 48 h,
cells were cultured with Cell Counting Kit-8 (CCK-8) re-
gents for 4 h. Subsequently, optic density was determined
using a microplate at 450 nm.

2.7. Flow Cytometry. Cell pyroptosis was determined using
an FAM-FLICA Caspase-1 Assay Kit. Cells were seeded in 6-
well plates. After centrifugation at 1200 × g for 15min, the
supernatants were collected. +en, the cells were stained
cultured with propidium iodide (PI). Subsequently, a flow
cytometry was used to calculate the pyroptosis rates: active
caspase1 + PI double positive cells/total cells× 100%.

2.8. TdT-Mediated dUTP Nick-End Labeling (TUNEL) Assay.
Cells were collected and fixed with 4% paraformaldehyde.
After washed with 5% PBS, cells were cultured with TUNEL
solutions. +en, the cells were counterstained with DAPI.
Finally, TUNEL positive cells were captured using a fluo-
rescence microscope.

2.9. Statistical Analysis. All data were evaluated using
GraphPad 6.0. and represented as mean± SD. +e com-
parison was performed using Student’s t-test and one-way
ANOVA. P< 0.05 dictated significant difference.

3. Results

3.1. �e Cell Viability of Neuron Cells. To investigate the
effects of Lactobacillus pentosus (L. pentosus) on neuronal
degeneration, cells were cultured with L. pentosus. As shown
in Figure 1, there were no significant changes in the cell
viability of SH-SY5Y cells.

3.2. L. pentosus Suppresses Inflammatory Response in SH-
SY5Y Cells. Inflammation is a key factor for neuronal de-
generation. To verify the effects of L. pentosus, SH-SY5Y cells
were exposed to LPS. As shown in Figures 2(a)–2(c), LPS
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significantly increased the release of IL-1β and IL-18, which
was antagonized by L. pentosus.+ese results were consistent
with that from western blot. L. pentosus treatment markedly
alleviated the effects of LPS and suppressed the protein
expression of IL-1β and IL-18.

3.3. L. pentosus Inhibits the Pyroptosis of SH-SY5Y Cells.
Cellular functions were detected using flow cytometry and
TUNEL assay. As shown in Figure 3(a), L. pentosus sig-
nificantly decreased PI and active caspase1-positive cells
induced by LPS. Additionally, LPS-mediated increase in
TUNEL-positive cells was abated by L. pentosus treatment
(Figure 3(b)). To further verify the effects of L. pentosus on
LPS-induced neuronal cell death, we determined the protein
expression of pyroptosis biomarkers. LPS exposure signifi-
cantly increased the protein expression of cleaved caspase1
and GSDMD-N (Figure 3(c)), which was alleviated by
L. pentosus.

3.4. L. pentosus Increased the Expression of BIRC3.
Previous studies report that BIRC3 plays a neuron-protec-
tive role. We then determined the expression of BIRC3 in
neurons. As shown in Figure 4(a), the mRNA expression of
BIRC3 was significantly decreased in the LPS group; how-
ever, L. pentosus treatment significantly increased BIRC3
mRNA levels compared with the LPS group (Figure 4(a)).
Moreover, L. pentosus also increased the protein expression
of BIRC3 (Figure 4(b)).

3.5. BIRC3 Knockdown Induces the Release of Proin-
flammatory Cytokines. +e rescue assay was performed to
verify the roles of BIRC3 in neuronal degeneration. As
shown in Figure 5(a), sh-BIRC3 significantly suppressed the
mRNA and protein expression of BIRC3 compared with
LPS + L. pentosus+ sh-NC group. BIRC3 knockdown sig-
nificantly suppressed the cell viability of SH-SY5Y cells
(Figure 5(c)). Additionally, BIRC3 markedly promoted the
release and protein expression of proinflammatory cyto-
kines, such as IL-1β and IL-18 (Figures 5(d) and 5(e)).

3.6. BIRC3 Knockdown Induced the Pyroptosis of SH-SY5Y
Cells. As shown in Figures 6(a) and 6(b), downregulated
BIRC3 significantly increased the PI + active caspase1-pos-
itive cells as well as TUNEL-positive cells. Moreover, BIRC3
knockdown significantly increased the protein expression of
cleaved caspase1 and GSDMD-N (Figure 6(c)).

3.7. BIRC3 Inactivates NLRC4 Inflammasome. We further
investigated the underlying molecular mechanisms that
BIRC3 inhibited neuronal pyroptosis. +e online database
STING showed that the potential genes interacts with BIRC3
(Figure 7(a)). +e results showed that BIRC3 could interact
with NLRC4; however, the expression of NLRP1, NLRP3,
NLRP4, and NLRP1 showed no significant changes after
transfection with sh-BIRC3.

4. Discussion

In this study, L. pentosus play a neuron-protective role.
L. pentosus suppressed inflammatory response and pyrop-
tosis of neuron cells. Moreover, L. pentosus upregulated
BIRC3, suppressing the inactivation of NLRC4 inflamma-
some. Hence, L. pentosus may be a promising therapy for
neurodegenerative diseases.

+e activation of inflammasomes increases cytotoxicity
and contributes to the pyroptosis of neurons, which is a key
factor for memory loss and cognitive impairment [27]. For
instance, the activation of NLRC4 inflammasome interacts
with CASP1, IL-1β, and p-Tau to contribute to neuro-
inflammation and memory impairment [28]. High levels of
caspase1 induces human mild cognitive impairment and
brain functions in patients with Alzheimer’s disease, while
depletion of NLRP3 promotes spatial memory and sup-
presses M2 polarization of microglia and deposition of
amyloid-β [29]. NLRP1 deficiency suppresses the pyroptosis
of neurons and improves cognitive capability [30]. +ese
results suggested that inactivation of inflammasomes may be
an effective strategy for neurodegenerative diseases. In this
study, LPS exposure upregulated NLRC4 in neurons. +e
activation of NLRC4 inflammasome cleaved CASP1 and
induced pore formation [31], which further contributed to
neuronal pyroptosis. However, L. pentosus treatment re-
stored neuronal cellular functions, manifested by the in-
crease in cell viability and decrease in pyroptosis rates.
Previous studies evidence that L. pentosus promotes cog-
nitive capability and alleviates aging-dependent memory
impairment [17, 32]. +ese results dictate the neuron-pro-
tective roles of L. pentosus, which is consistent with this
study.+erefore, L. pentosusmay be a promising strategy for
neurodegenerative diseases.

BIRC3 plays a vital role in neuronal function. For in-
stance, NPD1-mediated upregulation of BIRC3 promotes
neural cell survival [26]. Additionally, cAMP responsive
element binding protein interacting with brain derived
neurotrophic factor and BIRC3 suppresses Aβ-induced
neuronal apoptosis [33]. However, the roles of BIRC3 vary
with diseases and cell types. It functions as a protective role
in ischemic stroke, Alzheimer’s disease, and brain injuries
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Figure 1: +e cell viability of SH-SY5Y cells. +e cell viability of
SH-SY5Y cells were determined using CCK-8 assay.
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[34] as well as an oncogene [24]. Hence, identifying the roles
of BIRC3 in neurodegenerative diseases is of vital impor-
tance. In this study, L. pentosus alleviated LPS-induced
downregulation of BIRC3. However, BIRC3 knockdown
alleviated the effects of L. pentosus and promoted inflam-
mation and pyroptosis of neurons. +ese results suggested
that BIRC3 may play a neuron-protective role, which is
consistent with previous studies [26].

However, approximately 80% studies focused on the
roles of BIRC3 cancer. +e reports on its roles in neural
disorders are limited. BIRC3 mainly exerts its neuron-
protective functions via regulating caspases cascades, which
suppresses the neuronal apoptosis [26]. Recently, the in-
terplay between pyroptosis and apoptosis has attracted

increasing attention. Rogers et al. report that pyroptosis may
occur as secondary necrosis after apoptosis [35]. Addi-
tionally, pyroptosis and apoptosis may have common signal
transduction pathways [36]. In this study, LPS stimulated the
activation of NLRC4 inflammasome, which induced cleaved
caspase1 and the assembly of N fragments of GSDMD.
Additionally, GSDMD-mediated pore formation may ori-
entate neuron to pyroptosis before the onset of apoptosis.
However, L. pentosus-mediated upregulation of BIRC3
contributed to inactivation of NLRC4 inflammasome, which
suppressed neuronal pyroptosis.

In conclusion, L. pentosus-induced upregulation of
BIRC3 suppressed inflammatory response and pyroptosis of
neurons via inactivating NLRC4 inflammasome. +erefore,
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Figure 2: L. pentosus suppressed neuronal inflammatory response. +e mRNA levels of IL-18 and IL-1β determined using RT-qPCR after
treatment with L. pentosus for 3, 6, and 12 h. +e protein expression of IL-18 and IL-1β detected by western blot after treatment with
L. pentosus for 3, 6, and 12 h. ∗P< 0.05, ∗∗P< 0.01, ∗∗∗P< 0.001, #P< 0.05, ##P< 0.01, ###P< 0.001.
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Figure 5: BIRC3 knockdown promoted inflammatory response and suppressed cell viability of neuronal cells. (a) +e mRNA levels of
BIRC3 determined using RT-qPCR. (b) +e protein expression of BIRC3 detected using western blot. (c) +e cell viability of neuronal cells
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Figure 6: BIRC3 knockdown promoted the pyroptosis of neuronal cells. (a) +e cell death of neurons detected using flow cytometry.
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L. pentosus may be an alternative strategy for neurode-
generative diseases.
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Vicente et al., “Biological significance of monoallelic and
biallelic BIRC3 loss in del (11q) chronic lymphocytic leukemia
progression,” Blood Cancer Journal, vol. 11, no. 7, p. 127, 2021.

[21] L. Wang, T. Luan, S. Zhou et al., “LncRNA HCP5 promotes
triple negative breast cancer progression as a ceRNA to
regulate BIRC3 by sponging miR-219a-5p,” Cancer Medicine,
vol. 8, no. 9, pp. 4389–4403, 2019.

[22] M. Pradhan, S. C. Baumgarten, L. A. Bembinster, and
J. Frasor, “CBP mediates NF-κB-Dependent histone acety-
lation and estrogen receptor recruitment to an estrogen re-
sponse element in the BIRC3 promoter,” Molecular and
Cellular Biology, vol. 32, no. 2, pp. 569–575, 2012.

[23] E. V. Vinogradova, X. Zhang, D. Remillard et al., “An activity-
guided map of electrophile-cysteine interactions in primary
human T cells,” Cell, vol. 182, no. 4, pp. 1009–1026, 2020.

[24] S. Zhang, Y. Yang, W.Weng et al., “Fusobacterium nucleatum
promotes chemoresistance to 5-fluorouracil by upregulation
of BIRC3 expression in colorectal cancer,” Journal of Ex-
perimental & Clinical Cancer Research, vol. 38, no. 1, p. 14,
2019.

[25] D. Rossi, S. Deaglio, D. Dominguez-Sola et al., “Alteration of
BIRC3 and multiple other NF-κB pathway genes in splenic
marginal zone lymphoma,” Blood, vol. 118, no. 18,
pp. 4930–4934, 2011.

[26] J. M. Calandria, A. Asatryan, V. Balaszczuk et al., “NPD1-
mediated stereoselective regulation of BIRC3 expression
through cREL is decisive for neural cell survival,” Cell Death &
Differentiation, vol. 22, no. 8, pp. 1363–1377, 2015.

[27] L. Poh, D. Y. Fann, P. Wong et al., “AIM2 inflammasome
mediates hallmark neuropathological alterations and cogni-
tive impairment in a mouse model of vascular dementia,”
Molecular Psychiatry, vol. 26, no. 8, pp. 4544–4560, 2021.

[28] H. Gan, L. Zhang, H. Chen et al., “+e pivotal role of the
NLRC4 inflammasome in neuroinflammation after intrace-
rebral hemorrhage in rats,” Experimental & Molecular
Medicine, vol. 53, no. 11, pp. 1807–1818, 2021.

[29] M. T. Heneka, M. P. Kummer, A. Stutz et al., “NLRP3 is
activated in Alzheimer’s disease and contributes to pathology
in APP/PS1 mice,” Nature, vol. 493, no. 7434, pp. 674–678,
2013.

[30] M.-S. Tan, L. Tan, T. Jiang et al., “Amyloid-β induces NLRP1-
dependent neuronal pyroptosis in models of Alzheimer’s
disease,” Cell Death & Disease, vol. 5, no. 8, Article ID e1382,
2014.

[31] I. Schölwer, P. Habib, C. Voelz, L. Rolfes, C. Beyer, and
A. Slowik, “NLRP3 depletion fails to mitigate inflammation
but restores diminished phagocytosis in bv-2 cells after in
vitro hypoxia,” Molecular Neurobiology, vol. 57, no. 6,
pp. 2588–2599, 2020.

[32] Y. M. Jo, H. Seo, G. Y. Kim et al., “Lactobacillus pentosus
SMB718 as a probiotic starter producing allyl mercaptan in
garlic and onion-enriched fermentation,” Food & Function,
vol. 11, no. 12, pp. 10913–10924, 2020.

[33] S. Pugazhenthi, M. Wang, S. Pham, C.-I. Sze, and
C. B. Eckman, “Downregulation of CREB expression in
Alzheimer’s brain and in Aβ-treated rat hippocampal neu-
rons,” Molecular Neurodegeneration, vol. 6, no. 1, p. 60, 2011.

[34] C. M. Cartagena, K. E. Schmid, K. L. Phillips, F. C. Tortella,
and J. R. Dave, “Changes in apoptotic mechanisms following
penetrating ballistic-like brain injury,” Journal of Molecular
Neuroscience, vol. 49, no. 2, pp. 301–311, 2013.

[35] C. Rogers, T. Fernandes-Alnemri, L. Mayes, D. Alnemri,
G. Cingolani, and E. S. Alnemri, “Cleavage of DFNA5 by

caspase-3 during apoptosis mediates progression to secondary
necrotic/pyroptotic cell death,” Nature Communications,
vol. 8, no. 1, Article ID 14128, 2017.

[36] Y. Wang, W. Gao, X. Shi et al., “Chemotherapy drugs induce
pyroptosis through caspase-3 cleavage of a gasdermin,” Na-
ture, vol. 547, no. 7661, pp. 99–103, 2017.

Evidence-Based Complementary and Alternative Medicine 9


