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Purpose: To investigate the role of B cell receptor associated protein 31 (BAP31) in the pathogenesis of sepsis.

Methods: Cecal ligation and puncture (CLP)-induced C57BL/6J mice, and LPS-challenged endothelial cells (HUVECs) were
established to mimic a sepsis animal model and a sepsis cell model, respectively. Cre/LoxP and shRNA methods were used for
BAP31 knockdown in vivo and in vitro respectively. Neutrophils/macrophages-endothelial cocultures were used to evaluate neutro-
phils or macrophages infiltration and adhesion to endothelial cells. Cox proportional hazards model was used to evaluate the survival
time of mice. Western blotting (WB) and Quantitative real-time polymerase chain reaction (QRT-PCR) were used to detect toll-like
receptor (TLR) signaling pathway, transforming growth factor  activated kinase 1 (TAK1) signaling pathway and phosphoinositide-3
kinases-protein kinase B (PI3K/AKT) signaling pathway.

Results: Deletion of BAP31 reduced CLP-induced mortality of mice, histological damage with less interstitial edema, and neutrophils
and macrophages infiltration. IHC and IF showed that BAP31 knockdown significantly decreases the expressions of ICAMI1 and
VCAMI1 both in vivo and in vitro. Coculture showed that LPS-induced neutrophils or macrophages adhesion to endothelial cells was
significantly weakened in BAP31 knockdown cells. In addition, BAP31 knockdown of endothelial cells decreased the expression of
CDB80 and CD86 on the surface of macrophages as well as interleukin 1B (IL-1B) and tumor necrosis factor oo (TNF-a) during sepsis.
Mechanistically, LPS-induced the activation of TLR4, MyD88 and TRAF6, and the phosphorylation of TAK1, PI3K, AKT, IkBa and
IKKo/B, resulting in activation of nuclear factor kappa B (NF-kB) p65 in endothelial cells. However, BAP31 knockdown significantly
reversed the expressions of associated proteins.

Conclusion: BAP31 up-regulated the expressions of ICAM1 and VCAMI in endothelial cells leading to sepsis-associated organ
injury. This may be involved in activation of TLR signaling pathway, TAK1 pathway, and PI3K-AKT signaling pathway.
Keywords: BAP31, sepsis, macrophages, endothelial cells, NF-xB

Introduction
Sepsis triggered by an infective agent contributes to a systemic, deleterious inflammatory host response resulting in
multi-organ dysfunction.' Infiltration of immune cells and activation of inflammatory signaling cascades are critical in
the pathogenesis of sepsis.” Immune cells, such as neutrophils and mononuclear macrophages, contact with endothelial
cells (EC) to fulfill subsequent adhesion and infiltration in the process of inflammation.®> Meanwhile, the intercellular cell
adhesion molecule 1 (ICAM1) and vascular cell adhesion molecule 1 (VCAMI) on EC rapidly mediate immune cell
recruitment.* However, the cellular and molecular mechanisms to ensure rapid encounter and infiltration between
immune cell and endothelial cell in sepsis is undefined.

Previous studies demonstrated that pathogen associated molecular pattern (PAMP), such as lipopolysaccharide
(LPS), could identify surface receptors including Toll like receptor 4 (TLR4) on EC.> Next, myeloid differentiation
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primary response 88 and tumor necrosis factor (TNF) receptor associated factor 6 (MyD88/TRAF6) binding-
dependent TLR4 signaling triggered p65 acetylation or phosphorylation, resulting in activation of nuclear factor
kappa B (NF-xB) signal pathway in the EC.® Following translocation to the nucleus, p65 bound to the promoters
of ICAMI and VCAM1 inducing the latter transcription.” NF-kB is a known targets of both TAK1 pathway and
PI3K/AKT pathway which controls inflammation and apoptosis.® However, either TAK1 pathway or PI3K/AKT
pathway mediates LPS-induced TLR4/NF-kB pathway in EC remain to be elucidated.

TLR4 is one of the receptors for communication between immune cells and endothelial cells, which is an
important part of the inflammation in sepsis.” Recent research has been focus on B cell receptor associated protein
31 (BAP31), an endoplasmic reticulum associated protein, in the field of immunity and inflammation.'® BAP31
functions as a carrier protein to facilitate the transport of transmembrane proteins. For example, BAP31 can
regulate cell surface adhesion molecules, such as cluster of differentiation 9 (CD9), lymphocyte function asso-
ciated antigen 1 (LFA1), macrophage antigen 1 (MAC1), and CD81."""'* However, it is unclear whether BAP31
could regulate TLR-mediated ICAM1 and VCAMI activation on EC. Thus, the goal of this study was to
investigate the effect of BAP31 on regulating the interaction between EC and immune cells via ICAM1 and
VCAMI during sepsis. Further investigation into the underlying mechanism was to show that this process involves
TLR4/MyD88/TRAF6 signal, then either TAK1 or PI3K/AKT pathway, and ultimate NF-kB pathway.

Materials and Methods

Animals

In this study, 6 to 8 week old C57BL/6J male mice were used, in which the control group was operated by sham operation,
and the experimental group was used to establish sepsis model with cecal ligation and puncture (CLP). Three mice in each
group were assigned to extract blood tissue and other samples, and euthanasia was given 24 hours after the establishment of
the model. Cre/LoxP system was used to construct BAP31 deletion mice in TIE2 targeted knockdown EC. The BAP31 floxed
mice (BAP31%°¥1%%) were bred with transgenic C57BL/6 mice carrying a cre recombinase and TIE2 promotor. Then, the
mice with a special deletion of BAP31 in EC were acquired by mating BAP3 1flox/flox TIE2 Cre (BAP317") mice strain with
BAP31flox/flox (BAP31""") mice strain. The genotype of the mice was analyzed by PCR of tail DNA using primers: BAP31
primers: sense 5'-AAGGGGAGCCAGGAATAGTGGTG-3"; antisense 5-TCCTGGCAGTTTCCAGTAAGGGTAAC-3';
Cre primers: sense 5-GCGGTCTGGCAGTAAAAACTATC-3'; antisense 5'-GTGAAACAGCATTGCTGTCACTT-3'.
CD31 positive EC were extracted from mouse inferior vena cava by flow cytometry and verified by BAP31. All mice
were fed in specific pathogen free facilities and received good artificial feeding and care.

Histopathology

The brain, lung, heart, liver and kidney of mice were stained with Hematoxylin and eosin (HE) for analysis under
light microscope. Firstly, the tissue was embedded and fixed in paraffin, and then the tissue was sliced with
a paraffin slicer with a thickness of about Sum. The cut tissue was fully dewaxed in xylene, and then soaked in
100%, 95%, 85% and 70% ethanol to achieve full hydration. The hydrated tissue samples were dehydrated in
ethanol and xylene with hematoxylin and eosin stains that had been prepared in advance. Finally, neutral gum was
used to seal the film to facilitate preservation and observation. Three independent pathologists take a quantitative
score of tissue injury. According to the degree of parenchymal cell injury, the number of inflammatory cells
infiltrated in the stroma and whether there was edema around the blood vessels, the tissue injury score was divided
into 5 grades: 0: no obvious abnormality; 1: mild abnormality; 2: moderate abnormality; 3: severe abnormality; 4:
extremely severe abnormality.

Immunohistochemistry

We also extracted the vascular tissue of mice to evaluate the expression of ICAM1 and VCAMI. Vascular tissue fixation
and other steps are described earlier, and finally antigen repair is carried out in accordance with the instructions. The first
antibody working solution of ICAM1 (ab171123; Abcam) or VCAMI1 (ab134047; Abcam) was stored overnight at 4°C,
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and the corresponding second antibody working solution was stored at 37°C for 1 hour. After completing the above steps,
seal the sheet with a clean cover slide so that it can be preserved and observed under an optical microscope.

Cell Culture

We extracted EC from inferior vena cava from BAP31 knockdown mice and purchased human umbilical vein EC
(HUVEC) from American Type Culture Collection (ATCC). The two kinds of cells were cultured in ECM (CM-0122;
Procell), which contained Ham’sF-12K, 0.1mg/mL heparin, 0.05Smg/mL endothelial cell growth supplement (ECG), 10%
fetal bovine serum (FBS) and 1% penicillin/streptomycin (P/S). We also divided HUVEC into the control group and the
experimental group, in which the experimental group added LPS of lug/mL and the control group added corresponding
dose of phosphate buffered solution (PBS) to observe the effect of LPS on cells. In addition, we also purchased
neutrophils (CP-M150; Procell), Raw264.7 (CL-0190; Procell), THP-1 (CL-0233; Procell) and their corresponding
media. PMA was added after the THP-1 cells density increased to 1 x 10° so that the concentration of PMA was 50
ng/mL. We also extracted a small number of neutrophils from the peripheral blood of healthy volunteers for the purpose
of the experiment (P9402; Solarbio). For more information on volunteers, please refer to Supplementary Table S1. Since

neutrophils are terminal cells and are not suitable for long-term culture, cells other than neutrophils are placed in a cell
incubator containing 5%CO2 at 37°C.

Cell Transfection

Lentiviral particles containing shNC and shBAP31 were transfected into HUVEC and cultured in cell incubator for 24 hours.
BAP31 shRNA sequence sense 5- CCGGTACACGTTCAGAATGCGTTTGCTCGAGCAAACGCATTCTGAACGTGTAT
TTTTG-3' and antisense 5'-AATTCAAAAATACACGTTCAGAATGCGTTTCTCGAGCAAACGCATTCTGAACGTGTA
-3". After screening according to the instructions, further amplification was carried out, and the efficiency of knockdown was
evaluated by quantitative real time PCR (qQRT-PCR) and Western blotting (WB).

Immunofluorescence

A suitable size cover slide is added to the cell culture plate to enable the cell to crawl to its surface. The cells were fixed
with 4% paraformaldehyde at room temperature, and then the first antibody working solution added with ICAM1
(ab171123; Abcam) or VCAMI (ab134047; Abcam) was stored overnight at 4°C, and the corresponding secondary
antibody working solution was stored at 37°C for 1h. Finally, PBS was used to remove the excess working liquid so that
it could be observed under fluorescence microscope.

Cell Co-Culture

Neutrophils, Raw264.7 and THP-1 were added to Hoechst staining solution according to the instructions, so that cells in
normal stock state could be labeled. After that, neutrophils, Raw264.7 and THP-1 were co-cultured with corresponding
EC, and the changes of adhesion were evaluated by observing the fluorescence-labeled cells under fluorescence
microscope.

Enzyme Linked Immunosorbent Assay (ELISA)

We tested ICAMI1 (ab174445; Abcam; abl100688; Abcam), VCAMI1 (ab174445; Abcam; ab100750; Abcam), TnT
(E-EL-M1801c; Elabscience), Tnl (E-EL-M1203c; Elabscience), AST (ab263882; Abcam), ALT (ab282882; Abcam),
CR (aMBS3805641; Biocompare), BUN (MBS2611085; Biocompare), IL-13 (PI301; Beyotime; PI305; Beyotime),
TNF-a (PT512; Beyotime; PT518; Beyotime), IL-10 (PI528; Beyotime; PI522; Beyotime) and TGF-f (PT878;
Beyotime; PT880; Beyotime) according to the instructions provided by the reagent manufacturer.

Quantitative Real Time PCR (qRT-PCR)

Total RNA was extracted from different samples using TRIzol reagent (15,596,026; Invitrogen). After isolation,
RNA concentration and quality were determined. Two microgram of total RNA was reverse transcribed to single
strand cDNA using universal RT-PCR Kit (RP1100; Solarbio). Quantitative real time PCR was conducted using
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SYBR Green PCR Mastermix (SR1110; Solarbio) following the manufacturer’s instructions. The amplification
condition was at 95°C for 10min, followed by 40 cycles of amplification that 95°C for 10s, 58°C for 30s, 72°C for
30s, and then plate reading and melting 65-95°C with plate readings every 0.5°C. The relative change in gene
expression was analyzed by the 2-AACt method from triplicate determinations using P-actin as a housekeeping
gene. Sequences of primers are referenced in the Supplementary Table S2.

Western Blot Analysis

According to the manufacturer’s instructions, total protein, and nuclear proteins from scramble or shBAP31 EC were
respectively extracted using protein extraction kit (P0028; Beyotime). Protein concentration was determined by a BCA
protein assay kit (P0010; Beyotime). Equal quantities of protein were separated by 8—12% SDS-PAGE, transferred onto
polyvinylidene difluoride (PVDF) membranes (FFP28; Beyotime). Subsequently, the membranes were blocked with 5%
skim milk for 1h and probed with specific primary antibodies overnight at 4°C. After washing three times with TBST, the
membranes were probed with secondary antibodies for 1h. All protein bands were visualized using ECL Western blotting
reagents by chemiluminescence (P0018S; Beyotime). The grayscale analysis of each band was quantified using Image Lab
software. Additionally, the primary antibodies for BAP31 (4043S; Cell Signaling Technology), ICAMI1 (ab171123; Abcam),
VCAMI (ab134047; Abcam), p65 (8242; Cell Signaling Technology), p-p65 (3033; Cell Signaling Technology), TAK1
(5206; Cell Signaling Technology), p-TAK1 (9339; Cell Signaling Technology), IKKa (61,294; Cell Signaling Technology),
IKKB (8943; Cell Signaling Technology), p-IKKa/p (2078; Cell Signaling Technology), IkBa (4812; Cell Signaling
Technology), p-IxkBa (2859; Cell Signaling Technology), AKT (9272; Cell Signaling Technology), p-AKT (4060; Cell
Signaling Technology), PI3K (4249; Cell Signaling Technology), p-PI3K (4228; Cell Signaling Technology; 13,857;
Cell Signaling Technology), TLR4 (14,358; Cell Signaling Technology; 38,519; Cell Signaling Technology), MyD88
(4283; Cell Signaling Technology), TRAF6 (67,591; Cell Signaling Technology), Histone H3 (4499; Cell Signaling
Technology), B-actin (93,473; Cell Signaling Technology). Corresponding secondary antibodies could be obtained from
manufacturers. The repetitive WB images are referenced in the Supplementary Figure S1.

Flow Cytometric Assay

The collected EC were resuspended in 100uL 5% BSA and incubated for 10min on ice. These primary antibodies CD31
(ab7388; Abcam), F4/80 (ab6640; Abcam), CD80 (ab225674; Abcam; ab222702; Abcam), CD86 (ab239075; Abcam;
ab242142; Abcam), CD163 (ab182422; Abcam) and CD206 (12-2069-42; Invitrogen) were used to specifically label target
proteins on ice water bath at 4°C for 45min. After washing with PBS, cells were resuspended in 5% BSA and stained with
conjugated secondary antibody on ice water bath at 4°C for 45min in dark. Then, cells were washed three times with PBS,
centrifuged and collected. Finally, cells were resuspended by addition of 300uL PBS and loaded onto a flow cytometer.

Statistical Analysis

The statistical analyses were performed using GraphPad Prism 8.0.2 Software and Image] software. All data were
acquired from three repeated experiments and presented as the mean + SD. The unpaired two-tailed Student’s ¢-test was
used for data analysis between two groups. Group differences were calculated using one way analysis of variance
(ANOVA). P < 0.05 were assumed as the significance thresholds.

Results

Endothelial BAP3| Induced Multi-Organ Dysfunction in Sepsis

We used the Cre/LoxP system to knockdown BAP31 expression in C57BL/6J mice. Cecal ligation puncture (CLP) was
used to establish sepsis in the mice, and mice in the Control group received a sham procedure. Blood samples and organs
were harvested 24 h following CLP or the sham procedure to determine changes in the blood and the degree of organ
damage (Figure 1A). BAP31 knockdown was successfully verified by Western blot and PCR in EC isolated from inferior
vena cava (Figure 1B and C).
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Figure | BAP31 knockout on animals. (A) Procedures for animal experiments. (B and C) Verification of BAP3| knockout. (D) The survival curve of animals. (E) The effect
of BAP31 knockout on animal histopathology and its semi-quantitative score (Scale bars: 50um). (F) The content of related substances in the blood of animals. Values were

represented as mean + SD, n=6-8 mice per group, *p < 0.05.

Abbreviations: BAP31, B cell receptor associated protein 31; TnT, troponin T; Tnl, troponin |; AST, aspartate aminotransferase; ALT, alanine aminotransferase; CR,

creatinine; BUN, blood urea nitrogen.
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We used 6 mice to observe mortality in each group. All of the mice in the CLP+BAP31™" group died by day 6, while
5 (Sham+BAP31""), 4 (Sham+BAP317"), and 2 (CLP+BAP31") mice remained by day 14 respectively. Compared to
the Control groups, mortality at day 14 in the CLP groups was significantly increased. However, BAP31 knockdown
improved the prognosis of sepsis (Figure 1D). HE staining showed more serious parenchymal cell injury with abundant
inflammatory cell infiltration and tissue edema in an association of organs induced by CLP (Figure 1E). Consistent with
HE staining, compared with Control, serum biomarkers related to organ damage including troponin T (TnT), troponin
I (Tnl), aspartate aminotransferase (AST), alanine aminotransferase (ALT), creatinine (CR), and blood urea nitrogen
(BUN), greatly increased in CLP group (Figure 1F). However, BAP31 knockdown significantly attenuated sepsis-
induced organ injury both in serology and in pathology. These results suggested that BAP31 may associate with sepsis
induced multi-organ dysfunction, identifying BAP31 a target of organ protection.

BAP3| Promoted Adhesion of Neutrophils and Macrophages to EC

Previous studies reported that EC induced infiltration of inflammatory cells is one of the important pathogenetic
mechanisms of sepsis.'> We further evaluated the effect of BAP31 on neutrophils or macrophage adhesion to EC. EC
derived from the inferior vena cava of mice or HUVEC (Figure 2A) and then co-incubated with prelabeled neutrophils or
macrophages. We found a significant increase in the adhesion of neutrophils and macrophages to sepsis-induced EC,
whereas BAP31 knockdown weakened the adhesion capability (Figure 2B). Short hairpin RNA-mediated knockdown of
BAP31 (shBAP31) was constructed in HUVEC and a non-specific shRNA (shNC) was used as the control. The in vitro
sepsis model was established by incubating the HUVEC with LPS and PBS was used as the control and validation of
BAP31 knockdown as shown (Figure 2C). We obtained results similar to those described above in the next cell
experiments (Figure 2D). The result demonstrated that BAP31 could upregulate the adhesion of neutrophils and
macrophages to EC during sepsis.

BAP31 Regulated ICAMI| and VCAMI Expression in EC Following LPS Stimulation

It has been demonstrated that ICAM1 and VCAMI1 are involved in the interaction between endothelial and inflammatory
cells.'* We further evaluated the effect of BAP31 on ICAM1 and VCAMI expression in vitro. Compared to PBS, LPS
stimulation increased ICAM1 and VCAMI expression on the surface of the HUVEC. And BAP31 knockdown blocked
the increase (Figure 3A and B). Further, the expression of ICAMI1 and VCAMI1 was detected in mouse tissues. We
observed that the expression of ICAM1 and VCAMI1 was significantly increased in the CLP group, whereas BAP31
knockdown reversed this effect (Figure 3C). The result further confirmed that BAP31 could regulate ICAM1 and
VCAMI in EC during sepsis.

BAP31 Induced Phenotypic Transformation of Macrophage Upon Interaction with EC
Previous studies demonstrated the phenotypic transformation of macrophages occurred in sepsis pathogenesis.'
Therefore, we investigated whether BAP31 knockdown in EC affects the phenotype of macrophages. EC also derived
from the inferior vena cava of mice or HUVEC (Figure 2A). Surface markers of macrophages differentiation including
CD80, CD86, CD163 and CD206, and inflammatory factors in supernatant including IL-1B, TNF-o, IL-10 and
transforming growth factor-f (TGF-) were detected by flow cytometer and by ELISA, respectively. With or without
BAP31, there was no significant difference in the phenotype of macrophages between two Shams groups. Compared to
Sham groups, the expression of CD80 and CD86 rather than CD163 and CD206 significantly increased in CLP groups. In
addition, compared to Sham groups, IL-1p and TNF-a rather than IL-10 and TGF- were significantly increased in CLP
groups. However, BAP31 knockdown in sepsis-induced EC decreased the expression of CD80 and CD86 in macrophages
as well as IL-18 and TNF-a in supernatant (Figure 4A and B). Similar results were observed in HUVEC (Figure 4C and
D). This suggested that BAP31 could promote not only macrophages adhesion, but also differentiation to a certain extent,
resulting in an enlarged inflammatory response.
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Figure 2 Effect of BAP3| knockout endothelial cells on the adhesion function of macrophages and neutrophils. (A) Endothelial cells were isolated from the inferior vena
cava in animal experiments. (B) The co-culture results of animal-derived endothelial cells with corresponding macrophages and neutrophils and their semi-quantitative
analysis (Scale bars: 50um). (C) Flow chart of cell experiment and verification of BAP31 knockout. (D) The results of co-culture and semi-quantitative analysis of
macrophages and neutrophils of HUVEC and its corresponding species (Scale bars: 50um). Values were represented as mean + SD, *p < 0.05.

Abbreviation: HUVEC, human umbilical vein endothelial cells.
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Figure 3 BAP3| knockout on HUVEC. (A) The effect of BAP3| knockout on ICAMI expression in cells and its semi-quantitative analysis (Scale bars: 50um). (B) The effect
of BAP31 knockout on VCAMI expression in cells and its semi-quantitative analysis (Scale bars: 50um). (C) The effect of BAP3| knockout on ICAMI and VCAMI in animal
tissues and its semi-quantitative score (Scale bars: 50um). Values were represented as mean * SD, *p < 0.05.

Abbreviations: ICAMI, intercellular cell adhesion molecule |; VCAMI, vascular cell adhesion molecule 1.

BAP31 Increased the Expression of ICAMI| and VCAMI on EC via TAKI and
PI3K-AKT Signaling Pathways

Previous studies have shown that BAP31 can affect TLR4-mediated intracellular signal transduction.” Therefore, we
explored the expression of TLR4 and its downstream pathways in EC both from murine inferior vena cava and HUVEC.
Compared to Sham groups, CLP significantly increased the activation of MyD88 and TRAF6, which further affected the
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Figure 4 The effect of BAP3| knockout endothelial cells on the function of macrophages. (A) The effect of BAP3| knockout mouse endothelial cells on molecular proteins
on the surface of macrophages. (B) The effect of BAP3| knockout mouse endothelial cells on the secretion of factors by macrophages. (C) The effect of BAP3| knockout
HUVEC on molecular proteins on the surface of macrophages. (D) The effect of BAP3| knockout HUVEC on the secretion of factors by macrophages. Values were
represented as mean * SD, *p < 0.05.

Abbreviations: IL-1, interleukin |3; TNF-0, tumor necrosis factor a; IL-10, interleukin 10; TGF-f, transforming growth factor f.

TAKI1 pathway and PI3K-AKT pathway. However, BAP31 knockdown greatly reduced the activation of both pathways
in sepsis-induced EC. Then, phosphorylation of IKKa, IKKf and IkBa was significantly reduced in CLP plus BAP31
knockdown group, resulting in a decrease in phosphorylation and nuclear translocation of p65 (Figure SA). Consistent
results were observed in HUVEC (Figure 5B). This suggested that BAP31 in EC might regulate the expression of
ICAM1 and VCAMI by affecting both TAK1 pathway and PI3K-AKT pathway (Figure 5C).

Discussion

Our results demonstrated that BAP31 up-regulated both ICAM1 and VCAMI1 on the surface of EC, and thus aggravated
sepsis-associated organ dysfunction. It may be due to a significantly strong adhesion caused by BAP31 between EC and
neutrophils or macrophages. In terms of mechanism, BAP31 may activate MyD88/TRAF6 binding-dependent TLR4
signaling, and then both TAK1 and PI3K-AKT signal pathways. Subsequently, phosphorylation and nuclear translocation
of p65 contributed to ICAM1 and VCAMI expression on EC. Thus, BAP31 may be a new target for regulating the
adhesion between EC and immune cells in the treatment of sepsis.

Sepsis is defined as a life-threatening organ dysfunction due to an imbalanced host immune response to infection.
Timely diagnosis and sepsis care bundles have greatly improved outcomes in sepsis. However, it is still one of the
leading causes of mortality worldwide. Consequently, increasing research focused on pathophysiology of sepsis at the
molecular, cell, and organ level may contribute to recovery of immune homeostasis and better prognosis.

Previous studies have shown LPS is the major ligand for TLR4, initiating an immune inflammatory response during
sepsis.'® Inhibition of TLR4 signaling rescued LPS-induced ICAM1 and VCAMI expression levels in lung EC."”
However, mechanistic details of EC dysfunction remain poorly understood. NF-kB is essential for ICAM1 and
VCAMI activation.'® Furthermore, it is already known that PI3K-AKT and TAKI complex signaling are identified as
the canonical and the non-canonical pathway in NF-kB activation respectively.'® In this study, we firstly observed that
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Figure 5 The effect of BAP31 on the signal pathway of endothelial cells. (A) The effect of BAP3| on the signal pathway of rat endothelial cells. (B) The effect of BAP31 on
the signal pathway of HUVEC. (C) A pattern of the effects of BAP31 on TAKI and PI3K-AKT signaling pathways. Values were represented as mean % SD, *p < 0.05.
Abbreviations: TLR4, toll-like receptor 4; MyD88, myeloid differentiation primary response 88; TRAF6, tumor necrosis factor receptor associated factor 6; TAKI,
transforming growth factor P activated kinase |; PI3K/AKT, phosphoinositide-3 kinases-protein kinase B.

LPS-induced MyD88/TRAF6 binding-dependent TLR4 signaling, both PI3K-AKT and TAK1 signaling, which in turn
initiated the activation of NF-kB and ultimately induced ICAM1 and VCAMI expression. Thus, the study might
reasonably explain the TLR4 signal transduction pathway in LPS-induced EC dysfunction.

Journal of Inflammation Research 2024:17

1276 https:

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove He et al

Adhesion and extravasation of immune cells is a key step during sepsis-induced organ dysfunction. BAP31 is an
endoplasmic reticulum protein that is mainly involved in protein transport, degradation and cell adhesion.'® A recent
study reported that myeloid-specific BAP31 knockdown attenuated the expression of adhesion molecules CD11b/CD18
and PSGL-1 exerting a protective effect on ALIL'? However, there is few research related to the effect of endothelial
BAP31 on immune cells. Therefore, the study is designed to investigate whether EC-specific BAP31 depletion can
regulate adhesion molecules such as ICAM1 and VCAMI, thus affecting the adhesion and infiltration of neutrophils and
mononuclear macrophages. Our histopathological staining showed that ICAM1 and VCAMI1 expression on the surface of
EC in the CLP model or on LPS-induced HUVEC was significantly higher compared to the corresponding control
groups. However, this effect was significantly weakened after BAP31 knockdown, which indicates that BAP31 could
regulate ICAM1 and VCAMI expression to a certain extent. Furthermore, BAP31 changes the infiltration of neutrophils
and mononuclear macrophages in local tissues by regulating the expression of ICAM1 and VCAMI on EC during LPS-
induced sepsis. Eventually, BAP31 knockdown reduced the sepsis-related pathohistological injury, which may have been
associated with the decreased expression of ICAM1 and VCAMI1 on the surface of EC. These findings are partially
inconsistent with a prior study, in which LPS induced down-regulation of BAP31 resulting in mitochondrial apoptosis.*
This might be due to a different concentration of LPS challenge or different animal model used. Therefore, more studies
are needed to detect the additional effect of BAP31 on different inflammatory diseases.

Different phenotypes are the hallmarks of macrophages which represent two terminals of macrophage activation
during inflammation.”’ In this study, we wanted to understand whether BAP31 can affect the phenotype and function of
macrophages upon binding to EC. As we know, M1 macrophages express surface molecular markers, such as CD80 and
CD86, and secrete pro-inflammatory cytokines like IL-1B and TNF-o; while M2 macrophages express surface molecular
markers, such as CD163 and CD206, and secrete cytokines, like IL-10 and TGF-B, which involved in anti-inflammatory
reactions and tissue remodeling.*? Our results showed that BAP31 affected not only the adhesion, but also the phenotype
and function of macrophages. Here, we observed that macrophages were significantly transformed to M1 following EC-
specific BAP31 knockdown. A recent study referred to the effect of T cell specific BAP31 knockdown on macrophage
polarization, which suggested that BAP31 had an immunoregulatory role on macrophage niche.”> However, further study
is needed to investigate the association between macrophage polarization and the expression of ICAMI1 or VCAMI
on EC.

Further, we studied the possible signaling pathways through which BAP31 regulates ICAM1 and VCAMI1 expression.
The activation of NFkB is a critical step in the pathogenesis of sepsis.** TAK1 can induce the sequential activation of the
classical NF-kB pathway. Previous studies have shown that TAK1 deficiency can lead to decreased NF-kB activation.?
Our study showed that the levels of phosphorylated TAKI1 decreased following BAP31 knockdown in EC. Previous
studies have shown that LPS can induce the phosphorylation of TAK1 through TLR4, which leads to the rapid activation
of the IKK complex.”® This complex can further induce the phosphorylation of IkBa, and then promote NF-«kB
translocation into the nucleus, where NF-«kB can rapidly bind to DNA resulting in increased transcription and translation
of ICAMI and VCAMI1.?”-*® Our study found that there is a close relationship between the IKK complex, IkBo, and p65
phosphorylation during sepsis. BAP31 knockdown in EC resulted in a significant decrease in the phosphorylation level of
these factors. These results suggest that BAP31 may participate in the classical NF-kB pathway and regulate the
occurrence and development of sepsis. In addition, previous studies have shown that PI3K-AKT is involved in the
regulation of inflammatory pathways. The PI3K-AKT pathway can directly activate the IKK complex and the subsequent
activation of NF-kB.? Previous studies have shown that PI3K-AKT inhibitors can significantly downregulate NF-xB and
reduce organ damage in sepsis.’® Our results showed that the phosphorylation levels of PI3K and AKT were also
significantly decreased in EC following BAP31 knockdown. Therefore, this study suggested that BAP31 affected LPS-
induced TLR4/NF-kB pathways by activation both PI3K-AKT signaling and TAK1 signaling pathway.

Several limitations of our experiments remain. First, we collected tissue specimens from mice 24 hours after surgery
rather than longer. Because the inflammatory response in the early stage of sepsis and the recovery period may differ, our
results may not be applicable to explore the pathophysiologic mechanisms during the recovery period of sepsis. Second,
we did not detect additional cell surface adhesion molecules regulated by BAP31 on EC, which resulted in an amplified
immune response during sepsis. It is also not clear whether BAP31 affect the interaction between EC and other immune
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cells, for example natural killer cell or dendritic cell. Of course, this in vitro and mouse model of sepsis differs in several
crucial respects from a human infection, including the difference of infective route, infective dose, and specific immunity
status. However, our results clearly demonstrated deletion of BAP31 significantly improved sepsis-associated organ
injury as well as survival rate through attenuating endothelial ICAM1 and VCAMI1 expression.

Conclusion

EC-specific BAP31 knockdown contributed to a reduced adhesion between EC and immune cells, attenuated tissue and
organ injury, and a prolonged survival duration of in a mouse sepsis model. BAP31 may successively induce the
activation of TLR4/MyD88/TRAF6 signaling, and then both PI3K-AKT and TAK1 signaling, and NF-kB p65, which
eventually promote the expression of ICAM1 and VCAMI on EC.
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