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Abstract

Adipose tissue is a heterogenous organ with newly identified endocrine function, consisting of
immune cells along with main populations of fat storing adipocytes and adipose precursor cells.
Dysregulated immune cell function and infiltration cause low grade chronic inflammation in adipose
tissue that leads to various metabolic disorders like obesity, insulin resistance, type2 diabetes and
cardiovascular disease. Our research showed the role of P311 protein in adipogenesis, amoeboid
migration, vascular wall homeostasis, and blood pressure regulation. Studies from our laboratory
and other labs showed the potential involvement of P311 in wound healing and predicted immune
function. Here we studied the role of P311 on inflammation mainly focusing on macrophage
phenotypes and functions as macrophages are predominant immune cells in adipose tissue that
switch the inflammatory micro-environment between pro- and anti-inflammatory conditions. For the
first time, we show the expression of P311 in macrophages implicating its role in inflammation
directly. Further, P311 expression in macrophages induced anti-inflammatory phenotype (M2
macrophages) through phosphorylation of STAT6 of canonical JAK/STAT signaling pathway. The
human gastrointestinal (GI) system harbors high populations of both healthier and pathogenic
microbial communities that provide immunity, inflammation, nutrients, and GI tract epithelial
homeostasis. Given the roles of P311 in macrophage mediated inflammation and metabolic diseases,
we verified whether lack of P311 in P311 knockout mice has any effects on GI microbiome compared
to wildtype mice. Our studies demonstrate that lack of P311 led to changes in the intestinal microbial
strains. Together, current studies implicate a larger role of P311 connecting inflammation and
microbiome with obesity.

Keywords: P311; inflammation phenotypes; dysbiosis; M2-type macrophage polarization; obesity

1. Introduction

Obesity is a chronic low grade inflammatory disease, mainly thought to be caused by imbalance
in energy homeostasis of body caused by excessive dietary intake and reduced energy expenditure.
This leads to excess accumulation of body fat. However, lately multiple genetic, environmental, and
biological factors involved in obesity have been identified indicating the importance of addressing
this pandemic[1]. Obesity will have a negative impact on individuals” health with serious morbidity
and mortality, leaving a financial burden on the individuals, family, as well as affecting health metrics
at the national level. Individuals” weight status including overweight and obesity is classified based
on the Basal Metabolic Index (BMI) of the individuals, which will be calculated using a person's
weight and height. Based on the individuals BMI(kilogram/m?, The National Institute of Health
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(NIH) classification), a person can be underweight (BMI <18.5), normal weight (BMI 18.5 — 24.9),
overweight (BMI 25 —29.9), Class 1 obese (Low-risk; BMI 30-34.9), Class 2 obese (Moderate-risk; BMI
35-39.9) and Class 3 obese (Severe/morbid; BMI >40). However, measurements such as BMI is not
entirely sufficient for classifying a person as obese or malnourished [2,3]. Increased BMI correlates
with individuals found to be overweight and are at increased overall risk for obesity-related
comorbidities and increased morbidity and mortality [4]. Obesity is a risk factor for various metabolic
and metabolic-associated diseases such as insulin resistance, type 2 diabetes mellitus (T2DM),
cardiovascular disease, hypertension, stroke, and liver disease [4-6]. The prevalence of obesity in
United States has been increasing dramatically in last two decades, it has increased from 30.5% to
41.9% among US adults aged 20 or over and severe obesity increased from 4.7% to 9.2%as per 2017-
2020 report[7].

Physiologically, obesity disrupts metabolic functions of the body, primarily with increased
quantity and decreased quality of adipose tissue leading to imbalance in glucose regulation and lipid
metabolism. This further leads to the release of excess free fatty acids and proinflammatory cytokines
into circulation. Adipose tissue is majorly composed of adipocytes or fat cells that store excess energy
in the form of lipids. In addition, adipose tissue contains heterogenous cell populations including
precursor cells, endothelial cells, fibroblasts, and immune cells such as neutrophils, eosinophils,
dendritic cells, mast cells innate lymphoid cells, macrophages, natural killer cells and activated T and
B lymphocytes [8-10]. In lean conditions, diverse immune cells function harmoniously and maintain
adipose tissue homeostasis. In overweight and obesity conditions, excess lipid accumulation and
metabolic stress disrupts this homeostasis, leading to inflammation and adipose tissue disfunction
[11,12]. Among different immune cells in adipose tissue, macrophages are most abundant cell
population constituting 5-10% cells of the adipose tissue in lean condition. However, these numbers
of macrophages increase significantly to 50% or more in obese and extreme obesity conditions
accelerating inflammation [13].

Macrophages displays wide range of cell surface markers that recognizes damage associated
molecular patterns (DAMPs) and pathogen associated molecular patterns (PAMPs) by different
pattern recognition receptors (PRRs) such as Toll like receptors (TLRs) and Nod like receptors (NLRs).
Binding to receptors trigger intra cellular signaling that alters gene expression and production of
cytokines [14]. There are several phenotypes of macrophages in humans and mice that can be
identified based on their cell surface markers and biological activity. Two major phenotypes of
macrophages are classically activated or inflammatory (M1) macrophages and alternatively activated
or anti-inflammatory (M2) macrophages [15-17]. Additional types of macrophages, lipid associated
macrophages, and metabolic associated macrophages participate in other mechanisms of
metabolism. Pathogen associated lipopolysaccharides (LPS) as well as a cytokine of Thl i.e,
interferon y (IFN-y) are known to activate the naive macrophages to M1 phenotype. These
macrophages show enhanced phagocytic activity, acts against infection and inflammation by
increased secretion of proinflammatory cytokines such as TNF-a, IL-1f3, IL-6, IL-12, chemokines
CXCL10, CXCL11 and low levels of IL-10 [18]. Macrophages that are alternatively activated with Th2
cytokines such as IL-4 and/or IL-13 polarize native macrophages to M2 phenotypes. These
macrophages are charactered by increased mitochondrial respiration and secretion of anti-
inflammatory cytokines such as IL-10 and TGF-f3, involved in scavenging debris, cell apoptosis, tissue
repair, and wound healing [19,20].

Apart from M1 and M2 phenotypes, adipose tissue macrophages (ATMs) exist with additional
features based on several factors in the adipose tissue microenvironment. Macrophages form crown-
like structures (CLS) and uniquely express chemokine receptors to clear lipid filled /dead adipocyte
in adipose tissue [21]. In dysregulated adipose microenvironment, hypertrophied adipocytes release
multiple proinflammatory cytokines, mainly monocyte chemoattractant protein I (MCP1), which
initiates the infiltration of macrophages. Traumatized adipose tissue environment filled with
abundant glucose, very low-density lipoproteins, and short chain fatty acids alter macrophage
phenotype and enhance the secretion of proinflammatory cytokines.
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Macrophages show high plasticity, which can polarize switching to different phenotypes in
response to various micro-environmental stimuli and signals from pathogens [22,23]. However, there
is growing evidence show that microbiome of organs and organ systems are associated with
immunity and inflammation. The microbiome is an essential aspect of human physiology,
performing multiple functions related to metabolism, immunity, and inflammation along with other
functions like nutrient absorption and vitamin production. The microbes associated with human
organs and organ systems including gastrointestinal (GI) tract are taxonomically diverse, consisting
of various bacteria, archaea, fungi, protozoa, and viruses [24,25]. More specifically, the microbes of
the gut reported to have a key role in metabolisms through breakdown of complex carbohydrates,
starches, fats, and sugars, some of which are indigestive without the assistance of these microbial
communities. The gut microbiome aids in absorbing energy from these compounds to power the
bodily processes. Relatedly, gut microbial communities produce essential vitamins such as Vitamin
B and K that cannot be produced endogenously without these microbes, which makes the
microbiome presence indispensable [26]. Though functionally diverse, these communities work
synergistically to help to maintain the body’s overall energy homeostasis as well as immunity and
inflammation[27]. In line with this, microbes modify the gut environment by maintaining the
integrity of the gastrointestinal lining and GI functioning through the release of bio-metabolites
which modify the capacity of the digestive enzymes and fluids to break down structurally complex
compounds [28]. Furthermore, microbes provide defense against pathogens or opportunistic bacteria
by releasing peptides and metabolites which inhibit their growth and presence in the gut and their
leakage into the body to affect at system level [26].

One of the challenges in the study of gut microbiome and microbial dynamics is the
characterization of the diversity in microbial communities in these spaces. There are many factors to
consider when attempting to describe the complexity of the microbial ecosystem, such as incomplete
annotation schemes for poorly described species or proper labeling of organisms which are
phylogenetically similar. Compounding these factors are genetic changes that occur such as gene
duplication, gene transfer, and gene fusion that alter the genetic code making identification of these
species even more challenging [29]. Gene sequencing has greatly assisted in this task making large
scale analysis of microbial ecosystems feasible. Whole Genome Sequencing (WGS) or the shotgun
method sequences the entire DNA of a sample, providing a broad overview of the microbial
community with high-resolution strain-level identification but at a higher cost and data complexity
[30]. Whereas 165 rRNA sequencing amplifies the variable region V3-V4, a sequence approximately
540 base pairs long, located in a region that is genetically heterogenous and provides a
distinguishable and is statistically capability to separate organisms up to the genus/species level. This
method is financially more cost effective and requires less computational power [31].

P311 protein is a small protein with 68 amino acids (8kDa) also known as neuronal regeneration-
related protein (NREP), C5orf13, D4S114, PRO1873, PTZ17, SEZ17. Our protein modeling studies
along with circular dichroism studies showed that P311 is a novel intrinsically disordered protein
[32]. It is conserved across the species and present in various cells and cellular processes like vascular
smooth muscle homeostasis, fibroblast activation to myofibroblasts, neural regeneration, blood
mononuclear cells, adipocytes and lung tissues (injury and repair) [33-41]. Other studies showed
the significant role of P311 protein cell development, migration, and differentiation. P311 promotes
ameboid-like cell migration of activated fibroblasts or myofibroblasts through RalA activation [38].
Our and other studies reported that P311 has a role in adipogenesis [32,36] through transcriptional
regulation of PPAR vy [32]. In silico studies implicated potential role of P311 in inflammation through
protein-protein interaction network model and was established in wound healing studies [34,38,42].
However, systematic studies are needed to understand the role of P311 and its molecular mechanisms
in different disease conditions especially P311/macrophages/dysbiosis/obesity axis. Considering
adipose tissue and macrophage cross talk in metabolic conditions, we initiated the current study to
understand the role of P311 on macrophage homeostasis. In addition, we studied the effect of lack of
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P311 on the gut microbiome of the mouse to understand possible relation between gut microbiome
and obesity/inflammation.

2. Results

2.1. Expression of P311 and Macrophage Markers in Dose Dependent and Time Dependent Treatment of
RAW 264.7 Cells with LPS and IL4

Macrophages exhibit high plasticity, based on environment and stimulants, and they
differentiate either into pro-inflammatory phenotype (M1 macrophages) or anti-inflammatory
phenotypes (M2 macrophages). Here, we used LPS as a potent proinflammatory macrophage inducer
[43,44] and IL4 is a potent inducer of macrophages to M2 phenotype with anti-inflammatory roles
[45]. We conducted these dose and time dependent experiments to verify the expression of P311 in
RAW cells that also led us to optimize concentration and time of treatment of LPS or IL4. Different
concentration of LPS; 0, 10, 25, 50, 100 and 200 ng/mL were used, and the cells were treated for 24
hours. Later, verified the expression of P311, CD86 (M1 macrophage marker, pro-inflammatory
phenotype) and CD68 (pan macrophage marker and CLS marker) by gPCR and western blot analysis.
Figure 1 shows that the dose dependent treatment of LPS increased CD86 expression both at the level
of mRNA and protein expression as expected. But CD68 data showed no difference at transcripts
level, however a small decrease in CD68 expression was shown with the treatment of LPS.
Endogenous P311 expression was reduced as observed in qPCR studies in LPS treated group
compared with control group (vehicle treated 0 ng/mL group). Based on our current data and other
publications [46], we chose LPS at a concentration of 100 ng/mL as optimal concentration for future

studies.
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Figure 1. Dose dependent lipopolysaccharide (LPS) treatments induced M1-type macrophage polarization
but decreased expression of P311 in RAW 264.7 cells. A-C. qPCR was used to study the dose dependent effect
of LPS on the expression of P311 (A), CD86 (B) and CD68 (C). D. Immunoblot analyses was performed to verify
the expression of CD86 (M1 marker) and CD68 (Pan-macrophage marker). Lower panel represents loading
control, GAPDH. E-F. Densitometric quantitation of CD86 and CD68 proteins expression normalized to GAPDH
expression. JPCR data reported as AA CT method normalized with TATA-binding protein (TBP). Histograms
represents mean + S.D. *Represents statistical significance (p<0.05) between 0 ng/mL vs. different concentrations
of LPS treatments.
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Figure 2 shows the expression of P311, CD86 and CD68 with the treatment of LPS (100 ng/mL) for different time
exposures; 0, 4, 9, 24, 48 and 72 hours. The data showed maximum expression of CD86 at 24-48 hours after
treatment. However, CD68 expression was significantly decreased at 48 and 72 hours. However, the P311
expression was increased with time after treating with LPS. From these studies, we chose LPS treatment at a

concentration of 100 ng/mL for 24 hours as optimal dose and time to study M1-macrophage characterization.
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Figure 2. Time dependent lipopolysaccharide (LPS) treatments induced M1-type macrophage polarization
and expression of P311 in RAW 264.7 cells. A-C. gPCR was used to study the time dependent effect of LPS on
the expression of P311 (A), CD86 (B) and CD68 (C). D. Immunoblot analyses was performed to verify the
expression of CD86 (M1 marker) protein and CD68 (Pan-macrophage marker) protein. Lower panel represents
loading control, GAPDH. E-F. Densitometric quantitation of CD86 and CD68 proteins expression normalized to
GAPDH expression. Histograms represents mean + S.D. *Represents statistical significance (p<0.05) between 0

hour (hr) vs. different hours of LPS treatment.

Further, we studied the effect of anti-inflammatory macrophage phenotype inducer, 114
treatment at different concentrationsi.e., 0, 2, 5, 10, 20 and 50 ng/mL for 24 hours on RAW cells (Figure
3). After the treatment, the cells were harvested and verified the expression of CD206 (M2-
macrophage phenotype marker, anti-inflammatory) and CD68 along with P311 using qPCR and
western blot analysis. Figure 3 shows our results with increased expression of CD206 at mRNA level
and protein level at all concentrations of IL4 assessed, from 2 ng/mL to 50ng/mL. However, CD68
protein expression was increased with the increase in the concentration of IL4 treatment without any
change in transcript expression. The P311 transcript levels increased significantly with the treatment
of IL4 at all concentrations compared to control group with maximum expression at 10ng/mL
concentration. Furthermore, time dependent treatment studies at 0, 4, 9, 24, 48 and 72 hours with IL4
at a concentration of 10 ng/mL showed significant increase in the expression of CD206 at 24 to 72
hours after treatment both at protein and transcript levels. There is no change in the CD68 levels.
P311 transcript levels significantly increased from 4 hours to 72 hours compared to control group.
From these studies, we chose IL4 treatment at a concentration of 10 ng/mL for 48 hours as optimal
dose and time to study M2 macrophage phenotype characterization.
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Figure 3. Dose dependent interleukin (IL)-4 treatments induced M2-type macrophage polarization and
expression of P311 in RAW 264.7 cells. A-C. qPCR was used to study the dose dependent effect of IL4 on the
expression of P311 (A), CD206 (B) and CD68 (C). D. Immunoblot analyses was performed to verify the expression
of CD206 (M2 marker) and CD68. Lower panel represents loading control, GAPDH. E-F. Densitometric
quantitation of CD206 and CD68 proteins expression normalized to GAPDH expression. qPCR data reported as
AA CT method normalized with TATA-binding protein (TBP). Histograms represents mean + S.D. *Represents

statistical significance (p<0.05) between 0 ng/mL vs. different concentrations of IL4 treatments.
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Figure 4. Time dependent interleukin (IL)-4 treatments induced M2-type macrophage polarization and
expression of P311 in RAW 264.7 cells. A-C. qPCR was used to study the time dependent effect of IL4 on the
expression of P311 (A), CD206 (B) and CD68 (C). D. Immunoblot analyses was performed to verify the expression
of CD206 (M2 marker) protein and CD68 protein. Lower panel represents loading control, GAPDH. E-F.
Densitometric quantitation of CD206 and CD68 proteins expression normalized to GAPDH expression.
Histograms represents mean + S.D. *Represents statistical significance (p<0.05) between 0 hour vs. different

hours of IL4 treatment.
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2.2. P311 Is Expressed in Macrophages

As we did not see the expression of P311 in regular immunoblot studies (with 30ug lysates input)
potentially due low abundance and short half-life of P311 despite use of proteasomal degradation
inhibitor and protease inhibitors, we verified the expression of endogenous P311 using flow
cytometry and immunofluorescence. Figure 5 shows the flowcytometry and immune blots analyses
(protein input, 80-100ug) of RAW cells treated with different concentrations of LPS (100 ng/mL and
250 ng/mL) and IL4 (10 ng/mL and 25ng/mL) along with vehicle treatment as control for 24 hrs. Figure
5A-B shows the flowcytometry data with a noticeable decrease in P311 expression with LPS
treatments (Q2- F4/80"P311+, 11.2% and 7.3% cells) whereas as IL4 treated RAW cells group showed
a concentration dependent increase in P311 expression (Q2 - 19.6% and 25.1% of F4/80*P311* cells) in
treated macrophages (F4/80*). Figure 5C show the expression of P311 protein bands in only IL4
treated group of raw cells, but not in LPS treated and control groups. Lysates of pcP311 transfected
cell lysates are used as positive control. Expression of TATA-binding protein (TBP) was used as
loading control.

Figure 5
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Figure 5. P311 protein is expressed in Raw 264.7 cells. A-B. Flowcytometric analyses of expression of P311 in
Raw macrophages with no treatment control (A, left panel), 100 ng of LPS (A, middle panel), 250 ng (A, right
panel) of LPS, 10 ng of IL4 (B, left panel) and 25ng of IL4 (B, right panel). B: Inmunoblot analyses was performed
to verify the expression of P311 in RAW cells treated with LPS and IL4. Lower panel represents loading control,
TBP.

Complementing flow cytometry and immunoblot studies, we conducted immunofluorescence
(IF) studies for P311 expression. Figure 6 show the IF images of the endogenous P311 expression in
RAW cells treated with vehicle (control), LPS and IL4. IL4 treatment showed increased P311 (green
color florescence), whereas LPS showed decrease in P311 expression. However, some basal
expression of P311 was observed in control untreated group of RAW cells in FACS studies. Figure 6B
shows the quantification of immunofluorescence of P311 (green) normalized to cell numbers (blue
fluorescence). Collectively these experiments showed the expression of endogenous P311 protein in
macrophages for the first time. In addition, these studies implicate the potential role of P311 in
macrophage phenotype switching depending on the microenvironment (type, concentration, and
time of treatments of stimulants).

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202604.1556.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 April 2026 d0i:10.20944/preprints202604.1556.v1

8 of 24

Figure6  papy P311 Merge

LPS 100 n

LPS 250 ng

914
T2
€ 10
Z 0
Qos
= 04
D 02

00

Control LPS 100 LPS 250 IL4 10 IL4 25

Figure 6. P311 protein is expressed in Raw 264.7 cells. A: Immunofluorescence analysis of P311 (Green) and
nuclear stain, DAPI (Blue) in untreated control cells (A, top panel), LPS (A, 2"¢ and 3¢ panels) and IL4 (A, 4™
and 5" panels) treated Raw cells. B: Densitometric quantitation of P311 expression (green fluorescence)
normalized to cell numbers (blue fluorescence). Histograms represents mean * S.D. *Represents statistical
significance (p<0.05) between control vs. different concentrations of treatments. All the IF pictures represent 40X

magnification.

2.3. Overexpression of P311 Induce M2-Type Macrophage Cell Activation

To study the effect of P311 on macrophage polarization, we verified the expression of M2-
macrophage marker, CD206 and M1-macrophage marker CD86 in empty vector and c-myc-tag P311
overexpressing pcP311 transfected RAW cells using lipofectamine 3000. We verified for the
macrophage phenotype switch using surface markers CD68, CD86 and CD206 by qPCR, western
blotting, and FACS analysis (Figure 7). Figure 7 show the expression of CD206, CD86 and CD68
transcripts using qPCR and P311, CD206, CD86 and CD68 protein expression using immunoblots in
RAW cells transfected with pCMV and pcP311. c-myc-tag P311 overexpressing cells showed a
significant increase in M2-macrophage marker (CD206) and decrease in M1-macrophage marker
(CD86). However, there is no difference in the expression of CD68 marker. a-tubulin was used as
loading control and P311 overexpression was verified with c-myc tag anti-body. Figures E, F and G
show the quantification of western blot bands shown in figure D for CD206, CD86 and CD68,
respectively. These studies were complemented with flow cytometry analyses (Figure 6H-]) that
showed increase in P311+ cells (14.6%), decrease in CD86 cells (10.3%; Q2- myc*CD86*) and increase
in CD206+ cell population (12.6%; Q2-myc*CD206%) in pcP311 transfected group respectively when
compared to control empty vector (pCMV) transfected group.
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Figure 7. Overexpression of P311 induced M2-type macrophage polarization and reduced MI-type
macrophage polarization. A-C. qPCR was used to study the overexpression of c-myc-tag-P311 on the expression
of CD206 (A), CD86 (B), and CD68 (C) compared to empty vector control (pCMV) transfected RAW cells. D.
Immunoblot analyses was performed to verify the expression of CD206 (M2 marker), CD86 (M1 marker) and
CD68 (pan macrophage marker). C-myc-tag-P311 expression was detected using c-myc tag antibody. Lower
panel represents loading control, a-tubulin. E-G. Densitometric quantitation of CD206, CD86 and CD68 proteins
expression normalized to a-tubulin expression. H-J: Flowcytometric analyses of macrophage markers (CD206
and CD86) expression with c-myc-tag-P311 expression in pcP311 transfected and empty vector (pCMV)
transfected control RAW cells. Expression c-myc-tagged P311 (H), CD86 (I) and CD206 (J) were shown in F4/80
gated RAW cells transfected with pCMV and pcP311. qPCR data reported as AACT method normalized with
TATA-binding protein (TBP). Histograms represents mean + S.D. *Represents statistical significance (p<0.05)
between pcP311 vs. pCMV group.

Figures 8 show the evaluation of P311 overexpression in RAW cells treated with IL4 and LPS.
After 16 hours of (overnight) transfection, with pCMV and pcP311, Raw cells were incubated with 10
ng/mL of IL4 or 100 ng/mL of LPS for 24 hours. Cells were harvested for immune blot analysis.
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Figure 8. P311 expression induced anti-inflammatory roles by decreasing pro-inflammatory phenotype as well
as increasing anti-inflammatory phenotype of RAW cells. A, D. Immunoblot analyses was performed to verify
the expression of CD206 (M2 marker), CD86 (M1 marker), CD68 (pan macrophage marker) and c-myc tag P311
inIL4 treated (A) and LPS treated (D), pCMV and pcP311 transfected RAW cells. Lower panel represents loading
control, a-tubulin. E-G. Densitometric quantitation of CD206 (B) and CD68 (C) or CD86 (E) and CD68 (F) proteins
expression normalized to a-tubulin expression in IL4 and LPS treated pCMV and pcP311 transfected cells,
respectively. Histograms represents mean + S.D. *Represents statistical significance (p<0.05) between pcP311 vs.
pCMV group.

There is a significant increase in the levels of CD206 in pcP311 transfected cells treated with IL4.
However, IL4 treated cells did not show any expression of CD86 protein and there is no significant
change in CD68 protein expression compared to controls. Whereas P311 overexpression in LPS
treated cells showed no CD206 but showed significant decrease in CD86 protein expression compared
with EV transfected control cells. However, there is an increase in the expression of CD68 in P311
overexpressed cells compared to EV control group treated with LPS. These results demonstrate that
the P311 activates macrophages to M2-type macrophage phenotype and protects macrophages from
inflammatory stimulants like LPS by curtailing pro-inflammatory M-1 type internal environment.

2.4. P311 Promotes Raw Cell Activation Towards M2 Phenotype Through Phosphorylation of STAT6

To understand the molecular mechanisms of role of P311 role on macrophage activation/
polarization, we studied related signaling molecules that include signal transducer and activator of
transcription 6 (STAT6), signal transducer and activator of transcription 3 (STAT3) and I-kappa B
alpha (IKB-a), the inhibitory subunit of NFkB signaling pathway. We studied the total and
phosphorylation state of these signaling molecules in empty vector (pCMV) and P311 overexpressing
pcP311 transfected RAW cells (Figure 9). The results demonstrated that there is a significant increase
in the ratio of phosphorylated STAT6 to total STAT6 expression in pcP311 overexpression group
when compared to pCMV control group. In contrast, there is no difference in the ratios of
phosphorylated STAT3 to total STAT3 and phosphorylated IKB-a to total IKB-a between P311
overexpression group and control group. Collectively, these results indicate that P311 potentially
induces M2-type macrophage polarization through the activation of STAT6 in canonical JAK-STAT6
signaling pathway.
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Figure 9. Molecular mechanisms of P311 mediated M2-type macrophage polarization. A. Immunoblot
analyses was performed to verify the expression of phosphoSTAT3 (pSTAT3), totalSTAT3 (tSTAT3),
phospholKBa (pIKBa), totallKBa (tIKBat), phosphoSTAT6 (pSTAT6) and totalSTAT6 (tSTAT6) in pCMV and
pcP311 transfected RAW cells. Lower panel represents loading control, a-tubulin. B-D. Densitometric
quantitation of ratios of phospho- and total- proteins expression of STAT3 (B), IKBa (C) and STAT6 (D)
normalized to a-tubulin expression in pCMV and pcP311 transfected cells, respectively. Histograms represents

mean + S.D. *Represents statistical significance (p<0.05) between pcP311 vs. pCMV group.

2.5. Loss of P311 Led to Gut Dysbiosis with Obese and Inflammatory Microbiome Compared to WT

Next, we used 16s rRNA to assess whether P311 affects the gut microbiome and if these changes
reflect any changes in inflammation and overweight/obesity.

First, several beta metrics were examined to gauge dissimilarities in microbial communities
between WT and P311 KOs. Looking at the Bray-Curtis measurement (Figure 10) which measures the
numerical quantity of microbes and their abundances, using principal component plot (PCA) to
display changes. There is a clear delineation between P311 KOs and WT microbial community
composition (Figure 10A). We used the unweighted unifrac measurement where we saw a similar
significant change in relatedness between the microbes between WT and P311 KO’s (data not shown).
The weighed unifrac measurements considers abundances increased similarities in composition.
Next, we verified how phylogenetic relationships are altered in microbial communities with the loss
of P311, we aggregated the amplicon sequence variants (ASVS) and grouped them based on their
biological classification up to level 7 i.e., species level. This allow for the comparison of abundance
distributions of the taxa between WT and P311KO as shown in Figure 10B.
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Figure 10. Microbial taxonomic diversity between WT and P311 KO mice. A. Bray—Curtis beta diversity among
Wildtype (WT, n=8) and P311 knockout (KO, n=10) visualized via principal coordinate analysis (PCoA). Points
represent individual fecal samples shaped by genotype (Wildtype: Square; P311 KO: Diamond). The three axes
explain 45.20%, 15.59% and 13.77% of the total variance, respectively among samples. B. Taxonomic bar plot
between Wildtype and P311 KO samples. The bar chart represents a depth of taxonomic identification up to

Level 7 i.e species level. Bar length represents species relative abundance within each sample.

Further, we examined the diversity of the microbial flora between WT and P311 KOs. Looking
at measures of alpha diversity, which measure species richness and evenness, P311 KO’s have a
decrease in species in diversity as related by the Chao index (Figure 11B) which heavily weights low
abundance or rare species. Looking at measures of evenness which consider species abundance we
observed decreases in Observed and Shannon measures (Figure 11A, C) in P311 KO compared to WT.
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Figure 11. Alpha diversity metrics of gut microbiota between WT and P311 KO mice. A-C. Observed richness
(A), Chaol estimator of species richness (B), and Shannon diversity index (C) comparing alpha diversity of gut
microbiota between Wildtype (WT) and P311 KO mice. Each point represents an individual sample, with colors
corresponding to sample identifiers as indicated in the legend. In Fig 1B, points are shown with error bars
representing variability associated with the Chaol estimator. Observed richness counts total number of taxa and
Chaol indices indicate overall species richness, while the Shannon index accounts for both richness and evenness

of microbial communities.

Figure 12A shows mean log fold change for major bacterial phyla comparing P311KOs and
WTs. The positive values in the red indicate the enrichment in P311KO whereas the negative fold
changes in teal color indicates the enrichment in WTs. Figure 12B shows the number of significantly
altered Taxa within each phylum between P311KO (red) and WT (teal). Bars represents the counts
of taxa which were statistically significant p<0.5. Firmicutes shows the greatest number of
differentially abundant taxa with P311 deletion.
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Figure 12
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Figure 12. Differential microbial composition by phylum in WT and P311 KO groups. A. Mean log2 fold
changes in relative abundance of major bacterial phyla comparing WT and P311 KO mice. Red bars indicate
enrichment in P311 KO, whereas teal bars indicate enrichment in WT. B. Number of significantly altered
microbial taxa within each phylum between WT and P311 KO groups. Bars represent counts of taxa meeting

statistical significance criteria (p < 0.05).

Figure 13 shows the differences in abundance of Firmicutes and Bacteroidetes between P311KO
compared to WT. Figure 13A-B shows the abundance of Firmicutes and Bacteroidetes from each
individual animal of WTs and P311KOs. Genus Firmicutes showed increased presence in P311 KOs
with a fold change of 4.5 (p<0.05) (Figure 13C). Genus Bacteroidetes had decreased presence with
fold change -4.8 (p<0.05) (Figure 13D). The ratio of Firmicutes/Bacteroidetes is increased in P311 KOs
compared to WT (1.11 vs 0.54 i.e. 0.48) (Figure 13E). Higher ratios have an association with
inflammation and obesity can be an indicator of dysbiosis.
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Figure 13. Sample-level relative abundance of Firmicutes and Bacteroidetes in P311 knockout and wild-type
mice. A-B. Stacked bar plots showing the relative abundance of Firmicutes (A, top) and Bacteroidetes (B, bottom)
across individual samples from WT and P311 KO mice. Each bar represents a single sample and its
corresponding abundance on the y-axis. C-D. total abundance numbers of Firmicutes and Bacteroidetes in WT
and P311 KO samples (p< 0.05). E. Histogram showing the ratio of Firmicutes/Bacteroidetes between WT and
P311 KO.

Looking at a plot of taxonomy distribution (Figure 14), we demonstrated that within Genus
Firmicutes notable increase in Lactobacillus murinus and Lactobacillus gasseri. P311 KOs have a decrease
in Alloprevotella which is a genus of anaerobic, gram-negative bacteria found in the human oral cavity
and gut. It acts as a glycolytic bacterium, producing significant amounts of acetic and succinic acid,
which help maintain intestinal barrier integrity and modulate metabolic processes. It functions to
produce short-chain fatty acids (SCFAs)—specifically acetate and succinate—which contribute to gut
health. We also observed decreases in Bacteroides sartorii, which plays a key role in breaking down
complex plant polysaccharides and dietary fibers that human enzymes cannot digest and produce,
acetate and propionate for energy use.

Figure 14
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Figure 14. Genus-level differential abundance between WT and P311 KO microbiomes. Genus-level
differential abundance analysis showing log2 fold change between WT and P311 KO for individual taxa. Each
point represents a genus, colored by phylum (Actinobacteria, Bacteroidetes, Firmicutes, Proteobacteria, and
Tenericutes). The vertical dashed line at zero indicates no change between groups; points to the left indicate
enrichment of respective microbes in WT and points to the right indicate enrichment of respective microbes in
P311 KO.

3. Discussion

Previously our lab reported the key role of P311 in adipogenesis using 3T3L1 preadipocytes
indicating the potential function of P311 in the regulation of white adipose tissue development
[32,47,48]. A potential role of P311 in inflammation was predicted using in silico protein-protein
interaction (PPI) network model [42]. As our ongoing studies and other studies showed the role of
P311 in obesity and MASLD [32,47-49], current studies were conducted to shed light on the axis of
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P311, gut microbiome and inflammation (macrophage polarization). We examined RAW cells with
different concentrations and exposure times of anti-inflammatory stimulant (IL4). Our results
showed increased P311 expression matching with similar increases in CD206 (M2 marker)
proportional to concentration of IL4 and similar results repeated with increased exposure time with
IL4. To further understand the correlation between M2 phenotype and P311, we verified whether
P311 overexpression have any effect on macrophage phenotypes in RAW cells. We noticed
predominant expression of CD206 in P311 overexpressed RAW cells which is absent in control group.
These results demonstrates that P311 protein independently influences the macrophage activation
towards M2 phenotype. Our results concur with the wound healing and angiogenesis studies
reported recently using a mice model [34]. Our additional studies verifying the effect of different
concentration and exposure times of pro-inflammatory stimulant (LPS) on RAW cells showed
switching of macrophages to M2-type inducing pro-inflammatory phenotype (increase CD86) with
decrease in P311 transcripts. Here we have seen the inverse correlation between P311 expression and
CD86 expression. Previous reports indicate that inflammatory effects of LPS vary with exposure time
by counter mechanism of anti-inflammatory proteins such as IL10 and kinetics of signaling molecules
[50]. Treating P311 overexpressing RAW cells with IL4 increased the anti-inflammatory roles of M2-
macrophages significantly but less than the individual exposures (P311 or IL4). However, treating
P311 overexpressing RAW cells with LPS significantly reduced pro-inflammatory phenotypic
changes as indicated by the decrease in the expression of CD86 expression compared with control.
Altogether these observations conclude that the P311 protein not only has an anti-inflammatory role
on macrophages but also has inhibitory function on pro-inflammation.

We evaluated the CD68 marker as a pan macrophage marker which is also marker for CLS. We
noticed that CD68 expression was significantly decreased at higher concentrations (above 50ng/mL,
protein expression) and longer treatments (over 48 hours, both mRNA and protein levels) with LPS.
These observations imply potential role of bacterial toxin LPS on not only increasing pro-
inflammatory phenotype of macrophages, but LPS might be changing altogether the nature of
macrophages to less macrophage-like cells or transdifferentiate into new cell types like
myofibroblasts [51-53]. In addition, this might be associated with decreased phagocytic functions.
CD68 is a well-known immune histological marker but mainly present in the endosomal/lysosomal
compartment but shuttles to cell surface and acts as potent scavenger receptor [54] [54]. Its expression
in lipid associated macrophages plays a key role in CLS for clearing cell debris, regulating
phagocytosis, and recruiting macrophages [55].

Our understanding of the molecular mechanism on study findings showed P311 presence
increased the expression of phosphor-STAT6, establishing the P311’s association with JAK/STAT
signaling pathway for alternative macrophage activation [56]. Other key signaling molecules, STAT3
and IKB-a (both total and phosphorylated forms) not show any differences. It indicates that the P311
association with STAT6 activation indirectly protects the macrophages leading them to anti-
inflammatory phenotype.

The microbiome consisting of various bacteria, archaea, fungi, protozoa, and viruses has
essential roles in the human organs and organ systems including digestion of biomolecules,
production of vitamins and short chain fatty acids and energy homeostasis [24-26,28]. Loss of P311
shows a powerful ability to remodel the microbial gut community towards a microbial environment
that supports energy storage rather than energy expenditure. This is most notably visible with the
increased presence of the microbial genera Firmicutes in P311 KOs which is associated with the
production of short chain fatty acids like butyrates, acetates, and propionates, through the
fermentation of dietary fiber and resistant starches. The short chain fatty acids, primarily acetate, are
converted into acetyl-CoA which is a precursor to long chain fatty acids and triglyceride production
during lipogenesis [57]. Higher ratios of Firmicutes to Bacteroidetes is associated with obesity and a
maker of gut dysbiosis [58]. In our data we see this ratio of (1.1 vs 0.54) in P311 KO’s and WT
respectively, indicating that P311 plays a role in this switch in abundance.
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The connection between obesity and bacterial communities often entails a third axis associated
with inflammatory pathways. Firmicutes from the class Negativicutes and Halanaerobiales increased
lipopolysaccharide (LPS) production or its translocation, which activates macrophages via TLR4/NF-
kB pathways to polarize macrophages toward the M1 phenotype, producing inflammatory cytokines
TNF-a, IL-13, and IL-6 [59,60]. This proinflammatory mechanism extends to disease states such as
MASLD where increased presence of Bacteroides vulgatus was reported and saw inflammatory
responses from Kupffer cells, neutrophils, and T cells [61]. In our data we observed low abundance
of Bacteroides vulgatus (< 5) and increased abundance of genus Bacteroides in P311 KO mouse poops.
Additional studies are underway to understand this connection. Increases in Firmicutes abundance
have been associated with aging. The process of aging itself entails an inflammatory process promotes
this along with decreased microbial diversity [57]. Looking at P311 KOs, we observed reduced
diversity metrics which coupled with increased Firmicutes abundance creates potential dynamic of
accelerated aging.

The gut microbiome has a complex interaction with inflammatory pathways by modulating
immune functions through release of metabolites and structural components such as Pathogen-
Associated Molecular Patterns (PAMPS) which both interact with and polarize macrophages [5]. Loss
of P311 creates a system of dysbiosis in the GI by altering the gut microbiome composition,
particularly with sharp increases in abundance of the genus Firmicutes. While microbial Firmicutes
have been shown to promote anti-inflammatory processes through butyrate production promoting
M2 polarization; excessive abundance of Firmicutes is associated with the obesogenic state which is
a proinflammatory environment [62]. Firmicutes-derived metabolites like trimethylamine (TMA) a
precursor to Trimethylamine N-oxide (TMAQ) was reported to drive M1 polarization via NLRP3
inflammasome activation [63]. Furthermore, the imbalance in the P311KO microbial ecosystem
creates an environment favoring short chain fatty acids producing microbes that perpetuate adipose
tissue expansion. This dynamic creates a feedback loop supporting the release of adipokines e.g.,
leptin and resistin that promote M1 polarization in macrophages inducing the release of TNF-a and
IL-6 triggering inflammatory pathways [64].

Overall, with the loss of P311 we observed a holistic shift in the microbial landscape that creates
a dynamic conducive to inflammatory pathways driven by increases in lipogenic microbes. These
microbes are already associated with the inflammation prone state of obesity and further exacerbate
inflammatory pathways by driving M1 macrophage polarization as a byproduct of their increased
abundance. The P311 KO microbe-obesity-inflammatory axis should be further explored to elucidate
the mechanisms driving this phenomenon.

4. Materials & Methods

4.1. Cell Culture

a. Raw 264.7 mouse macrophages (Raw cells)

Raw 264.7 mouse macrophage cells (ATCC) were cultured in complete DMEM medium. To
make complete DMEM medium, DMEM was supplemented with 10% fetal bovine serum (ATCC)
and 1% Antibiotic-Antimycotic solution (Gibco, 100 U/mL of penicillin, 100 pug/mL of streptomycin
and 0.25 pg/mL of amphotericin-B. The cells were maintained at 37 °C in a humidified atmosphere
with 5% COz. All the experiments were conducted using cells in 4 to 10t passage.

b. Transfections

RAW 264.7 cells were seeded at a density of 2.0 x 106 to 3.0 x 106 in a 100mm culture dish. Cells
were transfected with pCMV (empty vector) and c-myc-tag expressing pcP311 plasmid DNA [33]
using lipofectamine 3000 reagent (Thermofisher Scientific, US) following the manufacturer optimized
protocol. Transfected cells were used for experiments after 24 - 36 hours of transfection as detailed in
individual experiments. Cells were harvested for qPCR and western blot analysis. Different
transfection reagents Lipofectamine™ 2000 (Invitrogen), Lipofectamine™ 3000 (Invitrogen), Xfect™
Transfection Reagent (Takara Bio) and FuGENE® 6 Transfection Reagent (Promega Corporation)
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were used to optimize transfections in RAW cells. The Lipofectamine™ 3000 showed optimal
efficiency and applied for further experiments.

4.2. Animal Studies

P311 KO mice are kind gift of Dr. Taylor as described earlier [33,65]. In brief, a major portion
of p311 gene, 4-kb Sacl and Ndel fragment, covering most of the gene was replaced with pGKneoBpA
plasmid. 3.9-kb and 4-kb size of noncoding regions both upstream and downs stream regions
respectively of p311 gene (Sacl and Ndel fragment) were left intact.

4.3. Dose Dependent and Time Dependent Activation of Naive Macrophages Using M1-Type Macrophage
Phenotype Inducer (Lipopolysacharide) and M2-Type Macrophage Phenotype Inducer (Interleukin-4) on
P311 Expression

a. Dose dependent effects of Lipopolysaccharide (LPS) concentrations on P311 expression.

Raw cells were treated with lipopolysaccharide (Sigma Aldricc MO, USA) at various
concentrations 0, 10, 25, 50, 100 and 200 ng/mL for 24 hours. Cells were harvested at the end of
incubation for quantitative PCR (qPCR) and western/immuno blot analysis.

b. Time dependent effects of Lipopolysaccharide (LPS) treatment on P311 expression.

Raw cells were incubated for 4, 9, 24, 48 and 72 hours with 100 ng/mL of LPS. At the end of each
timepoint, cells were harvested for qJPCR and western blot analysis.

C. Dose dependent effects of Interleukin 4 (I1.-4) concentrations on P311 expression

Raw cells were treated with interleukin 4 (IL4, PeproTech, NJ, USA) at the concentrations of 0,
2,5, 10, 20 and 50 ng/mL for 24 hours. Cells were harvested at the end of incubation for qPCR and
western blot analysis.

d. Time dependent effects of Interleukin 4 (IL-4) treatment on 311 expression
Raw cells were incubated for 4, 9, 24, 48 and 72 hours with 10 ng/mL of IL-4. At the end of each
time point, cells were harvested for qPCR and western blot analysis.

4.4. Quantitative Polymerase Chain Reaction (qPCR)

The qPCR analysis was performed as previously described [32,33,66]. In brief RNA isolations
were performed using TRIzol reagent Invitrogen) followed by cDNA synthesis using iScript cONA
synthesis kit Bio-Rad Laboratories). Further gJPCRs were performed using iQ SYBR Green Supermix
Bio-Rad Laboratories) following manufacturer’s instructions using a CFX Opus 96 Real-Time PCR
System (Bio-Rad Laboratories). The following primers were used (Integrated DNA Technologies, Inc.
USA). Anti-TATA binding protein (TBP) used as internal control to normalize the expression of
mRNA transcripts and results were expressed as 2-AACT.

P311 (NREP) Forward: TGACCCAGACCAAGAGTTCT,
Reverse: GCCGAGTGTAGAAAGCAGAG

CD206 Forward: CAAGTT GCCGTCTGA ACTGA,
Reverse: TATCTCTGTCATCCCTGTCTCT

CD86 Forward: AAC AGCATCTGAGATCAGCA,
Reverse: CAGACTCCTGTAGACGTGTTC

CDe68 Forward: CCATGAATGTCCACTGTGCT,
Reverse: CACCTGTCTCTCTCATTTCCTT
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TBP Forward: CAGAACTGAAAATCAACGCAG,
(normalization | Reverse: TGTATCTACCGTGAATCTTGGC

control)

4.5. Western Blot

Western blot analysis was conducted as described earlier [32,33,66]. Briefly, proteins were
extracted using M-PER lysis buffer supplemented with Halt™ Protease Inhibitor Cocktail and 1% of
TRITON X-100 (Thermo Scientific). Proteins were resolved on NuPAGE 4-12% Bis-Tris gels
(Invitrogen) and transferred onto Immuno-Blot® PVDF membrane (Bio-Rad Laboratories). After
blocking the membranes with 3% milk solution for at least 2 hours, the membranes were incubated
with primary antibodies (1:1000 dilution unless otherwise mentioned) followed by horseradish
peroxidase conjugated secondary antibodies (1:10,000 dilution). Supersignal west pico PLUS
chemiluminescent substrate kit (Thermo Scientific) was used for image development and
chemiluminescent protein bands visualization using LAS4000 gel imaging system (GE Healthcare)
and/or iBright CL1500 Imaging System (Invitrogen). Primary antibodies details include anti-P311
(Abcam, Eugene, CA), anti-GAPDH (Abcam) and anti-c-myc Tag (Merck Millipore, Temecula, CA).
And anti-CD206, anti-CD86, anti-CD68, anti-STAT6, anti-phospho-5Stat6, anti-STAT3, anti-phospho-
STAT3, anti-IKBa, anti-phospho-IKBa, anti-TBP and anti-a-Tubulin were purchased from cell
signaling technology (Danvers, MA). Secondary antibodies, goat anti-rabbit IgG (H + L)-HRP
conjugate and goat anti-mouse IgG (H + L)-HRP Conjugate were procured from Bio Rad Laboratories
(Hercules, CA).

4.6. Flow Cytometry

Flowcytometric analysis was conducted for endogenous P311 expression and macrophage
markers (CD206 and CD86) in pCMV and pcP311 transfected RAW cells. Briefly, cells were washed
and prepared 1 X 106/mL cell suspension in FACS buffer (1%BSA in PBS). The cells were fixed with
4% paraformaldehyde, followed by permeabilized with 0.1% Triton-X in PBS. Cells were then
incubated with primary antibodies (1:100 dilution) followed by incubated with fluorophore tagged
secondary antibody (1:500 dilution). Immuno-stained cells resuspended in FACS buffer and analyzed
using flow cytometry (Guava® easycyte, cytek). Primary antibodies anti-P311 (Abcam), anti-c-myc
tag (Merck Millipore), and anti-CD206, anti-CD86, anti-F4/80 rabbit monoclonal antibody and anti-
F4/80 rat monoclonal antibody (cell signaling technology) were used. Secondary antibodies goat anti-
mouse IgG (H+L) Alexa Fluor™ 488 (Invitrogen), goat anti-rat IgG (H+L) Alexa Fluor™ 647
(Invitrogen), goat anti-rabbit IgG (H+L) Alexa Fluor™ 488 (Invitrogen), and goat anti-rabbit IgG
(H+L) Alexa Fluor™ 647 (Invitrogen) were used species specific manner according to primary
antibodies used.

4.7. Immunofluorescence (IF)

Endogenous P311 expression in RAW cells was studied using immunofluorescence method as
described earlier [32,33,38]. RAW cells approximately 1.0 — 2.0X10° cells/mL seeded into chamber
glass slides and treated with either LPS or IL4. Cells with vehicle treatment were used as controls.
After 24 hours of treatment, cells were fixed with 4% paraformaldehyde, followed by permeabilized
with 0.1% Triton-X in phosphate buffered saline (PBS) and blocked with 3% BSA in PBS. Cells were
then incubated with P311 primary antibodies (Abcam) followed by incubation with Alexa Flur 488
goat anti rabbit [gG(H+L) secondary antibody (1:500 dilution, Invitrogen). Immuno-stained cells were
mounted with ProLong Gold antifade mountant with 4',6-diamidino-2-phenylindole (DAPI).
Immunofluorescent images were captured with 40X objective in BZ-X810 fluorescence confocal
microscope (Keyence corporation of America). Raw cells approximately 3.0X10¢ cells/mL were
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seeded into 100 mm cell culture dishes. After 24 hours of treatments of LPS and IL4 as well as a
vehicle treatment (control), cells were harvested and used for immunoblot analysis.

4.8. Microbiome Studies & 16s rRNA Sequencing

Fecal samples were collected from wildtype and P311 KO mice (n= 8-10 animals) in accordance
with Institutional Animal Care and Use Committee (IACUC) protocol and the samples were flash
frozen in liquid nitrogen. Samples were sequenced at the UAB Microbiome Resource, Center for
Clinical and Translational Sciences, University of Alabama at Birmingham following standard
published protocol [67]. In brief, fecal samples were diluted in 20 ml of Cary-Blair medium to the
final concentration of 0.1 mg/ml containing 10% of v/v glycerol. Five milliliter aliquots are dispensed
into cryovial tubes and stored at -80°C until the use. DNA was isolated using the Fecal DNA Isolation
Kit (Zymo Research). Primers specific for the V4 region of microbial DNA were used for
amplification. PCR was performed using 3" and 5" primers both consisting of an adaptor sequence
with and the 3" end containing an additional 6-bp region for the “barcoded” index sequences using
LongAmp Taq PCR kit (New England Bio). The PCR program include 1 cycle of 1 minute incubation
at 94°C (initial denaturation); 32 cycles of 30 second incubation at 94°C, 1 minute incubation at 50°C
and 1 minute incubation at 65°C; followed by 1 cycle incubation for 3 minutes at 65°C (final extension)
and final hold at 4°C. The PCR products from the individual samples were electrophoresed on an
agarose gel (1.0% agarose/Tris-borate-EDTA gel), visualized by UV illumination and gel extraction
of amplicons was conducted using QIAquick Gel Extraction Kit (Qiagen). The purified amplicons
were quantitated using Pico Green solution (Invitrogen) on an Infinite M200 fluorescent plate reader.
Samples were then sequenced on Illumina MiSeq platform. QWRAP was used for data preprocessing
as described in the protocol [67]. The package phyloseq was used for data analysis and ggplot2 for
data visualization.

4.9. Data Analysis

Data was presented as Mean + Standard deviation. Comparisons between groups were
calculated using a two-tailed unpaired t-test. The p Value <0.05 considered as statistical significance.
Each experiment was conducted in triplicates and repeated at least three times.

5. Conclusion

Our study findings suggest that P311 influence macrophage polarization towards anti-
inflammatory M2-phenotype. Further, P311 can independently and in combination with bacterial
toxin agent (LPS) is capable of suppressing the inflammatory phenotype. These findings direct our
future research towards P311 associated macrophage roles during metabolic inflammation. P311KOs
showed a change in GI microbiome towards obesogenic and inflammation prone states. The P311 KO
microbe-obesity-inflammatory axis should be further explored to elucidate the mechanisms driving
this phenomenon.
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