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Chromogranin A (CgA) is a glyco-phosphoprotein discovered for the first time in the adrenal medulla but also
produced in several cells. CgA can generate different derived antimicrobial peptides (AMPs) influencing numerous
physiological processes. CgA-derived peptides modulate inflammation and represent an example of endogenous
Multifunctional AMPs (MF-AMPSs).
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| 1. CgA-Derived AMPs

Chromogranin A (CgA) is a glycoprotein with 431 residues and a molecular weight of 49 kDa belonging to the
Granin family, discovered for the first time at the end of the 1960s in the granules of adrenomedullary chromaffin
cells [, In the last few decades, CgA has been identified in immune cells EBI4 neurons &, cardiomyocytes €,
keratinocytes and fibroblasts . This protein may influence different physiological processes. Its role was reported
in cardiac function and cardio-protection &, catecholamine storage and feedback release & and the modulation of
vascular function 2% put also in cellular recruitment and the modulation of immune response ML However, this
prohormone produces, by proteolytic processing, active biological peptides, such as Vasostatins (Vs),
Prochromacin, Chromacin, Pancreastatin, WE 14, Catestatin (Cts), Parastatin and Serpinin [12][13] At the end of the
1990s and early 2000s, several CgA-derived peptides were discovered as antimicrobial peptides (AMPs) acting
against several bacteria, fungi and yeast. The CgA-derived peptides have been found in biological fluids involved in
host-defense responses, such as serum, saliva and neutrophils secretions, or against pathogens in the first barrier
of the human body, such as the skin ZEIZL4IS The CgA-derived peptides act as antimicrobial agents in the
micro-molar range [BISIIGILT These concentrations are also reported in the biological fluid after stimulation with
pathogen toxins or during infection [ZIEBILIIS Among the CgA-derived peptides, the Vs-I and Cts were first
identified as antimicrobial agents; however, their antimicrobial domains were rapidly reported. Vs-I was initially
identified as a vasoinhibitory agent 18, For Vs-I, Lugardon characterized this peptide’s antimicrobial activities
against many pathogens (218119 However, after the incubation of Vs-I with endoproteinase Glu-C, a digested
sequence CgA47-66, called Chromofungin (Chr), was identified and found highly active against several fungi and
yeasts L8l |t has a global hydrophobicity and amphipathic character, allowing a strong interaction with the
membrane. Specifically, Chr possesses a positive charge of +3.5, showing an amphipathic helix in the C-terminal

part in the sequence CgA53-66 and at the N-terminal domain, a hydrophobic sequence corresponding to CgA48-
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51 and a hydrophilic structure CgA53-46, respectively 16201 The Vs-| and Chr antimicrobial mechanism of action
is explained through the specific interaction of peptides with ergosterol, one of the main components of yeast and
fungal membranes, inducing increased pressure and penetration into the membrane 2829 (Figure 1). Other data
demonstrated that Chr could inhibit Calcineurin activity by interacting with Calmodulin 18 (Figure 1). Within
microbial cells, Vs-I and Chr may interfere with the Calcium/Calmodulin/Calcineurin signaling pathway by blocking
the pathway implicated in virulence and skeleton development of cell walls 21, Cts was identified as a
catecholamine release-inhibitory peptide 22, Cts is a small 21-amino-acid cationic peptide with a positive net
charge of +5 within the bovine sequence (bCgA344-364) possessing a C-terminal hydrophobic sequence. Taylor
and colleagues identified a smaller peptide (CgA344-358) derived from Cts with a more substantial inhibitory effect
on catecholamine release 23, This peptide was called Cateslytin (Ctl) by Briolat et al. and is also characterized by
its antimicrobial activities with potent effects compared to Cts [22l. Ctl is also a positively charged (+5) arginine-rich
antimicrobial peptide and, in an aqueous solution, is a linear peptide with a disordered structure. However, when
interacting with the membrane, Ctl acquires an a-helical form 241, Other studies with a system mimicking bacterial
membrane demonstrated that Ctl could convert its structure into antiparallel 3-sheets precipitating against the
negatively charged part of the membranes 23, Then, Ctl induced an increased rigidity, permeability gradient and

membrane pore formation in the domains containing ergosterol (22281271 (Figure 1).
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Figure 1. Antimicrobial Mechanisms of Action of Multifunctional Antimicrobial Peptides (MF-AMPs). Based
on their biochemical characteristics, MF-AMPs can interact with the membrane lipids, inducing the pathogens’
instability and rigidity of the cell membrane. Upon reaching the minimum inhibitory concentration (MIC) values, they

cause pore formation and cell lysis. Some MF-AMPs exert a cell-penetrating peptides-like function. They can
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penetrate the membrane, blocking pathogens’ growth by internal membrane dysfunction, cytoskeleton interaction

and interference of biomolecules production. Deoxyribonucleic acid (DNA); ribonucleic acid (RNA).

2. CgA-Derived Peptides and Immune Cells Activities and
Inflammation

The involvement of CgA and its derived peptides in innate immunity is well known for its antimicrobial activity. In
addition, the role of these MF-AMPs is also reported in immune cells, conferring them a complex profile of
immunity modulators. The role of CgA-derived peptides on immune cells was studied for the first time in 2009; in
particular, the effects of Chr and Cts were evaluated on polymorphonuclear neutrophils. After the treatments with
the peptides, Chr and Cts were observed inside the cells, demonstrating their ability to penetrate the mammalian
membrane and the profile of cell-penetrating peptides (CPPs) . Then, in the presence of extracellular calcium, the
two peptides induced a transient calcium influx in the cells, binding Calmodulin-binding factors (W7 and CMZ) and
activating iPLA2 [, In addition, the pharmacological block of these channels inhibited the calcium flux induced by
Chr and Cts Bl On the other hand, when extracellular calcium is absent, the peptides cannot induce calcium
secretion B, Notably, the secretion of polymorphonuclear neutrophils treated with the two CgA-derived peptides
induced the secretion of several important factors for innate immunity and inflammation, such as Lactotransferrin,
Lysozyme, Neutrophil Gelatinase Associated Lipocalin and S100 calcium-binding protein A8/A9 Bl. Several studies
reported the role of Vs-1 as an anti-atherogenesis and anti-inflammatory factor suppressing the adhesion of
monocytes to endothelial cells by adhesion molecule down-regulation 28129 Xjong and coworkers reported the
anti-inflammatory role of Vs-Il (N-terminal fragment of CgA containing Vs-I; CgAl1-113) in an apolipoprotein E-
deficient (ApoE™") mice model fed with a high-fat diet developing atherosclerosis. In this study, Vs-II treatment
reduced the occurrence of atherosclerotic plaque and attenuated lesions 28, Furthermore, Vs-II significantly
reduced the production of pro-inflammatory cytokines in aortic tissue, such as Tumor Necrosis Factor-a (TNF-a),
Monocyte Chemoattractant Protein-1 (MCP-1) and Vascular Cell Adhesion Molecule-1 (VCAM-1) [28], The same
authors demonstrated, by several in vivo analyses, that these anti-inflammatory properties are based on the ability
of Vs-II to reduce leukocytes adhesion on ApoE™~ mice arteries but also on the recruitment, transmigration and
accumulation of M1 macrophages in the lesions 28, In the same animal model, Sato et al. showed that Vs-I
treatment reduces aortic atherosclerotic lesions development due to reductions in intra-plaque inflammation,
macrophage infiltration and aortic smooth muscle cells proliferation and plasma glucose level 22, From a cellular
point of view, Vs-I suppressed the lipopolysaccharide (LPS)-induced production of chemokine MCP1 and vascular
damage markers, such as VCAM-1 and E-selectin, in human endothelial cells (29 At the same time, Vs-I was
found to reduce M1 pro-inflammatory macrophages differentiation and IL6 release but also oxidized low-density
lipoprotein (oxLDL)-induced foam cell formation of macrophages 29, Of great clinical interest, Vs-1 is expressed
around Monckeberg’s medial calcific sclerosis in human radial arteries 29, Additionally, the immunomodulatory role
of Chr has been reported in a mice model of ulcerative colitis induced by dextran sulfate sodium administration 2%
Bl This model decreased Chr expression B Furthermore, Chr treatment, by intracolonic administration,
significantly reduced the inflammation and severity of colitis. The anti-inflammatory effects were due to the

differentiation of macrophages into M2 anti-inflammatory clones with the consequent reduction of released IL-18

https://encyclopedia.pub/entry/29059 3/9



Chromogranin A -Derived Peptides as Inflammatory Modulator Molecules | Encyclopedia.pub

and the increased expression of M2 markers BBl yUsing the same animal model, Kapoor and colleagues
demonstrated that intrarectal Chr treatment reduced colitis severity and inflammation B2 In parallel, this was
associated with a significant decrease in the expression of CD11c, CD40, CD80, CD86 IL6 and IL12p40 in the
inflamed colonic mucosa, mesenteric lymph nodes and spleen 2. In addition, Chr reduces in CD11c positive cells
the expression of CD80, CD86 and NF-kB in the spleen and colon, respectively 2. All these in vivo data
demonstrated that Chr has protective properties against intestinal inflammation and exerts the role of
immunomodulator for intestinal macrophages and dendritic cells (DCs). These effects were also demonstrated in
vitro with macrophages showing that Chr increased the production of anti-inflammatory factors and the M2
differentiation 2%, At the same time, Chr treatment significantly reduced the expression of M1 macrophage markers
and the activation of the NF-kB pathway 1. Additionally, in this case, in vitro experiments with M1 macrophages
demonstrated that this peptide could decrease cellular migration, proinflammatory cytokines production and
release, and NF-kB phosphorylation B, Furthermore, treatment with Chr or a conditioned medium of Chr-treated
macrophages M2 induced epithelial cell proliferation and migration but also decreased oxidative stress and pro-
inflammatory cytokine production B9, In addition, the Chr treatment of naive bone marrow-derived CD11c positive
DCs reduced the LPS-induced expression of CD40, CD80, CD86 IL-6 and 1L-12p40 22, These results were also
confirmed in intestinal tissue isolated from patients with ulcerative colitis, demonstrating that Chr expression was
down-regulated in these patients compared to healthy controls 1. Indeed, the mRNA levels of Chr were positively
correlated with the mRNA expression of M2 macrophages activation markers and negatively to the expression of
collagen, IL-8 and IL-18, but also with M1 activation markers (TLR-4 expression and NF-kB activation) and
consequent pro-inflammatory cytokines production BB |n these patients, the reduction of Chr level is also
associated with a negative linear relationship with CD11c and CD86 22, Moreover, another study confirmed the
anti-inflammatory effects of Chr on monocytes. Treatment with this peptide significantly inhibited the transcription of
pro-inflammatory factors, such as NF-kB and AP-1, in these cells [8l. Furthermore, Rabbi and colleagues showed
that Cts reduced intestinal inflammation and the onset of colitis lesions by a Stat-3 activation 34l At the same time,
the markers of M1 macrophage activation and the colonic levels of pro-inflammatory cytokines, such as IL-6, IL-13
and TNF-a, were significantly decreased by Cts treatment 32, However, Cts did not influence M2 macrophage
markers B8 Furthermore, these anti-inflammatory effects were confirmed in cellular experiments using
macrophages isolated from the peritoneal cavity and the bone marrow, demonstrating that in vitro treatment with
Cts significantly decreased the production of the pro-inflammatory cytokines and phosphorylation of Stat-3 B4, In
addition, peritoneal macrophages isolated from naive mice and treated with Cts and LPS displayed a reduction in
the expression and production of pro-inflammatory cytokines blocking the activation of M1 macrophages 2. In
addition, the genetic deletion of Cts induces hypertensive conditions and left ventricular hypertrophy accompanied
by significant macrophage infiltration in cardiac tissue and adrenal gland B8, In this context, the absence of Cts
induced an increased level of pro-inflammatory cytokines TNF-a, C-C motif chemokine ligand (CCL)-2, 3, C-X-C
motif chemokine ligand (CXCL)-1 and catecholamines but also an elevated inflammation in heart with the up-
regulation of cardiac genes, such as Tnfa, Ifng, Emrl, Itgam, ltgax, Nos2a, IL12b, Ccl2 and Cxcl1 [36] It is of great
interest that the intraperitoneal administration of Cts reversed this phenotype. In addition, macrophage depletion
blocked the onset of hypertension in Cts-knockout (KO) mice (8. Furthermore, bone-marrow transfer of KO

animals in wild-type (WT) counterparts induced hypertension and cardiac inflammation, while opposite conditions
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showed the opposite phenotype [28l. All these data strongly suggest that the anti-hypertensive effects of Cts are
partially mediated by an immunosuppressive action of this peptide on macrophages 8. The role of Cts as an
immunomodulator was also explored in the context of atherosclerosis and vascular injury. In fact, in vitro treatment
with Cts on endothelial cells significantly reduces the release of TNF-a and vascular damage markers, such as
ICAM-1 and VCAM-1, after LPS exposure 7. At the same time, Cts treatment suppresses inflammatory responses
and oxidizes the low-density lipoprotein-induced foam cell formation of human macrophages B4, Kojima and
colleagues demonstrated that Cts injection to ApoE™~ mice significantly reduces macrophage infiltration and the
consequent atherosclerotic lesions onset in the aorta but also suppresses aortic smooth muscle cells proliferation
and collagen deposition in atheromatous plaques B4, Furthermore, in vitro experiments with human aortic smooth
muscle cells showed that Cts treatment can block collagen-1 and fibronectin expression and migration, proliferation
and apoptotic process 7. Of significant clinical impact, coronary artery disease patients displayed a substantial
reduction of plasmatic levels of Cts but an increased expression in coronary atheromatous plaques 7. In an acute
pulmonary embolism in vivo model and cellular experiments with human pulmonary artery endothelial cells, Cts
treatment was found to abolish thrombin-induced inflammation blocking TLR-4 expression and p38
phosphorylation, decreasing the consequent acute pulmonary embolism B8, In conclusion, Vs-I and Chr than Cts
are key attenuators of inflammation in different tissue and pathological conditions by reducing immune cell

infiltration and inflammatory activation (Figure 2).
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Figure 2. ChromgraninA (CgA)-derived Peptides and Inflammation. Damage or stress stimuli induce the
migration, proliferation and activation of macrophages with consequent pro-inflammatory cytokines and
chemokines release. This phenomenon generates cell death and inflammation. CgA-derived peptides can reduce

M1 polarization and promote M2 anti-inflammatory macrophages differentiation. C-C motif chemokine ligand
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(CCL); C-X-C motif chemokine ligand (CXCL); interleukin (IL); monocyte chemoattractant protein (MCP); toll-like

receptor (TLR); tumor necrosis factor (TNF).
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