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Summary The mitochondria produce some specific peptides: mitochondrial 

derived peptides (MDPs) that mediate transcriptional stress response by its 

translocation into the nucleus and interaction with DNA. MDPs are regulators 

of metabolism. This class of peptides comprises: humanin (HN), mitochondrial 

open reading frame of the 12S rRNA-c (MOTS-c), and Small HN-like peptides 

(SHLPs). HN inhibits mitochondrial complex 1 activity and limits oxidative stress 

level in the cell. Data show that MDPs had a role in improving metabolic 

diseases such as type 2 diabetes (T2D). Moreover, HN could be used as a 

marker for mitochondrial function in cardiovascular disease or as a 

pharmacological strategy in patients with endothelial dysfunction. The goal of 

this review is to discuss the newly emerging functions of HN and its biological 

role in cardiovascular disorder. 

Résumé La mitochondrie produit des peptides spécifiques : les mitochondrial 

derived peptides (MDPs)qui participent à la réponse transcriptionnelle au 

stress par translocation dans le noyau et interaction avec l’ADN. MDPs sont des 

régulateurs du métabolisme. Cette classe de peptides comprend : l’humanine 
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(HN), les mitochondrial open reading frame of the 12S rRNA-c (MOTS-c), et les 

Small HN-like peptides (SHLPs). HN inhibe le complexe 1 mitochondrial et limite 

le niveau du stress oxydatif cellulaire. Des résultats montrent que les MDPs 

améliorent les désordres métaboliques tels que les diabètes de type 2. Par 

ailleurs, HN peut être utilisée comme un marqueur de la fonction 

mitochondriale lors des atteintes cardiovasculaires ou comme une stratégie 

pharmacologique chez des patients présentant une dysfonction endothéliale. 

L’objectif de cette revue est d’aborder les fonctions de l’HN récemment 

définies et son rôle biologique en pathologie cardiovasculaire. 

KEYWORDS Mitochondrial-derived-peptides Humanin Cardiovascula 

Inflammation Marker 

MOTS CLES Peptides mitochondriaux Humanine Cardiovasculaire Inflammation 

Marqueur  

Abbreviations: AD, Alzheimer’s disease; ATP, adenosine triphosphate ; BAX, 

BCL-2-associated X apoptosis regulator; BCL2, B-cell lymphoma 2 ; CKD, chronic 

kidney disease; CNTFR, ciliary neurotrophic factor receptor; DNA, 

deoxyribonucleic acid; ER, endoplasmic reticulum; ERK1/2, extracellular signal- 

regulated kinase 1/2; FPRL1, formyl-peptide receptor-like-1 ; GH, growth 

hormone ; GSH, glutathione ; HF, heart failure ; HN, humanin; HNG, humanin 

analogue; IGF, insulin-like growth factor-I ; IGFBPs, insulin-like growth factor-

binding protein ; I/R, ischemia/reperfusion ; MDP, mitochondrial derived 

peptides ; MOTS-c, mitochondrial open reading frame of the 12S rRNA-c; 

mtDNA, mitochondrial DNA ; ORF, open reading frame ; ROS, reactive oxygen 

species ; RNS, reactive nitrogen species ; SHLPs, small HN-like peptides; T2D, 

type 2 diabetes ; VCAM, vascular cell adhesion molecule 1.  
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Introduction 

In addition to its role in energy production and metabolism, mitochondria play 

a key role in apoptosis, oxidative stress, and calcium homeostasis. Dysfunction 

of mitochondria has been associated with ageing and age-related diseases 

indicating the importance of this organelle in the maintenance of cell 

homeostasis. The mitochondria produce some specific peptides that mediate 

transcriptional stress response by the translocation into the nucleus and 

interaction with DNA. Mitochondrial derived peptides (MDPs) are regulators of 

metabolism and various studies have shown that MDPs exerted cytoprotective 

effects through anti-oxidative stress, anti-inflammatory responses and anti-

apoptosis [1, 2]. 

Mitochondria booked a portion of the original bacterial genomes that co-

evolved with nuclear genome. Thus, the mitochondrial and the nuclear 

genomes had coevolved to coordinate cellular functions, including metabolic 

and stress response. The mitochondrial genome presents bacterial-like 

characters: the DNA molecules (mtDNA) are circular, double stranded, with 

16,569 nucleotides in humans [3]. The mtDNA encodes functional MDPs. This 

class of peptides comprises humanin (HN), mitochondrial open reading frame 

of the 12S rRNA-c (MOTS-c) and Small HN-like peptides (SHLPs) expanding the 

expression of mitochondrial proteome [4]. 

Mitochondria can export peptides and also import cytosolic peptides. 

Mitochondrial protein homeostasis is maintained through proper folding and 

assembly of newly translated polypeptides. Several factors challenge the 

mitochondrial protein-folding environment including reactive oxygen species 

(ROS) that are generated within mitochondria. A major concept in 

mitochondrial function is the anterograde and retrograde signaling pathways 

between the mitochondria and the nucleus. In mammalian cells, altered 

nuclear expression in response to mitochondrial dysfunction is reported; a 

number of signaling pathways being implicated in this retrograde 

communication [5]. 

The mitochondrial unfolded protein response (UPRmt) is also a central part of 

the mitochondrial response. UPRmt is a mitochondria-to-nuclear 

communication mechanism that promotes adaptive regulation of nuclear genes 
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related to mitochondrial response, and is implicated in the cellular homeostasis 

[6]. UPRs target process depends on the severity of endoplasmic reticulum (ER) 

stress. When the ER perceives the imbalance in ER homeostasis, the UPR 

signaling mediates cell survival and adaptation to reduce ER stress [7]. 

Mitochondrial UPRmt is a mechanism that responds to mitochondrial and 

cellular stresses. Other than nuclear encoded proteins, mtDNA-encoded 

peptides, such as humanin and its derivatives are known to have important 

cellular functions (Table 1) [1]. 

Mitochondrial genome – an overview  

While most mitochondrial proteins are encoded in the nuclear genome, 

mitochondria have retained a portion of their own genome, the mtDNA. The 

mitochondrial genome has been compacted to a double stranded circular 

molecule 11–28 kilobases with few intergenomic region. There is a large non-

coding region of that contains regulatory elements for the initiation and 

termination of transcription of both strands. In human cells, mtDNA consists of 

16,569 base pairs, and encodes 37 genes, including 13 polypeptides, two 

ribosomal RNAs, and 22 tRNAs [8, 9]. mtDNA is inherited from the maternal 

line, and paternal mtDNA is degraded during fertilization. Mitochondria 

continuously undergo fusion and fission, which are essential for cell metabolic 

activities, as well as mtDNA distribution in mitochondria. Alterations in the 

mtDNA genome have been linked with altered susceptibility to a wide range of 

age associated diseases. Many human diseases are mechanistically linked to 

mitochondrial dysfunction and alteration of the the integrity of mtDNA [10]. 

Mitochondrial noncoding RNA (ncRNAs) in the mitochondrial compartment 

participate in controlling cardiovascular pathogenesis by regulating 

mitochondrial energy status, and the expression of genes involved in 

mitochondrial metabolism [11] Possessing an independent genome and a 

unique genetic code, mitochondria biosynthesize protective stress response 

peptides: MDPs.  

 

Humanin (HN) among the Mitochondrial-Derived Peptides (MDPs)  
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This class of peptides includes, as previously recalled, HN, MOTS-c, and SHLPs. 

The first MDP discovered back in 2001 was HN; the term based on the potential 

of this peptide for restoring the “humanity” of Alzheimer’s disease (AD) 

patients. HN was discovered during a search for survival factors in unaffected 

areas of an AD patient’s brain. The initial studies were first performed in cell 

culture and then followed by in vivo studies using both pharmacological 

mimetics of AD as well as mutant gene: amyloid-β precursor protein. HN is the 

first small peptide of its kind representing a putative set of MDPs, a novel 

concept that modifies the established notion about retrograde mitochondrial 

signaling as well as mitochondrial gene expression. First discovered as a 

neuroprotective polypeptide; recent studies have shown the beneficial 

properties of HN in age-related disorders.  

HN is a small, secreted, 24 or 21 amino acid-derived peptide depending on 

cytoplasmic and mitochondrial translation. If HN is translated within the 

mitochondria, the peptide will be 21 amino acids; and if it is translated in the 

cytoplasm, then the result is a 24 amino acid peptide [12]. HN is encoded by an 

HN open reading frame (ORF) within the gene for the 16S ribosomal subunit 

within the mitochondrial genome [13]. In molecular genetics, an ORF is the part 

of a reading frame that has the ability to be translated. An ORF is a continuous 

stretch of codons that begins with a start codon (usually AUG) and ends at a 

stop codon (usually UAA, UAG or UGA). The evidence suggests that ORFs form a 

substantial part of our genomes, and that their encoded peptides could have a 

variety of important cellular functions. Eight distinct MDPs have been currently 

described whereas thousands of nuclear- encoded ORFs that produce bioactive 

peptides exist [14]. 

The human mtDNA was a compact genome that only encoded 13 essential 

components of the electron transport chain and 24 structural RNAs required 

for their translation. The mitochondrial genome presents an economy of 

organization, with no introns and very few noncoding nucleotides between 

coding sequences [15]. Thirteen nuclear-encoded HN isoforms were 

demonstrated: HN-like open reading frames were named MTRNR2L1 to 

MTRNR2L13 after the original HN MTRNR2 gene in the mitochondrial genome. 

MTRNR2L1–MTRNR2L10 were expressed in most human tissues; MTRNR2 

expression being higher compared to the other isoforms. MTRNR2, MTRNR2L1, 
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MTRNR2L8 and MTRNR2L9 were highly expressed in the heart [13]. It is 

possible that these isoform genes contribute to the development and 

physiopathology of cardiac disorders. Few studies have examined the 

mechanism or conditions by which HN isoforms expression is modified [16].  

As HN is a relatively short peptide, exhaustive mutational analysis of the 

importance of each amino acid has been possible. Molecular manipulations of 

HN at key amino acids have been shown to offer significant increases in its 

chemical characteristics. Interestingly, single amino acid substitutions of HN 

can lead to significant alterations in its potency and biologic functions. S14G-

HN in which the serine at position 14 is replaced by glycine, is a highly potent 

analogue of HN (HNG). HNG-F6A, is another HN analogue with Ser14 to glycine 

and Phe6 to alanine modifications. The amino acid residues Leu9, Leu10, 

Leu11, Pro19 and Val20 were found to be important for HN biology. Other HN 

analogues have also been characterized, including HN-C8P, HN-S7A, and HN-

L12A (HN antagonist) [17].  

The mechanisms of humanin action  

Since MDPs are secretory proteins, they interact with diverse extracellular 

processes in addition to their intracellular functions. MDPs such as HN exert 

functions through binding to both intracellular molecules and putative cell 

membrane receptors. HN has been shown to increase extracellular signal-

regulated kinase 1/2 (ERK1/2) phosphorylation through its receptor binding 

[18]. Upon stimulation, ERK1/2 is phosphorylated and becomes dissociated 

from its anchoring proteins, allowing the translocation of ERK1/2 to other 

subcellular compartments. HN acts as a ligand to two different types of 

receptors; the seven-transmembrane G-protein-coupled receptor formyl-

peptide receptor-like-1 (FPRL1), and a trimeric receptor consisting of ciliary 

neurotrophic factor receptor (CNTFR), the cytokine receptor WSX-1 and the 

transmembrane glycoprotein gp130 (CNTFR/WSX-1/gp130). In addition to the 

direct activation of its receptors, HN prevents cellular apoptosis through the 

activation of intracellular signaling pathways by inhibiting the translocation of 

pro-apoptotic proteins to the mitochondria [19, 20]. 

The first HN receptor: FPRL1 has been linked to neurological disease such as 

AD. HN acts as an agonist for FPRL1 by inducing Ca2+ mobilization and 
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activation of ERK1/2 signaling. The pathway of G-protein coupled receptors 

participates to the cytoprotective properties of HN [19]. The trimeric 

CNTFR/WSX-1/gp130 complex is associated with activation of the gp130-STAT3 

axis that is essential for HN activity. Then, HN induces STAT3 activation, which 

was required for its neuroprotective effects [20].  

HN is regulated by insulin-like growth factor-I (IGF-I) and growth hormone (GH). 

HN and IGF-I levels simultaneously decrease with age and it has been 

demonstrated that HN levels are directly down-regulated by IGF-I [21]. The 

biological activity of IGF-I is controlled by six binding proteins: insulin-like 

growth factor-binding protein (IGFBPs), preventing the IGFs from interacting 

with the IGF receptor. Concerning the relationship between MDPs and GH 

metabolism; it has been suggested that GH inhibits levels via IGF-I. Recent 

review described the role of nutrition and insulin in determining the regulation 

and actions of the GH-IGF-axis [22]. IGFBP-3 is present in the hypothalamus and 

inhibits hepatic insulin action via a hypothalamic mechanism [23]. 

Over the past years, a great number of studies have been dedicated to 

elucidate the molecular mechanisms of human aging. Among the mechanisms, 

mitochondrial dysfunction and ROS production is considered in relationship 

with soluble factors indicated as “mitokines” [24]. Among these mitokines, a 

peptide such as HN is produced in response to stress. A relationship between 

circulating HN and age was demonstrated; age is the primary factor that 

negatively influences the HN levels. In a study; it was reported that the levels of 

detectable HN in hypothalamus, skeletal muscle, and cortex was decreased 

with age in rodents, and, in this study, circulating levels of HN would be 

decreased with age in humans and mice [25]. In return, this evolution was not 

confirmed in a recent study [26]. HN levels were evaluated in the plasma of 693 

volunteers of different age, from 21 to 113 years. Plasma levels of HN are 

positively correlated with age in humans, and become maximal in centenarians. 

These data are consistent with the concept that a mitokine such as HN can be 

considered as a marker of biological age. HN and its homologs are hypothesized 

to have antiaging activity based on correlative studies. It has been 

hypothesized that MDPs might have “senolytic” activity, HN and MOTS-c both 

exacerbate the senescence-associated-secretory-phenotype in senescent cells 
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by stimulating the secretion of IL-6, IL-1β, IL-8, IL-10 and tumor necrosis factor 

α [27]. 
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Role of Humanin on oxidative stress  

Various studies have shown that HN induced cytoprotective effects through 

anti-oxidative stress, anti-inflammatory responses and anti-apoptosis, several 

studies have tested the relationship between HN activity and oxidative stress. 

Oxidative stress is known to contribute to a range of harmful intracellular 

events, including DNA damage within the nucleus. This damage may ultimately 

cause organ dysfunction, and cell death.  

It is commonly accepted that the majority of cellular ROS originates from 

mitochondrial energy metabolism. It is estimated that ~0.2-2% of O2 consumed 

by mitochondria is converted to superoxide. Bioenergetics’ function of 

mitochondria is associated with generation of adenosine triphosphate (ATP) via 

OXPHOS system. Energy is obtained essentially in the mitochondria with the 

transfer of protons across the inner membranes that produce ATP. The exactly 

regulation of the synthesis and degradation of ATP (ATP ↔ ADP + phosphate) 

is essential to all form of life. Electrons are transferred from NADH, produced in 

the citric acid cycle in the mitochondrial matrix, to O2 by a series of large 

protein complexes in the inner mitochondrial membrane. The two major sites 

for electron leakage are complexes I and III. ROS and reactive nitrogen species 

(RNS) are products of cellular metabolism and are well recognized for their dual 

role as both deleterious and/or beneficial species. 

There is evidence that ROS/RNS play key roles in the pathogenesis of various 

diseases. Oxidative stress is due to an overproduction of ROS/RNS and/or a 

deficiency in enzymatic (Superoxide Dismutases: SODs, Catalases, Glutathione 

peroxidases: GSH) and non-enzymatic antioxidant defenses [28, 29]. Oxidative 

stress is known to contribute to a range of harmful intracellular events, 

including DNA damage within the nucleus. This damage may ultimately cause 

organ dysfunction, and cell death. Enhanced generation of ROS and oxidative 

stress occurs in mitochondria as a consequence of an overload of glucose and 

oxidative phosphorylation. ER stress plays an important role in oxidative stress, 

as it is also a source of ROS. The tight interconnection between mitochondria 

and ER means that the ROS generated in mitochondria promote ER stress [30, 

31]. In the context of the oxidative stress, HN treatment inhibits caspases 

activities and upregulates GSH; GSH inducing a major protection against ROS 

and RNS [32].  
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 Studies demonstrated that HNG inhibited mitochondrial complex 1 activity and 

prevented mitochondrial dysfunction and oxidative stress induced by H2O2 in 

isolated cardiac mitochondria [33]. The properties of HN on oxidative stress 

were supported by findings in cellular and rodent models: HN inhibiting 

oxidative stress, rescues mitochondrial function, and lowers apoptotic rate. It 

has been shown that HNG enhances intracellular anti-oxidant capacity, 

preserves mitochondrial membrane potential, ATP levels and restores 

mitochondrial integrity in rat’s myoblasts (H9c2 cells) [34]. 

 In this field, recent studies provided mechanistic insights into the anti-

apoptotic activity of HN. It has been demonstrated that the mitochondrial 

apoptosis pathway was regulated mainly by members of the B-cell lymphoma 2 

(BCL-2) protein group. BCL-2-associated X apoptosis regulator (BAX) plays a 

pivotal role in the initiation of mitochondria-mediated apoptosis. HN interacts 

with the membrane-bound Bax preventing the recruitment of cytosolic Bax and 

its oligomerization in the membrane [35]. 

Role of Humanin on inflammation  

In relationship with the oxidative stress, a role for MDPs in down-regulation of 

inflammatory responses has been demonstrated in vivo and in cell cultures. 

Inflammation is associated with over-production of ROS in the cell, which can 

lead to damage of cellular components, and activation of cell death pathways. 

Redox imbalance, caused by increased free radical's formation and/or reduced 

antioxidant defense, plays an important role in the development of various 

diseases. The redox state of the cell is predominantly dependent on an iron 

redox couple and is maintained within strict physiological limits [45]. 

Increased oxidative stress, one of the major factors contributing to cell death, 

plays an important role in the inflammatory process of atherosclerosis. In this 

field, a study showed that in a cell culture model using human amniotic 

epithelial cells, pre-treatment with HN attenuated Ox-LDL-induced ROS 

formation and apoptosis by 50% [36]. Recently, a study investigated HN and 

MOTS-c protein expression in skeletal muscle and serum levels in advanced 

chronic kidney disease (CKD) patients and age-matched controls with normal 

renal function. Circulating levels of HN were increased in CKD and correlated 
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positively to circulating inflammatory mediator such as tumor necrosis factor-

alpha levels [37]. 

Experimental studies suggest that HN may have therapeutic potential for the 

treatment of hyperglycemia associated endothelial dysfunction according to 

their anti-inflammatory properties. HN treatment inhibited high glucose-

induced secretion of TNF-α and IL-1β. The reduction of the expression of these 

proinflammatory cytokines is associated with a reduction of the expression of 

vascular cell adhesion molecule 1 (VCAM-1) and E-selectin [38].  

Role of Humanin in type 2 diabetes (T2D)  

Mitochondrial dysfunction and oxidative stress are implicated in the 

pathogenesis of diabetes. Data provide evidence that mitochondrial 

dysfunction contributes to glycemic dysregulation and metabolic defects in T2D 

[39]. The exact mechanisms underlying the disease are unknown; however, 

there is growing evidence that excess generation of ROS, largely due to 

hyperglycemia, causes oxidative stress in a variety of tissues. In T2D patients, 

oxidative stress is closely associated with chronic inflammation [40]. Data 

suggested that MDPs had a role in improving T2D [41]. The aim of recent 

studies was to determine MDP levels in normal, prediabetes and diabetes 

subjects. HN levels are decreased in T2D and correlate with HbA1c. It is 

possible that marked increase in ROS levels may act to recruit HN from several 

tissues in the body to damaged areas. In these conditions, HN exerts an 

antioxidative stress action; this effect could preserve cell survival. In human 

aortic endothelial cells, HN has been shown to prevent apoptosis by decreasing 

the ROS production [34].  

It was also shown that HN promotes mitochondrial biogenesis in pancreatic 

cells, acts like an insulin sensitizer, and alters amino acid plasma concentration 

as well as lipid metabolism [42]. There is increasing evidence of HN 

involvement in different pathological conditions. Given its protective 

properties, HN may represent a novel treatment option to lessen the cellular 

damage caused by T2D. Altered HN levels in T2D could serve as a potential 

biomarker [41]. 

Role of Humanin in cardiovascular pathologies  
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HN protein is endogenously expressed in the heart with the greatest levels 

found in cardiomyocytes. The expression of the protein is regulated, with levels 

increasing in the left ventricle in response to a severe stress [43]. The potential 

cardioprotective mechanisms of HN have been shown to involve both the 

extracellular and intracellular signaling pathways. Experimental and clinical 

results are in support of studies regarding the anti-apoptotic effects of HN on 

the vasculature and the heart.  

Regarding cardiovascular diseases, HN has been shown to be expressed in the 

endothelial layer of human blood vessels including the mammary artery, 

atherosclerotic coronary artery, and greater saphenous vein. It has been 

demonstrated that the level of plasma HN decreased significantly in older 

healthy individuals compared with the younger healthy volunteers and 

therefore may be associated with the increased risk of atherosclerotic 

progression in elderly patients [36]. A lower circulating HN level has been 

described in patients with coronary endothelial dysfunction compared to 

healthy controls [44]. It is envisaged that endogenous HN levels act to preserve 

coronary endothelial function. In the field of the development of 

atherosclerotic coronary disease; it has been reported that the endogenous HN 

levels in plaque specimens were higher in symptomatic compared to 

asymptomatic patients. A possible reason for this discrepancy might be due to 

the disparities of the vascular and metabolic diseases. In these clinical 

conditions from patients with coronary artery disease, HN levels found could 

be a compensatory response to conditions of chronic stress [45]. 

In experimental studies, it was reported that HN may have a protective effect 

on endothelial function and progression of atherosclerosis by modulating 

oxidative stress and apoptosis in the developing plaque. Daily intraperitonial 

injection of the HN analogue HNGF6A for 16 weeks prevented endothelial 

dysfunction and decreased atherosclerotic plaque size in the proximal aorta of 

ApoE-deficient mice fed on a high cholesterol diet, without showing direct 

vasoactive effects or cholesterol-reducing effects. HN was expressed in the 

endothelial layer on the aortic plaques. HNGF6A treatment reduced apoptosis 

and nitrotyrosine immunoreactivity in the aortic plaques without affecting the 

systemic cytokine profile [46]. 
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Progressive changes to myocardial structure and function occur with aging, 

often associated with underlying pathologies. It is now well established that the 

aged heart is characterized by fibrotic remodeling. Furthermore, studies using 

aged animal models suggest that interstitial remodeling with disease may be 

age-dependent. Age-associated changes in cardiac physiology occur at the 

cellular, extracellular and whole-heart levels. Apoptotic or necrotic pathways 

may be responsible for the progressive loss of myocytes with age. Impaired 

relaxation and therefore diastolic dysfunction is a common characteristic of the 

aged heart, and it is evident that myocardial fibrosis may be a contributing 

factor leading to this phenotype [47].  

Based on the cytoprotective effects of HN under oxidative stress it has been 

hypothesized that exogenous HN treatment may be beneficial to aging hearts. 

It has been reported that exogenous HNG treatment attenuates myocardial 

fibrosis and apoptosis in aging mice. This cardioprotective effect of HN is 

associated with activation of Akt/GSK-3β signaling in relationship with an 

alteration in pro-apoptotic factors. HN treatment significantly increased the 

ratio of cardiomyocytes to fibroblasts in aging hearts [48]. 

In various studies, the cardioprotective effects of HN against myocardial 

ischemia/reperfusion (I/R) injury via decreasing cardiac mitochondrial 

dysfunction and reduction of ischemic area were demonstrated. The initiating 

factor of I/R injury is a burst of ROS superoxide from the mitochondrial 

respiratory chain upon reperfusion that initiates a cascade of tissue damage. 

Various strategies have been developed to prevent oxidative stress by either 

reducing ROS production or increasing ROS scavenging ability [49]. In this field, 

HN and HNG that is produced in various organs including the heart, it exerts, as 

we previously reported, cardioprotective effects by decreasing oxidative stress 

and apoptosis. In a major study ( in vitro and in vivo ) were investigate the 

effects of HN administered on cardiac arrhythmia, myocardial infarct size, 

cardiac mitochondrial function, left ventricular function, and the causal 

mechanisms against myocardial I/R injury. The infarct size in the 

HNG‐pretreated group was markedly smaller than the vehicle‐treated group, 

whereas the infarct size in the HNG‐treated groups at other time points 

showed no difference when compared with the vehicle‐treated group. The 

endogenous HN level showed a marked decreased after I/R injury; at the end of 
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I/R, total HN level (in the HNG‐treated groups), applied during ischemia and at 

the onset of reperfusion was significantly increased when compared with the 

vehicle group. Concerning the cellular mechanisms, it is demonstrated that 

HNG pretreatment reduced cardiac mitochondrial dysfunction as indicated by 

reducing ROS production, and mitochondrial membrane depolarization [50].  

As we reported above, it is possible that isoform genes of HN contribute to the 

development and physiopathology of cardiac disorders. The genetic 

predisposition to coronary artery disease has received increasing attention. 

Most research has focused on HN and its function; studies realized on several 

subjects have revealed differences in expression of HN-like isoform genes. 

Associations between DNA nucleotide variations in HN-like nuclear isoform 

genes and coronary heart disease were established. The top variants in the 

flanking region analysis were in the MTRNR2L2 and MTRNR2L8 gene regions 

[16]. DNA copy number change in isoform genes has been found in arteries of 

patients with coronary heart disease and metabolic comorbidities [51]. 

Limitation of the studies includes that it was not possible to determine in these 

studies the contribution of obesity; diabetes and other metabolic diseases in 

the genetic scores.  

Summary and future directions 

In Conclusion, as mentioned above, coronary heart disease and HF are 

generally accompanied with a decline in mitochondrial respiration and 

represent the cause of metabolic abnormalities. In this field, the diagnostic role 

of HN as serum marker is envisaged; as we reported, endogenous HN being 

increased in cardiovascular disease [43]. Therefore, HN could potentially be 

used as a marker for mitochondrial function in cardiovascular disease or as a 

treatment strategy to stabilize atherosclerosis in patients with endothelial 

dysfunction. HN may provide potential therapeutic options for prevention or 

treatment of age-related diseases [44]. HN or its non-IGFBP-3 binding 

analogues may provide potential therapeutic options for prevention or 

treatment of age-related diseases. 
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Table 1: Summary of the biological effects of humanin. 

 

CYTOPROTECTION METABOLIC PROTECTION 
- Against injury and oxidative 

stress 
- Anti-inflammatory responses 
- Neuroprotection 
- Cardioprotection 

- Metabolic homeostasis  
- Increase ATP production 
- Decrease visceral fat 
- Glucose-stimulated insulin 

secretion  
- Marker of biological age 
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Figure 1: The protective actions of humanin (HN) through the extracellular and 

intracellular pathways in the heart  

Mitochondrial derived peptides (MDPs) include humanin (HN), MOTS-c 

(mitochondrial open reading frame of the 12S rRNA-c), and Small HN-like 

peptides (SHLPs). HN presents both intra-and extra-cellular modes of action. 

HN activates two types of cell-surface receptors; a trimeric receptor involving 

CNTFR and relays through the STAT3 signaling pathway. The second HN 

receptor is FPRL1. HN interacts with the membrane-bound Bax. HN regulates 

cellular oxidative stress; decreasing mitochondrial reactive oxygen species 

(ROS). HN production is a response to stress affecting endoplasmic reticulum 

(ER) and mitochondrial activities. 
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