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Abstract

The stomach-derived octanoylated peptide ghrelin was discovered in 1999 and recog-

nized as an endogenous agonist of the growth hormone secretagogue receptor

(GHSR). Subsequently, ghrelin has been shown to play key roles in controlling not only

growth hormone secretion, but also a variety of other physiological functions including,

but not limited to, food intake, reward-related behaviors, glucose homeostasis and gas-

trointestinal tract motility. Importantly, a non-acylated form of ghrelin, desacyl-ghrelin,

can also be detected in biological samples. Desacyl-ghrelin, however, does not bind to

GHSR at physiological levels, and its physiological role has remained less well-

characterized than that of ghrelin. Ghrelin and desacyl-ghrelin are currently referred to

in the literature using many different terms, highlighting the need for a consistent

nomenclature. The variability of terms used to designate ghrelin can lead not only to

confusion, but also to miscommunication, especially for those who are less familiar with

the ghrelin literature. Thus, we conducted a survey among experts who have contrib-

uted to the ghrelin literature aiming to identify whether a consensus may be reached.

Based on the results of this consensus, we propose using the terms “ghrelin” and

“desacyl-ghrelin” to refer to the hormone itself and its non-acylated form, respectively.

Based on the results of this consensus, we further propose using the terms “GHSR” for
the receptor, and “LEAP2” for liver-expressed antimicrobial peptide 2, a recently recog-

nized endogenous GHSR antagonist/inverse agonist.
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1 | INTRODUCTION

Ghrelin is a 28-residue acylated peptide mainly synthesized in enter-

oendocrine cells of the stomach.1 It acts via the growth hormone

secretagogue receptor (GHSR), which is mainly expressed in the brain

and in the pituitary, as well as in some other organs.2,3 Plasma ghrelin

levels are linked to acute and long-term energy status.4 Plasma ghrelin

levels increase in anticipation of set meals and decrease after

eating.5–9 Also, plasma ghrelin levels are lower in individuals with obe-

sity, whereas they increase in conditions of energy deficit9 and in

some pathologies such as anorexia nervosa10,11 and cancer-associated

cachexia,12 amongst others. Ghrelin is a pleiotropic hormone that
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displays a variety of endocrine, metabolic, autonomic and behavioral

actions, as reviewed previously.4,13,14 The cardinal actions of ghrelin

include stimulatory effects on growth hormone (GH) release,1 food

intake,9,15 gastric motiliy,16 and reward-related behaviors,14,17–19 as

well as actions to protect against severe hypoglycemia.20 The biosyn-

thetic pathway that generates ghrelin is well defined.21 Briefly, the

mRNA that encodes ghrelin is translated into a precursor (preproghre-

lin), which is next cleaved into proghrelin. Proghrelin is mainly acylated

at Ser3 by ghrelin-O-acyl transferase (GOAT). Acylated-proghrelin is

then cleaved into ghrelin, and the C-terminal segment that, after an

additional cleavage, results in a 23-residue peptide named obestatin,

for which the biological significance is yet uncertain. In plasma, ghrelin

is also found as a non-acylated form (i.e., so-called desacyl-ghrelin),22

which is either co-secreted together with ghrelin or derived from

desacylation of ghrelin. No specific receptor has been identified for

desacyl-ghrelin, and its putative physiological roles remain less well-

characterized than those of ghrelin.

2 | GHRELIN AND ITS
NON-ACYLATED FORM

In their search of an endogenous ligand for GHSR, Kojima et al. dis-

covered, in extracts from rat stomach, a 28-residue peptide that is

n-octanoylated at Ser3.1 They named the peptide “ghrelin” based on

“ghre”, a word root in Proto-Indo-European languages for “grow” in

reference to its ability to stimulate GH release. The term “ghrelin” also
resonates with its GH-releasing activity because it is a conjunction of

GH and “rel”, from “release”. In a further study, this team also purified

from rat stomach des-Gln14-ghrelin, which is identical to ghrelin

except for the deletion of Gln14, and also activates GHSR.23 Human

and rat/mouse ghrelin only differ in positions 11 and 12, with this

being Arg11-Val12 in humans and Lys11-Ala12 in rats and mice. In

the human stomach (and plasma), other ghrelin-related molecules

were found such as 27- or 28-residue variants, the former lacking

Arg28, or variants non-acylated, octanoylated, decanoylated or dece-

noylated.24 Ghrelin, des-Gln14-ghrelin and acylated variants of ghrelin

of 27 or 28 residues in length display similar bioactivity.23,24 Impor-

tantly, ghrelin itself (i.e., the 28-residue octanoylated peptide) is the

major acylated form of the hormone detected in rat and human

blood.25

The term “desacyl-ghrelin” was first used in the aforementioned

study reporting the discovery of ghrelin,1 when Kojima et al. were

challenged to determine the residue sequence of the purified GHSR

ligand and made a synthetic peptide, corresponding to rat desacyl-

ghrelin.26 Interestingly, the sequence of m46, a protein obtained from

mouse stomach tissue (accession no. AJ243503), was already present

in the EMBL/GenBank database and named motilin-related peptide

(MTLRP).27 The research team that discovered ghrelin also showed

that both ghrelin and desacyl-ghrelin are detected in plasma by using

separation strategies followed by the two radio-immunoassays (RIAs):

one that recognizes only the octanoylated N-terminal end of ghrelin

(i.e., measures ghrelin) and another that recognizes its C-terminal end

(i.e., measures ghrelin plus desacyl-ghrelin).23 The referred study

explicitly named the des-acylated form of ghrelin as “desacyl-ghrelin”.

3 | LACK OF AGREEMENT ON NAMES
FOR THE PEPTIDE AND ITS
NON-ACYLATED FORM

Ghrelin and desacyl-ghrelin are currently referred to using many dif-

ferent terms. This is both confusing and unnecessary. The purpose of

this consensus article is to provide recommendations on nomencla-

ture in the ghrelin field, based on commonly used nomenclature. A

PubMed search performed in July 2022 for the terms “ghrelin”, “acyl-
ated ghrelin”, “acyl ghrelin” (or “acyl-ghrelin”), “active ghrelin”, “octa-
noyl ghrelin”, “n-octanoyl ghrelin”, and “bioactive ghrelin”, retrieved
12,062, 622, 525, 242, 47, 13 and 12 results, respectively. Similarly, a

PubMed search for “unacylated ghrelin”, “desacyl ghrelin”
(or “desacyl-ghrelin”), “desacylated ghrelin”, “deacylated ghrelin”,
“non-acylated ghrelin” “desoctanoyl ghrelin” and “desoctanoylated
ghrelin” retrieved 177, 145, 26, 10, 8, 6 and 3 results, respectively.

The broad terminology devoted to ghrelin and its desacylated form

does not have a consensual scientific explanation. The expressions

“active ghrelin” and “bioactive ghrelin” are not only redundant, but

also misleading because they imply that desacyl-ghrelin is not bioac-

tive. The expressions “octanoylated ghrelin”, “octanoyl ghrelin” and

“n-octanoyl ghrelin” are redundant because ghrelin is, according to

the initial definition, an octanoylated peptide. Although the expres-

sions “acyl ghrelin” and “acylated ghrelin” may seem more compre-

hensive and inclusive because ghrelin's post-translational

modifications can involve different acyl groups, they appear to be

unnecessary because octanoylation is the most frequent naturally-

occurring acylation of ghrelin.24 Importantly, synthetic ghrelin is com-

mercialized as the 28-residue peptide octanoylated at Ser3, unless

otherwise requested by the customer.

The terminology used to describe the deacylated form of ghrelin

is even more complex. The adjectives “desacylated”, “deacylated” and
“desoctanoylated” seem to refer to an acylated or octanoylated pep-

tide from which the ester bond has been hydrolyzed; this may not

necessarily be the case, however, because ghrelin-secreting cells also

produce unacylated ghrelin precursor and secrete unacylated ghre-

lin.28 In this regard, the expressions “desoctanoyl-ghrelin”, “non-
acylated ghrelin” and “unacylated ghrelin”, as well as “desacyl-ghre-
lin”, seem to be stricter as they unbiasedly describe the lack of the

acyl moiety, without assumptions about how that took place. Of note,

the prefixes “non” or “un” are general inflectional affixes that create a

new word denoting the absence of something, whereas the prefix

“de” more accurately describes a molecule characterized by the

removal of one or more atoms (of a given element). However, the

term deacylated ghrelin has not been as widely used as others.

The expression “total ghrelin” is likely one of the most confusing

terms used in the field despite also being extensively used; indeed, a
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PubMed search retrieves 492 results. The term “total ghrelin” was

first used by Murakami et al.29 in a publication in which peptide

levels were assessed in non-separated plasma using the two afore-

mentioned RIAs. In their study, the RIA using the antibody against

the N-terminal end of ghrelin was considered specific for ghrelin,

whereas the RIA using the antibody against the C-terminal end of

ghrelin was assumed to correspond to ghrelin plus desacyl-ghrelin

and used to estimate the “total ghrelin”. Thus, the initial use of the

term “total ghrelin” was justified because the early available immu-

noassays did not discriminate ghrelin and its desacylated forms.

Because ghrelin (or desacyl-ghrelin) can now be separately quanti-

fied using commercially available sandwich immunoassays, the

term “total ghrelin” could be dropped. Of note, further studies

found that RIAs using antibodies against the C-terminal end of

ghrelin also detect other species including fragmented ghrelin spe-

cies30,31 and unprocessed proghrelin species.32

4 | THE TERMINOLOGY FOR THE
RECEPTOR

Despite a 2005 report proposing the designation “ghrelin receptor”
as an official International Union of Pharmacology Committee on

Receptor Nomenclature and Drug Classification nomenclature,33

uncertainty currently exists regarding the most appropriate nomen-

clature for GHSR. GHSR was cloned from the pituitary and

hypothalamus in 1996 by Howard et al.2 The term “GHSR” refers to
the seminal finding that this receptor acts as a target of some syn-

thetic GH secretagogues.2 Early sequence analysis showed that

the GHSR gene could give rise to two types of cDNAs, which were

referred to as Ia and Ib. The type Ia cDNA encodes a 366-residue

protein with seven transmembrane domains that acts as the

receptor for ghrelin. The type Ib cDNA is a result of the presence

of a stop codon in the intron 1 of the GHSR gene and is predicted

to encode a non-signaling truncated 289-residue protein with five

transmembrane domains that does not function as a ghrelin

receptor.34 Likely as a consequence of the initial description of

two splicing variants of the GHSR gene, several different terms

are currently used to refer to this receptor in the scientific litera-

ture. For example, a PubMed search performed in July 2022 for

the terms “GHSR”, “GHS-R1a”, “GHS-R”, “GHSR-1a” and “ghrelin
receptor" retrieved 1199, 2917, 568, 135 and 1139 results,

respectively. Notably, GHSR is known to display a variety of

ligand-independent actions, via either its constitutive activity or

interaction with other G protein coupled receptors.35,36 As

mentioned below, GHSR also serves as the receptor for liver-

expressed antimicrobial peptide 2 (LEAP2), which is a GHSR antag-

onist and inverse agonist.37,38 Thus, the term “ghrelin receptor"

appears too narrow. Importantly, the Human Genome Organization

Gene Nomenclature Committee has proposed the use of “GHSR” as
the symbol for GHSR gene (https://www.genenames.org/data/

gene-symbol-report/#!/hgnc_id/HGNC:4267).

TABLE 1 Proposed terminology for the peptide ghrelin, its non-acylated form, LEAP2 and GHSR and survey responses

Statement Proposed terminologya

Survey responsesb
Agreement vs.
disagreement (%)bAgree Neutral Disagree

The proposed terminology for GS-S(n-octanoyl)-

FLSPEHQRVQQRKESKKPPAKLQPR (amino acid

sequence in humans) is ghrelin. The identical term ghrelin

should be used for the octanoyl-modified version of the

homologous peptide in other species

ghrelin 36 3 1 90.0 vs. 2.5

The proposed terminology for

GSSFLSPEHQRVQQRKESKKPPAKLQPR (amino acid

sequence in humans) is desacyl-ghrelin. The identical term

desacyl-ghrelin should be used for the non-acylated

version of the homologous peptide in other species

desacyl-ghrelin 35 3 2 87.5 vs. 5.0

The proposed terminology to describe plasma levels of

ghrelin plus desacyl-ghrelin, as determined using a “total
ghrelin” assay kit that assesses levels of both, is total

ghrelin

total ghrelin 38 1 1 95.0 vs. 2.5

The proposed terminology for

MTPFWRGVSLRPIGASCRDDSECITRLCRKRRCSLSVAQE

(amino acid sequence in humans) is liver-expressed

antimicrobial peptide 2 or its abbreviation, LEAP2

LEAP2 33 6 1 82.5 vs. 2.5

The proposed terminology for the G protein coupled

receptor that has both ghrelin and LEAP2 as ligands is the

growth hormone secretagogue receptor or its

abbreviation, GHSR

GHSR 34 1 5 85.0 vs. 12.5

aThis is the proposed terminology in the survey.
bThe data and percentages reflect the responses of the 40 people who filled out the survey and does not include the four authors of the current study.
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5 | THE TERMINOLOGY FOR LEAP2

In 2018, Ge et al.37 reported that LEAP2 is an endogenous ligand of

GHSR.37 LEAP2, which is mainly produced in liver and jejunum, was

an already known peptide isolated in 2003 from human blood ultrafil-

trate, and mainly produced in the liver and jejunum.39 The peptide

was termed “LEAP-2” because the same team had previously

described another blood-derived antimicrobial peptide from the liver

that was termed LEAP-1/hepcidin.40 The initial studies referred to the

peptide as “LEAP-2”, although later studies have omitted the hyphen.

Strikingly, a PubMed search for the terms “LEAP2” and “LEAP-2”
retrieved markedly differing results (132 and 78, respectively).

6 | TOWARD A SURVEY-BASED
CONSENSUS NOMENCLATURE

To develop a document toward a consensus nomenclature in the

ghrelin field, the main authors of the current article formed a Consen-

sus Committee and conducted a survey-based assessment among

experts in the topic. Based on informal conversations with different

colleagues, we first agreed on a proposed nomenclature for the pep-

tide ghrelin, its non-acylated form, LEAP2 and GHSR (Table 1). Next,

we sent a survey and an accompanying letter (see Supporting informa-

tion, Appendix S1) to experts in the field (Consensus Group). Experts

were found using the keywords “ghrelin” and “ghrelin receptor” in the

Expertscape Explorer, which uses PubMed-based algorithms to iden-

tify the top 0.1% of scholars writing on a given topic over the past

10 years. Additional experts were also included, based on the citations

included in papers published by the scientists identified via Experts-

cape Explorer. The survey was sent to 56 people on May 18, 2022,

and 40 of them agreed to participate. The survey was closed on July

14, 2022. The statements and the responses are outlined in the

Table 1. It is to be emphasized that the choice to employ the terms

“ghrelin” and “desacyl-ghrelin” reflects not only the original nomen-

clature as proposed by Kojima et al.,1 but also that they are among

the most commonly used terms. Importantly, all statements reached

an agreement > 80%, which suggests that consensus has been

achieved, as per previous studies.41–43

7 | FINAL REMARKS

Based on the responses to the survey, we propose the use of the

terms: “ghrelin” to describe the octanoyl-modified version of the pep-

tide; “desacyl-ghrelin” to describe the non-acylated form of the pep-

tide; “GHSR” to indicate the receptor for ghrelin and LEAP2; and

“LEAP2” as the name for the recently recognized endogenous GHSR

antagonist/inverse agonist. Data comparing the ratio of ghrelin and its

non-acetylated form in tissue or plasma would be encouraged to use

the ration of “ghrelin: desacyl-ghrelin”. The use term “total ghrelin”
should be limited to refer to quantifications based on immunoassays

using antibodies against the C-terminal end of ghrelin, for which use,

in turn, is discouraged for the reasons discussed above. We acknowl-

edge that the approach taken here may have some limitations

(e.g., some experts may have not been identified via our methodology,

we could have used a different methodology such as a multiple-choice

survey), and so we recognize that these recommendations may not

reflect a general consensus. Given the complexity of the molecular

process that are involved in the biosynthesis of ghrelin, we also

acknowledge that the proposed ghrelin terminology may be oversim-

plified in studies investigating specific variants of ghrelin, such as pep-

tides with acyl groups, which has been named ghrelin (C8:0), ghrelin

(C10:1) and ghrelin (C10:0),24 or splicing variants of ghrelin or GHSR

transcripts. However, we are confident that the proposed terminology

will help the scientific community avoid confusions or miscommunica-

tions within the ghrelin literature.
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