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Abstract

Aims: To examine association of liver-expressed antimicrobial peptide 2 (LEAP2), an

endogenous ghrelin antagonist with anorexiant effects, to key cardiometabolic risk

factors in people with overweight and obesity.

Methods: In this cross-sectional study, we sought to identify associations between

LEAP2 levels and cardiometabolic risk factors, including body composition (dual

X-ray absorptiometry), insulin and glucose metabolism (oral and intravenous glucose

tolerance tests and hyperinsulinaemic-euglycaemic clamps), plasma lipids and

inflammation markers (ELISA and multiplex assays).

Results: In 65 participants with overweight or obesity (63.1% male, mean age 31.3

± 8.5 years), LEAP2 levels were associated with total body fat, but not with body

mass index or waist-hip ratio in both univariable and age- and sex-adjusted models

(P < 0.05). Higher LEAP2 level was also positively associated with higher insulin

secretion in univariable (P = 0.047) and multivariable models adjusted for age, sex

and body fat (P = 0.03), but not with fasting glucose levels (P ≥ 0.05). Higher LEAP2

levels were associated insulin resistance (P = 0.07) after adjustment for age and sex,

but the association disappeared after an additional adjustment for body fat (P = 0.2).

There was an inverse association between LEAP2 levels and nuclear factor kappa-B

(NFκB) activity in the peripheral blood mononuclear cells in age-, sex- and body fat-

adjusted models (P = 0.04). There were no associations with cardiovascular risk fac-

tors (lipids, blood pressure) or other inflammation markers.

Conclusions: These results provide important insights into the association between

LEAP2 and cardiometabolic health in a high-risk population of individuals with over-

weight and obesity. This is a first report of an association between LEAP2 and insulin

secretion, insulin sensitivity and NFκB activity. LEAP2 may represent an important

potential therapeutic target to promote insulin secretion in people with type 2 diabe-

tes and obesity.
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1 | INTRODUCTION

In the last two decades, the number of individuals living with obesity

has tripled.1 Overweight and obesity are important risk factors for

several cancers, cardiovascular disease and type 2 diabetes and are

associated with increased all-cause mortality.2 There is a range of

mechanisms by which overweight and obesity are thought to cause

chronic diseases, but insulin resistance, hyperglycaemia, chronic low-

grade inflammation and oxidative stress are the most well

understood.3,4

Lifestyle modification with calorie-restrictive diets and exercise

programmes are the mainstay of treatment for obesity and related

chronic diseases.5,6 However, while diet and exercise programmes

promote weight loss, adherence to these interventions is poor, with

the majority of individuals either failing to decrease their body mass

index (BMI), or rapidly regaining weight, often exceeding baseline

weight.7,8 Lifestyle modifications can be supplemented with medica-

tions, which act through a number of pathways to facilitate weight

loss. While these medications promote weight loss, particularly in con-

junction with lifestyle interventions, their effects are hampered by

undesirable side effects. Given these challenges, there has been signif-

icant interest in identifying novel means to promote weight loss in

people living with overweight and obesity.

An emergent area of interest for developing anti-obesity agents is

the modulation of appetite through pharmacological intervention. In

humans, appetite is regulated by a number of neurological, endocrine

and paracrine mechanisms, most of which are regulated by the hypo-

thalamus and brainstem.9 One of the most influential regulators of

appetite is the “hunger hormone” ghrelin, which increases in periods

of negative energy balance and leads to increased appetite. However,

it also has a host of additional central and peripheral actions, including

in learning, reward seeking, sleep-wake cycles and glucose metabo-

lism.10 Inhibition of the ghrelin system may be a target for weight

loss.11 However, plasma ghrelin concentrations are suppressed during

obesity, and obesity is associated with reduced ghrelin efficacy.12

Although targeting ghrelin or its receptor directly may not deliver ben-

eficial outcomes for weight loss, other potential factors regulating the

ghrelin system may be important. Recently, liver-expressed antimicro-

bial peptide 2 (LEAP2) has emerged as a potent endogenous inhibitor

of ghrelin signalling through competitive inhibition of growth hormone

secretagogue receptor 1a (GHS-R1a).13 As indicated by its name,

LEAP2 was originally identified as a peptide expressed by the liver

with a role in immune defence, as it had dose-dependent antimicrobial

activity in some model microbes.14 However, it has now been shown

to be expressed strongly by the small intestine, particularly the

jejunum,13 and it mirrors the activity of ghrelin, that is, it decreases in

states of negative energy balance, such as fasting, and increases with

periods of positive energy balance, such as obesity. Indeed, it is

thought that LEAP2 underlies the reduced actions of ghrelin in obe-

sity15 by reducing the activity appetite-stimulating neuropeptide Y

neurons in the hypothalamus.16 The means by which LEAP2 may act

on the central nervous system are currently unclear as it is not yet

known whether it can cross the blood-brain barrier, however, LEAP2

mRNA has been shown to be expressed in the brains of rats.17 Recent

studies showed that LEAP2 reduced ad libitum food intake and

improved postprandial glucose tolerance in healthy men,18 supporting

a potential role in diabetes in adults19 and children.20 LEAP2 may

therefore be a promising anti-obesity target.21 However, there remain

many questions regarding its actions in vivo, particularly surrounding

its actions on risk factors associated with overweight and obesity,

such as insulin sensitivity, secretion and glucose metabolism, cardio-

metabolic variables, as well as inflammation and oxidative stress.

To evaluate the potential role of LEAP2 in obesity and related

cardiometabolic risks, we sought to identify its association with

important risk factors of diabetes and cardiovascular disease. We

hypothesized that LEAP2 would be positively associated with adipos-

ity, insulin resistance, dyslipidaemia and inflammation.

2 | METHODS

2.1 | Design

To identify associations between LEAP2 and indicators of cardiometa-

bolic disease, we conducted a cross-sectional analysis of baseline data

for a previous clinical trial of non-diabetic adults with overweight or

obesity (BMI ≥25 and ≥30, respectively).29 Participants were

community-dwelling adults, aged 18 to 60 years from Melbourne,

Australia. Participants were excluded if they were taking medications,

vitamins, or supplements, or were current smokers or heavy alcohol

users. Participants were also ineligible to participate if they had evi-

dence or history of diabetes or cardiovascular, central nervous system,

gastrointestinal, endocrine, hematological, respiratory, or kidney dis-

eases as well as psychiatric disorders. Pregnant, lactating, or peri- or

postmenopausal women, those diagnosed with cancer in the preced-

ing 5 years, or with acute inflammation were also excluded.

2.2 | Outcome measures

2.2.1 | LEAP2 measurement

LEAP2 was measured in baseline, fasted human plasma samples using

a previously validated15 LEAP2 38-77 (Human/LEAP2 37-76 [Mouse])

enzyme-linked immunosorbent assay kit (#EK-075040; Phoenix Phar-

maceuticals Inc, Burlingame, California). Whole blood was collected
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through peripheral venipuncture into collection tubes coated with

EDTA (BD Biosciences, San Jose, California), before being centrifuged,

and the plasma was collected via sterile pipette and stored at �80�C

prior to analysis.

2.3 | Anthropometric, clinical, and biochemical
measurements

The protocol and methodology used in the study have been described

comprehensively elsewhere.30 Briefly, body composition including

total body fat was determined by dual-energy X-ray absorptiometry.

Weight and height were measured by a calibrated scale and standing

stadiometer and used to calculate BMI as weight (kg) divided by

height (m).2 Waist and hip measurements were assessed in line with

World Health Organization guidelines.31 Blood pressure, heart rate,

pulse pressure and mean arterial pressure were measured using an

Omron digital blood pressure monitor. All participants underwent a

75-g oral glucose tolerance test (OGTT), performed after a

12-hour overnight fast to assess fasting and 2-hour post-load

blood glucose concentrations. Insulin and glucose variables were

also measured during intravenous glucose tolerance tests (IVGTT)

after a 12-hour overnight fast. First, fasting blood samples were

collected by venepuncture, before participants underwent a

30-minute IVGTT with 50 mL 50% glucose delivered over

3 minutes, and blood insulin and glucose measurements taken at

3, 4, 5, 6, 8, 10, 15, 20, 25 and 30 minutes. The IVGTT data were

used to calculate area under the curve (AUC), for first-phase (3 to

5 minutes), second-phase (10 to 30 minutes) and total glucose

levels via the trapezoidal method. Insulin sensitivity was assessed

by “gold-standard” hyperinsulinaemic-euglycaemic clamps, with

M-values calculated. A 9-mU/kg bolus insulin injection was used

to initiate the procedure, followed by a 40 mU � m�2 � min�1 infu-

sion for at least 120 minutes. A variable glucose infusion was

adjusted every 5 minutes to maintain euglycaemia at a concentra-

tion of 5 nmol/L for ≥30 minutes.

Commercial immunoassays were used to assess total cholesterol,

high-density lipoprotein cholesterol, low-density lipoprotein choles-

terol, and triglycerides. Plasma high-sensitivity C-reactive protein was

measured by highly sensitive near-infrared particle immunoassays on

Synchron LX analyzers (Beckman Coulter Inc., Australia). Serum

levels of inflammatory markers, including interleukin (IL)-1β, IL-6,

IL-8, IL-10 and monocyte chemoattractant protein-1 (MCP-1), as

well as adipokines (leptin, resistin, adiponectin and adipsin) were

measured using commercial multi-analyte assays (LEGENDplex™;

Biolegend, San Diego, California) according to the manufacturer's

instructions on a BD™ LSR II flow cytometer. The concentration of

nuclear factor kappa-light-chain-enhancer of activated B cells

(NFκB) in the peripheral blood mononuclear cells was measured by

the TransAM NFκB DNA-binding activity assay (Active Motif,

Carlsbad, California) to identify transcription factor activation, as

described previously.29

2.4 | Statistics

Data are presented as mean ± standard deviation (SD) or median

(interquartile range) for normal and non-normal distributions, respec-

tively. Visual inspections of histograms were used to determine distri-

butions, and skewed variables were log-transformed where

appropriate, otherwise non-parametric tests were used. Independent

TABLE 1 Sample characteristics

Variable
Mean ± SD or

median (IQR)

Demographic and anthropometric measures

Age, years 31.3 ± 8.5

Sex: M/F, n (%) 41 (63.1) / 24 (36.9)

Body mass index, kg/m2 30.2 (27.8, 33.3)

Waist-hip ratio 0.9 (0.9, 1.0)

Body fat, % 40.1 ± 8.7

Fat mass, kg 36.0 ± 11.0

Fat free mass, kg 53.4 ± 12.4

Glycaemic measures

Fasting blood glucose, mmol/L 4.6 ± 0.5

2-hour post OGTT blood glucose,

mmol/L

5.6 ± 1.6

Insulin sensitivity, M; mg/kg/min 6.6 ± 2.8

Fasting insulin by IVGTT, mlU/L 8.9 (6.7, 12.8)

Total insulin AUC by IVGTT, mlU/L 1615.7 (1078.2, 2478.6)

First-phase insulin AUC by IVGTT,

mlU/L

294.5 (185.2, 491.2)

Second-phase insulin AUC by IVGTT,

mlU/L

1058.4 (672.1, 1854.0)

Cardiovascular measures

Systolic blood pressure, mmHg 121.1 ± 12.5

Diastolic blood pressure, mmHg 80.3 ± 8.6

Heart rate, bpm 75.3 ± 11.7

Pulse pressure, mmHg 40.8 ± 9.9

Mean arterial pressure, mmHg 93.9 ± 8.9

Inflammation markers and adipokines

High-sensitivity C-reactive protein,

mg/L

1.7 (0.9, 4.4)

Interleukin-1β, pg/mL 26.8 ± 23.2

Nuclear factor kappa-B, pg/ug protein 44.5 ± 28.6

Adiponectin, ng/mL 4749.4 (2348.1,

11 243.4)

Adipsin, ng/mL 1058.2 ± 914.7

Leptin, ng/mL 2.8 (1.5, 15.8)

Resistin, ng/mL 0.4 (0.3, 1.2)

LEAP2, ng/mL 21.04 (8.30)

Note: Data presented as mean ± SD or median (IQR) for non-normally

distributed variables, unless otherwise indicated. OGTT, oral glucose

tolerance test; IVGTT, intravenous glucose tolerance test.
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Students t-tests were used to determine differences by sex or diabe-

tes history, while differences by ethnicity were determined using one-

way analysis of variance. Pearson and Spearman correlations were

used to assess univariable correlations between LEAP2 concentra-

tions and outcomes of interest with normal or non-normal distribu-

tions, respectively. Multivariable regression using general linear

models was used to examine relationships between LEAP2 concentra-

tions and anthropometric, glycaemic and cardiovascular/ inflammation

variables, with adjustment for predetermined, clinically relevant fac-

tors including age, sex and adiposity (% body fat). All data analyses

were conducted using STATA/SE V.15.0 (College Station, Texas) and

P values < 0.05 were taken to indicate statistical significance.

2.5 | Study approval

All participants provided written informed consent to participate in

the analysis. The study was performed in accordance with the

requirements of the declaration of Helsinki and was approved by

the Monash University Human Research Ethics Committee (ref.

CF13/3874-2 013 001 988).

3 | RESULTS

3.1 | Sample characteristics

Participant characteristics are presented in Table 1. Sixty-five partici-

pants (24 female and 41 male) were included in the analysis. The

mean age and BMI of participants was 31.3 ± 8.5 years and 31.5

± 5.2 kg/m2, respectively, with 30 participants (46%) classified as

overweight (BMI 25 to 29.9 kg/m2) and 35 (54%) classified as obese

(BMI ≥30 kg/m2). LEAP2 concentrations did not differ by sex, ethnic-

ity, or history of diabetes (any-degree or first-degree relative) and

were not correlated with age (all P > 0.1).

3.2 | Associations with anthropometric measures

There were no associations between LEAP2 concentrations and any

anthropometric measures including BMI, total body fat, fat mass or

fat-free mass (all P > 0.1; Table 2). After adjustment for age and sex,

there was a positive association between LEAP2 and % body fat

(P = 0.049), but relationships with the other anthropometric measures

remained nonsignificant (Model 1, Table 3).

3.3 | Associations with glycaemic measures

In univariable analyses, LEAP2 concentrations were positively associ-

ated with fasting insulin (Figure 1A; P = 0.001), total insulin secretion

(Figure 1B, P = 0.047), and first- (Figure 1C; P = 0.02) and second-

phase (Figure 1D; P = 0.04) insulin secretion AUC, determined by

IVGTT (Table 2). These associations remained significant in multivari-

able models adjusted for age and sex and with additional adjustment

for body fat (all P < 0.05; Table 3).

There was a trend for a negative association between LEAP2 con-

centrations and insulin sensitivity (P = 0.07; Table 2), which became

significant after adjusting for age and sex (P = 0.04; Model 1, Table 3)

or age, sex and BMI (P = 0.037), but not in the model adjusted for

age, sex and body fat (P = 0.2; Model 2, Table 3). There were no

TABLE 2 Correlations between LEAP2 concentrations and
cardiometabolic variables

Variable
Correlations

r P

Demographic and anthropometric measures

Age (years) 0.15 0.2

Body mass indexa (kg/m2) 0.04 0.7

Waist-hip ratiob 0.08 0.5

Body fat (%) 0.10 0.4

Fat mass (kg) 0.14 0.3

Fat free mass (kg) 0.03 0.8

Glycaemic measures

Fasting blood glucose (mmol/L) �0.01 0.9

2-hour post OGTT blood glucose (mmol/L) 0.21 0.09

Insulin sensitivity (M; mg/kg/min) �0.22 0.07

Fasting insulin by IVGTTa (mlU/L) 0.39 0.001

Total insulin AUC by IVGTTa (mlU/L) 0.25 0.047

First phase insulin AUC by IVGTTa (mlU/L) 0.28 0.02

Second phase insulin AUC by IVGTTa (mlU/L) 0.25 0.04

Cardiovascular measures

Systolic blood pressure (mmHg) 0.22 0.08

Diastolic blood pressure (mmHg) 0.29 0.02

Heart rate (bpm) 0.08 0.5

Pulse pressure (mmHg) 0.02 0.9

Mean arterial pressure (mmHg) 0.29 0.02

Inflammation markers and Adipokines

C-reactive proteinb (mg/L) 0.13 0.3

Interleukin-1β (pg/mL) �0.22 0.07

Nuclear factor kappa-B (pg/μg protein) �0.20 0.1

Adiponectina (ng/mL) �0.10 0.4

Adipsin (ng/mL) 0.04 0.8

Leptina (ng/mL) 0.03 0.8

Resistinb (ng/mL) 0.02 0.8

Note: Data were analysed using Pearson correlations unless otherwise

indicated. Bold denotes statistical significance.

Abbreviations: AUC, area under the curve; HDL, high-density lipoprotein

cholesterol; IVGTT, intravenous glucose tolerance test; LDL, low-density

lipoprotein cholesterol; OGTT, oral glucose tolerance test.
aNon-normal data which were log-transformed prior to Pearson

correlation analysis.
bData were analysed using nonparametric Spearman correlation tests.
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relationships with fasting or 2-hour post-OGTT glucose levels in uni-

variable or multivariable analyses. In examining insulin secretion from

IVGTT data, a stepwise regression analysis of age, sex, fat mass and

waist-hip ratio resulted in only LEAP2 being included in the final

model, with a 1% increase in LEAP2 concentration resulting in a

0.26% increase in total insulin AUC (P = 0.034), a 0.3% increase in

first-phase AUC (P = 0.016) and a 0.27% increase in second-phase

insulin AUC (P = 0.032; Table 4).

3.4 | Associations with cardiovascular measures
and inflammation markers

LEAP2 concentrations were positively associated with diastolic blood

pressure (P = 0.02) but the association with systolic blood pressure

did not reach statistical significance (P = 0.08; Table 2). LEAP2 con-

centrations also correlated positively with mean arterial pressure

(r = 0.29, P = 0.02) but not with pulse pressure, heart rate, or any of

the plasma lipids (Table 2). The relationship with diastolic blood pres-

sure remained significant after adjustment for age and sex (P = 0.04)

but was attenuated after additional adjustment for body fat

(P = 0.07). Similarly, the relationship with mean arterial pressure was

no longer significant after adjustment for age and sex, or after addi-

tional adjustment for body fat (P = 0.1; Table 2).

There was no relationship between LEAP2 concentrations and

NFκB activity in the peripheral blood mononuclear cells on univariable

analysis or in the age- and sex-adjusted model; however, LEAP2 was

negatively associated with NFκB activity in the model adjusted for

age, sex and body fat (P = 0.04; Table 3). There were no associations

with any of the other inflammation markers or adipokines measured,

including after adjustment for age, sex or body fat.

4 | DISCUSSION

The results of this study demonstrated novel relationships between

LEAP2 and key cardiometabolic risk factors, including insulin secretion

and sensitivity, diastolic blood pressure and NFκB activity. Although

the relationships between LEAP2 and insulin secretion, diastolic blood

pressure and NFκB activity were independent of obesity, the relation-

ship between LEAP2 concentrations and insulin resistance disap-

peared after adjustment for body fat, suggesting that this relationship

TABLE 3 Associations between LEAP2 and cardiometabolic outcomes after adjustment for covariates

Dependent variable
Model 1 Model 2

Coefficient R2 P Coefficient R2 P

Anthropometric measures

Body mass indexa (kg/m2) 0.04 (�0.1, 0.1) 0.07 0.5 –

Waist-hip ratioa �0.1 (�0.3, 0.7) 0.06 0.2 –

Body fat (%) 0.2 (0.001, 0.3) 0.60 0.049 –

Fat mass (kg) 0.3 (�0.1, 0.6) 0.16 0.1 –

Fat free mass (kg) �0.01 (�0.3, 0.3) 0.49 0.9 –

Glycaemic measures

Fasting blood glucose (mmol/L) �0.001 (�0.02,0.01) 0.08 0.9 �0.001 (�0.02, 0.02) 0.08 0.9

2-hour blood glucose post-OGTT (mmol/L) 0.04 (�0.01, 0.09) 0.07 0.1 0.04 (�0.02, 0.09) 0.06 0.2

Insulin sensitivity (M; mg/kg/min) �0.1 (�0.2, �0.003) 0.10 0.04 �0.05 (�0.1,0.03) 0.26 0.2

Fasting insulin by IVGTTa (mlU/L) 0.6 (0.3, 1.0) 0.22 <0.001 0.6 (0.3, 1.0) 0.23 0.001

Total insulin AUC by IVGTTa (mlU/L) 0.5 (0.1, 0.9) 0.10 0.03 0.5 (0.1, 1.0) 0.11 0.03

First-phase insulin AUC by IVGTTa (mlU/L) 0.8 (0.2, 1.4) 0.10 0.02 0.8 (0.2, 1.4) 0.11 0.01

Second-phase insulin AUC by IVGTTa (mlU/L) 0.5 (0.07, 0.9) 0.11 0.02 0.5 (0.04, 0.9) 0.12 0.03

Cardiovascular and inflammation markers

SBP (mmHg) 0.2 (�0.1, 0.5) 0.28 0.2 0.2 (�0.02, 0.5) 0.30 0.4

DBP (mmHg) 0.3 (0.02, 0.5) 0.14 0.04 0.2 (�0.2, 0.5) 0.19 0.07

Heart rate (bpm) 0.1 (�0.2, 0.5) 0.02 0.4 0.1 (�0.3, 0.5) 0.05 0.7

Pulse pressure (mmHg) �0.06 (�0.3, 0.2) 0.30 0.6 �0.08 (�0.3, 0.2) 0.28 0.6

Mean arterial pressure (mmHg) 0.3 (�0.003, 0.5) 0.18 0.05 0.2 (�0.05, 0.5) 0.24 0.1

C-reactive proteina (mg/L) 0.3 (�0.4, 1.0) 0.03 0.4 0.2 (�0.5, 1.0) 0.08 0.6

Interleukin-1β (pg/ml) �0.5 (�1.1, 0.2) 0.18 0.2 �0.4 (�1.1, 0.3) 0.19 0.3

Nuclear factor kappa-B (pg/μg protein) �1.0 (�1.6, �0.2) 0.05 0.1 �1.0 (�1.9, �0.04) 0.12 0.04

aindicates non-normally distributed variables where data were log-transformed prior to analysis. Model 1 is adjusted for age and sex; Model 2 is adjusted

for age, sex and total body fat. Bold denotes statistical significance.
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is mediated by obesity. Although there were no associations between

LEAP2 and weight, BMI or waist-hip ratio, there was a relationship

with body fat in the age- and sex-adjusted models. This may suggest

that, rather than being purely regulated by energy balance, adiposity

may be a stronger driver of LEAP2 levels, independently of age and

sex. This is supported by animal data showing that LEAP2 concentra-

tions decreased fat mass,16 however, our data are the first evidence

of this relationship in humans. One recent study identified an insulino-

tropic action of a LEAP2 peptide in vitro, however, this did not trans-

late into interventional studies.22 This novel relationship between

LEAP2 and insulin secretion has important implications for its poten-

tial as a therapeutic agent in the management of type 2 diabetes and

metabolic syndrome.

We reported a novel association between LEAP2 and fasting

insulin and insulin secretion, which are independent of adiposity.

LEAP2 levels were associated with insulin secretion, even after adjust-

ment for body fat, which suggests an effect independent from the

effect of LEAP2 on obesity. This is controversial in the context of

ghrelin, with inconsistent evidence that it suppresses glucose-

stimulated insulin secretion.23 Both ghrelin and LEAP2 are known to

act on GHS-R1a, which is also found in mouse and human pancreatic

islets, providing a potential mechanism for their effect.23,24 Given that

F IGURE 1 Associations between liver-expressed antimicrobial peptide 2 (LEAP2) concentrations and fasting insulin (A); total insulin area
under the curve (AUC) (B); first-phase insulin AUC (C); and second-phase insulin AUC (D).

TABLE 4 Stepwise regression analysis: Covariates considered but
not included in the model with P value entry parameter of 0.05 and

removal parameter of 0.1: age, sex, waist-hip ratio, fat mass

Variable
Standardized coefficient
(95% CI)

P
value

Total insulin AUCa 0.266 (0.038, 0.912) 0.034*

First-phase insulin AUCa 0.300 (0.139, 1.315) 0.016*

Second-phase insulin

AUCa

0.269 (0.042, 0.877) 0.032*

Note: Included variables: LEAP2 concentration.

Abbreviations: AUC, area under the curve; CI, confidence interval.
aVariable log-transformed; therefore, coefficient interpretation is

multiplicative.
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ghrelin decreases glucose-mediated insulin secretion via this pathway,

LEAP2 may act via this pathway to oppose the action of ghrelin and

facilitate insulin secretion. GHS-R1a is likely to be a critical mecha-

nism, since GHS-R1a knockout mice do not show a LEAP2-mediated

glucose-lowering effect.18 Others have suggested that LEAP2 has

unknown alternative receptors, showing anorexic effects on GHS-R1a

knockout mice.25 Another plausible mechanism for the action of

LEAP2 centres on growth hormone (GH). Recently, it has been shown

that LEAP2 administration suppresses GH concentrations in

humans.18 GH is typically considered to have an antagonistic relation-

ship with insulin, decreasing sensitivity in peripheral tissues and caus-

ing hyperinsulinaemia. However, our current study does not support a

role for LEAP in decreasing GH concentrations, as this would predict a

decrease in insulin concentrations. We suggest the increased insulin

secretion shown in this study is presumably independent from GH sig-

nalling. The notion of LEAP2 as a modulator of insulin-glucose metab-

olism is complicated and, although LEAP2 was associated with insulin

sensitivity measured by gold-standard hyperinsulinaemic-euglycaemic

clamp after an adjustment for age and sex, this association disap-

peared after additional adjustment for body fat. This suggests that the

effect of LEAP2 on insulin resistance is mediated through adiposity

and strengthens the case for a mechanism of increased insulin secre-

tion, rather than sensitivity. Moreover, the lack of association

between LEAP2 and glucose concentrations supports this idea, but

this could also be complicated by hepatic glucose output, which was

not assessed in this study. Interestingly, the relationship was not

described in previous studies of patients living with type 2 diabetes, in

which LEAP2 was not associated with insulin levels or resistance,

although it was associated with glycated haemoglobin (HbA1c).19

However, in our study we used a gold-standard hyperinsulinaemic-

euglycaemic glucose clamp for measurement of insulin sensitivity,

which is likely responsible for the difference in the results between

our study and the study by Li et al.19 This means, combined with its

anti-obesity effects, LEAP2 may be uniquely suited for the manage-

ment of type 2 diabetes, targeting multiple facets of disease.

We also showed, for the first time, an inverse association

between LEAP2 and NFκB, however, the potential mechanisms

underpinning this relationship are unclear. It is difficult to know

whether this is a factor of the cardiometabolic effects of LEAP2

influencing inflammatory and oxidative stress pathways, or whether it

is a direct action on circulating leukocytes. LEAP2 is known to play a

role in pathogen defence, being expressed by monocytes.26 Addition-

ally, ghrelin has been shown to cause NFκB activation in human

lymphocytes,27 which may explain why a purported ghrelin antagonist

would lead to reductions in signalling. In addition, NFκB has repeat-

edly been associated with insulin sensitivity,28 as treatments which

inhibit signalling reverse insulin resistance. The inverse association

may indicate that LEAP2 regulates immune function; however, this

requires further investigation.

One important limitation of our study was the inability to

measure plasma ghrelin concentrations due to sample degradation.

Therefore, our conclusions are based solely on plasma LEAP2 and not

the relationship between plasma ghrelin and LEAP2. In addition, the

cross-sectional design precludes causality and the sample comprised

only healthy adults with overweight and obesity. Hence, the direction

of the observed relationships cannot be determined and results are

not generalizable to other populations including lean individuals or

those with pre-existing conditions.

In conclusion, this study provides evidence of relationships

between LEAP2 and glucose-insulin metabolism, lending support to

future research into its use as a potential anti-obesity and antidiabetic

agent. Importantly for its therapeutic translation as an insulin secreta-

gogue, it appears to act by directly increasing insulin output, rather

than modulating sensitivity. Should LEAP2 have additional benefits to

insulin secretion and inflammation, as well as its established effects

on weight loss, it could represent a powerful means to combat obesity

and type 2 diabetes. Further interventional preclinical studies and clin-

ical trials are required to explore the effect of direct administration of

the hormone, to guide future therapeutic development, as well as

evaluate the potential for off-target effects. Additionally, studies

exploring the interaction between LEAP2, pancreatic insulin secretion,

and adipose tissue are required to reveal its role in these intertwined

physiologies.
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