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France
h University of South Florida, Tampa, FL 33612, USA
A R T I C L E I N F O

Keywords:
Insulin resistance
Glucose uptake
Skeletal muscles
Type 2 diabetes
* Corresponding author.
E-mail address: christophe.magnan@univ-paris-d

1 Co-first authors.
2 These authors contributed equally to this work

https://doi.org/10.1016/j.heliyon.2022.e09944
Received 27 January 2022; Received in revised for
2405-8440/© 2022 Published by Elsevier Ltd. This
A B S T R A C T

The aim of our study was to test the hypothesis that administration of Regenerating islet-derived protein 3α
(Reg3α), a protein described as having protective effects against oxidative stress and anti-inflammatory activity,
could participate in the control of glucose homeostasis and potentially be a new target of interest in the treatment
of type 2 diabetes. To that end the recombinant human Reg3α protein was administered for one month in insulin-
resistant mice fed high fat diet. We performed glucose and insulin tolerance tests, assayed circulating chemokines
in plasma and measured glucose uptake in insulin sensitive tissues. We evidenced an increase in insulin sensitivity
during an oral glucose tolerance test in ALF-5755 treated mice vs controls and decreased the pro-inflammatory
cytokine C-X-C Motif Chemokine Ligand 5 (CXCL5). We also demonstrated an increase in glucose uptake in
skeletal muscle. Finally, correlation studies using human and mouse muscle biopsies showed negative correlation
between intramuscular Reg3α mRNA expression (or its murine isoform Reg3γ) and insulin resistance. Thus, we
have established the proof of concept that Reg3α could be a novel molecule of interest in the treatment of T2D by
increasing insulin sensitivity via a skeletal muscle effect.
1. Introduction

The regenerating islet-derived protein 3α (Reg3α, Reg3A), also called
hepatocarcinoma-intestinal-pancreas/pancreatitis-associated protein
(HIP/PAP) is a 16 KDa type C lectin protein with a single carbohydrate
binding domain [1]. Reg3α is mainly expressed throughout the small in-
testine and modulates host defense process via bactericidal activity [2].
Reg3α is also secreted and carries out its biological activities in an
iderot.fr (C. Magnan).
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autocrine and paracrine manner [1]; it could also act in an endocrine
manner since it is also detected in the bloodstream. This protein has been
shown to drive tissue repair and regeneration as well as protection against
oxidative stress and cell death in the liver, pancreas and intestine, it also
promotes motor neuron axonal survival and guidance [3] and Schwann
cell proliferation [4, 5, 6]. It shows anti-inflammatory activities [7] and
yields antibacterial activities in the digestive tract [8, 9]. The protein
shows an intrinsic ROS scavenger activity targeted on the extra-cellular
y 2022
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

mailto:christophe.magnan@univ-paris-diderot.fr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2022.e09944&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2022.e09944
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.heliyon.2022.e09944


A. Le Lay et al. Heliyon 8 (2022) e09944
matrix in the context of inflammation; in turn, several intra-cellular
signaling pathways such as JAK/STAT3 and PI3/Akt, have been shown
to be activated by Reg3α [10, 11].

All this data makes it a promising molecule in a therapeutic perspective
and led to produce a human recombinant protein Reg3α (rcReg3α, also
namedALF-5755). Amurinemodelwith induction of acute liver failurewas
the first model evidencing the efficacy of ALF-5755 treatment [11]. In this
study ALF-5755 treatment protected in vitro primary hepatocytes against
multiple cell death signals and prevented in vivo death of the mice upon
treatment with Fas agonists; this activity was correlatedwith the scavenger
ROS activity and the prevention of extra- and intra-cellular oxidative stress.
ALF-5755 was then used in a phase 1 then 2a clinical trial in patients with
acute liver failure and led to a significant althoughmoderate clinical benefit
in a per-protocol analysis of patients with hepatitis B virus or auto-immune
acuteor chronichepatitis [12].Due to its antioxidantandanti-inflammatory
effects, ALF-5755 could also play an important therapeutic role in other
pathological situations includingmetabolic disorders like insulin resistance
(IR) and type 2 diabetes (T2D), two conditions characterized by chronic
multi-tissular low grade inflammation and oxidative stress, hepatic and
pancreatic β cells dysfunctions [13].

In this study the effect of treatment with ALF-5755 was addressed in a
model of C57Bl6/J mice made insulin resistant and prediabetic when fed
with high fat diet (HFD). We have evidenced that treatment with ALF-
5755 decreased IR and increased glucose uptake in skeletal muscles
compared to control group treated with vehicle. In addition, correlation
studies allowed us to demonstrate that Reg3γ mRNA expression in skel-
etal muscles was negatively associated with IR in mice fed with a HFD. In
Humans Reg3αmRNA expression in skeletal muscles was also negatively
correlated with HOMA-IR2 and intramyocellular-triglycerides content.
Altogether our data highlight a new role for Reg3α as a regulator of
insulin-sensitivity through an effect on skeletal muscle glucose uptake.

2. Materials and methods

2.1. Recombinant human Reg3α protein (rcREG3α)

The rcREG3α protein (ALF-5755) has been synthetized by adding one
amino-terminal methionine to the sequence of the secreted (i.e., lacking
the 26–amino acid signal sequence) form of the human endogenous
REG3α (HIP/PAP) (NP_620355). It was produced in Escherichia coli, pu-
rified to �99% and released in batches in compliance with the clinical
grade manufacturing process by PX'Therapeutics (Grenoble, France)
which permitted to achieve a phase 1 then a phase 2a in patients with
acute liver disease [12].

2.2. Animal studies

All procedures were carried out in accordance with the ethical stan-
dards of French and European regulations (European Communities
Council Directive, 86/609/EEC). The number of mice complied with
institutional ethical rules and was consistent with common practice in
the fields of metabolism studies. Procedures were approved by the ethics
committee of the University of Paris and by the French Ministry of
Research (approval #8728-20 16082615248655 v3). Four weeks old
C57BL/6J male mice were used. High fat diet (HF260) composition was
as follows: 5505 kcal/kg; 60% fat, 27% carbohydrates, SAFE, Augy,
France). After 8 weeks on the diet, the mice were briefly anesthetized
with isoflurane to implant a filled minipump on the right back for ALF-
5755 administration. An osmotic minipump (Alzet model 2004) was
implanted subcutaneously in 13-week-old mice delivering 50 μg/day of
ALF-5755 or placebo (NaCl 0.9%) for 4 weeks.

2.3. Oral glucose tolerance test

Oral glucose tolerance test (OGTT) was performed in overnight fasted
mice at day 28. They received a glucose solution at 2 g/kg body weight
2

via oral gavage (glucose 30% CMD Lavoisier). Tail blood was sampled at
time 0, 15, 30, 60, 90 and 120 min. Glucose levels were immediately
measured with a glucometer (Glucofix mio, Menarini Diagnostics). Blood
was centrifuged and plasma was collected and stored at �80 �C for
further measurement of hipemia (t0) and insulinemia (t0, t15, t30 and
t60).

2.4. Glucose uptake in specific tissues during OGTT

[1-14C]2-DG at 50 μCi was injected intraperitoneally concomitantly to
the glucose gavage [14]. Specific activity was measured in plasma sam-
ples collected during the glucose tolerance test. At the end of the
experiment the following tissues were collected and weighted to measure
2DG content and calculate glucose uptake: liver, skeletal muscle
(extensor digitorum longus, EDL; soleus, SOL), subcutaneous white adi-
pose tissue (WATsc) and visceral adipose tissue (WATv), cardiac atria and
ventricles (see calculations below).

2.5. Measurements and calculations

2.5.1. Insulin sensitivity index (ISI)
ISI was calculated during OGTT by application in rodents of the

Matsuda’s method widely used in humans, [15]. ISI was calculated as
10000/(√[G 0 � I 0 � G mean � I mean]), where the suffix mean indicates
the average value of glucose and insulin concentration measurements
during the whole length of the test.

2.5.2. Assessment of glucose uptake in insulin target tissues
During OGTT, 10 μL of blood contained in a heparinized capillary

were collected at time 0, 15, 30, 45 and 60 min and directly added to a
1.5 mL tube containing 50 μL ZnSO4 (0.3 N), followed by 50 μL Ba(OH)2
(0.3 N) to precipitate proteins [14]. At completion of the experiment the
samples were centrifuged at 12,000 g for 3 min and 50 μL of supernatant
were move to a counting vial and evaporated in a hood. Dry pellet was
resuspended in 500 μL water before cpm assessment. Selected tissues
were processed as follows: each tissue was transferred to a tube con-
taining 0.5 mL NaOH (1 M), shaken on a thermo-mixer (60 �C, 950–1000
rpm) for 1h, followed by addition of 0.5 mL of HCl (1 M). Two-hundred
μL of the homogenate were transferred to tubes containing 0.5 mL ZnSO4

(0.3 N), to which 0.5 mL Ba(OH)2 (0.3 N) were then added. 200 μL of the
homogenate were transferred to tubes containing 1 mL perchloric acid
(6%). After vortexing and centrifuging samples for 2 min at 13000 g, 400
μL of supernatants were transferred to counting vials and radioactivity
was determined. The first series with ZnSO4 and Ba(OH)2 allowed for
determining Xcpm (2-DG). The second series with PCA allowed for
determining Ycpm (2-DG plus 2-deoxyglucose 6 phosphate, 2-DG6P).
Ycpm-Xcpm ¼ 2-DG6P synthesis reflecting cellular 2-DG uptake within
the tissue. In vivo glucose uptake (μg.g of tissue �1.min�1) for each tissue
was calculated on the basis of the accumulation of 2DG-6-phosphate in
the respective tissue and the disappearance rate of 2DG from plasma as
described [16].

2.5.3. Measurement of circulating chemokines
On the last day of the infusion period and before the glucose tolerance

test, a blood sample was taken from the tail vessels and the plasma
collected for measurement of circulating cytokine concentrations.
Briefly, plasma samples were screened using mouse Cytokine/Chemo-
kineMagnetic Beadmultiplex assay. The following 32 analytes classically
involved in inflammation or immune system were dosed: G-CSF, GM-
CSF, IFNγ, IL1α, IL1β, IL2, IL3, IL4, IL5, IL6, IL7, IL9, IL10, IL12 (p40),
IL12 (p70), IL13, IL15, IL17, IP10, KC, LIF, LIX/CXCL5, MCP1, MCSF,
MIG, MIP-1α, MIP-1β, MIP-2, RANTES, TNFα, VEGF, Eotaxin/CCL11
(MCYTOMAG-70K, Millipore, Rabalot, France). All reagents and samples
were prepared, and assays performed according to the manufacturer’s
instructions provided by the kit. Luminex xMAP was used as the method
of detection. To decrease the percentage of out-of-range values, results
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were analyzed based on the median fluorescence intensities (MFI) as
previously described [17]. Mann-Whitney test was performed for each
analyte.

2.6. Correlation studies in muscles

2.6.1. Human studies
The Malm€o Men (MM) cohort is a subset of 203 non-obese Swedish

men from the Malm€o Prospective Project (MPP) that were asked to
participate in an training intervention [18, 19]. The MPP was initiated in
1974 as an intervention project to prevent Type 2 diabetes in men born
between 1926 and 1935. Upon inclusion in the MPP, all participants in
MM had normal glucose tolerance, but at the baseline screening visit for
the MM intervention, some of them had developed impaired glucose
tolerance or Type 2 diabetes. Information from the MM baseline
pre-intervention screening visit from individuals without Type 2 diabetes
was used for work presented in this manuscript. Briefly, muscle samples
were obtained at the time of diagnosis (before treatment with any hy-
poglycemic medication). Percutaneous muscle biopsy samples (20–50
mg) were taken from the vastus lateralis muscle under local anesthesia
(1% lidocaine) after a 2h hyperinsulinemic-euglycemic clamp using a
Bergstr€om needle. The cohort and microarray experimental details have
been described earlier in [18].

2.6.2. Mice studies
Correlations between the mRNA expression Reg3γ, the murine iso-

form of Reg3α, in mouse skeletal muscle and metabolic phenotypes were
carried out on the basis of the database developed within the framework
of the European programmes IMI Rhapsody and according to a previously
described methodology [20, 21, 22]. Briefly, male mice from the three
commonly used non-diabetic mouse strains C57BL6/J, DBA2/J and
BalbC were fed a high fat or regular chow diet for one month as previ-
ously described [22]. Skeletal muscles were collected and phenotypic
measurements (basal glycemia and insulinemia, oral GTT, 2g/kg, ITT,
0.75U/kg) were performed at 2 days, 10 days and 30 days to assess
diabetes progression. Insulin Resistance (IR) was defined as the area
under the curve of the glycemia during ITT. RNA-Seq was performed
from skeletal muscles at each time-point and integrated with the
phenotypic data in a network-based analysis [20, 21, 22]. Briefly,
weighted gene co-expression network analysis (WGCNA) was performed
on normalized RNASeq data and gene expression modules to phenotypic
trait correlations were calculated using the Spearman method [23], as it
has been described in S�anchez-Archidona et al [22].

3. Results

3.1. Animal studies

We first observed the effect of treatment on basal blood glucose (i.e.
5h fasted) and insulin (Figure 1A and B, respectively) and no effect were
observed in both parameters compared to placebo. We then studied
glucose homeostasis during an oral glucose challenge (Figure 1C–G). The
evolution of blood glucose in response to glucose overload was similar in
both groups with however a tendency to a systematically lower blood
glucose level from 30 min onwards in the ALF-5755 group compared to
the placebo group (1C). On the other hand, the increase in insulin levels
observed during OGTT was lower in the ALF-5755 group as compared to
the control group, especially at time 15 min where the difference was
significant (1D). Similarly, insulin AUC during OGTT was significantly
decreased in ALF-5755 treated group compared to control (1E). This
strongly suggested that ALF therapy reduced IR, and this was confirmed
by the calculation of the ISI (1F). Finally, the plasma ALF-5755 (Hipemia)
concentration was inversely correlated to the plasma insulin concentra-
tion at time 15 min (1G).

At this time, it was important to identify the tissue(s) targeted by ALF-
5755 and responsible for the increase in insulin sensitivity. Glucose
3

uptake by the main insulin target tissues was measured and evidenced a
significant increase in glucose uptake specifically in EDL, a glycolytic
skeletal muscle (Figure 2A and B). A similar, but non-significant trend
was also observed in soleus muscle. No effect of ALF-5755 treatment on
glucose uptake was observed in the liver nor in white adipose tissues
(either subcutaneous or visceral).

Regarding measurement of circulating chemokines, 28 analytes were
detected among 32. Of these 28the proinflammatory cytokine CXCL5,
was significantly decreased by treatment with ALF-5755 (Figure 3A).
Four other analytes showed a tendency to be differentially expressed
following treatment with ALF-5755 including IFNγ (3B-E).

3.2. Correlation studies in rodents and humans

Since the increase in insulin sensitivity demonstrated during ALF-
5755 administration was predominantly explained by an increase in
glucose uptake in skeletal muscle, we investigated whether there was a
correlation between intramuscular expression of Reg3 (both γ and α) and
glucose homeostasis parameters in skeletal muscle biopsies from mice
(Table 1) and human subjects (Table 2).

We observed in mice that Reg3γ expression was similar in soleus
muscle of mice fed with HF diet compared to regular chow diet (14.41 �
3,12 vs. 14.25 � 1,94 A.U., ns), however we put in evidence that Reg3γ
expression positively correlated with basal blood glucose and negatively
with both insulinemia and IR (Table 1). IR was defined as the area under
the curve of the glycemia during ITT. In humans, intramuscular expres-
sion of Reg3α was negatively correlated with intramyocellular tri-
glycerides, basal glucose and insulin levels, HOMA-IR, and waist-hip
ratio, all features of insulin resistance (Table 2). Of note, Reg3α expres-
sion in human muscles of patients with impaired glucose tolerance was
slightly lower than in normo-tolerant patients: 264 � 19 vs. 327 � 26,
A.U. p ¼ 0.08).

4. Discussion

The aim of our study was to test the hypothesis that a treatment with
the Reg3α protein could improve insulin efficacy in mice made glucose
intolerant and insulin resistant upon HFD. This hypothesis was based on
previously published data showing an antioxidant and anti-inflammatory
effect of Reg3α, two parameters that are involved in the development of
IR. We have shown here for the first time that treatment with the human
Reg3α decreased IR in this rodent model. Furthermore, we have shown
that this effect was due at least in part to an increase in glucose uptake by
muscle tissue (significantly in glycolytic muscle and with a non-
significant trend in oxidative muscle). Finally, we have also demon-
strated a correlation between the expression of muscle Reg3γ in mice and
Reg3α in humans and the improvement of main parameters of glucose
homeostasis, namely insulinemia and basal glycemia, HOMA-IR and
intramyocellular triglyceride content.

Such specific increase in muscle glucose transport is of particular
interest because muscles are the main responsible for increased glucose
uptake during meals. Indeed, in healthy humans, 70–80% of glucose
uptake occurs in skeletal muscle in the postprandial state [24, 25]. In
contrast, in T2D subjects, the onset of insulin action is delayed and the
ability of insulin to maximally stimulate glucose uptake is markedly
blunted. DeFronzo et al have highlighted that insulin-stimulated leg
muscle glucose uptake is reduced by about 50% in T2D [24]. In addition,
quantification of leg muscle glucose uptake in T2D with positron emis-
sion tomography has evidenced severe muscle IR [26]. This lack of
muscle glucose uptake in T2D partly accounts for the more marked
postprandial hyperglycemia in these patients and a slower return of
glucose levels to basal value. Moreover, studies of genetically predis-
posed individuals have indicated that insulin resistance in the muscle is
the primary or initiating defect leading to the ultimate development of
T2D [27]. Thus, skeletal muscle is a main target to fight against devel-
opment of insulin-resistance in prediabetic state or during early stage of



Figure 1. ALF-5755 decreases insulin resistance.
5h-fasted glycaemia (A) and insulinemia (B)
measured after 24 days of continuous treatment
(Unpaired t-test, At(11) ¼ 1,5, p ¼ 0,17, (B) t(11) ¼
2,19, p ¼ 0,051). Overnight-fasted glycemia (mg/
dL) during OGTT (C) measured at 27 days of
treatment before glucose bolus (T0) and at 15,
30, 60, 90, 120 min post 2g/kg of oral glucose
(two-ways ANOVA, treatment effect F(1,11) ¼ 3,9,
p ¼ 0,07). Decreased insulinemia (D) during
OGTT measured before oral glucose (T0) and at
15, 30 and 60 min following oral glucose in ALF-
5755 groups vs placebo (two-ways ANOVA,
treatment effect F(1,11) ¼ 5,9, *p ¼ 0,03, Sidak’s
multiple test 15 min **p ¼ 0,0036). (E) Area
under curve (AUC) of insulinemia during OGTT
calculated during the whole test (0–60 min, un-
paired t-test t(11) ¼ 2,5, *p ¼ 0,03), between
0 and 15 min (unpaired t-test, t(11) ¼ 2,17, p ¼
0,053) or between 15 and 60 min (unpaired t-
test, t(11) ¼ 2,6, *p ¼ 0,024). (F) Insulin sensi-
tivity index (ISIMatsuda) following Matsuda’s
method (unpaired t-test, t(11) ¼ 2,6, *p ¼ 0,026).
(G) Negative correlation between insulin con-
centration (ng/mg) at 15 min after oral glucose
and ALF-5755 plasma concentration (hipemia)
(r(pearson) ¼ �0,79, *p ¼ 0,019). Placebo (n ¼ 7),
ALF-5755 (n ¼ 6). Error bars indicate SEM.
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T2D [28]. In addition to these interventional data in animals, the analysis
of the correlation data that we have carried out in both mice and humans
were also extremely interesting and brings new elements of interest in
the use of Reg3α for the therapeutic management of IR in overweight or
obese subjects with or without T2D. Indeed, we have demonstrated a
negative correlation between basal insulinemia and IR in mice and
humans. Of note the positive correlation between basal glycemia and
Reg3γ mRNA expression in mouse muscles may suggest a different
regulation compared to Reg3α in Human skeletal muscles and may
highlight an adaptation to increased glycemia in the same way that
glucose induces an increase in insulin synthesis and secretion [29].
Moreover, the inverse correlation between Reg3α expression in skeletal
muscle and intramyocellular triglyceride content in healthy humans is
also a very interesting finding; indeed excessive intramyocellular lipid
deposition and associated reduced muscle contractile activity are
4

characteristics of degenerative muscular diseases and muscle disorders
not only in T2D [30, 31] but also in systemic diseases [32]. Thus, it has
been demonstrated that insulin resistance promotes metabolic and
functional breakdowns of skeletal muscle which may manifest clinically
even in young and middle-aged adults [33]. At the opposite, muscle fat
accumulation and muscular IR were positively correlated with higher
fasting plasma glucose and lower glucose tolerance in humans [34].
Thus, Reg3α treatment could prevent these defects by decreasing intra-
myocellular triglycerides content and concomitantly improving glucose
uptake. It should also be noted that in our study the increase in muscle
glucose uptake was greater in glycolytic (EDL) than in oxidative muscle
(soleus). This could be due to methodology we used but it is interesting to
keep in mind that glycolytic muscles are more susceptible to age-related
muscular dystrophy [35, 36]; thus increased glucose uptake in glycolytic
muscles may also contribute to partly protect against muscular



Figure 2. ALF-5755 promotes skeletal muscle glucose uptake. Glucose uptake in
μg/g/min (A) and as a ratio in percentage of placebo values (B) in skeletal muscle
(Soleus, EDL: unpaired t-test, t(8) ¼ 3,6, **p ¼ 0,0067), heart muscle (atrium,
ventricle), liver, subcutaneous (WATsc) and visceral (WATvisc) adipose tissue. (B)
glucose uptake ratio (%) in skeletalmuscle (Soleus, EDL: unpaired t-test, t(8)¼ 3,6,
**p¼ 0,0067), heart muscle (atrium, ventricle), liver, subcutaneous (WATsc) and
visceral (WATvisc) adipose tissue of ALF-5755 groups compared to placebo. Pla-
cebo (n ¼ 6), ALF-5755 (n ¼ 6). Error bars indicate SEM.
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dysfunction during progression of T2D [37]. Similarly, glucose uptake in
glycolytic muscles is less insulin-dependent with a higher fraction of
contraction-induced glucose uptake compared to oxidative muscles [38].
Figure 3. ALF-5755 decreases plasma CXCL5 concentration. Plasma concentration o
days of treatment with placebo or ALF-5755. Luminex xMAP was used as the metho
analyzed based on the median fluorescence intensities (MFI) as described [17]. Placeb

5

Thus, Reg3α could have a potentiating effect on insulin by increasing its
action in glycolytic muscles.

Several studies have shown an effect of Reg3α on hepatocyte regen-
eration and viability; yet we did not observe any effect on glucose uptake
by the liver in our glucose tolerance test experiments upon Reg3α
administration; this suggests that at least in these conditions the liver is
probably not a major site of action for Reg3α. This is consistent with the
fact that basal glycemia depends mainly on hepatic glucose production
whereas decreased glycemia in response to a meal (here mimicked by
OGTT) is mainly due to increased glucose uptake by muscles.

The lack of increased uptake of glucose in adipose tissue during
Reg3α administration is also of great interest as it may prevent significant
weight gain in the long term; indeed an increase in glucose uptake by
adipose tissue might promote a rapid return of glycemia to its basal value
but the long-term effect might be deleterious since the increased glucose
uptake could actually drive lipogenesis and triglyceride storage and ul-
timately body weight gain as observed during therapy with pioglitazone
[39]. In fact, data obtained from our interventional study in mice should
be compared with those obtained in humans regarding the inverse cor-
relation between the expression of Reg3α in skeletal muscle and the waist
to hip ratio; this suggests a decrease in adiposity in those subjects with
high expression of Reg3α in muscle, possibly due to a metabolic shift and
a preferential use of glucose by muscles rather than adipose tissue as
observed in mice treated with Reg3α. Thus, chronic treatment with
Reg3α in the context of T2D may reduce or limit weight gain by reor-
ienting the metabolism of glucose to the muscles with a beneficial impact
on the overall energy homeostasis. In agreement with this result, it is
interesting to note the tendency for plasma eotaxin to decrease in animals
treated with ALF-5755 vs placebo. Indeed eotaxin, produced in particular
by the vascular stroma fraction of adipose tissue, has been shown to be
positively associated with obesity in humans whereas diet-induced
weight loss led to its reduction [40]. Thus, our result may reflect a
decrease in adiposity and adipose tissue inflammation.

Accordingly, the measurement of plasma cytokines concentration
shows that treatment with ALF-5755 significantly reduces the level of the
proinflammatory chemokine CXCL5. We previously evidenced that
Reg3A controlled inflammation in mice with colitis [41]. It has been
shown that plasma CXCL5 elevation is an inducer of insulin resistance
and T2D [42, 43, 44, 45]. In fact, Chavey et al evidenced that CXCL5
f CXCL5 (A), IL-1a (B), eotaxin (C), IFNγ (D), and IL-13 in HFD fed mice after 28
d of detection. To decrease the percentage of out-of-range values, results were
o (n ¼ 7), ALF-5755 (n ¼ 8). Mann-Whitney test was performed for each analyte.



Table 1. Correlations between mRNA expression of Reg3γ in skeletal muscles
and metabolic parameters in mice fed HFD (n ¼ 12 per mouse strain).

R (Spearman) P value

Basal Glycemia 0,414 0,0002

Basal Insulinemia �0,496 0,036

Insulin resistance �0,321 0,005

OGTT (AUC) �0,238 0,340

Insulin during OGTT �0,128 0,609

Bold means significative correlation between mRNA expression of Reg3 and
measured parameter.

Table 2. Correlations between Reg3αmRNA level in skeletal muscle and several
key components of glucose metabolism in healthy subjects (n ¼ 28): IMCL:
intramyocellular triglycerides, basal glucose and insulin levels, HOMA2-IR, and
waist to hip ratio..

R (Spearman) P value

IMCL Triglycerides �0,548 0,005

Basal Glycemia �0,455 0,020

Basal Insulinemia �0,497 0,010

HOMA2-IR �0,423 0,031

Waist-Hip Ratio �0,429 0,032
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inhibits insulin signaling [43]. Treatment of obese, insulin-resistant mice
with anti-CXCL5 neutralizing antibodies improved insulin-sensitivity
[43]. Thus, the decrease of CXCL5 could also partly explain the benefi-
cial impact of ALF-5755 on insulin sensitivity.

In conclusion, our data show for the first time to the best of our
knowledge that Reg3α regulates skeletal muscle insulin sensitivity not
only by its expression in this tissue but also during its administration in an
insulin resistant animal model. Reduction of muscular insulin resistance
during treatment with Reg3α is linked to increased glucose uptake by
skeletal muscle. Our study also reveals a new mode of action of Reg3α
related to the decrease of plasmaCXCL5 that could explain, at least in part,
the increase in insulin sensitivity. Thus, pharmacological improvement of
insulin resistance in muscle driven by Reg3α may be a promising addi-
tional metabolic benefit when associatedwith other hypoglycemic agents
which do not target directly skeletal muscle.
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