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Abstract
Metabolic syndrome is characterised by chronic low-grade inflammation and adipose tissue dysfunction.
Pleiotrophin, a cytokine involved in tissue remodelling and energy metabolism, has emerged as a
potential regulator of adipose tissue plasticity and systemic metabolic homeostasis. We investigated the
role of pleiotrophin signalling in diet-induced obesity and adipose tissue inflammation, by genetic
pleiotrophin deletion and pharmacological inhibition of RPTPβ/ζ phosphatase activity by MY10, a
selective inhibitor that mimics pleiotrophin signalling. Male and female wild-type and pleiotrophin-
deficient mice were fed a standard or a high-fat diet (60% kcal from fat) for three months. A parallel
cohort of wild-type mice fed the standard or the high-fat diet received either vehicle or MY10. Adipose
tissue morphology, fibrosis, inflammatory and thermogenic markers were analysed by histology,
immunohistochemistry, qPCR and Western blotting. Pleiotrophin deletion attenuated high fat diet-
induced weight gain, adipocyte hypertrophy and fibrosis, while promoting browning of white adipose
tissue and enhancing thermogenic gene expression. Pleiotrophin-deficient mice showed reduced
macrophage accumulation and elevated anti-inflammatory cytokine expression, particularly in
subcutaneous adipose tissue. In contrast, MY10 treatment exacerbated adiposity and inflammation and
suppressed browning-associated markers in a sex- and depot-dependent manner. Overall, these findings
support a role for pleiotrophin in modulating adipose tissue inflammation and thermogenic
programming during obesity: pleiotrophin deletion is associated with a protective phenotype, whereas
pharmacological inhibition of RPTPβ/ζ phosphatase activity by MY10 aggravates obesity-associated
adipose tissue dysfunction. Collectively, these observations identify the pleiotrophin–RPTPβ/ζ axis as a
context-dependent regulator of adipose tissue remodelling and support its further investigation in
obesity-associated metabolic dysfunction.

Key points
Ptn deletion limits HFD-induced adipose expansion, fibrosis and inflammation

Ptn deficiency enhances browning-associated markers in white adipose tissue

MY10 promotes an adipose phenotype opposite to that observed after Ptn deletion

Pleiotrophin-RPTPβ/ζ adipose remodelling varies by sex and adipose tissue depot

Introduction
Obesity has become a global epidemic with a significant socio-economic impact on healthcare systems
[1, 2]. Its progression involves structural and functional alterations in adipose tissue, driven by excess
nutrient and energy intake. This leads to the development of chronic, low-grade inflammation, known as
metainflammation, which markedly disrupts metabolic homeostasis [3, 4]. These changes include
adipocyte hypertrophy and hyperplasia, leading to an expansion of adipose tissue mass, as well as
activation of resident immune cells [5–8], which release inflammatory mediators that sustain and self-
amplify the metainflammatory state [4, 5, 8, 9]. This obesity-associated metainflammation has been
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strongly linked to serious comorbidities, including type 2 diabetes mellitus, cardiovascular disease, and
metabolic dysfunction-associated steatohepatitis (MASH) [8, 10].

White adipose tissue exists primarily in two anatomically and functionally distinct depots: subcutaneous
(sWAT) and visceral adipose tissue (vWAT), which play divergent roles in the pathophysiology of obesity.
sWAT, situated beneath the dermis, is predominantly composed of small, insulin-sensitive adipocytes
with a high capacity for lipid uptake and triacylglycerol synthesis, and therefore serves a metabolically
protective role [11]. In contrast, vWAT, located intra-abdominally around vital organs, consists of larger,
hypertrophic adipocytes with reduced insulin sensitivity, impaired adipogenic potential and a pro-
inflammatory profile characterised by increased macrophages infiltration and elevated secretion of
cytokines such as TNF-α and IL-6 [12]. As the storage capacity of sWAT becomes limited during
progressive adiposity, lipid accumulation shifts towards vWAT, which is strongly associated with insulin
resistance, systemic inflammation, and increased risk of cardiometabolic disorders [13, 14]. WAT
distribution is also sex-dependent. Typically, females accumulate subcutaneous fat more readily than
males, who tend to show greater visceral deposition, the latter being more strongly associated with
adverse metabolic outcomes [15].

Pleiotrophin (PTN) is a highly conserved cytokine of the heparin-binding growth factor family. Its
expression is prominent during embryonic development and the early stages of life, but is tightly
restricted in adulthood, except in contexts involving tissue repair, cell proliferation and angiogenesis [16–
18]. Beyond these classical roles, PTN has emerged as an important regulator of metabolic
homeostasis, contributing to the maintenance of insulin sensitivity and to the control of adipose tissue
lipid turnover and brown adipose tissue thermogenesis [19, 20]. We have also demonstrated that PTN is
essential for preserving pancreatic structural integrity, a key determinant of normal glucose tolerance
[21]. Altogether, these observations suggest that PTN may be a relevant regulator of obesity-associated
alterations in glucose homeostasis and lipid metabolism. However, whether PTN deficiency differentially
affects individual adipose depots under severe diet-induced obesity, and whether these effects differ by
sex, remains unclear.

Consistent with its role in metabolic regulation, a previous study conducted in female mice, showed that
genetic deletion of Ptn protects against glucose intolerance and hepatic steatosis in a mouse model of
overweight induced by a moderate high-fat diet (45% kcal from fat) [22]. Furthermore, we have very
recently demonstrated that Ptn deletion protects against 60% HFD-induced hepatic steatosis, with a
sexually dimorphic response characterized by greater protection in females than in males [23]. Building
on these findings, the present study aims to investigate the role of PTN in adipose tissue expandability
under a more severe obesogenic condition (a high-fat diet with 60% of energy derived from fat) and the
contribution of sexual dimorphism to these effects. We hypothesise that Ptn deletion confers protection
against HFD-induced adipose tissue inflammation, macrophage infiltration and metabolic dysfunction,
potentially through enhanced tissue plasticity and adaptive thermogenic responses.
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To further dissect the role of pleiotrophin signalling in obesity-related metabolic dysfunction, we also
incorporated a pharmacological approach using MY10, a small synthetic molecule that selectively binds
to the intracellular PD1 domain of the PTN receptor RPTPβ/ζ, inhibiting its phosphatase activity [24].
Because PTN itself inactivates RPTPβ/ζ, pharmacological inhibition of this phosphatase reproduces
rather than opposes PTN signalling. Therefore, MY10 serves as a pharmacological tool to explore PTN-
driven mechanisms mediated through the RPTPβ/ζ pathway [24], and its effects are expected to diverge
from those of Ptn deletion. Accordingly, we investigated whether Ptn deletion differentially modulates
adipose tissue expansion, inflammatory remodelling, fibrosis and browning across visceral and
subcutaneous depots in male and female mice exposed to a 60% HFD and used MY10 in parallel to
explore the involvement of RPTPβ/ζ signalling in these responses.

Materials and methods

Animal model
All animal procedures were conducted in accordance with the European Union Directive 2010/63/EU on
the protection of laboratory animals and were approved by the Animal Research Committee of
Universidad San Pablo-CEU and the Comunidad de Madrid (PROEX 140.3/22). Ptn-deficient mice (Ptn-/-)

were generated as previously described [25]. Female and male wild-type (Ptn+/+) and Ptn-/- mice of the
C57BL/6J strain were housed at 22 ± 1°C under a 12-hour light/dark cycle, with free access to food and
water.

In the first experimental cohort, three-month-old female and male Ptn+/+ and Ptn-/- mice were randomly
assigned to a standard diet (STD; 18% kcal from fat, 58% from carbohydrate, and 24% from protein;
Teklad 2918C, ENVIGO-INOTIV, Indianapolis, IN, USA) or a high-fat diet (HFD; D12492, 60% kcal from fat,
20% from carbohydrate, and 20% from protein; Ssniff Spezialdiäten GmbH, Soest, Germany) for three
months (n = 7 mice per group).

Body surface temperature was measured weekly at noon in the dorsal region using the Body
Temperature Scanner (SF-HANDHELD-80TA05 Safire 80×60 Therm; accuracy ± 0.5°C; Safire CCTV,
Madrid, Spain). Three repeated measurements were taken per animal per session, and the average value
was used for subsequent analyses.

In a second cohort, three-month-old female and male Ptn+/+ mice were fed either the STD or the HFD for
three months and treated every other day by intragastric gavage with either vehicle (Veh; 10% dehydrated
ethanol, 20% polysorbate 80, 70% PEG-300) or MY10 (60 mg/kg), a selective inhibitor of the intracellular
PD1 domain of RPTPβ/ζ that mimics the biological actions of PTN. The dose and administration
schedule were based on previous in vivo studies with this compound [26].

After three months of dietary intervention, mice were fasted for 6 h and subsequently euthanised by
decapitation. Adipose tissue depots were excised, weighed and either snap-frozen in liquid nitrogen and
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stored at − 80°C or fixed in 4% paraformaldehyde. For the histological analysis, two white adipose tissue
depots were selected: perigonadal adipose tissue, as a representative of visceral adipose tissue (vWAT),
and posterior subcutaneous adipose tissue as representative of subcutaneous adipose tissue (sWAT).

Histological analysis
Perigonadal and subcutaneous adipose tissue were fixed in 4% paraformaldehyde, dehydrated and
paraffin embedded. For histological analysis, 3-µm thick tissue sections were deparaffinised, rehydrated
and stained with haematoxylin and eosin. Representative areas were acquired at 10× magnification by
optical microscopy (Leica Biosystems, Barcelona, Spain).

Adipocyte morphology was quantified in a blinded manner using five non-consecutive sections per
animal (n = 5 animals per group). Adipocyte number was expressed as number per mm2, and the area
was calculated in µm2. Automated adipocyte segmentation and size quantification were performed with
Adiposoft, using broad diameter limits to avoid size-based exclusion of adipocytes, followed by manual
correction to ensure segmentation accuracy. Image analysis was performed using ImageJ 1.45 software
(National Institutes of Health, Bethesda, MD, USA) in combination with the Adiposoft plugin
(http://fiji.sc/Adiposoft). Frequency distribution histograms of adipocyte size were generated using
SPSS Statistics software.

Fibrosis analysis
Adipose tissue fibrosis was assessed by picrosirius red staining and optical microscopy. Fibrosis
quantification was performed in a blinded manner, on five sections per animal (n = 5 animals per group)
captured at 10× magnification. Fibrosis was expressed as the percentage of picrosirius red–positive
area relative to the total analysed area, using ImageJ 1.45 software.

Quantitative real-time PCR analysis
Total RNA was isolated from adipose tissue using the Total RNA Isolation Kit (Nzytech, Lisbon, Portugal),
and first-strand cDNA was synthesised with the NZY First-Strand cDNA Synthesis Kit (Nzytech).
Quantitative real-time PCR (qRT-PCR) was performed using the SYBR Green method (Quantimix Easy kit,
Biotools, Madrid, Spain) on a CFX96 Real-Time PCR System (Bio-Rad, Hercules, CA, USA). Each sample
was analysed in duplicate. mRNA levels were normalised to the geometric mean of the reference genes
Actb and Prdx1 and calculated by the 2−ΔΔCt method [27]. For each gene, values across all experimental
groups and fat depots were expressed relative to the mRNA detected in vWAT from male Ptn+/+ mice fed
the STD. The primer sequences are listed in Table 1. For clarity, genes are referred to throughout by their
commonly used names; the corresponding official symbols are Adgre1 (F4/80), Itgax (Cd11c) and Ccl2
(Mcp1).
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Table 1
Primer sets used for qPCR analysis

Gene Primer forward Primer reverse

Actb 5'-TGTTACCAACTGGGACGACA-3' 5'-GGGGTGTTGAAGGTCTCAAA-3'

Prdx1 5'-CCACACAGCTCTACAAGGACC-3' 5'-CGTTGTCCCGCTACTACGTTTC-3'

Arg1 5'-CTCCAAGCCAAAGTCCTTAGAG-3' 5'-AGGAGCTGTCATTAGGCACAT-3'

Cd11c 5'-TGAGAATCAGCTGAAGGAGAAGA-3' 5'-GGGGTACAAGAAGAAGGCACCTC-3'

Cidea 5'-GCCTGCAGGAACTTATCAGC-3' 5'-AGAACTCCTCTGTGTCCACCA-3'

Col6a1 5'-CATTGGCTAACATGACGCAG3' 5'-GAGTTAGCGATGTCCCTCAG-3'

F480 5'-CAGATACAGCAATGCCAAGCA-3' 5'-GATTGTGAAGGTAGCATTCACAAGTG-3'

Hoxc8 5’-AAGGACAAGGCCACTTAAAT-3’ 5’-TCTGATACCGGCTGTAAGTTT-3’

Il6 5'-TAGTCCTTCCTACCCAATTTCC-3' 5'-TTGGTCCTTAGCCACTCCTTC-3'

Il10 5'-CGGGAAGACAATAACTGCACCC-3' 5'-CGGTTAGCAGTATGTTGTCCAGC-3'

Mcp1 5'-GGCTCAGCCAGATGCAGTTAA-3' 5'-CCTACTATTGGGATCATCTTGCT-3'

Pparγ2 5’-GATGCACTGCCTATGAGCACTT-3’ 5’-AGAGGTCCACAGAGCTGATTCC-3’

Ptn 5’- TTGGGGAGAATGTGACCTCAATAC-3’ 5’- GGCTTGGAGATGGTGACAGTTTTC-3’

Ptprz1 5’- GCCTGGATTGGGCTAATGGA-3’ 5’- TGAAACTCCTCCGCTGACAC-3’

Ucp1 5'-GGATTGGCCTCTACGACTCA-3' 5'-TAAGCCGGCTGAGATCTTGT-3'

Immunohistochemical analysis
Paraffin-embedded adipose tissue sections were deparaffinised, rehydrated and subjected to antigen
retrieval by boiling in 10 mM sodium citrate buffer (pH 6.0) containing 0.05% Tween-20 for 20 minutes.
Endogenous peroxidase activity was quenched with 3% hydrogen peroxide for 30 minutes. Sections 
were blocked for 30 minutes with blocking serum (VECTASTAIN ABC-HRP kit, Vector Laboratories, PK-
4001, Newark, CA, USA) and incubated overnight with the primary antibodies against F4/80 and UCP-1
(all references and dilutions in Table 2). Subsequently, sections were incubated with the appropriate
secondary antibody (VECTASTAIN ABC-HRP kit), and immunoreactivity was visualised with 3,3′-
diaminobenzidine as the chromogen (Sigma-Aldrich, St. Louis, MO, USA). Sections incubated without
primary antibody served as negative controls. Staining was assessed qualitatively on five sections per
animal (n = 5 animals per group).

Electrophoresis and Western Blot
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Perigonadal and subcutaneous adipose tissue samples were homogenised in a pH 7.4 buffer containing
30 mM HEPES, 5 mM EDTA, 1% Triton X-100, 0.5% sodium deoxycholate, 8 mM Na3VO4, 1 mM NaF
(Sigma-Aldrich, St. Louis, MO, USA), and 2 mM of the protease inhibitor mixture Pefabloc (Roche
Diagnostics, Barcelona, Spain). Total protein concentration was determined by the Pierce BCA Protein
assay kit (Thermo-Scientific, Waltham, MA, USA).

Equal amounts of total protein (30 µg) were separated by SDS-PAGE and transferred onto PVDF
membranes (Amersham-GE Healthcare, Amersham, UK). Membranes were blocked for 30 minutes at
room temperature with 10% non-fat dry milk, then washed three times with TBST (10 mM Tris-HCl, 0.15
M NaCl, and 0.5% Tween, pH = 8) and incubated overnight at 4ºC with primary antibodies against UCP1
and vinculin (details are listed in Table 2). Membranes were then washed and incubated for 30 minutes
at room temperature with the appropriate horseradish peroxidase-conjugated secondary antibodies
(anti-mouse or anti-rabbit, 1:10,000; Sigma-Aldrich). Proteins were visualised by chemiluminescence
(Amersham ECL Western Blotting Detection system, Cytiva, Marlborough, MA, USA) on the ChemiDoc
Imaging System (Bio-Rad Laboratories, Hercules, CA, USA), and band intensities were quantified by
densitometry with ImageJ.

Table 2
Antibodies used for immunohistochemistry and western blotting analysis

Antibody Dilution Reference

anti-F4/80 [SP115] (IHC) 1:100 Abcam ab111101, Cambridge, UK

anti-UCP1 [EPR20381] (IHC) 1:2000 Abcam ab209483, Cambridge, UK

anti-UCP1 (WB) 1:1000 GeneTex GTX112784, Irvine, CA, USA

anti-Vinculin (WB) 0.1 µg/µl Sigma-Aldrich V9264, St. Louis, MO, USA

Anti-rabbit IgG-Peroxidase (WB) 1:10000 Sigma-Aldrich A0545, St. Louis, MO, USA

Anti-mouse IgG-Peroxidase (WB) 1:10000 Sigma-Aldrich A9044, St. Louis, MO, USA

Statistical analysis
Data are presented as mean ± standard error of the mean (SEM). Normality and homogeneity of variance
were verified by Shapiro–Wilk and Levene tests, respectively. Longitudinal body weight data were
analysed by repeated-measures analysis of variance (ANOVA), with time as the within-subject factor and
the corresponding experimental variables as between-subject factors. Depending on the experimental
design, endpoint variables were analysed by three-way or four-way ANOVA as appropriate, to evaluate
the main effects and interactions among sex, diet, genotype, treatment or adipose tissue depot. To
facilitate the interpretation of diet-, genotype- or treatment-dependent effects, additional two-way
ANOVAs were performed separately for each sex and adipose tissue depot. Post hoc multiple
comparisons were performed with Bonferroni correction; effect sizes are reported as partial η².
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Significance was set at p < 0.05. Outliers were identified and excluded using Grubbs’ test in GraphPad
Prism.

All analyses were carried out using GraphPad Prism version 8.0 (GraphPad Software, San Diego, CA,
USA) or IBM SPSS Statistics (IBM, Armonk, NY, USA), depending on the complexity of the analysis.

Results
Ptn deletion attenuates HFD-induced body weight gain and adipose tissue expansion in both sexes

Body weight throughout the experimental period was lower in both male and female Ptn−/− mice than in
their Ptn+/+ counterparts under standard diet (STD) conditions. As expected, HFD feeding markedly
increased body weight in all groups and, after three months of dietary intervention, body weight
remained significantly higher in HFD-Ptn+/+ than in HFD-Ptn−/− mice, of both sexes (Fig. 1a, b). Food
intake did not differ significantly between genotypes on either diet (Fig. 1g), indicating that the lower
weight gain of Ptn−/− mice was not attributable to reduced energy intake.

Statistical analysis identified genotype and diet as the main determinants of body weight, with highly
significant effects and large effect sizes (p < 0.001, η² > 0.65 for both). A significant genotype × diet
interaction was also observed with a substantial effect size, indicating that the impact of HFD on body
weight depends strongly on genotype. In contrast, sex did not significantly influence body weight gain.
All details of the statistical analysis are shown in Supplementary Table 1.

In parallel, Ptn and Ptprz1 (RPTPβ/ζ) expression was assessed to determine whether dietary conditions
modulate the PTN/RPTPβ/ζ signalling axis. Neither Ptn nor Ptprz1 mRNA was significantly altered by
HFD feeding; as expected, Ptn was undetectable in Ptn−/− animals (Supplementary Fig. 1).

We next analysed white adipose tissue mass and distribution after three months with the diet, in visceral
(vWAT: perigonadal, retroperitoneal and mesenteric) and subcutaneous (sWAT) depots. Although HFD
increased the mass of all WAT depots, adiposity was significantly lower in Ptn−/− than in Ptn+/+ animals
(Fig. 1c-f), and perigonadal fat remained the predominant visceral depot across all groups. Three-way
ANOVA revealed a predominant role of genotype and diet over sex in determining adipose tissue
expansion (Supplementary Table 1).

Among all depots, sWAT showed the greatest expansion in response to HFD in Ptn+/+ mice (8.12-fold in
males and 15.31-fold in females), exceeding that of every visceral depot, in which perigonadal (2.75-fold
in males; 5.73-fold in females) and retroperitoneal (3.17-fold in males and 6.48-fold in females)
increased more than mesenteric fat (2.62-fold in males and 3.59-fold in females). These results are
consistent with sWAT, acting as the primary site of lipid storage under HFD conditions, particularly in
females, in line with its lipid-buffering role.
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Ptn deletion markedly attenuated HFD-induced adipose tissue expansion in all depots, being significantly
lower than in Ptn+/+ counterparts; subcutaneous fat expanded only 3.53-fold in males and 2.26-fold in
females, and in visceral depots the retroperitoneal expanded 1.92-fold in males, 2.99-fold in females; the
perigonadal, 2.11-fold in males, 2.86-fold in females; the mesenteric, 2.06-fold in males, 2.12-fold in
females. These results underscore a role of PTN in promoting adipose tissue growth under obesogenic
conditions, with its absence conferring partial protection against excessive fat accumulation.

Ptn deletion restrains adipocyte hypertrophy and attenuates adipose tissue fibrosis

Morphological analysis of perigonadal (as a visceral depot) and subcutaneous adipose tissues was
performed to evaluate the effects of Ptn deletion and HFD feeding on adipocyte size and tissue fibrosis.

Quantitative analysis of haematoxylin-eosin-stained sections confirmed that adipocytes in sWAT were
smaller than those in vWAT (Fig. 2, Supplementary Table 2). Pleiotrophin deletion was associated with a
higher proportion of small adipocytes and, although HFD feeding induced adipocyte hypertrophy in both
depots across genotypes, this effect was smaller in Ptn−/− than in Ptn+/+ mice, and adipocytes from Ptn−/

− mice remained consistently smaller than those of wild-type animals. No statistically significant sex-
related differences were observed.

Adipose tissue fibrosis, characterised by increased collagen deposition, was evaluated by picrosirius red
staining (Fig. 3). HFD feeding significantly increased picrosirius red-positive collagen area in adipose
tissue from Ptn+/+ mice, indicating enhanced fibrosis. In contrast, although HFD feeding induced
adipocyte hypertrophy in Ptn−/− mice, it did not result in a significant increase in collagen deposition or
fibrotic area. These findings suggest that Ptn deletion attenuates HFD-induced adipose tissue fibrosis.

Fibrosis was significantly influenced by sex, with higher collagen deposition in males than in females,
although the corresponding effect size indicates only a moderate contribution. Adipose depot, genotype
and diet exerted a stronger effect on fibrosis than sex alone (p < 0.001 for all variables), with the adipose
depot accounting for the greatest magnitude of effect (η² > 0.19). All statistical details are shown in
Supplementary Table 3.

To further assess extracellular matrix, Col6a1 mRNA was quantified. As expected, HFD feeding increased
Col6a1 expression in Ptn+/+ mice. In contrast, Ptn−/− mice exhibited lower Col6a1 mRNA after three
months of HFD feeding, in both subcutaneous and visceral depots, than Ptn+/+ mice (Fig. 3c). Statistical
analysis revealed significant effects of sex, diet and genotype on Col6a1 mRNA levels (p < 0.001 for all
comparisons), with genotype and diet accounting for the greatest magnitudes of effect (η² > 0.23 and η²
>0.19, respectively).

Ptn deficiency is associated with reduced macrophage markers and a less inflammatory adipose tissue
profile
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To evaluate how Ptn deletion influences the effect of HFD feeding on the inflammatory state of white
adipose tissue, we measured mRNA of markers associated with M1-like and M2-like macrophages,
together with pro- and anti-inflammatory cytokines in both sWAT and vWAT depots. Distinct
inflammatory profiles emerged according to diet, genotype, sex and fat depot.

As shown in Fig. 4a–d, the expression of the pro-inflammatory cytokines (Mcp1 and Il6) and the
macrophage-markers (F4/80 and Cd11c) was significantly affected by both genotype and diet (see
Supplementary Table 4). HFD feeding markedly increased these mRNA in the white adipose tissue of
Ptn+/+ mice, whereas the response was notably attenuated in Ptn−/− animals, suggesting that Ptn
deficiency protects against HFD-induced adipose tissue inflammation. The significant effect of genotype
on these markers reinforces this interpretation, while the significant interaction terms further indicate
sex- and depot-dependent differences in this response (Supplementary Table 4).

Moreover, representative F4/80 immunostaining showed a pattern qualitatively consistent with the
mRNA data. HFD feeding markedly increased F4/80-positive staining in Ptn+/+ mice, indicative of

enhanced macrophage infiltration and more pronounced in vWAT than in sWAT, whereas Ptn−/− mice
showed weaker F4/80 staining under HFD conditions. (Fig. 4g).

Anti-inflammatory markers also exhibited genotype-, depot- and sex-dependent differences (Fig. 4e, f).
Arg1 and Il10 were significantly influenced by adipose tissue depot, with higher expression in sWAT,
particularly in Ptn−/− mice, even under HFD conditions. The significant main effect of genotype on both
markers also suggests a shift towards an anti-inflammatory phenotype in the absence of PTN, especially
in sWAT, further supporting depot-specific immune modulation. In Arg1, genotype exerted the strongest
main effect (η² > 0.48), whereas sex also explained a considerable proportion of the variance (η² > 0.20).
Moreover, a significant and large genotype and sex interaction was observed (η² > 0.49). Il10 mRNA did
not show a significant sex-dependent effect, consistent with sexual dimorphism in adipose tissue
immune responses.

Ptn deletion is associated with a thermogenic, and browning-like phenotype in white adipose tissue

Analysis of thermogenic markers in white adipose tissue revealed a marked upregulation of Ucp1 and
Cidea mRNA levels in Ptn−/− mice compared to Ptn+/+ controls (Fig. 5a, b).

Sex significantly affected Ucp1 expression, but its contribution was smaller than that of depot and
genotype, the latter being the major source of variation (η² > 0.20, η² > 0.28, η² > 0.48, for sex, depot and
genotype, respectively (see in Supplementary Table 5 for complete statistical details). Significant effects
of genotype and depot on Cidea mRNA were observed, although their effect sizes were more modest
than those observed for Ucp1 (η² > 0.11, η² > 0.12, for depot and genotype, respectively). These results
suggest that, while sex and depot contribute to variability in thermogenic gene expression, genotype
represents the primary determinant.
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Analysis of Pparg2 mRNA revealed significant effects of diet, genotype, and adipose tissue depot
(Fig. 5c). In contrast, Hoxc8 expression was significantly affected only by genotype, with Ptn−/− mice
exhibiting lower mRNA levels than Ptn+/+ controls, regardless of diet or adipose tissue depot (Fig. 5d).

These findings were supported at the protein level by increased UCP1 detected by Western Blotting
(Fig. 5e) and immunostaining (Fig. 5g), indicating an induction of a browning phenotype in the absence
of PTN. Consistently, Ptn−/− mice showed higher body surface temperature than Ptn+/+ controls with a
significant effect of genotype (Supplementary Table 6). The heatmap in Fig. 5f further showed
consistently higher body temperatures in Ptn−/− mice in agreement with elevated UCP1 expression and
consistent with an enhanced browning-like phenotype.

MY10 treatment increases body weight and adipose tissue
expansion, particularly under high-fat diet conditions
To explore the involvement of RPTPβ/ζ signalling further, Ptn+/+ male and female mice were treated with
MY10 and fed either a STD or a HFD for three months, after which body and adipose tissue weights were
assessed (Fig. 6).

First, Ptn and Ptprz1 mRNA levels were analysed to determine whether MY10 treatment altered the
expression of components of the PTN/RPTPβ/ζ signalling axis. Neither Ptn nor Ptprz1 mRNA was
significantly affected by MY10 treatment (Supplementary Fig. 1).

In contrast to Ptn deletion, pharmacological inhibition of RPTPβ/ζ with MY10 significantly increased
body weight in mice fed the STD, an effect exacerbated by combined HFD and MY10 (Fig. 6a, b).
Treatment and sex had significant effects (η² > 0.34, η² > 0.36, for treatment and sex, respectively),
although the primary determinant was the diet (η² > 0.88; all statistical details in Supplementary
Table 7). Food intake was comparable between vehicle- and MY10-treated groups (Fig. 6g).

Consistent with these findings, HFD feeding and MY10 treatment increased adipose tissue mass, with
the greatest effects observed in mice co-treated with MY10 and HFD (Fig. 6c-f). Three-way ANOVA
demonstrated significant effects of sex, treatment and diet on fat mass (see Supplementary Table 7).
MY10 treatment also altered adipose tissue distribution across visceral and subcutaneous depots, an
effect consistently amplified by HFD. In vWAT, MY10 significantly increased perigonadal, retroperitoneal,
and mesenteric depots in both sexes (Fig. 6c, d), with perigonadal fat showing the largest response
(2.66-fold in males and 2.30-fold in females under STD, rising to 5.20-fold and 4.78-fold, respectively,
under HFD). Retroperitoneal and mesenteric depots showed a similar trend, that was less pronounced in
males than in females. MY10 treatment likewise significantly increased sWAT mass in both sexes (1.80-
fold in males and 2.0 in females under STD; 5.34-fold and 4.4-fold, respectively under HFD) (Fig. 6e, f and
Supplementary Table 7). Collectively, MY10 promotes adipose tissue expansion in both visceral and
subcutaneous depots, with effects accentuated under obesogenic conditions and modest, depot-
specific differences between sexes.
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MY10 treatment is associated with adipocyte hypertrophy
and fibrotic remodelling in white adipose tissue
MY10 treatment increased adipocyte size in both vWAT and sWAT (Fig. 7). This effect was already
evident under STD conditions and was further enhanced by HFD, indicating that MY10 promotes
adipocyte hypertrophy, particularly in the context of dietary obesity. Median adipocyte areas and
statistical analyses are provided in Supplementary Tables 8 and 9.

In parallel, picrosirius red staining revealed increased collagen deposition in adipose tissue from MY10-
treated mice, indicating enhanced fibrosis. This fibrotic response was more pronounced under HFD
conditions, consistent with a greater combined effect of MY10 treatment and dietary challenge (Fig. 8).
Col6a1 expression showed a more depot- and sex-specific pattern, with significant increases mainly
observed in females, particularly in vWAT and in sWAT from MY10-HFD female mice (Fig. 8c).

MY10 exacerbates adipose tissue inflammation and
reduces thermogenic markers
To evaluate the impact of MY10 treatment on adipose tissue inflammation, we quantified the mRNA of
key inflammatory markers in vWAT and sWAT from Ptn+/+ mice fed either STD or HFD and treated with
vehicle or MY10.

MY10 treatment significantly increased the mRNA levels of the inflammatory markers Mcp1 and Il6 and
of the macrophage-related markers F4/80 and Cd11c, in both vWAT and sWAT, and these effects were
further enhanced by HFD (Fig. 9a-d). Significant sex- and depot-dependent differences were observed for
several of these markers. Regarding sex, male mice showed higher expression than females, particularly
Mcp1, Il6, and Cd11c, (p < 0.001, for these markers; η² > 0.44; η² > 0.17; η² > 0.23, respectively). With
respect to fat depots, all transcripts examined differed significantly between visceral and subcutaneous
fat, with effect sizes indicating a strong depot-specific influence particularly of Il6, F4/80, and Cd11c (η² >
0.39; η² > 0.26; η² > 0.40, respectively; all analysis in Supplementary Table 10). These results indicate
that MY10 exacerbates HFD-induced adipose tissue inflammation, with a stronger pro-inflammatory
effect in the subcutaneous depot.

In addition, MY10 reduced the expression of anti-inflammatory markers Arg1 and Il10 (Fig. 9e, f)
particularly in female mice. Furthermore, male mice fed the HFD and treated with MY10 exhibited lower
Il10 mRNA than their vehicle-treated HFD counterparts. These effects were supported by significant sex
effects (p < 0.001, η² > 0.29 for both markers) as well as strong depot effects (p < 0.001, η² > 0.38).
Together, these findings suggest a sex- and depot-specific pattern of inflammatory marker expression
and immune regulation, likely reflecting differential responses of resident immune cell populations to
MY10 treatment and dietary conditions.
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Finally, the thermogenic markers Ucp1 and Cidea were evaluated (Fig. 9g, h). Despite considerable inter-
individual variability, particularly for Ucp1, MY10 treatment consistently downregulated mRNA of both
markers in vWAT and sWAT of mice under both STD and HFD. These findings are opposite in direction to
those obtained in PTN-deficient mice and, are therefore consistent with the proposed opposing effects
of MY10 treatment and pleiotrophin deletion in the regulation of adipose tissue thermogenic
programming.

Discussion
During obesity, excess energy storage promotes adipocyte enlargement, fat redistribution and adipose
tissue remodelling [28]. Although sWAT initially acts as a major lipid-buffering depot, progressive
adiposity may favour lipid accumulation in visceral depots, which are more strongly associated with
insulin resistance and cardiovascular risk [12].

Previous studies from our group showed that Ptn deletion attenuates liver metabolic alterations induced
by HFD feeding, although these findings were largely restricted to female mice exposed to a moderate-
fat diet (45% kcal from fat) [22]. More recently, we demonstrated that Ptn deletion also protects against
hepatic steatosis induced by a more severe dietary challenge (60% kcal from fat), revealing a sexually
dimorphic response characterized by greater protection in females than in males [23]. Building upon
these findings, the present study was designed to further investigate the sex-dependent effects of Ptn
deletion under 60% HFD conditions, with particular emphasis on adipose tissue depot-specific
responses. In parallel, the MY10 treatment allowed us to probe the involvement of RPTPβ/ζ
phosphatase activity in these metabolic adaptations.

Consistent with the obesogenic effects of HFD, body weight and the weight of WAT, including sWAT and
vWAT compartments, increased in both Ptn+/+ and Ptn−/− mice, although the effect was less pronounced
in Ptn-deficient animals. In Ptn+/+ mice, sWAT showed the greatest expansion, exceeding that observed
in all vWAT depots analysed. This finding reinforces the proposed role of sWAT as a major lipid-buffering
depot, with its expansion potentially limiting ectopic lipid accumulation and metabolic dysfunction [12].
In contrast, Ptn deletion markedly reduced adipose tissue expansion, which is consistent with previous
observations in Ptn-deficient mice [20], even under dietary fat overload with a 45% HFD [22].

Adipose depots differ functionally; sWAT adipocytes are generally smaller and have a greater capacity
for fatty acid uptake and triglyceride synthesis, whereas vWAT shows higher infiltration of pro-
inflammatory macrophages and greater production of cytokines such as MCP1 and IL-6 [14],
contributing to inflammation, adipose dysfunction and systemic metabolic disturbance [5, 29]. In this
line, we found that adipocytes in sWAT were smaller than those in vWAT across genotypes and sexes.
HFD increased adipocyte size, fibrosis and collagen deposition in both depots of Ptn+/+ mice, but these

changes were attenuated in Ptn−/− animals, which retained smaller adipocytes, particularly in sWAT.
Female Ptn−/− mice did not show a significant increase in sWAT mass after HFD exposure, suggesting a
sex-specific limitation of subcutaneous fat expansion in the absence of PTN. Consistently, Ptn deletion
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was associated with lower Col6a1 mRNA and reduced fibrosis, processes typically linked to chronic
adipose tissue inflammation in obesity [5, 29].

Given the established relationship between obesity and adipose tissue inflammation, we assessed
macrophage infiltration and key pro- and anti-inflammatory markers. We found that the inflammatory
response was strongly influenced by diet, sex and genotype, with clear differences between sWAT and
vWAT.

HFD was associated with a more pronounced macrophage-related inflammatory profile in vWAT,
characterised by increased Cd11c and Mcp1 expression, together with adipocyte hypertrophy. These
features are consistent with sustained immune activation and with the established link between visceral
fat inflammation and systemic insulin resistance [28, 30]. In contrast, sWAT showed a milder response
than vWAT, with lower macrophage-associated inflammation in males and relatively higher Arg1 and Il10
expression, consistent with an M2-like marker profile and with the metabolically protective role of this
depot. Our data also reveal sexual dimorphism in adipose tissue inflammation. Male mice showed a
more pronounced inflammatory phenotype in vWAT, with higher F4/80, Cd11c, Mcp1 and Il6 and lower
Arg1 and Il10 expression, whereas female mice showed a more balanced or anti-inflammatory profile,
particularly in sWAT. These observations are consistent with reports of partial female protection against
HFD-induced metabolic dysfunction and with sex hormone-related differences in immune regulation and
extracellular matrix remodelling [31], adipose tissue distribution [32–34], and fat depot expandability and
browning capacity [32, 35].

Our findings also support a depot- and sex-dependent role for PTN in promoting adipose tissue
inflammation. MY10 increased pro-inflammatory markers, particularly in sWAT under HFD conditions,
especially in males. Conversely, Ptn deletion attenuated or even abolished the HFD-induced increase in
Mcp1, Il6, F4/80 and Cd11c in both WAT depots and increased the expression of Il10 and Arg1 in sWAT,
suggesting an active engagement of anti-inflammatory pathways that may contribute to mitigating the
inflammatory response. This depot-specific pattern was apparent under both STD and HFD in the sWAT
of Ptn−/− mice, reinforcing the protective role of Ptn deletion against obesity-associated inflammation.

Analysis of thermogenic markers revealed a genotype-dependent increase in browning-associated
markers in white adipose tissue. Whereas wild-type mice displayed minimal UCP1 immunoreactivity,
consistent with a predominantly white adipocyte phenotype, Ptn−/− mice showed increased expression of
Cidea, a lipid droplet-associated protein enriched in thermogenic adipocytes, and Ucp1, consistent with
enhanced thermogenic programming and with our previous observations in Ptn−/− mice under other
metabolic conditions [20, 22]. In parallel, Ptn deletion was associated with reduced Pparg2 and Hoxc8
expression. Although PPARg is essential for adipogenesis, reduced expression of the Pparg2 isoform
has been associated with adipose tissue remodelling and acquisition of beige adipocyte characteristics
in specific physiological contexts [36]. Likewise, decreased expression of Hoxc8, a transcriptional
repressor of thermogenic gene programmes, may facilitate UCP1 induction and the development of
beige adipocyte features within WAT [37].
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UCP1 induction was most pronounced in sWAT, together with morphological features of beige
adipocytes such as smaller, multilocular lipid droplets, consistent with the recognised browning capacity
of this depot [20, 22]. These effects appeared sex-dependent, as female Ptn−/− mice showed more
pronounced Ucp1 mRNA and protein, suggesting an enhanced thermogenic response. This agrees with
reports indicating that females display a greater propensity for adipose tissue browning, potentially
mediated by oestrogen-dependent signalling [38, 39]. Overall, although depot- and sex-related
differences were observed, genotype accounted for a markedly larger effect size.

UCP1, a hallmark of brown and beige adipocytes, drives mitochondrial uncoupling, dissipating energy as
heat and increasing energy expenditure [40, 41]. Accordingly, increased UCP1 expression in adipocytes
and increased body surface temperature in Ptn−/− are consistent with a shift in energy balance towards
greater energy dissipation. Although body surface temperature is only an indirect proxy of thermogenic
activity, our previous study, in which energy expenditure was directly assessed by indirect calorimetry,
demonstrated that six-month-old female Ptn−/− mice exhibited greater cold-induced thermogenesis than
age-matched Ptn+/+ controls [20]. These findings support the present results and suggest that
thermogenic capacity is enhanced in PTN-deficient mice. This thermogenic phenotype may contribute to
their reduced fat accumulation, lower body weight gain and attenuated metainflammation under HFD.

MY10 inhibits RPTPβ/ζ phosphatase activity by binding to its PD1 domain and, although MY10 and PTN
interact with distinct sites on RPTPβ/ζ, MY10 mimics the inhibitory effect of PTN [24]. We therefore
hypothesised that MY10 would produce effects opposite to those observed in Ptn-deficient mice.
Consistent with this, MY10 significantly increased body weight in both sexes, an effect exacerbated
under HFD and more pronounced in male mice. Furthermore, MY10 treatment also increased sWAT and
vWAT mass, with the greatest accumulation observed in the MY10-treated mice on a HFD. These
findings contrast with the reduced adiposity and limited fat mass expansion of Ptn-deficient mice,
supporting the idea that MY10 mimics PTN actions through RPTPβ/ζ signalling and thereby promotes
lipid storage in WAT in a sex-dependent manner.

In parallel, MY10 treatment increased adipocyte size and collagen deposition even under standard diet
conditions. These effects were further exacerbated by HFD, indicating that RPTPβ/ζ inhibition promotes
adipocyte hypertrophy and fibrotic remodelling in an obesogenic context.

Accordingly, MY10-treated Ptn+/+ mice showed increased Cd11c and Il6 expression, particularly in sWAT,
consistent with a more pronounced pro-inflammatory macrophage-associated profile. MY10 also
reduced the anti-inflammatory markers Arg1 and Il10, particularly in females. As these genes are
associated with alternatively activated M2-like macrophages and inflammation resolution, their
suppression suggests that MY10 both promotes pro-inflammatory signalling and impairs compensatory
anti-inflammatory pathways. Sex-related differences were also apparent in the inflammatory profile.
Males showed higher pro-inflammatory marker expression after MY10 regardless of diet, whereas
females showed a comparable increase mainly when MY10 was combined with HFD, suggesting that the
response to RPTPβ/ζ inhibition becomes evident in females only under an additional metabolic stressor.
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Together, these findings indicate that the influence of RPTPβ/ζ signalling on adipose tissue
inflammation is context-dependent varying with adipose depot, sex, and dietary conditions.

As hypothesised, MY10 appears to mimic PTN-like signalling and was associated with reduced
expression of thermogenic and browning-associated markers, as shown by lower Ucp1 and Cidea
expression in vWAT and sWAT under both standard and HFD conditions. This pattern is consistent with
an impaired adaptive thermogenic programme and may contribute to the increased weight gain
observed in these animals. These findings contrast with those observed in Ptn-deficient mice, which
display enhanced expression of browning-associated and thermogenic markers together with a more
pronounced thermogenic phenotype.

Taken together, the observed pattern is consistent with HFD-induced increases in Mcp1 expression and
pro-inflammatory macrophage-associated markers in vWAT, particularly in males, potentially contributing
to local inflammation and fibrotic remodelling, whereas sWAT, particularly in females, retained a less pro-
inflammatory, M2-like profile that may contribute to limit inflammation and preserve metabolic
homeostasis. These results underscore the role of PTN in obesity-related adipose tissue dysfunction, as
its deletion attenuates metainflammation in parallel with enhanced browning-associated and
thermogenic markers. Conversely, inhibition of RPTPβ/ζ phosphatase activity by MY10 aggravated
obesity-associated adipose tissue dysfunction by increasing body weight, adiposity, and inflammation
while reducing thermogenic marker expression, with a generally less pronounced adverse phenotype in
females.

In summary, our pharmacological findings support the involvement of RPTPβ/ζ phosphatase activity in
the adipose phenotype associated with PTN signalling. Collectively, our results identify the PTN/RPTPβ/
ζ axis as a context-dependent modulator of obesity-associated adipose remodelling and inflammation
and underscore the importance of considering both adipose tissue depot and sex as key biological
variables.
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Figures

Figure 1
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Effects of Ptn deletion and HFD feeding on body weight and white adipose tissue distribution. Body
weight of male (a) and female (b) Ptn+/+ (grey symbols) and Ptn-/- (blue symbols) mice fed a standard
diet (STD) or a high-fat diet (HFD) for three months. Distribution of visceral adipose tissue (perigonadal,
retroperitoneal and mesenteric depots) in (c) male and (d) female mice. Subcutaneous adipose tissue
mass in (e) male and (f) female mice. (g) Food intake during the 3-month dietary intervention. Data are
shown as mean ± SEM (n = 7 mice per group). Statistical significance is indicated as follows: *p < 0.05;
**p < 0.01; *** p < 0.001 for diet effects (HFD vs. STD within the same genotype), and #p < 0.05; ##p <

0.01; ###p < 0.001 for genotype effects (Ptn+/+ vs. Ptn-/- within the same dietary condition).
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Figure 2

Effects of Ptn deletion and HFD feeding on morphology and number of adipocytes of visceral
(perigonadal) and subcutaneous adipose tissue depots. (a) Representative sections of visceral
perigonadal and subcutaneous adipose tissue stained with haematoxylin-eosin (10× magnification). (b)
Distribution of the number and area (µm2) of adipocytes of perigonadal and subcutaneous adipose
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tissue of male Ptn+/+ (grey) and Ptn-/- (blue) mice fed with STD and HFD for three months. (n = 5
mice/group).

Figure 3

Effects of Ptn deletion and HFD feeding on fibrosis and extracellular matrix remodelling in white
adipose tissue. (a) Histological section of visceral and subcutaneous adipose tissue with picrosirius red
staining (10x magnification, scale bar 200µm). (b) Stained area relative to the total tissue area. (c)
Col6a1 mRNA measured by qPCR. Data are shown as mean ± SEM of n = 5 mice per group. *p < 0.05; **p
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< 0.01; ***p < 0.001 for differences in the effect of HFD feeding within Ptn+/+ or Ptn-/- mice. #p < 0.05; ##p
< 0.01; ###p < 0.001 for differences regarding genotype between Ptn+/+ and Ptn-/-.

Figure 4

Ptn deletion is associated with a differential inflammatory state in visceral and subcutaneous white
adipose tissue. qPCR analyses of (a) F4/80, (b) Cd11c, (c) Mcp1, (d) Il6, (e) Arg1, (f) Il10 mRNA, in
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visceral (vWAT) and subcutaneous (sWAT) white adipose tissue of male and female Ptn+/+ (grey bars)
and Ptn-/- (blue bars) mice (n = 7 mice per group); and (g) representative immunohistochemical staining
of F4/80 in 3μm-sections of vWAT and sWAT (n = 5 mice per group). Data are expressed as the mean ±
SEM of mice per group. *p < 0.05; **p < 0.01; *** p < 0.001 for differences in the effect of HFD feeding
within Ptn+/+ or Ptn-/- mice. #p < 0.05; ## p < 0.01; ### p < 0.001 for differences between Ptn+/+ and Ptn-/-

genotypes.
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Figure 5

Ptn deletion promotes browning of visceral and subcutaneous white adipose tissue. qPCR analysis of
(a) Ucp1, (b) Cidea, (c) Pparg2 and (d) Hoxc8 mRNA. (e) Western blot analysis of UCP1 protein
(normalised to vinculin) in visceral and in subcutaneous adipose tissue of male and female Ptn+/+ (grey
bars) and Ptn-/- (blue bars) mice. (f) Heatmap of body surface temperature (average value of each group
at the different months with the diet) (n = 7 mice per group). (g) Representative immunohistochemical
staining of UCP1 in white adipose tissue (3 µm sections; n = 5 mice per group). Data are presented as
mean ± SEM.*p < 0.05; **p < 0.01; ***p < 0.001 for differences due to HFD feeding within each genotype
(Ptn+/+ or Ptn-/-). #p < 0.05; ##p < 0.01; ###p < 0.001 for differences between genotypes (Ptn+/+ vs Ptn-/-).
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Figure 6

Effects of MY10 treatment and HFD feeding on body and white adipose tissue weight. Male and female
Ptn+/+ mice fed with a standard (STD, light symbols) or a high-fat diet (HFD, dark symbols) were treated
every other day with vehicle (grey symbols) or MY10 (purple symbols) for three months. Body weight in
(a) male and (b) female mice; distribution of visceral white adipose tissue in (c) male and (d) female
mice; subcutaneous white adipose tissue in (e) male and (f) female mice fed with a standard chow diet

Page 29/33



(STD) or with a high-fat diet (HFD), (g) body weight gain and food intake during the 3-month dietary
intervention. Data are mean ± SEM of n = 7 mice per group. *p < 0.05; **p < 0.01; ***p < 0.001 for
differences in the effect of HFD feeding. #p < 0.05; ##p < 0.01; ###p < 0.001 for differences
between treatments.

Figure 7
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Effects of MY10 treatment and HFD feeding on adipocyte morphology in white adipose tissue. (a)
Representative sections of visceral perigonadal and subcutaneous adipose tissue stained with
haematoxylin-eosin (10× magnification; scale bar 200 µm). (b) Distribution of the number and area (µm2)
of adipocytes of perigonadal and subcutaneous adipose tissue of male and female vehicle-treated (grey)
and MY10-treated (purple) mice fed a STD or HFD for three months. Data are mean ± SEM of n = 5 mice
per group.

Figure 8
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Effects of MY10 treatment and HFD feeding on fibrosis and extracellular matrix remodelling in white
adipose tissue. (a) Representative sections stained with picrosirius red (10× magnification). (b)
Quantification of picrosirius red-stained area relative to total tissue area (n= 5 mice per group). (c)
Col6a1 mRNA measured by qPCR. Data are mean ± SEM of n = 6 mice per group. * p < 0.05; **p < 0.01;
***p < 0.001 for the effect of HFD feeding. #p < 0.05; ##p < 0.01; ###p < 0.001 for differences
between treatments.
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Figure 9

MY10 treatment differentially modulates the expression of genes involved in inflammation and
thermogenesis in white adipose tissue. qPCR analysis of (a) F4/80, (b) Cd11c, (c) Mcp1, (d) Il6, (e) Arg1,
(f) Il10, (g) Ucp1, and (h) Cidea mRNA in visceral and subcutaneous white adipose tissue of male and
female Ptn⁺/⁺ mice treated with vehicle (grey bars) or MY10 (60 mg/kg; purple bars) every other day for
three months under a standard diet (STD) or a 60% high-fat diet (HFD). Data are mean ± SEM (n = 7 mice
per group). *p < 0.05, **p < 0.01, ***p < 0.001 for effects of HFD feeding. #p < 0.05, ##p < 0.01, ###p <
0.001 for differences between vehicle- and MY10-treated groups.
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