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IL-17A produced by POMC neurons
regulates diet-induced obesity

Rosa Gallo,"? Ana Teijeiro,"” Mariana Angulo-Aguado,’? and Nabil Djouder’:**

SUMMARY

Overeating leads to obesity, a low-grade inflammatory condition involving interleukin-17A (IL-17A). While
pro-opiomelanocortin (POMC) neurons regulate feeding, their connection with IL-17A is not well under-
stood. To impair IL-17A signaling in POMC neurons, IL-17A receptor (l[17ra) was deleted by crossing
IL17ra-flox and Pomc-Cre mice. Despite effective deletion, these mice showed no differences in body
weight or adiposity compared to control mice, challenging the idea that IL-17A induces obesity through
POMC neuron regulation. However, both groups exhibited reduced weight gain and adiposity upon high-
fat diet compared to mice carrying only the floxed alleles, suggesting independent effects of Pomc-Cre
transgene on body weight. Further analysis reveals that POMC neurons express IL-17A, and reduction
in number of POMC neurons in Pomc-Cre mice could be linked to decreased IL-17A expression, which
correlates with reduced adipocyte gene expression associated with obesity. Our data underscore an
unexpected crosstalk between IL-17A-producing POMC neurons and the endocrine system in obesity
regulation.

INTRODUCTION

Nutrient overload can lead to obesity, a low-grade inflammatory disease.’ In mammals, feeding behavior is regulated by neurons that express
pro-opiomelanocortin (POMC) or agouti-related protein (AgRP) in the arcuate nucleus (ARC) region of the hypothalamus. Whereas AgRP neu-
rons enhance food intake,” POMC neurons play a critical role in the regulation of body weight and energy balance through the production of
alpha-melanocyte-stimulating hormone (a-MSH) that can act as an appetite suppressant by binding to and activating the melanocortin re-
ceptors in the brain.>™ In obese individuals, there is often a reduction in POMC expression, leading to decreased a-MSH production and
increased appetite.”” Additionally, genetic mutations in the POMC gene have been linked to early-onset obesity in humans.®” Leptin, a hor-
mone produced by adipocytes and increased in obese individuals also contributes to the activation of POMC neurons.'® Therefore, dysre-
gulation of POMC neurons plays a critical role in the onset of obesity by increasing food intake.

The pro-inflammatory cytokine interleukin-17A (IL-17A) is produced by innate and adaptive lymphocytes, plays fundamental functions in
tissue physiology and influences a wide range of biological processes beyond host defense, such as neural repair or adipocyte meta-
bolism.""" Not only have increases in circulating IL-17A levels been observed after feeding in mice and humans,'""' it also exerts a direct
influence on adipocytes, triggering metabolic reprogramming that fosters diet-induced obesity (DIO) and contributes to the development
of metabolic syndrome, without affecting food intake. Interestingly, systemic administration of IL-17A causes a temporal increase in both
POMC and AgRP expression.'""'? Accordingly, hypothalamic astrocytes and microglia express IL-17RA,""""® suggesting a broader role of
IL-17A in hypothalamus. Additionally, IL-17A has been reported to play a role in the regeneration of sensory neurons.'* While a distinct
role of IL-17A in adipocyte reprogramming has been proposed to be crucial for obesity, these findings suggest that IL-17A may promote
obesity through the modulation of POMC neurons, linking brain to adipocyte biology.

The Cre-lox system has proven to be a valuable tool in studying the role of arcuate neurons in the regulation of feeding and energy expen-
diture in mice. The Pomc-Cre mouse that expresses the Cre recombinase enzyme under the control of the Pomc promoter has been widely
used in research to study the function of POMC neurons in vivo.">'® By using the Pomc-Cre mouse line in combination with mice that carry
loxP-flanked genes, researchers can selectively delete or modify genes specifically in POMC neurons, allowing them to investigate the role of
these genes in physiology. For instance, the Pomc-Cre has been used to study the function of melanocortin pathway in the regulation of body
weight.'® It has also been utilized to understand how melanocortin neurons integrate endocrine signals to protect female mice against DIO."®
Additionally, deleting the regulatory molecule miR-29a in the Pomc-Cre mouse has been shown to attenuate obesity in adult mice fed with
high-fat diet (HFD)."” Therefore, studies using Pomc-Cre mouse models have provided valuable insights into the functions of POMC neurons
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in the regulation of appetite and energy balance and have helped to identify potential therapeutic targets for obesity and related metabolic
disorders.

Here, we sought to investigate the role of IL-17A in modulating POMC neurons and its effect on obesity. To this end, we deleted IL-17A
receptor (IL-17RA) specifically in POMC neurons and analyzed the effects on body weight, comparing the results with the Pomc-Cre line
mouse. Our study demonstrates off-target effects induced by the Pomc-Cre transgene, which may contribute to physiological and metabolic
phenotypes that are inherent to the Cre-lox system rather than the result of the deletion of the genes of interest in the POMC neurons. Pre-
cisely, we demonstrate that POMC neurons express IL-17A during DIO and this could be implicated in the off-target effects elicited by the
Pomc-Cre line.

RESULTS

Deletion of IL-17RA in POMC neurons does not affect mouse body weight

To elucidate the function of IL-17A signaling in POMC neurons, IL-17RA was deleted in these neurons by crossing IL17ra-flox mice'” (hereafter
1117rafo<f9X) mice) with Pome-Cre mice'® (hereafter 1117ra™/*P°™< mice) in order to produce 1117ra®/8Peme mice. Adult mice were fed for
2 months with HFD (Figure 1A). Co-immunofluorescence (CIF) and bioinformatics analysis from published datasets™?” confirmed that IL-
17RA is abundantly expressed in POMC neurons in the ARC region of the hypothalamus, and this expression is efficiently abolished when
IL-17RA is genetically depleted (Figures 1B, S1A, and $1B). Notably, //17ra®*P°™e mice with ablation of I/17ra in POMC neurons had similar
body weight (Figures 1C~1F) and adiposity (Figures 1G-11) to Il17ra™*°™< ittermate controls, suggesting that IL-17A does not act on POMC
neurons to induce obesity. However, upon HFD treatment, both cohorts of mice expressing the Pomc-Cre mouse gained less weight and had
less adiposity than I117ra®<1°¥ ittermates (Figures 1G-11). Notably, 117ra®/2P°M< mice and I17ra™/**°™ control littermates fed with normal
diet (ND) showed similar body weight and adiposity (Figures 1C~1F). These data strongly points out that the Pomc-Cre strain has an effect on
body weight following HFD that is independent on the absence of I/17ra in POMC neurons. Therefore, IL-17A regulates adipocyte biology

independently of POMC neurons or food intake to promote obesity, as previously shown.’

Deletion of SOCS3 in POMC neurons does not affect mouse body weight

To confirm the off target-effects of the Pomc-Cre mouse, we sought investigating the role of the suppressor of cytokine signaling 3 (Socs3) in
modulating obesity via regulation of POMC neurons. SOCS3 acts as a negative regulator of cytokine signaling, inhibiting the activation of
JAK/STAT signaling pathway, resulting in gene expression changes.”’** Mice with neural cell-specific Socs3 deletion display increased in-
sulin sensitivity and are protected against DIO,?* whereas overexpression of Socs3 has the opposite effect.”® Notably, Wang et al. and Kievit
et al. published important findings indicating that the obesogenic effects of Socs3 and associated metabolic dysfunctions are mediated
through the regulation of the POMC neurons in the hypothalamus.?**’ Depletion of SOCS3 specifically in murine POMC neurons protects
against metabolic dysfunctions and DIO.?*?*?’ However, noteworthy authors did not use Pomc-Cre littermate controls to compare the ob-
tained data, which is especially important because during development, POMC is transiently and broadly expressed in various neurons of the
central nervous system that differ from POMC neurons in adulthood.”® Therefore, to check whether Pomc-Cre transgene is indeed generating
effects on body weight loss, as demonstrated for IL-17RA deletion, we conducted a crossbreeding experiment between Pomc-Cre'® mice
(hereafter Socs mice) with Socs3-flox’” (hereafter Socs379°% mice) mice, which resulted in the generation of Socs3A/APome
mice with specific deletion of Socs3in POMC neurons (Figure 2A). IF analysis indicated that Socs3 was efficiently deleted in POMC neurons
(Figures S2A and $2B). However, in contrast to the findings reported by Wang et al. and Kievit et al.,”*?’ our results indicate that Socs3/AFeome
mice fed with HFD had similar body weights (Figures 2B-2E) and adiposity (Figures 2F-2H) to those of the Socs3™P°™ wild-type littermates.
Importantly, Socs31oo% mice upon HFD gained more weight (Figures 2B=2E) and had more adiposity than the littermates that had the
Pomc-Cre line (Socs3™/*7°™9) (Figures 2F-2H). Notably, Socs3f°9 mice and Socs3*/ "< wild-type littermates (Pome-Cre line) had
similar body weight without any effects on adiposity upon ND (Figures 2B-2H). These results confirm that increased body weight observed
upon HFD is primarily caused by the transgenic Pomc-Cre gene rather than the ablation of Socs3, as also shown for IL-17RA depletion.

3+/+(Pomc)

POMC neurons express IL-17A upon HFD

Next, we investigated the mechanisms through which the transgenic Pomc-Cre mouse model gained less body weight when fed with HFD.
Notably, there was an evident decrease in the number of neurons expressing POMC in the ARC region of the hypothalamus, in Pomc-Cre
mice compared to the wild-type littermate control (Figures 3A and 3B). Reverse transcription-quantitative polymerase chain reaction (RT-
gPCR) confirmed a decrease in Pomc levels without any significant effects on Socs3 mRNA levels in the hypothalamus of the Pomc-Cre
mice (Figures 3C and 3D), suggesting the decrease in POMC neurons. Remarkably, it became evident that Pomc-Cre mice also exhibited
reduced IL-17A levels (Figure 3E), suggesting that the insertion of the transgene could affect IL-17A expression. Accordingly, bioinformatics
analysis conducted on various publicly available datasets highlighted that POMC neurons expressed IL17a and Rorc, a well-known transcrip-
tion factor associated with IL-17A (Figure 3F)." Co-IF confirmed that IL-17A is highly expressed in POMC neurons, and its expression is signif-
icantly reduced in the ARC region of the hypothalamus of the Pomc-Cre mice compared to the wild-type littermates (Figures 3A and 3G).
Considering the pivotal role of IL-17A in mediating obesity through adipocyte reprogramming and phosphorylation of PPARY, the
observed phenotype in Pomc-Cre mice could potentially find its explanation in the diminished POMC neurons and reduced IL-17A levels.
As a result of this, the white adipose tissue of Pomc-Cre mice had decreased expression of phosphorylated PPARy-targeted genes associated
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Figure 1. Deletion of IL-17RA in POMC neurons does not affect mouse body weight

(A) Representation of the construct to generate I17ra®*"°™ mice. Below is the scheme of HFD treatment in 1117ra®/2"°™ mice from 8 weeks to 16 weeks.
(B) Base mean expression profiles of POMC and IL-17RA in neurons (denoted as dots) and POMC-expressing neurons (denoted as triangles).

(C) Weights of mice fed with HFD or ND beginning at 8 weeks normalized to the initial body weight (n = 5, 8, 10, 7, 9 mice; I117ra"199 ypon ND versus 1117rafo*
flox) upon HFD; p=0.0008; 1117raf1ox 2% yersus 1117ra®/APome upon HFD; p=0.0004).

(D) Weights of mice fed with HFD or ND beginning at 8 weeks in grams (1117ra"199 HFD-fed versus 1l17ra"*/*P°™ HFD-fed p= 0.0162).

(E) Percentage of body weights of HFD- and ND-fed mice at 16 weeks (1117rgfloxflox) upon ND versus 1117raflox-flox) upon HFD p=0.030; 1117raflo 2% yersus
1117ra®/ 9P yoon HFD p=0.0400; 1117ra">< " versus 1117ra®/*Pome yoon HFD p=0.0270).

(F) Body weights of HFD- and ND-fed mice at 16 weeks in grams (I117ra1°% yoon ND versus 1117ra**1¥ ypon HFD p=0.030; 1117ra>* 1% versus 111775/ *Pome
upon HFD p=0.0400; 1117ra"1% versus 1117ra®/2Pom< ypon HFD; p=0.0271).

(G) Weight of gonadal white adipose tissue (QWAT) in grams (111 7rgfloxflox) upon ND versus 1117raflox-flox) upon HFD p < 0.0001; 1117rafoxfo% yersus 1117ral*/*IPome
upon HFD p=0.0250; 1117ra">19 versus 1117ra®2Pome yoon HFD p=0.0278).

(H) Weight of inguinal WAT ((WAT) in grams (111 7rgfloxfiox) upon ND versus 1117raflox-flox upon HFD p < 0.0001; 1117raf1oxf9%) yersus 1117ra(+/HPome upon HFD
0=0.0085; 1117ra 1% yersus 1117ra®/2Pome yoon HFD p=0.0384).

(I) Weight of brown adipose tissue (BAT) in grams (111 7rgfloxflox) upon ND versus 1117raflox-flox) upon HFD p < 0.0047; 1117raflox Ao yarsus 117ra+/HPome upon HFD
0=0.0029; 117ra1o%10 yarsus 1117ra®/2Pome yoon HFD p=0.031). p values were calculated by two-way ANOVA with repeated measures (C and D) or two-tailed
Student's t test (E-I).
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Figure 2. Deletion of SOCS3 in POMC neurons does not affect mouse body weight
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(C) Body weights of mice fed with HFD or ND beginning at 8 weeks in grams (Socs31o°% HFD-fed versus Socs3*/ P HFD-fed; p=0.0403).

(D) Percentage of body weights of HFD- and ND-fed mice at 24 weeks (Socs3oxflon ND fed versus Socs3f1o190 HFD fed; p=0.0054).

(E) Body weights in grams of HFD and ND-fed mice at 24 weeks (Socs3floflon NDfed versus Socs3*1°) HFD-fed: p=0.0054).

(F) Weight of gonadal white adipose tissue (QWAT) in grams (Socs3flox-flor NDfed versus Socs3o°9 HFD fed p= 0.0033; Socs3*/HPeme HED fed versus
Socs3fofo) HED-fed p=00394; Socs3*/21Po™ versus Socs3* 199 HFD-fed p=0.0293)).
(G) Weight of inguinal WAT (iWAT) in grams (Socs3ox-flod ND_fed versus Socs3°<f199 HFD fed p= 0.0007;Socs3*/*Pome HED fed versus Socs31o 190 HFD fed

p=0.0057; Socs34/2P°me yersys Socs3Moxo9 HED-fed p=0.0116).

(H) Weight of brown adipose tissue (BAT) in grams (Socs3flox-flox) upon ND versus Socs3fiox-flox) upon HFD; p=0.0106; Socs3*/*Pome HED fed versus Socs3foxflox)
HFD-fed p=0.00327; Socs3®/2Pom< versus Socs31o°% HFD-fed p=0.0319). p values were calculated by two-way ANOVA with repeated measures (B and C) or

two-tailed Student's t test (D-H).
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Figure 3. POMC neurons express IL-17A upon HFD

(A) Confocal images of immunofluorescence of POMC and IL-17A in arcuate nucleus (ARC) region of the hypothalamus. The right scale bar image is 100 um, and
the left scale bar image is 400 pm.

(B) Quantification of POMC positive cells in the ARC in wild type and Pomc-Cre mice fed with HFD of Figure 3A (n = 3,4; p=0.0043).

(C) Expression of Pomc by RT-gPCR in the brain of Pomc-Cre mice and wild type mice fed with HFD (n = 4,4; p=0.0342).

(D) Expression of Socs3 by RT-gPCR in the brain of Pomc-Cre mice and wild type mice fed with HFD (n = 4,4; p=0.7761).

(E) Expression of IL-17A measured by RT-gPCR in gonadal adipose tissue of mice fed with HFD (n = 3,3,4; wild type versus Pomc-Cre p= 0.025; wild type versus
1117ra®/APome = 0.017).

(F) Base mean expression profile of Pomc, Rorc and Il17a in neurons (denoted as dots) from https://cellxgene.cziscience.com/. and POMC-expressing neurons
(denoted as triangles) from GSE153753 and GSE181539.

(G) Quantification of POMC and IL-17A positive cells in the ARC in wild type and Pomc-Cre mice fed with HFD of (A) (n = 3,4; p=0.0014).

(H) mRNA levels of IL-17A target genes in gonadal adipose tissue of wild type, Pomc-Cre and 1117ra®/2°™ mice upon HFD. Lipocalin 2 (Lcn2) (wild type versus

Pomec-Cre p value 0.050; wild type versus I117ra®Feme 1 value= 0.0252). Apolipoprotein 2 (Aplp2) (wild type versus Pomc-Cre p value 0.0473; wild type

versus [117ra®®Pome 1 value= 0.0338; Nuclear Receptor Subfamily 1 Group D Member 2 (Nr1d2) (wild type versus Pomc-Cre p value 0.0460; wild type versus
1117ra®/A)Pome p value= 0.0257); DEAD-Box Helicase 17 (Ddx17) (wild type versus Pomc-Cre p value 0.1697; wild type) versus [/17ra®/&)Pome p value= 0.0054).

p value was calculated with two-tailed Student's t test. Every dot in the graphs represents a mouse.

with obesity (Figure 3H). Hence, POMC neurons could secrete IL-17A, which may assume a pivotal role in adipocyte biology, as previously
shown,' operating independently of its impact on POMC neurons. Any genetic disruptions resulting in reduction of IL-17A levels could poten-
tially result in bight loss, irrespective of food intake.

DISCUSSION

This study explores the interplay between IL-17A signaling, POMC neurons, and obesity. The anorexigenic axis mediated by POMC neurons
plays a crucial role in regulating food intake and energy expenditure, and its dysregulation can lead to obesity and metabolic disorders. Here
we demonstrate that IL-17RA deletion in POMC neurons using the Pomc-Cre transgenic mouse model does not affect body weight. The
mechanistic insights into how the transgenic Pomc-Cre mouse could result in reduced body weight still require detailed resolution. However,
our data demonstrate that POMC neurons unexpectedly could express IL-17A, the levels of which are diminished in the Pomc-Cre mice. There
is a speculative possibility that this decrease might arise from the reduced number of POMC neurons with a reduction in POMC expression,
potentially stemming from unknown mechanisms in response to variable integration of transgenic Pomc-Cre copies into the mouse genome.

The diminished count of POMC neurons might unlikely be the direct cause of reduced body weight gain. Accordingly, alterations in POMC
neurons carrying the Cre would more likely result in increased food intake and obesity rather than satiety. However, the reduction in POMC
neurons in the ARC of the hypothalamus leads to subsequent decreases in IL-17A levels, as POMC neurons can be a source of IL-17A pro-
duction. The reduction in IL-17A signaling might thus contribute to body weight loss, as IL-17A is known to promote obesity through meta-
bolic reprogramming of adipocytes, ' rather than by regulating food intake via actions on POMC neurons. It is thus likely that the levels of IL-
17A are systemically decreased in Pomc-Cre mice fed with HFD.

In agreement with this, our work provides evidence indicating that IL-17A signaling does not exert an impact on POMC neurons to modu-
late the obese state in mice. IL-17A could be therefore secreted by POMC neurons upon overnutrition affecting white adipose tissue biology.
This highlights a potential unexpected crosstalk between the IL-17A-producing POMC neurons and the endocrine system to regulate obesity.

The overlooked possibility of non-specific Cre-related targets and the disparities observed in our study compared to previous findings
could be also attributed to other factors.”>?” One potential factor is the variation in the composition of the HFD used, which might influence
the outcome of the studies. Similar to our study, Wang et al. used a diet with 45% fat, whereas Kievit et al. treated their mice with a diet con-
taining a higher proportion of fat (58%).”*" Additionally, differences in the microbiota among the various mouse strains might play a role in
influencing the outcomes. Another factor that should be taken into account is the variation in body weight between male and female mice,
which can also impact the experimental results. To ensure accurate and reliable results, it is crucial to carefully address these potential con-
founding variables in future research. Properly controlling for diet composition, considering the impact of microbiota differences, and ac-
counting for sex-related variations will strengthen the validity of our conclusions and enhance the translational potential of our findings.

Despite the extensive utilization of the transgenic Pomc-Cre mouse model'” in exploring the in vivo functions of POMC neurons, ¢824/
our study emphasizes that the mere ectopic expression of Pomc-Cre, irrespective of the presence of the floxed allele, induces alterations in
the body weight of mice when fed an HFD. Notably, Pomc-eGFP reporter expression does not mimic the expression of tdTomato observed in
the Pomc-Cre; ROSA-tdTomato mouse model, arguing that other cells than POMC neurons might be targeted by Pomc-Cre during embryo-
genesis.”® Furthermore, it is reportedly showed that a subpopulation of cells expresses Pomc-Cre only during development but not in the
adults.*® Hence, it is crucial to validate the data obtained from the Pomc-Cre mouse model'® by employing alternative Pomc-Cre mice
that undergo recombination at a distinct stage of embryonic development, as indicated by previous studies.”’ Nevertheless, tracking
POMC neurons across both developmental and adult stages could provide additional insights into this characteristic. On the other hand,
the use of the Cre-lox system to delete genes of interest temporally could certainly be useful. In fact, using Tg(Pomc-Cre/ERT2) to delete
serotonin receptor 2C in POMC neurons shows no significant effects on body weight when compared to their littermate controls.®” This
tamoxifen-induced CreERT2 system mainly promotes the expression of Cre-ERT2in adult POMC neurons, bypassing any issues encountered
during embryogenesis.'** However, it is important to acknowledge that tamoxifen treatments might potentially influence adult
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neurogenesis. Another alternative would be the employment of the CRISPR-mediated gRNA to generate a knock-in mouse model. However,
it is essential to consider that this method may also give rise to considerable off-target effects.

In'sum, our work uncovers notable constraints in the transgenic Pomc-Cre mouse model, resulting in diminished IL-17A levels within POMC
neurons and subsequently causing decreased body weight in response to DIO. Although the Cre-lox system is a valuable tool, it is not without
its potential drawbacks. Due to the stochastic nature of DNA recombination, the efficacy of the system may be limited, and the expression of
the Cre recombinase enzyme may cause inefficient or non-specific deletion of the gene of interest,** " resulting in off-target effects that may
yield unexpected results. Therefore, it is critical to use appropriate controls such as Cre-littermate controls (mice expressing the Cre enzyme)
when employing the Cre-lox system to distinguish phenotypes triggered by the modulation of the gene of interest’s expression from phe-
notypes linked to the Cre's insertion into the genome.

Limitations of the study

This study primarily focuses on investigating the off-target effects of the Pomc-Cre mouse model.”” Our data suggest that POMC neurons can
secrete IL-17A in response to HFD, and the reduction of POMC neurons in the Pomc-Cre mouse may contribute to lower body weight. Ge-
netic ablation of IL-17A or RORyt in POMC neurons could serve as valuable models to demonstrate that IL-17A is secreted by these neurons
and to elucidate the function of POMC IL-17A" neurons in the context of the Pomc-Cre mouse model and in obesity. Moreover, the precise
molecular mechanisms driving this phenomenon require further exploration, and it remains unclear whether systemic levels of IL-17A are
decreased. We hypothesize that IL-17A’s potential action may involve autocrine signaling within white adipose tissue, given that compro-
mising IL-17A signals in this tissue has been shown to reduce body weight gain." Additionally, it would be of great interest to monitor the
function and activity of POMC neurons in the Pomc-Cre mouse through electrophysiological analysis. It is also important to acknowledge
that our study is limited to one specific Pomc-Cre mouse model. To gain a comprehensive understanding of potential off-target effects in
metabolic studies, it would be valuable to investigate other Pomc-Cre lines, including the Pomc-creERT2 mouse model.*'*? This will help
determine if the observed effects are specific to the Pomc-Cre mouse or if they are consistent across various Pomc-Cre models. Furthermore,
itis worth noting that our study does not exclude the possibility that the reduction of POMC neurons we observed could be due to aberrations
during embryonic development. Therefore, a thorough tracking of POMC neurons throughout both the developmental and adult stages
could provide valuable insights into this aspect.
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Mouse: I117ra"oxf1e El Malki et al.,"” MGl:5498882

Mouse: Socs3(floxflox) Yasukawa et al.,?? MG1:3051525

Oligonucleotides

Primers for Genotyping This Paper Table S1 N/A

Primers for RT-qPCR

Software and algorithms

GraphPad Prism 9.4.0

GraphPad Software

https://www.graphpad.com/scientific-software/

prism/
lllustrator 26.3.1 Adobe https://.adobe.com/products/illustrator.html
Image J 53c software NIH https://imagej.nih.gov/ij/
Photoshop 23.4.0 Adobe https://adobe.com/products/photoshop.html
R Statistical Package V4.0.3 and R Studio https://www.r-studio.com/
Other
Fluorescence confocal microscopy Leica TCS SP5 MP

RESOURCE AVAILABILITY
Lead contact

Further information and requests for resources and reagents should be directed to and will be fulfilled by the lead contact, Nabil Djouder
(ndjouder@cnio.es). The sharing of materials described in this work could be subject to standard material transfer agreements.

Materials availability

This study did not generate unique reagents.
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Data and code availability
e This study did not generate any datasets. All data reported in this paper will be shared by the lead contact upon request.
e This paper does not report original code.
e Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Animal models

1117ra®/2Peme and Socs3A/APome mice were generated in our lab by crossing Pome-Cre'® (MGI: 3640616) mice with [/17rafloxflod 19
(MGI:5498882) and Socs3fof199 27 (\MG1:3051525) mice, respectively. More precisely, matings were conducted between Pomc-Cre mice het-
erozygous for the Cre allele and heterozygous for the floxed allele (+/flox). Littermate controls from the same cohort and strain of mice were
always used in this studly.

Only 8 week-old males were used for the study. All experiments were approved by the CNIO-ISCIII (Instituto de Salud Carlos Ill) Ethics
Committee, Institutional Animal Care and Use Committee (IACUC), the Ethical Committee for animal experimentation (CElyBA) (PROEX
172/18; PROEX 173.3/22) and Community of Madrid (CAM) and performed in accordance with the guidelines for ethical conduct in the
care and use of animals as stated in the international guiding principles for biomedical research involving animals developed by the Council
for International Organizations of Medical Sciences and as described in the ARRIVE guidelines.*

METHOD DETAILS

Mouse conditions and housing

All mice have been housed at the animal facility of the Spanish National research Centre (CNIO) in pathogen-free conditions, with a 12-h
light-dark cycle between 8:00 and 20:00 in a temperature-controlled room (23 + 1°C) following the recommendations of the EUMORPHIA
Consortium for animal housing, unless stated otherwise. All mice have been backcrossed to C57BL/6 for at least seven generations.

Mouse diets

Mice were fed either a ND (18% fat, 58% carbohydrates and 24% proteins) (Harlan Laboratories, 2018S) or a HFD (45% fat, 35% carbohydrates
and 20% proteins) (Research Diets, D12451). Food and water were provided ad libitum.

Mouse genotyping

The genotyping was performed as previously reported*~*? using the following couples of primers:
Cre-Fw: 5'-CCATCTGCCACCAGCCAG-3'
Cre-Rv: 5'-TCGCCATCTTCCAGCAGG-3’
Cre control Fw: 5'- ACTGGGATCTTCGAACTCTTTGGAC-3'
Cre control Rv: 5'- GATGTTGGGGCACTGCTCATTCACC-3'
Socs3 Fw: 5'-GCGGGCAGGGGAAGAGACTGTCTGGGGTTG-3
Socs3 Rv1: 5'-GGCGCACGGAGCCAGCGTGGATCTGCG-3
Socs3 Rv2: 5'-AGTCCGCTTGTCAAAGGTATTGTCCCAC-3
117ra Fw: 5'- GGCAGCCTTTGGGATCCCAAC-3'
I117ra Rv: 5'-CTACTCTTCTCACCAGCGCGC-3'

Body weight

Mouse body weight has been measured weekly beginning at 8 weeks by using an analytical balance as previously described.’

Tissue preparation

Freshly collected tissues were fixed in 10% buffered formalin solution overnight and embedded in paraffin and processed as previously
reported.'*’**“° Mice were euthanized using CO, chambers. Tissues were quickly removed from mice and weighted using an analytical
balance. For molecular analysis, the tissues were washed in PBS and frozen at -80.

Immunofluorescence

Avidin-biotin immunofluorescence technique has been performed as previously described.*’ Briefly, tissue sections of 3 um were deparaffi-
nized, rehydrated and antigen retrieved by using 1 M sodium citrate buffer (pH 6.5). After blocking endogenous peroxidase using 3% H,O, for
10 min, and permeabilized in 0.5% Triton X-100 in PBS for 1 hour, sections were blocked for 1 hr at room temperature with avidin-biotin block-
ing kit diluted in 5% BSA dissolved in PBS 1X. Furthermore, sections were incubated with primary antibodies (anti-POMC, anti-IL17R, anti-
SOCS3 and anti-IL17A) overnight at 4°C using the following concentrations. Then, the sections were incubated with biotinylated secondary
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antibodies (1:200) diluted in PBS/ 5% BSA solution for 1h at RT, followed by the incubation with streptavidin-HRP (1:200) diluted in PBS/ 5%
BSA solution for 30 min at RT.

Eventually, the sections were incubated with secondary antibodies anti-goat AF488 (1:500) and anti-streptavidin AF555 (1:500) and DAPI
for 1 hour at RT. The pictures were acquired with confocal microscope and quantified with Image J software.

Reverse transcription-quantitative polymerase chain reaction (RT-qPCR)

Total RNA was extracted from frozen tissue, using TRIzol as previously reported’” or extracted from paraffin-embedded tissue as previously
described.”® The cDNA was synthesized with M-MLV reverse transcriptase and GoTaq Real-Time was used to carry out RT-qPCRs."* Ct values
of each gene were normalized to Ct value of 18s and 222t was calculated. Finally, the fold changes of each gene were obtained normalizing
the value of different groups to the control samples of the experiment. RT-qPCR primers are listed in Table S1.

Bioinformatics analysis

Publicly available RNA sequencing technology single-cell sequencing and trap-sequencing datasets from neurons https://cellxgene.
cziscience.com/ and precisely POMC-expressing neurons GSE153753, GSE181539 220 were used to analyze Il17a, I117ra, Pomc, and Rorc ge-
netic expression profiles. The average of the normalized count values (base mean) from the different datasets were used to represent the
genetic expression.

QUANTIFICATION AND STATISTICAL ANALYSIS

Image analysis and quantifications

To quantify the immunofluorescence staining, 5 images per slide from each mouse were obtained. Single or double positive cells located
anatomically near the ventral part of the third ventricle, specifically within the arcuate nucleus (ARC), were counted and normalized to the total
number of DAPI-positive cells in the same ARC region, as indicated above. Data are represented as percentages and were calculated using
the formula: (number of DAPI-positive cells in the arcuate nucleus / 100) x number of positive cells, as previously reported.”"*> All quantifica-
tions were performed manually in a blind manner. Each dot in the graphs represents data from an individual mouse.

Statistical analysis

Statistical analyses were performed using GraphPad PrismV8.3.0 software. Statistical significance (p value) (*p < 0.05; **p < 0.01;
***p < 0.001) between the means of two groups was determined using unpaired two-tailed Student's t test or two-way ANOVA. Results
are expressed as the mean value + s.e.m. n represents the number of mice used in each experiment.
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