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Summary
Until menopause, women have lower propensity to develop metabolic diseases than men, suggestive of a protective role for sex hormones. Although a functional synergy between central actions of estrogens and leptin has been demonstrated to protect against metabolic disturbances, the underlying cellular and molecular mechanisms mediating this crosstalk have remained elusive. By using a series of embryonic, adult-onset, and tissue/cell-specific loss-of-function mouse models, we document an unprecedented role of hypothalamic Cbp/P300 Interacting Transactivator with Glu/Asp Rich Carboxy-Terminal Domain 1 (Cited1) in mediating estradiol (E2)-dependent leptin actions that control feeding specifically in pro-opiomelanocortin (Pomc) neurons. We reveal that within arcuate Pomc neurons, Cited1 drives leptin’s anorectic effects by acting as a co-factor converging E2 and leptin signaling via direct Cited1-ERα-Stat3 interactions. Together, these results provide new insights on how melanocortin neurons integrate endocrine inputs from gonadal and adipose axes via Cited1, thereby contributing to the sexual dimorphism in diet-induced obesity.
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Introduction
Multiple hormonal and nutritional cues converge in the hypothalamus to help determine and maintain an organism’s body weight. Via the exquisitely fine-tuned integration of endocrine signals, the melanocortin system, consisting of two antagonistic hypothalamic neuronal populations, the pro-opiomelanocortin (Pomc) and agouti-related protein (Agrp) neurons, senses and responds to circulating metabolites and hormones to regulate energy intake and expenditure 1-4. Unsurprisingly, genetic or acquired defects in the melanocortin system cause homeostatic impairments which can lead to the development of obesity 5-7. In particular, acquired leptin resistance in Pomc and Agrp neurons is considered a hallmark of diet-induced obesity 8, a finding which led to high interest in the identification of leptin sensitizers as potential anti-obesity drugs. Importantly, endogenous sex hormones, including estradiol (E2), have been reported to exert leptin-like anorectic effects 9-12 by increasing the sensitivity of the organism to leptin’s actions within the melanocortin neurons to modulate energy homeostasis 13,14. Disruption of estrogen signaling via ovariectomy (OVX) or via estrogen receptor alpha (ERα) genetic ablation in many hypothalamic neuronal populations, induces obesity by altering feeding behavior and energy expenditure 14-16, effects that strongly imply an interaction of E2 with leptin signaling 9,11,17. However, little is known about how E2 molecularly potentiates leptin’s ability to reduce food intake, an action which could explain why female mammals, including humans, are largely protected against metabolic diseases during reproductive age. A better understanding of how melanocortin neurons integrate and process sex-specific hormonal cues is crucial to comprehend how the hypothalamus is affected by diet-induced obesity, as well as to promote the development of sex-specific pharmacological or interventional therapies against obesity.
In these studies, we unravel a sex-specific weight-regulatory role for Cbp/P300 Interacting Transactivator with Glu/Asp Rich Carboxy-Terminal Domain 1 (Cited1), a protein highly enriched in leptin-responsive melanocortin neurons specifically located in the arcuate nucleus of the hypothalamus (ARC). Cited1 was previously described as a transcriptional co-regulator of ERα in non-neuronal cells, displaying a gene-specific regulatory role 18,19. We further elucidate how Cited1 in ARC neurons plays a key role in mediating estrogen’s anti-obesity effect via a convergence with leptin signaling. Using global, constitutive or adult-onset hypothalamic, and Pomc-specific mouse models of Cited1 loss-of-function, we identified a sexually dimorphic estrogen-dependent phenotype in which females develop an exacerbated propensity to diet-induced obesity. Overall, we have document how Cited1, via ERα and Stat3 interactions, acts as a dual co-regulator of E2 and leptin signaling pathways in the hypothalamus, which allows E2 to regulate leptin sensitivity in Pomc neurons to protect against diet-induced obesity. 

Results
Cited1 expression screening in a novel CRISPR/Cas9 knock-in mouse model
To overcome the lack of specific Cited1 antibodies and to characterize the Cited1 protein expression profile, we generated a Cited1-HA knock-in mouse model using CRISPR/Cas9 technology (Figure S1A). Using this mouse line, we found that the expression of Cited1 in the brain was restricted to the mediobasal hypothalamus (MBH), more specifically in the arcuate nucleus (ARC) (Figure 1A). In situ hybridization validated the model and expression pattern (Figure S1B). Cited1 expression was also observed in reproductive organs (uterus, ovary, epididymis, and testis), the kidney, the pituitary, the adrenal gland and blood vessels from adipose tissue (Figure 1B), whereas it was not detected in the liver, skeletal muscle, adipocytes from subcutaneous white adipose tissue (WAT), gonadal WAT, or brown fat (Figure S1C).
Global loss of Cited1 elicits an obesity-prone phenotype in females, mimicking a “male-like” fat distribution
The Cited1 expression profile highlights its potential involvement in energy metabolism. To investigate this possibility, we obtained and validated a whole-body Cited1-knockout (Cited1-KO) mouse model (Figure S1D) and monitored several of its metabolic parameters over the course of 9 weeks under either a standard laboratory chow (chow) or a high-fat-high-sugar diet (HFHS) paradigm. Cited1-KO male and female mice had similar body weight as controls when fed the chow diet (Figure 1C and 1G). However, unlike what occurred in Cited1-KO males consuming HFHS (Figure 1D-F and S1F-J), Cited1-KO female mice exhibited a significant susceptibility to develop obesity (Figure 1H), gaining more than twice as much body weight as the wild-type controls (Figure S1E). In vivo body composition analysis revealed that this increased body weight was exclusively due to higher fat mass (Figure 1I), and post-mortem analyses confirmed that both subcutaneous and gonadal fat pads were significantly heavier in Cited1-KO female mice (Figure 1J). This increased propensity for positive energy balance on HFHS was exclusive to Cited1-KO female mice, which also had increased food intake during the dark phase (Figure 1K-L), reduced ambulatory activity during the dark phase (Figure 1M-N), and diminished energy expenditure with relation to body weight (assessed by ANCOVA analysis 20,21) (Figure 1O). Interestingly, the relative weight curve of Cited1-KO female mice under HFHS completely overlapped those of male Cited1-KO and WT mice fed the same diet (Figure 1P). Importantly, the significantly altered weight ratio of the fat pads suggests that Cited1-KO female mice exhibit a “male-like” fat distribution pattern (Figure 1Q).
The obesity-prone phenotype of female Cited1-KO mice is not due to placental insufficiency 
Cited1-KO mice have previously been suggested to suffer from placental insufficiency 22, a factor known to exacerbate the development of obesity in females 23. Thus, we next asked whether placental insufficiency is the underlying cause of the obesity-prone phenotype in Cited1-KO female mice. To address this, we took advantage of the specificity of X-chromosome silencing (the chromosome on which Cited1 is located 24), as the paternally-inherited X-chromosome is systematically the one silenced in the placenta of female mice. We thus generated two distinct cohorts of heterozygous female mice (Cited1-KO/+), with a transgene allele inherited either from the father (paternal heterozygous (pHet), wild-type placenta) or the mother (maternal heterozygous (mHet), Cited1-deficient placenta). Both groups of heterozygous female mice had a similar intermediate obese phenotype in comparison to homozygous KO or WT mice (Figure 1R), thus signifying that placental insufficiency does not underlie the obese phenotype of female Cited1-KO mice.
Cited1 regulation of energy metabolism is dependent on E2 signaling
The sexual dimorphism in response to HFHS exhibited by Cited1-KO mice with respect to weight gain and energy metabolism could be caused by a defect in ovarian hormone function, either via deficient hormone production or impaired hormonal response. To address this, we first collected plasma from HFHS-fed Cited1-KO mice and controls and measured several steroid hormones in both sexes. No changes in circulating steroid hormones were detected (Figure S2A-C), indicating proper hormone synthesis and release. To investigate whether the increased body weight of Cited1-KO female mice was linked with an altered response to ovarian hormones, we ovariectomized a cohort of Cited1-KO mice and controls and repeated the HFHS regimen. Ovariectomy completely abrogated the body weight differences between the two groups (Figure 2A-B), suggesting that the obesity-prone phenotype of ovary-intact Cited1-KO mice is estrogen-dependent. Conversely, E2 supplementation in males was less protective against weight gain in Cited1-KO compared to controls, suggesting specificity of impaired E2 signaling. Although differences in overall body weight did not reach statistical significance (Figure 2C-D), body composition analysis revealed a significantly higher fat mass in Cited1-KO males treated with E2 vs. controls (Figure 2E). Using indirect calorimetry, the response of Cited1-KO male mice to E2 supplementation was diminished compared to controls, with Cited1-KO mice having lower physical activity and energy expenditure, with no changes in food intake (Figure 2F-J). Unchanged hypothalamic expression levels of estrogen receptors and aromatase (Figure S2D) in ovary-intact Cited1-KO females suggest that the impaired estrogen signaling lies downstream of hormonal generation and receptor expression. Collectively, these data strongly suggest that the role of Cited1 in the regulation of energy metabolism under HFHS is based on an E2-dependent mechanism, and that it is conserved between sexes.
Cited1 is highly and mainly expressed in E2-sensitive melanocortin neurons in the ARC
Given the remarkable abundance of Cited1 in the ARC (Figure 1A) and that E2 acts as an anti-obesity hormone mostly via its actions in the hypothalamus, we next investigated Cited1 expression levels under different conditions and successfully identified the specific Cited1-expressing cells in the ARC. First, we did not observe differences in Cited1 expression pattern, qualitative or quantitative, between biological sexes, suggesting that although the Cited1 gene is located on the X chromosome, it is not escaping the X-inactivation process in the hypothalamus (Figure S1D). Moreover, no differences in Cited1 expression in the hypothalamus were found following metabolic challenges such as a prolonged maintenance on HFHS (9 weeks) (Figure S4A), fasting, or refeeding at several time points (Figure S2E-F). Additionally, using C57Bl/6J wild-type mice, we observed that Cited1 was synchronized with the estrous cycle, showing a significant decrease in expression during proestrus (Figure S2G-H). To characterize Cited1-expressed cells, a publicly available single-cell sequencing database was reanalyzed to obtain further insight on Cited1 expression pattern in the ARC 25. With respect to cell type, Cited1 expression was observed in several neuronal populations and within a subset of tanycytes (Figure S3A). Using Cited1-HA mice, we confirmed that Cited1 was fundamentally restricted to neurons as no colocalization of Cited1 with either astrocyte or microglia markers was found, and minor co-expression being occasionally observed in tanycytes (Figure S3B). Stereological analysis revealed that Cited1-positive cells are predominantly located in the ARC (Figure S3C), and single-cell sequencing data indicated that Cited1 is highly expressed in select subpopulations of ARC neurons, with a marked expression in Agrp and Pomc neurons (Figure 3A). Importantly, we observed that Cited1 expression widely overlaps with ERα (Figure 3A-C). We confirmed this using immunofluorescence and found that within the ARC, while not all Cited1-positive cells co-expressed ERα (54%), almost all (>99%) ERα-positive cells co-expressed Cited1 (Figure 3B-C).
Deletion of Cited1 in hypothalamic neurons is sufficient to develop the obesity-prone phenotype in females
To investigate the role of hypothalamic Cited1 in energy metabolism, we obtained a mouse model of conditional Cited1 deletion from the EUCOMM (Cited1tm1c(EUCOMM)Hmgu, referred to as Cited1loxP/loxP) and crossed it with Nkx2.1-Cre mice to generate a neuronal and hypothalamus-specific Cited1 knockout mouse (Nkx2.1-Cre;Cited1loxP/loxP referred to as HypΔCited1, as validated in Figure S4A-B). The loss of Cited1 specifically within hypothalamic neurons replicated the phenotype observed in whole-body Cited1-KO mice, and it resulted in a sex- and diet-dependent obesity-prone phenotype. Male HypΔCited1 mice on chow or HFHS had similar body weight, food intake, fat pad weights, and body composition as their respective controls (Figure 3D-E and Figure S4C-L). Female HypΔCited1 mice on chow likewise had no metabolic phenotype apart from a slight increase in fat mass (Figure 3F, S4M-N). In contrast, female HypΔCited1 mice on HFHS developed exacerbated obesity (Figure 3G), having increased subcutaneous and gonadal fat depot weight (Figure 3H), as well as higher total fat mass (Figure 3I). Their obese phenotype was linked to increased food intake, as observed in metabolic chambers over 72h (Figure 3J-K) or throughout the whole diet protocol (Figure S4O). No changes in energy expenditure or locomotor activity were observed (Figure S4P-R). Interestingly, neuropeptides gene expression in the hypothalamus was characterized by a singular Pomc decrease under HFHS (Figure 3L) whereas Agrp, Npy and Pomc were increased in mice fed chow (Figure S4S). Given that Nkx2.1-Cre-promoter-driven recombination can also be observed in the pituitary 26 and that Cited1 expression was also observed in components of the hypothalamic-pituitary-adrenal (HPA) axis 27 (Figure 1B), we measured HPA activation via circulating corticosterone levels and found no differences between HypΔCited1 mice and controls for both sexes and diets (Figure S4T). As Cited1 was found to be highly expressed in E2-sensitive ARC neurons (Figure 3A-B), and as E2 signaling in the hypothalamus has potent anorectic effects, we used OVX HypΔCited1 mice to determine whether Cited1 regulates the hypothalamic E2 effect on food intake. While OVX control mice displayed a clear reduction in food intake following E2 treatment, OVX HypΔCited1 mice had a blunted anorectic response to E2 (Figure 3M).
[bookmark: _Hlk109036207]Next, we investigated whether the obesity-prone phenotype observed was consequent to the ablation of Cited1 specifically during the embryonic period 28, since Cited1 has been hypothesized to be implicated in the specification of ARC neuronal identities 29. We therefore generated an adult-onset hypothalamic knock-out mouse using a viral approach. An injection of adeno-associated viruses coding for a Cre recombinase successfully disrupted Cited1 expression in the MBH of Cited1loxP/loxP mice (referred to as MBHΔCited1(AAV-Cre), Figure 3N, S5A). When fed HFHS, the adult-onset deletion of Cited1 exclusively within MBH neurons led to exacerbated obesity in female mice as evidenced via body weight (Figure 3O), fat depot weight (Figure 3P), and body composition analysis (Figure 3Q). Using indirect calorimetry, we found increased food intake (Figure 3R-S) and reduced physical activity during the dark phase (Figure S5B-C). No significant differences were found in the relation between body weight and energy expenditure (Figure S5D). Interestingly, we also found exacerbated obesity in male MBHΔCited1(AAV-Cre) mice (Figure S5E-G). These results demonstrate that Cited1 disruption in mature and fully differentiated MBH neurons exacerbates metabolic disturbances associated with obesity.
Hypothalamic Cited1 is required for the food intake-reducing effects of E2 and leptin, and potentiates the anorectic effect of estrogens upon HFHS-induced hyperleptinemia
Due to the importance of hypothalamic Cited1 for the anti-obesity effects of E2, we next assessed whether the deletion of Cited1 would impact leptin signaling as well, and thus, whether Cited1 in the hypothalamus exerts a protective role against obesity via estradiol-mediated leptin-sensitizing effects. In this regard, we first investigated the expression of the long leptin receptor isoform (LepR) in Cited1-expressing cells by generating Cited1-HA;LepR-Cre;Ai14-tdTomato mice. Using those mice, we confirmed the triple colocalization of LepR and ERα in arcuate Cited1-expressing neurons (Figure 4A). Intrigued by these results, we explored the possible role of Cited1 in mediating a crosstalk between E2 and leptin signaling by assessing the feeding response of chow-fed HypΔCited1 mice to exogenous leptin. While leptin induced a ~20% decrease in food intake in both HypΔCited1 and control male mice (Figure 4B), it failed to suppress food intake in HypΔCited1 females (Figure 4C), indicative of hypothalamic defective leptin signaling. 
To determine if the sexually dimorphic effect of Cited1 on leptin action is mediated by E2, we next treated OVX HypΔCited1 female mice and OVX controls with both E2 and leptin. Unlike in the experiment performed in ovary-intact mice (Figure 4C),  circulating E2 levels were this time controlled to maximize their effects by avoiding variations due to the estrous cycle. While exogenous E2 increased the anorectic effect of leptin in OVX controls, this potentiation effect was not observed in OVX HypΔCited1 female mice (Figure 4D). Similarly, male HypΔCited1 mice co-treated with E2 and leptin had attenuated decrease in food intake compared to controls (Figure 4E). Of note, no differences in circulating endogenous leptin levels were observed between HypΔCited1 mice and controls fed the chow diet (Figure 4F). Expectedly, as their fat mass is nearly doubled, the circulating leptin levels of HypΔCited1 mice on HFHS were significantly higher, leading us to use of chow-fed animals for these studies, in order to avoid this confounding factor (Figure 4F). In parallel, we observed a strong correlation (R²=0.82, P<0.0001) between adiposity and leptin levels in HypΔCited1 and control female mice without any major group deviation, discarding a genotype-associated alteration in that regard (Figure 4G).
To further delineate the role of Cited1 with respect to E2 effects on feeding behavior in a context of normoleptinemia vs. hyperleptinemia, we performed additional feeding assays in HypΔCited1 male mice treated with E2 after one week of HFHS (low leptin), and repeated the experimental paradigm after 6 weeks of HFHS (high leptin) (Figure 4H). First, we validated the expected diet-induced hyperleptinemia, which was proportional to the duration of HFHS feeding (Figure 4I). E2 treatment induced a weak but similar reduction in food intake of HypΔCited1 male mice and controls when fed a HFHS diet for one week (Figure 4J). Interestingly, the ability of E2 to decrease food intake was drastically increased in hyperleptinemic male mice fed HFHS for 6 weeks (-21% vs. -3%) (Figure 4J-K). This synergy between E2 treatment and diet-induced hyperleptinemia was greatly reduced in HypΔCited1 male mice (-8% vs. -3%) (Figure 4J-K). Overall, these findings support that Cited1 is involved in this hormonal crosstalk which potentiates the capacity of E2 to decrease food intake in conditions of hyperleptinemia (Figure 4K). 
Cited1 is a co-factor that converges hypothalamic E2 and leptin signaling
To verify that the hypothalamic response to leptin and estradiol is molecularly altered in the absence of Cited1, we quantified the number of neurons activated by E2-leptin co-treatment using a surrogate marker of neuronal activation, cFos, in our adult-onset hypothalamic Cited1 ablation model. Confirming the importance of Cited1 in the molecular integration of E2 and leptin signaling, there was a decreased number of cFos-positive cells in the ARC of MBHΔCited1(AAV-Cre) mice (Figure 5A). 
To further understand the molecular interactions between leptin and E2 signaling and the contribution of Cited1 to this process, we followed the intracellular dynamics of their main effectors, Stat3 and ERα. Using cellular fractionation, we tracked the translocation of Cited1, Stat3 and ERα from the cytosol to the nucleus in hypothalami of Cited1-HA male mice treated with vehicle, E2, leptin, or E2 + leptin (Figure 5B-C). Strikingly, while modest translocation of all three proteins was observed with leptin or E2 treatment, a synergistic effect was seen in mice treated with E2 + leptin, where the observed translocation was considerably higher than the sum of the treatments performed separately. To better understand the implications in a more physiological context of fluctuating E2 plasma concentrations, we performed similar cellular fractionation studies in hypothalami of female Cited1-HA mice treated with vehicle or leptin in different stages of their estrous cycle. Leptin treatment in the metaestrous stage, with low circulating E2 levels (Figure 5D-E), failed to induce the translocation of Cited1, Stat3, or ERα to the nucleus. In contrast, during the proestrous stage, with high circulating E2 levels (Figure 5F), leptin treatment induced the nuclear translocation of all three factors (Figure 5D-E), as observed in E2-treated male mice (Figure 5B-C) which exhibited similar circulating E2 levels (Figure 5F).
Intrigued by these findings and considering the coherent dynamic of the leptin and estrogen signaling factors we observed (Figures 5B-E), we further explored the molecular basis of this dynamic. Although Cited1 has been reported to directly bind to ERα in vitro 18,19 and that Cited1 silencing is associated with reduced Stat3 activation 30, whether these proteins interact physically in the hypothalamus has never been assessed. To test whether Cited1 directly interacts with both Stat3 and ERα in vivo, we used hypothalami from Cited1-HA mice treated with vehicle, E2, leptin, or E2 + leptin to see whether Stat3 or ERα co-immunoprecipitate. Importantly, Cited1 physically interacts with both Stat3 and ERα (Figure S5H), suggesting a signaling integration via a molecular link between the signaling pathways of these two endocrine signals in the hypothalamus. Neither E2 nor leptin treatments altered the protein complex, suggesting that the physical interaction is stable under different hormonal conditions. We conducted similar Cited1-HA co-immunoprecipitation experiments in cycled Cited1-HA females (Figure S5I) with a similar outcome.
Cited1 ablation exclusively in Pomc neurons triggers an obesity-prone phenotype in females without affecting fertility
[bookmark: _Hlk108706809]To delineate the neuronal population that drives the sexual dimorphism in energy homeostasis and convergence effects on E2 and leptin signaling, we next bred Cited1-HA mice with Pomc-GFP mice to assess the expression of Cited1 in Pomc neurons. Indeed, Pomc neurons are deeply regulated by leptin 8, are estrogen-sensitive 31, and are tightly linked to energy balance 2. Thus, we hypothesized that they mediate the phenotype observed in our loss-of-function models. Histological analysis (Figure 6A) and iDisco 3D-imaging reconstruction (Video S1) revealed that Cited1 was expressed in 87% and 78% of PomcARC neurons in males and females respectively (Figure 6B), validating the expression pattern seen in single-cell sequencing reanalysis data (Figure 3A), and that Cited1-positive cells are anatomically positioned towards the lateral region of the ARC (Video S1). Moreover, we confirmed the colocalization of Cited1 and ERα in this neuronal population (Figure 6C). As only a subset of Pomc neurons express LepR, we next verified whether Cited1 was expressed in PomcLepR neurons by using a Cited1-HA;Pomc-GFP;LepR-Cre;Ai14-tdTomato mouse model, and observed high colocalization of LepR with PomcCited1 neurons (Figure 6D). Roughly 10% of Cited1-expressing neurons in the ARC were both Pomc/LepR-positive (Figure S5J). Looking specifically at the Pomc neuronal population, approximately 33% co-expressed LepR, consistent with the literature 32-34, and, interestingly, almost all of these Pomc/LepR-positive neurons co-expressed Cited1 (97%) (Figure S5K). 
In light of the sexually dimorphic response to leptin seen in our genetic models of Cited1 deletion, we then aimed to understand if Pomc neurons exhibit an intrinsic differential response to leptin according to biological sex. In the Pomc-GFP reporter mouse model, female mice exhibit higher neuronal activation (cFos/Pomc-positive cells) upon leptin treatment than males, both in terms of absolute and relative numbers (Figure 6E and S5L). Furthermore, corroborating what others have reported 35, we also detected more Pomc-positive neurons in the hypothalamus of females in comparison to males (Figure 6F). 
To test the functional importance of Cited1 in Pomc neurons, we next generated a constitutive Cited1 deletion mouse model exclusive to Pomc neurons (Pomc-Cre;Cited1loxP/loxP, referred to as PomcΔCited1). We validated the PomcΔCited1mouse model using fluorescence in situ hybridization and confirmed an absence of Cited1 mRNA in all ARC POMC-positive neurons while the neighboring non-POMC neurons still expressed it (Figure 7A). In addition, we found a 25.4% (males) and 32.3% (females) Cited1 reduction in the ARC by qPCR (Figure 7B), which closely matched the fraction of Cited1 neurons that are POMC positive (26.7% (males) and 27.5% (females),Figure S5M-N). Importantly, the PomcΔCited1 female mice recapitulated the female-specific diet-induced obese phenotype previously seen in the global, as well as in the hypothalamus-restricted, knockout mice models, while no changes in metabolic parameters were observed in males (Figure 7C-E, S6A-D). Female PomcΔCited1 developed a higher body weight, fat depot mass, global body fat mass content, and increased dark-phase food intake, with unchanged locomotor activity (Figure 7F-M). To confirm the Pomc-specificity of the role of Cited1 in the melanocortin system, we generated two additional mouse models to first assess the expression of Cited1 in Agrp neurons (Cited1-HA;Npy-GFP mice, as NPY highly colocalizes with Agrp in the ARC 36) and then to delete Cited1 exclusively in Agrp neurons (Agrp-Cre;Cited1loxP/loxP, referred to as AgrpΔCited1). Remarkably, although Cited1 is highly colocalized in Agrp neurons (Figure S6E-G), no metabolic phenotype was observed after its ablation in this neuronal population (Figure S6H-I) in males or females, suggesting that Cited1 expression specifically in Pomc neurons of the hypothalamus is key for E2-leptin signaling, and therefore in regulating energy homeostasis. 
In order to exclude that pituitary expression of Cited1 (Figure 1B) may have an impact on the metabolic phenotype observed in PomcΔCited1 mice, we histologically assessed the pituitary from the Cited1-HA;Pomc-GFP mice. Despite Cited1 and Pomc colocalize in the Pars Intermedia (Figure S6J), we did not find changes in circulating α-MSH (Figure S6K). Moreover, corticotrope cells of the Pars Distalis do not express Cited1 (Figure S6J) and, coherently, and no difference in plasma corticosterone was observed (Figure S6L).
As estrogen signaling in Pomc neurons is a crucial aspect of female reproduction 14, we assessed multiple parameters linked with fertility in all murine models used in the present study (Figure S7A-H). We found that while litter size was reduced in whole-body Cited1-KO mice, which were reported to suffer from placental insufficiency 14, none of the constitutional hypothalamic/neuronal knockout models showed changes in fertility markers, suggesting that hypothalamic Cited1 actions, although dependent on E2 signaling, are uncoupled from fertility.
Hypothalamic Cited1 is required for the Stat3-ERα binding to the Pomc promoter upon E2 and leptin stimulation
Both Stat3 and ERα act as transcription factors which, upon their respective leptin and E2-induced activation and translocation, bind DNA at specific promotor regions to activate the transcription of target genes. As Cited1 effects on energy homeostasis and E2-leptin signaling appear to be mediated by Pomc neurons, and since one common target of Stat3 and ERα is the Pomc gene 37,38, we next proceeded to assess if a Stat3-ERα-Cited1 complex could regulate the transcriptional effects of E2 and leptin. Thus, by interrogating whether the aforementioned transcriptional complex directly binds to a consensus sequence described for Stat3 at the Pomc promoter, we performed a modified High-throughput (HT) ChIPmentation-qPCR for Stat3, ERα, or Cited1-HATag using hypothalami from Cited1-HA and HypΔCited1 mice treated with vehicle or with E2 + leptin (Figure 7N). We found no evidence of DNA binding for Stat3, ERα, or Cited1 at the Pomc promoter under basal unstimulated conditions (Figure 7O). However, upon E2 + leptin stimulation, binding to the consensus sequence was enriched in the ChIP-qPCR fractions. In the absence of Cited1, the same E2 + leptin treatment failed to increase Stat3 or ERα recruitment to the Pomc promoter, indicative of the formation of an active transcriptional complex with Cited1 as essential element (Figure 7O). Together, these results indicate that Cited1 acts as an essential co-factor in the crosstalk between E2 and leptin signaling within the hypothalamus, including its transcriptional effects.

Discussion
Although Cited1 has been previously reported to be highly enriched in melanocortin neurons of the ARC 25,39-41, its role in the hypothalamus in general and in the control of energy homeostasis specifically, has remained unknown until now. Here, we demonstrate that Cited1 in Pomc neurons is a key molecular driver of the sexual dimorphism in the control of feeding and response to hyperleptinemia in diet-induced obesity. Specifically, in this study, we highlight the role of Cited1 in the convergence of E2 and leptin signaling pathways in PomcARC neurons to induce the feeding responses required for the maintenance of energy homeostasis in a hypercaloric environment. 
Multiple studies have pointed out that premenopausal females are largely protected against diet-induced obesity and have established a link between the vulnerability to develop metabolic disturbances with reproductive decline 42-44, suggesting that estrogens play a protective role in this context. Interestingly, chronic consumption of dense and palatable food rapidly and primarily affects hypothalamic feeding circuitry, including PomcARC neurons, by weakening their capacity to respond adequately to several metabolic hormones such as leptin.
Using multiple novel mouse models, we here identified Cited1 as a crucial factor in PomcARC neurons for integrating the anti-obesity effects of E2 and leptin signaling. We observed that global and hypothalamic (both in utero- and post-natal) ablation of Cited1 in mice consistently resulted in a diet- and sex-dependent obese phenotype, whereas only female mice developed the obesity-prone phenotype, and whereas this phenotype could only be observed in conditions of diet-induced hyperleptinemia. The mechanisms underlying Cited1 actions were subject to functional estrogen signaling and conserved between sexes, as evidenced by our studies in ovariectomized female mice combined with E2 supplementation and the diminished protective effect of exogenous E2 in Cited1-deficient male mice. Cited1 is highly expressed in both Pomc and Agrp neuronal populations, yet only the loss of Cited1 in Pomc neurons exhorts the obesity-prone phenotypes in females in response to diet-induced obesity observed in global and hypothalamic Cited1 loss-of-function models. These results, documenting that Cited1 acts as an E2-dependent downstream molecular link in the leptin signaling pathway, could explain why Cited1 deletion phenotypes are exclusively found in a hyperleptinemic state such as diet-induced obesity. Accordingly, we propose that Cited1 is the molecular downstream factor underlying the hormonal crosstalk between E2 and leptin, which potentiates the capacity of E2 to decrease food intake in conditions of hyperleptinemia. Consequently, both the presence of high E2 levels (occurring along the estrous cycle of reproductive females) together with high leptin levels (occurring with HFHS diet) are necessary neuroendocrine stimuli which protect females against diet-induced obesity. Consequently, the lack of high circulating E2 levels in males justifies their higher susceptibility to diet-induced obesity, and also explains the absence of an obese phenotype in HFHS-fed Cited1 KO males.
With respect to metabolic disturbances and E2 signaling, the importance of Cited1 specifically in Pomc neurons is consistent with previous studies which have reported the presence of ERα only in Pomc neurons 45 and whose ablation, specifically in this melanocortin population, promotes metabolic perturbances not found when deletion occurs in Agrp neurons 14. Importantly, deletion of Cited1 in Pomc neurons does not fully replicate the phenotype observed with ERα deletion 14, and particularly with respect to fertility abnormalities, and that only changes in bodyweight were observed upon a HFHS diet setting. Therefore, our findings support the concept that estradiol exerts its effects on energy balance and reproduction through non-necessary shared mechanisms, which could hold promising translational potential.
Recent insights have highlighted that Pomc neurons display a high level of heterogeneity where a diverse expression of receptors, neuropeptides, and neurotransmitters facilitate their key role as integrators for different neuroendocrine signals into a single coherent output 3,33,34. Consistent with reports of others who have found that Pomc-specific subtypes drive sexual dimorphism in energy homeostasis 35,46, our results progress forward, indicating that E2-sensitive Cited1-expressing Pomc neurons could represent a specialized population with another layer of complexity that integrates endocrine signals simultaneously from the gonadal and adipose axes to regulate food intake and body weight in response to calorie-dense diets.
The mechanisms described here offer the first molecular link between hypothalamic E2 signaling and leptin satiety effects. Consistent with previous evidence describing Cited1 as a selective ERα coactivator 18,47, we further explored how Cited1 exerts cell- and gene-specific regulation of estrogen-dependent transcription. Given that both Cited1 48-50 and Stat3 51,52 bind to CBP/p300 coactivator proteins to induce transcription, we used a novel mouse model with a HA-Tag peptide linked to Cited1 to demonstrate its interactions and cooperative effects with E2 on ERα and leptin on Stat3. The physical interaction of Cited-1 with both ERα and Stat3, together with the co-translocation to the nucleus and the DNA-binding to the Stat3-consensus target sequence within the Pomc promoter proposed in this work, and in accordance with previous reports 12,18,19,47,48,50-56, suggest the existence of an integrating and activating a transcriptional complex formed by Stat3-ERα-Cited1. It remains unclear whether Cited1 contributes to the translocation of Stat3 and/or ERα and whether other factors such as CBP/p300 may be required for the initiation of transcription. Complexation of co-transcription factors is a frequent and highly conserved mechanism across signaling pathways which allows the fine-tuning of transcriptional events. Specific cooperation between co-factors and transcription factors dictates the expression of critical targets genes upon specific stimuli in a cell-dependent manner. Overall, our results indicate that Cited1 represents a transcriptional co-factor directing the molecular integrating scaffold between E2-ERα and leptin-Stat3 signaling pathways in Pomc neurons of the ARC, to mediate the converging effects of estradiol and leptin on food intake and body weight. 
In summary, we here show that PomcARC neuronal Cited1 is a key molecular effector in the integration of endocrine signals from gonadal and adipose axes, which in turn is crucial for the appropriate control of feeding behavior in diet-induced obesity. This is accomplished via estradiol-dependent molecular interactions involving ERα and Stat3 that modulate the neuronal response to leptin, and provides new insights into the pathophysiological role of both hormones in the development of obesity. Sexual dimorphism and female physiology are underrepresented research topics and the findings reported here on the role of hypothalamic Cited1 significantly improve our understanding of sexual differences in the pathophysiology of obesity.

Limitations of study 
In the current study we found two neuronal populations apart from Pomc which distinctly express both Cited1 and ERα in the ARC: Kisspeptin and Ghrh. Considering the functional interaction described, we cannot completely rule out some influence in the HypΔCited1 phenotype. The overall stronger phenotype seen in MBHΔCited1(AAV-Cre) mice, as well as the modest phenotype observed in HFHS-fed males, could be indicative of a role for Cited1 in energy metabolism in these neurons and of compensatory mechanisms. Interestingly, the presence of Cited1 in these neurons could suggest that this gene might participate in reproduction or growth. Despite tanycytes displaying a minor Cited1 expression, the biological meaning of this was not studied in the current project. Further studies should be conducted to address the potential role of Cited1 in these glial cells. On the other hand, the thorough evaluation of leptin and E2 crosstalk in vivo is challenging, in part due to endogenous hormones, and requires several mouse models. Our experiments demonstrate the presence of a leptin-sensitizing effect of E2 which was dependent on Cited1, but the contribution of this synergy to the observed phenotype remains unclear. The ideal paradigm to solve this question would require breeding a triple mutant mouse line deficient for leptin (i.e. ob/ob mice), together with the HypΔCited1 or PomcΔCited1, and perform ovariectomies. However, in addition to the breeding challenge, the massive obese phenotype that these mice would exhibit could hinder our ability to adequately measure their response to E2 and leptin. Future studies should be conducted to better understand the transcriptomic landscape influenced by Cited1 in Pomc neurons using cell-type specific isolation approaches, RNA sequencing methods, and a careful combination of hormonal treatment paradigms. Finally, our findings were exclusively obtained via mouse models. Therefore, while Cited1 is also present in humans 50, it would be necessary to evaluate Cited1 genetic signatures and associated phenotypes to understand the full translational significance and clinical potential to humans. 
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Figure titles and legends
Figure 1. Central nervous system characterization and effect of Cited1 ablation on energy balance 
(A) Left panel and lower right panel: Representative images of a coronal brain section HA-Tag immunoreactivity (magenta) from Cited1-HA mice. Upper right panel: Graphical representation of a mouse brain sagittal section. The dashed line indicates the anteroposterior location of the brain slice depicted in the immunofluorescence images from the same panel. Scale bars = 2 mm (left panel) and 200 μm (lower right panel).
(B) Representative confocal images depicting HA-Tag immunoreactivity (red) and DAPI (blue) in peripheral tissues of Cited1-HA mice. Scale bars = 500 μm (Uterus, Ovary, Epididymis, Testis and Kidney) and 200 μm (Pituitary, Adrenal gland and Blood vessels of the WAT).
(C and D) Body weight of wild-type or Cited1-KO male mice fed with chow or HFHS diet. n = 4-17 mice per group.
(E and F) Fat and lean mass, and relative scWAT, gWAT, and BAT depot weights of wild-type or Cited1-KO male mice fed with HFHS diet. n = 4-17 mice per group.
(G and H) Body weight of wild-type or Cited1-KO female mice fed with chow or HFHS diet. n = 3-16 mice per group.
(I and J) Fat and lean mass, and relative scWAT, gWAT and BAT depot weights of wild-type or Cited1-KO female mice fed with HFHS diet. n = 6-16 mice per group.
(K and L) Cumulative and total (light vs. dark phase) food intake of wild-type or Cited1-KO female mice fed with HFHS diet. n = 5-7 mice per group.
(M and N) Time-dependent and total (light vs. dark phase) locomotor activity of wild-type or Cited1-KO female mice fed with HFHS diet. n = 6-8 mice per group.
(O) ANCOVA analysis of the total energy expenditure (72 hours) vs. body weight of wild-type or Cited1-KO female mice fed with HFHS diet. n = 6-8 mice per group.
(P) Relative body weight change (%) of wild-type or Cited1-KO, male or female mice fed with HFHS diet. n = 6-16 mice per group.
(Q) Ratio of scWAT vs. gWAT depot weights of wild-type or Cited1-KO, male or female mice fed with HFHS diet. n = 5-17 mice per group. 
(R) Relative body weight change (%) of wild-type, Cited1 (paternal heterozygous), Cited1 (maternal heterozygous), or Cited1-KO male mice fed with HFHS diet. n = 5-9 mice per group.
Data are expressed as mean ± SEM (C-N, P-R) and individual values (O). Statistical analyses include two-way ANOVA (C-N, P-R) and ANCOVA (O). *p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001. 3V, third ventricle; ARC, arcuate nucleus of the hypothalamus.

Figure 2. Effect of estradiol manipulation on the Cited1 regulation in obesity
(A and B) Body weight and body weight gain of wild-type or Cited1-KO ovariectomized female mice fed with HFHS diet. n = 7-8 mice per group.
(C, D and E) Body weight, body weight gain and fat and lean mass of wild-type or Cited1-KO male mice fed with HFHS diet and treated with E2 sc (2.8 μg/day). n = 6-9 mice per group.
(F and G) Cumulative and total (light vs. dark phase) food intake of wild-type or Cited1-KO male mice fed with HFHS diet and treated with E2 sc (2.8 μg/day). n = 4-7 mice per group.
(H and I) Time dependent and total (light vs. dark phase) locomotor activity of wild-type or Cited1-KO male mice fed with HFHS diet and treated with E2 sc (2.8 μg/day). n = 4-6 mice per group.
(J) ANCOVA analysis of the total energy expenditure (72 hours) vs. body weight of wild-type or Cited1-KO male mice fed with HFHS diet and treated with E2 sc (2.8 μg/day). n = 4-7 mice per group.
Data are expressed as mean ± SEM (A-I) and individual values (J). Statistical analyses include two-way ANOVA (A-I) and ANCOVA (J). *p < 0.05 and **p < 0.01.

Figure 3. Effect of the loss of hypothalamic Cited1 on energy balance 
(A) Violin plots depict the expression of Agrp, Pomc, Cited1, and Tubb3 genes across neuronal clusters identified by Campbell et al. 25. Neurons were identified on the basis of expression of the canonical neuronal marker Tubb3 gene. The shape of the violin plot indicates the distribution of cell depending on their level of expression.
(B) Representative confocal micrographs depicting ERα (yellow) and HA-Tag (magenta) immunoreactivity in the ARC of Cited1-HA mice. Scale bars = 200 μm, upper panel; 20 μm, lower panel.
(C) Upper panel: Quantification of the relative number of hypothalamic ERα positive neurons which co-express Cited1 in Cited1-HA mice. Lower panel: Quantification of the relative number of hypothalamic Cited1 positive neurons which co-express ERα in Cited1-HA mice n=4 mice per group; 6 sections/mouse.
(D and E) Body weight of control or HypΔCited1 male mice fed with chow or HFHS diet. n = 5-9 mice per group.
(F and G) Body weight of control or HypΔCited1 female mice fed with chow or HFHS diet. n = 6-13 mice per group.
(H and I) Relative scWAT, gWAT, and BAT weights, and fat and lean mass of control or HypΔCited1 female mice fed with HFHS diet. n = 8-13 mice per group.
(J and K) Cumulative and total (light vs. dark phase) food intake of control or HypΔCited1 female mice fed with HFHS diet. n = 8-13 mice per group.
(L) Gene expression levels in the hypothalamus of control or HypΔCited1 female mice fed with HFHS diet. n = 6-11 mice per group.
(M) Upper panel: Graphical representation of the experimental paradigm performed. Lower panel: Food intake change percentage of ovariectomized control or HypΔCited1 female mice fed chow diet and treated either with vehicle or E2 sc (1μg/mice). n = 5-6 mice per group.
 (N) Schematic illustration and GFP immunofluorescence representative image depicting the stereotactical targeting of the mediobasal hypothalamus of Cited1loxP/loxP with AAV-GFP treatment. Scale bar = 200 μm,
[bookmark: _Hlk84503952](O, P, Q, R and S) Body weight, relative scWAT, gWAT and BAT depot weights, fat and lean mass, cumulative and total (light vs. dark phase) food intake of control or MBHΔCited1(AAV-Cre) female mice fed with HFHS diet. n = 4-10 mice per group.
Data are expressed as violin plot (A) mean ± SEM (D-M and O-S). Statistical analyses include two-way ANOVA (D-M and O-S). *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 and ##p < 0.01. 3V, third ventricle; ARC, arcuate nucleus of the hypothalamus.

Figure 4. Cited1 mediates the crosstalk between estrogen and leptin signaling in the hypothalamus
(A) Representative confocal micrographs depicting HA-Tag (magenta), tdTomato (cyan), and ERα (yellow) immunoreactivity in the ARC of Cited1-HA;LepR-Cre;Ai14-tdTomato mice fed with chow diet. Scale bars = 200 μm, upper panel; 20 μm, lower panel.
 (B) Upper panel: Graphical representation of the experimental paradigm performed. Lower panel: Food intake change percentage of control or HypΔCited1 male mice fed chow diet and treated with vehicle and leptin ip (3 mg/kg) (lower panel). n=4 mice per group.
(C) Upper panel: Graphical representation of the experimental paradigm performed. Lower panel: Food intake change percentage of control or HypΔCited1 female mice fed chow diet and treated with vehicle and leptin ip (3 mg/kg). n=5 mice per group
(D) Upper panel: Graphical representation of the experimental paradigm performed. Lower panel: Food intake change percentage of ovariectomized control or HypΔCited1 female mice fed chow diet and treated either with vehicle sc and leptin ip (3 mg/kg) or E2 sc (1μg/mice) and leptin ip (3 mg/kg) (lower panel). 10=12 mice per group.
(E) Upper panel: Graphical representation of the experimental paradigm performed . Lower panel: Food intake change percentage of control or HypΔCited1 male mice fed with chow diet and treated with E2 sc (1μg/mice) and leptin ip (3 mg/kg). n=4 mice per group.
(F) Serum leptin levels of control or HypΔCited1 female mice fed with chow or HFHS diet. n=5-12 mice per group.
(G) Serum leptin levels vs. fat mass correlation of control or HypΔCited1 female mice fed with chow or HFHS diet. n=5-12 mice per group.
(H) Body weight of control or HypΔCited1 male mice fed with HFHS diet. The yellow bars indicate when the first and second E2-feeding behavior experiments were performed. n=6-8 mice per group.
(I) Serum leptin levels of control or HypΔCited1 male mice fed with chow, HFHS diet for one, or six weeks HFHS diet. n=6-8 mice per group.
(J) Upper panel: Graphical representation of the experimental paradigm performed. Lower panel: Food intake change percentage of control or HypΔCited1 male mice fed with HFHS diet and treated with E2 sc (1μg/mice) after one week of HFHS diet exposure. n=6-8 mice per group.
(K) Upper panel: Graphical representation of the experimental paradigm performed. Lower panel: Food intake change percentage of control or HypΔCited1 male mice fed with HFHS diet and treated with E2 sc (1μg/mice) after six weeks of HFHS diet exposure. n=6-8 mice per group.
Data are expressed as mean ± SEM (B-F and H-K) and individual values (G). Statistical analyses include two-way ANOVA (D, F, H and I) and unpaired Student’s t tests (B, C, E, J and K). *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 and #p < 0.05. 3V, third ventricle.

Figure 5. Molecular characterization of Cited1 as a co-factor of E2 and leptin signaling pathways in the hypothalamus
(A) Left panel: Quantification of cFos+ neurons in the ARC of Cited1loxP/loxP female mice fed with chow diet and stereotactically injected either with AAV-Cre-GFP or AAV-GFP and treated with leptin ip. n=3-4 mice per group; 6 sections/mouse. Right panel: Representative confocal micrographs depicting GFP (green) and cFOS immunoreactivity (magenta) in the ARC of control or MBHΔCited1(AAV-Cre) female mice fed with chow diet and treated with E2 sc (1μg/mice) and leptin ip (3 mg/kg). Scale bar = 200 μm (right micrograph), 50 μm (left bottom micrograph) and 20 μm (left top micrograph).
(B and C) Western blot chemiluminescence images and protein level quantification of HA-Tag, Stat3, ERα, GAPDH and histone H3 in hypothalamic nuclear and cytosolic fractions of Cited1-HA male mice fed with chow diet and treated either with vehicle sc or E2 sc (1μg/mice) and vehicle ip or leptin ip (3 mg/kg). n=3 mice per group.
(D and E) Western blot chemiluminescence representative images and protein level quantification of HA-Tag, Stat3, ERα, GAPDH and histone H3 in hypothalamic nuclear and cytosolic fractions of Cited1-HA female mice fed with chow diet during metaestrus or proestrus and treated with either vehicle ip or leptin ip (3 mg/kg). n=5 mice per group.
(F) Estradiol levels of Cited1-HA female mice during metaestrus or proestrus and Cited1-HA male mice treated with E2 sc (1μg/mice) and fed with chow diet. n=6-10 mice per group.
Data are expressed as mean ± SEM (A-F). Statistical analyses include two-way ANOVA (B-F) and unpaired Student’s t tests (A). *p < 0.05, **p < 0.01 and ****p < 0.0001. 3V, third ventricle.

Figure 6. Characterization of the Cited1 neuronal population and sex-dimorphic leptin action in the ARC hypothalamus
 (A) Representative confocal micrographs depicting GFP (green) and HA-Tag (magenta) immunoreactivity in the ARC of Cited1-HA;Pomc-GFP mice. Scale bars = 200 μm (top panel), 50 μm (bottom panel).
(B) Quantification of the relative number of hypothalamic Pomc neurons which co-express Cited1 in the Cited1-HA;Pomc-GFP male or female mice. n=3 mice per group; 6 sections/mouse.
(C) Representative confocal micrographs depicting HA-Tag (magenta), GFP (cyan), and ERα (yellow) immunoreactivity in the ARC of Cited1-HA;Pomc-GFP;LepR-Cre;Ai14-tdTomato male mice fed with chow diet. Scale bar = 20 μm.
(D) Representative confocal micrographs depicting HA-Tag (blue), GFP (green) and tdTomato (red) immunoreactivity in the ARC of Cited1-HA;Pomc-GFP;LepR-Cre;Ai14-tdTomato male mice fed with chow diet. Scale bars = 200 μm, upper panel; 20 μm, lower panel.
(E) Left panel: Quantification of cFOS/GFP+ neurons in the ARC of Pomc-GFP male and female mice fed with chow diet and treated either with vehicle or leptin ip (3 mg/kg). n=5-6 mice per group; 6 sections/mouse. Right panel: Representative confocal micrographs depicting GFP (green) and cFOS immunoreactivity (magenta) in the ARC of Pomc-GFP male and female mice fed with chow diet and treated either with vehicle or leptin ip (3 mg/kg). Scale bars = 200 μm (left micrograph), 20 μm (right micrographs). 
(F) Quantification of GFP+ neurons in the ARC of Pomc-GFP male and female mice fed with chow diet. n=9 mice per group; 6 sections/mouse. 
Data are expressed as mean (B) and mean ± SEM (E-F). Statistical analyses include two-way ANOVA (E) and unpaired Student’s t tests (F). **p < 0.01, ****p < 0.0001 and ##p < 0.01. 3V, third ventricle.

Figure 7. Effect of Pomc neurons Cited1 knock out in the development of diet induced obesity 
(A) Representative confocal micrographs depicting Cited1 mRNA (red), Pomc mRNA (green) and DAPI (blue) in the ARC of control or PomcΔCited1 mice using RNA scopeTM. The dashed lines highlight the soma of Pomc positive neurons. Scale bars = 200 μm (left micrograph), 50 μm (right micrograph). 
(B) Cited1 expression levels in the ARC of control or PomcΔCited1 male and female mice fed with HFHS diet. n = 8-15 mice per group.
(C, D and E) Body weight, relative scWAT, gWAT, and BAT depot weights, fat and lean mass of control or PomcΔCited1 male mice fed with HFHS diet. n = 12-16 mice per group.
(F, G, H, I, J, K, L and M) Body weight, relative scWAT, gWAT, and BAT depot weights, fat and lean mass, ANCOVA analysis of the total energy expenditure (72 hours) vs. body weight, time-dependent and total (light vs. dark phase) locomotor activity, cumulative and total (light vs. dark phase) food intake of control or PomcΔCited1 female mice fed with HFHS diet. n = 6-10 mice per group.
(N and O) Schematic illustration of the HT-ChIPmentation assay, and DNA-binding by HT-ChIPm-qPCR of HA-Tag, ERα, or Stat3 of hypothalamic samples from Cited1-HA and HypΔCited1 male mice fed with chow diet and treated either with vehicle sc or E2 sc (1μg/mice) and vehicle ip or leptin ip (3 mg/kg). n=4-6 mice per group.
Data are expressed as mean ± SEM (B-M and O). Statistical analyses include two-way ANOVA (B-M and O) and ANCOVA (I). *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 and ##p < 0.01. 3V, third ventricle, FISH, fluorescence in situ hybridization, KO, knock out.
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RESOURCE AVAILABILITY
Lead Contact
Further information and requests for resources and reagents should be directed to and will be fulfilled by the Lead Contact, Cristina García-Cáceres (garcia-caceres@helmholtz-muenchen.de).
Materials Availability
Mouse lines generated in this study are available from the Lead Contact with a completed Materials Transfer Agreement.
Data and Code Availability
· Data for creating all graphs in the paper are provided in Data S1.
· No original code was generated in the study.
· Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.
EXPERIMENTAL MODEL AND SUBJECT DETAILS
Mice
Animal experiments were based on power analyses to assure adequate sample sizes, approved by the State of Bavaria, Germany and followed the guidelines of the Canadian Council on Animal Care. Male and female mice were group-housed on a 12:12-h light-dark cycle, under controlled temperature (23 °C) and humidity conditions with ad libitum access to standard chow diet (5.6% fat; LM-485, Harlan Teklad) and water unless indicated otherwise. The diet induced obesity paradigm was performed by switching mice aged 8 weeks old to a high-fat, high-sucrose (HFHS) diet (D12331; 58% of calories from lipids; Research Diets, New Brunswick, NJ). Weekly health status checks were performed for the mice.
Cited1 whole-body knockout mice (Cited1tm1d(EUCOMM)Hmgu), genetic background C57BL/6N, were obtained from InfraFrontier/EMMA. Conditional knockouts (Cited1loxP/loxP) were generated by crossing Cited1tm1a(EUCOMM)Hmgu mice, genetic background C57BL/6N, provided by InfraFrontier/EMMA with C57BL/6-Tg(CAG-Flpe)2Arte mice (Taconic model #7089, genetic background C57BL/6N). The Flp deleter transgene was subsequently bred out of the line. Wildtype C57BL/6J mice were obtained from Janvier, Le Genest-Saint-Isle, France.
Tissue specific Cited1 knockout mice were generated by crossing Nkx2.1-Cre (Jax mice stock #008661, genetic background C57BL/6J), Pomc-Cre (Jax mice stock #5965, genetic background C57BL/6J), and Agrp-Cre mice (Jax mice stock # 012899, genetic background C57BL/6J) with Cited1loxP/loxP mice to generate Nkx2.1-, Pomc-, and Agrp-specific Cited1-knockout mice (HypΔCited1, PomcΔCited1, or AgrpΔCited1). Littermate controls were used in all studies with the exception of whole-body hemi/homozygous Cited1 knockout mice vs. wildtype mice, due to breeding limitations linked with the location of Cited1 being on the X-chromosome.
For the neuronal visualization studies, Cited1-HA mice (generated ad hoc for this project) were crossed with mice that selectively express the green fluorescent protein (GFP) in Npy-expressing neurons (Npy-GFP, Jax mice stock #006417, genetic background C57BL/6J) or in Pomc-expressing neurons (Pomc-GFP Jax mice stock #009593, genetic background C57BL/6J). Colocalization studies of the long-form leptin receptor were conducted using the Cited1-HA;LepRb-Cre;Ai14-tdTomato and Cited1-HA;Pomc-GFP;LepRb-Cre;Ai14-tdTomato reporter mouse models, which were obtained from inter-crossing Cited1-HA mice (generated ad hoc for this project), Pomc-GFP mice (Jax mice stock #009593), B6.129(Cg)-LepRtm(cre)Rck/J mice (Jax mice stock #008320, genetic background C57BL/6J), and B6.Cg-Gt(ROSA)26Sortm14(CAG-tdTomato)Hze/J mice (Jax mice stock #007914, genetic background C57BL/6J).
Generation of a Cited1-HA knock in mouse
To target a HA encoding sequence to the transcriptional start site of mouse Cited1, a gRNA was designed using CRISPOR tool (www.crispor.tefor.net), in vitro transcribed (E3322, NEB), and purified using the MEGAclear Kit (ThermoFisher Scientific). The donor template for homologous recombination contained 53 and 59 nucleotides homology arms (5´ and 3´ respectively), between which the HA sequence was inserted. For generating the Cited1-HA knock-in mice, C57BL/6n females at 3 weeks of age were superovulated and bred with C57BL/6N males. Fertilized oocytes were prepared and electroporated (NEPA21) with 200 ng/μl of sgRNA, 200 ng/ul recombinant NLS-Cas9 protein (PNA Bio Inc.), and 30 ng/ul of ssODN templates (IDT) for homology directed repair. Electroporated zygotes were surgically implanted into recipient CD1 females. For genotyping, ear biopsies from the resulting mice were lysed using standard conditions and genomic DNA purified. The target gene was amplified using the primers listed (Table S1) and Sanger sequenced to confirm the nature of the HA-Tag insertion.
METHOD DETAILS
Physiological measures
Body composition (fat and lean mass) was measured using quantitative nuclear magnetic resonance technology (EchoMRI, Houston, TX). Food intake, energy expenditure, and respiratory exchange ratio were measured using metabolic cages from TSE Systems (TSE PhenoMaster, TSE Systems, Bad Homburg, Germany). The mice were habituated to the drinking bottles one week prior to the experiment. The animals spent 5 days in the metabolic cages, and data from the habituation period (first 48h) were discarded. O2 consumption, CO2 production, locomotor activity, and food intake were measured every 10 min. Energy expenditure (kcal over 72h) values were correlated to the body weight of the animals recorded at the end of the measurement using analysis of co-variance (ANCOVA). 
Estrogen pellets supplementation
We implanted estradiol pellets in male mice at 6 weeks of age. Animals were anesthetized using isoflurane, a small subcutaneous incision was performed in the left mid-dorsal region, and an estradiol pellet (17β-estradiol pellets, 0.25 mg, 90 Days, Catalog #: NE-121, Innovative Research of America) was implanted subcutaneously. Sham-operated animals were similarly treated with the exclusion of pellet implantation.
Ovariectomy
Mice were bilaterally ovariectomized (OVX) or Sham-operated as previously described 57,58. Followingketamine–xylazine anesthesia (50 mg/kg, intraperitoneal, IP) both flanks were shaved, and mice were placed on their left side. Then, an incision through the skin and muscle layers was made in the right flank caudal to the last rib. The ovary was then carefully pulled out and removed after making an incision between the distal part of uterine horn and the ovary. After returning the horn into the abdominal cavity, the wound was closed by suturing the muscle layer and skin with surgical silk. The same procedure was applied to remove the left ovary. Sham surgeries were also performed, in which each ovary was exposed but not dissected. All treatments on OVX mice were carried out two weeks after surgery to ensure a total washout of ovarian hormones, as previously reported.
Determination of estrus cycle stages
Female mice were monitored for estrus cycle by daily vaginal cytology followed by staining with Fast Panoptic kit (254807, PanReac AppliChem) and posterior microscopic examination of the cells as previously reported 59.
Leptin and estradiol feeding behavior studies 
For the experiments of estradiol replacement, animals were individually housed and used for experimentation two days later. Male or OVX female mice were subjected to daily subcutaneous injections of vehicle (150 μl of sesame oil, Sigma Aldrich) over the baseline days followed by daily subcutaneous injections of estradiol (17-β-estradiol-3-benzoate; 1 μg dissolved in 150 μL of sesame oil; Sigma Aldrich) over the next five days.
Recombinant mouse leptin (498-OB, R&D systems, Minneapolis, US) was dissolved in ice-cold Tris-HCl buffer (20 mM, pH 8) to obtain a 1 mg/ml stock solution. This was further diluted with ice-cold PBS (pH 7.4) to get a 0.3 mg/mL working solution as previously described 60. Mice were subjected to vehicle intraperitoneal injections twice daily over three days to establish a feeding baseline followed by intraperitoneal injections of leptin (3 mg/kg BW, stock leptin solution diluted in ice-cold PBS, pH 7.4) or vehicle (equivalent volume of 20 mM Tris-HCl diluted in ice-cold PBS, pH 7.4) twice daily over three days. 
[bookmark: _Hlk80708554]For the leptin sensitivity test, animals were individually housed and used for experimentation two days later. Recombinant mouse leptin (498-OB, R&D systems, Minneapolis, US) was dissolved in ice-cold Tris-HCl buffer (20 mM, pH 8) to obtain a 1 mg/ml stock solution. This was further diluted with ice-cold PBS (pH 7.4) to get a 0.3 mg/mL working solution as previously described 60. Mice were subjected to a protocol of vehicle intraperitoneal injections twice daily over three days to establish a feeding baseline followed by intraperitoneal injections of leptin (3 mg/kg BW, stock leptin solution diluted in ice-cold PBS, pH 7.4) or vehicle (equivalent volume of 20 mM Tris-HCl diluted in ice-cold PBS, pH 7.4) twice daily over three days. 
For the leptin sensitivity test coupled with estradiol administration, male or OVX female mice were individually housed and used for experimentation two days later. Mice were subjected to daily subcutaneous injections of vehicle (150 μl of sesame oil, Sigma Aldrich) over the baseline days followed by daily subcutaneous injections of estradiol (estradiol benzoate; 1 μg dissolved in 150 μL of sesame oil; Sigma Aldrich) over the three leptin-treatment days.
Leptin and estradiol treatment paradigms for molecular studies 
For the molecular studies (i.e. cFOS immunohistochemistry, cell fractioning, Co-IP, and High-throughput ChIPmentation), food was removed and after one hour mice were subjected to subcutaneous injections of vehicle (150 μl of sesame oil, Sigma Aldrich) or estradiol (estradiol benzoate; 1 μg dissolved in 150 μL of sesame oil; Sigma Aldrich). Three hours later mice were subjected to intraperitoneal injections of vehicle (equivalent volume of 20 mM Tris-HCl diluted in ice-cold PBS, pH 7.4) or leptin (3 mg/kg BW, stock leptin solution diluted in ice-cold PBS, pH 7.4). One hour (cell fractioning, Co-IP and High-throughput ChIPmentation) or 90 minutes (cFOS immunohistochemistry) later mice were sacrificed and tissues were collected. When cycled female mice were used for the study, the same experimental paradigm was followed but estradiol injections were skipped.
Viral-mediated manipulation of Cited1 
To ablate Cited1, adeno-associated viruses carrying the Cre recombinase (AAV2/1-EF1a-EGFP-T2A-iCre, Vector Biolabs, Cat. No. VB2069) or control viruses carrying GFP (AAV2/1-EF1a-EGFP, Vector Biolabs, Cat. No. VB2084) were injected bilaterally (0.5 µl/side; 1x1013 viral genomes/ml) into the MBH of Cited1loxP/loxP mice (8-wk-old), as specified, using a motorized stereotaxic system from Neurostar (Tubingen, Germany). Stereotaxic coordinates were −1.5 mm posterior and +/−0.25 mm lateral to bregma and −5.8 mm ventral from the dura. Surgeries were performed using a mixture of ketamine and xylazine (100 and 7 mg/kg, respectively) as anesthetic agents and Metamizol (200 mg/kg, subcutaneous), followed by Meloxicam (1 mg/kg, on 3 consecutive days, subcutaneous) for postoperative analgesia. 
Immunohistochemistry
Adult mice were transcardially perfused with phosphate-buffered saline (PBS) followed by 4% neutral buffered paraformaldehyde (PFA). After dissection, brains and peripheral tissues were post-fixed for 24 h with 4% PFA, equilibrated in 30% sucrose for 24 h, and sectioned on a cryostat (Leica Biosystems) at 30 m or 5 m (adipose tissues). Brain sections were incubated with the primary antibodies overnight at 4C in 0.1M TBS containing gelatin (0.25%) and Triton X100 (0.5%) or PBS containing FBS (5%) and BSA (1%) for adipose tissues. Sections were washed with 0.1M TBS and incubated with the secondary antibodies for 1 h at room temperature with 0.1 M TBS containing gelatin (0.25%) and Triton X100 (0.5%) or PBS containing BSA (1%) for adipose tissues. When Alexa-coupled antibodies were used to avoid host species cross-reactivity brain sections were incubated with the antibodies overnight after the previously described steps. Images were obtained using a Leica TCA SP-8-X Confocal Microscope (Leica Microsystems), and analysis was performed using Fiji 2.0.0 (ImageJ). 
Fluorescence in situ hybridization
Fluorescence in situ hybridization was performed on brains from PomcΔCited1, HypΔCited1, and Cited1-HA mice using the RNA scopeTM Multiplex Fluorescent Reagent Kit v2 (Advanced Cell Diagnostic, Cat. #323100-USM) following the manufacturer’s instructions. Sections were dried at 60°C for 30 minutes, dehydrated with an increasing ethanol gradient, pre-treated with hydrogen peroxide (Cat. #322381), and boiled in Target retrieval reagent (Cat. #322000). After dehydrating in pure ethanol, sections were surrounded by a hydrophobic barrier (ImmEdge hydrophobic barrier pen, Vector Lab, H-4000) and left to dry overnight. The following day slides were incubated in Protease III (Cat. #322340; 30 min at 40°C) followed by the target probe (Mm-Cited1-E2E3, Cat No. #400451 for PomcΔCited1, HypΔCited1 mice or Mm-Cited1, Cat. #432471 for Cited1-HA mice; 2 hours at 40°C) in a HybEZ oven. Signal amplification was achieved using amplifiers AMP1-3 and an Opal reagent (Opal570; Perkin-Elmer, Cat. #FP1488001KT). When combination with immunofluorescence was needed (Cited1-HA mice), staining of the HA-Tag was performed using an HRP-conjugated secondary antibody, followed by an Opal reagent (Opal690; Perkin-Elmer, Cat. #FP1497001KT). Sections were counterstained with DAPI (provided in kit) for 30 seconds, and mounted (ProLong Diamond Antifade Mountant; ThermoFisher, Cat. #P36961). Images were obtained using a Leica TCA SP-8 Confocal Microscope (Leica Microsystems) with 20x or 63x magnification. 
iDISCO-assisted optical brain clearing
Cited1 HA;Pomc-GFP mice were transcardially perfused with 4% PFA and overnight post-fixated in 4% PFA, 4°C. Brains were washed three times in PBS, pH 7.4, before being cut on a 1 mm slice using a brain block. Brain slices were subjected to a pretreatment by washing in PTx.2, RT 1h x2, incubating in 1x PBS/0.2% TritonX-100/20% DMSO, 37°C overnight, incubating in 1x PBS/0.1% Tween-20/0.1% TritonX-100/0.1% Deoxycholate/0.1% NP40/20% DMSO, 37°C overnight and washing in PTx.2, RT 1h x 2. Brain slices were immunolabelled incubating samples in permeabilization solution, 37°C 2 days, blocking in blocking solution, 37°C, 2 days, incubating with primary antibody in PTwH/5% DMSO/3% donkey serum, 37°C, 4 days, washing in PTwH for 4-5 times until the next day, incubating with secondary antibody in PTwH/3% donkey serum, 37°C, 4 days and washing in PTwH for 4-5 times until the next day. Brain slices were subjected to the clearing protocol by dehydrating in methanol/H2O series: 20%, 40%, 60%, 80%, 100%, 100%; 1 hour each at room temperature, 3 hours incubation, with shaking, in 66% DCM / 33% methanol at room temperature, incubating in 100% DCM (Sigma 270997-12X100ML) 15 minutes twice with shaking to wash the MeOH, incubating in DiBenzyl Ether (DBE, Sigma 108014) and stored until image acquisition. Images were obtained using a Leica TCA SP-8 Confocal Microscope (Leica Microsystems) with 20x magnification and processed with Imaris 7.6.4 software. 
Gene expression analysis by qRT-PCR
Dissected tissues were immediately frozen on dry ice, and RNA was extracted using RNeasy Mini Kits (Qiagen). cDNA was generated with reverse transcription QuantiTech reverse transcription kit (Qiagen). Quantitative Real-Time RT-PCR (qRT-PCR) was performed with a ViiA 7 Real-Time PCR System (Applied Biosystems) using the TaqMan probes listed in the key resources table. Target gene expression was normalized to reference genes Hprt. Calculations were performed by a comparative method (2−ΔΔCT). 
Co-immunoprecipitation assay 
Individual hypothalami were transferred to a dounce homogenizer containing 1mL of freshly prepared ice-cold immunoprecipitation (IP) buffer (50mM Tris pH 8.0, 1% IGEPAL-630, 15mM NaCl, 1mM PMSF, and 1x phosphatase and protease inhibitors). Homogenization was achieved by carefully douncing 20 strokes with the loose pestle, incubating on ice for 10 min and further douncing 20 more strokes with the tight pestle. The homogenate was filtered through a 20 µm cell strainer and incubated for 30 min in rotation at 4ºC. Protein lysates were incubated with 2.0 µg of antibody (anti-HA-Tag or IgG-isotype control) in Lo binding tubes at 4°C while rotating for 1h. Subsequently, 50µl of µMACS protein-G µBeads were added and incubated for another 30 min at 4°C with rotation and IP was performed according to the manufacturer’s protocol. Proteins were eluted in 70 µl of preheated (95°C) sampling buffer, separated by SDS-PAGE and electrotransferred to a PVDF membrane for western blotting. Briefly, BSA-blocked membranes were incubated with anti-HA-Tag coupled to HRP, anti-ERα, anti-Stat3, and anti-β-Actin (1:1000 in blocking buffer) overnight at 4ºC with agitation and further developed with appropriate HRP-secondary antibodies (1:5000). 
Sub-cellular fractioning 
For nuclei isolation, individual frozen hypothalami were transferred to a dounce homogenizer containing 700µl of freshly prepared ice-cold nuclei isolation buffer (0.25M sucrose, 25mM KCl, 5mM MgCl2, 20mM Tris pH 8.0, 0.4% IGEPAL 630, 1mM DTT, 0.15mM spermine, 0.5mM spermidine, and 1x phosphatase & protease inhibitors). Homogenization was achieved by carefully douncing 10 strokes with the loose pestle, incubating on ice for 5 min, and further douncing 15 more strokes with the tight pestle. The homogenate was filtered through a 20µm cell strainer and centrifuged at 1000 x g for 10min at 4°C. The supernatant was thoroughly collected on a new tube (cytosolic fraction) and the nuclei pellet resuspended in 300µl of nuclear lysis buffer (50mM Tris pH 8.0, 1% IGEPAL-630, 0.5mM sodium deoxycholate, 1mM PMSF, 1mM sodium butyrate, 1x phosphatase and protease inhibitors). Protein concentration measurement and subsequent steps were performed as previously described for SDS-PAGE and western blotting. HA-Tag, Stat3, and ERα were detected in both nuclear and cytosolic fractions using Histone 3 (H3) and GAPDH as loading controls, respectively.
High-throughput ChIPmentation
Individual hypothalami were homogenized as previously described for nuclei isolation in the previous section. After centrifugation, the nuclei pellet was thoroughly resuspended in 1mL of 1% ethanol-free formaldehyde and incubated at RT with agitation for 15 min to allow fixation. The fixation was quenched by adding 60µl of 2.5M glycine and further incubated under the same conditions for 5 min. Subsequently, 500µl of cold PBS were added and nuclei pelleted by centrifugation at 2000 x g for 10 min at 4ºC. The pellet was resuspended in 200µl shearing buffer (1% vol/vol SDS, 10 mM EDTA, 50 mM Tris–HCl pH 8, and 1x phosphatase and protease inhibitors) and sonicated for 15 min x 30s ON/30s OFF on high power on a Bioruptor Plus. For HT-ChIPmentation we followed the protocol without modifications as previously described by Gustafsson et al. 61. Per sample, the sheared chromatin was divided in 3 separate tubes with 2µg of anti-HA-Tag, -Stat3, or -Erα. An IgG-isotype negative control sample was included for each biological replicate. The specific Stat3 DNA-binding consensus sequence at the Pomc promoter was assessed using previously described primers 62.
Serum analyses
Serum leptin levels were determined using a Leptin (Mouse/Rat) ELISA kit (22-LEPMS-E01, Alpco) following the manufacturer’s instructions. Serum corticosterone levels were determined using a ParameterTM corticosterone assay (KGE009, R&D systems) following the manufacturer’s instructions. Serum estradiol levels were determined using a Mouse/Rat ELISA Kit assay (ES180S-100, Calbiotech) following the manufacturer’s instructions. Serum α-MSH levels were determined using a Human, Rat, Mouse EIA Kit (#EK-043-01, Phoenix Pharmaceuticals) following the manufacturer’s instructions.
The analysis of steroids in plasma or serum have been performed in the Metabolomics Platform of the Genome Analysis Center, Helmholtz Zentrum München. The following 17 steroids were quantified using the AbsoluteIDQTM Stero17 Kit and LC-ESI-MS/MS: aldosterone, androstenedione (androst-4-en-3,17-dione), androsterone, corticosterone, cortisol, cortisone, 11-deoxycorticosterone, 11-deoxycortisol, dehydroepiandrosterone, dehydroepiandrosterone sulfate (DHEAS), dihydrotestosterone (DHT), estradiol, estrone, etiocholanolone, 17α-hydroxyprogesterone, progesterone, testosterone. Compound identification and quantification were based on scheduled multiple reaction monitoring measurements (sMRM). Sample preparation and LC-MS/MS measurements were performed as described by the manufacturer in manual UM-STERO17. The method of the AbsoluteIDQTM Stero17 Kit has been proven to be in conformance with the EMEA-Guideline "Guideline on bioanalytical method validation” (July 21st 2011)(CHMP, 2011) 63, which implies proof of reproducibility within a given error range. Analytical specifications for LOD (limit of detection (CHMP, 2011) 63), LLOQ and ULOQ (lower and upper limit of quantification), specificity, linearity, precision, accuracy, reproducibility, and stability were determined experimentally by Biocrates and are described manual AS-STERO17. A detailed method description has been published 64.
Single-cell RNA sequencing analysis
Data for the scRNA-seq reanalysis was obtained from GEO Accession codes GSE93374, which is generated from the Arcuate-median eminence (Arc-ME) of the mouse hypothalamus by Campbell et al 25. We used Seurat software 65 to perform the re-analysis. We first filter the dataset with Seurat. Only features expressed in at least three cells, only cells expressing at least 200 features and at most 8000 features and only cells' mitochondrial genes percentage below 15% were remained. The filtered dataset comprised of 20,700 cells and 22,746 genes. We further normalized the expression matrix with "logNormalize" method. Then we identified the 2,519 most-variable genes across the entire dataset controlling for the known relationship between mean expression and variance. During scaling of most-variable genes, we also removed the technical variances due to batch effects, mitochondrial gene percentages, and number of detected features. After that, we did the dimension reduction by performing the principal component analysis. We selected the top 25-significant PCs for cell neighbor determination and clustering. For neurons, based on metadata provided by GSE93374, we subset 12990 neuronal cells from above Seurat object with all cells. Similarly to above, we identified 2000 most-variable genes from the neuronal cell dataset, removed the technical variances, and scaled the most variable genes for PCA. We selected the top 30 PCs for neighbor cell determination and clustering. We further labeled neuronal clusters based metadata by GSE93374. Based on above analysis, we finally visualized candidate gene expression patterns with feature plot in tSNE or violin plot at all cell levels as well as neuronal cell levels.
Fertility assessments
We performed fertility assessments as previously described (Xu el al. Cell Metab 2011.). Briefly, using the historical records of our Wild-type, Cited1-KO, Cited1loxP/loxP, HypΔCited1, PomcΔCited1 and AgrpΔCited1 colonies we analyzed a) the average litter size considering all litters, b) the average size of the first litter, c) the average time period between mating day and delivery of pups, and d) the ratio of mating pairs that successfully delivered pups.
QUANTIFICATION AND STATISTICAL ANALYSIS
Statistical analyses were conducted using GraphPad Prism (version 7.0). Statistical significance was determined using unpaired 2-tailed Student’s t test (1 variable and 2 groups), 1-way ANOVA followed by Holm-Sidak’s post hoc test (1 variables and 2+ groups), 2-way ANOVA followed by Sidak’s post hoc test (2 variables), ChiSquare (expected vs. observed frequencies) or linear regression when appropriate. P ≤ 0.05 was considered statistically significant. Statistics information can be found in the figure legends and figures.

Video S1. iDisco 3D-imaging reconstruction of the ARC showing Cited1-positive cells (magenta) and Pomc-GFP (green) neurons, related to Figure 6.

[bookmark: _GoBack]Data S1. Unprocessed data underlying the display items in the manuscript, related to Figures 1–7 and S1–S7
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