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ENDOCRINE FUNCTIONS  
 

OF  ADIPOCYTE 
THE METABOLIC HORMONE FGF21 



Skeletal muscle 



The effects of the gut microbiota on the host via hormones. Gray arrows and text refer 

to the effects of the gut microbiota on various hormone levels. Pink arrows and text 

refer to the effects of these hormonal alterations on host outcomes (e.g. behavior). 

Host effects on the microbiota. A variety of host factors (such as diet, exercise, 

mood, general health state, stress and gender) lead to alterations in hormonal 

levels, which in turn lead to a variety of effects on the microbiota (including growth, 

virulence and resistance). 



Cold exposure causes browning of white fat in mice, with increased insulin sensitivity and heat production in addition to weight loss. 

Chevalier and colleagues reported that cold exposure also changes the composition of the gut microbiota and causes a large increase 

in the absorptive surface of the gut. Transplantation of the cold-adapted microbiota from cold-exposed mice is sufficient to 

promotebrowning, enhanced insulin sensitivity, and increased intestinal surface area in warm recipient mice. A companion article from 

the same group suggests that antibiotic therapy, which depletes the gut microbiota, also induces browning and weight loss. 
Chevalier C, Stojanović O, Colin DJ, et al. Gut microbiota orchestrates energy homeostasis during cold. Cell 2015; 163: 1360-74. Suárez-Zamorano N, Fabbiano 

S, Chevalier C, et al. Microbiota depletion promotes browning of white adipose tissue and reduces obesity. Nat Med 2015; 21: 1497-501. 



Nutritional epidemiology and 

biochemical approaches, focusing 

primarily on the relationship between 

macronutrient consumption and 

metabolic outcomes, have not 

provided a translatable scientific 

basis to recommend diets that 

improve metabolic health for a broad 

range of  people.  

 

Alternatively, understanding our diets 

as a collection of  signaling molecules, 

having hormone-like actions via cell 

surface and nuclear receptor 

signaling, may provide new insights 

into the relationship between what we 

eat and metabolic disease. Moreover, 

this framework may eventually allow 

us to make dietary recommendations 

from the bottom up—based on the 

ability of  specific foods to alter 

relevant signaling pathways. 



EFFECT OF NON-DIGESTIBLE NUTRIENTS WITH PREBIOTIC 

PROPERTIES ON HOST PATHOPHYSIOLOGY RELATED TO OBESITY.  

In intervention studies in animals and humans, non-digestible nutrients with prebiotic 

properties, such as inulin-type fructans, galacto-oligosaccharides, arabinoxylan and 

arabinoxylan oligosaccharides derived from wheat, fungal chitin-glucan and several 

phenolic compounds present in pomegranate or grapes, have been shown to change the 

gut microbiota composition by favouring bacteria that confer health benefits to the host. 

Prebiotics reinforce the gut barrier and promote gut hormones that control appetite, 

glucose homeostasis and systemic inflammation. The prebiotic approach also 

counteracts hepatic steatosis (lipogenesis), hepatic insulin resistance, and adiposity by 

modifying gene expression at the tissue level. LPS = lipopolysaccharide, APJ = apelin 

receptor, eCB = endocannabinoid.  

Modulation of Gut Bacterial Diversity with Food Approach to 

Prevent Type 2 Diabetes .  

Food patterns that provide both complex carbohydrates and 

greater levels of phytonutrients such as polyphenols can increase 

gut bacterial diversity and reduce postprandial glucose response. 

Such communities may protect against type 2 diabetes. The 

personalized  nutrition approach. may help us understand which of 

these types of features will apply to everyone and which will need 

to be applied to specific individuals 



 

The mechanisms driving macronutrient-specific 

food intake are poorly defined.  

A large number of behavioral studies indicate 

that both the quantity and quality of dietary 

protein can markedly influence food intake and 

metabolism, and that dietary protein intake may 

be prioritized over energy intake.  

Dietary protein within the gastrointestinal tract 

activates both endocrine and vagal signals, 

which act in a primarily anorexigenic fashion in 

the hypothalamus and brainstem. 

 Absorbed amino acids are delivered to the liver 

via the hepatic portal vein. Reduced amino acid 

supply to the liver increases hepatic FGF21 

secretion, which acts in the brain to increase 

both food intake and energy expenditure, likely 

via effects in the hypothalamus.  

Amino acids are transported out of the liver and 

into the general circulation, and circulating 

amino acids can act in both the hypothalamus 

and brainstem to suppress food intake.  

Finally, imbalances in dietary or circulating 

amino acid concentrations are detected in the 

anterior piriform cortex (APC), with activation of 

the APC reducing food intake.  

These various mechanisms allow animals to 

detect and adaptively respond to diets that are 

high, low, or imbalanced in amino acid content.  

 

 

 



Cravings for sweet foods are common, yet the mechanisms that 

influence the ‘‘sweet tooth’’ are not well-defined. In response to 

carbohydrate intake, the liver produces FGF21 to selectively 

suppress sugar appetite by acting on the PVN.  The liver 

functions as a post-ingestive regulator of macronutrient 

preference: Carbohydrate activates hepatic ChREBP increasing 

production of FGF21 from the liver  and FGF21 acts on the   PVN 

to suppress sugar intake. 

FGF21 has well-established beneficial metabolic effects. FGF21  

seems also to be able to suppresses sweet and alcohol 

preference in mice, and sweet preference in monkeys, by 

acting on the CNS. These effects are associated with decreased 

dopamine, a key neurotransmitter used in reward pathways.  



 

 

INTERACTION BETWEEN 

INGESTED NUTRIENTS AND 

GUT ENDOCRINE CELLS 

Simplified model of the pathways involved in chemosensory signaling in the 

gastrointestinal mucosa.  

Nutrients (sweet, bitter, fat, amino acids) are sensed by different G protein-

coupled receptors (GPCRs) as well as transporters in several cell types 

(endocrine cell, brush cell, enterocyte) of the epithelial lining that cross-regulate 

each others expression. The GPCRs induce, via distinct G proteins (gustducin), 

the release of second messengers that lead to the release of gut peptides which 

can communicate directly, via the bloodstream, or indirectly, via the vagal nerve, 

with the hypothalamus to control food intake. AA, amino acid; AA-TS, amino acid 

transport systems 



In response to activation of innate immune receptors by 

stimuli such as microbial ligands, transcription of pro-

inflammatory genes including those encoding NLRP3 and 

pro-IL1β is induced. Transcription of proinflammatory 

genes primes components of the NLRP3 inflammasome 

complex. Upon stimulation with a variety of endogenous 

and exogenous signals, a common characteristic of which 

is the induction of K+ efflux from the activated cell, the 

NLRP3 inflammasome assembles as a complex with ASC 

and pro-caspase-1. As a consequence, caspase-1 cleaves 

pro-IL-1β into its active form for secretion. β-

hydroxybutyrate inhibits K+ efflux and prevents NLRP3 

activation.  



Inhibition of histone acetylation is done mostly by 

phytochemicals such as EGCG, genistein and curcumin 

through inactivation of hystone acetyl transferase. Inhibition 

of deacetylation of relaxed chromatine is also accomplished 

by some other phytochemicals, named as sulforaphane, 

curcumin, genistein, organosulfur compounds, resveratrol by 

means of inactivation of histone deacetylase enzymes.    





Obesità 
 
• Primitiva 
• Secondaria 

 

http://blog.drseymourweaver.com/dermatology-blog/wp-content/uploads/2011/06/bmi-body-mass-index.gif


Endocrine changes in obesity and after weight loss 



Proposed pathways, centered in the VAT, to autoimmune responses during obesity. Intrinsic inflammatory changes cooperate with obesity-associated dysbiosis in the gut to 

initiate self- or microbe-specific adaptive immune responses in the VAT, generating a feedforward inflammatory loop that worsens insulin signaling. Long-term caloric excess 

causes hypertrophy and ER stress in white adipocytes, leading to the release of adipokines and chemo-attractants that help activate and/or recruit innate cells, such as 

macrophages, and adaptive immune cells, such as B and T cells, to the VAT. Obesity-associated dysbiosis contributes to increased gut permeability, facilitating leakage of 

microbial products and oral antigens across the gut epithelium. Together with lipid excess and dying adipocytes, these serve as potential sources of antigens and costimulatory 

signals for the activation of VAT B and T cells, a process that can potentially take place in the draining lymph nodes or locally in the VAT. Activated B and T cells, in turn, 

contribute to VAT inflammation through the secretion of  inflammatory cytokines and antibodies or through cross talk with other immune cells. DAMPs, danger-associated 

molecular patterns. PAMPs, pathogen-associated molecular patterns. 



IPOTIROIDISMO E SINDROME METABOLICA 

Insulino-resistenza 

Dislipidemia 

Ipertensione 

arteriosa Alterata tolleranza 
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centrale 



 



La sindrome di Cushing è una obesità secondaria 

 

SINDROME DI CUSHING E SINDROME 
METABOLICA 

Insulino-resistenza 

Dislipidemia 

Ipertensione 

arteriosa Alterata tolleranza 

ai carboidrati 
Obesità 

centrale 



FUNCTION AND DYSFUNCTION OF THE 
HYPOTHALAMIC–PITUITARY–ADRENAL AXIS IN 

INFLAMMATION.  

A) The central circadian oscillator and different 

stressors (physical, emotional, fever, hypoglycemia, or 

hypotension) during physiological stress reactions 

trigger the hypothalamus to release CRH. CRH acts on 

the anterior pituitary and induces release of ACTH, 

which in turn stimulates the adrenal gland to produce 

and release cortisol. Cortisol exhibits its known 

metabolic effects (mainly provision of glucose and 

energy), which serve to counteract the stressor. 

Inflammation can also trigger the HPA axis. In the 

physiological regulation of the HPA axis, cortisol release 

is terminated by negative feedback regulation of cortisol 

on the hypothalamus and anterior pituitary. 

B) A new concept for the feedback loop: the hepato-

hypothalamic–pituitary–adrenal–renal axis. The HPA 

axis is extended by GC metabolism: cortisol is 

converted to cortisone mainly by the kidney, via 11β-

hydroxysteroid dehydrogenase (11β-HSD) type 2, in 

order to protect the nonspecific mineralocorticoid 

receptor from activation by cortisol. The major 

organ for converting cortisone to cortisol is the 

liver, via 11β-HSD1. In chronic inflammation, 

conversion from cortisone to cortisol by 11β-HSD1 is 

increased. This may amplify negative feedback and 

explain HPA dysfunction in inflammation.  



PCOS E SINDROME METABOLICA 

Insulino-resistenza 

Dislipidemia 

Ipertensione 

arteriosa 

 ↑ Fibrinogeno 

 PAI-1 

Alterata tolleranza 

ai carboidrati 
Obesità 

centrale 

Norman RJ, Dewailly D, Legro RS, Hickey TE Lancet. 2007 25;370(9588):685-97 



Reciprocal regulation of energy metabolism and ovarian function in order to 

guarantee a metabolic status tuned to reproductive needs. The alteration of 

one or both of these  compartments may lead to metabolic and/or 

reproductive diseases 

 

Peripheral and central actions of  E2 on the regulation of energy homeostasis. 

 E2 acts at a peripheral level to regulate multiple aspects of energy homeostasis and 

metabolism. It modulates insulin sensitivity by acting on pancreas, liver, and skeletal 

muscle. E2 also acts on WAT to control fat distribution, differentiation, and fibrosis 

and on BAT to induce thermogenesis. In addition to these effects, E2 also impacts the 

hypothalamus to regulate BAT function through the sympathetic nervous system (SNS) and 

food intake.  
C.Lubrano, Multidisciplinary Approach To Obesity 2015, Pp 73-82 



IPOGONADISMO MASCHILE E SINDROME 
METABOLICA 

Insulino-resistenza 

Dislipidemia 

Ipertensione 

arteriosa 

 ↑ Fibrinogeno 

 PAI-1 

Alterata tolleranza 

ai carboidrati 
Obesità 

centrale 

Kupelian V et al, J Clin Endocrinol Metab. 2006 Mar;91(3):843-50  



IPERPARATIROIDISMO E SINDROME 
METABOLICA 

Insulino-resistenza 

Dislipidemia 

Ipertensione 

arteriosa 

Aritmie cardiache 

Ipertrofia venticolare 

Calcificazioni 

miocardiache 

Alterata tolleranza 

ai carboidrati 

Obesità 

centrale 

Delfini E et al, Metabolism. 2007 Jan;56(1):30-6 



IPERALDOSTERONISMO E SINDROME 
METABOLICA 

Insulino-resistenza 

Dislipidemia 

Ipertensione 

arteriosa 

Stress ossidativo 

Disfunzione Endoteliale 

Alterata tolleranza 

ai carboidrati 

Obesità 

centrale 

Fallo F et al, Curr Hypertens Rep. 2007 Apr;9(2):106-11 



GHD DELL’ADULTO E SINDROME METABOLICA 

Insulino-resistenza 

Dislipidemia 

Ipertensione 

arteriosa 

Fibrinogeno 

 PAI-1 

Alterata tolleranza 

ai carboidrati 

Obesità 

centrale 







Idiopathic Acquired Adult GHD: Enhancing 
Diagnostic Precision 



Obesità e GHD 

 La nostra esperienza 



906 obese patients 

  years 2007-2013 
Symptoms 

Headaches 

Visual impairment, visual field defects 

Depression, changes in mood, “bipolar” diagnosis, cognitive slowing, impairment 

of attention and memory 

Loss of drive, fatigue, general muscle weakness, tiredness 

Sleep disorders 

Decreased quality of life (QoL) 

Sexual difficulties (painful intercourse, low libido, erectile dysfunction, 

dyspareunia) 

Menstrual difficulties (iiregular/discontinued/painful periods), early menopause 

Polyuria, polidipsia 

Objective signs  

Ginecosmastia, beast’s tenderness 

Galactorrea  

Unusual hair loss or growth 

Coarsened facial feature, enlarged hands and feet 

Visceral obesity 

Decreased muscle mass and strength 

Osteoporosis, osteopenia 

Arthritis, aching joints 

Anamnestic reports  

Head injury with hospitalization* 

Infertility??? 

Centro di Alta 
Specializzazione per la Cura 
dell’Obesità (CASCO) 
 
Sezione di Fisiopatologia 
Medica, Endocrinologia e 
Scienza dell’Alimentazione,  



49,34% 

Empty sella: 

• 27% di pazienti  non 

selezionati 

• 54.8% pazienti sintomatici 

GHD:  

• 7.7% di pazienti non selezionati 

• 15.6% di pazienti sintomatici   

54.8% 



Confronto tra 

pazienti obesi 

GHD (70)  

e pazienti obesi 

di controllo (114) 



58% 
67,40% 

51% 

42% 
32,60% 

49% 

all GHD normal

Prevalence of metabolic syndrome in 

patients according to GHRH+arginine test 

metabolic syndrome healthy

p<0.03 





QUALE OBESITÀ? 
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Ectopic 
fat  



Sarcopenic 
obesity 





Stepwise linear regression analysis showed that GH levels were significantly 

negatively correlated with FLI, while the TrFM/ ASM ratio was positively 

associated with FLI, after adjustment for age, BMI, total fat mass, truncal fat 

mass, fat- free mass, and ISI- Matsuda. 

NAFLD with metabolic alterations such as type 2 

diabetes is well described and related to insulin 

resistance, with NAFLD being recognized as the 

hepatic manifestation of  metabolic syndrome. 

However, NAFLD may also coincide with 

endocrine diseases such as polycystic ovary 

syndrome, hypothyroidism, growth hormone 

deficiency or hypercortisolism. It is therefore 

essential to  remember, when discovering 

altered liver enzymes or hepatic steatosis, that 

endocrine diseases can cause NAFLD. Indeed, 

the overall prognosis of  NAFLD may be modified 

by treatment of  the underlying endocrine 

pathology.  



Alterazioni 

endocrine 

Alterazioni 

metaboliche 





The body weight depends only on our will? 







Mean adjusted intakes of macronutrients among adults aged 

20–74 y by NHANES study period. A: Results shown as absolute 

intake in grams per day. B: Results shown as percentage of 

energy intake. Results were adjusted for age, sex, race or 

ethnicity, educational status, and BMI 







Targets for anti-obesity drugs 

 Inside the white boxes green names stand 

for already approved drugs, whereas red 

names represent drugs in phase 1–3 

development. The intermediate area 

represents where the effects of both central 

and peripheral actions converge—namely, 

on the two main components of the energy 

balance equation: energy intake and 

expenditure.. Most of the drugs tested in 

clinical trials are aimed at peripheral 

systems. Thus, thyroid analogues and β3 

adrenergic agonists induce thermogenesis 

by activation of brown adipose tissue, 

thereby increasing energy expenditure. 

Enzymes involved in lipid metabolism, such 

as DGAT, FAS, MetAP2, and NQO1 are also 

being targeted. The gut microbiome and the 

regulation of bile acids represent further 

targets to combat obesity. The lipase and 

SGLT2 inhibitors favour energy loss by the 

gastrointestinal and renal elimination of fat 

and glucose, respectively. Agonism of 

pancreatic and intestinal hormones like 

amylin and GLP-1 has also been shown to be 

useful for weight loss.  
 

DGAT1=diacylglycerol O-acyltransferase 

aminotransferase 1. PexRAP=peroxisomal reductase 

activating PPARγ. FAS=fatty acid synthase. 

MetAP2=methionyl aminopeptidase 2. 

NQO1=NAD(P)H dehydrogenase: quinone 

oxidoreductase 1.  



Very-low-carbohydrate diets or ketogenic 

diets have been in use since the 1920s as 

a therapy for epilepsy and can, in some 

cases, completely remove the need for 

medication. From the 1960s onwards they 

have become widely known as one of  the 

most common methods for obesity 

treatment. Recent work over the last 

decade or so has provided evidence of  

the therapeutic potential of  ketogenic 

diets in many pathological conditions, 

such as diabetes, polycystic ovary 

syndrome, acne, neurological diseases, 

cancer 

and the amelioration of  respiratory and 

cardiovascular disease risk factors. The 

possibility that modifying food intake can 

be useful for reducing or eliminating  

pharmaceutical methods of  treatment, 

which are often lifelong with significant 

side effects, calls for serious 

investigation. 







 



In the last decade, a growing body of 

evidence has led to the hypothesis that 

chronic heart failure (CHF) is indeed a 

multiple hormone deficiency syndrome 

(MHDS),  characterized by a reduced 

anabolic drive that bears relevant functional 

and prognostic implications.  Of note, GH or 

testosterone replacement therapy provides 

beneficial effects, particularly on exercise 

tolerance and well-being .  

2015 May;30(3):277-84 
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Int J Clin Pract, October 2008, 62, 10, 1474–1483 

GH, T, E2, 
T3 ? 
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