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Treg/Th17 Imbalance means Treg and Thl7 cells are dynamically balanced under healthy conditions, but imbalance
occurs in inflammatory and pathological states, such as obesity. Some studies demonstrated that peripheral Treg and
Th17 cells exhibit increased imbalance with worsening of glucose metabolic dysfunction, already in children with obesity.
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| 1. Introduction

In the last few decades, obesity has dramatically increased in pediatric patients and the link between obesity-induced
inflammation and its complications has been described in numerous studies W&, As reported by World Health
Organization, the global prevalence of overweight and obesity in children and adolescents aged 5-19 has risen from 4%
in 1975 to 18% in 2016 Bl In 2016 more than 340 million children and adolescents worldwide were in a condition of
excess body weight &1,

Obesity is a chronic disease correlated with various factors such as environment, heredity, lifestyle and others [4. The
underlying process is triggered by imbalanced energy intake and consumption ¥ It is well know that systemic
inflammation correlates to obesity, characterized by the presence of CD4 and CD8 T cell infiltration and modified immune
response, which contributes to the development of obesity related diseases and metabolic disorders like dyslipidemia,
type 2 diabetes (T2DM), and cardiovascular pathologies already in pediatric age B,

Adipose tissue (AT) furnishes the organism with a storage of nutrients that is drained during starvation. It produces signals
which limit immune cell amount and activity under conditions of nutrient deficiency, allowing proper immune system
activity when food sources are available . When excessive AT deposition occurs, it becomes the site of pathological
immune system activation, leading to chronic low-grade systemic inflammation. It becomes clear hence that obesity is
associated with various disorders in which the immune system plays a key role B2, Naive T cells are normally quiescent
and metabolically inactive, but after stimulation they proliferate and differentiate into various T helper cells (Th), including
Th17, and T-regulatory (Treg) cells. Thl7 cells primarily fight against extracellular microbial pathogens and mediate
autoimmune disease, but they are also known to be involved in allograft rejection. Treg lymphocytes have an opposite
function compared to Th17; they attend in modifying the immune response, in order to sustain immune self-tolerance, and
prevent autoimmune disease LML Treg produce and secrete, among the others, IL-10 and TGF-B, which could
regulate the differentiation and proliferation of lymphocytes and other immune cells 12 suppressing the activation of the
immune system. A lack of Treg leads to autoimmune disorders, and a high ratio of Treg/Th17 is proved to be associated
with cancer incidence R4I3]l Treg and Th17 cells are dynamically balanced under healthy conditions, but imbalance
occurs in inflammatory and pathological states such as obesity 261,

Some studies demonstrated that peripheral Treg and Th17 cells exhibit increased imbalance with worsening of glucose
metabolic dysfunction in obese adult and pediatric patients 281171,

| 2. Treg/Th17 Dysregulation and Gluco-Metabolic Abnormalities

It is well known that metabolic reprogramming is critically important for lymphocytes. Manipulating metabolic pathways
can shape the differentiation and function of these cells [28l. Metabolism furnishes T cells with energy and precursors for
many biological processes. Some primary metabolic pathways, such as oxidative phosphorylation, fatty acid oxidation and
glycolysis, are considered to play fundamental roles in T cell activation and differentiation.

Functional IL-6 and TGF- signalling are the initial events needed to start Th17 differentiation. IL-23 and IL-21 play a
fundamental role in the maintenance of the Th17 progeny by increasing the transcription of IL-17 and other cytokines.
STAT3 (signal transducer and activator of transcription 3), which is critical for the effects of IL-6, IL-21, and IL-23 is



required for Th17 differentiation while, on the other hand, the same cytokines are fundamental to initiate the signalling
pathways 920 Th17 were identified as a new progeny of CD4+ T helper cells after the finding that experimental
autoimmune encephalomyelitis in animal models was caused by high levels of IL-23 rather than IL-12 and Thi cells [21,
Consequently, it became evident that the function of IL-23 was to promote differentiation and proliferation of the IL-17
secreting cells, classified as Th17. Nevertheless, IL-23 alone has been found to be unable to make naive T cells
differentiate into Th17; some studies showed that polarization of Th17 can be appropriately induced by IL-6 and TGF-f1,
which activate STAT3 and Smad family proteins, respectively 22231 Dormant naive T cells have relatively small energetic
demands, generally supported by glucose oxidation via the Krebs cycle and the oxidation of lipids with low levels of
glycolysis, in order to maintain cellular homeostasis 241 After stimulation, they start to proliferate and differentiate into Th
cells. This requires metabolic reprogramming to support their rapid expansion and further functions, such as synthesis of
macromolecules, intracellular mediators and cytokines. First, glucose transporter (GLUT) and alanine—serine—cysteine
transporter (ASCT2) become highly expressed, then glycolysis fatty acid metabolism, along with OXPHOS, PPP,
hexosamine pathway all become active 23,

Aerobic glycolysis and glutamine catabolism become the main pathways, along with a down-regulation of the metabolic
characteristic processes of resting cells. The T-cell receptor starts the signalling cascade, along with MAPK (mitogen-
activated proteinkinase) ERK (extracellular signal-regulated kinase), PI3K (phosphoinositol-3 kinase), mTOR (mammalian
target of rapamycin) and NfkB (nuclear factor-kB). These costimulatory molecules are necessary to induce the Myc and
HIF-1a transcription factors, known to induce various gene expression implicated in glycolysis and glutaminolysis [28127] |
this upregulation of glucose metabolism is not achieved, T-cell differentiation, both in vitro and in vivo, is inhibited 281,

Cellular crosstalk plays a critical role in regulating T-helper maturation and differentiation. As described above, specific
cytokines, for the so-called antagonism effect, while drive the generation and function of the specific subset, work to
reduce alternative pathways 2.

Treg/Th17 imbalance has been associated with metabolic dysregulation in diabetic patients. A study conducted in HDF-
fed transgenic animal models revealed that Treg expansion determined a significant reduction in blood glucose, insulin
resistance, and increase in glucose tolerance 4. In addition, different researches showed a Treg decrease in VAT or in
peripheral blood derived from obese and diabetic adults B3 |n a recent study, Wen et al. observed Treg/Th17
imbalance in obese and overweight subjects with or without metabolic dysfunctions. The authors reported a severe
decrease in Treg/Th17 ratio in peripheral blood of overweight/obese patients with impaired glucose regulation or T2DM
compared to healthy subjects or overweight/obese patients with normal glucose tolerance. Moreover, the authors
observed that the degree of the imbalance was positively correlated with the exacerbation of metabolic alterations.
Furthermore, the serum IL-6 level in patients with metabolic compliance was higher than in controls while the Treg/Th17
ratio was negatively correlated with HbA1c L4,

In the last decades, several studies showed that functional defects of Treg are correlated with the development of IR 2]
[341135] (Figure 1). In fact, the IR is known to be linked to the promotion of T cell activation in obese subjects 8. Recently,
Gilleron et al. observed that adipocyte hypertrophy and IR in obese mice were driven by an increase in adipose Th17 and
a decrease in adipose Treg. In particular, it has been also described that Treg/Th17 imbalance reduced adipogenesis B2,
In another study, the effects of OX40 has been associated to Th cell differentiation, proliferation and reduction of Treg
regulatory activity. The authors underlined how Treg/Th17 balance was crucial for the development of AT inflammation
and IR B8l A |ot of studies have shown that pro-inflammatory cytokines such as IL-6, IL-1B, TNF-a, NF-kB can lead to IR
and consequently to the development of related diseases like metabolic syndrome and/or diabetes B4,
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Inflammation activates macrophages, along with the release and activation of inflammatory molecules. TNF-a also
induces MCP-1 production, which ultimately activates the chemotactic migration of macrophages. These mechanisms
result in the inhibition of insulin signalling and sensitivity. Inflammatory molecules also increase peripheral free fatty acid
levels through lipolysis, which further aggravates insulin resistance. This determines a perpetual cycle, in which altered
values of blood sugar and lipids lead to many related complications 1. The specific therapeutic treatments for obesity
and/or metabolic dysfunctions have been implicated in the regulation of Th17 and Treg balance. Of interest, Martinez-
Sanchez et al. showed that high levels of insulin increased the differentiation toward Th17 and decreased Treg maturation
in vitro, supporting the hypothesis that Treg/Th17 imbalance could be a mechanism for the onset of metabolic disorders in
obesity 42, Moreover, several data suggest that high insulin levels in obesity cause an inflammatory state by impairing
Treg-induced suppression. It has been demonstrated that insulin affects Treg receptors, decreasing IL-10 release through
activation of the AKT protein signalling pathway and mTOR [43],

Metformin is a recommended drug for T2DM treatment that improves insulin sensitivity and prevents hyperglycemia by
reducing chronic inflammation. It has been reported that the treatment of T2DM patients with metformin induced a
decrease in Th17 [2445]46] gimilarly, in a recent study, Borzouei et al. investigated the expression of immune factors
related to Th17 such as RORyt, STAT3, and IL-17, and Treg such as FoxP3, STAT5, and IL-10 in T2DM patients before
and after empagliflozin plus metformin and gliclazide. After six months of treatment, a significantly reduction in RORyt and
a significantly increase in FoxP3 and STAT5 were reported; IL-17 level was decreased while IL-10 level was enhanced
compared to patients treated with only metformin and gliclazide. Empaglifiozin showed anti-proliferative and anti-
inflammatory effects reducing Th17 and increasing at the same time Treg levels [,

Han et al. investigated the possible influence of IL-33 on Treg in VAT of four-week-old male mice. They observed that in
HFD obese mice, Treg levels diminished but the treatment with IL-33 reversed this condition and counteracted VAT
inflammation, leading to a reduction in hyperinsulinemia and IR 48!,

Recently, the effect of different molecules on Treg/Th17 ratio has been investigated in animal models. For example, Wei et
al. described a possible amelioration in obesity-dependent IR by acacetin in a mouse model. Acacetin seems to down-
regulate IL-17 and up-regulate Foxp3 expression, promoting Treg/Th17 balance via targeting miR-23b-3p/NEU1 axis 42,
Finally, a therapeutic effect of epigallocatechin-3-gallate, has been observed in obese mice, showing a significant
reduction in weight, LDL-cholesterol and triglyceride levels. Moreover, a higher Treg/Th17 ratio was reported 29,

Recently, data investigating the role of Thl7 and Treg in metabolic derangement in pediatric patients are reported.
Calcaterra et al. 18 evaluated the Treg/Th1l7 balance in obese children, in relation with their metabolic status. A
correlation between Th17 and systolic hypertension, Treg/Th17 ratio and HOMA-IR was noted. The Treg/Th17 balance
appeared to be involved in glycemic homeostasis and blood pressure control 1€, In pediatric patients with chronic
inflammation associated-obesity, it has been reported a Th17 involvement, evaluating the frequency of this T cell subset in
the peripheral blood. Children with central obesity were characterized by higher percentages of Th17 compared to normal
weight children. Moreover, Treg/Th17 ratio positively correlated with total plasma cholesterol concentration B, Sill
referring to paediatric patients, Schindler et al. observed a correlation between overweight and elevated frequency of
circulating Th17, IL-17A mRNA levels and RORC. Moreover, Th17 frequency positively correlated with BMI B2, Of
interest, in contrast to previous studies reporting elevated IL-17 levels in obese adults, Jung et al. observed a significant
decrease in IL-17 levels in overweight adolescents compared to lean controls. The authors suggested as a possible



explanation that the disease conditions associated with obesity such as hypertension and vascular pathologies were not

yet present in overweight teenagers 23],

| 3. Conclusions

Children and adolescents with obesity have a high risk of developing impaired glucose metabolism. Adipose tissue

appears to be involved in T cell regulation of tissue inflammatory and in Treg/Th17 imbalance influencing metabolic

responses. In the patient care, immune monitoring could play an important role to define preventive strategies of pediatric

metabolic disease treatments.
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