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RIPK1 and obesity-induced inflammation
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ABSTRACT

Obesity is a complex disease that affects women more than men, spreading like an avalanche in industrialized, developing, and 
underdeveloped countries. It is uncertain if inflammation is a cause or an effect in the pathophysiology of obesity-related increased body 
mass index. Obesity, inflammation, obesity genes, and genetic pathways that contribute to obesity-related inflammation are discussed in this 
review. The receptor-interacting serine/threonine-protein kinase 1 (RIPK1) gene was also highlighted in the role of genetics on obesity-related 
inflammation. In addition, studies on the importance of a genetic approach in obesity and the potential role of RIPK1 in inflammatory 
outcomes or cell death caused by obesity were included in this review. Although studies on the inflammatory consequences of obesity have 
gained attention recently, the literature on the links between obesity, inflammation, and RIPK1 is limited. Therefore, we believe that further 
research is needed to fully comprehend their mode of action.
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For adults, a body mass index (BMI) of 
25.0-29.9 kg/m2 is defined as overweight, and 
a BMI of 30 kg/m2 and higher is obese. It is 
recommended to use sex-and age-appropriate 
percentile charts for children aged 2 to 18 
years.[1] The prevalence of obesity is increasing 
in both developed and underdeveloped countries. 
The prevalence of obesity in men is higher in 
Europe.[2] Obesity is a complex disease caused 
by genetic makeup, socioeconomic status, 
biological factors, psychosocial status, and other 
environmental factors.[3] In the treatment of 
obesity, the psychological and social components 
of the disease have been focused on. The 
best results to date have been obtained by diet 
management, behavior modification, and bariatric 
surgery.[4] However, genetic factors appear to be 
strongly associated with obesity.[5] As a result of 
study with identical twins, it has been determined 
that genetic tendency determines who will be 
obese and that the environment affects the 

severity of obesity.[6] Unlike the typical immune 
response to injury or inflammatory disorders, the 
inflammation found in obesity does not resolve 
substantially over time.[7] A study in mice fed a 
high-fat and low-fat diet showed that inflammatory 
genes are elevated in mice fed a high-fat diet.[8] 
Excess calories are deposited in adipose tissue, 
more specifically white adipose tissue (WAT), 
in the form of triglycerides. Study have shown 
that in obese people, WAT shows more activity 
compared to healthy individuals, and cells start to 
die, and immune cells are activated.[9] However, the 
particular process that causes this inflammation is 
unknown.

InflammatIon
Various defense mechanisms have been 

established by living beings against attacks on 
their cells, the most successful of which has been 
inflammation. Inflammation is a physiological 
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response of the organism to impending harmful 
physical, chemical or biological stimuli.[10] 
Adipocytes are the main cells of adipose tissue. 
Hypertrophy and the calorie excess, trigger many 
inflammatory signals, such as an increase in the 
release of pro-inflammatory adipocytokines and 
an increase in endoplasmic reticulum stress.[11] 
High-fat diets cause the activation of cytokine 
receptors and toll-like receptors (TLRs). These 
activate the mitogen-activated protein kinase 
pathway through chaperone molecules, stimulate 
the translocation of nuclear factor kappa B 
(NF-kB), and support the transcription of genes 
involved in the inflammatory process.[12,13] In 
obesity, the main trigger of inflammation is 
excessive food consumption. Inflammation 
observed in obese and overweight patients has 
been described as meta-inflammation.[13,14] The 
role of the inflammasome NOD-like receptor 
(NLR) family pyrin domain containing 3 (NLRP3) 
in obesity has been widely described.[15]

obesIty Genes
The idea of endogenous obesity was first 

proposed in 1907.[16] Since then, the genetic 
mechanism of obesity has been the focal point of 
the investigations. According to a meta-analysis 
of twin studies, the heritability of lifelong weight 
change is estimated to be between 45 and 90%.[17] 
This study showed the highest heritability to be in 
early childhood, adolescence, and adulthood. In 
addition, the effect of genetics on obesity-related 
behaviors such as eating habits and exercise has 
also been recognized.[17] Examining the central 
regulatory pathway of appetite regulation will 
facilitate the understanding of genetic mutations 
in obesity. The central nervous system plays 
an important role in controlling food intake in 
the brain-gut axis through the hypothalamic 
leptin-melanocortin pathway, the central 
regulator of energy balance.[18] The ghrelin-like 
peptide YY hormones, such as cholecystokinin, 
glucagon-like peptide, and mechanoreceptors that 
measure distension through the pancreas and 
insulin, and signals are received by adipokine 
hormones such as leptin and adiponectin. The 
hypothalamus acts by combining these signals for 
the purpose of maintaining energy balance. The 
leptin-melanocortin pathway is induced by leptin 
receptors (LEPRs) and insulin receptors. Proprotein 
convertase 1 (PC1) and proprotein convertase 2 

(PC2) [after conversion with proopiomelanocortin 
(POMC)], a-, b-, and g-melanocyte-stimulating 
hormone (MSH), and various peptides, such 
as b-endorphins, agouti-related peptide (AGRP), 
and a-MSH, try to bind to the melanocortin-4 
receptor (MC4R).[19] Binding with a-MSH results 
in anorexigenic signals, while binding with AGRP 
produces orexigenic signals.[20] The signals from 
the MC4R manage the food uptake process with 
the brain-derived neurotrophic factor (BDNF) and 
the neurotrophic tyrosine kinase receptor type 2 
(NTRK2) secondary effector neurons. Mutations in 
various genes involved in this pathway have been 
found to cause obesity.[21] The first non-syndromic 
obesity-associated gene has been determined to be 
the fat mass and obesity-associated gene (FTO).[22] 
The FTO has been reported to have an effect on 
fat mass and encode 2-oxoglutarate-dependent 
nucleic acid demethylase, which is involved in 
the regulation of the food intake.[23] Mutations in 
the LEPR gene, such as mutations in the leptin 
gene (LEP), have been seen to exhibit a similar 
phenotype.[24] The deficiency in the POMC protein 
causes the absence of the cleavage products 
of adrenocorticotropic hormone, a-MSH, and 
b-endorphins. Because of the dual role of a-MSH 
in appetite regulation and pigmentation, the 
outcome is red hair and severe obesity.[25] Some 
studies have attracted attention to the presence 
of heterozygous POMC mutations in people with 
obesity without adrenal insufficiency and other 
symptoms.[26,27] The MC4R has been known as 
a highly expressed receptor in the hypothalamus 
that directs the brain's appetite regulation.[28] A 
study demonstrated that binding of the MC4R with 
a-MSH, the high affinity ligand produced from 
POMC, inhibits nutrition.[29] Studies conducted on 
both dominant and recessive forms of the MC4R 
mutations have shown that these mutations are 
the most common cause of hereditary early-onset 
obesity.[30,31] Study on PC1/PC2 mutations have 
shown that its deficiency can cause severe early-
onset obesity, as well as adrenal, gonadotropic, 
somatotropic, and thyrotropic-like deficiencies.[32] 
Deficiency of single-minded 1 (SIM1) expressed in 
the paraventricular nucleus of the hypothalamus, 
which is important in a transcription factor and 
is an appetite regulator, has been associated with 
obesity through food impulsivity.[33] Mutations 
in NTRK2/BDNF, thought to play a role in 
food intake and body weight regulation, have 
been identified to be among obesity genes.[34] 
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The literature on obesity genes suggests that 
obesity is a result of mutations in several genes in 
different pathways such as food intake, digestion, 
impulsivity, and inflammation.

obesIty-Related InflammatIon
Although there are many molecular 

mechanisms in the pathophysiology of obesity, 
inflammation is a common factor underlying 
many obesity-related disorders. Obesity-related 
inflammation is primarily triggered by nutrients 
and localized in specialized metabolic tissues 
such as WAT, which is composed of adipocytes 
that act as the main energy source. Obesity 
contributes significantly to fat tissue inflammation 
by increasing the number and activation of 
macrophages in adipose tissue. Excessive nutrients 
lead to the activation of metabolic signaling 
pathways such as c-Jun N-terminal kinases 
(JNKs) and NF-gB. Activation of these pathways 
induces small amounts of inflammatory cytokines, 
resulting in a low-grade inflammatory response. 
It is known that obesity in rodents and humans 
increases adipose tissue expression and release of 
the inflammatory cytokine, tumor necrosis factor 
(TNF)-a. Deficiency of perilipin (PLIN) 1, a protein 
associated with lipid droplets that promote lipid 
formation and adipocyte lipolysis suppression, has 
been observed in obese individuals even though 
adipocytes are larger in these individuals.[35] 
Adipose tissue expression of many genes encoding 
inflammatory proteins, including interleukin (IL)-6, 
monocyte chemoattractant protein-1 (MCP-1), 
nitric oxide synthase, matrix metalloproteinases, 
and lipocalin, is associated with adiposity.[12,13]

Nuclear factor kappa B is a complex 
transcription factor that includes inflammatory 
proteins such as TNF-a and MCP-1 in the site 
of action. Activation of TLRs, reactive oxygen 
species, ultraviolet radiation and proinflammatory 
cytokines leads to the inflammatory response 
and subsequent degradation of the inhibitory 
composition of NF-gB. Similar to its effects on 
NF-gB, obesity increased the activation of the 
JNK family in the liver, muscle, and adipose 
tissue. The JNKs consist of three structurally 
related serine/threonine kinases (JNK1, JNK2, 
JNK3), which are key elements of inflammation. 
They are known to be activated in response to 
inflammatory cytokines. Genetic studies have 

shown that JNK1 contributes to obesity-related 
phenotypes. Blocking JNK1 in mice has slowed 
the development of obesity in dietary and genetic 
obesity models. In addition, JNK1 deficiency has 
improved insulin resistance.[36-40] Studies suggest 
that a genetic variation close to insulin receptor 
substrate 1 (IRS1) may impair the ability of 
subcutaneous fat storage in humans, and this may 
cause adverse cardiometabolic consequences such 
as insulin resistance and dyslipidemia. Expression 
of growth factor receptor-bound protein 14 near 
IRS1 has been observed to be increased in 
genetically obese (ob/ob) mice.[41,42] In another 
study, researchers have produced a strain of mice 
lacking the PLIN2 gene, which produces a protein 
that regulates fat storage and metabolism.[43] The 
study concluded that the fat cells are 20% smaller 
than in typical mice and do not show the type 
of inflammation associated with obesity. Fatty 
liver disease, common in obese humans and 
rodents, was not seen in mice without the PLIN2 
gene. Mice lacking the PANK2 gene had lower 
triglyceride levels, less inflammation in fat cells, 
and were more insulin sensitive. Researchers 
have shown that overexpression of the inducible 
6-phosphofructo-2-kinase enzyme enhances 
fat accumulation but suppresses inflammatory 
responses and improves insulin sensitivity in both 
adipose and living tissues.[44] This result could 
present a useful genetic approach to future studies 
for obesity treatment. As a result of genetic 
studies, it was observed that calorie intake is 
increased in individuals with the minor/risk allele 
of the FTO locus that contains the coding region 
for the a-ketoglutarate-dependent dioxygenase 
enzyme, which is associated with the risk of 
obesity.[45,46] Similarly, variants near the MC4R 
have been associated with early-onset obesity due 
to defects in the appetite control pathway and 
satiety signals in the brain. As a result of the study 
of single nucleotide polymorphisms in the human 
genome, it was revealed that polymorphisms in 
inflammatory genes constitute 28% of obesity 
inheritance.[47-49]

obesIty InflammatIon and 
RIPK1 RelatIonshIP

Interacting with receptors, RIPK1 is 
known as a regulator of autoinflammatory 
systems involved in the management of events 
related to cell death. Receptor-interacting 
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serine/threonine-protein kinase 1 has been found 
to act as an important regulator of inflammatory 
events in both normative and disease settings. It 
has been observed that RIPK1 has an important 
role in triggering cell death. In addition, RIPK1 
regulates inflammatory signaling as well as 
supports the survival of the cell.[50] Recent 
studies suggest that genetic variation in or near 
the RIPK1 locus is linked to the expression of 
the encoded protein, and these mechanisms are 
associated with a risk of obesity in humans. In 
genetic studies conducted to better understand 
the mechanism of action on obesity, the strong 
relationship between the genetic variation on 
chromosome 16 in FTO and obesity has been 
partially revealed through its logical relationship 
with type 2 diabetes. Variants at the RIPK1 
locus are associated with high expression of 
RIPK1 in human adipose tissue. Researchers 
have identified E4 promoter-binding protein 4 
as a new transcriptional regulator of RIPK1. 
In mice, RIPK1 expression in adipose tissue 
has been associated with adiposity and glucose 
intolerance, and accordingly, RIPK1 inhibition 
has been shown to significantly reduce body 
weight and adipose tissue accumulation. This 
shows that a high RIPK1 level is a candidate 
to be a central factor of obesity. In obese 
individuals, the expression of RIPK1 is elevated 
in adipose tissue, and blocking RIPK1 in mice 
significantly reduced adiposity.[22,51,52] Until now, 
genome-wide association studies have identified 
many loci for adiposity-related traits, most 
of which include genes involved in appetite 
control (LEP, MCR4).[53] With this approach, 
several variants in inflammatory pathways were 
found to be associated with an increased risk 
of obesity at the genome level. Although this 
analysis suggests that inflammation is linked to a 
genetic risk of obesity, inflammatory single gene 
polymorphisms have less of an effect.[54] Given 
that inflammation is an unwanted consequence 
of obesity, it is seen as important whether these 
loci contribute to obesity directly or indirectly by 
other mechanisms. The possibility that variants 
at the RIPK1 locus relate to obesity by different 
pathways independent of inflammation has 
been stipulated (for example, the role of RIPK1 
as a scaffold protein or in cell death). It is 
thought that BMI may also support obesity with 
non-inflammatory mechanisms that play a role 
in the inheritance.[51,55] There are limited studies 

showing that RIPK1 hyperactivation contributes 
to obesity and its related complications. 
Therefore, although it is too early to say that the 
inflammation associated with obesity is caused 
by RIPK1, an inflammation gene, it may be a 
potential candidate.

In conclusion, obesity is a complex disease 
that progresses like an epidemic in developed, 
developing and underdeveloped countries. It is 
more common in women between the ages of 
2 and 18 and adults. Inflammation, which is in the 
pathophysiology of obesity defined by high BMI, 
is a factor that should not be ignored. Whether the 
inflammatory outcome associated with obesity is 
the cause or consequence of obesity, the genetic 
factors behind it were discussed in this review. The 
genetic mechanism associated with obesity and 
genes that cause obesity as a result of mutations 
in this mechanism such as LEP, LEPR, FTO, 
MC4R, POMC, SIM1 were mentioned. Studies on 
inflammatory markers and genetic mechanisms 
in obesity were compiled. The RIPK1 gene, 
one of the inflammation genes, was associated 
with obesity-related inflammation as it acts as 
the central node of the inflammatory pathway. 
Since there are limited studies in the literature 
on the relationship between RIPK1 and obesity, 
this relationship should be elucidated with further 
studies on the inflammatory response and other 
possible mechanisms such as cell death.
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