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Obesity is a major risk factor for diabetes and cardiovascular disease. The societal cost of 

obesity is keeping pace with the growing scope of the epidemic, estimated to account for 

approximately 17% of all US health expenditures by 2030.1 The clinical burden of obesity-

related cardiovascular disease is profound; recent data suggest that severe obesity [body 

mass index (BMI) > 35 kg/m2] is associated with nearly a 4-fold increased risk of incident 

heart failure and approximately 2-fold increased risk of incident coronary heart disease and 

stroke.2 Given the strong associations between obesity and hypertension, diabetes, and 

dyslipidemia, it is understandable that much of the obesity-related coronary heart disease 

risk is attributable to concurrent traditional risk factors such as hypertension, diabetes, and 

dyslipidemia. However, data suggest a persistent risk association between obesity and 

coronary heart disease that is not explained by conventional risk factors, thereby spawning 

extensive investigations to identify the culprit mechanisms.3 Over the past several decades, 

the research focus has shifted to the adipose tissues themselves, and more specifically the 

adipocyte, as a key link between obesity and cardiovascular disease risk.

Adipose tissue functions primarily as a storage depot for excess calories and thus plays an 

important physiologic role to maintain metabolic homeostasis. In healthy (non-obese) states, 

adipocytes participate in metabolic regulation not only by storing excess calories as lipid, 

but also by secreting hormones such as leptin that regulate food intake to maintain proper 

energy balance. When this balance is perturbed in favor of chronic caloric excess, the 

adipocytes primarily expand in size (hypertrophy) to provide sufficient storage capacity. As 

obesity progresses over time, the hypertrophied adipocytes become mechanically stressed, 

leading to local and systemic inflammation and insulin resistance, a key component of the 

metabolic syndrome. Moreover, the heightened systemic inflammation in obesity may 

promote atherosclerosis, which is itself an inflammatory disorder.4 Indeed, levels of C-
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reactive protein track closely with BMI and parameters of metabolic syndrome, suggesting 

that obesity is a key mechanism driving inflammation in coronary heart disease.5

Since the first adipokine, adipsin, was discovered in 1987,6 various pro-inflammatory 

adipokines, such as tumor necrosis factor (TNF)-α, interleukin-6, and monocyte 

chemoattractant protein (MCP)-1 have been implicated in the pathogenesis of obesity-

related disease. Increased levels of these mediators in obese adipose tissues can promote 

recruitment of inflammatory cells, perturb insulin signaling, and act on the liver to augment 

systemic inflammation.7 Moreover, adipokines can potentially disrupt vascular homeostasis 

and promote neointima formation, a process which is prevalent in obese diabetic patients.8

Neointima formation is characterized by inflammatory cell recruitment and enhanced 

vascular smooth muscle cell (VSMC) proliferation and migration into the intimal layer. 

Adipose-derived molecules implicated primarily in inflammation and angiogenesis, such as 

MCP-1 and vascular endothelial growth factor, may also play a paracrine role to promote 

VSMC migration and proliferation.9, 10 These findings are illustrative of the complex 

interactions between adipose tissues and the blood vessel wall in obesity. To add yet another 

layer of complexity, adipose tissues also produce an array of adipokines that have beneficial 

effects on the blood vessel wall to reduce inflammation and VSMC proliferation.11 The most 

well described of these beneficial adipokines is adiponectin, whose anti-inflammatory and 

vasculoprotective effects are diminished in obesity owing to reduced production by 

adipocytes.12 Moreover, the actions of certain adipokines may result in part from local 

production by perivascular adipose tissue (PVAT), which directly abuts most large arteries 

and likely plays an important local role in vascular homeostasis and disease.13

In this issue of Circulation, Wang et al. report the discovery of a novel secreted adipokine, 

“family with sequence similarity 19 (chemokine (C-C motif)-like) member A (FAM19A),” 

that negatively regulates VSMC proliferation and migration into the neointima, which 

further supports the importance of adipose tissue as an endocrine organ affecting the 

vasculature.14 FAM19A5 has previously been identified as a brain-specific chemokine that 

inhibits RANKL-induced osteoclast formation and induces macrophage migration through 

formyl peptide receptor 2. Wang et al. show for the first time that FAM19A5 is abundantly 

expressed in and released from adipose tissues of lean mice, and that its expression is 

markedly diminished in obesity. Local perivascular expression of FAM15A5 by adenoviral-

mediated gene transduction, or transgenic overexpression of FAM15A5 in adipose tissues, 

protected against neointima formation in vivo. Importantly, the plasma levels of FAM15A5 

achieved in FAM19A5 transgenic mice fed a high-fat western diet were restored 

approximately to the physiological levels observed in wild-type mice fed a regular chow 

diet, which supports the hypothesis that reduced FAM15A5 may contribute to obesity-

related vascular disease. In vitro studies indicated a direct effect of FAM19A5 to inhibit 

VSMC proliferation and migration. The authors further identified the sphingosine-1-

phosphate receptor 2 (S1PR2) as a novel receptor responsible for FAM19A5 binding, and 

G-12/13 and RhoA as key downstream signaling molecules to regulate VSMC proliferation 

and migration (Figure). Additionally, the authors detected decreased levels of CD45-positive 

leukocytes infiltrating into femoral arteries of FAM19A5 transgenic mice post injury. 

Although the impact of FAM19A5 overexpression on monocyte recruitment was not 
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examined, the authors commented that recombinant FAM19A5 was chemoattractant for 

monocytes in vitro, in keeping with its predicted chemokine-like properties. Limited data 

suggested that transgenic FAM19A5 overexpression did not impact body weight, fasting 

glucose or lipid levels. Thus, FAM19A5 is an adipokine that potentially can regulate VSMC 

proliferation and inflammation via multiple mechanisms in the context of obesity-related 

cardiovascular disease.

The authors detected abundant secretion of FAM19A5 by subcutaneous, brown, epididymal, 

and perirenal adipose tissues; expression in PVAT was also detected though not quantitated. 

Notably, FAM19A5 is expressed not only in murine adipocytes, but also in human 

adipocytes, as previously reported15 and demonstrated in the present study by 

immunohistochemistry. Interestingly, FAM19A5 levels in human adipocytes were 

significantly downregulated by TNF-α-induced inflammation,15 suggesting that pro-

inflammatory cytokines produced during obesity may cause FAM19A5 downregulation. 

However, differential expression of FAM19A5 in lean and obese humans has not been 

reported yet, and FAM19A5’s potential to serve as a biomarker or target of obesity-related 

cardiovascular disease in humans remains to be determined. Thus, the present study raises 

additional questions that will require future investigations.

The mechanistic role of adipocytes in promoting vascular homeostasis has received 

relatively little attention to date. The study by Wang et al. provides support for the notion 

that anti-inflammatory adipokines produced from healthy adipocytes may function to protect 

against vascular disease. The authors provide proof-of-principle that disrupted levels of 

FAM19A5 during obesity can potentially augment VSMC proliferation and migration 

following vascular injury. Understanding the mechanisms that perturb adipokine balance 

may provide new insight into the causes and treatment of obesity-related cardiovascular 

disease.
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Figure. Proposed mechanisms whereby a novel adipokine, FAM19A5, regulates neointima 
formation
FAM19A5 secreted from healthy adipocytes binds to the S1PR2 receptor in vascular smooth 

muscle cells (VSMCs), which triggers downstream G12/G13 and RhoA signaling pathway 

to inhibit VSMC proliferation and migration, thereby protecting against neointima 

formation. In obesity, impaired FAM19A5 release from dysfunctional adipocytes fails to 

restrain VSMC growth, thus leading to enhanced neointima formation.
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