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Editorial

Obesity is a major epidemic worldwide. According to the Centers
for Disease Control and Prevention (CDC), about 34.9% of adults
and 17% of children and adolescents are obese in the United States.
The increasing prevalence of obesity poses a major threat to public
health. Clinical and epidemiological data have established that obesity
not only links to the development of diabetes, atherosclerosis and
cardiovascular diseases, but also increases the risk of many types of
cancer [1]. Although tremendous effort has been taken to investigate
the pathogenesis of obesity and its associated diseases, the molecular
mechanisms by which obesity negatively impacts on metabolic and
immunologic homeostasisand increases the morbidity and mortality
of many maladies remain largely unknown.

Although obesity is attributed to the combination of both genetic
and environmental factors, it commonly occurs due to the imbalance
of excessive caloric intake and low energy expenditure [2]. Obesity is
associated with accumulation of excess lipids in white adipose tissue
and with a state of chronic low-grade systemic inflammation in the
host. Once considered simply as sites of lipid storage, adipocytes in
the adipose tissue are now recognized as important endocrine cells
through their secretion of various types of soluble mediators named
“adipokines”, such as leptin, adiponectin and resistin, etc. It is now
believed that adipokines serve as “messengers” of adipose tissue,
regulating energetic balance and coordinating innate and adaptive
immune responses in vivo.

In the community of adipose tissue, residents are classically
divided into lipid containing adipocytes and other stromal cells
including endothelial cells and various types of innate and immune
cell populations. In normal weight subjects, macrophages in adipose
tissue are implicated in maintaining adipose homeostasis through
phagocytosis of necrotic adipocytes and facilitation of adipocyte
differentiation and proliferation. Through coordinating with other
innate and adaptive cells, such as eosinophils and regulatory T cells
(Tregs), in adipose tissue, macrophages exhibit an anti-inflammatory
M2 phenotype by production of IL-10 and arginase, thereby
sustaining insulin sensitivity and normal functions of adipocytes.
In contrast, in obese patients, immune populations, macrophages in
particular are remarkably increased in adipose tissues. Phenotypically,
macrophages in obese adipose tissue express CD11lc and produce
large amounts of cytokines, such as TNFa, IL-1f, IL-6 and iNOS,
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displaying a pro-inflammatory M1 phenotype. Many studies further
demonstrate that increased numbers of CD8* T cells and Th1 cells
in obese tissue contribute to the recruitment and M1-polarization
of macrophages. Due to the overwhelming levels of lipids and
proinflammatry cytokines, including TNFa and IFNYy, in obesity,
the homeostatic balance of immunity and metabolism is disrupted,
leading to dysregulated functions of adipocytes characterized by
insulin resistance and unbalanced production of adipokines.

Among the dysregulated adipokines in obesity, adiponectin
and leptin receive the most attention due to their implications in
regulating insulin signaling, inflammation, and immune responses
[3]. Numerous lines of experimental and clinical evidence have
supported the notion that adiponectin mainly functions as a
“good” adipokine by inhibiting inflammatory responses and
improving insulin sensitivity in obesity. For instance, treatment
with adiponectin has been shown to suppress NFkB signaling in
endothelial cells and macrophages. Instead, deficiency of adiponectin
in mice significantly increases TNFa levels in adipose tissue and
in circulation [4-6]. In addition, obesity is always associated with
reduced levels of circulating adiponectin, which increases the risk
of many inflammatory metabolic diseases [7,8]. Conversely, leptin
is considered as a “bad” adipokine due to its pro-inflammatory
characteristic during obesity development. In obese adipose tissue,
macrophages can be activated by increased levels of leptin, which
binds leptin-receptor on macrophages, promoting production of
TNFa and IL-1p. Leptin also enhances the production of IFNy and
IL-2 while suppressing the production of IL-4 by CD4* T cells [9].
Given the opposing roles in inflammation and immune responses,
adiponectin and leptin are proposed to function oppositely in many
diseases, including metabolic diseases and multiple types of cancer
[10].

Recently, the links between obesity and cancer development have
begun to be appreciated. Approximately 85,000 new cancer cases per
year are related to obesity and 14%-20% of cancer mortality is due
to obesity in the United States [11,12]. Although increased secretion
of leptin and inflammatory cytokines and decreased secretion of
adiponection in obesity are generally considered to contribute to the
increased cancer risk, studies have shown inconsistent results [13-
16], suggesting that other factors may also be involved. In our studies
investigating obesity/cancer associations using high-fatdiet-induced
mouse obese models, we put mice on a high-fat diet for at least half a
year to closely mirror the chronic development of obesity in humans.
We have demonstrated that obesity greatly reduces the expression of
MHC II molecules on bone marrow macrophages in vivo. Moreover,
obese mice exhibit significantly lower percentages of both CD4* and
CD8" T cell in spleen, peripheral blood and lymph nodes as compared
to lean mice (Figure 1). These new observations suggest that obesity
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Figure 1: Obesity inhibits MHCII expression on macrophages and lowers the percentage of T cells in lymph nodes and spleen.

A, a representative flow cytometric staining of CD4* and CD8* T cells in lymph nodes (LNs) from mice with normal-fat diet (NF) or high-fat diet (HF).

B, average percentage of CD4* and CD8* T cells in LNs and spleen from LF or HF mice.

C, flow cytometric analysis of MHCII expression on macrophages in bone marrow (BM) from NF or HF mice.

D, mean fluorescent intensity (MFI) of MHCII expression on macrophages in BM from NF or HF mice (*, p<0.05; **, p<0.01 as compared to NF group).

greatly impairs both innate and adaptive immune responses, which
may contribute to the unfavorable effects of obesity on cancer
development. In exploring the possible molecular mechanisms in
mediating these effects, we notice that obesity can greatly promote
the circulating levels of adipose fatty acid binding protein (A-FABP).
We speculate that A-FABP may serve as a new adipokine regulating
immunologic and metabolic responses in obesity based on the
following observations. 1) A-FABP is abundantly expressed in
macrophages and adipocytes [17-19]. 2) In macrophages A-FABP
modulates inflammatory responses through activation of nuclear
factor kB (NF-xB) and c-Jun N-terminal kinase (JNK) pathways
[18,20]. 3) In adipocytes A-FABP regulates lipid metabolism through
interactions with proteins, such as hormone-sensitive lipase (HSL)
and Janus kinase 2 (JAK2) [21-23]. 4) Circulating levels of A-FABP
are positively associated with breast cancer progression [24]. Thus,
studies from animal models and humans suggest that A-FABP, as
a central regulator of both inflammatory and metabolic pathways,
represents a new link underlying obesity/cancer associations.

It is worth noting that the FABP family consists of 9 different
members, all of which exhibit tightly regulated patterns of tissue
distribution. For example, intestinal FABP (I-FABP) is primarily
expressed in intestine while epidermal FABP (E-FABP) exhibits a
more ubiquitous expression pattern beyond just the epidermal skin
cells [25-27]. Thus, each individual FABP member may display
unique functions in different tissues depending upon where they are
located and how they are regulated. Our previous studies showing
that E-FABP plays distinct roles in different immune cells also
support this new notion [28,29]. It will be of great interest to know

how A-FABP, as a new adipokine, shapes host immune responses in
obesity-related diseases, including cancer and other diseases.
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