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Introduction

Nonalcoholic fatty liver disease (NAFLD) is a global

public health issue, affecting approximately one-third of

the general population. NAFLD ranges from nonalcoholic

simple steatosis (SS) to nonalcoholic steatohepatitis

(NASH), characterized by inflammation and/or fibrosis,

NASH-related cirrhosis and hepatocellular carcinoma [1].

Liver biopsy remains the gold standard in the diagnosis of

NAFLD, although identification of noninvasive biomarkers

is a field of intense research [2]. Even more, despite its high

prevalence, the treatment of NAFLD currently remains an

unmet medical need [3].

Periostin (encoded by POSTN), a member of the vita-

min-K-dependent c-carboxylated protein family, is a

secreted extracellular matrix protein expressed in collagen-

rich connective tissues and involved in cell recruitment and

adhesion [4]. Its name (derived from the Greek words

‘‘peri’’ and ‘‘ostoun’’, meaning around the bone) refers to

its original identification in periosteal osteocytes and

osteoblasts. The role of periostin in the human skeleton is

yet unclear; it has been positively associated with fracture

risk [5], but not with bone mineral density [5, 6], thereby

implying that periostin is primarily associated with the

organic rather than the mineral component of the skeleton.

Beyond the bone, periostin exerts a multifunctional facet,

being linked with several inflammatory diseases, including

asthma, skin inflammation, and atherosclerosis, but also

malignant diseases, including breast, colon, head and neck,

pancreatic, lung, papillary thyroid, ovarian, gastric and

hepatocellular carcinoma, and cholangiocarcinoma [4].

Periostin in hepatic metabolism

There is experimental evidence implicating periostin in

hepatic steatosis, inflammation, and fibrosis. A eightfold

higher hepatic periostin expression was shown in mice fed

a high-fat diet compared with a chow diet [7]. Hepatic

periostin was also markedly higher in ob/ob and db/db

mice, known models of monogenic obesity and NAFLD,

compared to lean controls [7]. Furthermore, overexpression

of periostin in the liver of wild-type mice promoted

hypertriglyceridemia and hepatic steatosis, possibly

through reducing the expression of peroxisome prolifera-

tor–activated receptor (PPAR)-a pathway, thereby reduc-

ing fatty acid oxidation [7]. On the other hand, knockdown

of periostin gene or administration of a periostin-neutral-

izing antibody in db/db mice reduced hepatic and serum

triglycerides and improved steatosis, without affecting

body weight, fat mass or transaminase levels [7].

Other authors showed that periostin is highly upregu-

lated in methionine-choline deficient (MCD) diet-fed mice,

a model known to develop NASH, compared with mice on

a chow diet [8]. In these mice, hepatic periostin was mainly

distributed around steatotic hepatocytes. Notably, periostin

knockout mice on a MCD diet had a markedly lower

degree of hepatic steatosis, inflammation and fibrosis

compared with wild-type mice also on MCD diet [8].

Similarly, periostin expression was upregulated in mice

treated with carbon tetrachloride-induced acute and chronic
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liver fibrosis, whereas liver fibrosis was abrogated in

periostin knockout mice [9]. Carbon tetrachloride treatment

significantly increased a-smooth muscle actin, fibronectin,

and type I collagen levels in wild-type mice, which

remained unaffected in periostin knockout mice. Notably,

periostin-deficient mice showed lower levels of trans-

forming growth factor (TGF)-b1 and TGF-b2 (factors

linked to hepatic fibrosis) compared with wild-type mice

after carbon tetrachloride treatment [9]. Furthermore,

mRNA levels of proinflammatory and profibrotic factors,

including chemokine ligand 2, interleukin (IL)-6, IL-1b,
tumor necrosis factor (TNF)-a, and tissue inhibitor of

metalloproteinase-1 were significantly lower in periostin-

deficient mice than in wild-type mice after carbon tetra-

chloride treatment [9].

Importantly, in vitro activation of human hepatoblastoma

cells (HepG2) with the proinflammatory and profibrogenic

cytokines TNF-a, IL-17, or both, enhanced the expression of
periostin by 3.5-, 4.4-, or 13.3-fold, respectively, compared

to untreated cells [10]. It seems that periostin may mediate

the type I collagen disposition induced by TNF-a and IL-6,

thereby resulting in fibrosis [10].

There are limited data for periostin in human NAFLD.

In line with experimental models, hepatic periostin

expression and serum periostin levels were increased in

NAFLD patients compared with controls [7]. Other authors

also reported higher serum periostin levels in patients with

acute or chronic hepatitis compared with controls; in the

same study, periostin levels were well associated with

TGF-b1 and TGF-b2 [9]. Taken together, the aforemen-

tioned experimental and human data [7–10], periostin may

mediate hepatic steatosis, inflammation, and fibrosis.

What is new in ‘‘Endocrine’’

As a rational consequence of the previous studies, Zhu

et al. performed a case–control study of 86 ultrasound-

proven NAFLD patients and 86 controls to evaluate peri-

ostin as a noninvasive biomarker of NAFLD [11]. They

observed that serum periostin levels were higher in

NAFLD patients than controls, and that the frequency of

NAFLD was escalading from the first to the third tertile of

periostin, being approximately 30 % (first tertile), 53 %

(second tertile), and 67 % (third tertile). More importantly,

periostin levels were associated with the presence of

NAFLD independently from potential cofounders, includ-

ing adiposity (body mass index and waist to hip ratio),

which is a significant determinant of NAFLD [11]. More-

over, Zhu et al. evaluated a receiver operating character-

istic (ROC) curve, according to which periostin levels were

shown to predict NAFLD, albeit with relatively moderate

sensitivity and specificity [11]. Finally, periostin was

positively correlated with other factors contributing to

inflammation in NAFLD, including lipocalin-2, hepatic

growth factor, resistin, IL-6, and IL-8, whereas negatively

with adiponectin, an insulin-sensitizing and anti-inflam-

matory adipokine [11].

Future directions

Following the Zhu et al. publication [11], the rational next

steps of periostin on the road to NAFLD may be the

comparative evaluation of its circulating levels in histo-

logically confirmed patients with SS and NASH. Since

periostin was experimentally linked to inflammation and

fibrosis, higher periostin levels are expected in NASH than

SS patients. If this were proved, then the accuracy of cir-

culating periostin, alone or combined with other noninva-

sive factors, to predict NASH and/or hepatic fibrosis, the

main prognostic factor for advanced disease, would be of

importance. Subsequently, a long-term cohort study would

be the ideal way to validate the accuracy of periostin as a

noninvasive biomarker for NASH and/or hepatic fibrosis. It

should be highlighted that high periostin levels were shown

to be associated with poor prognosis (overall and relapse-

free survival) in a cohort of patients with hepatocellular

carcinoma (albeit mostly related to hepatitis B) [12].

The role of periostin in NAFLD becomes of higher

importance considering the existence of periostin antago-

nists, aptamers, which are modified nucleic acids that

specifically bind periostin and inhibit its function. These

aptamers seem to block the interaction between periostin

and its cell surface receptor, thereby impairing the activa-

tion of periostin signaling pathways. Periostin antagonists

have currently been investigated in breast [13] and gastric

[14] cancer; however, a wider understanding of the role and

mechanisms of periostin in hepatic inflammation and

fibrosis may render periostin antagonists a rational thera-

peutic alternative for NASH treatment.
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