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Abstract

Dysregulation of lipid metabolism underlies many chronic diseases such as obesity, diabetes, 

cardiovascular disease, and cancer. Therefore, understanding enzymatic mechanisms controlling 

lipid synthesis and degradation is imperative for successful drug discovery for these human 

diseases. Genes encoding α/β hydrolase fold domain (ABHD) proteins are present in virtually all 

reported genomes, and conserved structural motifs shared by these proteins predict common roles 

in lipid synthesis and degradation. However, the physiological substrates and products for these 

lipid metabolizing enzymes and their broader role in metabolic pathways remain largely 

uncharacterized. Recently, mutations in several members of the ABHD protein family have been 

implicated in inherited inborn errors of lipid metabolism. Furthermore, studies in cell and animal 

models have revealed important roles for ABHD proteins in lipid metabolism, lipid signal 

transduction, and metabolic disease. The purpose of this review is to provide a comprehensive 

summary surrounding the current state of knowledge regarding mammalian ABHD protein family 

members. In particular, we will discuss how ABHD proteins are ideally suited to act at the 

interface of lipid metabolism and signal transduction. Although, the current state of knowledge 

regarding mammalian ABHD proteins is still in its infancy, this review highlights the potential for 

the ABHD enzymes as being attractive targets for novel therapies targeting metabolic disease.
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Introduction

Lipids are essential for life as molecules of energy storage, membrane structure, and signal 

transduction. Aberrations in lipid signaling and metabolism underlie many human diseases, 

making it imperative to understand the proteins that regulate these processes. In recent years, 

the mammalian α/β-hydrolase domain (ABHD) proteins have emerged as novel potential 

regulators of lipid metabolism and signal transduction. The ABHD family contains at least 

19 proteins and is part of a superfamily of proteins that possess an α/β-hydrolase fold [1]. 

The α/β-hydrolase fold superfamily, which includes proteases, lipases, esterases, 

dehalogenases, peroxidases, and epoxide hydrolases, is now one of the largest and most 

diverse protein families known [2]. The canonical α/β hydrolase fold is made up of 8 β-

strands, with the second strand being antiparallel (Fig. 1). These β-strands form a core β-

sheet which is surrounded by helices and loops connecting the β-strands. Hydrolase activity 

arises from a catalytic triad composed of nucleophile-acid-histidine residues which are 

located on loop regions (Fig. 1). The nucleophile (Ser, Cys, or Asp) is always located in a 

very tight loop, known as the “nucleophilic elbow,” following strand β5 (Fig. 1). The 

nucleophilic elbow can be identified by a consensus motif Sm-X-Nu-X-Sm, where Sm is a 

small residue, X is any residue, and Nu is the nucleophile [2]. The corresponding motif in 

most members of the ABHD family is GXSXG (Fig. 2). The acid residue of the catalytic 

triad can be either a glutamate or aspartate, usually located after strand β7 (Fig. 1). Finally, 

the histidine residue is absolutely conserved [2] and is located in a variable loop following 

the final β strand (Fig. 1). Interestingly, the majority of the ABHD proteins also have a 

conserved His-XXXX-Asp motif (where X is any residue), which has previously been 

associated with acyltransferase activity [32,33]. Thus, several ABHD proteins are predicted 

to possess both hydrolase and acyltransferase activities (Fig. 2). Together, these conserved 

motifs predict an important role of ABHD proteins in the hydrolysis or synthesis of small 

molecules involved in lipid metabolism and signal transduction. Although the biochemical 

substrates and physiological functions of the majority of the ABHD proteins are unknown, 

there is a growing recognition of the physiological significance of this family in metabolism 

and disease. In this review, we summarize the current state of knowledge surrounding the 

functional characterization of the mammalian ABHD proteins, and discuss their emerging 

importance in lipid metabolism, signal transduction, and metabolic disease. Although all 

genomes contain many proteins that are predicted to have an α/β-hydrolase fold, this review 

focuses solely on the mammalian proteins that currently share the ABHD nomenclature 

(ABHD1-ABHD16B).

ABHD1: A potential regulator of oxidative stress

Human ABHD1, previously known as lung α/β hydrolase 1 (LABH1) [3], is a 405 residue 

(45 kDa) protein encoded by 9 exons located on chromosome 2p23.3. ABHD1 is predicted 

to be a single-pass type II membrane protein, although this has never been experimentally 

confirmed. Unlike most of the ABHD proteins, ABHD1 lacks a HX4D motif and is not 

expected to possess acyltransferase activity (Fig. 2). In mice, ABHD1 is ubiquitously 

expressed, with highest expression in heart and small intestine (Fig. 3). The biochemical 

function of ABHD1 has not been characterized. However, overexpression of ABHD1 in a 

renal cell line reduces the generation of reactive oxygen species by nicotinamide adenine 
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dinucleotide phosphate (NADPH) oxidase [4]. Kidney ABHD1 expression is significantly 

upregulated in a mouse model of oxidative stress-induced hypertension, and it is possible 

that ABHD1 upregulation may be a protective response to oxidative stress in this model [4]. 

ABHD1 is also upregulated in a cell model of Huntington's disease, a progressive 

neurodegenerative disorder [5]. In agreement with a potential anti-oxidant function of 

ABHD1, the anti-oxidant Nrf2-ARE pathway is upregulated in this model, presumably as a 

protective response [5]. ABHD1 mRNA levels are also regulated under several other 

conditions. For example, liver ABHD1 is upregulated in mice challenged with parasitic 

infection [6]. ABHD1 expression in mouse liver and small intestine is significantly down-

regulated by transgenic activation of Notch signaling, which transcriptionally drives cell 

differentiation [7]. Hippocampal ABHD1 expression is down-regulated by age and up-

regulated by exercise in mice [8]. ABHD1 expression is also down-regulated in regenerative 

neurons in response to spinal cord injury in rats [9]. Together, these studies indicate that 

ABHD1 is highly transcriptionally controlled and may have an important function in 

oxidative stress.

ABHD2: A suppressor of smooth muscle cell migration and pulmonary emphysema

Human ABHD2, previously known as lung alpha/beta hydrolase 2 (LABH2) [3], is a 425 

residue protein (48 kDa) encoded by 11 exons located on chromosome 15q26.1. ABHD2 is 

expressed in multiple tissues in mice, with highest expression in the lung, adrenal gland, and 

brain (Fig. 3). ABHD2 is predicted to be a single-pass type II membrane protein, although 

this has never been experimentally determined. ABHD2 is predicted to possess hydratase 

catalytic activity [10-13], but its true biochemical function remains unclear. ABHD2 has 

been previously linked to the migration of vascular smooth muscle cells (SMC), where it is 

initially expressed in endothelial cells with expression shifting to SMCs to suppress cellular 

migration and development of intimal hyperplasia [10-12]. ABHD2 is downregulated by 

lamivudine, a drug used to treat HIV patients, while the level of ABHD2 mRNA increases 

during monocyte to macrophage differentiation [11, 13]. Suppression of ABHD2 function in 

mice has been achieved in vivo using both antisense oligonucleotides (ASO) [13] and gene 

trapping techniques [10]. Knockdown of ABHD2 using ASO treatment in mice has been 

suggested to block hepatitis B virus propagation in a dose dependent manner without 

inducing apoptosis, suggesting it plays an important role in the virus's replication process 

[13, Table 1]. Global deletion of ABHD2 by gene trapping results in a reduction in the 

number of alveolar type II cells in the lung and a striking accumulation of macrophages in 

the lungs in aged mice [10, Table 1]. ABHD2 deficiency is also accompanied by an increase 

in inflammatory cytokines, increased apoptotic cells, reduced surfactant phospholipids, and 

a protease/anti-protease imbalance in the lung causing age-related emphysema [10]. In 

addition to its role in the lung, ABHD2 appears to play an important role in macrophage 

infiltration to atherosclerotic lesions [11]. ABHD2 expression is increased in patients with 

unstable angina in atherosclerotic lesions, specifically in neointimal lesions where it 

colocalizes with CD68+ cells [11]. Collectively, ABHD2 seems to play an important role in 

chronic diseases that involved monocyte/macrophage recruitment (i.e. atherosclerosis and 

emphysema), yet the true physiological substrates and products of ABHD2 remain 

unidentified.
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ABHD3: A medium-chain phosphatidylcholine-specific phospholipase

Human ABHD3, previously known as lung alpha/beta hydrolase 3 (LABH3) [3], is a 409 

residue (46 kDa) protein encoded by 9 exons located on chromosome 18q11.2. ABHD3 is 

predicted to be a single-pass type II membrane protein, yet this has not been experimental 

confirmed. Like ABHD1, ABHD3 does not possess a HX4D acyltransferase motif (Fig. 2). 

In mice, ABHD3 is ubiquitously expressed, with highest expression in brain and small 

intestine (Fig. 3). Based on activity-based protein profiling (ABPP), organophosphorus 

agents may be useful tools to inhibit ABHD3 serine hydrolase activity [14, 15]. In elegant 

unbiased metabolomic studies, Long and colleagues [16, Table 1] recently identified that 

ABHD3 selectively cleaves medium-chain and oxidatively-truncated phospholipids. In these 

studies, lysates from cells overexpressing ABHD3 had much higher phospholipase activity 

toward C14-containing phosphatidylcholine (C14-PCs) than cells overexpressing a 

catalytically dead serine mutant (ABHD3-S220A). In agreement, tissue metabolomics of 

ABHD3 knockout (ABHD3−/−) mice showed elevated levels of C14-PCs and other C14-

phospholipids [16]. ABHD3 may regulate specific pools of PC with potential signaling 

functions, but further characterization of ABHD3−/− mice is required to determine the 

function of this activity in physiology and disease [16]. In agreement with a biochemical 

function in phospholipid metabolism, ABHD3 polymorphisms are significantly associated 

with the molar percentage of PC 32:2 in human plasma [17, Table 1]. Several additional 

studies have identified regulation of ABHD3 expression under various conditions. For 

example, ABHD3 is upregulated in the early response to chemotherapy treatment in human 

ovarian cancer cell lines [18]. ABHD3 has been identified in a screen for pro-apoptotic 

genes, being upregulated in microarrays of breast cancer tumors [19]. ABHD3 is also 

upregulated in a human osteosarcoma cell line overexpressing HIC1 (Hypermethylated in 

Cancer 1), a tumor suppressor and transcriptional repressor that is silenced in many human 

tumors [20]. ABHD3 is down-regulated in peripheral blood mononuclear cells (PBMCs) 

from patients with Crohn's disease, and the promoter contains binding sites for two different 

transcription factors, T-bet and Early Growth Response (EGRF) [21]. ABHD3 expression in 

the optic nerve is downregulated by early optic nerve injury in a rat model of glaucoma [22]. 

Although physiological substrates for ABHD3 have been successfully identified in mice, 

and diverse modes of transcriptional regulation have been described, the physiological 

function of ABHD3 in metabolic disease remains unknown.

ABHD4: An enzymatic regulator of endocannabinoid signaling and suppressor of tumor 
growth

Human ABHD4 is a 342 residue protein (39 kDa) encoded by 7 exons located on 

chromosome 14q11.2. Murine ABHD4 is ubiquitously expressed in multiple tissues, with 

highest expression in brain, small intestine, kidney and testis (Fig. 3), yet the subcellular 

localization of ABHD4 remains uncharacterized. Although vastly understudied, ABHD4 has 

recently been suggested to play a role in tumor suppression through limiting cell 

proliferation and cell cycling [23]. ABHD4 has also been described as a lyso-N-acyl 

phosphatidylethanolamine lipase, capable of hydrolyzing both N-acyl 

phosphatidylethanolamine (NAPE) and lysoNAPE to generate glycerophosphoarachidonyl 

ethanolamine (Gp-AEA) [23-25]. ABHD4 shows no enzymatic activity towards other 

lysophospholipid substrates tested, but rather with just a wide range of lyso-NAPE 
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substrates, including the anandamide (AEA) precursor N-arachidonoyl lyso-NAPE [23, 24]. 

Lipopolysaccharide (LPS) has previously been shown to induce AEA synthesis, yet 

knockdown of ABHD4 does not affect LPS-induced AEA synthesis [25]. Cells treated with 

LPS for 90 minutes results in only a modest 27% increase in ABHD4 mRNA, suggesting 

that ABHD4 may be dominant in only the long term synthesis of AEA rather than the acute 

generation of the endocannabinoid in response to a LPS stimulus [25]. More recently, 

ABHD4 has also been suggested to play an important role in cancer metastasis through a 

mechanism that does not involve its role in AEA synthesis [26]. ABHD4 knockdown 

through the use of short-hairpin RNA has been shown to render cells resistant to anoikis, a 

process in which anchorage-dependent cells undergo cell death upon detachment from the 

extracellular matrix [26]. Knockdown of ABHD4 using the short hairpin RNA also results in 

more moderate tumor growth compared to controls, suggesting it may be a target gene of the 

tumor suppressor gene, p53 [23]. ABHD4 has also been shown to be upregulated in in vitro 

matured (IVM) oocytes, again supporting its proposed role in tumor growth suppression 

[27]. While the physiological substrates for ABHD4 have been successfully identified as 

NAPE and lysoNAPE, and ABHD4 seems to play a role in cancer pathogenesis, its role in 

metabolism remains poorly understood.

ABHD5: Critical integrator of phospholipid and triacylglycerol metabolism & guardian 
against Chanarin-Dorfman syndrome (CDS)

Human ABHD5, also known as Comparative Gene Identification 58 (CGI-58) is the most 

well characterized member of the ABHD family of protein. ABHD5 is a 349 (39 kDa) 

protein encoded by 7 exons located on chromosome 3p21.33. In mice, ABHD5 is widely 

expressed, with highest expression in testis and adipose tissue (Fig. 3). ABHD5 is the 

causative gene mutated in human Chanarin-Dorfman Syndrome, also known as Neutral 

Lipid Storage Disease with Ichthyosis (NLSDI), a rare, autosomal recessive non-lysosomal 

disorder of ectopic triacylglycerol accumulation [28, 29]. All identified ABHD5 mutations 

result in ichthyosis, often accompanied by hepatomegaly, hepatic steatosis, and various 

neurological disabilities [30]. Because NLSDI implicates ABHD5 as an important protein in 

triacylglycerol metabolism, ABHD5 has been highly studied and is the most well known 

member of the ABHD family. In recent years, several key in vitro and cell-based studies 

have shed light on the function of ABHD5. The nucleophilic serine is replaced by an 

asparagine residue in ABHD5 (Fig. 2). As a result, ABHD5 does not possess intrinsic 

hydrolase activity against triacylglycerol. Instead, ABHD5 has been shown to specifically 

co-activate Adipose Triacylglycerol Lipase (ATGL), the rate-limiting triacylglycerol 

hydrolase in adipose tissue, through an unknown mechanism [31]. In addition, ABHD5 has 

been reported to be involved in glycerophospholipid metabolism given that it possesses 

intrinsic lysophosphatidic acid acyltransferase (LPAAT) activity to generate the key 

signaling lipid phosphatidic acid [32, 33]. In adipocytes, ABHD5 is localized to the lipid 

droplet through interaction with perilipin-1 (Plin-1) [34-36]. Following Plin-1 

phosphorylation by cyclic AMP-activated protein kinase A (PKA) during lipolytic hormone 

stimulation [34, 36], ABHD5 is released and a large portion disperses to the cytoplasm 

while a small portion remains at the lipid droplet, presumably interacting with ATGL [37]. 

The physiological function of ABHD5 has proven challenging to study in mouse models. 

ABHD5 total body knockout mice (ABHD5−/−) die shortly after birth due to a skin barrier 
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defect, which closely resembles ichthyosis in human patients [38, Table 1]. Because of this, 

the function of ABHD5 in obesity and metabolism cannot be studied in ABHD5−/− mice, 

and although several tissue-specific ABHD5 knockout mouse models have been generated, 

associated phenotypes have not yet been published. As an alternative approach, ABHD5 

knockdown in adult mice using antisense oligonucleotides has been useful to study the role 

of ABHD5 in metabolism and disease. Unexpectedly, knockdown of ABHD5 in adipose 

tissue results in lower fat mass and completely prevents high fat diet-induced obesity [39, 

Table 1], in contrast to mild obesity in ATGL−/− mice [40]. The phenotype of ABHD5 

knockdown suggests that co-activation of ATGL-mediated triacylglycerol hydrolysis may 

not be the primary physiological function of ABHD5 in adipose tissue. Interestingly, 

adipose-selective overexpression of ABHD5 in mice has no effect on body weight and does 

not increase lipolysis, suggesting that endogenous levels of ABHD5 are not rate-limiting for 

ATGL-mediated lipolysis in vivo [41, Table 1]. In the liver, ABHD5 knockdown results in 

severe steatosis, yet paradoxically improves systemic glucose tolerance and hepatic insulin 

signaling [39, 42]. Whereas hepatic insulin signaling is improved, inflammatory signaling 

pathways in the liver are dramatically blunted by ABHD5 knockdown [42]. Lipidomic 

analysis of liver lipids revealed significant changes in several glycerophospholipid species 

with signaling potential, suggesting that ABHD5 functions to generate inflammatory 

signaling lipids that can promote insulin resistance [42]. Interestingly, triacylglycerol 

accumulation in NLDSI skin fibroblasts has previously been determined to be secondary to a 

defect in phospholipid metabolism [43, 44]. Although much progress has been made in 

understanding the biochemical function of ABHD5, it will be important to clarify 

physiological roles of ABHD5 in lipid metabolism and signal transduction that may be 

distinct from ATGL co-activation [45].

ABHD6: A physiological regulator of endocannabinoid signaling

Human ABHD6, also known as 2-arachidonylglycerol hydrolase, is a 337 residue protein 

(38 kDa) encoded by 10 exons on chromosome 3p21.1. It is ubiquitously expressed in 

mouse with highest expression in brown adipose tissue (BAT), small intestine and brain 

(Fig. 3). ABHD6 is predicted to have a single N-terminal transmembrane region, and based 

on N-linked glycosidase digestion studies ABHD6 is predicted to have a cytosolic facing 

orientation. Currently, there are no known mutations in ABHD6 associated with human 

disease. ABHD6 has been proposed as a possible target gene for Epstein-Barr virus (EBV) 

nuclear antigen 2 [46]. Furthermore, ABHD6 expression might be linked to the pathogenesis 

of EBV-related disorders such as: endemic Burkitt's lymphoma, Hodgkin's Lymphoma, and 

Post-Transplant Lymphoma [46, 47]. The first physiological substrate identified for ABHD6 

was 2-arachidonylglycerol (2-AG) [48-50], an endocannabinoid signaling lipid that plays 

key roles in neurotransmission and metabolic disease. Although monoacylglycerol lipase 

(MAGL) was long thought to be the only mechanism of 2-AG hydrolysis, recently both 

ABHD6 and ABHD12 have also been shown to hydrolyze this key signaling lipid [48-52]. 

When ABHD6 is inhibited it does not affect MAGL activity, the primary enzyme associated 

with 2-AG hydrolysis in the brain, and ABHD6 controls the stimulated accumulation of 2-

AG in intact neurons independently of MAGL [48, 51-53]. In BV-2 cell homogenates and 

intact BV-2 cells, inhibition of ABHD6 reduces 2-AG hydrolysis by ~50% [51]. It has also 

been shown to control the efficacy of 2-AG at CB receptors in neurons, suggesting ABHD6 
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enzymatic activity is key in controlling the bioactivity of this lipid transmitter [51]. Given 

that MAGL, ABHD6, and ABHD12 display distinct subcellular localization, it has been 

postulated that each enzyme acts to control specific subcellular pools of 2-AG [48, 51]. 

Since ABHD6 is found post-synaptically as opposed to MAGL, which is found 

presynaptically, it does not appear to play an active role in depolarization-induced 

suppression of excitation (DSE) [50, 52]. As well as its role in endocannabinoid metabolism, 

ABDH6 is differentially expressed among 7 tumor cell lines with highest expression in 

bone, prostate, and leukocyte tumor cell lines [46]. ABHD6 displayed lowest expression in 

liver and ovary tumor cells lines, but was not expressed in brain or cervical tumor cell lines 

[46]. ABHD6 shows exceptional high expression levels in Ewing family tumors, but not in 

other related sarcomas, suggesting that ABHD6 may be regulated by onco-fusion proteins in 

Ewing family tumors [54]. ABHD6 expression has been shown to be highly correlated with 

an Ewing family tumor-associated gene, aristaless [54]. However, tumor growth velocity, 

apoptosis rate and cell morphology are unaffected with ABHD6 knockdown [54]. Although 

one physiological substrate for ABHD6 has been successfully identified as 2-AG, it remains 

unclear whether ABHD6 regulates endocannabinoid signaling in peripheral tissues, and 

whether this signaling role is involved in cancer pathogenesis.

ABHD7: A brain restricted epoxide hydrolase

Human ABHD7, also known as epoxide hydrolase 4 (EPHX4) or epoxide hydrolase-related 

protein (EPHXRP), is a 362 residue (42 kDa) protein encoded by 7 exons located on 

chromosome 1p22.1. ABHD7 is predicted to be a single-pass type II membrane protein, but 

this need to be confirmed experimentally. ABHD7 possesses an aspartate nucleophile rather 

than a serine (Fig. 2), and therefore is expected to function as an epoxide hydrolase with 

activity toward epoxide-containing lipid substrates. Epoxide-containing lipids have potent 

bioactive effects in host defense, development, blood pressure, inflammation, and pain [55]. 

Epoxide hydrolases reduce the bioactivity of these lipids through conversion to 1,2-diols 

[55]. Although the specific substrates are unknown, ABHD7 activity is predicted to 

negatively regulate the bioactive effects of some epoxide lipids. In mice, ABHD7 is much 

more highly expressed in brain compared to other tissues (Fig. 3). ABHD7 has been 

identified as a direct target gene of the oncogene ZNF217, a transcriptional repressor 

overexpressed in many human tumors [56]. Based on this, it is possible that ABHD7 

downregulation may contribute to the pathogenesis of some cancers. On the other hand, 

ABHD7 has been found to be hypomethylated in human colorectal cancer [57]. In short, 

very little is known about this brain restricted ABHD enzyme.

ABHD8: A member of the ABHD family with no known function

Human ABHD8 is 385 residue protein (47 kDa) encoded by 5 exons on chromosome 

19p13.12. Subcellular localization, membrane topology, and physiological substrates of 

ABHD8 are currently unknown. It is most highly expressed in testes and brain in mouse, yet 

ABHD8 mRNA is quite abundant in all tissues examined (Fig. 3). Currently there are no 

published data about regulation, biochemical function, or physiological function of ABHD8.
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ABHD9: A predicted epoxide hydrolase linked to cancer pathogenesis

Human ABHD9, also known as epoxide hydrolase 3 (EPHX3), is a 360 residue (41 kDa) 

protein encoded by 7 exons on chromosome 19p13.12. Like ABHD7, ABHD9 is annotated 

as an epoxide hydrolase, based on the presence of a nucleophilic aspartate in place of a 

serine (Fig. 2). In mice, we found ABHD9 to be ubiquitously expressed, with highest 

expression in skeletal muscle, white adipose tissue, and heart (Fig. 3). In contrast to our 

findings (Fig. 3), a recent report found low levels of ABHD9 mRNA in skeletal muscle [58]. 

This discrepancy might be due to detection of different ABHD9 variants or perhaps varying 

expression in different skeletal muscle sites (data in Figure 3 represents expression in 

quadricep muscle). Epoxyeicosatrienoic acids, angiogenic bioactive lipids, have recently 

been identified as endogenous substrates of ABHD9, suggesting that ABHD9 may 

negatively regulate angiogenesis [58]. Interestingly, epigenetic silencing of ABHD9 has 

been identified in several types of cancer. For example, ABHD9 is hypermethylated in 

human malignant melanomas [59], gastric cancers [60], adenoid cystic carcinomas of 

salivary glands [61], and colorectal carcinomas [62]. Hypermethylation of ABHD9 has been 

associated with prostate cancer recurrence [63, 64], and AHBD9 expression is also 

deregulated in some B cell malignancies [65]. Based on these studies, it is possible that 

ABHD9 substrates may contribute to cancer development. The chromosome 19p13.12 

region, which includes ABHD9, is a frequent region of copy number gain in ovarian cancer, 

but ABHD9 has not been specifically implicated [66]. Interestingly, ABHD9 mutations are 

also predicted to cause human autosomal recessive nonlamellar, non-erythrodermic 

congenital ichthyosis [67]. ABHD9 also possesses activity toward leukotoxin to produce 

metabolites that mediate acute respiratory distress syndrome (ARDS) [58]. Based on these 

studies, ABHD9 may be a potential drug target to regulate bioactive epoxide lipids that are 

important in physiology and several diseases.

ABHD10: An enzymatic degrader of mycophenolic acid acyl-glucuronide

Human ABHD10 is a 306 residue protein (34 kDa) encoded by 5 exons on chromosome 

3q13.2. ABHD10 is ubiquitously expressed in mouse tissues with highest expression found 

in testes and brown adipose tissue (Fig. 3). It is predicted to localize to mitochondria, 

although this has never been confirmed. In a study that sought to identify the targets of 

hexadecyl fluorophosphonate (HDFP), a candidate probe for depalmitoylating enzymes, 

ABHD10 was identified as a serine hydrolase that interacted with that probe [68]. ABHD10 

has also been identified as the enzyme responsible for acyl glucuronide deglucoronidation of 

mycophenolic acid, the active metabolite of the immunosuppressant mycophenolate mofetil 

[69, 70]. Acyl-glucuronides are known to be toxic to the liver, and therefore ABHD10 may 

play a key role in the liver as a detoxification enzyme [69]. Recently, competitive activity-

based protein profiling has identified a small molecule inhibitor that is a very potent and 

selective towards ABHD10 inactivation in vitro and in vivo, ABL303 [71]. Advancements 

with inhibitors as well as genetically modified animal models should continue to shed light 

on the biochemical and physiological function of ABHD10 in the coming years.
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ABHD11: An enzymatic link to Williams-Beuren syndrome

Human ABHD11, previously named Williams-Beuren syndrome chromosomal region 21 

protein (WBSCR21) or PP1226, is a 315 residue (35 kDa) protein encoded by 6 exons 

located on chromosome 7q11.23. Isoforms shorter than 325 amino acids are predicted from 

truncated mRNAs, but this has yet to be confirmed at the protein level. ABHD11 is 

predicted to be a mitochondrial protein, and has been detected in human skeletal muscle 

mitochondria [72]. ABHD11 is also enriched in the mitochondrial fraction of BV-2 cells, a 

murine microglial cell line [51]. In mice, ABHD11 is ubiquitously expressed, with highest 

expression in brown adipose tissue, heart, and skeletal muscle (Fig. 3). ABHD11 is one of 

several genes deleted in Williams-Beuren syndrome, a contiguous gene disorder caused by 

hemizygous deletion of a critical region on chromosome 7q11.23. WBS patients present 

with diverse neurodevelopmental features, including cardiovascular disease, mental 

retardation, opthalmic defects, dysmorphic facial features, premature aging of the skin, and 

unique cognitive and behavioral disabilities [73]. It is unknown whether any of these 

phenotypic features result specifically from ABHD11 deletion. In mouse white adipose 

tissue, high fat diet feeding decreases ABHD11 expression, while rosiglitazone treatment 

increases ABHD11 expression [74]. In addition, ABHD11 expression in brown adipose 

tissue is significantly reduced in hormone-sensitive lipase (HSL) knockout mice [74]. 

Although the endogenous substrates are unknown, recently identified inhibitors could be 

useful in characterizing the biochemical and physiological function of ABHD11. For 

example, a potent and selective carbamate inhibitor of ABHD11has been identified [75]. A 

1,2,3-triazole urea inhibitor of ABHD11 has also been identified which results in covalent, 

irreversible inhibition [76]. Activity-based proteomics have identified ABHD11 serine 

hydrolase activity as a potential biomarker in human lung adenocarcinoma, since increased 

ABHD11 activity in lung adenocarcinomas significantly predicted the development of 

distant metastases [77]. Identification of the substrates and physiological function of 

ABHD11 could lead to better understanding of the pathogenesis of Williams-Beuren 

syndrome.

ABHD12: Regulator of endocannabinoid signaling and protector against PHARC 
development

Human ABHD12, also known as ABHD12A, c20orf22, and 2-arachidonoylglerol hydrolase, 

is a 398 residue protein (45 kDa) encoded by 13 exons on chromosome 20p11.21. Isoforms 

shorter than 398 amino acids are predicted from truncated mRNAs, but this has yet to be 

confirmed at the protein level. ABHD12 is predicted to be a single-pass integral membrane 

protein with its active site facing the ER lumen or extracellular space based on N-linked 

glycosidase digestion studies [48,49]. ABHD12 is ubiquitously expressed in mouse tissue 

with highest expression in the brain (Fig. 3), where it accounts for ~9% of total hydrolase 

activity toward the endocannabinoid 2-AG, along with monoacylglycerol lipase (MAGL) 

and ABHD6 [48,49,51]. In vivo inhibitor profiling demonstrates substrate specificity 

differences between ABHD12 and ABHD6, where ABHD12 prefers 1 (3)- and 2-isomers of 

arachidonoylglycerol [78]. In various brain cell types, specifically the microglia, ABHD12 

transcripts are highly expressed [49]. ABHD12 is also abundant in other cell types such as 

macrophages and osteoclasts [49], and it is important to note that ABHD12 mRNA is very 
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abundant and ubiquitiously expressed in all mouse tissue examined (Fig. 3). Much like 

ABHD6, ABHD12 also has no effect of the recovery of DSE, yet it does appears to traffic 

throughout the neuron [50]. Interestingly, mutations in ABHD12 have been shown to be 

causative of a neurodegenerative disease called polyneuropathy, hearing loss, ataxia, retinitis 

pigmentosa and cataract (PHARC) in humans [79, Table 1]. This disorder is a slow, 

progressive neurologic disorder that displays a phenotype resembling Refsum disease, which 

is characterized by a biochemical defect in the degradation of phytanic acid and plasmalogen 

lipids [79]. Four different ABHD12 mutations have been associated with PHARC 

development suggesting a causal genotype-phenotype relationship [79]. It has been 

suggested that ABHD12 defects leads to PHARC based on its enzymatic ability to hydrolyze 

2-AG, since the endocannabinoid has important functions in synaptic plasticity and 

neuroinflammation [79]. However, careful studies examining whether ABHD12's ability to 

hydrolyze 2-AG is involved in PHARC development are still necessary. A nonsense 

mutation in ABHD12 has also been associated with an autosomal recessive genetically 

heterogeneous disorder called Usher Syndrome, specifically Usher Syndrome 3 [80]. Usher 

syndrome 3 is associated with congenital sensorineural hearing impairment, retinitis 

pigmentosa, hearing loss and cataracts representing a variant of PHARC [80]. In addition, a 

genome-wide association study identified ABHD12 as a candidate gene associated with 

concentrations of liver enzymes in plasma, a widely used indicator of liver disease [81]. 

Finally, ABHD12 gene expression has also been associated with colorectal cancer 

development [82]. Although one physiological substrate for ABHD12 has been successfully 

identified as 2-AG, the physiological role of this activity remains unclear.

ABHD12B: An ABHD with unknown function

Human ABHD12B, previously known as C14orf29, is a 362 residue (41kDa) protein 

encoded by 13 exons located on chromosome 14q22.1. Isoforms shorter than 362 amino 

acids are predicted from truncated mRNAs, but this has yet to be confirmed at the protein 

level. Although this gene shares a similar nomenclature and predicted structural homology 

with ABHD12, it is encoded by a completely separate gene. The subcellular localization of 

and the biochemical function of ABHD12B has not been determined. In addition, 

ABHD12B expression has not yet been characterized in mice. To our knowledge, the only 

report of ABHD12B expression in humans is significant downregulation of ABHD12B 

mRNA in skin tumors that result from mutations in the tumor suppressor gene CYLD [83]. 

Although ABHD12B is predicted to have both hydrolase and acyltransferase activity (Figure 

2), this enzyme has not yet been characterized.

ABHD13: Another understudied ABHD enzyme

Human ABHD13, previously known as C13orf6, is a 337 residue (39 kDa) protein encoded 

by 2 exons located on chromosome 13q33.3. ABHD13 is predicted to be a single-pass type 

II membrane protein, but this has never been confirmed experimentally. ABHD13 lacks a 

HX4D motif and is not expected to possess acyltransferase activity, but has a conserved 

catalytic triad predictive of esterase activity (Fig. 2). In mice, ABHD13 mRNA is very 

abundantly and ubiquitously expressed, with highest levels found in testes and the distal 

small intestine (Fig. 3). Very little is known about the regulation of ABHD13 expression. 

ABHD13 is upregulated in the early response to chemotherapy treatment in human ovarian 
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cancer cell lines [18]. It has also been reported that ABHD13 is regulated by circadian 

rhythm in rat liver [84]. Currently, there is no published information on the biochemical or 

physiological function of ABHD13.

ABHD14A: An enzymatic link to autism spectrum disorder

Human ABHD14A, also known as Dorz1, is a 271 residue (30 kDa) protein encoded by 7 

exons located on chromosome 3p21.2. ABHD14a is predicted to be a single-pass type II 

membrane protein, but this has yet to be experimentally verified. ABHD14a is not expected 

to possess acyltransferase activity, but possesses a conserved catalytic triad predicting 

esterase activity (Fig. 2). In mice, ABHD14A mRNA in very abundantly and ubiquitously 

expressed, with higher expression in testis compared other tissues (Fig. 3). The biochemical 

function and substrates of ABHD14A are unknown. Like ABHD11, ABHD14A may be 

involved in the pathophysiology of Williams-Beuren syndrome (WBS). In contrast to the 

deletion of ABHD11 in WBS, ABHD14A expression is higher in skin fibroblasts from WBS 

patients [85]. In addition, ABHD14A is also a candidate gene associated with autism 

spectrum disorder, a genetically complex disorder [86]. In mice, ABHD14A expression 

correlates strongly with neuron development in the cerebellum, suggesting that ABHD14A 

may play a role in the differentiation or proliferation of neuron precursors [87]. It has also 

been reported that ABHD14A expression is significantly down-regulated in mouse bone 

marrow-derived stem cells exposed to intermittent hypoxia [88]. It will be interesting to 

determine the enzymatic function of ABHD14A, and whether this is related to the 

development of either autism spectrum disorder or Williams-Beuren syndrome in humans.

ABHD14B: The smallest ABHD enzyme with large potential

ABHD14B, also known as CCG1-interacting factor B (CIB), is a small 210 residue protein 

(22 kDa) encoded by 4 exons on chromosome 3p21.2. Isoforms shorter than 210 amino 

acids are predicted from truncated mRNAs, but this has yet to be confirmed at the protein 

level. ABHD14b-GFP fusion proteins have been shown to localize to both the cytoplasm 

and nucleus in transfected COS cells [89]. ABHD14B is abundantly and ubiquitously 

expressed in most mouse tissues, with highest expression in the kidney and liver (Fig. 3). In 

vitro, ABHD14B has been shown to have hydrolase activity towards the common lipase 

substrate p-nitrophenyl butyrate in a dose dependent manner [89]. However, true 

physiological substrates have yet to be identified in mammalian systems. ABHD14B has 

also been speculated to be a eukaryotic transcription factor [89, 90], but additional work is 

needed to confirm it nuclear role. ABHD14B gene expression has been shown to be 

upregulated in metastastic neuroendocrine tumors, and if upregulated >4 fold it would 

indicate the primary tumor is located in the stomach [90]. Therefore, ABHD14B is a 

valuable gene that can be used to identify the site of primary neuroendocrine tumor origin 

from its metastatic products [90]. Collectively, very little is know regarding the biochemical 

and physiological role of ABHD14B.

ABHD15: Novel target of insulin-stimulated Akt phosphorylation

Human ABHD15 is a 468 residue (52kDa) protein encoded by 2 exons located on 

chromosome 17q11.2. ABHD15 shares most sequence similarity with ABHDs 1, 2, and 3 
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(Fig. 2). However, ABHD15 lacks both a nucleophilic elbow and a HX4D motif, making 

biochemical activity prediction difficult. ABHD15 is actually predicted to be a secreted 

protein, although this has not been confirmed experimentally. In mice, ABHD15 is widely 

expressed, with highest expression in adipose tissue, liver, and skeletal muscle (Fig. 3). This 

tissue distribution is quite interesting given that these tissues are primary sites of 

postprandial insulin action, and ABHD15 has recently been described as a potential novel 

player in insulin signaling [91,92]. In mouse 3T3-L1 adipocytes, ABHD15 has been 

identified as a phosphorylation substrate of protein kinase Akt/PKB, with at least three 

insulin-induced phosphorylation sites (T142, S426, and S442) [91]. ABHD15 also forms a 

complex with cyclic AMP phosphodiesterase 3B (PDE3B) in 3T3-L1 adipocytes, and 

PDE3B protein expression is dependent on ABHD15 interaction [92]. This finding suggests 

that ABHD15 may stabilize PDE3B to negatively regulate cAMP levels. PDE3B itself is 

activated by Akt phosphorylation downstream of insulin signaling [93]. Under conditions of 

insulin stimulation, PDE3B reduces the cellular pool of cAMP, diminishing protein kinase A 

activation and hormone-stimulated lipolysis in adipocytes [93]. It is unclear how protein-

protein interaction with ABHD15 increases PDE3B protein levels and activity. However, 

ABHD15 appears to be critical for the suppression of adipocyte lipolysis in response to 

insulin. The high expression of ABHD15 in white adipose tissue in mice (Fig. 3) suggests 

that ABHD15 may be physiologically important in adipocytes in vivo. It is interesting to 

note the contrast between ABHD15 and ABHD5. Both ABHD proteins are highly expressed 

in adipose tissue and have been implicated in the regulation of lipolysis, but with opposing 

effects. Since ABHD15 does not possess a conserved hydrolase or acyltransferase motif 

(Fig. 2), further studies will be needed to determine how ABHD15 regulates insulin action 

and nutrient metabolism.

ABHD16A: Potential enzymatic regulator of immunity

Human ABHD16A, also known as Human Lymphocyte Antigen B-associated transcript 5 

(BAT5), is a 558 residue (63 kDa) protein encoded by 20 exons located on chromosome 

6p21.33. ABHD16A is predicted to be a multi-pass membrane protein, and possesses both 

an esterase catalytic triad and an acyltransferase domain (Fig 2). In mice, ABHD16A mRNA 

is abundantly and ubiquitously expressed with highest expression in skeletal muscle and 

brain (Fig. 3). It has been reported that ABHD16A is palmitoylated, although the function of 

this modification is unknown [94]. Activity-based protein profiling has identified 

ABHD16A as a serine hydrolase with unknown substrates and function [95]. ABHD16A is 

part of a cluster of genes within the human major histocompatability complex (MHC) class 

III, suggesting ABHD16A may be involved in immunity [96, 97]. Interestingly, ABHD16A 

polymorphisms are significantly associated with susceptibility to coronary artery aneurysm 

formation in Kawasaki disease, an autoimmune disease of vascular inflammation [97]. More 

recently, single nucleotide polymorphisms in ABHD16A have been associated with backfat 

thickness in Italian Large White pigs [98], potentially linking ABHD16A function to 

adipose tissue function. Proteomics show ABHD16A to be localized to the plasma 

membrane in human platelets and mouse megakaryocytes [99]. It has also been reported that 

ABHD16A mRNA is regulated by miR-155 in activated B cells [100,101]. In a high-

throughput yeast two-hybrid screen for protein interactions, ABHD16A was found to 

interact with several proteins, including membrane receptors and chaperone/processing 
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proteins [102]. However, it is unclear how ABHD16A functions in these interactions. 

Identification of the substrates and biochemical function of ABHD16a's predicted hydrolase 

and acyltransferase activities could shed light on the putative function of ABHD16a in 

immunity.

ABHD16B: Another understudied member of the ABHD family

ABHD16B is a 469 residue protein (53 kDa) encoded by 1 exon on chromosome 20q13.33. 

Subcellular location of ABHD16B is currently unknown. ABHD16B possesses a canonical 

esterase catalytic triad, but lacks the acyltransferase motif shared by it ABHD relatives. It is 

expressed in most tissues with highest expression found in the testes, skeletal muscle, and 

brown adipose tissue (Fig. 3). Currently there are no published data surrounding 

ABHD16B's mRNA regulation, biochemical function, or physiological function.

A putative common role for ABHD enzymes: Integration of glycerophospholipid 
metabolism and lipid signal transduction

Although it is unlikely that all members of the ABHD protein family share a common 

biological role, there is early evidence to support this concept. In particular, of the ABHD 

enzymes with known substrates, most of them share the ability to either hydrolyze or 

synthesize different glycerophospholipid species [16,24,25,32,33,48,51]. For example 

ABHD3, ABHD4, and ABHD6 hydrolyze the glycerophospholipids C14-

lysophosphatidylcholine, N-acyl phosphatidylethanolamine (NAPE), and 2-

arachidonoylglycerol, respectively [16,24,48]. While, ABHD5 has recently been shown to 

acylate lysophosphatidic acid to form phosphatidic acid [32,33]. In further support of the 

ABHD's role in glycerophospholipid metabolism, there is a significant decrease in 

phosphatidylcholine in the bronchoalveolar lavage of ABHD2 knockout mice [10], and 

more recently ABHD3 reached genome-wide significance as a predictor of plasma 

phospholipid levels in humans [17]. Although much additional work is needed to identify 

physiological substrates for the remaining ABHD family members, it will be important to 

consider glycerophospholipids as clear potential substrates. It is well known that 

glycerophospholipids serve as key structural elements for the cell membrane, but many also 

acts a key intermediates in neurotransmission and cellular signaling cascades. In line with 

this, another shared feature of the ABHD family is that several members have been directly 

implicated in signaling pathways that involve enzymatic synthesis or degradation of key 

signaling lipids. For instance, both ABHD6 and ABHD12 have been identified and 2-AG 

hydrolases [48], linking these enzymes to the termination of acute endocannabinoid 

signaling [48,49,51,78]. In contrast, ABHD4 has been implicated as a NAPE and lysoNAPE 

lipase, implicating ABHD4 in endocannabinoid synthesis [24,25]. Further, ABHD5 has 

recently been shown to be necessary for the generation of phosphatidic acid and other 

signaling lipids in response to inflammatory stimuli [42], which then has many secondary 

effects on both insulin signaling and energy metabolism. Although this still needs to be 

experimentally tested, ABHD3's ability to hydrolyze C14-lysophosphatidylcholine is likely 

to alter cellular signaling, given that lysophosphatidylcholine species are potent regulators of 

GPCR and TRPC5 signaling [103,104]. Collectively, several members of the ABHD protein 

family share the ability to metabolize diverse glycerophospholipid species that are intimately 

involved in cellular signaling. These shared features of the known ABHDs will likely 
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provide important clues as progress is made with the characterization of the rest of the 

ABHD protein family.

Conclusions and Future Perspectives

Although the functional annotation the ABHD protein family is in its infancy, ongoing 

studies have great promise in advancing our fundamental understanding of lipid metabolism 

in human disease. The ABHD enzyme family shares commons features that predict roles in 

lipid metabolism, signal transduction, and metabolic disease. More importantly, several 

ABHD family members have been associated with several human diseases of altered lipid 

metabolism. Given that serine hydrolases are easily amenable to chemical inhibition, 

development of small molecular inhibitors will become instrumental in defining the biology 

associated with each ABHD enzyme. Furthermore, the generation of global and conditional 

knockout mouse models will be key in defining biochemical and physiological roles of 

ABHD enzymes in vivo. Progress on these fronts has important implications for targeting 

ABHD enzymes for the treatment or prevention of lipid metabolic disease and diseases of 

altered signal transduction.
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Highlights

• α/β-hydrolase domain (ABHD) enzymes regulate glycerophospholipid 

metabolism.

• Several mutations in ABHD enzymes have been implicated in human diseases.

• ABHD enzymes synthesize or degrade lipids involved in cellular signal 

transduction.

• ABHD enzymes are attractive targets for new therapies targeting metabolic 

diseases.
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Fig 1. 
Canonical structure of the α/β hydrolase fold adapted from Nardini and Dijkstra [2]. The α/β 

Fold is an 8 stranded mostly parallel structure; β-sheets denoted as arrows and α-helices 

denoted as cylinders. Highly conserved catalytic triad containing a histidine, an acid, and a 

nucleophile (typically a serine residue in mammalian proteins) are represented by spheres.
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Fig 2. 
The Human ABHD Family. A. Phylogenetic relationship of the human ABHD proteins 

based on Clustal W alignment with Poisson correction. The numbers at the right indicate the 

number of amino acid residues in the full-length human protein. Red lines represent the 

predicted active site nucleophile, and blue lines indicate the predicted acyltransferase motif 

(HXXXXD) when present. B. The conserved nucleophilic elbow and acyltransferase motifs. 

“--“ indicates that the motif is not present in the human protein.
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Fig 3. 
Tissue Distribution of the ABHD family of enzymes in liver (Li), small intestine (SI1-3), 

white adipose tissue (WA), brown adipose tissue (BA), heart (He), lung (Lu), spleen (Sp), 

kidney (Ki), testes (Te), muscle (Mu), brain (Br), and adrenal (Ad). C57/Bl6N male mice 

were maintained on standard rodent chow until 18 weeks of age. Total RNA was extracted 

from individual mouse tissues, and an equal amount of total RNA from each sample in each 

group (n=4) was pooled for each tissue, and relative mRNA abundance was measured using 

quantitative real-time PCR (normalized to cyclophilin B). The range of threshold cycle (CT) 
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values for each ABHD across tissues are listed above each panel. All PCR amplicons were 

verfied to correct size by gel electrophoresis and specificity of primer pairs was confirmed 

by DNA sequencing. The sequence of validated primer pairs are available upon requests.
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Table 1

qPCR primer design and conditions for tissue distribution analysis.

Primer Sequence

mABHD1 F: 5’ – GGG TAC AGA ACG AAC CGA AA – 3’
R: 5’ – AGA GAA CAG GGG TGT GGA TG – 3’

mABHD2 F: 5’ – TTG ACA TGG CTT TGT GTG GT – 3’
R: 5’ – CGA CAT GGT GAT GAA CTT GC – 3’

mABHD3 F: 5’ – AGT TTC AGC CGC TTC CTA CA – 3’
R: 5’ – GAG ATC TGT CCT CCG TCT GC – 3’

mABHD4 F: 5’ – GTT CCA ATC CAC TGG CTG TT – 3’
R: 5’ – AGG ACT CCA TCA TGG CTT TG – 3’

mABHD5 F: 5’ – TGA CAG TGA TGC GGA AGA AG – 3’
R: 5’ – AGA TCT GGT CGC TCA GGA AA – 3’

mABHD6 F: 5’ – GAC ACA AGC CAT CCA TCC TT – 3’
R: 5’ – ACT TGC CCC ACT ATG GAC AG – 3’

mABHD7 F: 5’ – TCC AAA GGG AAT ACC CAC AA – 3’
R: 5’ – CAG GTG CAT CAG ACT CTC CA – 3’

mABHD8 F: 5’ – GGC TAC ACA TTC GTG GAG GT – 3’
R: 5’ – GTG GGC CAG GAA ACT ACA GA -3’

mABHD9 F: 5’ – GGC GAG CAT TGC TTT CTA AC – 3’
R: 5’ – TCC ACT TCC TTT GGA GCA TC – 3’

mABHD10 F: 5’ – CCT ACG CTG ACG ACT GAT GA – 3’
R: 5’ – TGA TGC CTT TTG TCT GCA AG – 3’

mABHD11 F: 5’ – GCC CTA GGA AGC ACA CTT TG – 3’
R: 5’ – GTC CTG ACT CAT GGC CTC AT – 3’

mABHD12 F: 5’ – TCA TCC TGA CAG GTG CTG AG – 3’
R: 5’ – ACC AGA TTT GTT GCC ACT CC – 3’

mABHD13 F: 5’ – AGG CCA ATA TGC TGT GGA AG – 3’
R: 5’ – GGC CAG TAG CCA TCT TTC AA – 3’

mABHD14a F: 5’ – ACC ACC AGC TAC GTG GAT TC – 3’
R: 5’ – ATC ATG CAG CTT CAC CAC AG – 3’

mABHD14b F: 5’ – AGG GCC AGA ACC TCT TCT TC – 3’
R: 5’ – ATC GCC CAA GAC CAT TAC AG – 3’

mABHD15 F: 5’ – TCT TGC TGC ACC AGA AAA TC – 3’
R: 5’ – CGG TGT CCA CTG TGT CCT C – 3’

mABHD16a F: 5’ – ACA TTG CTG CTG CTA CTT GC – 3’
R: 5’ – GTA CTG GGG GTT GGT CCA G – 3’

mABHD16b F: 5’ – AGT GCC TCC TCC AGC AGA T – 3’
R: 5’ – TGA GTG GGC CAG TGC ATA G – 3’

RNA was extracted from ~100-400mg of tissue in Trizol (Invitrogen). 1μg of RNA was reverse transcribed using omniscript RT (Qiagen) to 
generate cDNA. Relative mRNA was measured by quantitative real-time PCR using the delta-delta-CT method. Liver was set to 1 for all ABHD 
profiles.
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Table 2

Identified human ABHD mutations, genetic variants, and mouse models of ABHD expression.

Protein Human Mutations Human Polymorphisms Mouse Models

ABHD2 Global deletion: Progressive emphysema 
characterized by reduced surfactant phospholipids 
and increased inflammation, apoptosis, and 
macrophage accumulation in lung[10].
Antisense oligonucleotide-mediated knockdown: 
Prevention of hepatitis B virus propagation [13].

ABHD3 Association with the molar 
percentage of PC 32:2 in 
plasma[17].

Global deletion: Elevated levels of C14-PCs and 
other C14 phospholipids in tissues [16].

ABHD5 Neutral Lipid Storage Disease with 
Ichthyosis (also known as Chanarin-
Dorfman Syndrome), a disease of 
ectopic triacylglycerol accumulation. 
Further characteristics: Jordan anomaly, 
hepatomegaly, hepatic steatosis, various 
neurological disabilities [28,29].

Global deletion: Premature death due to skin barrier 
defect, elevated hepatic triacylglycerol [38].
Antisense oligonucleotide-mediated knockdown: 
Hepatic steatosis, prevention of diet-induced 
obesity, decreased fat mass, improved hepatic 
insulin signaling, attenuated hepatic inflammation 
[39,42].
Adipose-selective overexpression: No change in fat 
mass or lipolysis [41].

ABHD12 PHARC (polyneuropathy, hearing loss, 
ataxia, retinitis pigmentosa and cataract), 
a neurodegenerative disease[79].
Usher syndrome type 3 Congenital 
hearing loss and retinitis pigmentosa 
[80]
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