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ABSTRACT 

 

Title of Thesis: Mesothelial cell expression of omentin, both a target and a modulator of 

chronic inflammation 

 

Sharis Ashley-Evette Erwin, Master of Science, 2013 

 

Thesis Directed By:  John C. McLenithan, Ph.D., Assistant Professor of Medicine, 

Division of Endocrinology, Diabetes, and Nutrition, University of 

Maryland Baltimore 

 

Omentin is a GPI-anchored 38-kDa secreted insulin-sensitizing glycoprotein that is 

expressed in the mesothelial cells of the stromal vascular fraction (SVF) of visceral 

adipose tissue. Mesothelial cells expressing omentin are part of the innate immune 

system and can contribute to the inflammatory state of visceral adipose tissue. Therefore, 

it is important to determine the role that omentin plays in the regulation of chronic 

inflammation. Primary cultures of human adipocyte mesothelial cells were isolated by 

biopsy trypsinization and Immunofluorescence microscopy was used to determine the 

purity of primary HAMC cultures. To determine if chronic inflammation is the cause of 

decreased omentin expression in obesity, HAMCs were treated with TNF-alpha, a pro-

inflammatory cytokine, for 24 hours to simulate chronic exposure. Omentin gene 



	  
	  

	  
	  

expression was down-regulated by TNF-alpha significantly (39% decrease) in serum-free 

chronic conditions. The protein expression of omentin was also significantly decreased 

(31%) in serum containing conditions. To demonstrate that omentin’s insulin-sensitizing 

activity may be mediated by anti-inflammatory actions, inflammation-dependent NF-κB 

luciferase reporter assays were performed in 3T3-L1 adipocytes and human adipose 

mesothelial cells treated with omentin and/or TNF-alpha. Omentin decreased pro-

inflammatory gene transcription in 3T3-L1 adipocytes (85% decrease) and in HAMCs 

(68% decrease). In order to ascertain the role that omentin plays in the regulation 

cytokine secretion and what would result if omentin were not present, lentivirus 

containing omentin-specific shRNAs were generated. A complete knockdown was not 

achieved, but stimulation with LPS significantly increased (1.73%) the amount of TNF-α 

secretion in mesothelial cells suggesting that even partially reduced omentin protein 

expression can have a profound impact on the mesothelial inflammatory response. In 

conclusion, omentin plays a role in the anti-inflammatory response, but can also be 

negatively regulated by excessive and chronic pro-inflammatory cytokines.  
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CHAPTER I: 

BACKGROUND INFORMATION 

Obesity 

Obesity is defined as excessive adipose tissue accumulation that presents a risk to an 

individual’s health. Its pathogenesis can be traced to genetic, environmental and 

psychological conditions acting through the physiological regulation of energy intake and 

expenditure. According to the American Heart Association (AHA), 149.3 million adults 

and approximately 1 in 3 children are obese or overweight1. Obesity increases the 

probability of developing multiple metabolic diseases, such as hypertension, 

hypercholesterolemia, hypertriglyceridemia, arthritis, asthma, nonalcoholic fatty liver 

disease (NAFLD), and several forms of cancer2. The ultimate cause of obesity is an 

energy imbalance between calories consumed and calories expended3. 

Obesity is classified by the body mass index (BMI, Kg/m2), which is a measure of weight 

in proportion to height, waist-to-hip ratio, and waist circumference. BMI categorizes 

individuals as lean (BMI < 25 Kg/m2), overweight (25 Kg/m2 < BMI < 30 Kg/m2), or 

obese (BMI > 30.0 Kg/m2). BMI measurements can provide an estimate of body fat for 

many people, but there are limitations. BMI does not directly measure body fat. As a 

result, people with more lean body mass, such as athletes, or less muscle, such as the 

elderly, have BMIs that do not accurately portray their true body fat levels4.  

Waist-to-hip ratio and waist circumference are used as an assessment of body fat 

distribution and are independent of body mass. These measurements are found to 

associate with total amount of visceral fat measured by abdominal CT scanning and 



2	  
	  

	  
	  

positively correlate with the prevalence of cardiovascular disease (CVD) and type 2 

diabetes mellitus (T2DM), as well as cancer. As a result, the Adult Treatment Panel III of 

the National Cholesterol Education Program decided that one of the major components of 

the clinical diagnostic criteria for metabolic syndrome is increased waist circumference, 

where women with a waist measurement greater than or equal to 35 inches and men with 

a waist measurement greater than or equal to 40 inches can be used as a screening tool5.  

Adipose Tissue 

The role of adipose tissue has been traditionally recognized as source of energy; but in 

the past 20 years with the identification and characterization of leptin, the hypothesis that 

adipose tissue is more than a storage unit and plays an active role as an endocrine organ 

became established 6,7. It has been shown that adipose tissue expresses and secretes a 

variety of adipokines that act in an autocrine, paracrine, and endocrine fashion to control 

metabolic functions within the body 8. Adipose tissue is composed of adipocytes 

surrounded by a connective tissue matrix and immune cells, which can be divided into 

two types, white and brown adipose tissue. 

Adults generally have small amounts of brown adipose tissue (BAT), which is mainly 

stored in the neck and supraclavicular regions 9. BAT produces heat through the 

uncoupling of oxidative phosphorylation resulting in non-shivering thermoneogenesis. 

Uncoupling protein 1 (UPC1) is a transmembrane protein located in the inner 

mitochondrial membrane, which regulates the thermogenic proton leak in brown adipose 

tissue and is positively associated with the resting metabolic rate 10. It has been shown 

that these cells are derived from a myogenic determination factor 5 (myf5) cellular 
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lineages 11. 

In recent years, beige (also named brite) adipose tissue has been found to have white and 

brown adipose tissue characteristics. These adipocytes have an extremely low basal 

expression of UCP1, which is a characteristic of WAT, but like BAT, they respond to 

cyclic AMP stimulation with high UPC1 expression and respiration rates. Even though 

they express UPC1, recent data have shown these cells do not come from the myf-5 

muscle like cell lineage like BAT 11, alluding to the fact that these cells are differentiated 

white adipocytes. WAT can be differentiated into beige adipocytes with prolonged 

exposure to cold temperatures or through pathways that elevate intracellular cyclic AMP 

12. The differentiation from WAT to beige leads to increased energy expenditure, 

decreased adiposity, and glucose disposal 13.   

White adipose tissue (WAT) is subdivided into two major depots: subcutaneous and 

visceral. Subcutaneous fat is located in the hypodermis, just below the skin and can be 

subdivided by anatomical locations such as abdominal or gluteal-femoral regions. These 

subcutaneous depots are distinct and have variable association with CVD 14,15. Viceral, 

also known as abdominal fat, is located inside the abdominal cavity, packed between the 

organs and is composed of several adipose depots: mesenteric, omental, retroperitoneal, 

and perirenal depots 16. 

 After a meal, adipocytes in WAT uptake glucose and store fuel in the form of 

triglycerides, which are later broken down into free fatty acids and glycerol when energy 

is needed. WAT contributes to the regulation of metabolism and energy homeostasis by 

secreting adipokines. These include omentin, leptin, adiponectin, resistin, tumor necrosis 

factor-α (TNF-α), interleukin-6 (IL-6), monocyte chemoattractant protein-1 (MCP-1), 
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plasminogen activator inhibitor-1 (PAI-1), angiotensin II, visfatin, retinol-binding 

protein-4 (RBP4), and serum amyloid A (SAA) 2. Visceral fat is highly associated with 

multiple disease states. When the function of WAT becomes dysregulated due to the 

increased tissue mass, the expression and secretion of insulin resistant, pro-inflammatory 

factors are shown to increase (FIGURE I.1). The reverse is also true, the secretion of 

insulin sensitizing and anti-inflammatory adipokines are decreased 8. This change in the 

amount of adipokines being secreted causes inflammation, which contributes to insulin 

and leptin resistance. With the increase of circulating fat and glucose, dyslipidemia, 

altered glucose metabolism and   vascular function will ultimately lead to T2DM, 

hypertension, and CVD.  
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FIGURE I.1: Viceral obesity is associated with type 2 diabetes, hypertension, and 

cardiovascular diseases17 

 

Obesity and Inflammation  

Obesity is associated with a moderate chronic inflammatory response that is 

characterized by the activation of pro-inflammatory signaling cascades, abnormal 

cytokine production and the increased levels of acute-phase reactants 18. It has been 

shown that adipocytes possess similar roles in activating complement pathways and 

inflammatory cytokine production to that of T cells and macrophages 18.  With the 

activation of this pro-inflammatory signaling cascade, the inflammation that occurs, 

actively contributes in the development of T2DM and CVD.   
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Excessive weight results in an increased release of free fatty acids and decreased oxygen 

delivery to adipocytes due to an expansion of adipose tissue mass and adipocyte size. 

Hypoxic adipose tissue triggers a release of downstream genes involved in the 

inflammatory response and endoplasmic reticulum (ER) stress 19. The eventual cell death 

will cause an increase in chemokine production, such as MCP-1, and the recruitment of 

macrophages. MCP-1 is a chemotactic factor that is secreted by adipocytes, endothelial 

cells, and macrophages. This infiltration of macrophages into the adipose tissue will 

activate pro-inflammatory pathways, c-Jun amino-terminal kinase (JNK) and IκB kinase-

β/ nuclear factor-κB (IKKβ/NF-κB), due to the production of TNF-α and IL-6 (Figure 

I.2). TNF-α is a pro-inflammatory cytokine that is primarily secreted by macrophages, 

but can also be secreted by adipocytes, natural killer (NK) cells, neurons, and CD4+ 

lymphocytes 20. It has also been found that adipocytes express Toll-like receptors (TLRs). 

The two most widely studied TLRs, TLR2 and TLR4, are activated by bacterial 

lipoproteins and lipopolysaccharide (LPS). Stimulation of either receptor can also lead in 

the translocation of NF-κB to the nucleus. It has been shown that saturated fatty acids 

derived from diet can activate these receptors and the expression of TNF-α and IL-6 21. 
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Figure I.2: Obese adipose tissue is characterized by inflammation and infiltration of 

macrophages 18 

 

Adiponectin is an anti-inflammatory cytokine that is highly expressed in adipose tissue. It 

decreases free fatty acid, glucose, and triacylglycerol concentrations in serum. 

Adiponectin also enhances insulin sensitivity and free fatty acid oxidation in muscle. 

Plasma adiponectin levels have been shown to decrease with increasing obesity and 

reduced levels correlate with insulin resistance and hyperinsulinemia 8,22-26.  

Mesothelial Cells and Omentin  

Omentin is a GPI-anchored 38-kDa secreted insulin-sensitizing glycoprotein that was 

cloned from a visceral adipose cDNA library at University of Maryland Baltimore, 

Division of Endocrinology, Diabetes and Nutrition. It has also been identified in human 

aortic endothelial cells, mouse small intestinal enterocytes, Paneth and goblet cells. It has 

been shown to be highly and selectively expressed in the stromal-vascular cells in 



8	  
	  

	  
	  

visceral adipose tissue relative to subcutaneous adipose tissue 27,28. The stromal vascular 

fraction (SVF) of adipose tissue is comprised of several cell types, preadipocytes, 

fibroblasts, stem cells, endothelial cells, macrophages, neutrophils, T cells, mast cells, 

dendritic cells, and mesothelial cells. Preliminary data from McLenithan et al. have 

shown mesothelial cells account for most of the omentin in the stromal vascular fraction 

of adipose tissue 28. Mesothelial cells form a protective barrier against pathogens and 

physical damage. These cells participate in the innate system by secreting pro-

inflammatory and anti-inflammatory cytokines and can contribute to the inflammatory 

state of visceral adipose tissue 29. This secretion of cytokines promotes the migration of 

monocytes and neutrophils into the adipose tissue and serosal cavity. Preliminary data 

from McLenithan et al. using neutralizing antibodies suggested that omentin may have 

anti-inflammatory properties and are regulated by inflammatory and anti-inflammatory 

cytokines 30. The goal of this study is to understand and determine what role omentin 

plays in the regulation of chronic inflammation and insulin resistance.  

HYPOTHESIS 

We hypothesized that omentin 1 has anti-inflammatory properties and that 

knocking down omentin expression in mesothelial cells will result in increases in pro-

inflammatory action and pro-inflammatory gene expression. Additionally, treating 

mesothelial cells and adipocytes with omentin will result in decreased inflammatory gene 

expression. 
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SPECIFIC AIMS 

1. Optimizing omentin expression in primary cultures of human visceral adipose 

mesothelial cells. 

a. Immunofluorescence microscopy to determine the purity of the HAMC 

cultures. 

b. Determine omentin gene and protein expression at baseline in primary 

HAMC by using western blots and qRT-PCR in serum vs. serum-free 

media and confluent vs. sub-confluent conditions. 

c. Effect of chronic TNF-α on omentin protein and gene expression. 

2. Demonstrate that omentin acts as an anti-inflammatory adipokine in 3T3-L1 

adipocytes and in primary human mesothelial cells. 

a. Transfect mesothelial cells and 3T3-L1 adipocytes with an NF-kB reporter 

plasmid.  

b. Treatment of transfected 3T3-L1 adipocytes and primary mesothelial cells 

with omentin to measure changes in inflammatory gene transcription. 

3. Knockdown omentin in mesothelial cells to demonstrate the anti-inflammatory 

properties of omentin. 

a. Lentiviral shRNA generation 

b. Testing lentiviral vectors to optimize omentin knockdown
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CHAPTER II: 

OPTIMIZATION OF OMENTIN EXPRESSION IN PRIMARY CULTURES OF 

HUMAN VICERAL ADIPOSE MESOTHELIAL CELLS 

INTRODUCTION 

Obesity is a chronic condition associated with a moderate chronic inflammatory response 

due to excessive adipose tissue accumulation within the body and increases the chances 

of developing type 2 diabetes (T2DM) and cardiovascular disease (CVD) 2.  

Mesothelial cells form a monolayer of cells that line the body's serous cavities and 

internal organs. This mesothelium layer plays a role in fluid and cells transport, antigen 

presentation, inflammation and tissue repair, coagulation and fibrinolysis and tumor cell 

adhesion 29. Mesothelial cells account for most of the omentin expressed and secreted in 

the stromal vascular fraction of adipose tissue 30. Omentin is a GPI-anchored expressed 

and secreted insulin-sensitizing glycoprotein that may have anti-inflammatory properties.  

Preliminary data has suggested that omentin gene expression can be regulated by anti- 

and pro-inflammatory cytokines 30.  Therefore, it is important to determine the role that 

omentin plays in the regulation of chronic inflammation and what effect pro-

inflammatory cytokines have on omentin protein and gene expression. 

 

RESEARCH DESIGN AND METHODS 

Approval from the University of Maryland Baltimore Institutional Review Board 

was granted under Dr. John McLenithan study number HP-00043913. Patients were 

consented prior to surgery. 
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Human Visceral Adipose Tissue Mesothelial Cell Isolation and Culture 

After surgical excision, adipose tissue was placed at room temperature in Medium 199 

with gentamicin. Upon arrival to the laboratory, the tissue was washed with warmed PBS 

(phosphate-buffered saline; Cellgro) and then treated with 0.25% Trypsin-EDTA plus 

Phenol Red that was diluted in half with PBS (0.125% Trypsin-EDTA). The adipose 

tissue/trypsin was then placed in a shaking water bath at 37°C for 15 minutes. The tissue 

was quickly washed with warmed PBS and was later pooled with the trypsin from the 

adipose tissue/trypsin. A milliliter of FBS was added to the PBS/trypsin mixture as to 

inactivate the trypsin and afterwards centrifuged at 168 x g for 5 minutes. The 

supernatant was aspirated and the primary mesothelial cells were then plated on either 

type 1 collagen pre-coated 10cm dishes (BD Biosciences, San Jose, CA) or gelatin 

(Sigma) coated 10cm dishes with enriched growth media (Medium 199 (Gibco) 

containing 20% FBS (fetal bovine serum, Gibco), 20mM HEPES (Cellgro), 40ng/ml EGF 

(Human Epidermal Growth Factor, Gibco), and penicillin and streptomycin (Invitrogen)) 

at 37oC in 5% CO2. After 24 hours, cells were quickly washed with warmed serum-free 

Medium 199 and re-fed with the complete growth media until 90% confluent. 

 

Gelatin Coating for Tissue Culture plates 

The gelatin coating was made as a 0.1% gelatin solution in Milli-Q water (ultrapure 

water, Millipore, Billerica, MA). Plates were completely covered in the gelatin coating 

and left in the tissue culture hood for 2 hours. Plates were then quickly washed with PBS 

and placed in the refrigerator.  

 



	  
	  

	  
	  

	  

12	  

Cell Culture 

HAMC cells were maintained in complete growth media (Medium 199 (Gibco) 

containing 10% FBS (fetal bovine serum, Gibco), 20 mM HEPES (Cellgro), and 

penicillin and streptomycin (Invitrogen)) at 37°C in 5% CO2 and passaged (1:5 dilution) 

at 90% confluence using 0.125% Trypsin-EDTA. Cells were cultured until passage 2, and 

then frozen in complete growth media containing 10% DMSO (dimethylsulfoxide, 

Sigma-Aldrich).  

 

HAMC Samples  

The following experiments involved HAMC samples that were cultured from human 

visceral adipose tissue (described above). Subjects that were prediabetic, diabetic or on 

substantial amounts of medication were excluded. 

Immunofluorescence Microscopy 

Mesothelial cells separated from human omental adipose tissue were plated on type 1 

collagen pre-coated 4-well chamber slides (BD Biosciences, San Jose, CA) with Medium 

199 (Gibco) containing 10% fetal bovine serum (FBS, Gibco), 20 mM HEPES (Cellgro), 

and penicillin and streptomycin (Invitrogen). Cells in a confluent state were fixed in 4% 

paraformaldehyde in 0.1M phosphate buffer pH 7.4 at 4°C for 10 minutes. The slides 

were washed with cold 1x PBS (Cellgro) overnight. The following day, the cells were 

treated with 0.5% Triton-X-100 solution (Sigma-Aldrich) in ice cold PBS and a 5% 

normal goat serum solution (Invitrogen) in PBS for 10 minutes at room temperature. The 

slides were then washed in PBS; and anti-cytokeratin 18 (1:50, Biomeda, Foster City, 

CA) diluted in 0.05% Triton-X-100 and 0.5% normal goat serum solution in PBS were 
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applied for 1.5 hours at room temperature. After incubation with the primary antibodies, 

the slides were rinsed with PBS 3 times for 10 minutes each wash and incubated with the 

secondary antibody (Alexa Flour® 594 goat anti-rabbit IgG) prepared in 0.05% Triton-X-

100 and 0.5% normal goat serum solution in PBS for 45 minutes at room temperature. 

Following this treatment, the slides were rinsed again with PBS 3 times for 10 minutes 

each wash, avoiding direct light exposure, and incubated in 4,6-diamindino-2-

phenylindole, dihydrochloride (DAPI, 1:1000, Invitrogen) diluted in 0.05% Triton-X-100 

and 0.5% normal goat serum solution in PBS for 10 minutes at room temperature. The 

slides were then rinsed with PBS 3 times for 5 minutes each wash and allowed to dry for 

15 minutes. The slides were cover slipped using ProLong® Gold antifade reagent 

(Invitrogen) and observed using an Olympus IX50 fluorescence microscope and images 

with an Olympus IX-TVAD camera using CellSens® Dimension Digital Imaging 

software. 

Determination of Omentin protein expression at baseline in Primary HAMC 

Human adipose tissue mesothelial cells were grown on two type 1 collagen pre-coated 

12-well plates (BD Biosciences, San Jose, CA) with complete growth media, then treated 

based on eight confluent or subconfluent (50-70%) conditions. Confluent and sub-

confluent HAMCs were either in complete growth media and treated with TNF-α 

(50ng/mL, Enzo Life Sciences, Farmingdale, NY) for 24 hours or serum-starved for 1 

hour, and then treated with TNF-α (50ng/mL) in serum-free media for 24 hours. All 

conditions were performed in triplicate and repeated in different patient samples, in order 

to confirm the results were not patient specific.  Protein was extracted from the cells 

using 150 µl of 1 mg/ml Na orthovanadate (Sigma, St. Louis, MO) and 5.4mg/ml β-
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glycerolphosphate (Sigma, St. Louis, MO) in western lysis buffer (2% sodium dodecyl 

sulfate, 50 mM Tris, pH 6.8) heated in a boiling water bath. Protein lysates were diluted 

1:1 with Laemmi Sample Buffer (BioRad) with 30 mg/ml DTT (Dithiothreitol, BioRad) 

and run on 10% Tris-HCl precast gels (BioRad, Hercules, CA) and transferred to an 

Immobilon-PVDF Membrane (Millipore, Billerica, MA). Membrane was then blocked 

with Starting Block (TBS) Blocking Buffer (Thermo Scientific, Waltham, MA) plus 

0.05% Tween-20 (Fisher, Pittsburgh, PA) and incubated with anti-omentin 1 antibody 

(Apotech, Farmingdale, NY), followed by horseradish peroxidase-labeled anti-mouse 

secondary antibody (KPL, Gaithersburg, MD). Immunoblots were then detected with 

Super Signal West Femto Maximum Sensitivity Substrate (Thermo Scientific, Waltham, 

MA) and imaged using FluorChem Q MultiImage III® instrument (ProteinSimple, Santa 

Clara, CA). 

Cell Treatments with Pro-inflammatory Cytokines Time course  

Human adipose tissue mesothelial cells were grown to 100% confluence on four type 1 

collagen pre-coated 6-well plates (BD Biosciences, San Jose, CA) with complete growth 

media. HAMCs were either in complete growth media and treated with TNF-α (50 

ng/mL, Enzo Life Sciences) for 6 or 24 hours or serum-starved for 1 hour, and then 

treated with TNF-α (50 ng/mL, Enzo Life Sciences) in serum-free media for 6 or 24 

hours. All conditions were performed in triplicate and repeated in different patient 

samples, in order to confirm the results were not patient specific. Total RNA was 

extracted from the cells using Trizol® (Life Technologies, Inc., see following section) for 

gene expression analysis. 



	  
	  

	  
	  

	  

15	  

Quantitative Real-Time PCR Analysis of Primary HAMCs 

Total RNA was isolated from mesothelial cells using Trizol (Life Technologies, Inc.) 

according to the manufacturer’s instructions with one variation. RNA was allowed to 

precipitate from isopropanol overnight in -20°C compared to 10 minutes at ambient 

temperature. Complementary DNA (cDNA) was synthesized from total RNA (2 µg) 

using Transcriptor First Strand cDNA Synthesis Kit (Roche Applied Science, 

Indianapolis, IN) and an MJ Research PTC-200 DNA Engine thermocycler (MJ Research 

Inc., Waltham, MA). The resulting single-strand cDNA reaction was used as the 

templates for RT-PCR. RT-PCR was performed using the Lightcycler® 480 kit from 

Roche Applied Science (Indianapolis, IN) according to the manufacturer’s instructions. 

Applied Biosystems Inc. (ABI, Carlsbad, CA) primers were used for Omentin (OM): 

Hs00214137_m1, (IL-6): Hs00174131_m1. Forward (F) and reverse (R) primers were 

purchased from Integrated DNA Technologies (IDT, Coralville, IA) to amplify 18S 

(h18S-F (5'-CTCAACACGGGAAACCTCAC-3'), h18S-R (5'-

CGCTCCACCAACTAAGAACG-3')). Probes were purchased from Roche (Indianapolis, 

IN).18S mRNA was used as an internal control for normalization. Each sample was run 

in triplicate. Samples exhibiting standard deviations of more than 0.25 cycle threshold 

were repeated. Normalized gene expression values were obtained using LightCycler 

Relative Quantification software (LightCycler 480, Roche Applied Science).  
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RESULTS 

II.1: Identification of human adipose mesothelial cell purity by immunofluorescence 

microscopy.  

Immunofluorescence microscopy was performed in order to confirm the cells isolated 

from human visceral adipose tissue were pure mesothelial cells. Cells isolated from 

human omental adipose tissue as described above, were cultured and stained with 

polyclonal anti-omentin 1, monoclonal anti-cytokeratin 18 antibody and 4´,6-diamidino-

2-phenylindole, dihydrochloride (DAPI) for nuclear visualization. The negative controls 

consisted of cells stained with DAPI and without primary antibodies. 

The purity of the mesothelial cells isolated from the visceral tissue can be observed by 

the positive staining of all cells for cytokeratin 18 (green) and DAPI (blue) (Figure II.1). 

Colocalization of omentin (red) and cytokeratin 18 (green) was also observed in all cells 

of this population by a yellow staining (red and green combination) (Figure II.1). These 

observations confirmed a pure population of mesothelial cells highly expressing omentin 

from human omental adipose tissue.  
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FIGURE II.1: Identification of human adipose mesothelial cell purity by 

immunofluorescence microscopy.  
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II.2: Omentin protein is highly expressed in confluent Human Adipose Mesothelial 

Cells 

In order to determine the optimal omentin expression, primary mesothelial cells (HAMC) 

were subjected to serum vs. serum free media and confluence vs. sub-confluence (50-

70%) treatments. Cells were either serum-starved for an hour prior to TNF-α treatments 

(50 ng/mL, 24 hours) or remained in serum then stimulated with TNF-α (50 ng/mL) 

overnight. Lysates were electrophoresed in triplicate followed by western blotting with 

anti-omentin antibody. GAPDH (Figure II.2.B) was used to normalize for differences in 

protein levels. Figure II.2 (A) Omentin standard confirms reactivity with omentin 

antibody. Omentin/GAPDH normalizations (data not shown) confirm that the lysates 

treated while subconfluent had lower omentin protein expression when compared to the 

cells that were treated after confluent. The data suggests that omentin protein expression 

is dependent on the percent of confluence prior to treatments.  
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FIGURE II.2: Omentin protein is highly expressed in confluent Human Adipose 

Mesothelial Cells 

A 

 

B 

 

HAMC were either in serum or serum-free conditions for 1 hour and then treated with 

TNF-α (50 ng/mL) for 24 hours. Omentin protein expression was measured by western 

blots. GAPDH was used to normalize for differences in protein levels due to pipetting 

error. (A) Lysates were electrophoresed in triplicate on a 10% HCL-Tris SDS-PAGE gel 

followed by western blotting with anti-omentin antibody. Partially purified omentin was 

used as a standard (lane 1) and confirms omentin antibody is reactive toward omentin 1 

from HAMC. Lysates that were treated while subconfluent, have significantly reduced 

omentin protein expression when compared to confluent lysates.  (B) GAPDH is used to 

normalize protein levels.  
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II.3: Effect of TNF-α on Mesothelial cells Omentin protein expression  

HAMC were separated from human visceral adipose tissue as described in above. HAMC 

were either in serum or serum-free conditions for 1 hour and then treated with TNF-α (50 

ng/mL) for 24 hours. Omentin protein expression was measured by western blots. In 

order to compare between different patients, the results were expressed as a percent of the 

control. 

Omentin protein expression levels were significantly increased by TNF-α in serum-free 

culture conditions: untreated 24 hours (100 ± 3.85) vs. 50 ng/mL (138.02 ± 11.94) (n = 3, 

Student’s t test, *p = 0.015, Figure II.3).  

A significant decrease in omentin protein levels was also observed in serum-containing 

culture conditions: untreated (100 ± 3.06) vs. 50 ng/mL (73.48 ± 16.08) (n = 3, Student’s 

t test, ** p = 0.02) (Figure II.3). The protein expression levels are shown as a percent ± 

standard error.  
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FIGURE II.3: Effect of TNF-α on Mesothelial cells Omentin protein expression 

 

Human visceral adipose mesothelial cells were treated in Medium 199 ± serum with 

TNF-α (50 ng/mL) for 24 hours. Omentin protein expression increased after the treatment 

with TNF-α (100 ± 3.85 compared to 138.02 ± 11.94) in serum free conditions and 

decreased in serum containing conditions (100 ± 3.06 vs. 73.48 ± 16.08). Student’s t test 

was used to compare protein levels between the treatments. *p = 0.015, **p = 0.02. 

Means ± SE. 
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II.4: Effect of TNF-α on Mesothelial cells Omentin gene expression   

Human omental adipose tissue mesothelial cells (HAMC) were separated from human 

visceral adipose tissue as described in above. HAMC were either in serum or serum-free 

conditions for 1 hour and then treated with TNF-α (50 ng/mL) for 6 or 24 hours. Omentin 

gene expression was measured by real time quantitative RT-PCR. In order to compare 

among different patients, the control treatment values were set equal to 100 and the other 

treatments were calculated as a percent of it. 

Omentin gene expression levels were significantly decreased by TNF-α in serum-free and 

serum-containing culture media conditions. Untreated serum free 24 hours (218.71 ± 

51.78) vs. 50 ng/mL (133.1 ± 25.08) (n = 3, Student’s t test, *p= 0.02, Figure II.4). 

Serum-containing culture media untreated 24 hours (55.60 ± 17.54) vs. 50 ng/mL (26.98 

± 5.32) (n = 2, Student’s t test, *p= 0.03, Figure II.4). 

A slight decrease in omentin gene expression was observed in serum-containing 

conditions at 6 hours. These values were not statistically significant: untreated 6 hours 

(100 ± 12.18) vs. 50 ng/mL (78.28 ± 8.24) (n = 3, Student’s t test, p > 0.05) (Figure II.4). 

On the other hand, in serum starved conditions with the addition of TNF-α (50 ng/mL), a 

slight increase was observed at 6 hours.  These values were also not significant: untreated 

6 hours (100 ± 14.32) vs. 50 ng/mL (125.01 ± 9.54) (n = 3, Student’s t test, p > 0.05). 

The mRNA expression levels are shown as a percent ± standard error.   

These results could be explained by the small sample size and/or by the mechanism in 

which mesothelial cells react to stress in a time dependent manner. These data may 
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suggest that time plays an important factor in promoting significant differences in 

omentin gene expression under these conditions. 
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FIGURE II.4: Effect of TNF-α on Mesothelial cells Omentin gene expression  

 

Human adipose mesothelial cells were treated with TNF-α (50 ng/mL) for 6 or 24 hours. 

Omentin mRNA levels were significantly decreased after the treatment with TNF-α for 

24 hours in serum-free (218.71 ± 51.78 vs. 133.1 ± 25.08) and serum-containing culture 

media (55.60 ± 17.54 vs. 26.98 ± 5.32).  Student’s t test was used to compare the 

percentages of the relative mRNA levels between the treatments. *p = 0.02, **p = 0.03 

(Control vs. TNF-α treatment). Means ± SE.  
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DISCUSSION  

Excessive visceral adipose tissue increases the risks of developing multiple metabolic 

diseases. This is partly caused by the low levels of chronic inflammation that is 

characterized by the activation of pro-inflammatory signaling cascades, abnormal 

cytokine production and the increased levels of acute-phase reactants  2,8,18,22.  HAMCs 

have been shown to express cytokines, such as TNF-α, IL-6 and IL-18 in obese visceral 

adipose tissue 31.  Omentin is also expressed in human visceral adipose mesothelial cells 

and is a GPI-anchored and secreted insulin-sensitizing glycoprotein that is negatively 

regulated by obesity 28.  

The purpose of this study was to determine the role omentin plays in the regulation of 

chronic inflammation and what effect pro-inflammatory cytokines have on omentin 

protein and gene expression.  This was examined by first optimizing the amount of 

omentin expressed on primary cultures of HAMCs. It was observed that omentin protein 

is highly expressed on confluent human adipose mesothelial cells when compared to cells 

that were subconfluent (50-70%). This cell-to-cell contact may trigger the cells’ primary 

function, which is to act as a protective barrier against physical damage and invading 

organisms 29. This can explain the upregulation of omentin protein when the mesothelial 

cells are confluent. To confirm that mesothelial cells highly express omentin, 

immunofluorescence microscopy was performed. The positive staining of all cells for 

cytokeratin 18 and the colocalization of omentin verified the purity of the mesothelial 

cells isolated from visceral adipose tissue. Preliminary data from Dr. de Souza Batista 

and from literature searches, leads to the hypothesis that omentin 1 has anti-inflammatory 

properties. To examine this hypothesis, omentin gene and protein expression was studied 
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at baseline in different conditions by analyzing western blots and qRT-PCR. It was 

shown that in serum free conditions, omentin protein expression is significantly 

upregulated (39%) by chronic TNF-α, a pro-inflammatory cytokine, but gene expression 

is down-regulated significantly (39%).  

This discrepancy between protein expression and gene expression suggests there are 

differences in transcriptional regulation, the half-life of the mRNA, and/or the 

translational regulation of protein. Transcriptional regulation controls how often and the 

amount of mRNA transcribed. TNF-α could create a condition for transcription initiation 

to become less favorable, therefore altering the rate in which omentin transcripts are 

produced. The stability of mRNA could also cause the amount of gene being expressed to 

decrease if the half-life is shorter than that of the protein. Translational regulation 

controls the amount of protein synthesized from mRNA. It can be speculated that the 

observed increase in the amount of protein is caused by the formation of protein from the 

mRNA that was produced prior to either the degradation of mRNA or the disregulation of 

transcription. 

It was also observed that in serum containing conditions omentin protein expression is 

significantly decreased (31%) by TNF-α. In conclusion, omentin plays a role in the anti-

inflammatory response, but can also be negatively regulated by excessive and chronic 

pro-inflammatory cytokines.
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CHAPTER III: 

OMENTIN ACTS AS AN ANTI-INFLAMMATORY ADIPOKINE IN 3T3-L1 

ADIPOCYTES AND PRIMARY HUMAN MESOTHELIAL CELLS 

INTRODUCTION 

Obesity is a condition that is associated with genetic and environmental factors. With an 

increase of visceral fat, the risk for multiple metabolic disease states increases. This is 

contributed to a chronic inflammatory response caused by the activation of pro-

inflammatory signaling cascades, abnormal cytokine production and the increased levels 

of acute-phase reactants 18. It has been shown that adipocytes possess similar roles in 

activating complement pathways and inflammatory cytokine production to that of T cells 

and macrophages 18.  

Mesothelial cells form a protective barrier against pathogens and physical damage and 

surround the visceral adipose tissue. These cells participate in the innate system by 

secreting pro-inflammatory and anti-inflammatory cytokines and can contribute to the 

inflammatory state of visceral adipose tissue 29. This secretion of pro-inflammatory 

cytokines promotes the migration of monocytes and neutrophils into the adipose tissue 

and serosal cavity but the secretion of anti-inflammatory cytokines can combat the onset 

of metabolic diseases caused by chronic inflammation 18. Omentin is an anti-

inflammatory, insulin-sensitizing glycoprotein that is highly expressed on mesothelial 

cells.  

Based on preliminary data from McLenithan et al. it has been suggested that omentin 

may have anti-inflammatory properties and are regulated by inflammatory and anti-
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inflammatory cytokines 30. The purpose of this study is to understand what effect secreted 

omentin has on adipocytes. For this study, primary mesothelial cells and 3T3-L1 

preadipocyes were used. 3T3-L1 preadipocytes were originally cloned from 3T3 mouse 

embryo fibroblasts and used as a model target cell for the study of the effects of omentin 

in the surrounding viscera. 

 

RESEARCH DESIGN AND METHODS 

The 3T3-L1 cell line was originally created by Dr. Howard Greene of MIT32 .  

Cell Culture of 3T3-L1 preadipocytes 

3T3-L1 preadipocytes were grown in 10% calf serum (Gemini Bio-Products, West 

Sacramento, CA) in working DMEM ((high glucose Dulbecco's Modified Eagle Medium, 

Invitrogen) containing 0.03 mM Biotin (Sigma), 2.4 mM GlutaMAX® (Invitrogen), and 

penicillin and streptomycin (Invitrogen)) at 37°C in 10% CO2 and passaged (1:25 

dilution) at 80% confluence using 0.125% Trypsin-EDTA. Cells were cultured until 

passage 9, and then frozen in complete growth media containing 10% DMSO 

(dimethylsulfoxide, Sigma-Aldrich).  

Differentiation of 3T3-L1 into Adipocytes	  

Preadipocytes were grown to confluence in 10% calf serum/ working DMEM. Two days 

post confluence, cells were differentiated with 0.5 mM 3-isobutyl-1-methylxanthine 

(IBMX, Sigma), 1 µg/ml Bovine insulin (Sigma), 1 µM Dexamethasone (Dex, Enzo Life 

Sciences) contained in 10% fetal bovine serum (FBS, Gibco) working DMEM 

(Invitrogen) at 37°C in 10% CO2. Two days after addition of IBMX/Dex/Insulin media, 
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the media was replaced with 10% FBS/ working DMEM with 1 µg/ml insulin. Two days 

later, the media was replaced with 10% FBS/ working DMEM only.  

 

HAMC Samples  

HAMC samples were cultured from human visceral adipose tissue (described in Chapter 

II). Subjects that were prediabetic, diabetic or on substantial amounts of medication were 

excluded. 

Cell Culture of Primary Mesothelial Cells 

HAMC cells were maintained in complete growth media (Medium 199 (Gibco) 

containing 10% FBS (fetal bovine serum, Gibco), 20 mM HEPES (Cellgro), and 

penicillin and streptomycin (Invitrogen)) at 37°C in 5% CO2 and passaged (1:5 dilution) 

at 90% confluence using 0.125% Trypsin-EDTA. Cells were cultured until passage 2, and 

then frozen in complete growth media containing 10% DMSO (dimethylsulfoxide, 

Sigma-Aldrich).  
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Plasmid Construction  

In order to transfect the HAMCs and 3T3-L1s, a luciferase plasmid had to first be 

constructed. The TLR-signaling reporter plasmid has 5 NF-kB sites and is a firefly 

luciferase reporter construct that was used to study pro-inflammatory gene expression 

(Figure III.1). This construct was purchased from Invivogen (San Diego, Ca). Renilla 

luciferase is used to measure the efficiency of the transfection (Figure III.2). The plasmid 

is a pGL4.75 [hRluc/CMV] Vector purchased from Promega.  

FIGURE III.1: Firefly luciferase reporter construct 
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FIGURE III.2: Renilla luciferase construct 

 

Transfection of Human Adipose Mesothelial cells 

HAMC were transfected using TransIT®-2020 Transfection Reagent (Madison, WI) 

according to the manufacturer's instructions. Cells were plated in 0.5 ml complete growth 

media. Each well was co-transfected with NF-kB reporter (pGLN) plasmid and Renilla 

(0.5 µg and 0.05 µg equivalent plasmid per 24 well, respectively).The TransIT®-2020/ 

DNA complexes were allowed to form in 1.2 ml OPTI-MEM® I low glucose media 

(Gibco) for 20 minutes (0.55 µg equivalent plasmid DNA plus 1.5 µl TransIT®-2020 per 

24 well) and master mix added to the wells in a drop wise manner. Renilla was used in 

order to normalize for transfection efficiency. Two days after transfection, cells were 
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serum starved in Medium 199 (Gibco) for 2 hours, then treated with omentin (300 ng/ml) 

for an hour ± TNF-α (50 ng/ml) for 6 hours. Cells were harvested for luciferase assay, as 

described below, using Passive Lysis Buffer (Promega) and frozen at -20°C. 

Transfection of 3T3-L1 adipocytes 

3T3-L1 adipocytes were transfected, at day 4, using Lipofectamine Plus ™ (Invitrogen) 

according to the manufacturer's instructions.  3T3-L1 adipocytes were washed twice with 

1.5 ml OPTI-MEM® I low glucose media. The media was then replaced with 250 µl of 

OPTI-MEM® I. Each well was co-transfected with NF-kB reporter (pGLN) plasmid and 

Renilla. The DNA/PLUS complexes were allowed to form first in 1.2 ml OPTI-MEM® I 

(Gibco) for 15 minutes (PLUS reagent 2 µl and 0.55 µg equivalent plasmid DNA per 24 

well, Invitrogen). For an additional 15 minutes, Lipofectamine (3 µl per 24 well, 

Invitrogen) was added in a drop wise manner to the OPTI-MEM I/ DNA/PLUS master 

mix. The master mix was added to the wells in a drop wise manner and remained on the 

cells for 7 hours. After the 7 hours, 250 µl of 20% FBS/DMEM culture media was added 

to each well. Renilla was used in order to normalize for transfection efficiency. At day 7, 

cells were serum-starved in high glucose DMEM (Gibco) for 2 hours, then treated with 

omentin (300 ng/ml) for an hour ± TNF-α (50 ng/ml) for 6 hours. Cells were harvested 

for luciferase assay, as described below, using Passive Lysis Buffer (Promega) and frozen 

at -20°C. 

Luciferase Assay 

The Dual-Luciferase® Reporter Assay System (Promega) was used to quantitate 

luciferase activity in transfected cells. Firefly luciferase activity was determined by 

mixing 20 µL of cell lysate with 50 µL of Luciferase Assay Substrate/ Buffer II. Relative 
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light units were measured with PerkinElmer VICTOR™ X3 2030 multilabel plate reader. 

Renilla luciferase activity was then measured by the addition of 50 µL of Stop & Glo® 

Substrate/ Buffer and subsequent measurement on the VICTOR™ X3. Each triplicate 

sample was run in duplicate, and the average of the readings was used in statistical 

analyses. Relative luciferase activity was normalized to Renilla luciferase activity. The 

Student's T-test was used to test the significance in expression differences between the 

treatments.  

RESULTS 

III.1: 3T3-L1 preadipocyte differentiation 

3T3-L1 preadipocytes were grown to confluence. Two days post confluence, cells were 

differentiated with IBMX/Dex/Insulin in 10%FBS/DMEM. This cocktail forces the cells 

to proliferate and differentiate into adipocytes. The media was replaced with 10% 

FBS/DMEM with 1µg/ml insulin two days later. Triglyceride accumulation can be seen 

at this step. Two days after replacing the media with just insulin, the media was replaced 

with 10% FBS/DMEM only.  3T3-L1 preadipocytes/adipocytes were imaged using 

Olympus IX50 microscope and photographed with an Olympus IX-TVAD camera using 

CellSens® Dimension Digital Imaging software (Figure III.3).  
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FIGURE III.3: 3T3-L1 preadipocyte differentiation 
 

 

A) 3T3-L1 preadipocytes plated according to “Cell Culture of 3T3-L1 preadipocytes” 

section above. B) 3T3-L1 preadipocytes grown two days post confluence before addition 

of IBMX/Dex/Ins cocktail. C) After the addition of IBMX/Dex/Insulin, cells begin to 

proliferate and differentiate into adipocytes. Triglycerides begin accumulating into the 

cells. 3T3-L1 preadipocytes/adipocytes were imaged using Olympus IX50 microscope 

and photographed with an Olympus IX-TVAD camera using CellSens® Dimension 

Digital Imaging software. 
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III.2: Omentin decreases TNF-alpha- dependent transcription in 3T3-L1 adipocytes 

3T3-L1 preadipocytes were differentiated and transfected on day 4 with a NF-kB reporter 

plasmid and renilla plasmid. On day 7, cells were treated with omentin (300 ng/ml) ± 

TNF-α (50 ng/mL) for 6 hours at 37°C in 10% CO2. TNF-α- dependent pro-inflammatory 

transcription levels were measured by luciferase assay on a PerkinElmer VICTOR™ X3 

2030 multilabel plate reader. In order to compare among different samples, the treatment 

values were expressed as a percent of control. Compared to the control, there was a 

significance increase in the amount of luciferase transcribed when the cells were treated 

with TNF-α , omentin,  and omentin + TNF-α (100 ± 6.94vs. 30767 ± 636.3 vs.  

11920.3 ± 378.1vs. 4685.5 ±128.9,  *p < 0.001, * *p < 0.005,** *p < 0.001 respectively). 

TNF-α- dependent transcription levels were decreased significantly by omentin after the 

treatment with TNF-α (30767 ± 636.3 vs. 4685.5 ± 128.9, ****p < 0.001). Student’s t test 

was used to compare percentages of the relative light unit levels between the treatments. 

(n = 2, Student’s t test, *p < 0.001, * *p < 0.005,** *p < 0.001, ****p < 0.001,  Figure 

III.4). Means ± SE. 
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FIGURE III.4: Omentin decreases TNF-alpha- dependent transcription in 3T3-L1 

adipocytes 

 

 

3T3-L1 adipocytes were treated with omentin (300ng/ml) ± TNF-α (50 ng/mL) for 6 

hours at 37°C in 10% CO2. Inflammatory gene transcription levels were significantly 

decreased by omentin after the treatment with TNF-α (30767 ± 3.24 vs 4685.5 ± 12.83). 

Student’s t test was used to compare percentages of the relative light unit levels between 

the treatments. . Control vs treatments *p < 0.001, * *p < 0.005, ** *p < 0.001, TNF vs 

TNF+omentin ****p < 0.001. Mean ± SE. 
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III.3: Omentin decreases TNF-alpha- dependent transcription in Human Adipose 

Mesothelial Cells  

Human omental adipose tissue mesothelial cells (HAMC) were separated from human 

visceral adipose tissue as described in above. HAMC were either in serum conditions for 

2 hours and then treated with either TNF-α (50 ng/mL) alone or omentin for an hour 

followed by the addition of TNF-α (50 ng/mL) for 6 hours. TNF-α- dependent 

transcription levels were measured by luciferase assay on a PerkinElmer VICTOR™ X3 

2030 multilabel plate reader. In order to compare among different patients, the treatment 

values were set as a percent. 

TNF-α- dependent transcription levels were significantly decreased by omentin: TNF-α 

alone 6 hours (121.83 ± 36.75) vs. 300 ng/mL omentin (38.76 ± 9.54) (n = 2, Student’s t 

test, *p = 0.01, Figure III.5) 
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FIGURE III.5: Omentin decreases TNF-alpha- dependent transcription in Human 

Adipose Mesothelial Cells  

 

 

HAMCs were treated with omentin ± TNF-α (50 ng/mL) for 6 hours. Pro-inflammatory 

gene transcription levels were decreased by omentin after the treatment with TNF-α 

(121.83 ± 36.75 vs. 38.76 ± 9.54). Student’s t test was used to compare percentages of the 

relative light unit levels between the treatments. Data is expressed as means ± SE. *p = 

0.01. 
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DISCUSSION  

The mesothelium is a layer of mesothelial cells that form a protective barrier against 

pathogens and physical damage and surround the visceral adipose tissue. These cells 

secrete pro-inflammatory and anti-inflammatory cytokines and can contribute to the 

inflammatory state of visceral adipose tissue 29. This secretion of pro-inflammatory 

cytokines promotes the migration of monocytes and neutrophils into the adipose tissue 

and serosal cavity but the secretion of anti-inflammatory cytokines can combat the onset 

of metabolic diseases caused by chronic inflammation 18. It has been reported that 

mesothelial cells highly express omentin, which is an anti-inflammatory, insulin-

sensitizing glycoprotein. It has also been suggested that omentin is regulated by 

inflammatory and anti-inflammatory cytokines.  

For this study, 3T3-L1 preadipocytes were used and differentiated to use as a model for 

the study of the effects on omentin on a target cell. HAMCs were also used to study the 

autocrine function of omentin. To demonstrate that omentin’s insulin-sensitizing activity 

may be mediated by anti-inflammatory actions, inflammation-dependent NFκB luciferase 

reporter assays were performed in 3T3-L1 treated with omentin and/or TNFα. Omentin 

significantly decreased pro-inflammatory gene transcription in 3T3-L1 adipocytes (70% 

decrease).  It was also observed that omentin also significantly decreases pro-

inflammatory gene transcription in HAMCs (68% decrease). The significant increase in 

the amount of luciferase being measured with TNFα confirms TNFα induces the pro-

inflammatory pathway and that the NF-kB construct works. It can be concluded that the 

decrease observed in the amount of luciferase being transcribed when omentin is added, 
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is due to an interaction between omentin and TNFα signaling and/or an interaction with 

the TNFα itself. 
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CHAPTER IV: 

KNOCKDOWN OF OMENTIN IN MESOTHELIAL CELLS 

 INTRODUCTION 

Omentin is a GPI-anchored 38-kDa secreted insulin-sensitizing glycoprotein that is 

highly and selectively expressed in the mesothelial cells of the stromal vascular fraction 

(SVF) of visceral adipose tissue 30. It has also been identified at lower expression levels 

in human aortic endothelial cells, mouse small intestinal enterocytes, Paneth and goblet 

cells 27,28. Mesothelial cells expressing omentin are part of the innate immune system and 

can contribute to the inflammatory state of visceral adipose tissue. It has been reported 

that human plasma levels of omentin are negatively correlated with BMI, waist 

circumference, leptin levels, and insulin resistance as measured by homeostasis model 

assessment 30. It has also been observed that omentin gene and protein expression is 

significantly down-regulated in the presence of chronic TNF-α (Chapter II).   

Therefore, it is important to determine the role that omentin plays in the regulation 

cytokine secretion and what is the result if omentin is not present.  For this study, 

Lentiviral shRNA was generated in order to knockdown omentin in mesothelial cells. 

HAMCs were then treated with pro-inflammatory mediators to measure inflammatory 

cytokine secretion.  

RESEARCH DESIGN AND METHODS 

Construction and Purification of Lentiviral Plasmids 

Lentiviral plasmids encoding human omentin 1 shRNAs have been generated from 

bacterial glycerol stock (Table IV.A) based on the manufacturer’s guidelines (Sigma-
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Aldrich, St. Louis, MO) with a few variations. The bacteria was plated first on a LB 

(Luria-Bertani, Quality Biological Inc., Gaithersburg, MD) plate containing 100µg/ml 

ampicillin instead of a sterile flask containing TB (Terrific Broth) without antibiotics for 

16 hours in 37oC, then a single colony was transferred into a sterile flask containing 

100ml LB media with 100 µg/ml ampicillin instead of a TB plate with carbenicillin for an 

additional 16 hours in 37°C. Plasmids were extracted from bacteria using the Qiagen 

EndoFree® Plasma Maxi Kit according to the manufacturer’s protocol (Qiagen, 

Valencia, CA).  
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TABLE IV.A: SEQUENCES OF OMENTIN I shRNA  

 

Plasmid 

number 
SEQUENCES OF OMENTIN I shRNA 

1 CCGGCTCCAGACACTGGGACATAATCTCGAGATTATGTCCCAGTG

TCTGGAGTTTTTTG 

2 CCGGGAATGTCCTAGTGCATTTGATCTCGAGATCAAATGCACTAG

GACATTCTTTTTTG 

3 CCGGCCAACTACAACACCTTTGGATCTCGAGATCCAAAGGTGTTG

TAGTTGGTTTTTTG 

4 CCGGCAGTGAAATATGGAGAAGGAACTCGAGTTCCTTCTCCATAT

TTCACTGTTTTTTG 

5 CCGGGCTAATACTTACTTCAAGGAACTCGAGTTCCTTGAAGTAAG

TATTAGCTTTTTTG 
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Creation of Lentiviral Particles 

293Ta lentiviral packaging cells were purchased from GeneCopoeia (Rockville, MD) and 

plated according to the manufacturer’s protocol. Lentiviral complexes were created using 

the Lenti-Pac™ HIV Expression Packaging kit (GeneCopoeia) following the protocol 

received from the manufacturer. Cells were plated in 10% heat-inactivated FBS 

containing DMEM (HI-FBS/DMEM). Heat inactivated FBS is prepared by heating 

normal FBS in a 56°C water bath for 30 min. When 293Ta packaging cells reached 60% 

confluence, cells were transfected with the lentiviral plasmid created in the previous 

section. After 14 hours of transfection, the media was removed and replaced with 2% HI-

FBS/DMEM. Lentiviral particle-containing culture media were collected 1 and 2 days 

after transfection. Media was centrifuged at 500 x g for 10 min, then filtered through a 

0.45 µm polyethersulfone low binding filter. 

 

HAMC Samples  

HAMC samples were cultured from human visceral adipose tissue (described in Chapter 

II). Subjects that were prediabetic, diabetic or on substantial amounts of medication were 

excluded. 

Infecting HAMC 

HAMCs were plated as described in Chapter II according to GeneCopoeia specific 

guidelines with some variatioms. Cells were grown in 5% heat-inactivated FBS 

containing Medium199 (HI-FBS/199). HAMCs were then infected with lenitviral 

particles from the previous section. The manufacturer suggested using polybrene to 

increase the efficiency of the virus, but it was observed that polybrene is toxic to the 
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mesothelial cells. In order to increase the efficiency of the virus and not kill the cells, 

Transdux™ (SBI, System Biosciences, Mountain View, CA) was used. The lentiviral 

particles were removed from the mesothelial cells after 36 hours of incubation. Fresh 5% 

HI-FBS/199 was added for an additional 2-3 days before analysis or treatment in order 

for the cells to recover.  

Quantification of LPS-induced TNF-α secretion from HAMCs 

Human adipose tissue mesothelial cells were plated and infected as to the specifications 

given above with a 1:1 combination of lentivirus plasmids 2 and 3 (Table IV.A). The 

cells were then treated in quadruplicate with either TNF-α (50 ng/ml, Enzo Life Sciences) 

or LPS (20 ng/ml, Sigma) for 24 hours and harvested for protein and media. Media was 

added to a 1x concentration of Roche Complete™ protease inhibitor cocktail (Roche) and 

then centrifuged at 1000 x g for 5 minutes and the supernatant removed aliqouted and 

frozen. TNF-α secretion was measured by Quantikine® Human TNF-α ELISA (R&D 

systems, Minneapolis, MN).  Absorbance was measured at 450nm with PerkinElmer 

VICTOR™ X3 2030 multilabel plate reader.  
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RESULTS 

IV.1: Characterization of omentin-shRNA Lentivirus knockdown efficiency 

In order to measure the omentin-shRNA lentivirus knockdown efficiency, HAMCs were 

infected with the five omentin-specific shRNA lentivirus (Table IV.A) with 0.8 µg/ml 

polybrene (hexadimethrine bromide, Sigma) added to the viral supernatant in order to 

increase the efficiency of the lenitviral particles. This virus-polybrene complex was left 

on the cells for 48 hours. It was observed that lentiviral plasmid 1 had the best 

knockdown of omentin protein expression but 60-70% of the cells had died due to the 

toxicity of the polybrene. Transdux™ Reagent (SBI) was used in place of polybrene in a 

1:200 ratio. It was observed that all plasmids except lentivirus plasmid 1reduced the 

amount of omentin protein expressed, with lentiviral plasmid 4 reducing the amount of 

omentin the most, and Transdux™ Reagent efficiently promoted binding of the virus to 

the cells and did not cause major cell death (5-15%).  
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FIGURE IV.1: Characterization of omentin-shRNA Lentivirus knockdown 

efficiency   

A 

 

B

 

HAMC were infected with lentiviral plasmids encoding human omentin 1 shRNAs in 

order to knockdown omentin protein expression. Omentin protein expression was 

measured by western blots. GAPDH was used to normalize for differences in protein 

levels due to pipetting error or cell loss. (A) Lysates were electrophoresed in duplicate on 

a 10% HCL-Tris SDS-PAGE gel followed by western blotting with anti-omentin 

antibody. Partially purified omentin was used as a standard (lane 1) and confirms omentin 

antibody is reactive toward omentin 1 from HAMC. Lysates that were treated with 

Transdux™ reagent reacted more to the viruses, showing all except lentiviral plasmid 1 

have significantly reduced omentin protein expression when compared to polybrene.  (B) 

GAPDH is used to normalize protein levels. 
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TABLE IV.1: Characterization of omentin-shRNA Lentivirus knockdown efficiency   

 

Lentiviral particles Averages OM/GAPDH Percent Knockdown 

PO
L

Y
B

R
E

N
E

 
Negative control 6192.498111 0 

Plasmid 1 2206.557717 64.36724441 

Plasmid 2 5264.461565 14.98646473 

Plasmid 3 3898.407907 37.04628024 

Plasmid 4 6772.167676 -9.36 

Plasmid 5 7557.821176 -22.05 

    

T
R

A
N

SD
U

X
 

Negative control 6155.90147 0 

Plasmid 1 6138.163754 0.288141643 

Plasmid 2 3491.809569 43.27703934 

Plasmid 3 2581.952874 58.0572742 

Plasmid 4 2312.59146 62.43293575 

Plasmid 5 3710.007743 39.73250284 

 

Data is presented as the percent of omentin protein expression knockdown. Plasmid 4 

with Transdux™ reagent showed the greatest amount of omentin protein expression 

knockdown.  
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IV.2 Combining Lentiviral particles does not result in complete knockdown 

To achieve a complete knockdown of omentin protein expression, HAMCs were infected 

with lentiviral plasmids 3 and 4 for 36 hours. Viral efficiency was increased with 

Transdux™ reagent (Figure IV.1). Western blots were used to measure the amount of 

omentin protein expression. It was observed that combining two lentiviruses does not 

result in total knockdown of omentin protein expression. It is to be concluded that the 

virus is only as good as the best knockdown.  

FIGURE IV.2 Combining Lentiviral particles does not result in complete 

knockdown 

 

HAMC were infected with multiple lentiviral particles- Transdux™ reagent complexes to 

promote virus binding to the cells (as described previously).  Total knockdown was not 

achieved when viruses were combined.  
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TABLE IV.2: Combining Lentiviral particles does not result in complete 

knockdown 

Controls Average Percent knockdown 

Minus virus 6537.74 __ 

Virus 3584.04 45.2 

 

Data is presented as the percent of omentin protein expression knockdown.  

 
IV.3: LPS-induced TNF-α Secretion from HAMCs 

Primary mesothelial cells infected with lentivirus (IV.2) were treated with TNF-α (50 

ng/ml) or LPS (20 ng/ml) for 24 hours. TNF-α secretion was measured by Quantikine® 

Human TNF-α ELISA with absorbance measured by VICTOR™ X3 2030 multilabel 

plate reader. TNF-α did not have an effect on the production of TNF-α. This observation 

is supported by previous data 33-36. LPS approximately doubled the amount of TNF-α 

being secreted from mesothelial cells during a 24 hour treatment (Figure IV.3). Patient 1 

(4.45 ± 0.26 to 7.15 ± 0.49) and patient 2 (5.5 ± 0.29 to 10.1 ± 0.29). Student’s t test was 

used to measure absorbance of the treatments. Data is expressed as means ± SE, n=4, **p 

< 0.001, **p < 0.005.  
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FIGURE IV.3: LPS-induced TNF-α Secretion from HAMCs 

 

Human visceral adipose mesothelial cells infected with with OM- shRNA lentivirus 3 and 

4 were treated with TNF-α (50 ng/ml) or LPS (20 ng/ml) for 24 hours. Patient 1 (4.45 ± 

0.26 to 7.15 ± 0.49) and patient 2 (5.5 ± 0.29 to 10.1 ± 0.29) both showed TNF-α 

secretion was significantly increased by LPS. Student’s t test was used to absorbance 

between the treatments. Means ± SE. n=4, **p < 0.001, **p < 0.005. 
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DISCUSSION  

The importance of this chapter was to determine the role that omentin plays in the 

regulation cytokine secretion and what would result if omentin were not present. To 

assess the effects of reduced omentin protein expression on the plasma membrane and in 

the media, lentivirus containing omentin-specific shRNAs were generated in order to 

knockdown omentin in mesothelial cells. Lentiviral shRNAs are considered the best 

choice in knocking down omentin gene and protein expression in primary cultures of 

mesothelial cells compared to transfection of siRNA because reduced gene transduction 

efficiency and the transient nature of the knockdown. Traditional methods such as 

knockout mice could not be used to study the effect of knocking down omentin because it 

is not cost effective and mice do not have visceral fat expression of omentin. Potential 

dominant negative mutations or deletions that may reduce functional omentin by 

overexpression have not been characterized. 

To demonstrate that omentin has anti-inflammatory properties and that knocking down 

omentin expression in mesothelial cells will result in increases in pro-inflammatory 

action, HAMCs with partial knockdown of omentin were treated with LPS resulting in a 

significant increase in the amount of TNF-α secreted by  mesothelial cells. This increase 

in the amount of TNF-α secreted suggests omentin suppresses pro-inflammatory 

pathways and when absent there is no way to immediately regulate the amount of pro-

inflammatory cytokines being released from mesothelial cells. TNF-α did not have any 

effect on the production of more TNF-α. This observation was previously described by 

Douvdevani et al., which showed mesothelial cells secrete IL-1β, IL-6, and IL-8 when 

stimulated by TNF-α 34. 
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CHAPTER V:  

CONCLUDING REMARKS 

Excessive visceral adipose tissue increases the risks of developing multiple metabolic 

diseases. This is partly caused by the low levels of chronic inflammation that is 

characterized by the activation of pro-inflammatory signaling cascades, abnormal 

cytokine production and the increased levels of acute-phase reactants 2,8,18,22.  In general, 

mesothelial cells form a protective barrier against pathogens and physical damage. These 

cells participate in the innate system by secreting pro-inflammatory and anti-

inflammatory cytokines and can contribute to the inflammatory state of visceral adipose 

tissue 29. Human adipose mesothelial cells have been shown to express cytokines, such as 

TNF-α, IL-6 and IL-18 in obese visceral adipose tissue 31.  Preliminary data from 

McLenithan et al. have shown mesothelial cells account for most of the omentin in the 

stromal-vascular fraction of visceral adipose tissue. Omentin is a GPI-anchored and 

secreted insulin-sensitizing glycoprotein that is negatively regulated by obesity 28,30. 

Therefore, primary human mesothelial cells were the most appropriate model to study 

omentin expression and its contribution to obesity-dependent inflammation.  

Immunofluorescence microscopy confirmed previous data suggesting mesothelial cells 

can be successfully separated and enriched in primary culture from human visceral 

adipose tissue (Chapter II, 30).  

McLenithan and de Souza Batista suggested that omentin gene expression is regulated by 

inflammatory and anti-inflammatory cytokines 30. At this point, it was important to 

initiate studies of omentin protein expression optimization in mesothelial cells for 

omentin knockdown experiments and to determine if omentin protein levels were equally 
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responsive to inflammation. Initial analyses of omentin expression in primary mesothelial 

cells indicated that omentin 1 protein is highly expressed in confluent human adipose 

mesothelial cells but not in cells that were subconfluent and actively dividing. Omentin 

expression may be a specialized function of quiescent mesothelial cells or monolayers. It 

was demonstrated that serum-free culture conditions upregulated omentin protein 

expression compared to serum-containing culture conditions. Chronic TNF-alpha in 

serum-free culture upregulated omentin protein expression even further, however gene 

expression was down-regulated significantly under the same conditions. This discrepancy 

between protein expression and gene expression suggests there are differences in the 

transcription and/or the degradation rate of the mRNA or potential translational 

regulation under the different treatment conditions particularly under cellular stress. More 

importantly, it was observed that under the more physiological serum-containing culture 

conditions, omentin protein expression was significantly decreased by chronic TNF-alpha 

treatment. This confirms that protein expression as well as gene expression of omentin is 

negatively regulated by chronic exposure to inflammatory cytokines. 

We have observed that exogenously applied omentin plays a role in the autocrine and 

paracrine decreases in pro-inflammatory gene transcription in HAMCs and 3T3-L1 

adipocytes, suggesting it has anti-inflammatory activity (Chapter III).  

In light of this data, knock down of omentin 1 was undertaken to evaluate omentin’s 

ability to reduce the mesothelial cell inflammatory response (Chapter IV). Of the 5 

lentiviral shRNAs tested only 3 significatly reduced omentin 1 protein expressionin 

mesothelial cells. During these studies, it was discovered that HAMCs treated with 

polybrene, an agent that increases virus binding to the cell, exhibited cellular toxicity. 
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Instead omentin protein expression levels were knocked down in human adipose 

mesothelial cells with the assistance of Transdux™ reagent, used to replace polybrene, 

with minimal cell death. Even though a complete knockdown was not achieved, 

stimulation with LPS, an inducer of inflammation, significantly increased the amount of 

TNF-α secretion in mesothelial cells suggesting that even partially reduced omentin 

protein expression can have a profound impact on the mesothelial inflammatory response. 

It has been shown that omentin 1 has anti-inflammatory properties, but can be negatively 

regulated by excessive and chronic pro-inflammatory cytokines (Chapter II). Treating 

mesothelial cells and adipocytes with omentin has resulted in a decrease of inflammatory 

gene expression (Chapter III). Additionally, partially knocking down omentin expression 

in mesothelial cells has resulted in an increase of TNF-α secretion when stimulated with 

LPS (Chapter IV).This data sheds light on the observation that circulating omentin levels 

and gene expression is decreased with obesity. It can be expected that when circulating 

omentin protein binds to an omentin receptor, this will cause an upregulation in omentin 

gene and protein expression, possibly blocking the NF-kB signaling pathway. On the 

other hand, if the NF-kB pathway is turned on, either by LPS or TNF-α, the pathway in 

which omentin regulates its own production is blocked resulting in the decrease of the 

amount of ometin protein and gene expression seen in obese patients. In conclusion, 

omentin demonstrates anti-inflammatory activity, but the constant pro-inflammatory 

environment of obese viceral tissue may overwhelm the anti-inflammatory properties of 

omentin, causing a decrease in omentin expression.	  

Although this body of work has shed light on the anti-inflammatory effects of omentin 

and the role pro-inflammatory cytokines has on the regulation of omentin, there is still 
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much work to be done and many questions to be answered. What are the effects of anti-

inflammatory cytokines, such as IL-13, on omentin protein expression? What are the 

effects of TNF-α on the amount of omentin secreted?  With the discrepancy between 

omentin protein expression and gene expression, experiments need to be done to measure 

the rate of mRNA degradation and how transcription and translation are regulated in this 

model. The omentin knockdown work is just beginning to shed more light in how the 

cells respond to reduced levels of omentin protein expression and the consequences that 

follow, so what are the effects of pro- and anti-inflammatory cytokines on cell secretion? 

Would there be a difference if a total knockdown was generated? These and other 

questions will be investigated in the future in order to better understand the role omentin 

plays in obesity and inflammation. 
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