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Abstract

In the past decade there has been a dramatic increase in the number of Americans considered
obese. Over this same period, the number of individuals diagnosed with diabetes has increased by
over 40%. Interestingly, in a great number of cases individuals considered obese develop diabetes
later on. Although a link between obesity and diabetes has been suggested, conclusive scientific
evidence is thus far just beginning to emerge. The present pilot study is designed to identify a
possible link between obesity and diabetes. The plasma proteome is a desirable biological sample
due to their accessibility and representative complexity due, in part, to the wide dynamic range of
protein concentrations, which lead to the discovery of new protein markers. Here we present the
results for the specific depletion of 14 high-abundant proteins from the plasma samples of obese
and diabetic patients. Comparative proteomic profiling of plasma from individuals with either
diabetes or obesity and individuals with both obesity and diabetes revealed SERPINE 1 as a
possible candidate protein of interest, which might be a link between obesity and diabetes.
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Introduction

Over the past decade obesity has become a major public health problem in most
industrialized nations (Pischon et al., 2007). Obesity is defined as an individual with a body
mass index (BMI) > 30.0 kg/m2. BMI, also called Quetelet Index, is the ratio of body weight
(in kg) to body height (in m) squared (Expert-Panel, 1998). BMI has been demonstrated to
correlate well with fat mass, morbidity and mortality, and reflects obesity-related disease
risk in a wide range of populations. However, BMI as an indication of obesity status is less
accurate in, 1) older people (over 65 yrs of age) as elderly tend to have a higher body fat
composition (Rivlin, 2007), 2) Asian populations where the current BMI cut-off points for
obesity is too high (Choo, 2002), and 3) abdominal obesity in men is associated with a
higher morbidity than gluteofemoral obesity characteristically seen in women (Expert-Panel,
1998).
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Obesity is a complex disease and is a known risk factor for a variety of chronic diseases
including dyslipidemia, hypertension, coronary heart disease and type 2 diabetes. It has been
estimated that the costs associated with the management of obesity and obesity-related
diseases account for about 5% of total healthcare expenditures in most industrialized nations
(Thompson and Wolf, 2001). Body fat or adipose tissue was once thought to be a passive
fuel storage component. However, it is now recognized as an endocrine organ with the
ability to effectively communicate with the brain and peripheral tissues via secretion of
bioactive mediators to regulate appetite and metabolism (Kershaw and Flier, 2004). A
variety of adipose-derived factors have been suggested to contribute to systemic insulin
resistance including adipose-derived free fatty acid, which contribute to insulin resistance in
liver and muscle in obesity (Boden and Shulman, 2002), and adipose secreted proteins
which modulates glucose metabolism and insulin function, like leptin, adiponectin and
resistin, tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), angiotensinogen, serum
amyloid A and al-acid glycoprotein [for review see (Lazar, 2005)].

The pathogenesis of type 2 diabetes is complicated, involving multiple genetic, metabolic
and environmental factors. However, one of the earliest detectable abnormalities in the
development of type 2 diabetes is insulin resistance in the skeletal muscle (Narayan et al.,
2003). This is characterized by dysfunction in insulin-mediated signaling, gene expression,
utilization of glucose, glycogen synthesis, and the accumulation of intramyocellular
triglycerides (O’Rahilly et al., 2003; Zimmet and Thomas, 2003). However, type 2 diabetes
only results when insulin producing pancreatic p-cells fail to compensate for the increased
metabolic demands associated with insulin resistance (Unger, 2003). To date, the exact
mechanisms by which B-cells fail is still incompletely understood (Farooqi et al., 2001;
Halsall et al., 2001). What is known is that the prevalence of type 2 diabetes is reaching
epidemic proportions and presents a severe health burden worldwide (Mokdad et al., 2003).
For many years a link between obesity and type 2 diabetes has been assumed but not proven.
Obese individuals have a greater than 10-fold increased risk of developing type 2 diabetes as
compared to normal weight individuals (Must et al., 1999; Field et al., 2001). Stumvoll and
colleagues demonstrated that type 2 diabetes develops due to an interaction between insulin
resistance and beta cell failure (Stumvoll et al., 2005). These authors implicated several
other factors including glucose toxicity, lipotoxicity and obesity-derived cytokines in the
development of type 2 diabetes (Stumvoll et al., 2005).

In this pilot study, we use a proteomic approach to uncover important candidate proteins that
might link obesity with diabetes. Depletion of high-abundant proteins in plasma has become
an accepted technique because high abundant protein components interfere with the
identification and characterization of important low-abundant proteins by limiting the
dynamic range for mass spectral and electrophoretic analyses. It is estimated that there are
greater than 106 different proteins in human plasma. In addition, the 30 most abundant
proteins comprise approximately 99% of the total protein mass. By depleting 14 high-
abundant proteins, it is possible to remove approximately 94% of the total protein mass,
which results in an improved dynamic range for proteomic analysis. The detection of low-
abundant proteins due to the masking effects of high-abundant proteins is important and
improves the loading capacity on liquid chromatography/mass spectrometry (LC-MS),
resulting in the simplification of a complex system and enabling the detection of low-level
proteins. Comparative proteomic profiling of immunodepleted plasma from healthy
volunteers and individuals with diabetes only and obesity only and individuals with both
obesity and diabetes by LC-MS/MS revealed apolipoproteins, angiotensinogen, complement
components, ceruloplasmin, fibronectin, inter-alpha inhibitors, and hemopexin as possible
candidate proteins of interest which might link obesity and diabetes. Taken together, our
data demonstrates a first step in understanding a link between diabetes and obesity and
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suggest that further studies using larger numbers of individuals will provide critical
information, which can then be used for early detection.

Materials and Methods

Sample collection and patient inclusion criteria

Since variation in HSP levels are known to be present between various ethnic groups,
genders, and ages, we chose to focus our study population on patients closely matched on
these factors to ensure that a meaningful difference in HSP level might be discovered. Based
on the most common group of patients seen in our clinic setting, we chose to focus on
female Caucasians aged 40-50 years in this pilot study. Additionally, patients were excluded
from this pilot project if they were pregnant, a cigarette smoker or had certain conditions
such as cardiovascular disease, cancer, or an autoimmune disease, given that several medical
conditions are also known to be associated with variation in HSP levels. Therefore,
evaluation of gender and ethnicity in biomarker discovery was not a priority in this initial
pilot phase. Information on duration of diabetes, blood pressure and medications were not
collected for the same reasons given above.

Six volunteer adult female Caucasian patients aged between 40-47 years old were identified
with study inclusion criteria via Electronic Medical Record (EMR) search. Patients were
divided into four groups on the basis of body mass index (BMI) and fasting blood glucose
(FBG). Group A were obese patients presenting with BMI >25, FBG <100; group B were
patients with diabetic symptoms with BMI >25, FBG 110-125; group C were patients with
both obesity and diabetic symptoms with BMI >25, FBG >125; and group D were the
controls with BMI <25 and FBG <100. Plasma was separated from drawn blood, aliquoted
and kept at —80°C.

Immunodepletion of human plasma using multi-affinity reverse spin (MARS) column

The Multiple Affinity Removal System (MARS) Human 14 (4.6 mm id x 100 mm) and
Buffers A and B were obtained from Agilent Technologies, Inc. (Wilmington, DE). The
newly developed affinity column is an extension and improvement on the Agilent Multiple
Affinity Removal System described and evaluated previously (Chromy et al., 2004; Bjorhall
et al., 2005). Based on affinity-purified polyclonal antibody binders, the Human 14 column
also contains low molecular weight antibody ligands for the depletion of several proteins.
Before injection onto a MARS column, the human plasma was diluted 4X with Buffer A.
The samples were transferred to a 0.22-um spin filter and centrifuged for 1 min at 16,000 x
g to remove particulates. Diluted plasma was prepared just prior to use and stored at 4°C
until injected. The MARS column was equilibrated with 2 ml binding buffer and the sample
was loaded at a low flow rate of 0.5 ml/min for 2.5 min. The flow rate was then set at 1 ml/
min for the remaining run. The plasma sample was mixed with binding buffer and loaded
onto the column slowly and incubated at room temperature for 15 min. The MARS
fractionates the plasma into two fractions: an unbound (flow-through) fraction consisting of
low abundant proteins and a bound protein fraction consisting of high abundant proteins,
which needed to be depleted. After the incubation period, unbound proteins were
centrifuged and collected directly into a spin concentrator 5 kDa molecular weight filter
(Agilent). The bound fraction was eluted with 3ml of elution buffer into another spin
concentrator filter. Each depletion run cycle took 30min of total run time. The column was
washed with an additional 3 ml of MARS binding buffer and this wash was discarded for
reuse. Both fractions (unbound and bound) were concentrated down to 100 ul. Both depleted
(flow-through fraction) and abundant plasma proteins (bound fraction) were collected and
stored at —80°C until further analysis. The total amount of bound (high abundant proteins)
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and unbound low abundant proteins present in the samples was determined using a Bradford
protein assay.

Plasma sample preparation

To analyze the specificity of the immunodepletion, the bound and flow through fractions
were resolved by Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE).
The immunodepleted plasma sample was further desalted for LC-MS/MS analysis using
10K microcon and the pellet was resuspended in 100 pl of 50 mM ammonium bicarbonate
buffer and cysteine residues were reduced with 10 mM dithiothretiol (DTT) incubating at
65°C for 45 min. After cooling to room temperature, the sulfhydryls were alkylated with 55
mM iodoacetamide (IAA) for 30 min at room temperature in the dark. Finally, the reduced
and alkylated sample was digested with 20 pl of 20 ng/ml trypsin (Promega, Madison, WI)
at 37°C overnight. Tryptic peptides were completely dried in a SpeedVac and reconstituted
with 50 pl of 0.1% trifluro acetic acid (TFA).

HPLC-Chip/MS analysis

Peptides (1ul) were injected onto an LC-MS system consisting of an 1100 Series liquid
chromatograph, HPLC-Chip Cube MS interface and 1100 Series LC/MSD Trap XCT Ultra
ion trap mass spectrometer (Agilent Technologies). The system was equipped with an
HPLC-Chip (Agilent Technologies) that incorporated a 40-nl enrichment column and a 43-
mm X 75-um analytical column packed with Zorbax 300SB-C18 5-um particles. Peptides
were loaded onto the enrichment column with 97% solvent A (water with 0.1% formic acid).
They were then eluted with a gradient from 3% B (acetonitrile with 0.1% formic acid) to
45% B in 25 min, followed by a steep gradient to 90% B in 5min at a flow rate of 0.3 pl/
min. The total runtime, including column reconditioning, was 35 minutes. The column
effluent was directly coupled to an LC/MSD Trap XCT Ultra ion trap mass spectrometer
from Agilent Technologies via a HPLC-Chip Cube nanospray source operated at ~1900
volts in ultra-ultra mode. The gain control was set to 500,000 with a maximum accumulation
time of 150 milliseconds. Collision-induced dissociation (CID) was triggered on the six
most abundant, not singly charged peptide ions in the m/z range of 450-1500. Precursors
were set in an exclusion list for 1min after two MS/MS spectra.

Data analysis and statistics

CID data was searched against the SwissProt all species database, using the Agilent
Spectrum Mill Server software (Rev A.03.03.) installed on a HP Intel® Xeon (TM) dual
processor server. Peak lists were created with the Spectrum Mill Data Extractor program
with the following attributed: scans with the same precursor + 1.4 m/z were merged within a
time frame of £ 15 seconds. Precursor ions needed to have a minimum signal to noise value
of 25. Charges up to a maximum of 7 were assigned to the precursor ion and the 12C peak
was determined by the Data Extractor. The SwissProt database was searched for tryptic
peptides with a mass tolerance of + 2.5 Da for the precursor ions and a tolerance of = 0.7 Da
for the fragment ions. Two missed cleavages were allowed. A Spectrum Mill autovalidation
was performed first in the protein details followed by peptide mode using default values
[Minimum scores, minimum scored peak intensity (SPI), forward minus reversed score
threshold, and rank 1 minus rank 2 score threshold]. All protein hits found in a distinct
database search by Spectrum Mill were non-redundant.

Bioinformatics

The bioinformatics analysis was performed with Ingenuity Pathway Analysis (IPA).
Ingenuity Pathways Analysis is an all-in-one software application to identify the biological
mechanisms, pathways and functions most relevant to experimental datasets or genes of
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interest and thus is very effective for understanding protein-protein interactions within the
context of metabolic or signaling pathways, understanding how proteins operate and form
pathways by manually abstracting and curating a large fraction of the biomedical literature
according to a very strict curation process, followed by storing the data in a highly
structured manner.

Patient information

This pilot study was undertaken to find important candidate proteins that might link obesity
with diabetes. Six volunteer adult female Caucasian patients aged 40-47, were identified
with study inclusion criteria via an EMR search. Patients were divided into four groups on
the basis of body mass index (BMI) and fasting blood glucose (FBG). This resulted in group
A, two obese patients presenting with a BMI>25 and FBG<100. Group B, one patient
presenting with diabetic symptoms with a BMI >25 and FBG 110-125. Group C, one patient
presenting with obese and diabetic symptoms with a BMI1>25 and FBG>125. Group D, two
patient controls presenting with a BM1<25 and FBG <100 (Table 1).

Initial studies were performed to deplete plasma of most abundant proteins using Multi
Affinity Reverse Spin (MARS) column, and then run on a sodium dodecy! sulfate
polyacrylamide gel electrophoresis (SDS-PAGE). We demonstrated that highly abundant
proteins were retained in the MARS column in a bound fraction and the low abundant
proteins were retained in the unbound or flow through fraction (Figure 1). Using 1D gel
electrophoretic analysis we demonstrated that beginning with crude plasma (lane 2), the
immunodepletion column were able to successfully deplete high-abundant protein (lane 3)
and reveal the flow-through fraction (lane 4), and the appearance of the low-abundant
proteins bands previously not seen in the crude sample lanes (lane 2). The flow-through
fraction was trypsin digested and run for mass spectrometry analysis by LC-MS/MS. The
MS data files were extracted and run for bioinformatics on Ingenuity Pathway Analysis.

Differential expression of unique proteins in obesity group

To determine the protein profiles of obese patients, differentially expressed probe sets in
flow through fraction were run in LC-MS/MS. We demonstrated that the expression of
Complement Component 4A increased by 5-fold in group A (obese) and B (diabetic
symptoms) and increased by 4-fold in group C (patients with both obese and diabetic
symptoms) as compared to control (Table 2). The expression of beta 2-glycoprotein 1-
apolipoprotein H was extremely high in group A (15-fold), group C (12-fold) and group B
(7-fold) (Table 2). The expression of inter-alpha trypsin inhibitor family heavy chain-related
protein was significantly higher in group A (8-fold), B (6-fold) and C (6-fold) as compared
to group D (Table 2). FOXD1, a transcription regulator, found in the cell nucleus directly
acts on SERPINEL (found in the extracellular space), which then activates the peptidase
HABP2 and translocate to the kinase STK16 (Figure 2). A number of drugs used in obese
patients, including drotrecogin alfa was shown to directly bind to SERPINE1, whereas 9-
hydroxy-(S)-10, 12-octadecadiencic acid indirectly acts on SERPINEL. Eprosartan,
premarin and ramipril, drugs used in both obesity and hypertension, were shown to
indirectly act on SERPINEL (Figure 2). Interestingly, PRPAL, a protein known to play an
important role in cancer was also shown to directly act on SERPINE1 (Figure 2).

Differential expression of unique proteins in diabetic group

We next determined protein linkage networks important in patients with diabetes, and
showed that apolipoprotein B (ApoB) precursor was highly expressed in group B (diabetic
symptoms) and with group C (obese and diabetic symptoms), as compared to controls
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(group D) (Table 2). In comparison to the control group D, the expression of Apolipoprotein
A-1 preproprotein was 3-fold higher in group B (diabetic sympotoms), 2-fold in the
individual from group C (obese and diabetic symptoms), whereas bottom expression (4-fold)
in group A (obese) than the control (Table 2). Hemopexin was 3-fold higher in group B and
C and 2-fold higher in group A (Table 2). The expression of inter-alpha globulin inhibitor
was 4-fold higher in group B (Table 2). We demonstrated that in diabetic patients, the
protein CLL found in the extracellular space directly acts on SERPINE1 (Figure 3).
SERPINEL in turn indirectly acts on the enzyme FN1, found in the plasma membrane,
which binds to the transcription regulators MORF4, and known to indirectly act on a protein
known to play an important role in diabetes, C190RF29. In group B (diabetic symptoms) it
was shown that the diabetic drugs MCL-9042 and eprostartan indirectly acts on SERPINE1
(Figure 3).

Differential expression of unique proteins in individual with both obese and diabetic

symptoms

Our next step was to determine differentially expressed proteins in individuals with both
obese and diabetic symptoms. We demonstrated that angiotensinogen (AGT) precursor
variant was 11-fold higher in individuals with both obese and diabetic symptoms as
compared to individuals with only obesity or diabetes symptoms (Table 2). Ceruloplasmin
showed 5-fold higher expression in group C (obese and diabetic symptoms), 4-fold higher
expression in group A (obese) and 3-fold higher expression in group B (diabetic symptoms),
as compared to group D (controls) (Table 2). The expression of fibronectin was 7-fold
higher in group C (obese and diabetic symptoms) and 4- and 3-fold higher in group B
(diabetic symptoms) and A (obese), respectively, as compared to group D (control) (Table
2). Alpha-1B-glycoprotein precursor protein expression was 5-fold higher in group C (obese
and diabetic symptoms), 4-fold in both group B (diabetic symptoms) and A (obese) (Table
2).

Linkage of obesity and diabetes with cardiovascular disease pathway

The determination of proteins important in the cardiovascular pathway revealed that the
enzyme, FN1, and the peptidase, PLG, both known to play an important role in
cardiovascular disease indirectly acts on SERPINEL. Fibrin was found to directly act on
both SERPINEL and FN1. Epipsartan, was also shown to indirectly act on SERPINEL1 in the
cardiovascular disease pathway (Figure 4). Interestingly, in the cardiovascular disease
pathway, CLL inhibits and acts on SERPINE1 (Figure 4). Peptidases, known to play an
important role in cardiovascular diseases including CPB2 and CPN1 were shown to
indirectly act on SERPINEL1 through PLG (Figure 4).

The Venn diagram demonstrates the number of overlapping proteins in obese, diabetic and
individuals with both obese and diabetic symptoms (Figure 5). We demonstrated that there
are 27 proteins overlapping between all three groups, with 4 proteins overlapping between
group A (obese) and C (obese and diabetic symptoms), 5 proteins overlapping between
group A (obese) and B (diabetic symptoms) and 8 proteins overlapping between group B
(diabetic symptoms) and C (obese and diabetic symptoms) (Figure 5).

Discussion

Human blood plasma is the most complex derived proteome. The attractiveness of plasma
for disease diagnosis lies in two characteristics: the ease with which it can be obtained and
the fact that it comprehensively samples the human phenotype (the bodily state at a
particular point in time) (Robinson et al., 2009). In this pilot study we have used plasma
from individuals to determine a possible link between obesity and diabetes.
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In this study, we have performed a moderately high throughput platform for proteomic
analysis of human plasma using the MARS system. We investigated the combination of
MARS with LC-MS/MS to study the unbound fraction consisting of low abundant proteins.
This fraction is conceptually less complex and thus it is an attractive sample for LC-MS/MS
analysis. We applied this approach to a sample set collected from female patients with
obesity and its associated complications such as diabetes and hypertension, and compared
their plasma proteome profile with that of a healthy (control) group. We also used a sample
pooling technique to first catalog as many as possible proteins in the disease groups in a
high throughput manner.

The multiple affinity removal column for the depletion of 14 high-abundant proteins
(Human 14) was based on a Human 6 multiple affinity removal column. In addition to the
affinity resins for the depletion of HSA, transferrin, haptoglobin, immunoglobulins like IgG,
IgA, and al-antitrypsin (Level | proteins), the column contains binders for the depletion of
fibrinogen, a2-macroglobulin, al-acid glycoprotein, complement C3, IgM, apolipoprotein
Al, apolipoprotein All, and transthyretin (prealoumin) — (Level Il proteins). Based on
affinity-purified polyclonal antibody binders, the Human 14 column also contains low
molecular weight antibody binders for the depletion of several proteins, which were selected
on the basis of specific and efficient target protein binding and their ability to function under
specified loading and elution conditions. To determine the overall depletion with MARS
Human 14, the flow through fractions were analyzed on SDS-PAGE for total protein content
and compared to the starting plasma crude sample data (Figure 1). The results show that
with human plasma there is approximately 92% depletion of total protein content in the flow
through fraction in the plasma sample (Figure 1).

We demonstrated that angiotensinogen precursor variant (AGT), also known as SERPINE1,
was highly expressed in the individual with both obese and diabetic symptoms in group C
(Table 2). AGT the protein encoded by this gene, pre-angiotensinogen or angiotensinogen
precursor, the resulting product, angiotensin 1, is then cleaved by angiotensin converting
enzyme (ACE) to generate the physiologically active enzyme angiotensin Il. The protein is
involved in maintaining blood pressure and in the pathogenesis of essential hypertension and
preeclampsia. Mutations in this gene are associated with susceptibility to essential
hypertension, and can cause renal tubular dysgenesis (RTD), a severe disorder of renal
tubular development (Lacoste et al., 2006). RTD is an autosomal recessive severe disorder
of renal tubular development characterized by persistent fetal anuria and perinatal death,
probably due to pulmonary hypoplasia from early-onset oligohydramnios (the Potter
phenotype) (Morris et al., 2004). Defects in AGT are associated with susceptibility to
essential hypertension. Hypertension also occurs in 5-7% of all pregnancies where it is a
leading cause of maternal, fetal and neonatal morbidity and mortality (Berg et al., 1996). An
8-week long supplementation of conjugated linoleic acid (CLA) enhanced the effect of
ramipril (found in the obesity pathway; Figure 2), on blood pressure reduction in treated
obese hypertensive patients (Zhao et al., 2009). Angiotensin receptor type 1 blockers
(ARBs) like eprosartan found in the obesity, diabetes and cardiovascular pathways (Figure
2,Figure 3 and Figure 4) is used to treat hypertension and heart failure (Weiss et al., 2010).

Interestingly, the major functions for the candidate proteins we identified showed strong
linkage with the cardiovascular disease pathways (Figure 4). Importantly, we demonstrated
that SERPINEL is the key protein found to be associated with the network pathway analysis
of obesity, diabetes and cardiovascular pathway analysis (Figure 2, Figure 3 and Figure 4).
Serpins are a group of proteins with the ability to inhibit chymotrypsin-like serine proteases
(serine protease inhibitors). SERPINE1 (also known as plasminogen activator inhibitor 1
(PAZL), plasminogen activator inhibitor type 1 (PAI1), serine (or cysteine) proteinase
inhibitor, serpin peptidase inhibitor clade E, SERPINEL), inhibits both tissue type
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palsminogen activator (tPA) and urokinase type plasminogen activator (UPA) and are
associated with an increased risk of thromboembolic disease. In vitro experiments are
currently underway to validate the potential role of SERPINE1 as a candidate protein that
links obesity and diabetes in our laboratory preparation.

Apolipoprotein B (ApoB) was found to be highly expressed in individuals diagnosed with
diabetes only and both diabetes and obesity, but not in obese (Table 2). ApoB is the main
apolipoprotein of chylomicrons and low-density lipoproteins (LDL) and occurs as two main
isoforms, apoB-48 (synthesized in the gut) and apoB-100 (synthesized in the liver).
Mutations in this gene or its regulatory region cause hypobetalipoproteinemia,
normotriglyceridemic hypobetalipoproteinemia, and hypercholesterolemia due to ligand-
defective apoB, and grossly affect plasma cholesterol and apoB levels (Farese et al.,
1995;Benn et al., 2007;McQueen et al., 2008). Another type of multifunctional
apolipoprotein is Apolipoprotein H (Apo-H), previously known as beta-2 glycoprotein,
which binds to cardiolipin was highly expressed in group C in our study (Table 2). The
activity of Apo-H appears to involve the binding of agglutenating, negatively charged
compounds, and inhibits agglutenation by the contact activation of the intrinsic blood
coagulation pathway (Schousboe, 1985). Apo-H causes a reduction of the prothrombinase
binding sites on platelets and reduces the activation caused by collagen when thrombin is
present at physiological serum concentrations of Apo-H suggesting a regulatory role of Apo-
H in coagulation (Matsuda et al., 1995). Lipoprotein associated phospholipase A2 (Lp-
PLA2) modulates low-density lipoprotein (LDL) oxidation and were found to be the
mediators of atherosclerosis in patients diagnosed with diabetes (Wootton et al., 2006).

In our study, group C, ceruloplasmin (151kDa) was highly expressed (Table 2) and known
as ferroxidase or iron (I1): oxygen oxidoreductase and is the major copper-carrying protein
in the blood, and in addition plays a role in iron metabolism. Ceruloplasmin exhibits a
copper-dependent oxidase activity, which is associated with possible oxidation of Fe2*
(ferrous iron) into Fe3* (ferric iron), therefore assisting in its transport in the plasma in
association with transferrin, which can only carry iron in the ferric state. Mutations in the
ceruloplasmin gene can lead to the rare genetic human disease aceruloplasminemia,
characterized by iron overload in the brain, liver, pancreas, and retina (Scheinberg and
Gitlin, 1952;Gitlin, 1998;Lutsenko et al., 2008).

Fibronectin is a high molecular weight (~440kDa) extracellular matrix glycoprotein that
binds to membrane-spanning receptor proteins called integrins was observed with high
expression in group C of our study (Table 2). In addition to integrins, fibronectin also binds
extracellular matrix components such as collagen, fibrin and heparan sulfate proteoglycans
(e.g. syndecans). It is reported that linkage disequilibrium (LD) structure at the fibrinogen
gene cluster including fibrinogen-beta (FGB), FGA, and FGG (found in the cardiovascular
pathway in Figure 4), factor VII (F7), and tissue plasminogen activator (PLAT) (Kathiresan
et al., 2006). In women, PLG levels were higher in individuals with diagnosed ischemic
heart disease (IHD) and increased with triglycerides (TG) and glucose level, however, in
men, PLG levels decreased with advancing age, decreased with the percentage of body fat,
increased with total cholesterol (T-CH), low density lipoprotein cholesterol (LDL-CH) and
high density lipoprotein cholesterol (HDL-CH) levels, and were directly correlated with two
different PA indices (Kostka et al., 2009). Fibrinogen gamma and alpha (FGG and FGA)
gene haplotypes (chromosome 4q28) are associated with fibrin network structure, and
thereby with rigidity of the fibrin clot and sensitivity of the fibrin clot to the fibrinolytic
system and may influence risk of cardiovascular disease (Kardys et al., 2007).

Similar to our results of hemopexin is expressed in the diabetic group in our study (Table 2),
haptoglobin (Hp) was found only in individuals diagnosed with both obesity and diabetes.
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Hp is a protein found in the blood and is known to bind free hemoglobin, which is released
from red blood cells. Mutations in this gene and/or its regulatory regions cause
ahaptoglobinemia or hypohaptoglobinemia. 9-hydroxy-(S)-10, 12 octadecadienoic acid (9-
HODE) found in the obesity pathway (Figure 2) is a reactive oxygen species generated by
mononuclear cells (MNC) and polymorphonuclear leukocytes (PMN) and is associated with
lipid peroxidation in obese patients (Dandona et al., 2001).

Conclusion and Perspectives

In conclusion, our ultimate goal of using this technique is to perform rapid screening of a
large number of clinical samples, and to identify the proteins that change in their relative
abundance due to a particular disease. However, in this work, we focus mainly on a proof-
of-concept proteomics discovery study to investigate the usefulness of the depletion
approach for the clinical proteomics. This small sample set (N = 5 per set) is not meant to be
statistically significant in terms of biomarker discovery, but rather it is a step ahead to
explore the some candidate protein profiles associated with significant changes in blood
plasma proteins of obese and diabetic patients.
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Figure 1.

Immunodepletion of patient plasma. The depletion of highly abundant proteins was achieved
by Multi Affinity Reverse Spin (MARS) Column in a bound fraction and the low abundant
proteins were retained in the unbound or flow through fraction. After the incubation period,
unbound proteins were centrifuged and collected directly into a spin concentrator 5 kDa
molecular weight filter (Agilent). The bound fraction was eluted with elution buffer into
another spin concentrator filter. The total amount of protein in depleted (flow-through
fraction) and abundant plasma proteins (bound fraction) was determined using a Bradford
protein assay and run on a SDS-PAGE. Lane 1: Protein molecular weight marker; lane 2:
Crude human plasma; lane 3: bound fraction and lane 4: flow through fraction after
immunodepletion. Results are a representative experiment from three independently
performed experiments with similar results.
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Figure 2.

Rl

acid

Canonical pathways for obesity. Schematic representation of networking in which
SERPINEL is found to be the key molecule in the extracellular space and the other members
are linked with SERPINEL by dotted and solid lines. FOXD1 gene might be the
transcription factor (in the nucleus) activated the SERPINEL protein synthesis. Data is the

sum of three independently performed experiments.
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Figure 3.

Canonical pathways for diabetes. Schematic representation of networking in which
SERPINEL is found to be the key molecule in the extracellular space induced by FN 1
(plasma membrane) and CLL (extracellular space) and the other members are linked with
SERPINEL1 by dotted and solid lines. The expression of SERPINEL1 is induced indirectly

Unknown

through FN which is induced by MORF 4 (in the nucleus). SERPINGL1 is not interconnected

with any pathway. Data is the sum of three independently performed experiments.
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Figure 4.

Canonical pathways for cardiovascular disease. Schematic representation of networking in
which SERPINE1 and SERPINF2 are found to be the key molecules in the extracellular
space and the other members are linked with SERPINE1 by dotted and solid lines. The
cardiovascular pathway is integrated by obesity and diabetes pathways. KF2B (cytoplasm)
induces FN 1 (part of diabetes pathway) to induce SERPINE1 (part of both obesity and
diabetes pathway) (extracellular space). Also, FN 1 induces SERPINF2 and SERPING 1
through PLG (extracellular space). SERPINEL is induced by CLL (extracellular space) and
indirectly by FN1 and PLG. However, all SERPINE1, SERPING1 and SERPINF2
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interconnected with each other. Although SERPINGL1 interconnection was not clear in the
diabetes pathway. Data is the sum of three independently performed experiments.
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Obese

Obese
+

Diabetic

Diabetic

Figure 5.
Venn diagram illustrating protein expression in obese and diabetic patients. The

immunodepleted fractions from all of the groups were run on MS after trypsin digestion.
The MS data files were extracted and run for bioinformatics on ProteinCenter. The number
of differentially expressed proteins in obese patients (5 proteins), diabetic patients (7
proteins), patients with both obesity and diabetes (7 proteins), and common in all groups (27
proteins). Data is the sum of three independently performed experiments.
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