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Abstract: Diabetes mellitus in general and Type 2 Diabetes (T2D) in particular, are very complex diseases with
heterogeneous etiology. T2D results from the impaired secretion or action of the insulin with a clinical phenotype of
persistent hyperglycemia in the uncontrolled subjects. The disease clinical features appear after several years of latent
preclinical asymptomatic conditions. Thus, when the disease is full blown, there are limited chances to reverse the
disease phenotype; however, it can be managed by controlling diet, changing life style and using medicines.
Understanding pathological mechanisms whereby genetic and/or environmental factors contribute to the development of
diabetes is important for the prevention and treatment of the disease. In this regard, approaches such as genomics,
transcriptomics, proteomics and metabolomics are being applied to identify more specific biomarkers for T2D for its
early detection, management and devising new therapies. The emphasis of the present review is to provide updates on the
applications of proteomics in addressing T2D with a focus on protein based biomarker discovery. Moreover, the idea of

personalized medicine and intervention is also discussed for diabetes treatment in proteomics perspective.
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INTRODUCTION

Diabetes Mellitus (DM)

Diabetes mellitus (DM) is a complex multifactorial
metabolic disorder which is characterized by defects in
insulin secretion/action or both. Insulin resistance and
impairment of insulin secretion lead to hyperglycemia,
dyslipidemia and perturbed gene expression and protein
functions (Ross et al., 2004, Sundsten and Ortsater,
2009). Person, who has fasting plasma glucose (FPG)
between ranges of 100 mg/dl (5.6 mmol/l) to 125 mg/dl
(6.9 mmol/l) is having impaired fasting glucose (IFG) and
is called pre-diabetic whereas, the level above this range
is an indicator of clinical diabetes (A.D.A., 2012). The
severity and complications of this disease depends upon
its uncontrolled duration, which subsequently appears in
the form of micro- and macro-vascular complications
(Brownlee, 2001). Diabetes as a silent killer cripples 9.5%
of the adult population worldwide (Danaei et al., 2011).
For the last two decades this disease accelerated
exponentially and 246 million victims were estimated till
2007. This number is expected to increase up to 380
million by the year 2025 (van Dieren et al., 2010, Maris et
al., 2008). The diabetes prevalence and its adverse health
consequences seem similar in South Asian regions as in
other parts of the world (Ghaffar et al., 2004). According
to an estimate, the prevalence of diabetes along with pre-
diabetes is about 22-25% in Pakistan (Basit and Shera,
2008). The increasing prevalence of diabetic individuals
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may be due to the increase of prevalence of obesity and
physical inactivity (Sullivan et al., 2005, Hossain et al.,
2007). Once diabetes is developed, it is hard to manage,
due to its chronic nature and severity of complications,
which require high healthcare costs. Globally, diabetes
healthcare costs have been estimated about 232 billion
dollars in 2007, which will exceed to 302.5 billion dollars
by 2025 (Maris et al., 2008).

Major types of diabetes mellitus (DM)

The diabetes is mainly divided into two major types; type
1 diabetes mellitus (T1D) and type 2 diabetes mellitus
(T2D). In the case of T1D, destruction of pancreatic beta
cells (B-cells) occurs due to autoimmunity (Husebye and
Anderson, 2010). Whereas, T2D is a dual disease which
may result from insulin resistance (IR) and p-cells
dysfunction (Butler et al., 2003). The average onset of
this T2D is 40 years of age; but it also appears in obese-
young adults, under the age of 19 years old (Weill et al.,
2004, Hatunic et al., 2005, Koopman et al., 2005). The
incidence of this disease is continuously increasing due to
change in life style patterns, physical inactivity and high
dietary fat intake (Hu et al., 2001, Wild et al., 2004,
Villegas et al., 2006). Besides these factors, genetics and
epigenetics are also involved in the pathobiology of T2D
(Kleivi, 2006, Meigs et al., 2008, Ling and Groop, 2009).
It is responsible for more than 90% of all cases of diabetic
individuals and its earliest sign is a high level of glucose
in blood plasma (Steinberger and Daniels, 2003, A.D.A.,
2012). The establishment of liver, pancreas, skeletal
muscles and adipose tissue roles in the regulation and
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pathogenesis of diabetes is a great milestone in the history
of diabetes research (Ross et al., 2004, Rosen and
Spiegelman, 2006, Suh et al., 2007, Donath and Shoelson,
2011). Liver involves in the clearance of hormone insulin
and storage of excess glucose in the form of glycogen,
whereas pancreas produces insulin, which opens the
channels of skeletal muscle cells for glucose uptake (Poy
et al., 2002, Kotronen et al., 2008, Sundsten and Ortsater,
2009). In the case of insulin resistance and/or deficiency,
glucose stays in the blood, instead of going into the target
cells (Van den Berghe, 2004, Sundsten and Ortsater,
2009). Consequently, hyperglycemia occurs, which
predisposes to chronic complications that adversely affect
eyes, kidneys, blood vessels and nerves (Brownlee, 2001).
Many investigations indicate that the onset of T2D can be
regulated by its early detection and intervention by
medication and lifestyle (Tuomilehto et al., 2001,
Knowler et al, 2002). In general practice,
prediabetes/impaired glucose tolerance and diabetes are
diagnosed by a fasting plasma glucose test (FPGT), an
oral glucose tolerance test (OGTT), random blood glucose
tests (RBGT), glycated hemoglobin tests (HbAlc) etc.,
(Bonora and Tuomilehto, 2011, Cowie et al., 2006,
Bennett et al., 2007, Saudek et al., 2008). These
diagnostic tests are late makers where the disease
progressed and passed a latent preclinical asymptomatic
phase (Okada et al., 2010). Once an individual becomes
pre-diabetic or diabetic, it is hard to reverse the disease
phenotype with available therapies (Maynard et al., 2007,
Waugh et al., 2007, Saudek et al., 2008). However, it
seems possible to reverse and regulate diabetes
development by identifying the signatures of disease at
preclinical asymptomatic states (Hanash, 2003, Koehn
and Krapfenbauer, 2010). In this context, besides other
approaches such as genomics, transcriptomics and
metabolomics, biomedical scientists have applied a post-
genomic approach, called proteomics in order to uncover
factors involved in the development of diabetes (Lim and
Elenitoba-Johnson, 2004, Maris et al., 2008).

Proteomics

Proteomics is the study of proteome, which intends to
cover the entire set of expressed proteins in various
tissues of an organism (Anderson, 2005, Hu et al., 2006).
Every protein is a product of a specific gene. Post
translational modifications of proteins alter their
conformations leading to the changes of protein structures
and functions (Pieper et al., 2003, Ordovas and Corella,
2004, Kleivi, 2006). Therefore, only a deoxyribonucleic
acid (DNA) sequence is not enough to determine protein
structures and functions in the human body. Similarly,
protein expression levels may or may not correlate with
messenger ribonucleic acid (mRNA) levels due to post
transcription regulatory events. The alteration of protein
structure, function and interaction is the underlying
mechanism of many diseases including diabetes (Lim and
Elenitoba-Johnson, 2004, Scott et al., 2005, Sundsten and

Ortsater, 2009). Proteomics offers detailed studies of
various aspects of protein expression, post-translational
modifications, their interactions and functions at a global
scale, because protein modifications and interactions
cannot be detected at genome or transcriptome levels. For
these reasons it is argued that most of the diseases can be
better explained through proteomic approaches relative to
genomic or transcriptomic studies (Aebersold and Mann,
2003, Scott et al., 2005). The ultimate goal of proteomics
is to identify potential physiological and pathological
factors valuable for diagnosis and treatment of diseases
(Borrebaeck and Wingren, 2009). Proteins ranging from
300 to 2377 different types have been reported for the
physiological and pathophysiological conditions using
2DGE/MS and LC-MS/MS approaches (Pieper et al.,
2003, Tirumalai et al, 2003, Li et al., 2008).
Furthermore, different proteomic approaches have been
developed in order to discover new protein-based
biomarkers in various biofluids under different
pathophysiological states (Pisitkun et al., 2006, Grus et
al., 2007, Rao et al., 2007, Rao et al., 2009, Naseeb et al.,
2008). Concisely, proteomics is a high-throughput
approach which provides a chance to look at numerous
proteins simultaneously (Issaq et al., 2007).

Technical challenges and serum proteomics

Proteomic studies can be divided into three major phases;
disease biomarker discovery, validation and development
of novel interventional drug therapies. However,
biomarker discovery/validation is complicated, as it
depends on the maintenance of sample integrity. Thus, to
ensure consistent, reliable and reproducible biomarker(s)
results, standardized protocols for the collection,
handling, storage and processing of samples are pre-
requisites for the downstream proteomic analyses (Rai et
al., 2005, Rai and Vitzthum, 2006). Moreover, broad and
dynamic spectrum of serum proteins ranging from
milligrams to picograms per milliliter is overwhelming,
which makes it extremely challenging to characterize the
serum proteome, especially for the low abundant proteins.
As in most of the pre-clinical asymptomatic stages,
potential protein biomarkers are present only in low
abundance (see fig. 2, reviewed by Herder et al., 2011).
Moreover, low abundant serum protein biomarker(s) are
overlapped by the highly abundant proteins such as
albumin, immunoglobulin G (IgG), transthyretin,
transferrin, alpha-antitrypsin, complement C3, and retinol
binding proteins (RBP) etc, (Tirumalai et al., 2003). One
strategy to overcome this problem is to unmask low
abundance proteins by delipidation and depleting highly
abundant proteins before proteomic analysis (Merrell et
al., 2004). Various physical and chemical methods can be
used for removing lipids while preserving proteins in the
serum. These methods include organic solvents based
extractions, lipids absorbents and centrifugation.
Centrifugation can effectively remove chylomicrons and
very low density lipoproteins (VLDLPs) (Ferraz et al.,
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2004, Fu et al., 2005), whereas various chromatographic
techniques such as immuno-depletion, ion exchange
chromatography, etc have been employed to pre-
fractionate highly abundant proteins; thus, reducing the
complexity of the samples and allowing the detection of
less abundant proteins more convenient (Echan et al.,
2005, Mischak et al., 2007). Moreover, serum protein
separation and identification depends upon the application
of serum protein depletion columns which remove highly
abundant serum proteins and the use of LC-MS
technology (Thakur et al., 2011, Rathmann and Giani,
2004). However, the disadvantage of this depletion
method is the unwanted loss of proteins that are in
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conjugation with highly abundant carrier proteins.
Albumin is a carrier for many lipoproteins, hormones and
molecules that are important for biological functions.
Thus, the depletion of albumin without prior disruption of
linked proteins causes the loss of potential protein based
biomarker(s). It has been reported that treatment of serum
samples with acetonitrile based buffer is more effective to
separate less abundant low molecular proteins from
albumin, by reducing the possible loss of potential
biomarkers (Kay et al., 2008) as shown in fig. 1.

Tools and technologies for proteomic studies
In a broader sense, proteomics is often coupled with a

|

Delipidation by mechanical

and chemical methods

Separation of low abundance low
molecular weight proteins from
protein carriers to prevent the
loss of potential biomarker(s)

Depletion of Highly abundant
serum proteins from potential
biomarkers

Serum portion containing biomarkers is to be
subjected on 2-DGE/MS or LC-MS/MS, etc.,
preferably on liquid phase chromatography
for their separation and identification

Fig. 1: Schematic work flow for blood serum processing for discovery of protein biomarkers in the less abundant/low

molecular weight protein range.

This scheme was adapted from these papers (Fu et al., 2005, Mischak et al., 2007, Kay et al., 2008)
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variety of analytical techniques to analyze protein profiles
in biological samples. These technologies include two
Dimensional Gel Electrophoresis/Mass Spectrometry
(2DGE/MS), and Liquid Chromatography/Mass
Spectrometry (LC/MS), LC/MS with Isotope Coded
Affinity Tag (ICAT)/Isotope Tags For Relative and
Absolute Quantification (ITRAQ), Capillary
Electrophoresis-Mass Spectrometry (CE-MS), Matrix
Assisted Laser Desorption lonization-Time Of Flight-
Mass Spectrometry (MALDI-TOF-MS), and Surface
Enhanced Laser Desorption Ionization-Time Of Flight-
Mass Spectrometry (SELDI-TOF-MS), etc. These
techniques differ from each other in their detection
method, sensitivity, reproducibility, and cost per sample
analysis (Miller et al., 2001, Aebersold and Mann, 2003,
Duncan and Hunsucker, 2005). These mass spectrometric
based techniques permit the analysis of hundreds of
proteins in a given time with very small sample size from
microgram to picogram per milliliter with high sensitivity
(Mann et al., 2001, Lim and Elenitoba-Johnson, 2004,
Tammen et al., 2005). Two separating approaches, 2DGE
and LC are commonly employed in order to separate the
various types of proteins in biofluids or other tissue
samples prior to introducing them into MS for their
identification (Apweiler et al., 2009). These techniques
have their own pros and cons; however, both facilitate
better understanding of disease pathogenesis (Grebe and
Singh, 2011, Marko-Varga and Fehniger, 2004, Tang et
al., 2005, Mischak et al., 2007).

2DGE and LC-MS

Two Dimension Gel Electrophoresis (2DGE) is a gel-
based technique for proteins separation in which intact
proteins are separated in the first dimension on the basis
of their isoelectric points (PI) using thin strips, and then
the same gel strips are inverted onto Sodium Dodecyl
Sulphate-Polyacrylamide Gel Electrophoresis (SDS-
PAGE), in order to separate proteins in the second
dimension according to their molecular masses. Hundreds
of proteins can be resolved on one gel and visualized by
chemical staining. Differentially expressed protein spot(s)
as potential biomarker(s) are then excised, trypsinized and
identified with MS.

Liquid Chromatography — Mass Spectrometry (LC-MS) is
a gel-free system in which proteolytically digested
complex mixture of proteins is separated by liquid
chromatography (LC), then on the basis of
protein/peptide’s physical and chemical characteristics
such as pH, hydrophobicity, charges, etc. these peptides
are identified by MS or MS/MS. LC-MS is more powerful
than 2DGE as it can provide a lot of information based on
mass spectra from a complex mixture of proteins for
further proteome mining. Moreover, for additional
sophisticated analysis of proteins, LC-MS is coupled with
isotope labeling strategies such as ICAT, iTRAQ, and
stable isotope labeling by amino acids in cell culture

(SILAC) etc, allowing for quantification of protein
expression levels in different samples. For more technical
details of these approaches, these papers are
recommended (Rabilloud, 2002, Ahmed et al., 2003,
Pieper et al., 2003, Lim and Elenitoba-Johnson, 2004,
Qian et al., 2006, Tucholska et al., 2009) as a detailed
account of these technologies is beyond the scope of
present review.

Protein biomarkers

About 0.1 million proteins have been attributed to
different cell types, biofluids and organs in the body,
which are responsible to perform various types of
physiological functions (Wang et al., 2006). Fluctuations
in their concentrations reflect the health status of an
individual. For example, an acute phase protein, called C-
reactive protein (CRP), is a marker of inflammation
which rises during the course of inflammatory events in
the body and an elevated level of leptin is a well-known
and established marker of obesity (Shamsuzzaman et al.,
2004, Bahceci et al., 2005, Martin et al., 2008).
Biomarker(s) can be studied by detecting differences in
the patterns of proteins expressed in healthy subjects
relative to disease ones. As each tissue is related to a
specific function, analysis of the tissue-specific protein
expression is important to get insight into the human
health and disease (Scott et al., 2005). Type 2 diabetes is
a multi-organs disease, so it is important to identify
circulating proteins involved in communication between
various types of body tissues/organs, such as the pancreas,
liver, muscle, fat, heart and brain ((Herder et al., 2011,
Ross et al., 2004). It is also speculated that the
concentrations of serum proteins may be more useful
source in order to detect type 2 diabetes earlier, before the
appearance of clinical symptoms (Zhang et al., 2010,
Festa et al., 2002, Koehn and Krapfenbauer, 2010).
Identification of differentially expressed serum proteins
could be potentially important for the prevention and
treatment of T2D by pharmacological intervention of the
molecular targets, which trigger the disease onset even
before its progression to clinical symptoms (Gahagan and
Silverstein, 2003, Colagiuri and Davies, 2009).

Recent findings and therapies for type 2 diabetes using
protein based approaches

A few recent reports have described the association of
protein biomarkers with type 2 diabetes using a single
marker (Cho et al., 2006, Choi et al., 2008, Ix et al., 2008,
Erikstrup et al., 2009). However, in some further studies
diabetes risk has been evaluated using multiple biomarker
approaches rather than conventional risk assessment. In
one study termed as Inter99, four serum proteins,
adiponectin, CRP, ferritin and interleukin-2 receptor
agonist (IL-2RA) were determined in addition to glucose
and insulin. By using various types of statistical
approaches, a diabetes risk model was developed, which
incorporated these six markers. This study explored that

892

Pak. J. Pharm. Sci., Vol.25, No.4, October 2012, pp.889-901



rather than single biomarker, multi-marker approach
using both protein and non-protein based biomarkers are
more useful to predict the development of diabetes. In this
way a diabetes risk was identified, which can predict a
five year risk of modulation in type 2 diabetes. The results
of four proteins excluding glucose and insulin in the
percent (%) fold differences calculated are shown in table
1 (Kolberg et al., 2009).

Abdul Rehman Khan and Fazli Rabbi Awan

Similarly, Salomaa and colleagues conducted two
independent human population based follow-up cohort
studies; in the FINRISK97 study, 31 biomarkers were
evaluated, and 10 from these considered in the Health
2000 — a follow-up study; in order to validate the
execution of the biomarker score. The studies confirmed
adiponectin, apolipoprotein-B (apoB), CRP, interleukin-1
receptor agonist (IL-RA) and ferritin as strongest
predictors of incidental type 2 diabetes (Salomaa et al.,

Table 1: A summary of differentially expressed proteins in human type 2 diabetes

& T2D with complications (n=21)

CRP (169.81 & 185.58), Cp (126.8 &
139.81), transferrin (}11.24 & |8.58)

Sample type Subjects & numbers Differential expression of proteins (% fold Approach/method | Paper reference
change in disease relative to controls)
Blood serum | Among 3046 subjects; Non-con- Adiponectin (| 12.16), CRP(137.5), ferritin Immunoassays (Kolberg et al.,
verters* =472 vs converters** =160 (144.92), IL-2RA(12.53) 2009)
Blood serum | Two independent cohort studies: Adiponectin (|), CRP (1), ferritin (1), IL- Immunoassays (Salomaa et al.,
FINRISK97 & Health 2000 study IRA (1) 2010)
consisted of 417 & 179 incidental
diabetes
Blood serum | Participants=3189, [NFG vs IFG & NFG vs T2D] Immunoassays (Wuetal., 2011)
NFG(n=1897) versus IFG (n=858) Adiponectin (|16.8 & |32.2), RBP4 (15.3&
& T2D (n=434) 5.31), PA1 (143.38 & 149.77), Resistin (10
& 10.38), CRP (127.8 & 141.23), IL-6 (116
& 123.8), Ferritin (120 &133.33), TNF-a (|
0.61 & [1.22)
Blood serum | Control (n=21) versus T2D (n=29) [C vs T2D & C vs T2D+complications] Nephlometry (Memisogullari and

Bakan, 2004)

Blood serum

NGT (N=3) versus 3 T2D (n=3)

Apo-C3 (1), TTR (1), Alb (1), TRA()

SELDI-TOF-MS,

(Sundsten et al.,

(EIR: early insulin response)

(EIR: early insulin response)

& Protein Chip 2006)
Blood serum | NGT(n=20) vs IGT & T2D (n=20 Apo-C3 (1), Alb (}), TTR (]) in family SELDI-TOF-MS (Sundsten et al.,
each) history of diabetes 2008a)
Blood serum | NGT(n=10) vs T2D+ high EIR; o & P chains of Hb (|), TTR (]) in T2D + SELDI-TOF-MS (Sundsten et al.,
NGT vs T2D +T2D+low EIR (n=10) | high EIR; Apo-H| in T2D+ low EIR 2008b)

Cullin homolog-5(1), etc.

Blood NGT(n=50) & T2D (n=150) Apo-E (1802), leptin (1842), CRP (1872), MALDI-TOF-MS | (Riazetal., 2010a)
plasma Apo-A-1(16.4).
Non-diabetic lean control versus 15 proteins are differentially expressed GE & MS/MS (Hwang et al.,
non-diabetic obese & T2D subjects including; HSP90 Co-Chaperone-CDC37 2010)
Muscle (n=8 in each group) (1), Desmin (1), o-actinin (1), TCP-1 (),
biopsies Myosinl5 (1), Isomerase A3 precursor (1),

Blood serum

Non-diabetics (n=5) vs T2D (n=50)

ficolin-3 (1), Apo-Al (1), A1l (1), C-11
(1), C-111 (1), Paraoxanase-1 (})

LC-MS/MS with
LSPAD approach

(Li etal., 2008)

Saliva

IGT (n=30) vs T2D (n=10)

ATAT (1324), CysC (1222), A2MG (1223),
TTR (1240), RBP (1215), FABP (]255),
Complement-C6 (1475), Carbonic —
anhydrase (1384), Glycogen- phosphorylase
(1347)

2D-LC-MS/MS

(Rao et al,, 2009)

Urine

NGT (n=9) vs Diabetic Nephropathy
(n=33)

VDBP (11110), Al-glycoprotein 1 (1597),
A1AT (1217), Apo-A11 (1200), PRBP
(1256), Al-antichymotrypsin (1514),
Complement factor B (1227), Apo-Al
(1253), Cp-precursor (1637)

2D-DIGE & LC-
MS

(Rao et al., 2007)

Urine

Controls (n=50) vs T2D (n=100)

Hp-precursor (|81.45), alb (1486.5), AMPB
(155.25), RBP4 (1100), TTR (|30.8), Zn a2
glycoprotein (129.23),E-cadherin (1693)
transthyretin, (|30.8), alpha-1-
microglobulin / bikunin precursor (|55.2)

2D-HPLC &
MALDI-TOF-MS

(Riaz et al., 2010b)

Symbols and abbreviations: 1= up-regulation, |=down-regulation, n=number, a= alpha, f=beta, C=controls, T2D= type 2 diabetes, NGT=normal
glucose tolerance, IFG=impaired fasting glucose, Non-converters* are individuals who did not change as diabetics and converters** are those who
developed type 2 diabetes during the five years of follow-up, CRP=C-reactive protein, IL-2R A=interleukin-2-receptor agonist, IL-1RA= interleukin-
1-receptor agonist, RBP=retinol binding protein, PAl= plasma angiotensin-1, IL-6 =interleukin-6, TNF-a=tumor necrosis factor- a, Cp=
ceruloplasmin, Apo-= apolipoprotein-, TTR=transthyretin, Alb=albumin, TRA=transferrin, FHD= symbol of genetic back history, AIAT= al-

antitrypsin, CysC=cystatin-C, A2MG=a2-macroglobulin,

FABP=fatty acid binding protein, VDBP=vitamin D binding protein, Al=alpha-1,

AMBP= alpha-1-microglobulin /bikunin precursor, Hp=heptoglobulin, Zn=zinc, PRBP=plastid RNA-binding protein, TCP-1=T-complex protein-1,
Hb=hemoglobin, EIR=early insulin response. GE=gel electrophoresis
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2010). Wu’s group through various immunoassays and
biomarker risk scores successfully demonstrated that out
of eight, four proteins: adiponectin, plasma angiotensin-1
(PA-1), IL-6 and ferritin were strongly associated with
type 2 diabetes (Wu et al., 2011).

In this review, percent fold differences of proteins were
calculated from previously published literature as
biomarkers for diabetes and added in table 1. Hwang’s
group conducted a study to assess mitochondrial and
cytoplasmic patterns of protein sets in skeletal muscles
biopsies of lean non-diabetic controls, obese non-diabetic
subjects and T2D patients (n=8 in each group). They
successfully demonstrated differential expression of
fifteen proteins such as desmin and alpha-actinin
significantly decreased, conversely, chaperonin subunit
(TCP-1), and proteosomes subunits markedly increased in
T2D patients and obese subjects, compared to the lean
non-diabetic control group. From these results, they found
that these proteins have differential expression, which are
the signals for different pathways implicated in insulin
resistance development (Hwang et al., 2010). In another
study, three proteins: ceruloplasmin (Cp), transferrin (Trf)
and C-reactive protein (CRP) expression was studied in
blood serum of human healthy controls (n = 21), T2D
patients without complications (group I: n = 29) and T2D
with complications (Group II: n =21). Cp and CRP
significantly increased in T2D patients with and without
complications relative to healthy controls. Conversely,
transferrin (Trf) decreased in two disease groups than the
control subjects (Memisogullari and Bakan, 2004). The
calculated percent fold difference is shown in table 1.

Although protein analysis by conventional techniques
improve the understanding regarding T2D pathogenesis,
but due to concerns about specificity and sensitivity,
proteomics is rapidly moving towards MS based
biomarker discovery. Therefore, in the present review, we
have also summarized findings from published reports
about proteomics applications in diabetes, which were
conducted using advanced MS based techniques. As in a
proteomic study conducted on 125 T2D patients and 50
non-diabetic healthy age-matched control subjects using
ELISA, reverse phase HPLC and MALDI-TOF revealed
that Apolipoprotein Al was 6.4% decreased in T2D
patients, whereas Apolipoprotein E, leptin and CRP raised
802, 842 and 872 percent respectively, in blood serum of
diabetics relative to the control subjects (Riaz et al.,
2010a).

Another study was conducted on blood serum samples of
three T2D patients and three normal glucose tolerant
(NGT) subjects, using Protein Chip arrays and surface
enhanced laser desorption-ionization time of flight
(SELDI-TOF/MS). The analysis of mass spectra of fifteen
proteins showed that five of them decreased; whereas,
five protein levels were increased. Subsequently, using
peptide mass finger printing (PMF), four differentially

expressed proteins were identified. Among these,
applipprotein-C3, and transthyretin were up-regulated,
whereas albumin and transferrin were down-regulated in
T2D patients (Sundsten et al., 2006). These researchers
also analyzed serum samples from 60 subjects for another
proteomic study (Sundsten et al., 2008a). Among them 20
were NGT and 20 had IGT and 20 were T2D patients. In
this study, 13 proteins showed differential expressions in
T2D relative to NGT subjects. Alterations occurred in the
levels of three proteins: Apolipoproteins-C3, albumin and
transthyretin in serum of T2D patients. Perturbations in
the expression levels of former two proteins were due to
genetic effects, whereas the latter one altered without the
influence of genetic history.

In another study by Li’s group LC-MS/MS technique was
used, which identified 1377 proteins in five type 2
diabetic patients relative to five age-matched non-diabetic
subjects. Furthermore, these were analyzed by using a
localized statistics of protein abundance distribution
(LSPAD) approach and manifested that out of 1377
proteins, 147 were related to metabolic pathways. By
further selection of these proteins, they clearly revealed
that Apolipoproteins- Al, A11, C-11 and C-111 (apo-Al,
All, C-11 and C-111) were significantly increased,
whereas six proteins including, regulatory factor
paraoxanase-1 are required in lipid metabolism, and was
significantly decreased in type 2 diabetic subjects. They
have also validated that complement activating protein
ficolin-3 is activated and up-regulated in serum of
diabetes, compared to non-diabetic control individuals (Li
etal., 2008).

In search for finding non-invasive biomarkers for
diabetes, a human study was conducted on saliva of 40
individuals; from these, ten subjects had T2D and 30 were
IGT/pre-diabetic subjects. In this study, it was reported
that alpha-1-antitrypsin (A1AT), cystatin C (Cys C),
alpha-2-macroglobulin (A2MGQG), transthyretin (TTR),
retinol binding protein (RBP), complement-6, carbonic
anhydrase and glycogen phosphorylase were up-regulated
324,222, 223, 240, 215, 475, 384 and 347 percent folds,
respectively. Whereas, fatty acid binding protein (FABP)
was down-regulated: 255% in saliva of type 2 diabetes
compared to pre-diabetic subjects (Rao et al., 2009). An
earlier study by the Rao’s group on type 2 diabetic
patients having nephropathy analyzed urine samples of 33
diabetic subjects and 9 healthy controls. In this case
differential in gel electrophoresis (DIGE) was used, which
identified that seven proteins were up-regulated and four
proteins showed down-regulation in urine of diabetic
nephropathy patients relative to non-diabetic control
subjects (Rao et al.,, 2007). A summary of protein
differential expression for this study is given in table 1.

Likewise, a urinary proteomic study was conducted on a
Pakistani population consisting of 50 healthy non-
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~99% serum part is
taken up by 22 highly
abundant proteins

Major
proteins in
this part

Albumin,

1gG total,

Transferrin,
Fibrinogen,

IgA total,
Alpha-2-Macroglobulin,
IgM total,
Alpha-1-Antitrypsin,

C3 complement,
Haptoglobin

Abdul Rehman Khan and Fazli Rabbi Awan

Less abundant ( ~ 1%)
serum proteins as
potential disease
biomarkers

* Enzymes

* Circulating proteins

* Coagulation and complement factors
* Transport and binding proteins

+# Protease inhbitors

* Proteases

* Cytokines, Growth Factors, Harmones,
+ Channels, Receptors, Binding proteins
* Structural proteins, nuclear proteins,
* transcriptional factors, oncogene products
* Hypothetical proteins

Fig. 2: Serum proteome as a source for potential disease biomarkers.
[~99% serum proteome is constituted by 22 major proteins, while ~1% part contains low abundant proteins which can be mined for
disease biomarker discovery. This picture is adapted from (Tirumalai et al., 2003).

diabetics and 100 T2D patients. In this study, it was
shown that transthyretin (TTR), o-1-microglobulin and
heptoglobulin precursor concentrations are decreased by
30.8%, 55.2%, and 81.45% respectively in T2D patients
compared to non-diabetic healthy controls. On the other
hand, albumin, RBP4, zinc a2-glycoprotein, and E-
cadherin were elevated in diabetes relative to healthy
control subjects (Riaz et al., 2010a). Subsequently, Riaz,
et al demonstrated thiamine therapeutic effect on the
levels of these urinary proteins. The results indicated that
albumin decreased significantly up to 34%, whereas TTR,
alpha-1-microglobulin/bikunin ~ precursor ~ (AMBP),
haptoglobin precursor, RBP4, zinc 02-glycoprotein, and
E-cadherin decreased non-significantly in urine of T2D
patients (Riaz et al., 2011). Goldfine, et al summarized
various therapeutic strategies for type 2 diabetes
regulation (Goldfine et al., 2011).

Moreover, in addition to regular physical activity and
particular meal patterns, various anti-diabetic drugs, such
as sulphonylureas, metformin, rosiglitazone, acarbose,
insulin modalities, etc, are prescribed to treat diabetic
patients (Moller, 2001). Furthermore, new treatments in
the form of incretins, liraglutide, exendin-4 and its
derivatives, etc, are also proposed for glucose regulation
(Kolterman et al., 2003, Madsbad et al., 2004, Inzucchi

and McGuire, 2008) and summarized in fig. 3. The
comparative differential expression of proteins in various
biofluids and/or tissues of type 2 diabetic human subjects
have also been enlisted in table 1. An analytical look on
the summary of aforementioned data show that multiple
protein biomarker profiles depend on various parameters,
such as genetic family history, age, obesity, gender, etc.
In other words, analyses of the results from table 1 lead
the idea of individualized therapies. As it is well
established that type 2 diabetes is heterogeneous and
multi-organs disorder and it is not necessary that all T2D
patients respond to given treatments at equal extent
(Malandrino and Smith, 2011). Therefore, the concept of
personalized medicine seems to be useful to prescribe and
design therapies for a particular diabetic group (Klonoff,
2008). In addition to this, cumulative published results as
reviewed in this article provide rationale for assessing
proteomics as predictive and preventive technology for
type 2 diabetes. The approach of multiple biomarker
discovery may lead towards the exploration of many new
pathways which are involved in the disease pathogenesis.
Research based on multi-protein differential expressions
can be a useful resource for potential biomarkers, which
subsequently paves the way for the development of
rationale anti-diabetic medications. Furthermore, the
concept of multiple biomarkers with a high throughput
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Therapeutic
approaches for
T2D treatment

Current therapeutic drugs such
as sulphonylureas, metformin,
thiozolidinediones, acarbose,
etc., their targets are gut, liver,
pancreas and adipose tissues.

Gut incretin hormones such as
GPL-1, liraglutide, exendin-4,
exenatide, and their target is
pancreatic glands.

Fig. 3: Overview of current and proposed drugs and therapeutic approaches for type 2 diabetes
Data compiled from these references (Moller, 2001, Kolterman et al., 2003, Madsbad et al., 2004, Inzucchi and McGuire, 2008).

approach will open new avenues of personalized
interventional therapies, as this has also been described
for diabetes (Klonoff, 2008, Herder et al., 2011).

Drug Discovery for diabetes based on proteomics
findings

In expression proteomics, proteins that show variations
and modifications in T2D patients relative to non-diabetic
controls could become the predictors of disease
pathogenesis and be helpful to design specific drugs (Ahn
and Simpson, 2007, Wang et al., 2009). For example,
previous studies demonstrated that two blood serum
proteins, vascular cell adhesion molecule-1 (VCAM-1)
and resistin are biomarkers of vascular endothelial
dysfunction in hypertensive T2D patients (Lozano-Nuevo
et al., 2011). Similarly, another study showed increased
blood serum level of fetuin-A protein in incidental older
diabetic individuals. Fetuin-A is secreted by liver and
inhibits insulin action by binding with insulin-receptors
(Ix et al., 2008). Rossing, et al found that collagen-
derived peptide was consistently decreasing in diabetic
individuals, who also had nephropathy (Rossing et al.,
2008). In nutshell, evidences clearly indicate that new
protein based biomarker discovery have the potential to
create novel opportunities for the early detection of
diabetes, its complications and disease therapeutic targets.
However, the protein marker level in the blood is too low,
and in order to detect it, ultra-sensitive technology such as
MS is required (Liu et al., 2005, Ackermann and Berna,
2007). Currently, the MS, along with other separation
techniques, 2DGE, LC, etc, are being commonly used for
the analysis of proteins in blood serum to identify protein

based biomarker(s), which can be translated into clinical
and drug discovery (Chevalier, 2010, Apweiler et al.,
2009). Briefly, the early detection of alteration in
serum/plasma protein differential expression at preclinical
states will provide a better chance to cure an individual
with early intervention (Okada et al., 2010). Furthermore,
due to the heterogeneous nature of diabetes the drug
discovery and development is rapidly turning towards
personalized poly-pharmacotherapy (Ouzounian et al.,
2007).

Future directions

Diabetes is becoming an alarming threat for human health
at a global scale. Therefore, in a worldwide scenario, its
prevention and management has become the top priority
of physicians and scientists. Diagnosis is the first step for
screening T2D patients among non-diabetic healthy
individuals. Existing diagnostic tests such as HbAlc,
OGTT and FBG, etc, are relatively late stage markers
where the disease has already progressed to cause
substantial damage to the human body. However, before
the onset of clinical symptoms, diabetes passes through an
asymptomatic phase, which is called preclinical state.
This pre-symptomatic period prior to the disease onset
provides a number of opportunities for disease prevention
if diagnosed accurately using molecular markers.
Available therapies are not enough to prevent and reverse
the disease phenotype once it has passed the
asymptomatic phase, and the appearance of clinical
features such as elevation of fasting blood glucose, etc.
However, it seems possible that early detection of
diabetes at an asymptomatic stage might be useful to
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prevent or delay T2D development. Once an individual is
diagnosed early, before the onset of diabetes, the
magnitude of anti-diabetic drugs efficacy may be
increased and enough to prevent type 2 diabetes
pathogenesis. In addition to this, early prediction of T2D
may open new lines for early interventions. In this regard,
researchers use different approaches such as genomics,
transcriptomics, proteomics and metabolomics to unravel
the enigma of early diabetes detection. Among these —
omics technologies; proteomics could offer a great deal
for this purpose, because proteins accomplish diversified
biological activities and physiological functions.
Aforementioned summary of previous proteomic
investigations clearly indicate the potential of proteomics
to uncover disease biomarkers, drug targets and designing
of therapeutic molecules for diabetes.

Investigators used different biological samples for
biomarkers discovery. Among these sample types, blood
serum seems exceptional and an ideal specimen, because
of its constant circulation and perfusion in almost all body
parts. Due to this, it seems to hold numerous disease
biomarkers in the form of various proteins, and most
likely mediates overall body metabolic perturbations;
whereas, other sample types are tissue-specific and may
reflect pathogenesis of a particular tissue type. Despite
these facts; the complex nature of serum proteome holds
major issues, including reproducibility of results between
laboratories regarding biomarkers discovery and
validation. This issue may be resolved by adopting
uniform protocols from sample collection to proteomic
analyses. On the basis of previously published studies, it
can be inferred that the challenges and problems while
doing serum proteomic studies can be overcome by; (1)
Blood serum delipidation; (2) Disruption of low abundant
proteins from high molecular weight carriers, such as
albumin, by reducing the possible loss of disease
biomarker(s); (3) Depletion of highly abundant high
molecular weight serum proteins; and (4) Serum portion
containing disease biomarkers is to be subjected to 2-
DGE/MS or LC-MS/MS, etc., preferably on liquid phase
chromatography for their separation and characterization.
This method is summarized in fig. 1.

To the best of our knowledge, yet proteomic based
biomarker(s) is/are not routinely used in clinical
laboratory tests and translating research findings into
reliable diagnostic assays hold a lot of future activity in
this area. This indicates that there are still some
unresolved issues and challenges for them to be valid,
reliable, reproducible biomarkers and early detection of
diabetes via, the proteomic approach. Pertinent to this,
more large scale prospective follow-up proteomic studies
are needed. These studies would be beneficial to
developing early interventional therapies for individuals
who are at risk to develop diabetes in the future. Since,
protein expressions are modified by various factors such

Abdul Rehman Khan and Fazli Rabbi Awan

as, age, race, genetic history, diet, gender etc., therefore,
personalized interventional therapies specific to a patient
or particular group would be more effective rather
generalizing treatment for the whole population of
complex disorders like diabetes.
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